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MONOAMINES: RECEPTORS

6.1 POSTSYNAPTIC LOCALIZATION OF RESERPINE-INDUCED a-ADRENERGIC

RECEPTORS IN RAT SUBMAXILLARY GLAND. D.B. Bylund and J.R.
Martinez*, Departments of Pharmacology and Child Health, Univ-
ersity of Missouri School of Medicine, Columbia, Missouri 65212.

We recently reported that reserpine treatment results in the
appearance of ajy-adrenergic receptor binding sites (AR) in the
rat submaxillary gland (Nature, 284,in press). In control
animals the amount of o) receptor binding was too low to be
reliably quantitated (~0.3 pmol/g tissue). However, after one
week of daily treatment with reserpine, the density of aj-AR
increased to 6 pmol/g. This system thus seemed ideally suited
for the study of the synaptic localization of a,-AR.

The following treatments were used: reserpine, 7 daily injec-
tions (0.5 mg/kg, i.p.); 6-hydroxydopamine (6-OHDA) two injec-
tions (34 mg/kg, i.v.) within 24 hours, followed a week later
with an additional two injections (68 mg/kg); unilateral liga-
tion of the main excretory duct. Rats were sacrificed two weeks
after the first 6-OHDA treatment or the duct ligation, or one
week after the start of reserpine treatment.

Treatment with 6-OHDA, which causes destruction of the pre-
synaptic terminal and a severe depression in norepinephrine
levels, resulted in only a slight increase in aj-AR, while reser-
pine treatment resulted in the expected large increase. The
combination of 6-OHDA and reserpine did not produce any further
increase. Ligation of the excretory duct causes atrophy of the
submaxillary gland, presumably due to a decrease in the size of
acinar cells, while the innervation is not effected. The
increase in a,-AR induced by reserpine was markedly lower in the
ligated gland as compared to the unligated gland of the same
animal.

Control 6-0HDA Reserpine 6-OHDA+Res .
Bnax (pmol/g)  0.4:0.1 1.420.2 4.610.3 4.710.3

Control Ligation Reserpine Lig.+Res.
Bnax (pmol/g)  0.5%0.1 0.2#0.1 4.1%0.4 1.5%0.3

Previous attempts to localize the aj-AR using either chemical
or surgical denervation, have been hampered by the possibility
that some presynaptic membrane may adhere to the postsynaptic
membrane, even after degeneration of the nerve terminal. These
6-OHDA studies overcome this objection, and show a postsynaptic
localization for the ap-AR which are regulated by reserpine. The
studies with ligated animals further support this conclusion. In
addition, the results suggest that the mechanism whereby reser-
pine increases a-AR is not soley dependent on the depletion of
norepinephrine.

(Supported in part by NIH grant AM18150 and NSF grant BNS7824715)

5.3 RECIPROCAL ALTERATIONS IN RAT BRAIN B- AND a,-ADRENERGIC

RECEPTOR SITES AFTER CHRONIC INTRAVENTRICULAR INFUSION OF
ISOPROTERENOL. C.H. Wang* and D.C. U'Prichard (SPON: E. Silinsky)
Dept. of Pharmacol., Northwestern Univ. Sch. Med., Chicago, IL
60611.

Decreases in B-receptor number can be achieved rapidly and rev-~
ersibly in vitro by incubation of rat cortical slices with isopro-
terenol (ISO) (U'Prichard and Enna, Eur. J. Pharmacol. 59: 297,
1979), and in vivo following chronic tricyclic and atypical anti-
depressant treatment, over a much longer time-course with the loss
being essentially irreversible in vitro (Wolfe et al., J. Pharmac.
exp. Ther. 207: 446, 1978). While this in vivo treatment probably
induces true B-receptor desensitization, it has not yet been shown
that the antidepressant action is directly due to increased B-rec-
eptor activation; the loss of B-sites after in vitro ISO incub-
ation may be mainly due to tight binding of agonist sequestered in
membranes. Both treatments however induce an increase in the
number of cortical az-receptor sites labeled by 34-clonidine {CLO)
or °H-p-aminoclonidine (PAC), presumed agonist ligands. To resolve
these issues, the effect of chronic infusion of a direct B-agonist
on cortical adrenergic receptors was ascertained. Intracerebro-
ventricular infusion in rats of 0.1, 1.0 and 10 mM ISO by Alzet
minipump achieved dose-related steady-state brain ISO concentrat-
ions of approximately 0.1, 1.0 and 10 M after 2 days, which were
maintained up to 7 days. 5H—Dihydroalprenolcl (DHA) B-receptor
binding declined in a time- and ISO-concentration- dependent
manner. DHA binding was decreased 0% by 0.1 mM ISO, and 20%Z by 1.0
or 10 mM ISO, after 2 days infusion, and 10% by 0.1 mM ISO and 26%
by 10 mM ISO, after 7 days infusion. After 1 or 2 days infusion of
10 mM ISO, Scatchard analysis showed 30-40% reductions in the Bp,y
of DHA (vehicle-infused control, 126 fmol/mg protein), with no
change in K, (0.9-1.1 nM). However 20% increases in the B of
PAC (control, 105 fmol/mg protein) were observed, with a giight
but not significant change in Kp (control 1.3 nM, ISO 2.0 nM).
3H-Prazosin a)-receptor binding was unaffected by ISO infusion.
The results suggest that direct agonist-induced B-receptor
desensitization in vivo induces reciprocal changes in functionally
related cortical ajs-receptors which may reside on the same post-
synaptic membranes.

Supported by USPHS grant NS 15595.

*Indicates ber of the Society for N

5.2 ALTERATIONS IN PRESYNAPTIC ALPHA-ADRENOCEPTOR ACTIVITY IN GUINEA

PIG AND RAT VAS DEFERENS FOLLOWING GANGLIONIC BLOCKADE. Robert D.
Sax* and Thomas C. Westfall. Departments of Pharmacology, Univer-
sity of Virginia, Charlottesville, VA 22908 and St. Louis Univer-
sity, St. Louis, MO 63104.

Surgical decentralization of the guinea pig vas deferens re-
sults in an increase in the release of 3H-norepinephrine (3H-NE)
and dopamine-B-hydroxylase induced by electrical field stimula-
tion (FS) of the isolated, superfused tissue (The Pharmacologist
18:208, 1976). This increase in release was in part due to a de-
crease in the activity of presynaptic ap-adrenoceptors. Presently
guinea pigs and rats were treated with the ganglionic nicotinic
blocker chlorisondamine to induce a chemical decentralization of
the postganglionic neurons of the vas deferens. The release of
NE induced by FS from isolated, superfused tissues was determined
in the presence and absence of &) agonists (clonidine and o-
methyl-NE) and antagonist (yohimbine). FS-induced twitch contrac-
tions and 3H-NE release were used as markers for the release of
endogenous NE. After a 45 min preincubation in the presence or
absence of 1-3H-NE (5x10-7M) tissues from chlorisondamine (8mg/
kg, b.i.d., i.p.) or saline treated animals were superfused at 2
ml/min with a Krebs-Henseleit solution with an extracellular Catt
concentration of 1.8 or 1.0 mM. Blockers of uptakej and uptake)
were present during the labelled-release experiments. Tissues
were subsequently field stimulated at various frequencies and for
various durations and the release of 3H-NE or the twitch contrac-
tions was observed. In the absence of exogenous agents, FS in-
duced a greater development of tension in tissues from chlorison-
damine-treated animals than from thee¢corresponding controls.
Clonidine was observed to produce a concentration-dependent de-
crease in the FS-induced contractions and 3H-NE release which was
significantly attenuated in tissues from chlorisondamine-treated
animals. In tissues from both species, a-methyl-NE was observed
to be a weaker presynaptic agonist. Yohimbine was observed to
produce a concentration-dependent increase in the FS-induced con-
tractions and 3H-NE release which was likewise attenuated by
chlorisondamine pretreatment.

These results are consistent with our previous observations
and extend to the rat the concept that a decrease in nerve im-
pulse traffic in postganglionic sympathetic nerves as caused by
chronic ganglionic blockade can cause a subsensitivity in the
presynaptic O-adrenoceptor system of those nerves. This sensiti-
vity change is modified by altering extracellular Cat+ concentra-
tion and thus implicates regulation of Catt metabolism as a con-
trolling mechanism in the activity of the inhibitory aj-adreno-
ceptors.

(Supported in part by USPHS-NINCDS 16215 and NIGMS 67055)

5.4 PHENOXYBENZAMINE DIFFERENTIATES DOPAMINE RECEPTOR SUBTYPES. M.

Hamblin* and I. Creese. Department of Neurosciences, University
of California, San Diego, 92093

Receptor binding studies with reversible 1ligands have been
instrumental in establishing the existence of multiple dopamine
receptor subtypes within the CNS. There still remains, however,
considerable difficulty in equating the binding sites variously
differentiated on the basis of their agonist/antagonist specifi-
cities, 1linkage to adenylate cyclase, guanine nucleotide sensi-
tivity, and subcellular localization. The availability of a suf-
ficiently selective irreversible dopaminergic 1ligand not only
would offer an additional means of distinguishing multiple recep-
tor subtypes, but, by inactivating certain subtypes of receptors
while sparing others, would also allow the pharmacologic charac-
terization of a relatively pure receptor population. We have
investigated the effect g; in vitro phenoxybenzamine (POB) treat-
ment on dopaminergic -ligand binding to bovine striatal mem-
brane fragments, and now report the utility of this agent as just
such an irreversible dopaminergic antagonist.

POB  treatment followed by thorough washigg of membranes
reduced subsequent binding of all dopaminergic -H-ligands inves-
tigated. Saturation studies showed this to be due to a decrease
in receptor number without change in affinity. This effect gﬁs
highly selective for certain receptor subtypes. Bindil of
spiroperidol displayed high sensitivity and that of -H-dopamine
low sensjitivity, with r§spective IC_.°s of 1and 100um POB (10
min, 37 C exposure). H-Apomorphiég binding showed intermediate
sensitivity, and the dose response curve could be resolved into
approximately equal high3and low sensitivity_components, paral-
leling the sensitivity of “H-spiroperidol and 3H-dopamine binding
sites respectively. That the parallel .sensitivity of -H-
spiroperidol sites and high sensitivity -H-apomorphine sites
reflected alkylation of identical receptors was confirmed by
spiroperidol displacement studies of bound -H-apomorphine. These
showed that the half-maximal POB mediated decrease in -
apomorphine sites resulted from complete loss of the 3H-
apomorphine sites with high spiroperidol affinity without effect
on the sites with low affinity for spiroperidol. POB/receptor
interaction is binding site-directed, as was shown by the ability
of cold dopaminergic ligands to protect against POB mediated
attack.

The number of higg affinity binding sites for 3H-spiroperidol,
3H-apomorphine, and -H-dopamine are approximately equal in stria-
tum. These studies therefore suggest that there are four stria-
tal dopamine binding sites with respective high affinities for
spiroperidol only, spiroperidol-and apomorphine, apomorphine and
dopamine, and dopamine only. M.H. supported by PHS GM07198.
I.C. is an Alfred P. Sloan Fellow. Supported by PHS MH32990-01.



2 MONOAMINES:

5.5 Butyrophenone Interactions with Distinct Monoaminergic Receptors
in Human Prefrontal Cortex: Evidence for the Involvement of o -
Adrenergic But Not SHT, or Dopaminergic Sites.A.C. Andorn*,J.C.
Mitrius, and D.C. U'Prichard, (SPON:V. Rowland).Dept.Psychiat.,
Case Western Reserve Univ.,Cleve.,Oh. 44106,Dept.Pharmacol.,North-
western Univ. Schl. of Med., Chicago, Il1l., 60611.

H-Spiroperidol binds specifically to an apparently hetero-
geneous set of sites in human prefrontal cortex. Competition of
3H-spiroperidol bindipg in this region shows dopamine to be rel-
atively weak (ICSO:IOSnM) while a-adrenergic agents are more
potent (IC50:100nM) with a rank order of potency consistent with
an o,-adrenergic receptor. These findings are in contradistinct-—
ion to those in rat or human striatum, where spiroperidol appears
to be binding at a dopamine receptor also, or the rat frontal
cortex where such binding appears to occur at 5HT, receptors.
3H-Prazosine has been shown to label high affinity o,-+adrenergic
sites in rat and calf frontal Sortex (K.~0.1nM, Bhax ~100 fmol/mg
protein). We now report that “H-prazosine appears to specifically
bind to a saturable and apparently homogeneous set of sites
in human pre-frontal cortex (Kp~0.1lnM, By, . =150 fmol/mg protein).
Competition of “H-prazosine binding in this region parallels
that observed in rat and calf:IC50 of o-antagonists =1nM, o-agon-
ists ~1UM and dopamine ineffective. Spiroperidol competes “H-
prazosine binding with an IC50 of 0.1nM. The correlation coeffic
ient for the competition of JH-prazosine binding versus “H-spiro-
peridol binding is 0.98 for the selective a-adrenergic agents.
These findings suggest that “H-spiroperidol is possibly binding at
an o.,-adrenergic receptor in human prefrontal cortex. Serotonin
and tryptamine appear to have unusual interactions with “H-spiro-
peridol binding sites in. this region which may not involye an
interaction at the “H-spiroperidol binding site per se. “H-LSD
was used to label 5HT sites in human prefrontal cortical homogen-
ates. Unlike the rat frontal cortex where both 5HT; and 5HT)
sites are present, we have observed 75% specific 34-1sD binding in
this region less than 30% of which was competed by even UM spiro-
peridol. These findings suggest that 5HT; receptor types predom-
inate in human prefrontal cortex and that spiroperidol does not
have a high affinity for these sites. Taken together these data
suggest that the monoaminergic receptor .systems involved in butyr-
ophenone action in human prefrontal cortex are neither dopaminer-
gic or serotonergic, but rather oj-adrenergic. Whether these
are the receptors involved in the antipsychotic action of these
drugs remains unclear, but the neurochemical demonstration of a_-
adrenergic actions for JH-spiroperidol in the prefrontal cortex
suggest that such properties rather than dopamine antagonist prop-
erties may have significance for the treatment of the perceptual
and cognitive dysfunctions in the psychoses.

5.7

Withdrawn by Author

RECEPTORS

5.6 Butyrophenone Binding Sites in Human Amygdala: Heterogeneity of

High Affinity Sites Without Apparent Dopaminergic Selectivity,
M.E. Maguire, L.E. Weber}* A.C. Andorn*, (SPON: J. Foley),Depts. of
Psychiat. and Pharmacol., Case Western Reserve Univ., Schl. of
Med. Cleveland, Ohio 44106

Butyrophenone binding has been previously studied with the
ligand “H-spiroperidol (3HSP) in human prefrontal cortex and
caudate. 3HSP binds with high affinity and specificity at mono-
aminergic receptors other than dopaminergic in the prefrontal
cortex, and to dopaminergic and aj-adrenergic binding sfites in
the caudate. We now report that 3HSP binds with high affinity
to at least two sets of sites in human amygdala, neither of
which appear to demonstrate selectivity for dopamine. Ahygdalar
tissue was obtained at autopsy from individuals with no known
neurologic or psychiatric illness. Following preparation with
extensive hypotonic washing, membrane fragments were used in
standard filtration assays employing 3HSP(O.SnM), and competitors
with 10 min incubations at 25°C. Saturation isotherms were con-
sistent with the presence of multiple sites (Kp=0.4 and 1.5 nM)
with relatively low density (125 fmol/mg protein and 350 fmol/
mg protein respectively). Specific binding, defined as that in
the presence of 100uM fluphenazine subtracted from that in its
absence was 70% of total binding and stereoselective with regard
to the enatiomers of butaclamol by 2.5 orders of magnitude.
Antipsychotic antagonists competed specific “HSP binding with
IC50 ranging from 0.1nM(fluphenazine) to 1000nM(molindone); a-
adrenergic agents also competed specific binding with IC50 ramg-
ing from 10nM(WB4101) to 10,000nM(clonidine) with a rank order
of potency consistent with an oj-adrenergic site. Dopamine was
an ineffective competitor even at 0.1mM and +/-10uM pargyline.
Serotonergic agonists inhibited only 60% of specific binding
observed with IC50 of micromolar (for that binding that was in-
hibited) while the serotonergic antagonists inhibited 95% of
specific binding with IC50 of 100 nM. Similarly, azadrenergic
agonists inhibited less than 50% of total specific “HSP binding
observed. These results suggest that 3usp may be binding with
high affinity at an heterogeneous set of sites in the amygdala.
The differences in competition by agonists and antagonists may
be reflective of differences in the selectivity of the sets of
sites observed. Thé lack .of apparent inhibition of specific
3Hsp binding by dopamine suggests that some actions of -anti-
psychotic drugs may not be mediated through binding at dopamin-
ergic receptors.

5.8 'DISTRIBUTION OF CATECHOLAMINE RECEPTOR BINDING SITES IN DISCRETE

HYPOTHALAMIC REGIONS AND THE INFLUENCE OF FOOD DEPRIVATION ON
BINDING. M. Jhanwar-Uniyal®*,B. Dvorkin®*, M.H.Makman® and S.F.
Leibowitz (SPON: E.B. Gardner). Rockefeller University, New York
10021 and Albert Einstein College of Medicine, New York 10461.
Studies of direct injections of catecholamine agonists and an-
tagonists into rat hypothalamus indicate that feeding behavior is
stimulated by a-adrenergic (a) receptor activation in the para-
ventricular nucleus (PVN),and is suppressed by dopaminergic (DA)
and B-adrenergic (B) receptor activation in the perifornical lat-
eral hypothalamus (PF-LH). The present study examines the distri-
bution of a, B and DA binding in discrete hypothalamic and extra-
hypothalamic areas, compares binding of agonists and antagonists,
and examines in a preliminary investigation the impact of food
deprivation on binding. Brain areas of male Sprague-Dawley rats
(350 g)were dissected using the micropunch technique. Binding
studies were carried out: for a sites with 3nM 3H-p-aminocloni-
dine (PAC) displaced by 10uM norepinephrine and 1nM 3H-WB-4101
(WB) displaced by 10uM (+)butaclamol; for B sites with 3nM 3H-
dihydroalprenolol gDHA) displaced by 1uM l-propranolol; and for
DA sites with 3nM 3H-ADTN displaced by 10M ADTN and with 1nM 3H-
spiroperidol (SP) in the presence of WM cinanserin and displaced
by 20uM ADTN. The distribution pattern of a, B and DA binding
sites is shown in the table. The ratio of agonist to antagonist
sites for DA and o receptors varies in different regions,support-
ing the existence of receptor subclasses. This pattern of recep-
tor binding for rats on ad libitum food is altered by 48 hrs of
food deprivation. With deprivation, preliminary studies show that
(1)binding of PAC to a receptors is specifically decreased in the
PUN and VMH,while increased in other hypothalamic areas;(2) DHA
(B) binding is selectively increased in the PF-LH;and (3) ADTN
(DA) binding is generally increased throughout the hypothalamus,
but most dramatically in the PF-LH.
[3H-RADIOL IGAND BOUND: fmoles/mg prot.[rats were fed ad 1ibitum.

area PAC WB |area DHA farea ADTN SP fyalues are means of 2-7 ex-
PVN 106 47 [PF-LH 18 |PF-LH 27 periments,each with pooled
DMN 147 55 |MFB 39 |DMN 45 punches from 6 animals. AH,
VMH 184 52 |AH 25 |VMH 33 ant.hypothal.;PH, post. hy-
AH 127 61 |poM 38 [MFB 28 57 |pothal.;CP,striatum; ACC, n.
PH 66 61 |ST 32 |zZ1 50 accumbens; FC,frontal cor-

Pvs 134 47 [FC 69 [AR 30 18 |tex; OT,optic tract; VMH,
S0 10 29 |CP 95 [ME 51 29 | ventromed.hypothal.;PVS,

POM 82 44 JOT 3 |FC 50 22 | periventric.n.;DMN, dorso-
ST 142 72 cP 76 195 [ med.n.;ME, median eminance;
FC 91 69 ACC 41 51 | MFB, med. forbr.bundle.(See
oT 2 5 oT 5 13 | also Konig & Klippel Atlas.)|

Supported by MH-22879, Whitehall Foundation, AG-01400 & NS-09649
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EFFECT OF COPPER DEFICIENCY ON DOPAMINERGIC, B-ADRENERGIC AND
MUSCARINIC RECEPTOR BINDING. Daniel J. Feller, Boyd L. O'Dell*
and David B. Bylund, Departments of Pharmacology and Biochemistry
School of Medicine, University of Missouri, Columbia, Missouri
65212,

There is evidence that cerebrospinal copper levels are alter-
ed in schizophrenic patients which suggests an involvement of
copper or copper dependent enzymes in this disorder. Copper
deficient animals exhibit pathologies resembling Parkinsonian
symptoms and may possibly provide a model for the study of the
syndrome. Dietary copper deficiency significantly reduces the
concentration of dopamine in both the whole brain and corpus
striatum of the rat, while whole brain levels of norepinephrine
are depleted without a change in either hypothalamic or cere-
bellar NE. The decline in whole brain levels of both dopamine
and norepinephrine have been correlated with a reduction in
tyrosine hydroxylase activity. Recently, it has been suggested
that changes in the density of neurotransmitter receptors are
inversely related to changes in the effective concentration of
neurotransmitter at the synapse. Thus it was of interest to
characterize the changes in several neurotransmitter receptors
in the copper deficient animal. Female rats received a low
(<1 ppm) copper diet throughout gestation and lactation. Their
offsprings were fed the same diet after weaning. Controls
received the same diet supplemented with 10 ppm copper. Animals
were sacrificed at 5 to 9 weeks of age. 3H-Spiroperidol, 3H-
quinuclidinyl benzilate and 3H—dihydroalprenolol were used to
assay the dopaminergic, muscarinic and B-adrenergic receptors
respectively. Bpax values were determined from saturation
exeriments and expressed as pmole/g protein. In the corpus
striatum from deficient rats the density of the high affinity
and low affinity DA receptor binding sites were decreased 55%
and 45%, respectively (p<.05), while a 27% (p<.005) drop was
observed in muscarinic binding sites. Furthermore the number of
muscarinic receptors in the cerebral cortex was reduced 19%
(p=.05) compared to only 6.5% (p>.1) in the cerebellum of animals
receiving the copper deficient treatment. B-receptors increased
10% (p>.1) in the cerebral cortex and 13% (.05<p<.1) in the
cerebellum. No significent differences were found in Kp values
between the experimental and control rats. We suggest that the
observed changes in receptor density are due to effects of copper
deficiency not directly related to changes in neurotransmitter
levels. Supported by NSF Grant BNS 7824715.

GENETIC DIFFERENCES IN CATECHOLAMINE RECEPTORS AND DOPAMINE-
MEDIATED BEHAVIOUR IN RATS. D.M. Helmeste*, P. Seeman and

D.V. Coscina. (SPON. M. Burnham). Pharmacology Department,
University of Toronto and Bio-Psychology Unit, Clarke Institute
of Psychiatry, Toronto, Canada.

In order to examine the hypothesis that behaviour may be
correlated with receptor density, we examined two rat strains
(F344, Buffalo) with known biochemical and behavioural dif-
ferences. Previous studies have shown that adult F344 rats have
higher levels of striatal and mid-brain tyrosine hydroxylase
than Buffalo (BUFF) rats (1). An inverse relation between tyro-
sine hydroxylase levels and locomotor activity in these two
strains has brought speculation that the primary factor respon-
sible for the behavioural differences might be receptor sensi-
tivity (2).

We measured alpha-adrenergic receptor densities (Bmax) in the
frontal cortex, hippocampus and hypothalamus of these two strains
using 3H—c]onidine to label alpha-2 sites and 3H-WB-4101 to label
alpha-1 sites. 3H-Spiperone was used to label D-2 dopamine
sites in the striatum and olfactory tubercle (0.T.). Significant
differences in Bmax between strains were only found in the
following areas.

Bmax F344

ligand area Bmax BUFF ~ S-E.
3H-clonidine frontal ctx. |1.20 * 0.06
3H—spiperone striatum 1.34 £ 0.03

0.T. 1.50 £ 0.19

Receptor affinities (Kp values) were not different between
strains.

Behavioural testing of apomorphine-induced stereotypy in F344
and BUFF rats showed that F344 rats achieved higher levels of
stereotypy compared to BUFF rats across the three doses of apo-
morphine used (0.25, 1.0, 2.5 mg/kg, s.c.).

The results of this study support the hypothesis that the
higher density of D-2 receptors in the F344 strain may be related
to the more sensitive responses to apomorphine. The increased
sensitivity of BUFF rats to norepinephrine-induced locomotor
activity [as previously shown (2)], may also be related to alpha
receptor density.

(Supported by Ontario Mental Health Foundation, MRC of Canada).

(1) segal, D.S. et al., Behav. Biol. 7, 75-81, 1972.
(2) Segal, D.S. et al., Science 189, 301-303, 1975.

5.10 KAINATE LESIONS DIFFERENTIATE STRIATAL DOPAMINERGIC AGONIST AND

ANTAGONIST BINDING SITES. S. Leff¥, L. Adams and I. Creese
(SPON: C.E. Spooner). Department of Neurosciences, University of
California, San Diego, La Jolla, CA 92093.

The neurotoxin kainic acid (KA) causes degeneration of treated
neurons but not of axon terminals of distal afferents or of glia.
Thus KA can be used to study the neuronal distributions of
specific 1ligand binding sites in CNS nuclei. Stgiatal KA injec-
tions have been previously shown to decrease “H-butyrophenone
binding sites by 50% while producing virtually a total loss of
dopamine (DA) sensitive adenylate cyclase activity. Further stu-
dies demonstratﬁd a larger loss (70%) of high-affinity binding of
the DA agonist -H-apomorphine. We now report.in direct compagi-
sons a greater loss of high affinity -H-agonist and -H-
flupenthixol (an antagonist believed to 1label the DA-sensitive
cyclase linked receptor) binding as compared to the loss of ~H-
butyrophenone sites after unilateral striatal KA lesions.

KA (2ug in 1ul 0.9% NaCl) was slowly infused through a 30g
needle into the left striatum of anaesthesized rats positioned in
a stereotaxic apparatus. Radioreceptor assays were performed on
single striata dissected from animalsBSacrificed 3 weeks post-
operativgly. Binding of §our ligands: -~H-N-gorpropylapomorphine
(NPA), ~H-spiroperidol, -H-domperidone, and ~H-cis-flupenthixol,
was assessed in lesioned and control (contralateral) striata.
Specific binding was measured as the excess over blank tubes con-
taining 1uM (+)-butaclamol. Specific binding of all <-H-ligands
was assessed using a concentration equal to their apparent KD as
determined in saturation experimentg. 3

In lesioned striaga the butyrophenone -H-spiroperidol and the
butyrophenone-like ~H-domperidone showed 56% and 59% losses of
specific binding respectively. In contrast signigicantly greater
decreases in binding were observed with -“H-NPA and -H-
flupenthixol which showed 79% and 73% losses of higg—affinity

inding respectively. The difference in the loss of -H-NPA vs.

~flupenthixol binding in lesioned striata, however, was not
significant; nor gas there a significgnt difference in the loss
of binding between ~H-spiroperidol and -H-domperidone. ’

These findings lend further support to the hypothesis that
there are multiple DA recegtors in the_striatum. The relatively
greater loss of binding of “H-NPA and “H-flupenthixol parallels
the nearly total loss of DA-sensitive adenylate cyclase activity,
and suggests that these markers may identify the same receptors.
The similar pharmacological _specificities and kainate induced
losses of “H-spiroperidol and 3H-domperidone binding suggest that
they identify identical receptors in the striatum. S.L. is an
NSF predoctoral fellow, I.C. is an Alfred P. Sloan Fellow. Sup-
ported by PHS MH32990-01.




6.1 HYPOXIA DECREASES THE METABOLISM OF THE GLUCOSE-DERIVED NEURO-

G. E. Gibson, C. Peterson*, and J. Sansone*
Cornell Med. Coll., Burke Rehab. Center, White

TRANSMITTERS.
(SPON: F. Plum).
Plains, NY 10605.

The molecular basis of the brain's sensitivity to mild de-
creases in oxygen is unknown. One possible explanation is that
the synthesis of the glucose-derived neurotransmitters whose
formation depends upon mitochondrial oxidation may be reduced by
hypoxia. These neurotransmitters include acetylcholine (ACh),
glutamate, aspartate and y-aminobutyrate (GABA). Previously, we
showed that ACh synthesis is decreased by levels of chemical or
hypoxic hypoxia that do not reduce cellular ATP levels (J.
Neurochem. 27:37; Neurosci. Abstr. 5:285). We have now compared
the reduced ACh production to the formation of the amino acids
GABA, glutamate, aspartate, glutamine, serine and alanine during
chemical hypoxia. Their synthesis was determined after a pulse
injection of [U-!“C]glucose (3 uCi/gm).

Mild chemical (anemic) hypoxia was induced with NaNO, to give
the following % methemoglobins (MetHb): 0.7 (control), 12.1,
30.9, 59.2 and 83.8. The incorporation of [U-!“C]glucose into
ACh (specific activities) declined as % of control from 100%1%
(n=8) to 66+9 (n=8), 43*4 (n=5), 33*4 (n=7) and 1616 (n=4) with
the respective MetHb. There was a parallel decrease in the flux
of glucose into the amino acid neurotransmitters dependent upon
mitochondrial oxidation and into the non-neurotransmitter, gluta-
mine, whose synthesis also depends upon mitochondrial metabolism.
This is illustrated by the high correlation between the decrease
in the incorporation of [U-!“C)glucose into ACh and its incor-
poration into GABA (r=0.98), glutamate (r=0.99), aspartate
(r=0.93) and glutamine (r=0.99). However, the synthesis of the
amino acids whose formation is not dependent upon mitochondrial
oxidation did not correlate well with changes in ACh metabolism:
serine (r=0.68), alanine (r=-0.19).

A standardized string test (Trans. Amer. Soc. Neurochem. 11:
159) was used to monitor behavioral changes during chemical hy-
poxia. The control score (7.8%0.2, n=6) did not vary in mice
with the 12.1% MetHb (8.0%0.0, n=6) but was significantly al-
tered with 30.9% MetHb (5.010.2, n=7) or 59.2% MetHb (0.6%0.4,
n=5).

Thus, anemic hypoxia causes a parallel decrease in the syn-
thesis of ACh and in the amino acid neurotransmitters which re-
quire mitochondrial oxidation. Decreases in neurotransmitter
formation occur before any detectable changes in string test be-
havior. The relative importance of these alterations in differ-
ent neurotransmitters in the production of impaired brain func-
tion in hypoxia or other metabolic encephalopathies remains to
be determined. (Supported by Grants NS03346 and NS15649).

&3|CHROMOSOMAL LOCATION OF GENES INVOLVED I} EXPRESSION OF JONOAMINE

'OXIDASE,A AND B ACTIVITIES. John Pintar , James Barbosa , Uta
Francke , Morris Hawkins Jr., Carmela Castiglione and Xandra
Breakefield. Dept. Human Genetics, Yale Univ. Sch. Med., New
Haven, Ct. 06510.

The chromosomal location of genes required for expression of
type A and type B monoamine oxidase activities (MAO-A and MAO-B)
has been studied in somatic cell hybrid lines. MAO-A activity
was expressed in hybrid lines arising from fusion of a human
fibroblast line (GM 316) that expressed both MAO-A and hypoxan-—
thine phosphoribosyl transferase (HPRT) activities with a mouse
neuroblastoma line (N1E-115TG2) that lacked both these activities.
Subsequent growth of these lines in the presence of hypoxanthine,
aminopterin, and thymidine (HAT) selected for hybrid cells that
had retained the human X chromosome while randomly losing other
human chromosomes; cell lines arising under these conditions con-
tinued to express MAO-A activity. Mouse and human MAO-A catalytic
subunits were d}stinguished following specific and irreversible
labelling with “H-pargyline and characterization by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis. Although these pro-
teins have the same MW, they have unique one dimensional peptide
maps following limited proteolysis. Hybrid lines expressed the
human form of the catalytic subunit of MAO-A, indicating the pre-
sence of the human structural gene for this protein. Moreover,
selection of these cell lines in the presence of 6-thioguanine
(that only allows survival of cells without HPRT activity) led to
coordinate loss of the human X chromosome, human forms of X-linked
enzymes, and MAO activity. 1In one case, however, a line contain-
ing a putative translocation lost a recognizable human X chromo-
some and some, but not all, human X-linked markers; yet retained
MAO activity and produced a human catalytic subunit. Based on
these observations, we have assigned the structural gene locus
for the human MAO-A catalytic subunit to the X chromosome.

Fusion of a rat hepatoma line that expressed MAO-A, MAO-B, and
HPRT activities with N1E-115TG2 gave rise to hybrids that contin-
ued to express both MAO-A and MAO-B activities. Three out of
three hybrids resistant to subsequent 6-thioguanine treatment lost
both types of MAO activity, while four out of four clones arising
from growth on HAT retained both types of activity. This obser-
vation provided preliminary support for the idea that both MAO-A
and MAO-B catalytic subunits are X-linked in the rat. Processing
of MAO is currently being investigated and should help determine
whether the MAO-A and MAO-B catalytic subunits are coded for by
the same gene locus.

Supported by USPHS Grant NS12015.

MH, Jr. currently at Dept. Microbiol. Howard U. Sch. Med., Wash,
D.C.
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DIFFERENCES IN THE STRYCTURE OF A ANp B FORMS OF HUMAY MONOAMINE
OXIDASE. ,R.M. Cawthon , J.E. Pintar , F.P. Haseltine , M.S.
Buchsbaum , D.L. Murphy , and X.0. Breakefield. Dept. Human
Genetics, and Dept. Obstetrics and Gynecology, Yale Univ. Sch.
Med., New Haven, CT 06510, Biological Psychiatry Branch and
Clinical Neuropharmacology Branch, NIMH, Bethesda, MD 20014.

Monoamine oxidase (MAO) is a mitochondrial outer membrane en-
zyme which degrades amine transmitters in the nervous system.
The irreversible inhibitor pargyline binds to the enzyme stoich-
iometrically, forming a stable adduct with the covalently bound
flavin cofactor. Here sodium dodecyl sulfate pglyacrylamide gel
electrophoresis (SDS-PAGE) was used to analyze “H-pargyline-
labeled MAO from human tissues with A and B activity. These two
types of activity differ in their substrate selectivity, drug
sensitivity, and tissue distribution. It is not clear to what
extent these differences in MAO result from intrinsic variation
in its structure or from extrjinsic modulation by its membrane
microenvironment. Recently, “H-pargyline-labeled polypeptides
of MAO A and B from rat tissues were shown to have different ap-
parent MW's and different one dimensional peptide maps by elec-
trophoresis under fully solubilizing and denaturing conditions
in SDS-polyacrylamide gels (studies by ourselves and by B.H.
Callingham and D. Parkinson of Cambridge University). In the
current studies the “H-pargyline-labeled polypeptides of human
MAO A and,B were compared using tissues from two individuals. In
one case ~H-pargyline was bound to MAO B in blood platelets from
an adult male and to MAO A and B in a crude mitochondrial frac-
tion from fibroblasts of the same individqual. Specific labeling
of only the A or the B forms of the enzyme from fibroblast cells
was achieved by prejncubation with selective A andlB inhibitors.
In the other case, “H-pargyline was bound to MAO B in umbilical
cord blood platelets from a male newborn and to MAO A in a crude
mitochondrial fraction from the trophoblast portion of the new-
born's placenta. SDS-PAGE of samples containing MAO A activity
revealed a labeled protein band of MW 63,000, and analysis of
samples containing MAO B activity revealed a band of 60,000.
Similar MW's have been reported for MAO A and B in rat tissues.

These findings demonstrate that distinct enzyme molecules are
associated with the A and B types of human MAO activity. Whether
the observed differences in structure arise from differential
post-translational modification(s) of a single enzyme precursor
or from divergent amino acid sequences coded by separate struc-
tural genes is under current investigation.

Supported by USPHS Grant NS12015.

DEXAMETHASONE SELECTIVELY INCREASES MONOAMINE OXIDASE TYPE A
ACTIVITY IN HUMAN DIPLOID FIBROBLASTS. Susan B. Edelstein and
Xandra O. Breakefield. Dept. Human Genetics, Yale Univ. Sch. of
Med., New Haven, CT 06510.

Cultured human diploid fibroblasts express both the A and B
types of monoamine oxidase (MAO) activity. Studies on the
effects of culture conditions on MAO suggest that heat-sensitive
and dialyzable factors presént in serum can markedly affect
levels of activity. The effects of several hormones known to
affect MAO activity in vivo have been studied using cultured
fibroblasts. Cells were grown in medium supplemented with serum
until several days past confluency and then placed in serum-free
medium for 24 hr prior to exposure to hormones for 6 or 24 hr.
Estradiol, progesterone, testosterone and tri-iodothyronine in-
creased MAO activity only 10-50%, whereas dexamethasone (DEX)
consistently increased levels 200-300%. .

Although DEX increases MAO activity over a broad range of
concentrations (1nM to 1pM), the greatest increases are observed
after exposure to physiologic concentrations of DEX with an
optimum near 50 nM. MAO activity increases linearly with time at
this concentration. No apparent lag is observed (even at times
as short as 6 hr) and levels are elevated nearly 6-fold by 5 days
and 10-12 fold after 8-9 days of exposure to DEX.

Preliminary studies in which cultures were exposed to 50nM DEX
for 8-9 days indicate that increases in MAO activity result from
an increase in the number of MAO molecules: 1) Kinetic analysis
reveals that DEX does not alter the affinity of MAO for trypt-
amine but increases the maximum velocity about 10-fold. 2) Dose
response curves with selective MAO inhibitors indicate that DEX
changes the proportion of A and B activity in living cells-—-e.g.
using clorgyline (a selective A inhibitor), the proportion
changes from 50% A:50% B in control cultures to 90% A:10% B in

ultures exposed to DEX. 3) When the irreversible inhibitor
H-pargyline is used to stoichiometrically radiolabel the active
sites of MAO A and B in crude mitochondrial preparations prior
to SDS polyacrylamide electrophoresis, it is found that DEX does
not alter the electrophoretic mobility of the labeled bands
corresponding to MAO A (§3K) and MAO B (60K). However DEX
increases the amount of “H-pargyline-labeled MAO A about 10-fold
but only increases “H-pargyline-labeled MAO B about 2-fold.

Thus, the increase in MAO activity induced by DEX in cultured
fibroblasts appears to be almost entirely accounted for by an
increase in the number of MAO A molecules.

Supported by USPHS Grant NS12105.
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6.5 CHARACTERISTICS OF RAT PHEOCHROMOCYTOMA TYROSINE
HYDROXYLASE IN THE PRESENCE OF cAMP-DEPENDENT PHOS-
PHORYLATING CONDITIONS. J. Meligeni* and N. Weiner (Spon:

J. Masserano). Dept. Pharmacology, Univ. Colorado Sch. Med., Denver,
CO 80262

Tyrosine hydroxylase has been purified from rat pheochromocytoma
tumor tissue by salt fractionation (28-42% ammonium sulfate, pH
7.8), ion exchange chromatography (phosphocellulose cation exchange,
pH 6.2; DE-52 anion exchange, pH 7.8), and sucrose density gradient
centrifugation (6-20% sucrose, pH 8.2). With this source of purified
tyrosine hydroxylase, some physical characteristics of the enzyme,
‘as well as alterations of those physical and functional characteristics
consequent to exposure to protein phosphorylating conditions (ATP,
Mg™ ", purified catalytic subunit of cyclic AMP-dependent protein
kinase), have been investigated in our laboratory. Tyrosine hydroxyl-
ase has a molecular weight of approximately 240,000 daltons as de-
termined by polyacrylamide gradient gel electrophoresis, and probably
exists as a tetramer with subunits of similar or identical size of ap-
proximately 60,000 daltons (Vulliet et al, PNAS, 77: 92-96, 1980).
Two peaks of tyrosine hydroxylase activity at isoelectric points of
approximately pH 5.4 and pH 5.2 can be detected by isoelectric focus-
ing in flat-bed polyacrylamide gels (pH range 4-7). When purified
tyrosine hydroxylase is exposed to ATP;y-"“P and cAMP-dependent
enzymatic phosphorylating conditions, ““P is incorporated into both
peaks of enzyme activity, and both peaks exhibit enhanced enzyme
activity. Only minor shifts in the isoelectric points occur consequent
to phosphorylation. Similarly, isoelectric focusing of crude pheochro-
mocytoma supernatant reveals two peaks of tyrosine hydroxyla:
activity, and increases in enzyme activity and incorporation of ~“P
into the regions of the gel which correspond to the sites of enzyme
activity are observed wherﬁhe crude tyrosine hydroxylase is incubated
in the presence of ATP-y-"“P, Mg" " and catalytic subunit of cCAMP-
dependent protein kinase. These data suggest that cAMP-dependent
protein kinase can énhance tyrosine hydroxylase activity and that
there may be more than one site at which the enzyme is phosphoryl-
ated in vitro. Rapid separation techniques, such as isoelectric focus-
ing, may prove useful in further studies of the regulation of tyrosine
hydroxylase both in situ and in vivo. Supported by USPHS grants NS
07927, NS 09199 and AA 03527.

6.7 DEPENDENCE OF BRAIN 3,k4-DIHYDROXYPHENYLETHYLENEGLYCOL (DHPG) ON
‘BRAIN NORADRENERGIC NEURONAL ACTIVITY, J, J. Warsh, P. P, Li%*,

D. D. Godse*, and S. W. Cheung®*, Section of Biochemical
Psychiatry, Clarke Institute of Psychiatry, University of
Toronto, Toronto M5T 1R8, Canada.

Using a direct gas chromatography-mass fragmentography
(GC-MF) procedure, we have previously confirmed and extended
earlier observations that in addition to 3-methoxy-l-hydroxy-

phenylethyleneglycol (MHPG), DHPG is also a major norepinephrine

(NE) metabolite in rat and mouse brain (Soc. Neurosci. 9:575
1979).  Moreover, GC-MF determination of significant although
lover amounts of DHPG in human CSF (2.19 # 0.5T ng/ml; N=6)
compared to MHPG (9.92 + 1.15 ng/ml; N=8) suggests that DHPG is
also formed in human central nervous system (CNS). Although &
variety of data suggest that brain MHPG production is dependent
upon the functional status of CNS NE activity, the relationship
of brain DHPG formation to NE neuronal activity is not as well
established.

To characterize the functional significance and site of
formation of brain DHPG, rat brain NE neuronal activity was
modified pharmacologically followed by simultaneous determina-
tion of brain regional DHPG and MHPG levels by GC-MF. In rats
given the o-adrenergic agonist clonidine (10 or 250 wg/kg,
i.p.) 2+hr prior to sacrifice, cortical and spinal DHPG and
MHPG concentrations were significantly decreased by 20 and 30%,
respectively. On the other hand, the g-adrenergic antagonist
yohimbine (1-10 mg/kg, i.p.), induced a parallel and dose
dependent increasse in cortical and spinal DHPG (130-200%) and
MHPG (170-410%) trations pared to controls. Pre-
treatment with desipramine (10 mg/kg, i.p.) 30 min prior to
yohimbine antagonized the yohimbine-induced elevation of DHPG
levels in these same regions leading to a shift to the right
of the log dose response curves. In contrast, desipramine
augmented the effects of yohimbine on cortical and spinal MHPG
levels resulting in a shift to the left of the dose response
curves and a significant increase in the slopes. Desipramine
alone significantly reduced cortical DHPG (23%) and not MHPG
levels.

The parallel yohimbine and clonidine induced increments and
decrements, respectively, of DHPG and MHPG indicate that DHPG
is also sensitive to changes in brain NE neuronal impulse flow.
Secondly, the differential effect of desipramine on the
yohimbine-induced increments of brain DHPG and MHPG support the

notion that brain DHPG and MHPG are formed in separate metabolic

compartments, DHPG being formed in a presynaptic intraneuronal
location and MHPG in a postsynaptic compartment.

6.6 DEBRISOQUIN, A PERIPHERAL MONOAMINE OXIDASE INHIBITOR AND ANTI-

HYPERTENSIVE AGENT, REDUCES CORTICAL MHPG IN RATS. S. E. Hattox,
A. C. Swann*, D. Jablons* and J. W. Maas. Departments of Psychi-
atry and Pharmacology, Yale Univ. Sch. Med., New Haven, CT 06510

Debrisoquin sulfate is a monoamine oxidase inhibitor (MAOI)
which does not cross the blood brain barrier. It has been clini-
cally effective in lowering blood pressure. Although early re-
ports confirm that debrisoquin has no effect on central aminer-
gic neurons, more recent work has demonstrated a decrease in
whole brain release of 3-methoxy-4-hydroxyphenethylene glycol
(MHPG), a major metabolite of norepinephrine, in non-human pri-
mates treated chronically with debrisoquin (Maas et al., Biochem.
Pharmacol. 28: 3153, 1979). In order to further examine the
effect of debrisoquin on central monoaminergic systems, we have
treated rats with various doses of debrisoquin and measured cor-
tical MHPG at various times after treatment. :

Rats were treated with 1, 5, 10 or 40 mg/kg debrisoquin, i.p.,
and sacrificed at 1 or 6 hours post injection. A second series
of rats was treated with 10 mg/kg, b.i.d., for 24 hours and sac-
rificed 6 hours after the last injection. Conjugated plus free
MHPG were measured in right cortical hemispheres by the mass
spectrometric technique of selected ion monitoring employing deu-
terated internal standards, homogenization in sodium acetate buf-
fer, ethyl-acetate extraction and formation of the trifluoro-
acetyl derivative. Ions at m/e 358 and 360 were monitored, de-
rived from endogenous and isotope-labelled MHPG, respectively.
Caudate nucleus 5HIAA and HVA were also measured as indicators of
central MAO inhibition or more generalized central effects.

Again a selected ion monitoring procedure was used, employing
deuterated internal standards, homogenization in 1 M formic acid,
ethyl acetate extraction and formation of the pentafluoropro=
pionyl derivatives. Ions at m/e 438 and 440 were monitored for
SHIAA while jons at m/e 460 and 462 were monitored for HVA.

Cortical MHPG was significantly lowered ‘at 6 hr with 1, 5, and
10 mg/kg debrisoquin (N=5, p < .01, .02, *.02) to 78, 78, and 74%,
respectively of saline-treated control values. MHPG was not
found to be significantly lowered, however, at 1 hr and had re-
turned to control levels by 24 hours. Caudate nucleus 5HIAA and
HVA were found to be unchanged at 6 hr regardless of dose. These
data suggest that debrisoquin, in a time-dependent fashion, de-
creases central noradrenergic activity either indirectly via
peripheral afferents or by a direct mode of action such as the
formation of an active metabolite which can enter the brain.
Further studies are underway to elucidate the mechanism by which
debrisoquin decreases CNS MHPG. (Supported in part by grants from
USPHS: Grants # MH-24393 and MH-25642.)

Glucocorticoids increase B-adrenergic receptors in fetal rabbit
lung in vivo and in vitro. James M. Roberts¥*, John B. Cheng¥,
Jeffrey Schwartz*, Robert Goldfien*, Philip L. Ballard¥*, Alan
Goldfien*, (SPON: Cynthia L. Bethea). Depts. Ob. Gyn. & Reprod.
Sci., Ped., &.CVRI, U. CA at San Francisco, San Francisco,CA9kik3.
Heterologous receptor regulation is an important mechanism of
hormone action. We asked whether heterologous regulation of adre-
nergic receptors might have a role developmentally. Activation of
pulmonary B-adrenergic receptors increases surfactant release and
decreases lung water and is important in preparing the fetus for
extrauterine existence. Glucocorticoid treatment accelerates lung
maturation and also increases B-adrenergic receptors in adult
lung. To determine if glucocorticoids might increase fetal lung B-
receptors as one aspect of lung maturation, we used [3H] dihydro-
alprenolol (DHA) to directly examine B-receptors in fetal lung.
DHA binds to particulate preparationsof fetal rabbit lung in a
manner compatible with Bj-adrenergic interactions, and agonist
affinities are similar to those in adult lung (isoproterenol K, =
.28£0.7uM; > epinephrine K_ = L4,1#1.TuM; = norepinephrine K. =6.6
+2uM). We quentitated fetai pulmonary B-receptors throughou% gest-
ation and compared these to fetal free cortisol concentrations re-
ported previously (Mulay, et al. Endoc. 93:1342, 1973). The con-
centration of DHA binding sites increased between 28 & 31 days
gestation:

. fmol/mg prot.
Gestational Age [B-Receptors] ~ /=
24 days 35.6% 6.5 (x * SEM)
26 days 43.6% 7.k :
28 days 66.0+ 7.0
31 days 138.7217.7 1 (P < -001)
neonate 153.8+14.3

This increase follows the increase in fetal free cortisol by 24
hours., To determine if the changes in glucocorticoid and B-recep-
tors were causally related, we treated maternal rabbits at 25 days
gestation with betamethasonz (.1Tmg/kg) and found that glucocor-
ticoid treatment increased B-receptors from 43.6+7.4 fmol/mg prot
to T7.9+5.8 fmol/mg prot (p<.001) in lungs of fetuses removed 2k
hours after treatment. We examined B-receptors in fetal lungs
maintained in organ culture for 48 hours in the presence or ab-
sence of .1uM dexamethasone to determine if this increase was a
direct effect of glucocorticoid and to provide a system for exam-
ining mechanisms of receptor increase. Lungs cultured with dexame-
thasone demonstrated an increase in B-receptor concentration (106
+8fmol/mg prot) comparel to:jungs prepared prior to culture (369
fmol/mg prot), or lungs cultured without glucocorticoid (56*13fmol
/mg prot) (p<.05). We conclude that heterologous regulation of
pulmonary. adrenergic receptors are an important developmentel me-
chenism, Organ culture, of fetal lung should provide a svstem in
which mechanisms of receptor regulation can be evaluated
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6.9 PUTRESCINE AS A METABOLIC SOURCE OF GABA. P.C. Caron*, L.J.Cote,

L.T. Kremzner*. Depts. of Pathology, Neurology, and Rehabilita-
tion Medicine. College of Physicians and Surgeons, Columbia
University, New York, NY 10032.

Until recently, Y-aminobutyric acid (GABA) was considered to
be formed solely by the enzymatic decarboxylation of glutamic
acid. Although the concentration of GABA is highest in the cen-
tral nervous system, low levels are found in non-neural tissues
such as pancreas, adrenal, and kidney; (Gerber, J.C. and Hare,
T.A. Diabetes 28: 1073, 1979) and glutamine acid decarboxylase
activity has been found in these tissues. However, Seiler
(Brain Res. 28: 371, 1971) found that putrescine was a precursor
to GABA, as well as to spermidine and spermine. In the present
communication the relative contribution of putrescine as a source
of GABA in neural, as well as non-neural tissues, is assessed.

Female Sprague-Dawley rats_ (150-175 g) were injected with
physiological levels of 1,4 l"C—putresc:‘me (S.A. 96.4 mCi/m mole)
intraventricularly (0.4 uCi) or intraperitoneally (10 uCi). The
animals were killed at 15, 30, 60, 120 and 300 min. The tissues
were homogenized in 4 vol of 0.4 M PCA and the extracts were
analyzed for radioactive GABA, putrescine, spermidine, spermine,
and other GABA metabolites, using an amino acid analyzer. In
addition, inhibitor studies using aminoguanidine (60 mg/kg),
injected i.p. 6 hrs before putrescine administration, were per-
formed.

Intraventricular injections of labelled putrescine showed
little conversion (£1%) to GABA. In contrast, more than 25% of
the radioactivity was found in spermidine in the telencephalon
and brain stem by 2 hrs. Low levels of l4c-spermine were also
found after 2 and 5 hrs.

Intraperitoneal injections of 14C-putrescine showed marked
differences in the uptake of radioactivity in neural and non-
neural tissues. A significant conversion of putrescine to GABA
occurred in the pancreas and adrenal gland, accounting for 5-10%
of the total endogenous GABA in one hour. Smaller, but detectable
levels of 14C-GABA were also found in the brain, liver, heart,
kidney, and skeletal muscle.. After the administration of amino-
guanidine, an inhibitor of diamine oxidase, as much as a 95%
inhibition of GABA formation was found.

These studies show that a '"significant" amount of GABA may have
its origin in putrescine in some tissues. The role of GABA in
non-neural tissue is unclear and needs further clarification.
Perhaps GABA in the periphery plays a regulatory role by altering
membrane permeability to anions. Alteration in GABA levels having
its origin in the polyamines may provide clues to the function of
GABA in neural and non-neural tissues.

6.10 EFFECT OF ANTIGANGLIOSIDE (ANTI-GM]) ANTIBODY ON GABA RELEASE IN

BRAIN SLICES. Brina Frieder* and Maurice M. Rapport., Div. of
Neuroscience, N.Y. State Psychiatric Inst. and Depts. of Biochem.

and Psychiatry, Columbia Univ., New York, N.Y. 10032.

Intracerebral injections of antibodies to GM] ganglioside re-
sult in the perturbation of several CNS functions (induction of
epileptiform spiking, inhibition of passive avoidance learning,
blockade of morphine analgesia, etc.). Since the mechanism of
action of these antibodies is not known, the present study was
undertaken to determine the effect of such antibodies on trans-
mitter release. Slices (0.7mm) of rat brain cortex were loaded
with [3H]-GABA (1 uCi/ml; 15 nM) for 15 min in 0.4 ml of aerated
balanced salt medium. Slices were placed in fresh medium (con-
taining 10 uM AOAA to block GABA metabolism), and medium was re-
placed at 5 min intervals. The effect of anti-GM) ganglioside
antibodies was studied using immunoglobulin (Ig) fractions from
antiganglioside serum (in 10 ul PBS -- equivalent to the original
volume of antiserum). As a control, Ig fractions were obtained
from antiserum that had been absorbed with pure GM] ganglioside
to remove specific antibodies. Ig fractions were present in all
replacement media. Spontaneous GABA release and release induced
by k* (40 mM) and by veratrine (0.2 mM) were studied in the pres-
ence of GABA uptake inhibitors (50 uM 2,4-diaminobutyric acid
plus 100 uM g-alanine). Four Ig fractions from four different
antiganglioside sera (with anti-Gy; titers ranging from 350 to
750 using 4 C 50 units of complement) enhanced K*-stimulated GABA
release in the 1St (*) and 2nd (**) 5 min intervals (for which
the Kkt effect on release is marked) by 83%* 82%**, 56%* 100%**,
37%* 60%** and 34%* 26%**. The two Ig fractions tested on vera-
trine-stimulated GABA release enhanced release by 32%* 12%** and
45%* 11%2**. In contrast, spontaneous GABA release was inhibited
(ca 25%) but only when uptake inhibitors were absent, suggesting
that the reduction in spontaneous release of labeled GABA was the
result of an increase in reuptake. It is concluded that anti-
ganglioside antibodies can affect neurotransmitter release in the
absence of complement since they enhanced depolarization-induced
GABA release. The specificity of the action of antiganglioside
antibodies warrants further study with respect to: 1) release of
other transmitters, both spontaneous and depolarization-induced
and 2) whether enhancement of release is a common effect.

Supported by a grant from NINCDS (NS-13762).
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ACCUMULATION AND METABOLISM OF PIPECOLIC ACID IN THE BRAIN.

H. Nishio*, J. Ortiz*, E. Giacobini, T. Schmidt-Glenewinkel*.
Lab. of Neuropsychopharmacology, Dept. of Biobehavioral Siences,
Univ. of Connecticut, Storrs, CT 06268.

Pipecolic acid (PA), an iminoacid related to lysine
metabolism has been recently isolated in the mouse brain
(Nomura, Y., Schmidt-Glenewinkel, T.,and Giacobini, E., Dev.
Neurosci., 1:239-249, 1978). It occurs in appreciable amounts
(T8 + 4 pmoles/g), it is synthesized in vitro, it is taken up by
a high affinity, Na* and temperature_dependent mechanism into
synaptosomes (Ky = 3.90 + 0.17 x 10'7M) (Giacobini, E., Nomura, Y,
and Schmidt-Glenewinkel, T., Cellular & Molecular Biology,
25:1-9, 1980). and it is released from rat brain slices by
means of a Ca** dependent, high potassium-induced release
mechanism (Nomura, Y., Okuma, Y., Segawa, T., Schmidt-
Glenewinkel, T. and Giacobini, E., J. Neurochem. 33:803-805,
1979). We have now studied the transport and accumulation of PA
into the brain of the mouse-

About 1% of the (3H)PA injected i.v. or i.p. (5.5-5500
nmole) in the mouse is rapidly accumulated in the brain from
where it_is slowly eliminated (T 1/2 = 6.7 hrs). In liver and
kidney (3H)PA is accumulated more rapidly than in the brain.
Probenecid (200 mg/kg i.p.) produces a significant increase in
brain accumulation. After 30 min. following i.v.injection approx
80% of (3H) is found in the brain as (3H)PA while the remaining
part is constituted by metabolites. 80% of (3H)PA injected i.v.
is secreted in the urine as such after 30 min. The brain/plasma
ratio following i.v. injection, is approximately 0.25 at 1 hr.
and almost 1 at 6 hrs.

In summary we can say that PA is rapidly accumulated in the
brain folTowing i.p. or i.v. injection from where it is slowly
eliminated. Probably, the brain is able to metabolize PA. The
liver, on the contrary, does not seem to contribute substantially
to PA metabolism. The existence of BBB for PA seems to be
supported by our results. The transport of PA to the brain is
similar to the one for its precursor aminoacid lysine. The
BBB for PA seems to be more permeable than for 6-OH dopamine
but less than for tyrosine.

Acknowledgment. This study was supported by U.S. Public Health
Service Grant No. NS-11430-01 and 02, and NS-15086-01 to Ezio
Giacobini and by grants from the University of Connecticut
Research Foundation.

A unique action of 2-amino-4-phosphonobutyrate on the ON
pathway in the mudpuppy retina. Malcolm M. Slaughter* and
Robert F. Miller, Departments of Ophthalmology, Physiology,
and Biophysics, Washington University School of Medicine, St.
Louis, Missouri

Glutamate and aspartate have been proposed as photoreceptor
synaptic transmitter candidates since Murakami, et al ('75)
demonstrated that these excitatory amino acids depolarize OFF
bipolar cells and hyperpolarize ON bipolar cells in fish. Re-
cently, Wu and Dowling ('78) have reported that aspartate mim-
ics the action of the photoreceptor transmitter on carp horizon-
tal cells and both actions are Hocked by DL. « amino adipate.
We have examined a number of glutamate and aspartate agonists
and antagonists and report here on a selective action of
2-amino-4-phosphonobutyrate (APB), a glutamate analog, on the
ON pathway in the mudpuppy retina, Intracellular recordings
were obtained from all classes of retinal neurons in the super-
fused mudpuppy eyecup. In the outer retina, application of
micromolar concentrations of APB Hocked the light evoked re-
sponse (LER) of the depolarizing bipolar cells while leaving un-
affected the LER of receptors, horizontal cells, and hyper-
polarizing bipolars. This blocking action was complete and re-
versible. In the inner retina, APB eliminated the LER of the
ON amacrine and the ON component of the ON-OFF amacrine
cells while the response of OFF amacrines persisted. APB
blocked the ON but not the OFF IPSP of ganglion cells and also
blocked the LER of ON ganglion cells. We have undertaken
experiments to determine the mechanism of the APB action by
superfusing with cobalt (3 mM) to clock synaptic transmission,
a treatment which depolarized the ON bipolars. Application of
APB superimposed on the cobalt block caused a hyperpolari-
zation of the ON bipolar, consistent with the idea that APB is a
transmitter agonist. A three carbon analog of APB, 2-amino-
4-phosphonopropionate, did not block the ON pathway in con-
centrations up to 1l mM. Assuming that a single transmitter is
released by photoreceptors, this selective effect of APB sug-
gests that the transmitter receptors on depolarizing bipolar
cells are unique and distinct from those on the two other types
of second order neurons in the mudpuppy retina.

Supported by NIH Grants EY0-3014-03 and EY0-5338-01.

7.2 THE GLUTAMIC ACID DECARBOXYLASE OF LAMPREY CNS - DEVELOPMEMTAL

7.4

CHANGES AND EFFECTS OF CORDOTOMY. MN.R. Krieger, U. Wald* and
M.E. Selzer. Dept. of Pharmacology, University of Pennsylvania,
School of Medicine, Philadelphia, PA 19104,

The presence of glutamic acid decarboxyiase (GAD) was
demonstrated in the CNS of the sea IamPrey (Petromyzon marinus) .
A microassay based on the release of I’COZ from (1-"7C) L~
glutamic acid was used. The enzyme had similar characteristics
in brain and spinal cord and in larvae and feeding stage adults.
It had a sharp temperature optimum at 27-30°C. Optimum pH
was 6.8. The Km for glutamic acid, measured at 27°C, pH 7.1
in the presence of 0.1 mM pyridoxal phosphate, was 5 mM.

In large larvae (3-5 years old) homogenates of brain had
approximately 2.5 times the GAD specific activity of homogenates
of cord (63 vs. 26 nmol. C02/mg protein/hr.). In feeding stage
adults the brain showed approximately 8 times the specific
activity of the cord (236 vs. 29 nmol. COz/mg protein/hr.).

Thus between larval and adult stages the brain showed an almost
4-fold increase in GAD activity, while the spinal cord showed
no statistically significant increase.

GAD activity was the same in rostral, middle and caudal
thirds of the larval spinal cord. Following transection of
the spinal cord of larvae at the level of the 6th gill, the
GAD activities rose sharply in brain and in all three regions
of spinal cord. The maximum increase was observed one week
after transection, at which time activities in all regions were
5-6 times normal. By the fourth week GAD activities had returned

to normal. GAD activity persisted in brain and cord at
approximately control levels for at least seven weeks following
cordotomy. Thus Wallerian degeneration, which is known to

occur in the lamprey spinal cord, did not eliminate the GAD
activity either rostral or caudal to the transection. Ve
conclude that GAD activity does not originate exclusively

in cells of either brain or spinal cord, but must be synthesized
independently by cells of both structures.

(Supported by NIH grants NS 14257, NS 14837, and 1 KO7 NS
11083.)

LOCAL CEREBRAL GLUCOSE UTILIZATION (LCGU) FOLLOWING SYSTEMIC
ADMINISTRATION OF GABAERGIC AGONIST AND ANTAGONIST DRUGS.
E.D. London, J.M. Palacios, S.I. Rapoport and M.J. Kuhar. Lab

of Neurosciences, Gerontology Research Center, National Insti-
tute on Aging, Baltimore City Hospitals, Baltimore, MD 21224
and Departments of Pharmacology and Experimental Therapeutics
and Psychiatry and the Behavioral Sciences, Johns Hopkins School
of Medicine, 725 N. Wolfe Street, Baltimore, MD 21205.

Using radioligand binding and autoradiographic techniques, it
has been observed that high affinity y-aminobutyric acid (GABA)
binding sites are heterogeneously distributed throughout the rat
brain (Palacios et al., P.N.A.S. 77: 670, 1980). In order to
assess the functional significance of these high affinity binding

sites, we employed the autoradiographic ]4C-2-deoxy-D-glucose
(DG) technique of Sokoloff et al. (J. Neurochem. 28:897, 1977) to
study local cerebral glucose utilization (LCGU) in the conscious
rat. Animals were injected i.v. with one of several doses of
GABAergic agonist (muscimol, 1-7 mg/kg; 4,5,6,7,-tetrahydroisoxa-
zolo[5,4-c] pyridin-3-01,THIP, 12 and 24 mg/kg) or antagonist
(bicuculline) drugs prior to the administration of 125 uCi/kg of
DG. GABA agonists induced dose-dependent depressions in LCGU in
most brain regions assayed. Decreases in LCGU were most dramatic
in forebrain regions, especially cerebral cortex, caudate nucleus
and thalamic nuclei. There were variable reductions in LCGU
within the hippocampus. In contrast, LCGU in the red nucleus was
increased by up to 100% with a high dose of muscimol (7 mg/kg).
A subconvulsant dose of bicuculline (294 ug/kg) increased LCGU in
several regions, notably the auditory cortex and inferior
colliculus.

These observations support the proposed general inhibitory
function of GABA in the central nervous system. Enhanced LCGU
in the red nucleus may result from GABAergic inhibition in the
cerebellum, thalamus and/or cerebral cortex; these areas have
high densities of GABA receptors. There is no simple correla-
tion between the magnitude of response in LCGU to GABAergic
agonist and antagonist drugs and the density of high affinity
GABA binding sites. Thus, LCGU following specific pharmacol-
ogic stimulation depends on the presence of relevant receptors
for the administered drugs, but is influenced also by the
neuronal circuitry of any region studied. Supported by
MH00053, MH25951, DA00266, TW02583.
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7.
ACID NEUROTRANSMITTERS. R. P. Shank and G. LeM. Campbell*, 6
Franklin Research Center, Philadelphia, PA 19103.

As part of a project aimed at elucidating the mechanism by
which the neurotransmitter pools of glutamate, GABA and aspartate
are maintained and regulated we have examined the uptake and
metabolism in vitro of glutamine, a-ketoglutarate and a variety
of other compounds by cellular and subcellular fractions derived
from the cerebellum of 1 to 3 week old mice. The cerebellar
tissue was dissociated using a combination of enzymatic treatment
(mild trypsinization and DNA ase) and mechanical agitation.

Five cellular and subcellular fractions were obtained using a
series of linear density gradients formed with Percoll. Four of
the fractions were comprized almost entirely of cell bodies, one
of which was enriched in granule cells. On fraction contained
predominantly sub-cellular material. In this fraction nerve
terminals were prevalent, but there were few, if any, free
mitochondria.

Glutamine and a-ketoglutarate were both taken up comparatively
fast by the fraction enriched in nerve terminals, but only
glutamine was readily taken up by all five fractions. Both
glutamine and a-ketoglutarate were rapidly converted to glutamate
subsequent to being taken up by the nerve terminal enriched
fraction. Much of the glutamate formed from these precursors was
metabolized to GABA and aspartate. The transport of both
glutamine and a-ketoglutarate appears to be mediated by high and
low affinity systems; the K_ values for a-ketoglutarate
(approximately 15 and 50 uM) being lower than those for
glutamine (approximately 50 and 200 uM). The uptake of both
glutamine and a-ketoglutarate by the fraction enriched in nerve
terminals was inhibited by glutamate, aspartate, GABA and cGMP
when this fraction was pre-incubated with those substances at
concentrations of 0.2 to 2 mM. There was no apparent mutual
interaction between glutamine and o-ketoglutarate transport.

Our observations support the concept that both glutamine and
o-ketoglutarate derived from non-synaptic sources are
instrumental in replenishing the molecules of glutamate, GABA
and aspartate lost from nerve terminals during synaptic
activation. Our data further suggest that the regulation of
glutamine and a-ketoglutarate uptake is an important factor in
the regulation of intracellular levels of glutamate, aspartate
and perhaps GABA.

Supported by NIH Grant #NS16004

SPECIFIC BINDING OF [3H]-GLUTAMATE AND [3H]-KAINATE IN THE
GRANULO-PRIVAL MOUSE CEREBELLUM. J. Slevin*, M. Johnston, K.
Biziere and J.T. Coyle. Dept. of Pharmacol. and Expt. Therapeut.,
Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205.

To examine the relationship between receptor binding sites for
[3H]-glutam1c acid and [3H]-kainic acid and cerebellar (Cb)
circuitry, the effects of granule cell ablation on neurotrans-
mitter receptors and neuronal presynaptic markers were examined
in mice rendered granule cell deficient by treatment with
methylazoxymethanol acetate (MAM). On the day of birth, Blu/HA
mice received a single, subcutaneous injection of MAM (30 mg/kg),
an alkylating agent that selectively kills mitotically active
cells. In adult treated mice, the Cb mass was reduced by 477 as
compared to saline treated litter-mates. Nissl-stained sections
of the lesioned Cb revealed a profound loss of granule cells; the
Purkinje cells, which did not appear reduced in number, had an
abnormal distribution.

The specific activities of choline acetyltransferase and
glutamate decarboxylase were increased significantly (p<0.001) by
46% and 59% respectively, resulting in a slight decrease in total
activities per MAM Cb. The specific activities of the Nat
dependent synaptosomal uptake for [3H]-GABA was increased by
52% (p<0.001) whereas the uptakes of [3H]—L—glutamic acid and
of [3H]—L—aspartic acid were reduced by 45% (p<0.001) and 287
(p<0.05) respectively. Congruent with these results, the concen-—
tration of GABA was elevated by 29% (p<0.05) whereas the concen-
tration of glutamate was reduced by 29% (p<0.001); endogenous
norepinephrine was increased by 67% (g(0.00l).

In MAM Cb the specific binding of [°H]-quinuclidinyl benzi-
late, a muscarinic receptor antagonist, and of [2H]-dihydro-
alprenolol, a beta receptor antagonist, were unchanged. For
contrast, the specific binding of 3H-GABA was significantly
reduced by 32% (p<0.001) per mg protein. The specific binding of
[3H]—ka1nic acid (50 nM; 2°C incubation) was not altered in the
lesioned cerebellum per mg protein but total binding was signifi-
cantly reduced by 47% (p<0.001). In contrast, the specific
binding of [3H]-L-glutamic acid (600 nM; 37°C incubation) was
incrased by 106% (p<0.001) per mg tissue protein; as a result,
the total amount of specific binding per MAM Cb was increased by
41%.

The data indicate that the MAM treatment results in a marked
reduction in Cb granule cells and their pre-synaptic
glutamatergic markers; the specific binding of 3H—glutamate
increased considerably, which suggests a postsynaptic locali-
zation and possible denervation supersensitivity. The binding
site for £3H]—kainate responds to the lesion differently than
that of [2H]-glutamate but similarly to the muscarinic and beta
receptors.

7.8

RATES OF GABA ACCUMULATION IN VARIOUS BRAIN REGIONS AFTER
IRREVERSIBLE INHIBITION OF GABA-TRANSAMINASE IN VIVO AND IN
BRAIN SLICES. M.J. Iadarola, and K. Gale. Department of
Pharmacology, Schools of Medicine and Dentistry, Georgetown
University, Washington, D.C. 20007.

The production of GABA in different rat brain regions was
evaluated in brain slices maintained in vitro. Fresh tissue
slices (225u) from cerebellum, cerebral cortex, caudate nucleus,
superior colliculus and substantia nigra were incubated at 37°C
for various times (5-90min) in the presence of 107°'M gamma-
viny1-GABA (GVG), a specific and irreversible inhibitor of GABA
transaminase. In slices prepared and maintained in Krebs-Ringer
phosphate (bubbled with 100% 0, for 20min) GABA levels started
to rise after a latency of 15min after addition of GVG. The
rate of accumulation of GABA was linear between 20 and 70min;
during this period we took time points at 10min intervals.

Under these conditions the rate of accumulation of GABA was
found to be in the range of 0.2-0.6nmoles/mg protein/min;

these values were similar to those obtained in vivo after
administration of GVG (600mg/kg i.p.). In general, brain
regions with low initial steady-state levels of GABA (cerebellum,
cortex and caudate) had lower rates of GABA accumulation than
regions with high initial steady-state GABA (superior colliculus
and substantia nigra). However, the rates of accumulation of
GABA were not found to be proportional to the glutamic acid
decarboxylase (GAD) activity measured in cell-free homogenates
of the various regions. Similarly, in vivo accumulation of GABA
in the various brain regions after GVG was not proportional to
either control steady-state GABA levels or to GAD activity.
These findings may be related to our previous observation that a
large portion of the GABA increase after GVG occurs in a glial-
perikarya-metabolic compartment of GABA (Gale and ladarola,
Science 208: 288, 1980). Consistent with this, we found that
slices obtained from kainic acid-lesioned caudates generated
GABA at a rate comparable to that obtained in intact tissue.

In addition, we found that the initial rate (5-30min)
of GABA accumulation in the slices could be accelerated by
addition of CO, or bicarbonate to the Krebs-Ringer buffer.

Under these conditions, differences in rates between the
various brain regions were accentuated.

Supported by USPHS Grants DA 02206 and MH 32359.

EXCITATORY AMINO ACID RECEPTORS ARE ENRICHED IN SYNAPTIC JUNC-
TIONS. A. C. Foster¥ E. E. Mena*& C. W. Cotman. Dept. of
Psychobiology, Univ. of Calif., Irvine, CA. 92717.

Dicarboxylic amino acids have been shown to cause excitations
when applied to mammalian neurons, and electrophysiological evi-
dence suggests that multiple receptors for such amino acids exist
in the CNS. The multiplicity of such receptors may reflect the
presence of extra-junctional, as well as junctional receptors, as
has been demonstrated for glutamate in the invertebrate nervous
system. Binding studies with excitatory amino acids reported to
date have used crude synaptic membranes, which would be expected
to contain both junctional and extra-junctignal receptors.

We have investigatgd the binding of L-[ H]-glutamate,
L—[3H]—aspartate and [“H]-kainic acid to purified synaptic junc-
tions from rat brain.

For all three ligands, specific_ginding
(defined as displaceable binding in the presence of 10

M unlabel-
led ligand) was enriched as the purity of synaptic junctions in-
creased i.e. homogenate <P2 < synaptic plasma membranes < synaptic
junctions. The highest specific binding was found in synaptic
junctions, which for all three ligands was enriched approx. 10-15
fold over that in homogenate. Microsomal, mitochondrial and
myelin fractions were found to have appreciably less binding than
the synaptic fractions.

These results suggest that the use of synaptic junction prepar-
ations in the study of excitatory amino acid binding may allow
differentiation between junctional and extra-junctional receptors
for these compounds. (Supported by grant -- NIH no. NS 08597-11.)
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7.9 BIOCHEMICAL PHARMACOLOGY OF KOJIC AMINE, A GABA RECEPTOR AGONIST. 7.10 RELEASE OF ENDOGENOUS AMINO ACIDS FROM NORMAL AND GRANULE AND
J.W. Ferkany,* M.F. Browner*and S.J. Enna. Depts. Pharmacol., STELLATE CELL DEPLETED RAT CEREBELLUM. R.S. Flint*, M.A. Rea®*
Neurobiol. and Anat., Univ. Texas Medical School, Houston, Texas and W.J. McBride, Depts. Psychiatry & Biochemistry, Inst. Psy-
77025 chiatric Res., Indiana Univ. Sch. of Med., Indianapolis, IN 46223

Kojic amine (2-aminomethyl-5-hydroxy-4H-pyran-4-one), a struc- The release of endogenous amino acids from rat cerebellum was
tural analogue of y-aminobutyric acid (GABA), selectively inhi- studied using 300 x 300 um diced tissue embedded in Sephadex G-50
bits 3H-muscimol binding to GABA receptors in rat brain membranes columns. In preliminary studies, the whole cerebella from adult,
(IC50=4uM) and, when applied iontophoretically, hyperpolarizes male Wistar rats were used to ascertain the time course of re-
cerebellar Purkinje cells, an action which is blocked by bicucul- lease of glutamate (Glu), aspartate (Asp), GABA, taurine (Tau),
line (Arch. Int. Pharmacodyn. Therap. 241:266, 1979). These data glycine (Gly) and alanine (Ala). The tissue was perfused first
suggest that this agent may be a direct-acting GABA receptor for 30 minutes with a Ca*t free physiological saline medium con-
agonist. In the present study, experiments were undertaken to taining 1 mM EGTA, then for 25 minutes with ca*t free medium con-
further explore and define the interactions of kojic amine with taining 55 mM K*, and finally with medium containing 55 mM K*
the GABA receptor and to determine whether this compound will plus 2.5 mM Cat+. After the initial 10-15 minute wash-out period,
activate this receptor system following systemic administration. a small constant rate of spontaneous efflux was observed. Ele-

Like GABA, kojic amine enhances “H-diazepam binding to rat vation of X+ in the ab of catt d a slight increase in
brain benzodiazepine receptors in vitro, though it is some 10 efflux of Glu and Asp without altering the efflux of GABA, Tau,
fold weaker (EC50=64uM) than GABA in this regard. In addition, Gly or Ala. Addition of 2.5 mM Ca*t to the medium containing 55
chronic administration of kojic amine (18 mg/kg b.i.d. for 15 mM K* caused a peak release above baseline of 25-fold for Glu,
days) induces a significant increase in dopamine receptor and a 5-fold for Asp, 10-fold for GABA and 2-fold for Ala. The efflux
decrease in GABA receptor binding in the rat corpus striatum. of Tau and Gly was not increased by addition of ca*tt to the 55
Furthermore, acute administration of kojic amine (30 mg/kg) cau- mM K+ medium. In a second study, male Long-Evans rats were used.
ses a significant increase in synaptosomal high affinity choline One group (N=4) was exposed to x-irradiation treatment at 12-15
uptake in the corpus striatum. The results of these ex vivo days following birth (12-15x group) which prevented the acquisi-
experiments are qualitatively similar to those previously found tion of late-forming granule cells; a second group (N=5) was
after chronic administration of more established GABAergic ago- exposed to a schedule of x-irradiation which prevented the acqui-
nists such as THIP and y-acetylenic GABA. sition of granule and stellate cells (8-15x group). Unirradiated

These findings indicate that kojic amine is a GABA receptor littermates (N=11) were used as controls. Animals were killed
agonist following systemic administration, suggesting that this at 90-120 days of age. The cerebellum was quickly removed; the
compound may be a useful tool for defining the behavioral, bio- vermis was dissected free, diced and perfused as described above.
chemical and physiological effects of the GABAergic system. With respect to control values, there was a significant reduction
(Supported in part by USPHS grants NS-13803, NS-00335 and MH- in the K'-stimulated Ca**-dependent release from the 12-15x cere-
07688) . bellar vermis of (a) 50% for Glu; (b) 508 for Asp; and (c) 57%

for Ala. With regard to control data, there was a significant
reduction in the K*-stimulated Ca**-dependent release from the
8-15x group of (a) 77% for Glu; (b) 67% for Asp; (c) 55% for
GABA; and (d) 92% for Ala. The reduction in the release of Glu
from the granule cell deficient cerebella supports the hypothesis
that it may be the excitatory transmitter released from these
interneurons. The reduced release of GABA from the granule and
stellate cell deficient cerebella supports the idea that GABA is
the transmitter released from stellate cells. The fact that no
increased release of Tau or Gly occurred in the elevated K* plus
ca*t medium could be taken as evidence against a neurotransmitter
role for these two amino acids in the cerebellum. (Supported in
part by NS 13925 and MH 00203).

7.11 ASPARTATE AS THE NEUROTRANSMITTER FOR THE PERFORANT PATHWAY OF
THE HIPPOCAMPUS. A. Di Lauro* and J. L. Meek* (SPON: L. M.
Neckers). Lab. Preclin. Pharmacol., NIMH, Saint Elizabeths
Hospital, Washington, D.C. 20032.

It has been reported that glutamate and/or aspartate could be
the transmitter of the perforant pathway (PP), the pathway from
the entorhinal cortex to the fascia dentata (FD) and to the hippo-
campus proper (Nadler et al., 1976, Nature 260:539). In order
to determine the role of aminoacids in the PP we examined in the
target areas of this pathway the changes in the concentration
of various aminoacids (Tau, Gly, Ala, Glu, Asp, GABA) after uni-
lateral entorhinal cortex lesion in rats.

At various survival time (1,3,7,15 days) after a radiofre-
quency lesion, the rats were killed by means of focused micro-
wave irradiation. The hippocampus was excised from the lesioned
side and from the contralateral side and the FD dissected.
Aminoacids were separated on a cation exchanger by high pressure
liquid chromatography and detected fluorimetrically. The lesion
caused a decrease in the aspartate content of the homolateral FD.
This decrease reached its maximum (70% of control; P<0.001) after
three days; at longer survival times (7-15 days after the lesion)
we observed a slow recovery toward control values. This recovery
is probably due to the known sprouting process that starts early
after this lesion (West et al., 1975, Brain Res. 97:215). In the
contralateral FD and in the hippocampus proper we observed only
slight variations in the aspartate concentration. We were un-
able to detect any significant difference between control and
lesioned rats in Glu or in the other aminoacids tested. In order
to determine whether this decrease of aspartate is presynaptic or
postsynaptic we injected kainic acid in the hippocampus of 10
rats at a dose (0.75 pg) able to destroy granule cells; the
following day half of rats received entorhinal cortex lesion
while the remaining rats (KA alone) were used as controls. Three
days after the PP lesion we observed a significant decrease in
aspartate content of FD when compared to rats treated with KA
alone. The decrease in FD aspartate after PP lesion was not,
therefore, due to granule cells but to degenerating presynaptic
terminals of PP. In conclusion though our experiments do
not prove that aspartate is the neurotransmitter of the PP,
they strongly support this hypothesis.
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ELECTROGENESIS OF THE EVENT-RELATED SLOW POTENTIAL DETERMINED BY
INTRACELLULAR RECORDING IN THE CONSCIOUS CAT BRAIN, G. L. King%,
and J. E. Skinner.

Frontocortical neurons in the conscious cat brain manifest
slow membrane potential and input resistance shifts in parallel
with an extracellular event-related slow potential, all of which
are evoked by a tone that forewarns a cutaneous shock. The bio-
physical responses of each cell were recorded with a new "float-
ing-micropipette tip'" technique that enabled intracellular impale
ments to be maintained when the animal was presented the previous
ly conditioned stimuli. Two classes of cells were recorded, those
with large resting membrane potentials and action potentials that
manifested overshoot of the extracellular zero potential (over-
shoot cells) and those with small resting potentials and small
action potentials that did not overshoot the extracellular zero
potential (undershoot-cells).These two classes of cells are easily
distinguished by their resting input resistances and other cable
properties. Both the cable properties and the location of inject
ed dye suggest that the undershoot cell records are from dendritic
impalements. Individual cells of both cell classes manifested
different patterns of responses to the tone and to the shock.

The predominant response patterns of .the undershoot-cells were
input resistance decreases accompanied by depolarizations (rD-re
sponses) and input resistance increases accompanied by hyperpolar
izations (RH-responses). One other group of undershoot-cells
showed responses following the shock that were different from
those following the tone (MM-responses). The overshoot cells
showed similar response patterns, although no RH-responses were
recorded. These input resistance and membrane potential responses
of the cells were not correlated in time; they showed different
latencies to onset and peak amplitude. Some cells of both class
es were recorded for a long enough time to permit the recording
of the responses of the cells to repeated conditioning trials.

It was observed that the cell responses during the repeated trial
were not always the same response as during the first trial.

All of these data have been interpreted to suggest that a
neuronal mechanism underlies the electrogenesis 9f the
event-related slow potential. Furthermore, the response patterns
of these neurons, which manifest themselves only in the conscious
state, may be the basis for a type of neural integration that is
characteristic of information processing in a higher cerebral
brain system.

REVERSAL POTENTIAL FOR EXCITATORY SYNAPTIC EVENTS IN HIPPOCAMPAL
CA3 PYRAMIDAL NEURONS. D. Johnston, T. H. Brown, J. J. Hablitz
and F. J. Lebeda. Dept. of Neurology, Baylor Coll. of Med.,
Houston, TX 77030 and Div. of Neurosciences, City of Hope
Research Inst., Duarte CA 91010. '

Reversing the direction of excitatory postsynaptic potentials
(EPSPs) with an accurate measure of the membrane potential at the
reversal point has proved a difficult task in mammalian CNS
neurons. In this study we have attempted to demonstrate a rever-
sal of mossy-fiber EPSPs in CA3 pyramidal neurons from in vitro
hippocampal slices in order to address the following questions:
Is the mossy-fiber EPSP entirely chemical in origin? If a rever-
sal is obtained, what is the apparent reversal potential, and
therefore what ions might be carrying the synaptic current? Are
the synaptic endings electrically distributed on the postsynaptic
neuron? Does concomitant inhibition play a role in the mossy-
fiber EPSP?

Intracellular recordings were made using pipettes filled with
4M KAc or 2M Cs_SO,. Current and voltage clamping were performed
using a single microelectrode system. Several procedures (in-
cluding high Mg and low stimulus strengths) were used to reduce
the recurrent inhibition obtained with mossy-fiber stimulation.
The traditional recurrent IPSP was still occasionally present,
but was distinguishable from the EPSP on the basis of a slower
time course. However, the mossy-fiber EPSP was found to reverse
direction completely at a single and very negative membrane po=
tential (about -50 mV). Moreover, under voltage clamp conditions
all reversal potentials and extrapolated reversal potentials of
the inward current were only 10 to 30 mV depolarized from the
resting potential. Since these reversal potentials seemed un-
reasonable for an EPSP, putative inhibitory blockers (10 uM
bicuculline, 10 uM picrotoxin, or 2 mM penicillin) were added to
the bath in an attempt to separate possible occult inhibitory
components in the normal EPSP. With one of these agents in the
bath, the mossy-fiber EPSP reversed direction completely at or
near 0 mv. If the mossy-fiber terminals are electrotonically
remote from the recording site, then this apparent reversal poten-
tial may be an overestimate of the true synaptic equilibrium po-
tential.

The results suggest, however, that the mossy-fiber ending is a
chemical synapse producing a conductance increase, that the ter-
minals are not electrotonically distributed on the postsynaptic
neuron, and that the normal EPSP is contaminated by a large occult
inhibitory component of similar time course. The data suggest
also that a measured reversal potential is a better test of a pure
EPSP than the separation of events on the basis of time course.
(Supported by NIH Grants NS15772, NS11535 and the Epilepsy
Foundation of America.)
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TWO CLASSES OF SPONTANEQUS MINIATURE SYNAPTIC POTENTIALS IN CA3
HIPPOCAMPAL NEURONS. Thomas H. Brown and Daniel Johnston,
Division of Neurosciences, City of Hope Research Institute,
Duarte, CA 91010, and Department of Neurology, Baylor College of
Medicine, Houston, TX 77030.

Spontaneous miniature synaptic potentials were recently
detected in CA3 neurons of the hippocampus (Brown et al., Brain
Res. 177, 194, 1979). In the present study, we have examined the
amplitude and polarity of miniature potentials in these cells, at
membrane potentials ranging from -150 to +50 mV, to address the
following two questions: Can inhibitory miniature potentials be
detected when the cells are depolarized? What is the approximate
reversal potential of the excitatory miniature potentials?

Recordings were made in the in vitro slice preparation which
was continuously perfused with oxygenated normal saline contain-
ing 1 ug/ml tetrodotoxin (TTX) and 2 mM MnC1,. Current vas
injected and voltage recorded through a singfe micropipet using a
3 KHz time-share system. Pipets were filled with either 3 M KC1,
4 M KAc or 1 M CsSO,. At membrane potentials between -150 and
-50 mV, only depolarizing events were observed, their amplitudes
being greater at more hyperpolarized potentials. In many cells,
at about -40 mV, both hyperpolarizing and depolarizing events
were present. At membrane potentials between -30 and O mV, the
events were always hyperpolarizing, These hyperpolarizing events
appeared to be spontaneous inhibitory miniature potentials, since
they were abolished by adding to the bath putative inhibitory
blockers (10 uM bicuculline, 10 uM picrotoxin, or 2 mM penicil-
lin). With the blockers in the bath, the usual depolarizing
events were still present at membrane potentials between -150 and
-50 mV. In the presence of these agents, hyperpolarizing events
were not observed unless the membrane was depolarized beyond +30
mV. The amplitude of these hyperpolarizing events increased as
the cells were further depolarized. These events appeared to be
reversed excitatory miniature potentials. Their apparent rever-
sal potential was near O mV, but the value could not be determined
accurately because the events could not be resolved above the
background noise when the membrane was within #30 mV of the esti-
mated reversal potential. A1l of the above result$ were duplica-
ted in parallel studies in which TTX and MnC1, were omitted from
the bath. In these studies, the only apparent difference was
that the synaptic events were larger, presumably because they
consisted of both spontaneous and evoked release.

The ability to resolve both inhibitory and excitatory minia-
ture potentials in these cells should be useful in neuropharmaco-
logical studies as well as in testing hypotheses concerning the
mechanism of long-term potentiation in these cells. (Supported
by NIH grants NS15772 and NS11535.)

'SPONTANEOUS IPSPs IN HIPPOCAMPAL PYRAMIDAL CELLS.
R. A. Nicoll and B. E. Alger, Depts. of Pharmacology and Physi-
ology, Univ. of Calif., San Francisco, CA 94143.

In CAl pyramidal cells of rat in vitro hippocampal slices, in-
tracellular recording with 3 M KCl-filled electrodes reveals many
small (1 - 10 mV) spontaneous depolarizing potentials on the base-
line. These potentials vary in frequency from one to about 20 Hz
and appear to be chloride (Cl1™) dependent, as they are not seen
in CAl cells with electrodes filled with potassium salts of im-
permeant anions. Since C1~ dependence is a property of hippocam—
pal inhibitory post-synaptic potentials (IPSPs), and not EPSPs,
we have considered the hypothesis that these small depolariza-
tions are spontaneous, reversed IPSPs.

Because the major hippocampal inhibitory transmitter is proba-
bly M -aminobutyric acid (GABA) we have tested the sensitivity of
these spontaneous depolarizations to various drugs known to affect
GABA-mediated events. Experiments were done on single cells (24)
impaled with KCl electrodes in a normal bathing medium and then
switched, while the impalement was held, to different experimental
media. GABA antagonists bicuculline, picrotoxin and pencillin
abolish the spontaneous events. Excitatory transmission is not
blocked with these drugs. When GABA antagonists are applied to
cells recorded with KC1l electrodes the membrane hyperpolarizes
and the input impedance increases, as expected when a spontaneous
inhibitory input is blocked. Pentobarbital, an anesthetic which
in low doses (10™% M) has a very selective effect of enhancing
GABA-mediated events, markedly prolongs the spontaneous depolari-
zations. Pentobarbital has a depressant effect, if any, on EPSPs.
From their C1~ dependence and responses to drugs which affect both
GABA actions and synaptic inhibition, we conclude that the small
spontaneous depolarizations are reversed, GABArmediated IPSPs.

Spontaneous IPSPs are also blocked by tetrodotoxin and calcium
antagonists. Since true “quantal” release processes are ordinar—
ily immumne to such treatment, it appears that “spontaneous” IPSPs
in CAl pyramidal cells are actually activity-dependent, and re-
sult from spontaneous firing of inhibitory interneurons. Consis-
tent with this interpretation is the finding that analysis of the
distribution of these potentials does not agree with predictions
based on a random release process.

Besides its intrinsic interest, study of spontanous IPSPs has
practical usefulness for investigating modulation of inhibitory
synaptic transmission. For example, we have recently found that
these small spontaneous IPSPs and the evoked IPSP are blocked by
the opiate peptide d—alaz—met5-enkephalinamide. Since responses
to iontophoretically applied GABA are not blocked by enkephalin,
we conclude that the site of IPSP blockade by enkephalin must be
presynaptic on the inhibitory interneurons.
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K. Krnjevic,
Y. Ben-Ari and . Reinhardt™. Anaesthesia Research and Physiology
Depts., McGill University, Montreal Canada H3G 1Y6.

Although there 1is plenty of evidence from extracellular studies
that GABA inhibits hippocampal cells and that it is probably syn-
thesized in (and released from) inhibitory interneurons such as
basket cells (Storm-Mathisen, Prog.Neurobiol. 8, 119, 1977), there
has been no systematic comparison between IPSPs and the effects of
GABA.

In rats under urethane, we have recorded intracellularly from
cells in the CA1 and CA3 area, usually with KC1 (but also some K
citrate) -containing microelectrodes. IPSPs were evoked by stere-
otactic stimulation of the ipsilateral fimbria or entorhinal cor-
tex. GABA and other agents were tested by microiontophoretic
release from a second, closely adjacent extracellular microelec-
trode. In addition to the membrane potential and IPSPs, we also
monitored continually the neurons' input resistance at "rest" and
during IPSPs, by injecting regularly repeated series of known cur-
rent pulses through the recording electrode.

In spite of quite variable conditions of intracellular record-
ing, in most cases a marked conductance increase was readily
detected near the peak of IPSPs (mean of +155% for 84 different
cells) evoked by 10 V, 0.5 ms stimulating pulses. In a selected
group of 11 cells, hav1ng resting potentials of at least -55 mV
(mean -65.0), the mean input resistance was 10.3 Mo and the mean
fall in resistance near the peak of the IPSP -72.7%. There was
no significant difference in time course or in reversal potential
between IPSPs evoked by entorhinal or fimbrial stimulation. Ion-
tophoretic applications of GABA (mean dose 108 nA) caused a large
increase in conductance (mean +245%, for n = 55), as well as a
change in potential that followed the direction of IPSPs. Indeed,
a comparison of the calculated IPSP reversal potential (E ) for
the period immediately precedwng the release of GABA and the re-
versal potential for the maximum potential change evoked by GABA
(Ep) revealed a very high positive correlation (r = 0.893, for n

44) and a mean difference between corresponding values of E;

nd Eg of only 0.78 mV (SE = 1.25, for n = 44). By contrast
glycine was almost totally 1neffect1ve in evoking either inhibi-
tion of unit firing or any significant conductance increase. As
in the cerebral cortex and elsewhere, the action of GABA showed a
pronounced "fading", the conductance increase diminishing within
a few seconds to a sharply lower plateau. This change was often
associated with a parallel diminution in the conductance increase
that accompanies EPSPs. These effects of GABA are fully in keep-
ing with its probable role as the transmitter responsible for the
most prominent IPSPs observed in the hippocampus.

Supported by the Medical Research Council of Canada.

THE EPILEPT IFORM BURST DISCHARGE IS ASSOCIATED WITH A CALCIUM-
DEPENDENT AFTERHYPERPOLARIZATION. B. E. Alger and R. A. Nicoll,
Depts. of Pharmacology and Physiology, Univ. of Calif., San
Francisco, CA 94143.

Intracellular recording from cells in experimentally produced
epileptic foci reveals an interictal spike ("burst") potential
and an afterhyperpolarization (AHP). We have found the burst and
AHP are produced by synaptic activation of pyramidal cells in rat

in vitro hippocampal slices during blockade of synaptic inhibi-

tion bya)-aminobutyric acid (GABA) antagonists picrotoxin and bi-
cuculline, in concentrations which block responses to iontophore-
tically applied GABA. GABA is the major hippocampal inhibitory
transmitter candidate. The synaptically evoked AHP is 8.6 + 3.4
mV in amplitude and lasts 2.9 + 1.2 sec (n = 16); it is associ-
ated with a conductance increase of 36 + 12 Z, and is function-
ally inhibitory. Previous work has suggested the interictal
spike AHP is either an unusual form of inhibitory post-synaptic
potential (IPSP) or a calcium (Ca)-dependent potassium potential.
However, there is as yet little direct evidence on this point.
Our data favor the latter hypothesis.

In our experiments the AHP usually appears as an all-or-none
potential following an epileptiform burst. In addition we find
the AHP is independent of chloride (C1~) movements, as it can be
elicited in cells in which the Cl1~ gradient has been reversed.
These properties are not expected of IPSPs. Indeed we have com-
pared the synaptically activated AHP (AHPg) seen with GABA antag-
onists, with the AHP which follows a train of action potentials
produced by direct depolarizing current injection into a cell
(AHP4). The AHP4 has been shown by Hotson and Prince (1980) to
be an intrinsic, Ca-dependent potential. We have found both AHPg
and AHPy are similarly depressed by barium, which is known to de-
press Ca-dependent potassium potentials in several other systems.
Finally, in many cases we have been able to reverse both AHPg and
AHP3 by hyperpolarizing the membrane potential. Both potentials
reverse at about -86 mV: These reversal potentials are, moreover,
dependent on the extracellular potassium concentration [K ]0
there being a =50 mV shift in reversal potential per decade
change in [K )o' This is very close to the -60 mV shift predic-
ted by the Nernst equation for a purely potassium dependent po-
tential.

Our evidence therefore supports the hypothesis that the AHP
associated with a synaptically elicited epileptiform discharge
in the presence of GABA antagonists is a Ca-dependent potassium
potential. This demonstration has direct implications for under-
standing the neurophysiology of epilepsy.

8.6 INCREASE IN MUSCARINIC BINDING SITES AT PRIMARY AND SECONDARY
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FOCI AFTER HIPPOCAMPAL KINDLING. F. Morrell, A. Hitri*, T. J.
Hoeppner*, D. Bergen*, E. Kessler*, and S. Fleming*. Dept. of
Neurological Sciences, Rush Medical College, Chicago, I1 60612.
Male Sprague-Dawley rats were implanted with stimulating
electrodes in the left perforant path and recording electrodes
in right and left CA, region of the hippocampus. Animals were
stimulated twice dai}y with 60 Hz for 2 sec at a current which
produced a brief after-discharge (6-12 sec). Stimulation was
continued until the development of generalized seizures. Animals
were sacrificed 18 hrs. after the last convulsion, the brain
qulckly removed, rapidly frozen and the hippocampi dissected out
at 4°C. Muscarinic cholinergic receptors were measured with a
radioligand binding assay using tritium labeled quinuclidinyl
benzilate (QNB) according to the method of Yamamura and Snyder
(Proc. Natl. Acad. Sci. 71:1725-1729, 1974). Specific binding
was defined as the difference in total QNB binding obtained in
the absence and presence of 1 p M atropine. Results indicated
more than two-fold increase on the stimulated and more than
three-fold increase on the unstimulated side compared to the
intact controls. Both of these differences were significant

(p< 0.01). There were no significant differences in the dis-
sociation constants; thus, no change in receptor affinity was
demonstrated.

Our findings imply that hippocampal kindling may depend upon
an increase in muscarinic cholinergic receptors. These ob-
servations are consistent with the iontophoretic studies of
Burchfiel et al. (Science 204:1096-1098, 1979) and with the
chemical stimulation experiments of Wasterlain et al. (Neurology
28: 346, 1978) both of which also imply an augmentation of
muscarinic cholinergic responsiveness in kindling. Differences
between these data and the report of McNamara (Brain Res. 154:
415-420, 1978) may reflect the substantial variations in both
the kindling technique and the method of measuring QNB binding.

This work was supported in part by MH24069 and NIA AGO00905.

EGTA REDUCES THE AFTERHYPERPOLARIZATION (AHP) FOLLOWING CURREWJT-
INDUCED AND SPONTANEOUS BURSTING BUT MOT AFTER EPILEPTIFORM DIS-
CHARGES IN HIPPOCAMPAL NEURONS. C. E. Stafstrom and P. A.
Schwartzkroin. Depts. of Physiol. & Biophysics, and of Heurol.
Surgery, Univ. of Wash. School of Medicine, Seattle, WA 98195.

Calcium has been shown to increase membrane conductance to
potassium ions and to activate a long-lasting hyperpolarization
in both vertebrate and invertebrate neurons. This Catt-mediated

rt flux may serve to limit orolonged depolarization. The present
experlments, employing intracellular injection of EGTA, investi-
gate the role of Ca’™ in this conductance mechanism in verte-
brate cortical neurons. Transverse slices of guinea pig hippo-
campus (400 pum) were maintained in vitro using standard tech-
niques. Control recordings were made using 4M K-acetate elect-
rodes. Pyramidal cells from the CA3 region exhibited spontaneous
bursting behavior consisting of 2-20 spikes riding on a slow wave
of depolarization; similar burst discharges could be elicited by
current injection. Membrane conductance increased during the
AHP following both types of bursts as well as during IPSPs.

When impaled with 0.2M K-EGTA electrodes, CA3 pyramidal cells
showed prolonged discharges with broader spikes both spontaneous-
ly and in response to a depolarizing current pulse. These ef-
fects were presumably due to the chelation of free Ca*t by the
diffusing EGTA. The AHP after both bursts was reduced, and the
conductance change under both conditions was decreased. The pro-
longed bursting in CA3 cells could be reset with a hyperpolar-
izing oulse. Conductance during the IPSP did not differ from
the control penetration using K-acetate electrodes.

Addition of 2m!f Ha-penicillin to the bathing medium led to
spontaneous epileptiform bursting. These bursts could be dis-
tinguished from spontaneous or EGTA-bursts on the basis of their
rhythmicity (the same as that Jof epileptiform field potentials),
and their resistance to blockage with nyperpolarizing current.
The ANP following epileotic bursts was not affected by EGTA, and
the conductance increase was maintained. These results are in-
consistent with the hypothesis that AHPs following epileptiform
bursts are mediated by the same mechanisms as those following
spontaneous or current-induced bursts.
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SPONTANEOUS EPILEPTIFORM DISCHARGES AND CLINICAL SEIZURES OCCUR
EARLY IN HIPPOCAMPAL KINDLING. L. deToledo-Morrell* and F.
Morrell (SPON: M. M. Cohen). Dept. of Neurological Sciences,
Rush Medical College, Chicago, IL 60612.

Three and twenty-seven mos. old Fisher 344 strain rats were
subjected to hippocampal kindling as part of a project con-
cerned with alterations in neuronal plasticity during ageing.
Stimulating electrodes were placed in the perforant path and
recording electrodes in the ipsilateral dentate gyrus and on
the cortical surface bilaterally. Depth electrode placement
was accomplished using stereotaxic coordinates initially and
then correcting until single pulse stimulation of the perforant
path yielded a "population spike" (Lgmo, Exp. Brain Res., 12:
18-45, 1971) of dentate gyrus granule cells. Animals were
kindled with either once daily or twice daily stimulations with
parameters (60 Hz, 2 sec.) and current levels sufficient for
production of an after-discharge (AD) under 10 sec. In addi-
tion to the usual augmentation of AD duration, we observed the
development of spontaneous epileptiform potentials arising
primarily in the dentate electrode and unaccompanied by clinical
signs. Such observations confirm the findings of many other
workers.

We now report a further, previously undescribed phenomenon.
Beginning usually after the seventh stimulation, often after a
delay of ten or more min. following the AD, electrographic
seizures were seen having an origin in the region of pyriform
or entorhinal cortex. Within 2-3days, these electrical dis-
charges were associated with clinical attacks which usually
consisted of behavioral arrest, rhythmic head shaking, and
clonic jaw movement. The electrographic seizure grew in fre-
quency and duration as stimulations continued. Eventually,
these discharges occurred throughout the day, were unrelated
to stimulation times, and were often seen prior to the first
stimulation of the day. All the criteria of true spontaneous
epilepsy were fulfilled. Records obtained simultaneously from
the stimulating electrodes revealed frequent triggering by
cortical ictal spikes. The time relationships were such as to
raise the possibility-that antidromic activation of cortical
neurons may play a role in this form of epileptogenesis.

Supported in part by grant AG00905 from the NIA and NIMH

MH24069.

EXTRACELLULAR SEROTONIN INHIBITS ELECTRICALLY STIMULATED
SEROTONIN RELEASE FROM MOUSE CEREBELLUM SLICES. H.R. Figueroa%,
P.B. Yurgens* and T.R. Hall*, (SPON: D. Czech). Dept. of
Biology, Marquette University, Milwaukee, WI 53233.

Mouse cerebellum slices, preincubated with 3H-5 hydroxytryp-
tamine (5HT, serotonin), were superfused in a lucite chamber
with a physiological solution of Krebs-Ringer-Phosphate (KRP) at
a flow rate of 4 ml/min. Fractions of 1 or 4 min of the super-
fusate were collected throughout the whole experiment. After
the first 22 minutes of superfusion the slices received a first
electrical stimulus (S1) with square monophasic pulses of 2 ms
duration, 50 HZ and 100mA, for 1 minute. After S] the slices
were superfused for a further 22 minutés with either KRP ‘alone
or with KRP containing 1 yM 5HT, 1 uM S5HT plus 20 uM Methy-
sergide or 1 uM 5HT plus 10 uM Methiothepin. Then the slices
received a second stimulus Sy identical to S;. At the end of
the superfusion the slices were solubilized and the radioactiv-
ity in the slices and superfusate samples was determined by
liquid scintillation counting. Fractional °H release was cal-
culated for S; and S2. S2/S] fractional release ratio was found
to decrease significantly (p<.001) in the presence of 1 uM
extracellular 5HT, with respect to the control group. The
presence of 20 uM methysergide did not alter the effect of 1
uM SHT on tritium release. However the simultaneous adminis-
tration of 10 uM Methiothepin antagonized the inhibitory effect
of 5HT, (p<0.05). A first order kinetic analysis of basal
tritium efflux from slices showed that the efflux rate constant
was significantly more negative (p<0.02) during the superfusion
with 1 uM 5HT compared with that obtained with KRP alone, in-
dicating that extracellular 5HT increases the basal, unstimu-
lated cellular 5HT efflux. These results suggest that 5HT
modulates its own release from central serotoninergic neurons
via a negative feedback mechanism, probably mediated through
the activation of presynaptic 5HT autoreceptors.

(Supported by M.U. Committee on Research and the Scholl
Foundation.) (Methiothepin maleate was generously donated by
Dr. W.E. Scott, Hoffmann-LaRoche Inc.)

8.10 Are the Epileptogenic Effects of y-Hydroxybutyrate Sec-

8.12

ondary to its Dopaminergic Actions? O. Carter Snead,
II11. Dept. Pediatrics and The Neuroscience Program,
Univ. Alabama in Birmingham Sch. Med. B'ham.

Y-hydroxybutyrate (GHB) is a naturally occurring
substance which produces profound EEG and behavioral
changes as well as elevation of striatal dopamine when
administered to animals. The evidence for a cause-ef-
fect relationship between the dopaminergic and the EEG
and behavioral actions of GHB is contradictory (Snead,
Neurology 28:1179, 1973). The GHEB-induced EEG changes
represent a model for petit mal epilepsy, hence such a
cause-effect relationship would have important ramifi-
cations for this disorder.

Using y-butyrolactone (GBL) the pro-drug of GEB, we
investigated the relationship of the dopaminergic to
the EEG effects of this compound in a number of ways.
Rats were implanted with permanent epidural cortical
electrodes to permit recording of the electroencepha-
logram (EEG), which was quantitated by a computerized
frequency analysis system. A flurometric assay was
used to determine striatal dopamine concentration.
Dose response curves for the dopaminergic and EEG ef-
fects of GBL were compared as was the time course of
each action of the drug. Animals were also sacrificed
at various time points during evolution of specific
changes induced in the EEG by GBL and striatal dopa-
mine determined., In addition the effect of ethosuxi-
mide, trimethadione, and sodium valproate, drugs known
to abort GHB-induced EEG abnormalities (Snead et al,
Neuropharmacology 19:47, 1980), on the GBL-induced
elevation of striatal dopamine was determined.

The GBL-induced EEG changes occurred at lower doses,
had an earlier onset and lasted longer than the GBL-
induced elevation in striatal dopamine concentration.
There were marked sequential changes in EEG and beha-
vior in the face of normal striatal dopamine_ concen-
trations in animals administered 400 mg/kg GBL. Eth-
suximide, sodium valproate and trimethadione were all
effective in aborting or decreasing the rise in
striatal dopamine concentration produced by GBL. Ve
conclude that the elevation in brain dopamine pro-
duced by GBL is not responsible for the EEG or be-
havioral effects seen with this substance.

NERVE FIBER DEGENERATION IN THE BRAIN OF RATS FOLLOWING A SINGLE
CEREBRAL CONCUSSION, L. C. Parsons, M. Skinner*, B. Fitzgerald*,
and M. Guthrie. Physiology Lab., Univ. of Va., School(s) of
Nursing and Medicine, Charlottesville, VA 22903.

Adult laboratory rats of both sexes, between the ages of 40
and 75 days and weighing between 235 and 375g. were used for
the purpose of initiating an acceleration cerebral concussion
(ACC). Single measured blows varying between 26 and 40 PSI were
delivered to the reinforced calvarium of each rat by use of a
calibrated, rigidly fixed spring coil concussion gun. The
severity and duration of each ACC were measured using the be-
havioral manifestations of length of convulsive seizure(s),
loss of corneal reflex and loss of voluntary motor reflexes as
criteria. These data were then correlated with morphological
changes as demonstrated through use of the silver staining
technique of Fink-Heimer II, a method used to show nerve fiber
and terminal degeneration in the cerebrum, cerebellum and brain-
stem, The extent of whole brain injury as analyzed in a rostral
to caudal manner provided evidence and verification for three
sites of injury resulting from a single ACC. Nerve fiber and
terminal. degeneration were closely correlated with injuries
likely to have been received at coup, contrecoup and cranio-
cervical junctional sites in this rat model. The extent of nerve
fiber degeneration associated with coup injuries involved struc-
tures of the corticospinal tract, and intrinsic nerve fibers of
the cerebellum, while injury at the contrecoup site showed nerve
fiber degeneration in the optic nerve pathways and selected fore-
brain structures. Widespread nerve fiber degeneration was shown
in fiber tracts traversing the medullary, pontine and mesence-
phalic brainstem and suggested an injury occurring at the cranio-
cervical junction which resulted from the rapid afid extreme
flexion of the neck as a consequence of the ACC. The severity
and duration of the ACC were correlated positively with the
extent of injury as measured by number of neuroanatomical
structures showing nerve fiber and terminal degeneration.
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8.13 HIPPOCAMPAL POTENTIATION IN VITRO: EFFECTS OF HIGH Mg-LOW Ca

MEDIA AND OF DURATION OF INCUBATION. Philip W. Landfield, Dept.
Physiol. Pharmacol., Bowman Gray Sch. Med., Winston-Salem, NC
27103

Substantial data indicate that facilitation (potentiation) in
peripheral systems is due to increased transmitter release, and
depression to transmitter depletion. Elevating the extracellular
(Mg**)/(Ca**) ratio can increase facilitation during or after re-
petitive stimulation (stim.) by retarding transmitter depletion.
Ca** appears necessary both for facilitation in peripheral sys-
tems and for hippocampal long-term potentiation (LTPg. However,
it has been questioned whether hippocampal frequency potentiation
(FP) and LTP depend on mechanisms similar to those in the per-
iphery. This study examines whether Mg/Ca balance affects hippo-
campal potentiation in a manner analogous to its effects on per-
ipheral facilitation. Data from 37 hippocampal slices from young-
mature rats are described for CAl population spike amplitudes dur-
ing and after stimulation of stratum radiatum afferents. Slices
were simultaneously incubated in 2 recording chambers containing
either "normal" medium (Mg/Ca ratio of 1.3/2.4 (mM)) or high Mg/
Ca ratio media (ranging from 2.7/1.0 to 4.0/2.4 (mM); osmotic bal-
ance maintained by altering NaCl). Paradigms for each slice were
as follows: Continuous stim. at 6 Hz for 4 min (FP); 100 Hz stim.
for 5 sec; 0.2 Hz stim. for 15 min (LTP assessment); 6 Hz stim.
for 4 min. During 6 Hz stim. spike amplitude was measured every
15 sec. In slices studied 1-3 hrs after cutting, high Mg/Ca
ratios moderately increased the percent of FP and sometimes of
LTP, in comparison to slices from the same animal in normal
medium. Threshold was elevated and control responses at 125% of
threshold were reduced, so that absolute FP or LTP were not in-
creased. LTP was sometimes completely blocked. However, in many
slices incubated in elevated Mg and low Ca for 4 hr or more,
striking increases in FP and LTP were seen (in comparison to nor-
mal medium slices), both in terms of absolute (e.g., 6-10 mV vs
2-3 mV) and percentage (e.g., 400-500% vs 50-100%? values. Per-
sistence of FP was also increased. Fiber spike potentials were
largely unchanged. Field EPSPs are still under study. Incubation
for 4-6 hrs in all media lowered thresholds and increased control
spike amplitudes, but this effect was not correlated with en-
hanced potentiation.

Dependence of the effect of elevated Mg/Ca ratios on duration
of incubation may be due to several factors, including the intra-
cellular accumulation of transmitter or of a minimum Ca level.
Nevertheless, dramatic absolute value increases in potentiation
were induced by an ionic manipulation which presumably increases
transmitter stores. This suggests that enhanced transmitter re-
lease is an important, but not necessarily exclusive, factor in
both FP and LTP in hippocampus. (Supported by AG01737).

13



9.

=

9.3

14 OCULOMOTOR: SACCADES AND MOTONEURONS

SACCADES SERVE AS MARKERS FOR VISUAL INFORMATION. C.Torda
Res.Dpt.,N.Y.Center for PA Training, N.Y.,N.Y.,1028

Visual stimuli activate specific tunable photoreceptors lo-
cated in the retina. Through autometically ongoing parallel proc-
essing the photic energy is transformed to spatial frequency codes.
Coding is a gradual process whereby the chunks of photic informa-
tion are substituted by parsimonious and efficient representations
that permit to eliminate redundancies. During the passage from ret-
ina to higher CNS centers, the visual information undergoes re-
peated phase-coding ( an analytical process) performed through gen-
eration of graded slow potentials, The prime function of the den-
dritic trees is weighted summation in the wave mode. The waves gen-
erate pulses at the dendritic and/or somatic trigger zones, The
neuron is an unidirectional integrator and transmitter.Ilt transmits
the pulses to higher CNS centers where further analysis and synthe-
818 occur under the organizing influence of decision meking control
systems and regulators ( i.e. the hippocampus ) before the informa-
tion becomes part of the long-term memory System.--Concurrently
with this coding process the visual stimuli also initiate a saccade
( rapid eye movement) with & few msec delay. This saccadic system
is a sampled data positional servomechanism, The activity necessary
to produce saccades is coded in the firing rates of phasic units
located in the rostral zone of the paramedian pontine reticular for-
mation(PPRF). By integration of the phasic pulses from the PPRF, the
periabducens neurons generate the tonic component of the saccades.

The here presented research addressed the possibility that the
saccades contain a stimulus specific marker system that Serves to
facilitate allocation of the codes of the original visual stimulus
during the process of coding, transformation, elaboration,storage
and recall.Saccades seem to be excellently suited to serve as mark-
ers:(l) they are generated concurrently with the onset of the visual
process; (2)the codes for saccades are simpler and the process is
faster;(3)because of simplicity and speed they are suited fortrac-
ing and allocating codes; (4)the dual type of processing and trans-
mission to higher CNS centers has already been demonstrated for the
rapid eye movement contained in the PGO waves( Torda,Int.J.Neuro-
sciences, 9:455 & 10:230,1979;Psychobiology of Memory & Dreams,Wal-
ters, 1980). Bioelectric processes were extra-and intracellularly
recorded from cat and rat from the rostral PPRF,the III & VI nuclei,
the hippocampus,the visual-and infratemporal cortices.A technique
has been developped that permits statistically valid comparison of
the recall of a specifically designet visual stimulus. Comparison
of results obtained from Sham-operated animals and those with sur-
gically and/or chemically eliminated rostral PPRF zone led to the
conclusion that the saccade contains a marker of the original vis-
ual stimulus. In absence of this marker storage and recall is sig-
nificantly delayed and is defective. By application of some lat-
eralization techniques,human clinical data were obtained that sup-
ported the conslusions.

PULSE WIDTH NOT PULSE HEIGHT ERRORS CAUSE GLISSADES. A. Ierry
Bahill. Department of Electrical Engineering, Carnegie-Mellon
University, Pittsburgh, PA 15213.

Saccadic eye movements with glissadic overshoot can be
simulated by increasing either the pulse width (PW), or the
pulse height (PH) of the motoneuronal controller signal.
However, increasing the pulse height increases the peak
velocity, whereas, increasing the pulse width does not. Human
saccadic eye movements with glissadic overshoot have normal or
less than normal peak velocities, suggesting that glissadic
overshoots are caused by pulse width errors (Bahill, Hsu, and
Stark 1978).

Our sensitivity analysis explains why this is so by
showing that eye position is not sensitive to pulse width
variations until near the end of the saccade, after the point
of peak velocity. So, pulse width changes affect the size of
the saccade, but not its peak velocity. On the other hand, eye
position is sensitive to pulse height variations throughout the
saccade. Therefore, pulse height changes do affect the peak
velocity.

Our function minimization programs show that there must be
variations in the pulse width rather than in pulse height in
order to minimize the mean squared error between human and
model saccadic eye movements with glissadic undershoot or
glissadic overshoot. This was true for normal subjects as well
as for patients with multiple sclerosis. When the parameter
estimation routine was allowed to vary the pulse width and the
pulse height, the only two physiological parameters that are
likely to change between saccades, the best fit for a typical
movement with glissadic undershoot, was obtained by decreasing
the pulse width 16% below its nominal value while decreasing
the pulse height 2.5% below its nominal value. Making these
changes from the nominal values reduced the mean squared error
by a factor of ten. When the estimation program was allowed to
vary pulse width, pulse height and the four time constants, the
mean squared error decreased by only 3%.

This means that the central nervous system makes more
pulse width errors than pulse height errors. It must be harder
to control the duration of a motoneuronal burst than the firing
frequency and number of motoneurons recruited.

9.2 SACCADIC EYE MOVEMENT CHARACTERISTICS - AN AUTOMATED, LARGE

9.4

DATABASE STUDY. L. A. ABEL* and B. TODD TROOST. Neurol.
Control Systems Lab., Univ. Pittsburgh Sch. of Med., Pittsburgh,
PA 15261. .

Most studies of the characteristics of normal human saccadic
eye movements, have been performed on relatively restricted
groups ( 1 - 25 subjects ), have taken limited data from each
subject ( < 100 refixations ), or have neglected the effects of
age ( subjects < 50 ). The present report describes the use of
a microcomputer-based system for real time stimulus presentation
and data collection. Large amounts of eye movement information
can be immediately analyzed with results graphically displayed.
We have attempted to cover a broad age range to delineate normal
saccadic characteristics for the general population.

Fifty normal subjects ranging in age from 18 to 75 years
viewed an array of light-emitting diodes driven by Digital
Equipment Corp. MINC laboratory computer. Saccades of 3 deg to
30 deg were elicited by programmed LED switching. Target
amplitude and direction were randomized to minimize
anticipation. A total of 280 saccades were obtained from each
subject. Eye movements were recorded using infrared reflectance
with a wvertical EOG channel to detect eye blinks. The two eye
movement position channels and the blink trace were digitized at
200 Hz; if a blink occurred during the saccade, it was not
stored and the trial was automatically repeated. Verbal
encouragement was used to maintain subject alertness and the
analog records were visually monitored for signs or fatique or
loss of calibration in which case the data was rejected. Thus,
only noncontaminated data was stored for analysis. The entire
process, including calibration, took less than 30 minutes per
subject.

Data were stored on floppy disk and analyzed off-line by the
microprocessor. Saccadic amplitude, velocity, duration, and
latency for each eye in both horizontal directions were
calculated and stored in disk files for each subject. This
enabled us to plot results for individual subjects and to
produce cumulative results for each age cohort and for the
overall population. The relationship between saccadic amplitude
and velocity showed considerable intersubject variability, even
within a given age group. Intrasubject variability followed
characteristic patterns for individual subjects: some showed
little data scatter, others much more. Repeat trials with
several subjects showed these characteristics to be
reproducible. Results shown include examples of individual
subject's saccadic characteristics and the cumulative results
for different age cohorts. The study is continuing for further
definition of normal characteristics.

THE VELOCITY OF SACCADIC EYE MOVEMENTS IN REM SLEEP AND THE AWAKE
STATE. John H. Herman, Howard P. Roffwarg, Dept. of Psychiatry,
David R. Barker*, Medical Computing, Sout%western Medical School,
University of Texas Health Science Center, Dallas, Texas 75235.

The characteristics of saccadic eye movements have been re-
ported to be vastly different in REM sleep as compared to the a-
wake state in terms of velocity (Fuchs and Ron, 1968), patterning
(Aserinsky, 1971), and prevalence of rotatory or oblique compo-
nents (Jacobs, Feldman, and Bender, 1971). None of these reports
included optimal awake state controls for REM sleep eye movements

We studied the properties of saccades in three subjects in an
auditory orienting task under the following conditions: (1) nor-
mal lighting, eyes open; (2) total darkness, eyes open; and (3)
total darkness, eyes closed. These conditions were performed
both when the head was free and when it was rigidly immobilized.
Condition order was counterbalanced. Eye movements during awake
state reenactments of dream scenes were compared to REM state
saccadic activity. On-line computer analysis of horizontal elec-
troculographic (EOG) signals, utilizing a 5-msec sampling rate
and a visually validated 8-sample algorithm, provided peak veloc-
ity-amplitude relationships. Calibrations of the EOG were per-
formed in the light and in the dark to permit compensation for
the changing amplitude of the corneo-retinal potential.

Analysis of variance of the equality of slopes demonstrated
that awake state eye movements in normal lighting were of a sig-
nificantly greater velocity than those of similar amplitude per-
formed with eyes open in the dark. Saccades in the dark with
eyes open were, in turn, significantly more rapid than those ex-
ecuted awake with eyes closed. Head restraint increased all
velocities. The velocity of REM sleep saccades was not signifi-
cantly different from awake state, closed eye saccades, though
their variability was significantly greater. Slow, rolling,
oscillatory changes in eye position were continually present in
REM sleep, but were observed only infrequently in head unre-
strained, awake state conditions. The so-called ''torsional" and
oblique eye movements seen in REM sleep were observed in the a-
wake state when the head was unrestrained. Visual reenactment of
shifts of gaze in REM sleep dream scenes, while the subjects lay
recumbent with eyes closed, yielded eye movement patterns that
were similar to the REM sleep EOG.

The attenuated velocity of saccades in the absence of a visual
target indicates that actual visual factors play an important
role in oculomotor control. Secondly, the serial decrement
whereby the velocities of waking eye movements, when eyes are
closed, become similar to those of REM sleep suggests that the
physical characteristics of the closed eyelid, or its effect

ugon neuromuscular mechanisms, plays a more important role in
affecting saccadic velocities than does state of consciousness.
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9,5 CEREBELLAR MODULATION OF AN INTRINSIC SACCADIC COUPLER DURING
VISUAL FIXATION. J. R. Hotson, M.D. Department of Neurology,
Stanford Univ. Sch. of Med., Palo Alto, CA 95070.

During visual fixation on a small target it is well known
that small saccades and slow drift eye movements occur continu-
ously. These fixation eye movements are often smaller than
10 min arc. Recently it has been shown in normal subjects that
horizontal, but not vertical, fixation saccades larger than 10
to 15 min arc may couple spontaneously and form square waves or
saccadic oscillations (J. Hotson, Neurosci. Abstr. #1249, 1979).
The mean duration between these coupled saccades is less than
200 msec and can be as brief as 50 msec. Horizontially coupled
saccades with no intersaccade interval also occur in normal
subjects and are called flutter movements.

These observations led to the proposal that an intrinsic
saccade coupling mechanism functions in normal subjects during
visual fixation and that it is activated by particularly large
fixation saccades. Therefore if a disorder of supranuclear
oculomotor control systems, such as the cerebellum, causes an
enlargement of fixation saccades, it should also increase the
frequency of saccade coupling. To test this postulate fixation
eye movements as small as 1 min arc were recorded with a
purkinje image eyetracker in four human subjects with pan-
cerebellar disorders and compared to control subjects.

In subjects with cerebellar disorders the mean amplitude of
fixation saccades and velocity of slow drift was significantly
increased (p<0.008) compared to control subjects. However the
frequency of horizontal, but not vertical, fixation saccades
was less (p<0.03) in the cerebellar group. In contrast, both
the amplitude (p<0.009) and frequency (p<0.04) of square waves
and the frequency of saccadic oscillation (p<0.04) were in-
creased in cerebellar subjects when compared to controls.
Vertical square waves and saccadic oscillations did not occur
in cerebellar subjects and flutter movements did not happen
with greater frequency.

These results indicate that disorders of the cerebellum
may limit the ability to reduce the size of fixation saccades
below 10 min arc and thereby increase the activation of a
horizontal saccade coupler. A decreased frequency of uncoupled
saccades and an increased frequency of square waves and saccadic
oscillations results. The frequency of flutter, however, was
not increased by the loss of cerebellar control. Flutter eye
movements, therefore, appear to be activated by a different
mechanism than square waves.

9.7 INFORMATION IN THE MESENCEPHALIC RETICULAR FORMATION (MRF) RE-
SPONSIBLE FOR HORIZONTAL VISUALLY GUIDED OR VISUALLY INDUCED

RAPID EYE MOVEMENTS. V. Matsuo*, B. Cohen, T. Raphan, J. Fradin*

and D. Dennett*. Dept. of Neurology, Mount Sinai School of Med-
icine, CUNY, New York, New York 10029.
The MRF appears to be an important region for processing ac-

tivity that originates in the visual system and reaches the para-

median zone of the pontine reticular formation (PPRF) to induce

horizontal saccades and quick phases of nystagmus. Microstimula-

tion of the MRF in alert monkeys elicited only rapid eye move-
ments. This indicates that this region is associated with pro-

duction of saccades and quick phases of nystagmus, not slow phas-—
If stimulating currents and frequencies

es or pursuit movements.
were above threshold (8-10 YA and 100-125 Hz), the size of the
induced eye movements was dependent only on the region of the
MRF that was stimulated. Fixed-amplitude saccades were elicited
from dorsal portions of the MRF. Deeper in the MRF saccades or

quick phases were evoked whose size depended on initial eye posi-

tion, being larger from positions on the side of stimulation.

At dorsal loci, a constant number of pulses was required to trig-

ger saccades, causing the latency of the induced movements to be
longer at lower frequencies of stimulation. Stimulation at fre-
quencies below threshold affected the excitability of the mecha-
nism that generated rapid eye movements in the PPRF. OKN quick
phases were either facilitated or suppressed by MRF stimulation,
depending on the direction of the quick phases. The frequencies
necessary for quick phase suppression increased with slow phase
velocity.

tude of the rapid movements that are induced is dependent on the

region of the MRF that is active rather than on the parameters of

stimulation. A similar dependence of size and direction of eye

movement on locus of stimulation is found in the superior collic-

ulus and frontal eye fields. This is in contrast to the PPRF
where there is a direct relationship between parameters of unit

activity or of stimulation frequency, and size of rapid eye move-

ments that are induced. It suggests that activity in descending
visual-oculomotor areas is organized into channels that trigger
saccades of specific sizes. Moreover it would appear that a

transformation from a spatial code to a frequency code character-

istically takes place between suprapontine pathways and the PPRF
to induce rapid eye movements in the horizontal plane.

Supported by EY 00296

This indicates that there are neurons in the MRF whose
activity is related to the velocity of the eyes during slow phas-
es. The data suggest that neurons in the MRF act to trigger sac-
cade generating networks in the pons. Above threshold the ampli-

9,6 DISCHARGE OF SUBSTANTIA NIGRA NEURONS DECREASES BEFORE
VISUALLY-GUIDED SACCADES. O. Hikosaka* and R. H. Wurtz. Lab.
of Sensorimotor Research, NEI, NIH, Bethesda, MD 20205.

Recent anatomical evidence has shown that the pars
reticulata of the substantia nigra projects to the layers of
the superior colliculus where cells discharge before saccadic
eye movements. In order to determine the relation of pars
reticulata neurons to the initiation of saccadic eye movements,
we recorded the discharge of single cells as rhesus monkeys
made saccades to visual targets. The location of cells was
histologically verified.

Pars reticulata neurons had a steady rapid discharge rate
usually averaging between 40 and 100 spikes per second. We
found at least two types of cells related to saccades both of
which decreased their discharge rate before onset of saccades.

In the first type of cell, a decrease in the discharge rate
occurred in closer temporal relation to the onset of the
saccade than to the onset of the visual target. The discharge
rate usually decreased about 100 msec before and continued for
100 msec after a saccade. These cells have limited movement
fields with the most pronounced decrease in activity usually
associated with saccades to the contralateral visual field.

The second type of cell showed a decrease in discharge rate
better correlated to the onset of the visual target than the
saccade. They showed a decrease in discharge rate to the spot
of light even when the monkey did not make a saccade to the
target. These cells have visual receptive fields usually also
primarily on the contralateral side and have a latency of
70-140 msec.

Some of these visual cells showed a more pronounced
suppression of their discharge rate when the visual stimulus
was the target for a saccadic eye movement. This enhancement
effect has been reported for cells in superior colliculus and
frontal eye fields, but these pars reticulata neurons showed a
modulation not seen in other structures: when the monkey made
a saccade to a target outside of the visual receptive field,
the suppression effect of the stimulus in the receptive field
was reduced. .

The anatomical connections and temporal relation of cell
discharge to saccades suggest that some cells in pars
reticulata of the substantia nigra are possible precursors of
the saccade-related cells in the superior colliculus and are
involved in the initiation of visually-guided saccadic eye
movements.
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9.8 INHIBITORY BURST NEURONS IN THE ALERT CAT. C.R.S. Kaneko and
A.F. Fuchs. Regional Primate Research Center and Dept. Physiol. and

Biophys., Sch. Med., Univ. Washington, Seattle, WA 98195.

Neurons in the pontine and medullary reticular formations of the cat
exhibit a burst of action potentials for saccadic eye movements. Recent
studies have suggested that many of the pontine burst neurons (EBNs)
provide monosynaptic excitatory connections to abducens motoneurons
while the medullary burst neurons (IBNs) provide monosynaptic inhibition.
To investigate whether EBNs and IBNs play different functional roles in
the generation of saccades, we have recorded from and stimulated in the
region containing IBNs in alert cats trained in visual tracking tasks. The
quantitative and correlative analyses of IBN discharge characteristics in
relation to saccadic eye movements and eye movements during electrical

stimulation are reported here.

In most of their discharge properties, IBNs are similar to EBNs. IBNs
discharge only with saccades and are otherwise silent. Saccades in a
preferred ("on") direction are accompanied by the greatest maximum
average discharge frequnecy although IBNs discharge over a broad range
of saccade directions. On-directions are always ipsilateral to the record-
ing site. Latencies from the burst onset to the onset of an on-direction
saccade are typically 10 to 20 msec. In contrast to EBNs, during on-
direction saccades, IBNs discharge at higher peak and average firing
rates, have bursts of longer duration and consequently also have a greater
number of action potentials within a burst than do EBNs. For example,
IBNs have maximum on-direction average discharge rates of about 190

spikes/sec compared with 120 spikes/sec for EBNs.

Preliminary statistical analyses suggest that IBNs, like EBNs, show the
highest correlations between average discharge frequency and number of
action potentials in the burst on the one hand and the size and maximum
velocity of the on-direction component of the saccade on the other.
However, unlike EBNs, IBNs have high correlations between burst duration

and the duration of the on-direction component of the saccade.

Stimulation through the recording microelectrode results in an
assymetric saccade interruption. For the contralateral eye, saccades in
the contralateral direction are most profoundly effected. Within as little
as 10-15 msec after a stimulus train (30 msec,30yA),contralateral sac-
cades of the contralateral eye show a decrease in velocity which often
reaches zero. On average, contralateral saccades during stimulation
exhibit lower peak velocities and longer durations. During ipsilateral
saccades of the contralateral eye stimulation produces only a modest (if
any) decrease in velocity at a much longer latency (20msec). During
stimulation, ipsilateral saccades of the ipsilateral eye are relatively
normal whereas contralateral saccades are interrupted. The most likely
pathway for mediating this effect is via internuclear neurons. Thus IBNs
probably inhibit both contralateral abducens motoneurons and internuclear

neurons.
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INTRACELLULAR INJECTION OF HRP INTO OMNIPAUSE NEURONS IN THE
ALERT CAT. C. Evinger, R.A. McCrea & R. Baker, Dept. Physiol.
& Biophys., New York Univ. Med. Ctr., New York, NY 10016
Extracellular recordings from alert cats have shown that
omnipause neurons are tonically active cells which cease firing
for all saccades regardless of either direction or amplitude
for a period proportional to saccade duration. Their frequency
is not modulated during optokinetic and/or vestibular induced
eye movement. Since microstimulation in the omnipause area of
the brainstem prevents the occurrence of saccades, but does not
interrupt smooth eye movements, it was suggested that omnipause
neurons inhibit neurons that exhibit a burst of spikes during
saccades. In spite of the wealth of physiological data concern-
ing the activity of these neurons little is known about their
axonal trajectory and termination areas. To examine this
question we identified omnipause neurons according to the above
physiological criterion in the alert cat and then intracellular-
ly injected HRP. The cell bodies of these neurons (30-40 um) were
located within .2 mm of the midline rostral to the abducens
nucleus even though the dendrites extended a considerable
distance from the soma (up to 1 mm). The parent axons bifurcated
near the soma and sent branches to both sides of the brainstem.
These branches gave off many smaller collaterals with en passant
and terminal boutons in the pontine reticular formation. These
branches further gave rise to large collaterals which ascended
and descended throughout the brainstem. The caudal-going branches
passed medial to the VIth nerve rootlets and terminated in the
medullary reticular formation between the abducens nucleus and MLF
as well as more posteriorly in the dorso-medial reticular region.
The axons could be followed caudally to the level of the inferior
olive. The rostral ascending branches gave rise to terminal
collaterals in the pontine reticular formation up to the level of
the Nucleus reticularis tegmenti pontis and continued rostrally to
the level of the trochlear nucleus where they could no longer be
traced. In the pontine and medullary reticular formation the
termination zones were in those areas known to contain excitatory
and inhibitory burst neurons which had been identified by HRP
staining in other alért cats. The combined anatomy and physiology
of omnipause neurons strongly supports prior suggestions that
these neurons specifically gate burst neurons involved in both
horizontal and vertical saccades. It is interesting to note the
lack of evidence for omnipause neuron collateralization in the
vestibular and perihypoglossal nuclei or any brainstem area not
linked in some fashion with eye movement. Therefore, we suggest
that omnipause neurons are not only specific for oculomotor func-
tion, but also are uniquely involved with saccadic eye movement.
Supported by NS-13742 and EY-02007.

DIFFERENTIAL LOCALIZATION OF ACETYLCHOLINESTERASE IN CAT ABDUCENS
MOTONEURONES AND INTERNUCLEAR NEURONES. R.F. Spencer (SPON: W.I.
Rosenblum). Dept. of Anat., Med. Coll. of Virginia, Richmond,

VA 23298.

The cat abducens (Abd) nucleus contains coextensive populations
of lateral rectus (LR) and retractor buldbi (RB) motoneurones (MNs)
and internuclear neurones (INs) that project to the medial rectus
(MR) subdivision of the oculomotor (Oc) nucleus. Although the
morphological features of Abd INs are quite different from the MNs,
both populations of neurones receive the same types of afferent
synaptic connections and exhibit qualitatively similar behaviors
during eye movement. The extent to which the different ultrastruc-
tural features of ABd MNs and INs is related to differences in
neurotransmitters utilized by these neurones is unknown.

Cat Abd MNs and INs were labelled by retrograde transport of
horseradish peroxidase (HRP). Vibratome sections through the Abd
nucleus were incubated either separately or sequentially for the
histochemical localization of acetylcholinesterase (AChE) and/or
HRP. Electron microscope examination revealed dense AChE reaction
product associated the granular endoplasmic reticulum (GER) of
MNs. AChE reaction product also was observed extracellularly on
the MN soma-dendritic membrane in association with all (e.g., ipsi-
and contralateral vestibular) synaptic endings, regardless of
synaptic vesicle morphology. In each case, AChE reaction product
was absent from sites of presumed synaptic contact indicated by
pre- and/or postsynaptic membrane specislizations and accumulations
of synaptic vesicles along the presynaptic membrane, and from sites
of neuroglial appositions and capillary basal laminae.

By contrast, no AChE reaction product was observed within the
GER or any other cytoplasmic organelle within Abd INs. AChE reac-
tion product furthermore was absent extracellularly between the IN
soma-dendritic membrane and synaptic endings whose morphology was
similar to those contacting the MN soma-dendritic membrane.

The intracellular localization of AChE in Abd MNs is consistent
with the synthesis of this enzyme within the MN soma with subse-
quent axonal transport to the neuromuscular junction for the hydro-
lysis of acetylcholine (ACh) released from the motor end-plate.

The absence of AChE from Abd INs thus suggests that ACh is not the
neurotransmitter involved in mediating the excitatory IN synaptic
effects upon contralateral MR MNs. The extracellular localization
of AChE on the MN soma-dendritic membrane, by contrast, may sub-
serve a trophic function upon presynaptic supranuclear neurones.
Given the different soma-dendritic architectures of Abd MNs and
INs, this may represent one mechanism by which afferents during
development selectively establish synaptic connections with the
MNs and INs. A similar function could be postulated for the re-
establishment of synaptic connections with regenerating MNs fol-
lowing axotomy. (Supported by U.S.P.H.S. Grant EY 02191).

9.10 ACTIVITY OF IDENTIFIED MOTONEURONS IN THE ABDUCENS AND ACCESSORY
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ABDUCENS NUCLEUS OF THE ALERT 'CAT DURING EYE MOVEMENT AND RE-
TRACTION. J. Delgado-Garcia*, C. Evinger and R. Baker. Dept.
Physiol. & Biophys., New York Univ. Med. Ctr., New York 10016.
In the cat, motoneurons from both the abducens (Abd) and
accessory (Ac) Abd nucleus innervate the retractor bulbi muscle
which retracts the eye into the orbit causing the nictitating
membrane to sweep up over the globe. Retraction most often
occurs reflexly in response to mechanical stimuli applied direct-
ly to either the eye or the periorbital region. Prior electro-
physiological studies suggested that all motoneurons in the Ac
Abd nucleus received strong disynaptic excitation from trigeminal
activation, especially the cornea, but little or no response to
vestibular nerve stimulation. Exactly the opposite synaptic
effects were found in motoneurons of the Abd nucleus. We inves-
tigated the hypothesis that motoneurons of the Ac Abd nucleus
would only be active during retraction and exhibit little, if
any, activity during rotational eye movement and that motoneurons
in the Abd nucleus would respond in the opposite fashion. Extra-
cellular recordings were made from antidromically identified
motoneurons in the Abd and Ac Abd nucleus of alert cats equipped
with two scleral eye coils, one measuring rotational eye movement
and the other retraction. Bursts of spikes were produced in
every Ac Abd motoneuron from 5-10 msec after onset of the air
puff and approximately 6 msec prior to eye retraction. Ac Abd
motoneurons were silent during all classes of rotational eye
movement (saccadic, vestibular, etc.). Although tonic activity
has not yet been observed in any Ac Abd motoneuron, repetitive
dendritic spike activity as well as a remarkable enhancement in
active dendritic responses coincident with subthreshold adequate
stimulation has been observed. In contrast, all antidromically
identified Abd motoneurons (and internuclear neurons in the Abd
nucleus) exhibited a burst and/or pause in activity both pre-
ceding and during saccades as well as a tonic activity propor-
tionmal to eye position. When the air puff stimulus was tested in
motoneurons and internuclear neurons of the Abd nucleus, both ex-
hibited weak, but consistent, responses; yet they did not occur
until at least 5 msec after the onset of retraction. Given the
latency of the responses and ability to condition its occurrence
with an auditory stimulus, we conclude that all neurons in the
Abd and Ac Abd nuclei may participate in general 'alerting'
responses associated with eye retraction and blinking during
withdrawal behavior; however, Ac Abd motoneurons are active prior
to, and during, 'reflex' and 'alerting' retractions. Since Ac Abd
motoneurons were not modulated during any rotational eye move- :
ments, we also conclude that eye movement responses described in
retractor bulbi muscle must result from innervation by moto-
neurons in the Abd nucleus. (Supported by NS13742 and EY02007).

LOCALIZATION OF THE MOTONEURONS WHICH INNERVATE THE RETRACTOR
BULBI MUSCLE.IN THE RABBIT. T. S. Gray*, S. E. McMaster*,

J. A. Harvey and I. Gormezano. Dept. of Psychol., Univ. of
Iowa, Iowa City, IA 52242

Recent studies employing the horseradish peroxidase (HRP)
method have suggested that the retractor bulbi muscle (RBM) of
the cat may be innervated by the paraabducens nucleus (PAbN)
rather than the abdueens nucleus (AbN). Since the rabbit's
nictitating membrane reflex, a response mediated by contraction
of the RBM, has been used extensively in neurobehavioral research,
it was important to determine the precise location of the
motoneurons which supply this muscle.

Adult, New Zealand, albino rabbits (n=24) were injected with
a 50% HRP and 2% dimethyl sulfoxide solution (5H1 per muscle
slip) into the following extraoccular muscles: one or four slips
of RBM, lateral rectus (LRM), medial rectus, superior rectus, or
superior oblique. After 48 hour survival times, 60vm sections
of the brainstem were processed by the tetramethyl benzadine
method.

Injections of HRP into all four slips of the RBM resulted in
consistent labeling of neurons throughout the rostrocaudal
extent of the ipsilateral AbN. Inconsistent labeling was seen
in the occulomotor, trochlear and facial nuclei. However, a
group of labeled neurons were observed ventrolateral to and
extending rostral to the ipsilateral AbN. Since the axons of
these neurons were seen to course dorsomedially to join the VI
nerve, we congluded that this group of motoneurons is the homo-
logue of the PAbN reported in the cat. The mean number of
labeled RBM motoneurons in the PAbN was 100 as compared with 290
in the AbN. Reactive neurons within the PAbN and AbN were of the
same size and shape averaging 30um in diameter. Similar results
to above were seen after single medial or superior slip RBM HRP
injections. After LRM injections neurons were labeled throughout
the rostrocaudal extent of the ipsilateral AbN. Labeled neurons
were never observed in the PAbN; however, reactive cells were
sometimes present in the occulomotor, trochlear or facialnuclei.
The per cent of AbN neurons labeled after LRM injections was 33
as compared with 70 after four slip, 59 after medial slip and 35
after superior slip RBM injections. HRP placements into the
medial rectus, superior rectus or superior oblique muscles re-
sulted in reliable labeling of areas in the occulomotor-trrihlear
complex as previously described for the rabbit, but the PAbN and
AbN were free of reaction product.

The results demonstrate that the retractor bulbi muscle in the
rabbit is innervated by motoneurons located in both the paraab-
ducens and abducens nuclei. Thus, the PAbN projects only to the
RBM while the AbN sends axons to the RBM and LRM.

Supported by USPHS grants MH-16841 and MH-15773.
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Ahmed*, F. Jung* and J. A. Connor. Dept. of Physiology and
Biophysics, Univ. of IL, Urbana, IL 61801.

The relationship between calcium influx and increase in cyto-
plasmic free calcium, A[Caf*], has been examined using the intra-
cellular Ca-indicator Arsenazo III (Ar) and voltage clamp mem-—
brane current. Comparisons of the incoming Ca during voltage
pulses estimated from the absorbance change of Ar with the amount
of entering calcium computed from ICa2+ indicate that only 15 -
30% of the incoming Ca is sensed by Ar. The remaining fraction
is presumably bound extremely rapidly by cytoplasmic buffers.
Cytoplasmic Ca-buffer capacity (B Ccell) during a voltage clamp
pulse was measured by injecting calibrated amounts of EGTA and

) ] .
using the relation B Cce11 = [B CE/(%§%§F - 1)] - B Cpy, Where

B Cg and B Cp, are buffer capacities of measured amounts of EGTA
and Ar respectively. ApCa' and ApCa" were calculated from the
absorbance changes of Ar before and after injection of EGTA. The
rate of recovery of Ca?t (rate of Ar absorbance decrease) fol-
lowing the termination of a voltage pulse was examined with dif-
ferent Ca loads induced by changing either the duration or ampli-
tude of the voltage pulse. For larger loads of Ca (within phy-
siological limits) the initial rate of Ca2t-recovery increased,
suggesting a recruitment of slower buffering or sequestering
processes. Injecting small quantities of EGTA accelerated the
rate of absorbance recovery in addition to reducing peak absorb-
ance change for a given calcium load. A computational model
based upon calcium diffusion and experimental measurements of
Ca-buffer capacity was developed. This model reproduces several
important aspects of the Ar absorbance time course and suggests
that diffusional movement of Ca within the strongly buffering
cytoplasm may play a significant role in the regulation of Ca2*t
levels. Supported by PHS-NS15186.

10.3 VARIABILITY IN MOLLUSCAN NEURON SOMA CURRENTS..E.E. Serrano®

and P. A. Getting. Department of Biological Sciences, Stanford
University, Stanford, CA 94305.

This study focuses on the characterization of variability
in neuron soma currents between and within identifiable cell
types. The transient outward potassium current (A-current) was
studied under voltage clamp. This current is particularly suit-
able for these measurements because it can be activated, by using
the appropriate voltage paradigms, in isolation from other mem-
brane currents without the need for pharmacological agents.

Somata from identifiable neurons of Archidoris montereyensis
and Anisdoris nobilis were isolated and voltage clamped at 10°C
with a two microelectrode voltage clamp. Variability was exam-
ined in:

a) magnitude of A-current

b) voltage dependence of steady state activation
and inactivation

c) time constant for onset of inactivation (T A)

d) time constant for removal of inactivation %TRE{)

e) membrane capacitance

Variability in A-current parameters was measured by compar-
ing data from the same identifiable cell in different animals.
Comparison between cells within and across species was then
possible.

The magnitude of A-current obtained from a given cell in
different animals shows a variation .of 30% about the mean. Mem-
brane capacitance may vary by ten-fold between cells. Thée normal-
ized steady state voltage dependence of activation and inactiva-
tion is highly conserved. This implies that the steady state
voltage dependence of the A-current channel is relatively in-
variant between cells. The time course of inactivation (as
characterized by Tpp and Tggy) shows considerable variation.

In conclusion, the major variability in A-current appears
to reside in the time course of inactivation while the steady
state voltage dependence of activation and inactivation is rela-
tively invariant. Current values normalized to input capaci-
tance show as much as eight-fold variation between cells. If
the specific capacitance of the cells is assumed to be similar,
the data suggests variation in channel density and/or unit chan-
nel conductance. Across species, the most striking difference
is in the magnitude of A-current which can be from four to
eight times larger in Anisdoris than in Archidoris.

10.2 VOLTAGE DEPENDENT, EARLY OUTWARD CURRENT IN A PHOTORECEPTOR OF

104

HERMISSENDA CRASSICORNIS. J.J. Shoukimas* and D.L. Alkon. Lab.
of Biophysics, NINCDS, NIH, Marine Biological Laboratory, Woods
Hole, MA 02543. .

The response of Type B photoreceptors of Hermissenda crassi-
cornis to paired light and rotation stimuli has been implicated
in associative training of this animal. A voltage clamp study
of the Type B photoreceptor is in progress with the intent of
fully characterizing light and voltage dependent conductances.
Step clamp commands from a holding potential of -60 mV elicit
an early, transient outward current that appears to be carried
predominantly by K+ ions. Both steady state activation (peak
value) and inactivation of the conductance are voltage dependent.
Activation shows a maximum, "e"-fold change/12.5 mV over the
range of -20 to +10 mV. The outward current shows inactivation
from a relative value of 1 at -70 mV to zero at about -10 mV.
-30 mV is the voltage at which the current is half inactivated
at steady state. Unlike some other gastropod neurons in which
similar currents have been reported, such as Anisodoris (Connor,
J.A. and Stevens, C.F., 1971, J. Physiol. 213:21), the kinetics
of inactivation, like the steady state value, show voltage de-
pendence. The decline of the outward current during sustained
depolarization can be fitted by two exponentials, one with a
comparatively short time constant which declines from about
130 msec at -20 mV to about 50 msec at +10 mV. The longer time
constant (> 1 sec) may reflect the behavior of another outward
conductance.

The early outward current is strongly activated at the time
that the light induced sodium current is rising (Alkon, D.L.,
1979, Science 205:810). The temporal position of these two
currents suggests that possible extrinsic control of resting
potential by paired stimulus presentations could influence the
rising phase of the generator potential by setting the degree
of early outward current inactivation.

SLOW POTENTIALS IN THE SECONDARY CELLS OF THE APLYSIA EYE. K.J.
Markowitz* and J.W. Jacklet. (SPON: J. Schmidt). Dept. of Biol.
Sci. and Neurobiology Res. Ctr., SUNY Albany, Albany, N.Y. 12222,

The isolated eye of Aplysia expresses a circadian rhythm of
compound action potentials (CAP) frequency recorded in the optic
nerve. The CAP's are produced by ~ 1,000 secondary cells which
are electrically coupled to one another as well as to the primary
photoreceptors. The axoms of the secondary cells, photoreceptors
and other cell types comprise the optic nerve. To better under-
stand how the circadian clock controls this membrane activity,
further studies of the electrophysiological properties of the
secondary cells were undertaken. CAP's as well as graded poten-
tials were recorded from the optic nerve with a sucrose gap. A
suction electrode on the cornea was used to electrically stimu-
late the eye and record the electroretinogram (ERG). The ERG
closely mirrors light evoked potential changes in the photorecep-
tors. In the dark spontaneous activity recorded with the sucrose
gap consists of bursts of CAP's and underlying slow wave poten-
tials similar to those recorded from identified bursting neurons
in the central nervous system. The CAP burst terminates with a
depolarizing hump similar to a DAP followed by a post-burst hyper-
polarization. The burst duration and the interburst interval are
considerably longer than those recorded from single central
bursting cells. Electrical stimulation of the cornea evokes a
CAP followed by a depolarizing after potential (DAP) in the gap
recording. The DAP is not blocked by high Mg low Ca indi-
cating that chemical synapses are not involved in its production.
The amplitude of the DAP increases as the size of the electri-
cally evoked secondary cell CAP increases. When only the low
threshold H cell axons are stimulated, the DAP is absent. This
indicates that the DAP is produced in the secondary cells. Simi-
lar DAP's were described for central bursting neurons in Aplysia
and other gastropods (Thompson and Smith, J. Neurophysiol. 39:
153-161, 1976), and appear to be absent from other cell types. A
potential similar to the DAP is triggered by depolarizing input
from the receptors. The light evoked slow potential recorded by
the sucrose gap is biphasic. An early depolarization is corre-
lated with the ERG and represents receptor depolarization. A
latter phase associated with the CAP has no correlate in the ERG
and closely resembles the electrically evoked DAP. These re-
sults show that the secondary cells have many of the electro-
physiological properties exhibited by bursting neurons, including
a voltage sensitive slow depolarization. These membrane proper-
ties may be modulated by the circadian clock. Supported by NSF
BNS 11154.
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EVIDENCE SUPPORTING DENDRITIC IMPALEMENT OF CORTICAL NEURONS IN
THE CONSCIOUS CAT BRAIN: CABLE PROPERTIES AND DYE INJECTION.

J. E. Skinner and G. L. King*. Neurophysiology Section, Neurology
Department and Neuroscience Program Baylor College of Medicine,
Houston, Tx 77030.

Frontocortical neurons in the conscious cat brain manifest slow
membrane potential and input resistance shifts, in parallel with
an extracellular event-related slow potential, in response to a
tone that forewarns cutaneous shock. The biophysical responses
of each cell were recorded with a new "floating-micropipette tip"
technique that enabled intracellular impalements to be maintained
when the animal was presented the previously conditioned stimuli.
Two classes of cells were recorded, those with large resting mem
brane potentials and action potentials that manifested overshoot
of the extracellular zero potential (overshoot-cells) and those
with small resting potentials and small action potentials thatdid
not overshoot the extracellular zero potential (undershoot-cells)
These two classes of cells were also easily distinguished by
their resting input resistances. The undershoot-cells are sug-
gested to represent dendritic impalements based on two observa-
tions. The first is that electrophoretic injection of small
amounts of Lucifer Yellow dye into cells with undershoot-cell
properties always results in dye located in a dendritic process
near the termination of the microelectrode track in the tissue.
The gecond observation is that 1) input resistance, 2) action
potential amplitude, 3) voltage-time integral of the action
potential and 4) reduction in action potential amplitude during
steady-state current injections through the recording electrode,
all are observed in the undershoot-cells to be within the range
of values predicted by Rall's mathematical model of the neuron
dendrites. The figure below shows the range of values of input
resistance predicted by the model that is identical to the range
actually recorded. The average input resistance for the over-
shoot-cells was 10MQ; the range for the overshoot-cells was 15—
98 MQ.
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CALCIUM-DEPENDENT ACTION POTENTIALS IN MAMMALIAN SPINAL CORD AND
DORSAL ROOT GANGLION NEURONS IN PRIMARY DISSOCIATED CELL CUL-
TURES. E.J. Heyer, R.L. Macdonald, G.K. Bergey and P.G. Nelson.
Dept. of Neurology, Univ. of Michigan, Ann Arbor, MI 48109 and
LDN, NICHD, NIH, Bethesda, Maryland 20014.

Action potentials (APs) dependent on sodium and potassium con-
ductance changes are elicited in normal medium in mouse spinal
cord (SC) and dorsal root ganglion (DRG) neurons 1in primary
dissociated cell (PDC) cultures. DRG neurons have, in additionm,
a prominent calcium conductance that contributes to their longer
AP duration. No calcium conductance has been described in APs
from SC neurons. We have demonstrated a calcium conductance in
SC neurons that can produce calcium-dependent action potentials.

PDC cultures of dissected spinal cord from 12-14 day old fetal
mice were grown by conventional techniques. After 4-6 weeks, in-
tracellular recordings with 4M KAc-microelectrodes were made in
neurons bathed in Tris buffered saline with 5 mM calcium (TBS).
Addition of tetraethylammonium (TEA) was compensated by an equal
molar decrease in the sodium concentration.

Short duration APs were evoked by intracellular stimulation
in SC and DRG neurons in normal TBS. Addition of 3 uM tetrodo-
toxin (TTX), a sodium conductance blocker, eliminated APs in
most SC neurons but did not alter APs in DRG neurons. In bathing
medium containing 100 mM TEA, a potassium conductance blocker,
long-duration APs lasting many hundreds of milliseconds were gen-
erated in both SC and DRG neurons. These APs had three phases:
a rapidly rising depolarization; a long duration plateau; and an
afterpotential that might be depolarizing, hyperpolarizing, or
depolarizing followed by hyperpolarizing. Calcium dependency was
proven by the following results: (1) AP overshoot varied line-
arlX as a function of the extracillular calcium concentration
[ca 2] (a ten-fold change in [ca™ ]0 produced a 27.5 mV change
in the overshoot). _(2) Maximum rate of depolarization varied as
a function of [Ca ]0. (3) Pressure ejection of 10 mM calcium
onto neurons in low calcium containing bathing medium raised the
AP plateau and prolonged its duration. (4) Application of 5 mM
manganese, a calcium conductance blocker, lowered the AP plateau
and decreased its duration. Supported by the Grass Foundation
(R.S. Morison Fellowship) (E.J.H.), NINCDS grant (NS 15225),
and NINCDS Research Career Development Award (NS 00408) (R.L.M.).

10.6 SPONTANEOUS HYPERPOLARIZATIONS AT THE MEMBRANE OF MOUSE DORSAL
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ROOT GANGLION CELLS IN TISSUE CULTURE. David A. Mathers* and
Jeffery L. Barker (Sponsor: H.G. Wagner) Laboratory of Neuro-
physiology, National Institute of Neurological and Communicative
Disorders and Stroke, National Institutes of Health, Bethesda,
Maryland, 20205.

We report here the occurrence of spontaneous hyperpolariza-
tions at the membrane of mouse dorsal root ganglion (DRG) neurons
grown in tissue culture.Cells were obtained from 13 day old mouse
embryos and maintained for 8-12 weeks in modified Eagle's culture
medium.DRG cells were distinguished from co-cultured spinal cord
cells by established morphological and electrophysiological cri-
teria. Intracellular recordings were made from DRG cells (18-30up
M in diameter) bathed in Hank's Balanced Salt Solution containing
5.3mM KCL, 142mM NaCl, 1mM CaCl, and 1mM MgCl, at pH 7.4 (temper-
ature 23-27°C). DRG cells were Invariably electrically excitable
but showed no spontaneous action potential activity. Spontaneous
hyperpolarizing potentials of amplitude 0.5-6mV and frequency
1-20Hz were observed at the resting potential (-42 * 6.7 mV) of
34/69 cells studied. In the remaining cells, no resolvable dis-
crete potential events were seen.Voltage clamp recordings showed
that the spontaneous outward currents underlying the potential
fluctuations were reduced in amplitude and apparent frequency at
more negative membrane potentials and were not detectable at po-
tentials in the range -75 to -85mV.These current events were re-
versibly abolished by 5mM TEA but not by 1luM tetrodotoxin or
10mM Mg++ ions. Power density spectra of membrane current fluc-
tuations were compared for DRG cells lacking and possessing the
spontaneous outward currents.In cells of the former population,
spectral intensity S(f) was generally proportional to 1/f (fre-
quency) over the potential range -40 to -70mV. In cells showing
spontaneous activity the power density spectrum was Erequently
better approximated by a Lorentzian term (S(f) = 1/f“) when
measured at the normal resting potential (-30 to-50mV). Hyperpol-
arization of the membrane of these cells led to the suppression
of this Lorentzian component concomitant with the loss of the
spontaneous outward currents.It remains unclear whether these
currents reflect processes exogenous to the DRG cell(e.g. quantal
release of a transmitter) or are an endogenous property of some
DRG cell membranes.Spontaneous hyperpolarizations have been
observed in motoneurons of the mudpuppy cardiac ganglion while
spontaneous depolarizations occur at the membrane of several
types of photoreceptors.The relationship of the events seen in
DRG cells to these phenomena is unknown.

DEVELOPMENT OF CALCIUM SPIKES IN MOUSE HIPPOCAMPAL CELL CULTURES.
J.H. Peacock and C.R. Walker. Dept. of Neurology, Stanford
University Medical School, Stanford, CA 94305.

Intracellular regordings from matyre hippocampal cultures in
media containing Na' (140 mM) and Ca. (8 mM) show well-developed
actions potentials (APs) and bursts of APs frequently superimposed
on depolarizing events lasting up to 500 msec. After the addition
of tetrodotoxin (TTX; 1 ug/ml), intracellular stimulation elicits
slow, graded APs in up to 84% of the cells tested despite marked
variability in different culture series. This variability is
eliminated by recogging from cells in defined media containing
Na', 14 mM, and Ca ', 8 mM, with TTX as above and tetraethyl-
ammonium chloride, 5-20 mM. Cultures prepared from 18 day fetuses
were examined between 18 hours and 43 days in culture. The inci-
dence of cells with calcium AP activity is as follows: 46%

(n = 35) from 18 hours to 2 days; 89% (n = 38) from 3 to 7 days;
83% (n = 53) from 10 to 16 days; and 83% (n = 6) at 43 days.
These data suggest that the incidence of calcium mediated APs
remains relatively constant after two days in culture. The lower
incidence of calcium potentials recorded from cultures less than
two days old could indicate either that these cells have not yet
acquired calcium spikes or that this property has been tempor-
arily lost in culture preparation. The latter possibility seems
most likely because 91% (n = 22) of cultured neurons equivalent
in age to intact neurons in 16-18 day fetuses have calcium APs.

Special features include the following. (1) Calcium APs are
optimally developed when the membrane potential is depolarized to
about -40 mV by steady electrical current. (2) AP morphology
suggests multiple generator sites may exist in some cells. (3)
Up to 25% of the cells in selected cultures have rhythmic
pacemaker-like, calcium APs with a frequency which increases
Tinearly from about 1 to 7 Hz with increasing steady current
injection.

These calcium dependent APs are reversibly blocked by cobalt,
10 mM, and are absent in defined medium containing up to 2 mM
calcium and equimolar amounts of nickel. Manganese does not
block and may even enhance these APs suggesting that manganese
may traverse the same channel as calcium in these cells.

Sodium dependent APs can be demonstrated in cells which haye
calcium APs by use of local perfusion of medium containing Na
(140 mM). These dual AP mechanisms persist within the same cell
throughout the time span of the cultures studied here.

In summary, our data show that cultured hippocampal neurons
have the capability for calcium electrogenesis which can be
recorded within a day of plating and persists in high incidence
for at Teast six weeks in culture.

Supported by Grant NS 12151.
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10,9 EFFECTS OF BLOCKERS OF POTASSIUM CONDUCTANCE ON SPINAL MEURONS

OF A VERTEBRATE. R. J. Bookman* and M.E. Selzer. Department of
Neurology, University of Pennsylvania School of Medicine,
Philadelphia, PA 19104.

The effects of 40 mM tetraethylammonium chlorlde (TEA) 1 mM
4-aminopyridine (4-AP), and 1 mM 3,4-diaminopyridine (3,4-DAP)
were tested on spinal neurons of the sea lamprey (Petrom zon
marinus). On dorsal cells (DCs) and giant interneurons (Gls
these drugs produced a dramatic broadening of the action poten-
tial. The prolonged plateau could be permanently interrupted by
a brief pulse of hyperpolarizing current. The current threshold
for this all-or-none repolarization decreased as the pulse was
applied later in the plateau. This long lasting po;gntlal could
be produced in tetrodotoxin but was blocked by 0 Ca  or 5 mM
MnC1 It was associated with an increased input conductance,
wth% lessened progressively during the plateau. In 3,4-DAP,
the potential was clearly regenerative since the threshold voltage
for activation was well below the peak depolarization of about
+10 mV. Thus in the presence of these drugs s and Gls appear
to develop voltage-dependent, regenerative Ca  conductances.

The giant Muller's and Mauthner's axons never developed
these spike prolongations. This is striking because these up-
branched axons form their synapses en passant and require Ca+
for transmitter release. Smaller axons also did not show Ca
spikes in TEA. In one case we recorded simultaneously from the
cell body of a Gl and its axon. The soma showed TEA-induced
spike prolongation while the axon did not.

Stimulation of DCs and Gls at frequencies greater than 0.02 Hz
produced progressive shortening of the action potential until a
steady spike duration was reached. This duration decreased
with increasing stimulus frequency up to 0.2 Hz. Frequencies
faster than this did not usually shorten the duration further.
However, when pairs of action potentials were elicited in Gls
at very short intervals (40-100 msec.), the second spike was
prolonged relative to the first. This facilitating effect was
not seen in DCs. It is interesting that the EPSP produced in
one Gl by stimulation of a second Gl shows facilitation at
short interstimulus intervals. However, the EPSP of a GI, seen
in response to stimulation of a DC, does not facilitate. There-
fo () it is possible, though still speculative, that increased
Ca  conductance plays a role in synaptic facilitation.

Supported by NIH grants NS 14257, NS 14837, 5-T-32-GM-07517,
and 1 KO7 NS 11083.

10.11 ELECTROPHYSIOLOGICAL LOCALIZATION OF ACTIVE MEMBRANE SITES IN

THE GOLDFISH MAUTHNER AXON. Paul G. Funch and Donald S. Faber,
Div. Neurobiology; Dept. PhysioTogy; SUNY at Buffalo, Buffalo,
NY 14214,

The myelinated axon of the goldfish Mauthner cell makes
synaptic contact every 0.2 to 0.3 mm with motoneurons and
interneurons. No interruptions in the axon's myelin sheath have
been observed, other than at the terminations of the short
collaterals where the synaptic contacts are made. The lack of
typical nodes of Ranvier has led to an hypothesis that the
collateral terminals are the active membrane sites which support
impulse propagation. However, we have analyzed the components
of the axonal action potential, and our results indicate that
distinguishable active sites are spaced only about every 2% mm
along the rostral portion of the axon.

During simultaneous intracellular recordings from the Mauthner
axon, hyperpolarizing currents applied through the distalmost
electrode (fixed locus) were used to block all-or-nothing
components of the orthodromically initiated axonal impulse.
Spike component amplitudes at the critical blocking current
levels were measured at proximal sites with the second electrode
(variable locus). In one experiment, detailed spatial profiles
of the voltage output from individual active sites were obtained.
These exhibit sharp maxima separated by roughly 2 mm; decays to
either side of the maxima are consistent with the passive
electrical characteristics of the axon. Furthermore, in eight
experiments, the critical hyperpolarizing currents required to
block the apparent active sites were (nA; mean + S.E.):

77.7 + 5.2, 124.7 + 8.7, and 223.0 + 31.0. The average ratio

of these currents at adjacent active sites is thus 1.70, indi-
cating an electrotonic decrement, in a semi-infinite cable, over
a distance of 0.53 space constants (A). The A of the Mauthner
axon is estimated to be 4.8 + 0.7 mm. Therefore the average
spacing between the apparent active sites is roughly 2.5 mm.

In summary, the active sites in the Mauthner axon are spaced
at distances of about 0.53 A, which is comparable to nodal
spacing in peripheral fibers; in contrast, collateral spacing is
on the order of 0.05 A. Therefore either specific clusters of
collateral terminals function collectively as an active membrane
site, or the morphological correlate of a discrete active site
remains to be identified. (Supported in part by NIH Grant
No. 1 ROT1 NS15335.)

10,10 REGIONAL DIFFERENCES IN THE TEA SENSITIVITY OF A VERTEBRATE

10.12

INTERNEURON. C. Kaars* and D.S. Faber. Div. Neurobiology,
Dept. Physiol., SUNY at Buffalo, Buffalo, NY 14214,

Recent voltage clamp data (Chiu et al., J. Physiol., 298:
171-184, 1980; Brismar, J. Physiol., 298:171-184, 1980) indicate
that axons of two mammalian species, unlike those of amphibian
axons (Hille, J. gen. Physiol., 50:1287-1302, 1969), lack
voltage sensitive K conductance TEA and 3-AP are potent
blockers of voltage sensitive K* conductance. We have examined
the distribution of TEA and 3-AP sensitivity in a vertebrate
interneurone, the goldfish Mauthner cell. Our results indicate
that TEA and 3-AP sensitivity is restricted to the axon hillock
and initial segment while the axon is insensitive to TEA. Intra-
somatic jontophoresis of TEA results in a marked broadening of
the antidromic action potential recorded intracellularly in the
soma and extracellularly in the axon cap surrounding the axon
hillock-initial segment. The prolonged spike often evokes a
second action potential of short duration, presumably generated
in the axon. Similar effects are observed following intra-
or extracellular application of 3-AP.

In order to determine if axonal and axon hillock-initial seg-
ment membranes are differentially sensitive to TEA, we examined
its effects on the action potentials generated in these two
regions. The axon spike, which can be isolated by blocking
antidromic invasion of the axon hillock-initial segment with
hyperpolarizing current, is unaffected by intra-axonal TEA ion-
tophoresis at sites from 0.5 to 2.0 mm distal to the axon
hillock. The axon hillock-initial segment action potential can
be isolated by axonal hyperpolarization during orthodromic acti-
vation. Intra-axonal iontophoresis up to 2 mm distal to the
axon hillock typically increases the duration of the axon
hillock-initial segment spike by > 2, without altering its rise
time. Increased duration is associated with prolongation of the
slow phase of repolarization, resulting in a spike with a pro-
nounced shoulder. Topical application of 5% CoCly partially
reverses the effect of TEA on the axon hillock-initial segment
spike. This suggests an inward calcium current may contribute
to. the prolonged axon hillock-initial segment action potential.

In summary, our findings suggest voltage sensitive K* channels
contributing significantly to the repolarizing phase of the
action potential are Timited to the axon hillock-initial segment
of the Mauthner cell. Thus, rapid repolarization of axonal
membrane in the absence of voltage sensitive potassium currents
may not be limited to the nodes of mammalian peripheral axons.
(Supported in part by NIH Grant No. 1 ROT NS15335.)

SITE OF IMPULSE INITIATION 1IN NEURONS. J.X.
Moore, N. *, M. Westerfield®™+. Dept.
of Physiology, Duke University, Durham, NC 27710.

Computer simulations have been carried out in
order to determine how a neuron's shape and
membrane excitability affect the locus of apparent
impulse initiation. We simulated a neuron as a 10
pm diameter unbranched axon attached to a 50 um
diameter soma and lumped equivalent cylinder
dendrite 2800 um long. Any segment of membrane
could be made passive or excitable (Hodgkin-Huxley
description) and synaptic current could be
injected at any location.

We found that, when the whole neuron including
the dentritic tree was made active, an impulse was
always initiated at the site of the synaptic
stimulation. However, when excitability was
restricted to the axon and soma, the apparent site
of initiation moved out beyond the soma and into
the initial segment of the axon. This finding was
true for synaptic locations throughout the soma-
dendrite and results from the fact that the very
heavy electrical 1load of the passive dendritic
tree restricts the voltage excursions in the
active cell body. Therefore the full-size impulse
occurs first in the less heavily loaded axon.

Thus we have shown that uniform channel density
and membrane properties in the soma and axon are

sufficient to give impulse initiation in the axon
initial segment.
Current efforts are under way to extend these

conclusions to neurons with myelinated axons.
+Present address: Dept. of Biology, University of
Oregon, Eugene, OR 97403.
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CELLULAR IMMUNE RESPONSES (CMI) TO CNS MYELIN BASIC
PROTEIN (MBP) FOLLOWING STROKE IN THE GUINEA PIG, B.
Gran*, Z. Latif, W. Sheremata. Depts. of Neurology
and Microbiology, Univ. of Miami Sch. of Med.,
Miami, FL 33101.

Immune responses to damaged tissue are a recog-
nized factor in the induction of autoimmune disease.
Immune responses following nervous system injury
might theoretically contribute to the morbidity of
such injury, but experimental evidence for or against
this is lacking. We have therefore studied CMI 2
weeks after experimental embolic stroke in Hartley
guinea pigs. The direct macrophage migration inhi-
bition factor (MIF) assay was used with 1 _ug-25 ug/ml
MBP or 10 ug/ml peripheral nerve myelin PZ protein
as antigens. Eighteen of 24 guinea pigs strvived
operation and were assayed concomitantly with 19
normals. Mean normal % migration of peritoneal exu-
date macrophages from 12 animals (in 10% guinea pig
serum supplemented TC199) was 102 + 5.40 for MBP 10
ug/ml and 104 + 3.62 for P, 10 ug/ml. Stroke animals
gave % means of 98 + 4.21 %or MBP, and 99 + 3.62 for
P,. Two of 10 animals showed significant responses
(3¢ 0.01) to MBP only. Additionally 8 stroked
animals and 7 normals were studied utilizing 10%
fetal calf serum supplemented TC199. Mean 7%
migrations was 100 + 3.93 in normals, and 102 + 6.27
in stroke animals at 1 _ug/ml MBP, 104 + 6.19% In
controls and 103 + 4.12% at 10 ug/ml MBP, and 103 +
3.48% in controls and 102 + 4% stroke animals at
25 ug/ml MBP. Three of these 8 stroke animals gave a
significant response to MBP but only one to P,.
Positives in both groups occurred in the smalzest
animals suggesting age may be a factor in deter-
mining CMI to encephalitogenic MBP and other neural
antigens. A factor in normal guinea pig serum may
protect against such.a response. However, the
clinical significance of such in vitro responses re-
mains to be determined. -

Supported by the National Paraplegia Foundatioh and
the National MS Society.

EFFECTS OF TUNICAMYCIN ON GLYCOPROTEIN SYNTHESIS IN PNS MYELIN.
M. E. Smith. Dept. of Neurology, Veterans Administration Medical
Center, Palo Alto, and Stanford University School of Medicine,
Stanford, CA 94305

PNS myelin contains at least four glycoproteins in molecular
weights of 100,000 (MAG), 27,000 (PO), 23,000, and 19,000
daltons. Biosynthesis of these glycoproteins in PNS myelin was
studied in vitro using radioactive precursors. Spinal Soots or
sizatic nerves from 21 day rats we§e incubated with a ["H] or
[T7C] amino acid mixture or with [“H] fucose, in Krebs Ringer
bicarbonate buffer, then purified myelin was prepared from the
incubated tissues. The myelin was delipidated, and the proteins
separated on SDS polyacrylamide gel electrophoresis. The gels
were stained with fast green, scanned, and cut into slices
which were counted for their radioactivity. The separated
stained myelin proteins on the gels corresponded to definitive
radioactive peaks showing good incorporation of labeled amino
acids and fucose. Tunicamycin, an inhibitor of protein glyco-
sylation, when incubated with the,spinal roots or sciatic
nerves, inhibited the uptake of [“H] fucose into a&l the glyco-
proteins. Tunicamycin did not inhibit uptake of [“H] amino
acids into protein to any great extent, but the radioactive
peak corresponding to the main structural PNS myelin protein,
P_, was displaced to a position corresponding to about 2,000
daltons. Vhen tigsue was incubated with tunicamycin, [T C]
aTZno acids and [ H]3fucose, the new protein was labeled with
[77C] but not with ["H]. We propose that this 25,000 dalton
protein is the P, protein which has remained unglycosylated.
No new forms of the other glycoproteins were apparent on the
gels. Although glycoprotein function is usually associated
with "recognition," it appears that the association of P  with
the PNS myelin membrane can proceed in the absence of the
carbohydrate side chain. Supported by the Veterans Administra-
tion and by Grant #NS-02785 from the NIH.
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11.2 T-CELL BLASTOGENIC RESPONSES TO MYELIN BASIC PROTEIN

(MBP) IN MULTIPLE SCLEROSIS (MS), William Sheremata,
Diana Lopez*, and Mario A. Moscarello. Dept. of Neur-
ology and Microbiology, U. Miami Sch. of Medicine,
Miami, FL 33101, and Neurological Research Unit,
Univ. of Toronto, Toronto, ONT.

Preliminary results from our laboratory revealed
that T-cells from MS patients in acute attacks under-
went marked blastogenic responses to low MBP concen-
trations. Unseparated peripheral venous blood mono-
nuclear and T-cell responses to MBP and the mitogens
Con-A, and PHA have now been studied in 10 MS
patients in acute attacks, 24 during recovery and in
35 controls. Based on the preliminary data, concen-
trations of 2.5 and 5 ug/ml MBP, 4 ug/ml Con-A, and
10 ug PHA were utilized. Normals gave values
(X 1000) of -0.2 + 0.06 for unseparated cells, 0.2 +
0.6 for T-cells, and 0.1 + 0.3 for non T-cells.
Acute MS patients results were 9.0, 15.3, and 1.0;
other MS patients 0.5, 0.3, and 0.2; and other neuro-
logical diseases (OND) 0.1, 1.2, and -2.0 respec-
tively. Con-A results were lower in MS exacerbation
but PHA results were not. T-cells from 7 of the 10
acute MS patients gave marked responses not seen in
any normals or OND. Alterations in B cell function
may impair effective suppressor T function. However,
these results probably indicate that, in addition to
suppressor T- cells, non E-rosetting cells -
probably B cells - play an important part in regu-
lating immune responses to neural antigens.

Supported by the National MS Society.

11.4 THE ALTERATION OF FUCOSE/LEUCINE INCORPORATION INTO PNS MYELIN

BY ISONIAZID NEUROPATHY. M. P. Colip*, S. Baughman*, and R. G.
Peterson. Anatomy Department, Indiana University School of Med-
icine, Indianapo]és, IN  46223. 14

The ratio of [“H]fucose to [1-'"C]leucine incorporation into
rat sciatic nerve during in vitro incubation has been previously
studied in Wallerian degeneration and in diabetic neuropathy by
this lab (submitted for publication). This model was applied to
a clinically relevant and morphologically well studied experi-
mental toxic neuropathy produced by isoniazid (INH) to further
quantify altered protein-glycoprotein metabolism. Male Sprague-
Dawley rats, weighing 200g, were injected daily I.P. with INH
150mg/kg (10% INH in 0.9% NaCl) and controls with a comparable
volume of 0.9% NaCl. After 1, 2, 4, and 7 days, sciatic nerves
were harvested for metabolic studies and posterior tibial nerves
for morphological comparison. Sciatic nerves were stripped of
their epineurium and individually incubated at 37°C in 0.5ml1 of
a solution composed of: Krebs-Ringer bicarbonate (KRB); complete
amino acid mixture (Tolman et al., J. biol. Chem. 248: 4552,
197?1; 3% BSA; 0.2% glucose; 50uCi/ml [°H]fucose; and 5uCi/ml
[1-""C]1eucine (NEN). After 3hr the nerves were washed in iced
KRB, glycerinated, and frozen in 1iquid nitrogen. Myelin was
purified according to Wiggins (Brain Res. 89: 99, 1975). De-
lipidated myelin protein was solubilized in SDS by sonication.
Aliquots of the supernatant were taken for protein assay (Lowry)
and liquid scintillation counting. Both DPM/ug protein of each
incorporated precursor and the DPM ratio (fucose/leucine) were
compared to control values. At 7d the ratio for the four INH
treated rats was 2.23 + 0.14 (S.D.), statistically significant
(p<0.001) from the four controls at 3.03 + 0.17. The decreased
ratio reflected a concomitant decrease in fucosé and increase in
Teucine incorporation into myelin of about equal specific act-
ivity. 14.3 + 7.4% of fibers teased from tibial nerves of the 7d
INH rats showed ovoid formation as the criterion of degeneration
(Lubinska, Brain Res. 130: 49, 1977) as compared to no degener-
ation in controls. This 7d data along with earlier time periods,
especially at 4d, suggest that lower DPM ratios correlated with
higher percent degeneration. This model thus appears to be a
quantitative indicator of modified protein-glycoprotein synthesis
and of nerve fibers undergoing degeneration induced by INH.
Supported by NSF BNS 78-00616.




11.5 POSTNATAL SYNTHESIS OF MYELIN AND BRAIN SUBCELLULAR MEMBRANE
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FRACTIONS FOLLOWIMG POSTNATAL PHENYTOIN ADMINISTRATION.
Philip N. Patsalos* & Richard C. Wiggins. Dept. of Neurobiol. &
Anat., Univ. Texas Med. Sch., Houston, Texas 77025

Long Evans rats were administered intraperitoneally with
various concentrations of phenytoin (PHT) during the period from
birth through 17 days postnatal age. Synthesis of brain sub-
cellular membrane proteins was examined by double isotope
methodology as we havs previously deiiribed in detail.

At age 21-24 days °H-leucine and ‘*C-leucine were injected
intraperitoneally into pairs of test and control rats respec-
tively. Brains of experimental and control pups were combaned
and subcellular fractions prepared. For each subfraction Hy14c
(test/control) ratios were determined and normalized to corre-
sponding microsomal value for that double braingiomogenate. The
resultant percentage values obtained are a measure of relative
synthesis for each subfraction of the experimental pup.

Relative Synthesis {percentage; Mean:SEM)
PHT dose (mg/kg)

Subcellular

Fraction 5.0 15.0 45.0
Myelin 94+1C (N=6) 82:3b (N=11) 91:2d (N=5)
Nuclear 81+4C (N=6) 8022 (N=11) 91+4 (N=5)
Synaptosomal 97+5 (N=6) 96+1 (N=11) 97+4 (N=5)
Mitochondrial 97+2  (N=6) 95+1 (N=11) 97+2 (N=5)
Microsomal 100 (N=6) 100 (N=11) 100 (N=5)
a,b,c, and d represent p<0.001, p<0.005, p<0.01 and p<0.025
respectively.

The myelin ratio was consistantly low at 20-24 days postnatal
age, the period of most rapid myelin synthesis, reflecting a
10-20 percent relative reduction in synthesis. Synthesis of
nuclear membrane protein was also decreased. Myelin and nuclear
membrane protein synthesis deficits occurred at all PHT concen-
trations studied. No significant change in relative synthesis
of the synaptosomal and mitochondrial protein fractions was
observed.

This research supported by PHS Grants NS-14355, NS-13799 and
NS-00474 awarded to RCW.

MYELINOGENIC GENE EXPRESSION IN LONG-TERM CULTURES OF
PURIFIED RAT OLIGODENDROCYTES. C. Shama Bhat*, E.
Barbarese*, and S.E. Pfeiffer. Dept. of Microbiology, Univ.

of Connecticut Health Center, Farmington, CT 06032,

Oligodendrocytes are isolated from 11 day old primary
cultures prepared from 19-21 day fetal or 1-2 day neonatal
rat brain cerebral hemispheres by shaking them from the
primary cultures followed by lysis of other contaminating
cells in Hepes buffered balanced salt solution at pH7.2.
More than 99% of the isolated cells are viable and can be
cultured as monolayers for over 60 days. At least initially
the oligodendrocytes synthesize DNA and divide. The
isolated oligodendrocytes are characterized by: (a)
morphological parameters (phase contrast, Nomarski, and
transmission electron microscopy); (b) immunofluorence
labelling with antisera to myelin basic protein and
galactosyl-ceramide; and (c) biochemical analyses for myelin
basic protein, 2',3'-cyclic nucleotide 3'-phosphohydrolase,
and sulfogalactocerebroside synthesis (450 pmoles/mg
protein; 6 umoles/min/mg protein; and 6 nmoles/24h/mg
protein, respectively, at 32 total days in culture). Since
these values are similar to the peak activities of these
parameters observed in mixed primary cultures of the same
age, in which the cellular "specific activity" of
oligodendrocytes is estimated to be about 1/10 that in the
purified cultures (by staining with anti-myelin basic
protein antisera), the data suggest that either the maximal
levels or the rates of development of the expression of
these parameters requires non-oligodendrocyte positive
signals for optimal expression of myelin-related
differentiated function by the oligodendrocytes.

Supported by grants from the National Institutes of Health
(10861), National Multiple Sclerosis Society (RG-1231-A-2),
and The Kroc Foundation.
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INCREASED MYELINATION IN CULTURES OF MYELIN-DEFICIENT CEREBELLUM
WITH ADDED NORMAL OPTIC NERVE GLIA: MORPHOLOGICAL STUDIES.
Susan Billings-Gagliardi, Lori H. Adcock®, Gail B. Schwing* and
Merrill K. Wolf. Department of Anatomy, University of
Massachusetts Medical Center, Worcester, MA 01605

CNS myelination is severely reduced in mice with the
single-gene mutation myelin synthesis deficiency (jp®sd)
(Billings-Gagliardi et al., '80a). The jp®3¥ abnormality is
reproduced in organotypic cultures of cerebellum
(Billings-Gagliardi et al., '80b). The defect could be the
result of primary abnormalities in the axon, oligodendrocyte,
and/or some third cellular element. To test these ideas,
cerebellum from O-day jp™Sd mice was co-cultured with 0-14 day
normal mouse optic nerve to permit normal optic nerve glia to
invade jp®Sd cerebellum. Each cerebellum was cut into 8
parasagittal slabs which were cultured in pairs. Optic nerve
was added to the lateral and medial cultures from one half of
each cerebellum. The corresponding cultures from the other half
served as controls. After 21-30 days in vitro, when cultures of
normal cerebellum would be fully myelinated, cultures were fixed
and studied by light and electron microscopy.

Quantitative study of ten jp®8d cultures with added optic
nerve demonstrates that myelination is substantially greater
than in the corresponding control cultures without optic nerve.
The proportionate increase in myelination ranges from 1.5x to
25x, with an average approximating 10x (Wolf et al., '80). In
jpde cultures with increased myelination, the optic nerve and
cerebellar explants are fused. Separation of optic nerve and
cerebellum by as little as 0.2 mm prevents increase of
myelination, presumably by preventing invasion of optic nerve
glia. Myelinated axons in jp®Sd cultures with added optic
nerve usually occur in long, broad tracts close to the optic
nerve, whereas myelin segments in control jp®3d cultures form
small, randomly distributed clusters. Oligodendrocytes are more
numerous and myelin sheaths are usually thicker than in
controls. Thus myelin in cultures with added optic nerve looks
like normal rather than like jp®3d myelin.

These findings are difficult to explain on the basis of a
diffusible factor made by normal optic nerve, but are simply
explained by assuming that the additional myelin is directly
made by the added normal oligodendrocytes. This suggests (1)
that oligodendrocytes from normal optic nerve are competent to
myelinate axons of jp™Sd cerebellum, and (2) that the mutant
axons are receptive to myelination by normal oligodendrocytes.
Supported by NIH Grant NS-11425.

PARALLEL RIDGES IN FREEZE FRACTURED CNS MYELIN FROM A MYELIN
DEFICIENT MOUSE R.G. Miller and J.-M. Matthieu* 20 Rue
Ecole de Médecine, 1211 Geneva and Service Pédiatrie, Centre
Hospitalier Universitaire Vaudois, 1011 Lausanne, Switzerland.

The myelin deficient mouse, "MLD", is a mutant which, in
the homozygote, contains a reduced amount of total myelin and
only 3-47 (on the basis of total protein) of the normal amount
of myelin basic protein (MBP). Although such myelin appears
normal in the PNS, in the CNS it lacks a compact major dense
line which is normally derived from the cytoplasmic surfaces of
the oligodendrocyte and the number of lamellae are less than 8.
(Matthieu, Ginalski, Friede, Cohen, and Doolittle, Brain Res.
v.190, in press, 1980). Since the depletion of a major myelin
protein can be expected to alter the ultrastructure of myelin
membranes, we have used freeze fracture to determine the fine
structural differences between the myelin from the MLD mice and
their heterozygote littermates which contain an approximately
normal amount of MBP.

Optic nerves from 30-38 day mice were removed under pentobar-
bital and either immediately quenched in Freon on a specimen
stub, or were fixed in glutaraldehyde (27 in PBS at RT) and
infiltrated in 20% glycerin before quenching. The description
which follows applies equally to the freshly frozen and fixed/
cryoprotected tissue.

The most striking observation is that there is a hitherto
unreported membrane configuration on MLD myelin, consisting of
shallow (less than 4nm), parallel ridges. Their low profile made
their detection very labile to shadow angle and, thus, it is not
certain whether all or just some portions of MLD myelin contained
these ridges. Ridges are propagated across the interperiod line
to the adjacent fracture plane. Typically, they appeared roughly
parallel to the major axis of the axon. These ridges resemble
neither the usual paranodal junction nor other specializations
which are present in other tissues. Another difference between
the MLD and Normal myelin is an abundance in MLD of patches
(ca .1 micron in diameter) of* "paranodal" specializations which
were not associated with paranodal regions and were not organized
into regular arrays as they are in normal tissue.
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MYELINATION-DEPENDENT AND INDEPENDENT MEMBRANE SPECIALIZATIONS AT
THE NODE OF RANVIER, DEMONSTRATED IN INSUFFICIENTLY MYELINATED
NERVES OF THE DYSTROPHIC MOUSE. (Clayton A. Wiley-Livingston and
Mark H. Ellisman, Dept. of Neuroscience, U. Calif. at San Diego,
La Jolla, CA 92093

"Dystrophic" mice of the 129/ReJ-Dy strain have a genetic
defect affecting Schwann cell proliferation. Spinal nerve roots
of these animals contain myelinated and unmyelinated axons in
addition to groups of large "amyelinated" axons. In affected
regions of the spinal roots, myelinated axons are missing their
myelin sheaths. Where the myelination terminates or begins,
half-nodes are created. Freeze-fracture analysis of these half-
nodes shows a patch of particles in the nodal fracture faces
similar to the annulus of particles around the axon of normal
nodes. Rows of dimeric-particles (putative Na* channel) in the
P-face of the paranode are seen only on the myelinated side. The
P-face on the amyelinated side contains a dense, even distribu-
tion of particles, many of which are the size of dimeric-particle
subunits, but only a few of which are arranged in rows.

The E-face of the completely amyelinaied axons are compara-
tively particle-free except for infrequent patches of particles.
These patches are very similar to the patches present at half-
nodes, and are similar to, but smaller than, annuli of particles
at the node of Ranvier. We conclude that the paranodal rows of
dimeric-particles are dependent upon myelination for their organ-
ization. In contrast, the positioning of the nodal patches of
particles is independent of myelination.

Supported by NIH grant NS14718 and a grant from MDAA to M.H.E.

DFEVELOPMEMT OF AN ENZYME-LINKED IMMUNOSORRENT ASSAY (ELISA)

FOR BQVINE WHITE MATTER PROTEOLIPID APOPROTEIN. Hendy B.
Macklin* (Snon: Marjorie B. Lees) E.K. Shriver Center, Maltham,
Ma 02754 and Harvard Med. School, Boston, Ma 02115

An indirect microtiter polate ELISA has been developed to
quantitate anti-oroteolinid antibodies oroduced upon immunization
of rabbits with the bovine white matter proteolipid apoprotein
(APL). APL is a hydrophobic membrane orotein which tends to
aagregate and precioitate in acueous solution. This microtiter
plate procedure reduces the problem of APL aggregation since
the APL need not be radioiodinated or chemically treated. APL
binds avidly to many surfaces, and is thus well suited for
microtiter immunoassay. The protein is prepared as a chloroform-
methanol soluble protein free of comolex 1lipids which can be
converted to a water soluble form. Antibodies to the water
soluble form of APL were pbroduced by immunization of rabbits
with APL in the oresence of bovine serum albumin (BSA). The
presence of anti-BSA antibodies in these animals precluded the
addition of BSA or calf serum to the microtiter plates to reduce
non-soecific bindina of immune serum or second antibody to the
wells. The only orotein tested which reduced the non-specific
background without bindina the anti-BSA antibodies in the immune
serum was ovalbumin. In this assay, water soluble APL was bound
to the microtiter nlate wells, followed by ovalbumin. After
washing the plates with phosohate buffered saline, pH 7.6, con-
taining Tween 20, immune and control sera were added in the
oresence of ovalbumin plus Tween 20. After washina, second
antibody, goat anti-rabbit IaG antibody conjugated to horseradish
peroxidase (HRP), was added in the oresence of BSA plus Tween.
The sensiti¥§§y of enzyme-conjunated second antibody was compared
to that of I orotein A.

This assay has nermitted quantitation of anti-APL antibodies
produced by several different immunization protocols. A com-
parison of the crossreactivity of the water soluble and chloro-
form-methanol soluble forms of APL was made usina this assay.
Preliminary experiments sugaest that the assay can be adapted to
quantitate the aooprotein rather than antibody. Since APL is
the major myelin protein, comorising 50% of the total myelin pro-
tein, a quantitative assay for both the apoprotein and its
antibody would be useful in screening sera and CSF of animals
and/or patients with various neurological disorders, particularly
demyelinating disorders.

(Supported by grants NS13649 and NS06192.
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11,10 A CROSS SPECIES COMPARISON OF 2',3'-CYCLIC NUCLEOTIDE 3'-
PHOSPHODIESTERASE. T. J. Sprinkle* and M. R. Wells. Neuro-
chem. Lab. V. A. Med. Ctr. Res. Service (151). Augusta, GA
30904 and Lab. of CNS Injury and Regeneration. V. A. Med.
Ctr. Washington, D.C. 20042.

The enzyme 2',3'-cyclic nucleotide 3'-phosphodiesterase
(EC 3.1.4.37, CNP) has been purified from human and bovine
white matter and from myelin in the rat, guinea pig, and
rabbit. Purifications were accomplished primarily by column
chromatography (ionic-exchange, hydrophobic, gel filtration
and affinity). 1In all of the species examined, purified CNP
appeared on polyacrylamide SDS slab gels as 2 major protein
bands in the region of 46-50,000 daltons separated by a dis-
tance of 2-3,000 daltons. There was a tendency for CNP to
appear in higher molecular weight forms in all species to a
varying degree. The relative intensities of the two major
protein bands of CNP varied between species in a manner
consistent with the contention (Sprinkle and Wells, Trans.

Am. Soc. Neurochem. Abstr. 11: 214, 1980) that the enzyme

is at least a major component of the Wolfgram proteins Wl

and W2 described in myelin (Waehneldt and Malotka, Brain

Res. 189: 582, 1980).
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12,1 MOTONEURON POOLS OF PRIMATE FORELIMB MUSCLES LABELED
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BY HORSERADISH PEROXIDASE R.F. Martin and E.E. Fetz, Dept of
Physiology and Biophysics and Regional Primate Research Center, Univ of
Washington, Seattle, WA 98195

Cervical motoneuron pools of specific forelimb muscles of Macaca
mulatta were retrogradely labeled with horseradish peroxidase (HRP) to
determine their relative location and size. In most cases HRP was applied
in a cuff attached over the proximal end of the severed muscle nerve, for
direct uptake by cut motoneuron axons. Alternately, HRP (Worthington,
30%) was injected into small hand muscles for uptake via motoneuron
synaptic terminals. After 72-hour survival monkeys were perfused (1%
paraformaldehyde and 1.25% glutaraldehyde in 0.1 M phosphate buffer).
Serial 80 um cord sections were reacted with tetramethyl benzidine
(TMB). HRP-labeled motoneurons were counted only if their nuclei were
visible. In two monkeys motoneurons of extensor digitorum communis
(EDC) were labeled with an HRP cuff. In both animals, labeled moto-
neurons extended from the caudal portion of C7 segment to the rostral
portion of T2. 495 EDC motoneurons were labeled in one animal, 374 in
the other. In one of these animals, contralateral flexor digitorum
profundus (FDP) motoneurons were also labeled by HRP cuff. The
rostrocaudal extent of the 269 FDP motoneurons was virtually identical to
that of the EDC pool, but FDP motoneurons lay more dorsally in the
lateral ventral horn. In another monkey, a cuff applied HRP to the
median nerve at the wrist, to identify its motoneurons of intrinsic hand
and finger muscles; the 582 labeled neurons extended from the C7/C8
junction to the rostral portion of T2. Several labeled motoneuron pools
appeared at slightly different positions in dorsolateral ventral horn. In
one monkey, motoneurons of abductor pollicus brevis (APB), an intrinsic
thumb muscle innervated by the median nerve, were labeled by HRP
muscle injection on the left side and by HRP nerve cuff on the right. The
muscle injection produced 271 densely labeled neurons, while the nerve
cuff labeled 135 neurons less densely; this difference may have been due
to compromised HRP transport in the six nerve twigs of APB. The
rostrocaudal extent of both labeled APB pools was identical with that
obtained by cuffing the entire median nerve at the wrist, but the APB
motoneurons were more localized in the ventral horn.

For some muscles, motoneurons appeared to be preferentially grouped
within the rostro-caudal extent of the pool. Motoneuron soma diameters
ranged from 15-70 um. The TMB reaction product was no denser in the
smaller v motoneurons than in the & motoneurons, making it impossible to
assess the relative number of Y and 0 motoneurons, particularly in the
intermediate range of soma diameters (30-40 um). The TMB product
labeled the axons of many motoneurons, and revealed surprisingly tortuous
axon trajectories in the ventral horn, which have proven to be character-
istic of particular motoneuron pools. Instead of exiting the lateral ventral
horn by the shortest route, many axons travel ventro-medially for a
considerable distance, and then exit the gray matter in the ventral
direction.

ELECTRICAL STRUCTURE OF MOTOR NEURONS: INFORMATION FROM THE
RESPONSE TO A PULSE OF CURRENT. D.H. Edwards, Jr. and B.
Mulloney. Dept. of Zoology, University of California, Davis, CA
95616.

The electrotonic structure of a neuron is the foundation on
which the integration of all its synaptic currents and active
responses rests. The electrotonic structure also determines what
can be recorded from a given site in the neuron, and how
effectively the potential of the neuron can be controlled.

We have developed a method that uses the voltage response of a
neuron to a brief pulse of current to build a compartmental model
of the electrotonic structure of the cell (Rall, 1962). We have
used this method to study the electrotonic structure of neurons
in the lobster's stomatogastric ganglion.

The method treats the recovery phase of the voltage transient
as a series of exponentials, each of which has a coefficient and
time constant. The terms of this series can be separated by
"peeling." We have developed algebraic formulae that relate
these coefficients and time constants to the resistances and
capacitances of a compartmental model of the injected neuron that
has one compartment for each term in the series. This model will
accurately predict the linear voltage response of the cell to any
waveform of current injected at the recording site (Perkel and
Mulloney, 1978).

The input resistance of the neuron can be calculated from the
pulse response. This method has the advantage that voltage is
measured after current is injected, so bridge-balance is not a
problem. The total capacitance, and therefore the surface area,
of the injected region of the neuron can also be calculated from
the pulse response.

Each of the identified stomatogastric neurons we have studied
with these methods has a characteristic electrotonic structure.
Their input resistances at the soma and their membrane time
constants vary through a wide range, but these neurons share some
common features. The soma of each neuron is its most resistive
region; therefore, the soma is an excellent place to record
voltage responses to synaptic currents. The axon of each neuron
is its major current sink; most currents flow out of the inte-
grative region do<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>