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(See page xv for Thematic List of Sessions)

Session Session
Number & Title Page Number & Title Page
SUN DAY, NOVEMBER 7 28. Glia and other non-neuronal cells: CNS development ........... 42
29. SenSOTY SYSIEMS | ....ceeeeeeeiereiceerenecrrrctrrnnneessrnenesnneeseaessasnion 45
Panel — 3:00 p.m. 30. Cerebral cortex and limbic system: molecular
1. Panel on Responsible Conduct in Science................ No Abstract determinants and molecular markers .........c.cccceeeeerereeniennnnns 48
31. Visual system: retina.........c.cccieeeerieneveneeneenneniescssecesrencsensens 51
Decade of the Brain Lecture — 8:00 p.m. 32. Transplantation | ...........ccceviicvinniicininnecinsesissssenens 55
2.To be announced ..........ccccceevucciecivceeneecnenncrcecrnennces No Abstract ~ 33. Neuroglia and myelin | ........cccocoioivrncnincnnneicrecccneene 59
34. Cytoskeleton transport and membrane targeting | .................. 61
35. Gene structure and function | .........cccoeeeeeevcneenencnscnnenunnennnene 65
MON DAY, NOVEMBER 8 36. Excitatory amino acids: receptors | ...........cceceeceeeereencnienennnne 68
37. Opioids: reCePLors I .........ceceverececeereerercerrcrreescsnseereessesssaeseene 72
Symposia — 8:30 a.m. 38. Catecholamine receptors: dopaminergic agonists and
3. Gender and the Brain ANLABONISES ...vveneeeneeeeenieaeereeeenesneeesaeasesseessesasonsesseesassnns 75
Chaired by: N.C. ANAreasen ...........cccceccevereeveruerrerenrersesnessenens 1 39. Catecholamine receptors: dopamine | ...........ccoeeueeeercrueencnne 78
4. Unraveling the Serotonergic System: Insights from Molecular 40. Catecholamines I.........ccccceeerveenuenene ceeseeneesneebeteereeaenenennns 81
Biology 41. Other biogenic amines and purines: histamine
Chaired by: T.A. Branchek .......c.cccceveeveevenvecvcnenicnnenenerereennes 1 and MElatoNin .......cccoceecirreeserrenreereenerseneesertetenesseeessesessseseas
42. Other biogenic amines and purines: purines ..............
Warner-Lambert Lecture — 11:45 a.m. 43. Regional localization of receptors and transmitters | .
5. Modulation of the NMDA Responses by Extracellular and 44. Osmotic regulation ..........ccccceeueeveeecnnne. eeeeeeneesnessreesnesrananes
Intracellular Signals 45. Neural-immune interactions: immune
P ASCRET .ottt ettt No Abstract mediators in NOrmMal CNS .........ccoceevirniiiirneenerreeeeeeeeseennenes 95
46. Neural-immune interactions: nervous system
Slide Sessions — 8:30 a.m. PAhOIOBY ....oveeeieeieniereireetreeereeree e eceeeae s s e enenenas 97
6. Neuropeptides and behavior: CRF, oxytocin, and other 47. Thermoregulation and fever ...........coccvvieveeveecvecreenseenesennaene 99
PEPHAES ...ttt ettt ne et sre et e en 1 48. Somatic and visceral afferents [ ..........c.ccccevevvevciencncncnnnne 102
7. Uptake and transporters | .........coccceeeeeerereneenneeeereeesseessecsesnenans 3 49. Somatosensory cortex and thalamocortical
8. Neurotrophic factors: expression and regulation I..................... 5 relationships | .......c.coccceveeieiienninienneneeeereeecetessteeseeenees 105
9. Mental ilINESs | .......coeuiriieieieiieeeeeeeetet ettt 7  50. Pain modulation: anatomy and physiology I...........c............ 108
10. Acetylcholine receptors ............cceeveeeveeeeenenernienreeseenneeseesaeens 8  51. Pain modulation: pharmacology I .........cccccoeevererrerceesnncnenne 111
11. Calcium channel structure, function, and expression I........... 10  52.Retina: immunoCytoChemistry .........ccccceceerveecenverserereruennnens 114
12. Chemical senses: peripheral mechanisms............ccccceeveernnne. 12 53. Chemical senses: peripheral olfactory mechanisms ............. 118
13. Subcortical visual systems ...........cocceveerveerveerrernenreenreeseeeeenen 14 54. Chemical senses: olfactory bulb .........c.ccooeevecinerincienennnen. 121
14. Invertebrate learning and behavior I ...........cccoeeevvvrenvvennennee. 16 55. Chemical senses: central olfactory mechanisms .................. 125
15. Degenerative disease: Alzheimer's—RB-amyloid I ................... 18 56. Basal ganglia and thalamus | .........cccoceeiirvrnnninnenccnnennen. 127
16. Epilepsy: basic mechanisms | 57. Basal ganglia and thalamus Il ...........cccccoeveriieevncennecnenenee. 130
17.5econd mMeSSENGETS | ........cocueeeeeeernernireereeeeteseeeeeeesesnenas 58. Basal ganglia and thalamus Il ..........ccccevveevevuevrnecnreerennenne 134
18. Excitatory amino acids: excitotoXiCity ......ccccceeevvueceeeerrennnnne. 24 59. Vestibular system: anatomy and pharmacology ................... 135
19. Visual cortex: extrastriate—cognitive mechanisms | .............. 26  60. Vestibular system: neurophysiology .........c.ccccecevvecuererricennnn. 138
_ 61. Reflex fuNCHON | ......ccueevcrvecieerecreenreeeneeeneeeeeseesaeeaeceeeeneone 140
Poster Sessions — 8:30 a.m. 62. Reflex function Il .......c.ccoeeeeeenneinienenneeieesreneesesesesessesnes 143
20. Genesis of neurons and glia | ........ccccoeveevenervieeveeereecrenceeennane 28 63. Control of posture and movement | ..........cccceeeveeeeeerveencennnns 145
21. Cell lineage and determination: gene expression 64. Control of posture and movement Il ...........cccecceeveeererrenrerenen 148
and growth factors .........ccecveeieeeereerceecerteceecree e see e aeas 31 65. Muscle: fiber types .......cc.coveeeieveeeceereeecreceecerce e eeeee e 152
22. Cell migration and motility: cell-surface molecules ............... 33 66. Muscle: gene transfer, contractile properties, fatigue ........... 153
23. Cell shape and differentiation: activity ..........ccceccvreueevvesreennene 35 67. Hypothalamus ..........ccceccveevurreenieneininernrennesseseesessresesseesseenns 156
24. Process outgrowth, growth cones, and sprouting [ ................. 37 68. Comparative neuroanatomy | ........ccccceeevceereeriernseeeccceneennes 159
25. Axon guidance mechanisms and pathways | ..........cccceeuenene 38  69. Neural plasticity: cerebral cortex .........ccccvevererrenerveecernennen. 162
26. Axon guidance mechanisms and pathways Il ...........cccceeueene 40 70. Neuroethology: invertebrate............c.cccceveeerererercenneeeenennee. 165
27. Formation and specificity of synapses: visual system ............. 41 71. Stress: neuroendocrine mechanisms .........ccceeveeccreecrccncnnnn. 168



CHRONOLOGICAL LIST OF SLIDE AND POSTER SESSIONS
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Session Session
Number & Title Page Number & Title Page

72. Hormonal control of reproductlve behavior: hormones and 103. Axon guidance mechanisms and pathways Il ..................... 235
MEtabOlIteS ...c..eeeureeieeeeccecercrceereee et 171 104. Peptides: receptor molecular biology ........c.cccccecvereeuennnenn.n. 237

73. Neuropeptides and behavior: CCK, CRF, vasopressin, and 105. VisUal SYSEEM ...c..eeeierieeeeeiieerseeetertesreesseseesaeesseessesssessannes 239
701 1 F:1 (0 1 (] 1R 172  106. Long-term potentiation | ..........ccccccceieeiviieniccrnnciecencccreneens 241

74. Drugs of abuse: ethanol, benzodiazepines, barbiturates I .... 175

75. Aging: functional anatomy .........ccccceceeeverrenenrnenccenneenne 179 Poster Sessions — 1:00 p.m.

76. Developmental disorders of the nervous system I ................ 181 107. Cell shape and differentiation: immortalized cells

77. Degenerative disease: Alzheimer’'s—R-amyloid Il ................ 184 aNd Cell TINES ....ceonieiiieieeereeeceecccree et 243

78. Degenerative disease: Alzheimer's—cognitive function: 108. Neurotrophic factors: expression and regulation II............... 245
NEUrOPSYChOIOBY .....cveveiueeeieerereeireeerereesteeeeeneeeeaeeene 187  109. Neurotrophic factors: expression and regulation Ill.............. 249

79. Degenerative disease: Alzheimer’s—cognitive function: 110. Neurotrophic factors: expression and regulation IV ............. 253
imaging and neuropathology ...........cccceeceevueeeeeerseenersenenenas 189 111. Neurotrophic factors: expression and regulation V .............. 256

80. Degenerative disease: Alzheimer’s—neuropharmacology 112. Molecular and pharmacological correlates of
and NeurotranSMItters | .........cccecveeeereeererneeeernenseesseeseennennns 190 development | ..........ooveiiriineeiceeteceeceereee et 261

81. Degenerative disease: Alzheimer's—other I...........cc..ccoouu.ee.. 192 113. Glia and other non-neuronal cells: PNS development ......... 264

82. Degenerative disease: Other I..........ccccoceeververvennerncrrcnrcrveenenne 195 114. Neuroglia and myelin Il ..........coccevreuenirnieneneneneneeereeinanns 266

83. Neuromuscular diSease ............oceeeveverrrererrrneeererseeriesersensnens 197  115. Membrane composition and cell-surface

84. Mental ilINESS Il .......coeeeieeririreerreneerecreee e e 199 mMacromolecules | ...........ccuvvvirrivinninrreneeceerreree e seeae 268

. . . . 116. Synaptic structure and function | .........ccceecevvvevviercenveennenenane 270
(History and Teaching Posters will be posted the entire week.) 117. Postsynaptic mechanisms | .........cccceceveiecrrcrenenneeseessessnennns 271

85. History of neuroscience 203 118. Pharmacology of synaptic transmission | .............cccecueuenenn. 274

86. Teaching of neuroscience | 206 119. Ligand-gated ion channels: glutamatergic ............c.cccceueucn... 277

87. Teaching of neuroscience Il 209 120. Ligand-gated ion channels: non-glutamatergic .................... 279

88. Teaching of neuroscience Il 212 121.Sodium channels I ..........ccooevevivineciinenreincnencninececeeaennes 283

) 122. Acetylcholine: neuroanatomy .........ccceeceeeveeevuieeccenscensneennnn. 286
Symposia — 1:00 p.m. 123. Acetylcholine receptors: neuronal nicotinic I ...................... 288

89. Phosphorylation Cascades, Neurofibrillary Tangles, and 124. Excitatory amino acids: pharmacology |
Alzheimer’s Disease 125. Excitatory amino acids: receptors Il ............

Chaired by: P.D. Coleman...........cccccueevueenencneecneerensenenencs 215  126. Serotonin: neurochemistry ..........c..coccverevcrvcnuencnae.

90. Functional Organization of Human Visual Cortex 127. Transmitters in invertebrates: biogenic amines ........

Chaired by: A. Burkhalter ............cccoceviinrninnnniiiinceceenne 215 128. Interactions between neurotransmitters | ..........c.cccceevuennenee.
129. Regional localization of receptors and transmitters 11
History of Neuroscience Lecture — 1:00 p.m. 130. Second MeSSENGErS Il .........ccueveeeerirenrenirinnieneenscneseeseenens

91. Neural Integration at the Mesoscopic Level: 131. Hypothalamic-pituitary-gonadal regulation: control of LH
Highlights of Half a Century SECTELION ....eeeeeieeerneeenieteeenieetesteeteereesaeeeeseesneesneseesasenees
T.H. BUHOCK ..ottt No Abstract  132. Cardiovascular regulation: sympathetic system

133. Cardiovascular regulation: vagal system ..................
Special Lecture — 4:15 p.m. 134. Autonomic regulation: supraspinal control ...........cccceccceueun.

92. Peripheral Neuropathies and Nerve Regeneration: Common 135. Autonomic regulation: spinal and peripheral mechanisms...321
Molecular Themes? 136. Somatic and visceral afferents Il ..........cccccevereeerecncncecenns 323
E.M. SROOLET ......oovoriiriiieeireeeecreestee e te e aeeeene No Abstract  137. Subcortical somatosensory pathways: spinal cord and

Drainstem .......ccoceveeerienireietecteneeccesreeree st nes 326
Slide Sessions — 1:00 p.m. 138. Subcortical visual systems: pretectum and pulvinar ............. 330

93. Serotonin receptors: pharmacology, localization, 139. Striate cortex: functional organization |
TEGUIALION ..ttt ettt e e s sne s 140. Striate cortex: functional organization Il

94. Pattern formation, compartments, and boundaries | 141. Invertebrate sensory systems |I.....................

95. Uptake and transporters Il ...........cccceceevcreevenenencnnenene. . 142. Invertebrate sensory systems Ii........

96. Degenerative disease: Alzheimer’s—neuropathology and 143. Vestibular system: psychophysics
NEUTOLTANSIMIETS ....ccvveeeeeeeieeeeeieeerereesseeesraesseaessessssasssasnns 221  144. Oculomotor system: pursuit and optokinetic nystagmus ...... 344

97. Gene structure and function Il ...........cccceeeeveeeeecerceesnnennenne. 223 145, Oculomotor system: vergence and accommodation ............ 346

- 98. Neural-immune interactions: cytokine effects on the 146. Circuitry and pattern generation I ..........cccceeveeveeevveereeveenrennns 347
NEIVOUS SYSTEIM .....nvirenirreruiceensersensensenseseessessesaessossesaesasnans 225  147.Limbic SyStem | c..c.oecvemieieirieeeeceeeeeetet et 350

99. Degenerative disease: Alzheimer's—other Il ........................ 227  148. Limbic SyStem Il .....cccooceeriiveiieniesienieneeeieeeseesveeneesnenseens 354
100. Retina: photoreceptors and interneurons ............cccceveeuennee. 229  149. Limbic system I .......cccoveevenencirineneeercerciveneeeeeseesneneene 357
101. Catecholamine receptors ...........ccceeceeeeieeceeesreeesreeseeeranenns 231 150. Learning and memory: systems and functions I.................... 358
102. Pain modulation: anatomy and physiology Il ....................... 233 151. Learning and memory: systems and functions Il ................... 362
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Number & Title Page Number & Title Page
152. Learning and memory: systems and functions Il .................. 365 Slide Sessions — 8:30 a.m.
153. Learning and memory: pharmacology—monoamines........... 367 173. Learning and memory: physiology I.........cccoceveereuenennnnncne 411
154. Learning and memory: pharmacology—opioids .................. 370 174. Hypothalamic-pituitary-adrenal axis regulation:
155. Motivation and emotion | ...........cccceceecieeinnenenneneencneene 371 focus on CRF and glucocorticoid receptors ..........c..cc.c...... 414
156. Neuroethology: electroreception ...........ccccceeeeeercesecenennennne 374  175. Neurotrophic factors: biological effects | .......c.ccceevereeuenennen. 416
157. Drugs of abuse: ethanol, benzodiazepines, barbiturates Il ...377  176. Neuroglia and myelin Il .........c.cccccocoiiiiiinnninniiniiiinnnne 418
158. Psychotherapeutic drugs: clozapine .........cccccccveeeiervcnnnnne. 382 177. Opioids: receptor physiology and sigma sites .......cc..cccceueenee 420
159, ABINE ittt ettt 385  178.Reeneration I .......cccccceeieeuirccriniieeiricceeeceeneceneeeeceneeeeee 422
160. Genetic models of nervous system disorders I ..................... 389 179. Striate cortex: functional organization Il ...........ccceceevenueueene 424
161. Epilepsy: human studies and animal models I...................... 392 180. Oculomotor system: physiology and psychophysics
162. Degenerative disease: Alzheimer's—B-amyloid lll ............... 395 Of SACCAAES ...ttt 426
163. Degenerative disease: Alzheimer's— 181. Receptor modulation, up and down regulation I.................. 428
neuropharmacology and neurotransmitters Il ....................... 399 182. Degenerative disease: Alzheimer’'s—R-amyloid IV .............. 430
164. Degenerative disease: Parkinson’s—free radicals.................. 401  183. Long-term potentiation Il ..........cccccevrrueenenrircennennnceccnicnnens 432
165. Degenerative disease: Parkinson’s—neurotoxicity I ............. 404 184. Cardiovascular regulation: supramedullary control .............. 434
166. Degenerative disease: Parkinson’s—neurotoxicity Il ............ 406 185. Process outgrowth, growth cones, and sprouting Il .............. 435
167. Degenerative disease: other Il ............cccceceveeeerncnnerncnrenenne 408 186. Learning and memory: systems and functions IV ................. 437
85. History of neuroscience 203
86. Teaching of neuroscience | 206 Poster Sessions — 8:30 a.m.
87. Teaching of neuroscience I 209 187.Neuronal death | .........ccccccvviiiiiiiiniiiiiiiinncicceccenes 440
88. Teaching of neuroscience Il 212 188. Pattern formation, compartments, and boundaries Ii............. 443
189. Glia and other non-neuronal cells: response to injury ......... 446
Animals in Research Panel — 5:30 p.m. 190. Glia and other non-neuronal cells:
168. Animal Activism in the “90s: What Have We Learned and microglia/macrophage ...........ccceceverviieniesivnnnneeeenceene 449
What Can We EXPeCt? ........cccoeveeeeereeneeeseeneeaieeneene No Abstract  191. Visual system: optic tectum/superior colliculus ................... 452
192. Aging processes I......c.ccccovvuecricueecececnne e 455
Presidential Symposium — 8:00 p.m. 193. Membrane composition and cell-surface
169. Brain Plasticity: Molecules and Maps mMAacromolecules Il ........cccovevirvinnieriennreeceeeeeceee e 459
Cortical Representational Plasticity: Contributions to 194. Acetylcholine receptors: muscarinic antagonists
Learning AN QBONISES ....veeereeerecreerrereereeeeseeeesseesseessesssesseesaeessessanes 460
M. Merzenich ........cccocvvirvievnnnnninneceeceene No Abstract  195- Acetylcholine receptors: neuronal and
New Molecular Mechanisms of Neurotrophin Action a—byngarotoxgn-sen«'smve cresesessenisinss s asnan st 463
M.V. ChAO0 ..ottt No Abstract 196. Exc!tatory amino ac!ds: anatomy and physiology I ...... 466
197. Excitatory amino acids: pharmacology II ....................... ..470
Regeneration in the Adult Central Nervous System 198. Excitatory amino acids: receptors Ill ............. 472
FH. Gage oo No Abstract 199 GABA FECEPLONS: STUCKUTE ..v.veereeeeeeerereoees 475
Neural Transplantation in the Basal Ganglia: Neuronal 200. Peptides: physiological effects I ....... ..478
Replacement and Reconstruction of Lesioned Circuitry 201. Peptides: physiological effects II ................... ..481
A, BJorklund ......coeeeeeeiiieeeeeeceeee e No Abstract  202. Opioids: anatomy and physiology | .............. ..483
203. Catecholamines Il .........ccccceeecieevueeeveiennecnenn. ..486
204. Transmitters in invertebrates: amino acids .... ..489
TU ESDAY, NOVEMBER 9 205. Interactions between neurotransmitters Il ..... ..491
206. Uptake and transporters Hl ...........cceceeeeveereeneeneeeiveseessenaeens 494
Symposia — 8:30 a.m. 207. Receptor modulation, up and down regulation Il ................. 497
170. Role of Calcium in Stimulus-secretion Coupling 208. Neural-immune interactions: neurochemical effects
Chaired by: J.R. LEMOS .......ccerurvireeirerreeeeeeeseeseeseeeeeeenes 411 of immune stimulation ...........cccceeevereeeeereeeecereeee e 501
171. Molecular Plasticity to Psychotropic Drugs 209. Neural-immune interactions: neurophysiological
Chaired by: E.). Nestler..........ccuoueeeecieeieeieceeereceeeaeeeenn. 411 response to immune stimulation ........c...cceeceeevvieenienvceneenns 502
210. Neural-immune interactions: CNS effects on
Special Lecture — 11:45 a.m. IMMUNE FESPONSE ......cevnirenenetraenterereeeeseeeeseeseseeeeneeenenes 504
172. Steering Responses of Neuronal Growth Cones to In Situ 211. Neural-immune interactions: endocrine effects
Guidance in an Insect Embryo ON IMMUNE FESPONSE .....ccveeerereireeesrerasresssseesssessssssssesssasssnes 507
D.Bentley .....coceeeeeeeeeeeeeee et No Abstract  212. Autonomic regulation: genital innervation................c.c........ 508
213. Autonomic regulation: urinary system innervation............... 509
214. Somatic and visceral afferents Il ..........ccccceeeeevenrenveecennnenns 512

vii
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215. Subcortical somatosensory pathways: thalamus................... 515 Presidential Special Lecture — 4:15 p.m.

216. Pain modulation: anatomy and physiology Iil 253. How Language Works

217. Pain modulation: pharmacology Il ..........ccccceeeeenienennnnnnn. S PINKET ettt No Abstract

218. Lateral geniculate nucleus: structure and function ............... 524

219. Lateral geniculate nucleus: biophysics and pharmacology ...526 Slide Sessions — 1:00 p.m.

220. Subcortical visual pathways: retinofugal and retinopetal 254. Drugs of abuse: alcohol, barbiturates, benzodiazepines ...... 609
SYSTEIMS .. eeeeereeenreernteeernrreesatee e seaseseeeeessaaesesnnessssaesansnens 528  255. Presynaptic mechanisms | ........cccocceeeeveeceereereereeceeseeseenn 611

221. Subcortical auditory pathways I.........cccccevveveenecerrencnrenuenn. 530 256. Cell lineage and determination: immortalization,

222. Subcortical auditory pathways Il .........cccoveveerccrerirencrennnne. 532 transplants, COMEX .......coovvervcrinirrcririreneeeeeeeeseseneesaennes 613

223. Subcortical auditory pathways Il ..........ccccoeeereevurreerreerennnne 534  257.Sensory and mMOtOr SYStEMS ........cccceeevueeeieerrenareeesseeseeesnnenns 615

224. Spinal cord and brainstem [ .........ccoceecvevverveeecerceesercrerenennen. 537  258. Hypothalamic-pituitary-gonadal regulation:

225. Spinal cord and brainstem Il .........cc.cccceeviinenveecnieneriienneennen. 539 control of GNRH Secretion ..........c.coeeveveeeenerueneeneeenieneeneene 618

226. Control of posture and movement lll ...........cccccovveerevrennen. 543  259. Process outgrowth, growth cones, and sprouting Il ............. 620

227. Control of posture and movement IV .........cccccceoveeuevuccununnee 546 260. Degenerative disease: Alzheimer's—other il ....................... 622

228. Control of posture and movement V ...........cccceevevveervenneennene 548 261. Excitatory amino acids: receptors IV ........c.cceeeerereerereereenen. 624

229. Control of posture and movement Vi ...........cccceeveevecreeneennen. 551 262. Molecular and pharmacological correlates of

230. Control of posture and movement Vi .........c.ccceeveererueerennnen. 554 development Il .........ocoviiiiriiiiirireece e 626

231. Circuitry and pattern generation Il .........ccccceveevrnvinrrenenennnn. 556  263. Striate cortex: response properties I .........ccccececevceuiienvrennees 628

232. Human cognition: hemispheric laterality, gender 264. Degenerative disease: Parkinson’s ............ccceceeeeerveereenennns 630
IfferenCes ......cocviiecriiiiieretreeccteet e 559  265. Serotonin receptors: molecular biology I ...........ccccocceeenenee. 632

233. Human cognition: attention ...........c.cccceveeveeeniceennencneneeeneens 561 266. Neuronal death Il ..........ccoeveeeerieniininnininiecreeeeeeeeeeaeenene 633

234. Learning and memory: pharmacology—other I .................... 565  267.ISChEMIA | ....cveuieeeieniiieircnieceeereee et 635

235. Biological rhythms and sleep I..........ccccoceveevervencinenvencenennen. 567

236. Biological rhythms and sleep Il ..........cccoceeervreerveceecereeenen, 571 Poster Sessions — 1:00 p.m.

237. Neuroethology: audition ............cccoeeeveerveenverecieeceeeeeenen. 575 268. Cell lineage and determination: telencephalon.................... 637

238. Invertebrate learning and behavior Il ...........ccccccoverecennnne. 578 269. Cell lineage and determination: neural crest........................ 639

239. Ingestive behaviors [ .........ccocveeeveeniininneneererieneeceseenees 581 270. Formation and specificity of synapses: motor neuron

240. Ingestive behaviors Il ............ccceceeveerieeceneeceereeceeseeeeeenens 583 MUSClE INEraction .........ccevcvereuerereerreienieeeeeeeneesseenesaesseenens 641

241. Hormonal control of reproductive behavior: 271. Formation and specificity of synapses: neuronal target
maleffemale/parental ............ccooeeveereeiereeiecreceeeee e 584 INEEFACHION ...cvveevieieceieneereeet e eee e ees e e e sae s nessaeseaaseens 642

242. Monoamines and behavior: sexual behavior ....................... 588 272. Formation and specificity of synapses: motor neuron to

243. Monoamines and behavior: gene expression .........cc.cecueuue.. 590 MUSCIE ettt ene s 644

244. Monoamines and behavior: serotonin .............ccccceevvennen.n.. 591 273. Formation and specificity of synapses: telencephalon.......... 646

245. Drugs of Abuse: ethanol, benzodiazepines, 274. Neurotransmitters and channels: glutamate and GABA ....... 648
barbiturates—GABA ..........c.cooveeerererrereenenee. 275. Neurotrophic factors: biological effects 11

246. Psychotherapeutic drugs: antipsychotics 276. Neurotrophic factors: biological effects IlI
247. Aging: memory and cognition ...........ccccceveeueerereennennes 277. Neurotrophic factors: biological effects IV
248. Epilepsy: human studies and animal models Ii 278. Neurotrophic factors: biological effects V

249. Epilepsy: basic mechanisms Il ..........cceeceeveerieceeereeeeneneen, 279. Neuronal death [l ..........cccovveeieeercernirereneenerteseesaeseesnenns
85. History of neuroscience 280. Glia and other non-neuronal cells: neurotransmitters
86. Teaching of neuroscience | and ion channels............cccovvnueurcnnennee.
87. Teaching of neuroscience Il 281. Cerebral cortex and limbic system
88. Teaching of neuroscience | 282. Regeneration Il ..........cocueievnruccnnnnee.
283. Regeneration Il ..........
Symposia — 1:00 p.m. 284. Transplantation Il
250. Integration in Central Somato-visceral Processing 285. Neuroglia and myelin IV
Chaired by: A.D. Craig and A.D. Loewy .......ccccccverueervennen... 609 286. Membrane composition and cell-surface
251. Microglia and Neuronal Injury macromolecules I .........eoveeeniierenenrneeneeceneneeceeeeeeeeeene
Chaired by: C.A. Colton and W.J. Streit .........ccccueereeeieennnnen. 609 287. Blood-brain barrier: structure/function
288. Blood-brain barrier: permeability/transport
Presidential Special Lecture — 1:00 p.m. 289. Gene structure and function lll ...............cccuueee.
252. Attention and Distributed Neural Systems in Higher Brain 290. Synaptic structure and function Ii
Function - 291. Calcium channel pharmacology and modulation | .............. 701
ML POSNEE ..ot ree e s csessseees No Abstract  292. Potassium channel structure, function, and expression | ...... 704
293. Potassium channel pharmacology ..........ccccecenureieeccnueneecnnen. 707
294. Potassium channel modulation.............ccceeeverevenenercnnnnne. 710
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295. lon channel modulation and regulation | ..................c.c........ 713 87.Teaching of neuroscience Il 209
296. Excitatory amino acids: pharmacology Ill ..........ccccceeeencnee. 716  88. Teaching of neuroscience Ill 212
297. Excitatory amino acids: receptors V ..........ccceceveeverrceeeneenen. 719
298. Peptides: reCeptors I .........coceveeeveeeieurereieeniiisensenssneesesenes 722 Social Issues Roundtable — 4:30 p.m.
299. Peptides: receptors Il .........ccceeecveeeireicernieeseeeseeeseeeseeaneenns 725  341. Genetic Manipulation of the Brain
300. Peptides: receptors Hl .........cccoeecuerereeerieenieenieeeieeeeeeeseeesneeens 729 Sponsored by: Social Issues Committee of the Society for
301. Peptides: anatomical localization | ...........cccceevveeeverciennneene 731 Neuroscience, H.J. Ralston, Chairperson. ................ No Abstract
302. Catecholamine receptors: dopamine receptors—
molecular biology ........cccevveeeeveeciiriececereee e 733 The Grass Foundation Lecture — 8:00 p.m.
303. Catecholamines: biosynthesis and degradation..................... 736  342. Inductive Interactions and the Control of Neural Cell Fate in
304. Catecholamines: dopamine release ..........cccccceeeeriienvennnenn. 739 Vertebrates
305. Serotonin: electrophysiology .......cccocceeeeeirrierrerreerseeciennienne 742 TM. Jessell ..o, JETSRRRN No Abstract
306. Transmitters in invertebrates: acetylcholine ......................... 743
307. Uptake and transporters [V .........c.cccceeeveererveecerreenenncrnenseennns 745
308. Regional localization of receptors and transmitters Ill .......... 748 WEDNESDAY, NOVEMBER 10
309. Second messengers: PKC, calcium, and IP3 ................c........ 750
310. Behavioral pharmacology I ..........cccccoccviiniinicicinincnncnnnne 754 Symposia — 8:30 a.m.
311. Behavioral pharmacology Il .........cccceveervervieeniecvenneenieereneenns 757  343. Molecular Biology of Neuropeptide Receptors: How Different
312. Hypothalamic-pituitary-adrenal axis regulation: CRF ........... 760 Are They?
313. Somatosensory cortex and thalamocortical Chaired by: T. REISINE .....coecueueereceereeceneeneeneernenneeerennesaenns 840
relationships  .........ccueeieeieneerieceereereese et see e e 764  344. Regulation of Oligodendrocyte Development
314. Subcortical visual pathways: superior colliculus .................. 766 Chaired by: M. Dubois—Dalcq ........cocceeveenreccnucnercccnuennnnns 840
315. Visual cortex: extrastriate—unit properties ............ccoeveuven... 769
316. Visual psychophysics and behavior I .................c............ e 771 Special Lecture — 11:45 a.m.
317. Sensorimotor cortex: plastiCity .......cceeeeveeereeerreereesreniennuenne 775  345. RNA Trafficking in Neurons: A Mechanism Allowing the Local
318. Sensorimotor cortex: behavioral correlates of neuronal Synthesis of Protein Constituents of Postsynaptic Sites
AISCRAEE ...ttt e es O. StEWArd ...ttt cae et e seeeereennens No Abstract
319. Sensorimotor cortex: neuronal interactions ..
320. Basal ganglia and thalamus IV ..........cccocevirvinviniencenncenneenne Slide Sessions — 8:30 a.m.
321. Oculomotor system: saccades and superior colliculus ......... 784  346. Degenerative disease: Other IV ........c.coccccevvercevceenrenrcerenncne 841
322. Oculomotor system: eye-head control 347. Human cognition: audition and language I...........ccccceueueeee 843
323. Human cognition: memory, other ............... 348. Opioids: receptor molecular biology ..........cccceccevceueruceucenenn. 845
324. Learning and memory: physiology Il ............ 349. Hypothalamic-pituitary-gonadal regulation: cellular and
325. Learning and memory: physiology llI............ molecular aspects ........ccccevveeiiiiiinniinneiiiice e 847
326. Learning and memory: physiology IV 350. Ischemia Il ceeeeneeeeeenes 849
327. Neural plasticity: hippocampus 351. GABA receptors: function—molecular modeling I ............... 851
328. Neural plasticity I .......ccceevevenennn. 352. Limbic SyStem [V ......c.cocerirencnienieeeneeeneeeeeeeseesseneeseessennens 853
329. Motivation and emotion Il ............ccccuveuennee. 353. Psychotherapeutic drugs: effects on neurotransmitter
330. Invertebrate learning and behavior | SYSTEIMIS «..vvveneeeeeerrersnesseeereseessesneesneeeesseesesssessesssesssesnsessesaes 855
331. Ingestive behaviors Hl ...........ccocveeeierieneiireeeceeceee e, 354. Oculomotor system: superior colliculus and brainstem ....... 857
332. Hormonal control of reproductive behavior: receptors ........ 819  355. Degenerative disease: Alzheimer’'s—R-amyloid VI .............. 859
333. Drugs of abuse: amphetamine and other stimulants— 356. Cell lineage and determination: cellular and molecular
AMPhEtAMINE .....ooveeeeceee e se e eas 821 SPECIfICAtION ... sae e enene 861
334. Drugs of abuse: amphetamine and other stimulants— 357. Transplantation H .........cccevveeieeienieniennieneeeeieeeeeneeseeenne 863
amphetamine: behavior..........cccoccerirncreicneneeeceesceeenne 823  358. Stress: from molecular biology to behavior .......................... 865
335. Drugs of abuse: amphetamine and other stimulants— 359. Striate cortex: plastiCity ........ccceeveereeereeseereereereecreseeseeeneens 867
amphetamine derivatives.............cccceeceeeeeeiecreeceeseesreneeeeene 826
336. Drugs of abuse: amphetamine and other stimulants— Poster Sessions — 8:30 a.m.
NICOHINE ..eeeeeieieieeteeteenretee e enestesaeesee e e essaeseesseesaesssesneen 829 360. Genesis of neurons and glia Il ......c.cccceveeviievennennnncenceenns 869
337. Drugs of abuse: amphetamine and other stimulants— 361. Cell migration and motility: olfactory neurons ..................... 872
phencyclidines and other ...........cccccvevvveriecrienerceeceecrecreenne, 830 362. Cell migration and motility: neural plate and
338. Degenerative disease: Alzheimer's—R-amyloid V ............... 832 Crest derivatiVe ..........ceevueeceereeceeerieseecreeeecteeeesseesaesaesseenas 874
339. Degenerative disease: other lll ............ccccevvvereurreeceeceeeernenen. 834  363. Process outgrowth, growth cones, and sprouting IV ............. 875
340. Mental illness [ .......ccceeveeereenircrererieeneneeeeesiereeseesaeseens 837  364. Process outgrowth, growth cones, and sprouting V .............. 877
85. History of neuroscience 203 365. Hormones and development: estrogens ...........ccceceevecuennee. 880
86. Teaching of neuroscience | 206 366. Hormones and development: glucocorticoids ..................... 881
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367. Hormones and development: androgens ..........ccccceecveeenene 882 416. Hormonal control of reproductive behavior:
368. Neuronal death 1V .........cocceeeeeuenenrenenenienieneenesesenaenennens 883 immediate early gene expression ............ccceeevercineiinninns 1019
369. Sensory Systems Il .......c.cocueeeeeierreenienerieeneneneeneereeeeseeneenne 887  417. Drugs of abuse: opioids and others—opioids:
370. Visual system: LGN and COMeX........ccceverenenenenenenernuennene 890 NEUFOCREMISITY .....eoviiiiiieeeetenceeerece ettt eevese e 1021
371. AGING ProCeSSES Il ......uvereeirireiiieeeieeiieeneeeseensisesstessreessaennns 895 418. Drugs of abuse: opioids and others—opioids: behavior ..... 1024
372. Membrane composition and cell-surface 419. Epilepsy: human studies and animal models Il .................. 1027
macromolecules IV .........oooeeieeincieciecieeeeeece e 898  420. Epilepsy: basic mechanisms I ........cccocceeeeeenerreeevericreennene 1030
373. Presynaptic mechanisms Il .........cccoooevenineniinicnniinincnenen. 900 421. Degenerative disease: Alzheimer's—R-amyloid VII ........... 1033
374. Long-term potentiation Hl ............cccevveevienerienceereeceeirenneens 903 422. Degenerative disease: Alzheimer's—R-amyloid VIII .......... 1037
375. Long-term potentiation IV ...........cccereiirniieniienrienressieesiienans 906 - 423. Degenerative disease: Alzheimer’'s—neuropharmacology
376. Long-term potentiation V ..........ccccoviiiiuiiiiiiiinniinicniecinenee. 910 and neurotransmitters Nl ........c.cccevueveenienieninnenieeneenceneene 1039
377. ACetylCholine ........coueeuevieniiiiteeriereeeee et 913  424. Degenerative disease: Alzheimer's—other IV .................... 1042
378. Acetylcholine: ChAT and AChE ..........ccccoceevirvenirnenncnneens 915 425. Degenerative disease: Alzheimer's—other V ..................... 1044
379. Excitatory amino acids: anatomy and physiology Il ............. 918 426. Degenerative disease: Parkinson’s—human
380. Excitatory amino acids: pharmacology IV ............ccoeuenenne 921 neuropharmacology and pathology ........c.cccceceecruenniene. 1...1047
381. Excitatory amino acids: receptors Vl ..........ccccceceevueererruerenns 925 427. Degenerative disease: Parkinson’s—functional
382. Catecholamines: anatomical and developmental aspects ....927 MOIPhOIOBY ...c.eeeiieeiiceieecrece et 1048
383. Transmitters in invertebrates: peptides ............cccceeeveereenneen.. 929 428. Degenerative disease: Parkinson’s—human performance
384. Storage, secretion, and metabolism I ..........ccccccevrveeruennnenn. 932 and primate models...........cooueeeveerniiiiieeiiieneeeeeeeeeeenees 1050
385. Uptake and transporters V .........cccecceeeeeereeeruesenseessesssensennns 935  429. Degenerative disease: Parkinson’s—transplantation
386. Second messengers Il ..........coccvevienieneneneninneenieeereeeeaen 938 AN BlIA weeereieireeieeeee ettt 1052
387. Hypothalamic-pituitary-adrenal axis regulation: basic and 85. History of neuroscience 203
clinical studies ........c.cccccviriiiininiiiinin 941  86. Teaching of neuroscience 1 206
388. Neural-immune interactions: sympathetic regulation of 87. Teaching of neuroscience Il 209
IMMUNE IESPONSE ......oovererrrrinirrenrerererrenese et 944  88. Teaching of neuroscience Ill 212
389. Neural-immune interactions: other neurotransmitters in
IMMUNE tISSUES ......coveniiniiniiiiiniiiee s 946 Symposia — 1:00 p.m.
390. Cardiovascular regulation: ventrolateral medulla................. 950 430. Thalamocortical Mechanisms Underlying Generalized Absence
391. Cardiovascular regulation: descending control .................... 953 Seizures
392. Cardiovascular regulation: hypothalamic control ................ 956 Chaired by: D.A. PrINCE ......ccocvevureveeceeeireereeiessesseesseesesnes 1054
393. Autonomic regulation: central gastrointestinal control ......... 959  431. Cortical Oscillatory Responses and Feature Binding
394. Autonomic regulation: peripheral gastrointestinal control ....962 Chaired by: J.A. MOVShON .........ccccuieeeeeieiiieteeeeceeee e 1054

395.
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398.
399.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.

413.

414.
415.

Pain modulation: anatomy and physiology IV
Pain modulation: pharmacology Ill......................
Visual cortex: extrastriate—anatomy
Visual cortex: extrastriate—cognitive mechanisms I
Basal ganglia and thalamus V .........ccccocevevirciecciececeeceee.

Cerebellum |

Cerebellum 1l

Spinal cord and brainstem Ill ....

Spinal cord and brainstem IV .........cccccoveiiirciieieecieeeenee,
Control of posture and movement VIl ..........cccceveveruenuennne. 989
Control of posture and movement IX .........ccccccerueeeerurcvennen. 991
Circuitry and pattern generation ] .........ccceeeeeeeererrennennn. 994
Comparative neuroanatomy Il .........cccecevieerieencnensiencnennnen. 996
Learning and memory: systems and functions V .................. 998
Learning and memory: systems and functions VI ............... 1001
Learning and memory: systems and functions VII .............. 1004
Learning and memory: physiology V .......ccceveevivvenceennnne 1005
Learning and memory: pharmacology—

benzodiazepines ..........cceeveeeeeceereeeienereeeete e cree e 1008
Learning and memory: pharmacology—excitatory

11110 Lo T ol 1o [ 1009
Neural plastiCity Il ....ccceevieeeieiieeeieereeeceeceecceee e 1012
Neuroethology: bird vocalization .........c.ccccevcrnirverreneennnne. 1015

Special Lecture — 1:00 p.m.

432. Survival, Regrowth, and Reconnection of Injured Neurons in
the Adult Mammalian CNS
AlJ. ABUAYO ..ottt vereeenn No Abstract

Special Lecture — 4:15 p.m.
433. Spinal Cord Mechanisms of Opioid Analgesia
and Tolerance
A. Basbaum........ccceieiiiniiiriiiceeccccee e No Abstract

Slide Sessions — 1:00 p.m.

434. Biological rhythms and sleep lll .........cc.oeveveeeenrencnereencnnen. 1054
435. Ischemia lll.......ccoeecieeieeeeeeeeeeeee e 1056
436. Cytoskeleton transport and membrane targeting Il ............. 1058
437. Serotonin: anatomy, regulation, and clinical studies .......... 1059
438. Potassium channel structure, function, and

eXPresSion 1l ........ooo i 1061
439. Catecholamine receptors: dopamine Il ...........ccccocevecueenee. 1063
440. Invertebrate learning and behavior IV ..........cc.ccoccuecennnee.. 1065
441. Peptides: posttranslational processing..........c.c.ccceeceueucnncn. 1067
442. Neuroendocrine regulation: gene expression and

CO-10CAliZAtION ....coeveniieieeeceee ettt 1069
443. Neuro-onCOIOBY | .....ccovueereeerieenieecieeeeeeeie e e s see e e 1071
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444, Pain: pathways | ......ccccecieeveeveenneecreereeniensneesneessssesssessesssenne 1072 4971.5pinal COTd I ...uuimriieeirercriceeeeeeeseesseeseeeeeseesaessaessannns 1195

445, Synaptic structure and function Il .........ccecoeeerveeeevenrereenen. 1075  492. Retina: invertebrate ...........c.coeeeveereeereneeneeceeseneeneseessennens 1197

446. Cardiovascular regulation: brainstem integration ............... 1076  493. Retina: choroid, pigment epithelium,

447. Learning and memory: systems and functions VIII ............. 1078 and pPhotOreCepLOrs ........cccccevveeeereiererrreereecsereeenieeseecessanes 1199

494. Auditory system: central anatomy—brainstem ................... 1202

Poster Sessions — 1:00 p.m. 495. Sensorimotor cortex: functional stimulation, models, and

448. Process outgrowth, growth cones, and sprouting Vi........... 1081 DENAVION ...ttt 1205

449. Process outgrowth, growth cones, and sprouting Vi .......... 1084  496. Sensorimotor cortex: functional imaging ..........c..ciceeeenee. 1208

450. Axon guidance mechanisms and pathways IV ................... 1086 497. Sensorimotor cortex: NeUroanatoMY ...........cecceeveesuesseesvennes 1210

451. Axon guidance mechanisms and pathways V .................... 1089  498. Motor cortex: neuropharmacology ............cccciveeeeereececnnene 1213

452. Neurotransmitters and channels: acetylcholine, amines, 499, Cerebellum 1 ........eeeeeiereeeeeeecieeccteeecreeeeereseeeeeeeenaees 1214
peptides, G-Proteins ........c.ceceereeereerrecveesreeseesresseessesssesseens 1092  500. Brain metabolism and blood flow: miscellaneous.............. 1217

453. Neurotrophic factors: biological effects VI.......................... 1095 501. Brain metabolism and blood flow: blood flow ................... 1219

454, Neurotrophic factors: biological effects VII ..........c..cccue..n. 1099 502. Brain metabolism and blood flow: PET ...........ccccccecrueunnnece. 1222

455. Neurotrophic factors: biological effects VIII ....................... 1103  503. Brain metabolism and blood flow: nitric oxide .................. 1224

456. Pattern formation, compartments, and boundaries Iil ......... 1106  504. Learning and memory: systems and functions IX ............... 1226

457. Molecular and pharmacological correlates of 505. Learning and memory: systems and functions X ................ 1229
development I .........coooiiriivinieeeeeeeceece e 1109 506. Learning and memory: systems and functions Xl ............... 1231

458. Staining, tracing, and imaging techniques: confocal 507. Learning and memory: pharmacology—other Ii.................. 1234
INHCTOSCOPY wevvrvervreeceveeeriesassseesseesssssassessssssnsassssssssssssssesens 1112 508. Ingestive behaviors IV ........cccceouevueune.e. e eeeasaerens 1237

459. Staining, tracing, and imaging techniques I ....................... 1113 509. Monoamines and behavior: stimulants ..........c.c.cccoeceene. 1240

460. Neuroglia and myelin V .......ccooueeevirvievnnenernnenreneerennaene 1116  510. Monoamines and behavior: stress and depression ............. 1243

461. Gene structure and function IV .........cccccceeeevcnenenueneenucnnene 1119  511. Drugs of abuse: opioids and others—opioids:

462. Presynaptic mechanisms 1l .......cccoovveviveninnennicnnnnncnne. 1123 WIthdrawal ......ccccociinininiiircintees e e 1246

463. Calcium channels: effects of transmitters 512. Drugs of abuse: opioids and others—developmental
aNd hOMMONES ....co.ueieeireieeeieeitect et et sae e s e e e EffECES ..ttt ettt aens 1249

464. Chloride and other ion channels 513. Degenerative disease: Alzheimer's—R-amyloid IX............. 1250

465. Acetylcholine receptors: muscarinic subtypes ................... 1130 514. Degenerative disease: Alzheimer's—

466. Acetylcholine receptors: nicotinic receptor expression ...... 1132 neuropharmacology and neurotransmitters 1V

467. Excitatory amino acids: receptors VI 515. Degenerative disease: Alzheimer's—other VI

468. GABA receptors: function: GABA, ...........ccovreiveenrenennnnns 85. History of neuroscience

469. GABA receptors: function—molecular modeling Ii ............ 1140  86. Teaching of neuroscience |

470. GABA receptors: function—benzodiazepines .................... 1141 87. Teaching of neuroscience Il

471. GABA receptors: function—GABA;, GABA_ 88. Teaching of neuroscience Ili

472. GABA receptors: development .......................

473. Peptides: anatomical localization Il .............

474, Peptides: anatomical localization Il ................ THURSDAY, NOVEMBER 11

475. Opioids: receptors Il

476. Opioids: receptors IlI Symposia — 8:30 a.m.

477. Opioids: anatomy and physiology Il ................ 516. GABA as a Developmental Signal

478. Opioids: anatomy and physiology Il ..........ccccceceerueeeeruenne. Chaired by: J.L. Barker ........ccccoueeeveecvinnreeniereeeeireseeeennees 1256

479. Catecholamines: release ..........ccoceveeveeenerneenveecceneenensecnes 517. Neuronal Functions of Calmodulin-dependent

480. Serotonin receptors: molecular biology Il .........c.ccccveevennene Protein Kinase I

481. Serotonin receptors: pharmacology and localization ......... 1166 Chaired by: T.R. Soderling ..........ccccceeuevervcrnrnernccrrceneenenee 1256

482. Serotonin: neurotoxins, behavior and physiology .............. 1169

483. Transmitters in invertebrates: nitric oxide ..........cccccceueuee.e. 1172 Special Lecture — 11:45 a.m.

484. Interactions between neurotransmitters lll ..........cccceeevenene 1173 518. Object-oriented Action: A Neuro-behavioral Approach

485. Second messengers: nitric oxide and calcium.................... 1175 M. JEaNnNErod .......cc.eceeeeeerneernieeiercieneeteeeaenae No Abstract

486. Behavioral pharmacology Il .........ccccoceeireveenrnvcenienenseenne. 1179

487. Receptor modulation, up and down regulation Il .............. 1182 Slide Sessions — 8:30 a.m.

488. Hypothalamic-pituitary-adrenal axis regulation: POMC 519. Retina: ganglion cells | ......cooovieieveinieiiececeeseececceeeene 1257
and steroid receptor stUIes ..........cceeveeereereeeeereernecveereennnns 1185 520. Gene structure and function V.........cccceeveeceeeeneeereesneeseennes 1259

489. Neuroendocrine regulation: CRF, gonadal and adrenal 521. lon channel modulation and regulation Il ......................... 1261
SEEOIAS ..evvenvneeteeiretetete ettt et se s aesse e ene 1189  522.Ingestive behaviors V .........c.occeveveeieveecncneceneneeseeseennnne 1263

490. Respiratory regulation: medullary and spinal cord 523. GABA receptors: function: in vivo studies ............cccc........ 1265
MECHANISMS ....eeveiereteteeeretee e e e e see e eaes 1192 524, Brain metabolism and blood flow I ...c.....ccccevereninirnincnnnn. 1267

xi
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525. Peptides: receptor physiology ........c.cccceceeeeeecireceenenencanene 1269 567. Storage, secretion, and metabolism Il ..........cccoeeeveernenn. 1384
526. Formation and specificity of synapses..........c.ccecceveeceecerenne 1271 568. Second mMesSENGErs IV .........cccceeveeererseecrerereeressnesseeeeseens 1387
527. Transmitters in invertebrates ............ccccovervveevenrerecreenuennne. 1273  569. Behavioral pharmacology IV ........ccccccovveevinerveevercienennnen. 1390
528. Degenerative disease: Alzheimer’'s—R-amyloid X .............. 1275 570. Hypothalamic-pituitary-gonadal regulation:
529. Cerebellum IV .........oouieereeeeeecccerceeecree e e sneesaee s 1277 neuropeptides and tranSMILErs ............o.eveveeeeeerrirereeesennes 1393
530. Osmotic regulation/chemical senses: central pathways .....1280  571. Hypothalamic-pituitary-gonadal regulation:
531. Visual cortex: extrastriate—motion processing .................. 1282 releasing hormones ..........cccceeeeveererceneenrenreneenrenneesensenens 1395
532. Human cognition: attention and memory ..........ccccceueen..... 1284 572. Hypothalamic-pituitary-gonadal regulation:
gonadotropins, neuropeptides, steroids .........c..cc.ccccecunenee. 1398
Poster Sessions — 8:30 a.m. 573. Neuroendocrine regulation: catecholamine and GABA .....1399
533. Genesis of neurons and glia Il ..........ccceeeereeeeeereeceerenenen, 1286 574. Respiratory regulation: carotid body, pons,
534. Cell lineage and determination: visual system ................... 1288 hypothalamus, miscellaneous............c.cccueeeerereenrecreennenen. 1402
535. Process outgrowth, growth cones, and sprouting VIIi ......... 1290 575. Pain: pathways Il .......c.coccevieininrncicneneecneeneneeeeeneene 1404
536. Axon guidance mechanisms and pathways VI ................... 1293 576. Pain modulation: anatomy and physiology V .................... 1407
537. Formation and specificity of synapses: receptor 577. Pain modulation: pharmacology IV
10CAlIZAtION .....c.eoeeeeeiciieirce et e enee 1294 578. Retina: functional organization .............c.cececveevecreerecersvenenne
538. Neurotrophic factors: receptors and cellular 579. Retina: ganglion cells Il .......cc.cc.oceienenincniienererceenenne,
MEChANISMS | ....cviriiriieieiericsrereert e ee et seessaesaessaeesaens 1295 580. Auditory system: cochlea ...........cccceun.e....
539. Neurotrophic factors: receptors and cellular 581. Auditory CorteX | .....ccoevvreeceenenreerieninecreenne
MEChANISMS I .....cevenieeeeirieceeceeseeceere st cne e esaeesreeaneas 1302  582. AUdItOry COMEX Il ..ccueruiiniriinieriereeneecteereeteeseeeeeseesnesaees
540. Neurotrophic factors: receptors and cellular 583. Auditory system: central anatomy—midbrain, thalamus,
MEChanisMS 1 .....c.coeeueeininneierreneceneeereeneeseessenesresaenns 1305 AN COMEX eunnrnirrieeirenncnienreenenreneeteeeieseesteeeteseesessessasaes 1425
541. Neurotrophic factors: receptors and cellular 584. Chemical senses: peripheral gustatory mechanisms ........... 1428
MEChANISMS IV .....oviririnricnrenrenieeresneer e seesteseesaeeresee e s 1308 585. Chemical senses: central gustatory mechanisms ................ 1430
542. Hormones and development: neuroanatomical finding .....1311  586. Basal ganglia and thalamus VI ..........cc.ccceecevirvernuennvencenenns 1431
543. Regeneration IV ..........ceiinncirinicnnnnenicenecneeceesessenes 1313 587. Basal ganglia and thalamus VII ........ e 1434
544. Transplantation IV ..........ccceceevireirnernsenrieeneeeseeneeesensaeeseeones 1317 588. Spinal cord and brainstem V
545. Staining, tracing, and imaging techniques Il ...................... 1320 589. Limbic system V .
546. Long-term potentiation Vl..........ccccceeverveeecercerseeccneresnennes 1323 590. Association cortex and thalamocortical relations I ............. 1444
547. Long-term potentiation VIl .........cccceceeenireenrenrenecrererneenene 1325 591. Association cortex and thalamocortical relations I ............ 1446
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Nutritional and prenatal factors ............cccceceeeeuiiiiniencenenennneenieereeenns
Other factors and trophic agents | .........c.ccceceueuevceenineeneerceerceeeeeeenes
Other factors and trophic agents Il ........c.ccooeeeuevcericeennenteeeeeeeseenes

Pattern formation, compartments, and boundaries I ..............c.ccveueenen...
Pattern formation, compartments, and boundaries Il ..............c.ccveveennne.
Pattern formation, compartments, and boundaries Il ................cccu.e......
Process outgrowth, growth cones, and sprouting I .........cccccececcrcrienunnnne.
Process outgrowth, growth cones, and sprouting Il ..........cccccovevverrennennnn..
Process outgrowth, growth cones, and sprouting Il ..........ccccceveceueerennnns
Process outgrowth, growth cones, and sprouting IV ..........ccccoceeverueernnne.
Process outgrowth, growth cones, and sprouting V ...........cccecvvueernecncne
Process outgrowth, growth cones, and sprouting VI ...
Process outgrowth, growth cones, and sprouting VI ..........cccccceeveuenneee.
Process outgrowth, growth cones, and sprouting VIIi ........ccccocoeuevueneneee..
Process outgrowth, growth cones, and sprouting 1X
Regeneration | ..ot
RegeNeration Il ..........cocoiiiriiiiiiiciiticee e eaes
Regeneration IlI ........................

REGENETAtioON 1V .....ccuiiiiiiiiiiiiiiicniccicetrctce ettt se e
Regeneration V
Regeneration VI
Regulation of Oligodendrocyte Development
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257.

29.
369.

32.
284.
357.
544,
623.

716

191

THEME B: CELL BIOLOGY

288.
287.

34.
436.

35

THEME C: EXCITABLE MEMBRANES AND

291.
607.
720.
721.
549.

11

. Visual system: optic tectum/superior colliculus ...
31.

. Gene structure and fUNCHON | .......cccccerieeieeieiirieeeeeeee e

97.
289.
461.
520.
699.
718.
115.
193.
286.
372.

33.
114.
176.
285.
460.
517.
459.
545.
458.

Sensory and MOLOT SYSIEIMS .......ccceveeeeeierererereeesesseeseessessseseessnessessaessensens '
SENSOTY SYSEMS | ....veeuiinriiiiiiiniiiiiiieicccicretnte et see e e s
Sensory systems Il
Transplantation | ........cc.coccieeceennneininiieeteeercrrestese ettt e snens
Transplantation Il ........c.cccovrieirenenereiecee ettt e e seenns
Transplantation IlI ..
Transplantation IV .......cc.ecvecveeiieciiceecee et sae e s enan
Transplantation V ......c..c.coceeieecrenrienceecntes et et eseeeetesescese e seennens

. Transplantation VI ........cccccccvrininnncnccncnne
105.
370.

Visual system...................

Visual system: LGN and COMEX ........cocerverueruenieniriesenrinreeeeeiessessessesseseens

Visual SyStem: retINA ........c.ceceeeeiieeiiecieecsieieectee e eae e e seaesnaesaeassneennes

Blood-brain barrier: permeability/transport ............cccccceeeeireeneenenencne.
Blood-brain barrier: structure/function ......
Cytoskeleton transport and membrane targeting | ..........ccccceveverenveninenne
Cytoskeleton transport and membrane targeting Il ..........cccceceevenencnunncnne

Gene structure and funCtion Il .........ccccceeeeieirineneneneecerceesresresseseeeens
Gene structure and function I ........coceeecveeieeeeieiereeeeeeeseeeseeaeeesenne
Gene structure and function IV ....
Gene structure and fUNCHON V .......ccccceiriiniiiininireseieeee e cesee e saesaenne
Gene structure and fUNCtion VI .......coccooverieieeierienieeeecereese e sveeeeenens
Gene structure and function VII ...
Membrane composition and cell-surface macromolecules I....................
Membrane composition and cell-surface macromolecules II...................
Membrane composition and cell-surface macromolecules Il .....
Membrane composition and cell-surface macromolecules IV .................
Neuroglia and myelin | ........ccccovivirrinininiriicc e ereene
Neuroglia and myelin Il ...
Neuroglia and myelin Hl ......c..cooveieinicninieieieeee et
Neuroglia and myelin IV ..ot
Neuroglia and myelin V........ccooeeevvieinenennenn.

Neuronal Functions of Calmodulin-dependent Protein Kinase I
Staining, tracing, and imaging techniques | .............cccceeeeeeuerecrereeerennnnn.
Staining, tracing, and imaging techniques Il ...........cc.ccccceceeeruennnne.
Staining, tracing, and imaging techniques: confocal microscopy ............

SYNAPTIC TRANSMISSION

Calcium channel pharmacology and modulation I..........ccccceevevnnennnne.e.
Calcium channel pharmacology and modulation Il ..........c.ccooveueennnnee.e.
Calcium channel pharmacology and modulation lli...........cccccccveverrnneeen.
Calcium channel pharmacology and modulation IV ..................
Calcium channel physiology ..........cccooroevceenenienieiriieeeeeeee e

. Calcium channel structure, function, and expression I .......ccccecvevvruvennns
548.
463.
464.
295.
521.
629.
722.

Calcium channel structure, function, and expression Il .........ccccecveverennen.
Calcium channels: effects of transmitters and hormones .............. weevenas
Chloride and other ion channels .............ccceveeveieeerecreciececreeeeeeeenee
lon channel modulation and regulation | ...
lon channel modulation and regulation Il .........cc.ccccveveeenerveneeceecreeenenne
lon channel modulation and regulation Il ............c.ccoeieeeeecveeeerececas
lon channel modulation and regulation IV ............c.cccvceuennnen.
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723. lon channels: cell funCtion .........cc.coceeiivninininenicitccceeeccececienns
119. Ligand-gated ion channels: glutamatergic ..........c..c.coceeeeeeevcecnercnrecnnnuene
120. Ligand-gated ion channels: non-glutamatergic ....
106. Long-term potentiation | .........ccccceeveiiiiinniiiniiiiicrcieetcciecsec e
183. Long-term potentiation Il .............ccccovviiiiiiiiiiniiniiiiicccecneee
374. Long-term potentiation IlI ...
375. Long-term potentiation 1V ..........ccoeveiiiineiiniiiniiireiieiccte e
376. Long-term potentiation V
546. Long-term potentiation VI
547. Long-term potentiation VIl ..........cc.cceeeviivienniiniiniiiiicieicecceeeeeee
703. Long-term potentiation VIl ...........cccccoeiiiiiiniiiiiiniicnccecce e
118. Pharmacology of synaptic transmission |
627. Pharmacology of synaptic transmission Il
117. Postsynaptic Mechanisms | ..........cccveeieruerriencrerneeneereeeeseeeteseeseeseeenes
626. Postsynaptic mechanisms Il ...........ccoeerveenerrienienneenenseeeesreseeeseeeneeneenes
294. Potassium channel modulation ............cc.ccveveerencrnincnnicnncnineennne
293. Potassium channel pharmacology ...........cccccevevervrinencniccininnnincecnnens
550. Potassium channel physiology ........cccccccocceverieenerniininincniienenecieeiene
292. Potassium channel structure, function, and expression | .............ccccuee.e.
438. Potassium channel structure, function, and expression Il ...........ccccceueuee.
255. Presynaptic mechanisms | ........c.coceeeveenieeencnenneienieeeeeeeeeneseesseseeesaeens
373. Presynaptic mechanisms Il ............ccoceuevinninininicnieniesincncnennesseeenienne
462. Presynaptic mechanisms Hl .......c.coooveeeeirenereninieneneneteseeeessessesaeenae
625. Presynaptic mechanisms [V ..........ccccoevienreinccncnienienenieceeeeseesseeeeeneene
719. Presynpatic mechanisms V ........ccccccocevevieriiniicrenienienininessensensessessenenes
170. Role of Calcium in Stimulus-secretion Coupling
121, SOdium channels | ......c.cccccveeieiiercnienniniiieinicrctce et eesenees
628. Sodium channels Il ...........cccovueriivieneniiirenteeneeeeeesrese et seenes
116. Synaptic structure and fUNCHON | .....cc.coceeeeiieririereeieeetesrere e
290. Synaptic structure and funCtion I ...........cceeeeruecerienenieneneneereeeeeeeseenns
445, Synaptic structure and function Hl..........cccceveerereninoinreenrneneeeceeeecenene

624. Synaptic structure and fFunction 1V .........ccccceveeveeienenirnnrceneeeneneneennenens

THEME D: NEUROTRANSMITTERS, MODULATORS,
TRANSPORTERS, AND RECEPTORS

377. ACELYICRONINE ...ttt
10. Acetylcholing reCeptors .........ccccceeieueciereiirienieeieieieieeses e
551. Acetylcholine receptors: expression of muscarinic receptors...................
725. Acetylcholine receptors: MUSCAriniC .......coceecvereeeeenererseeneeneenreeeenneenens
194. Acetylcholine receptors: muscarinic antagonists and agonists ................
465. Acetylcholine receptors: muscarinic subtypes ..
552. Acetylcholine receptors: muUSsCle ...........cocoeviiiircnicininnniinnencnrenieceene
726. Acetylcholine receptors: mutagenesis of muscarinic
ANd NICOLINIC FECEPLONS ..veverveerrrirereenserseraersereneneersesaeseesessersessenes
195. Acetylcholine receptors: neuronal and a-bungarotoxin-sensitive ...........

123. Acetylcholine receptors: neuronal nicotinic |
630. Acetylcholine receptors: neuronal nicotinic Il
631. Acetylcholine receptors: nicotinic antagonists and agonists ...................
466. Acetylcholine receptors: nicotinic receptor eXpression ...........cecceeeeveeene
378. Acetylcholine: ChAT and AChE ...
122. Acetylcholine: neuroanatomy ............cccoceeceeeeneerescreeecnieeencneneescnnns reeeeeaenes
724. Acetylcholine: release .. . ettt st et s s aeenens
310. Behavioral pharmacology | ........cocceeveereieieneninienieninesvesecteeeseseeseenens

311. Behavioral pharmacology I .............coeeveernievieicinicncnieneneeenesteenesaens
486. Behavioral pharmacology 1 ..........c.ccovveeeereiiineninnecteieeereeseeseeiene
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569. Behavioral pharmacology IV ..........ccccieceeicnnienececceeeteeeeeeenes thAM

101. Catecholamine receptors ..........ccceveevcreercecrinnenueeeteeecresie e

mPM
733. Catecholamine receptors: a- and B-adrenergic ...........cceeeeveeeeerveeennnens fAM
39. Catecholamine receptors: dopamine | .. mAM
439. Catecholamine receptors: dopamine I wPM
562. Catecholamine receptors: dopamine receptor localization
AN reGUIAtION ...ttt ettt thAM

302. Catecholamine receptors: dopamine receptors—molecular biology tPM
38. Catecholamine receptors: dopaminergic agonists and antagonists ....... mAM
40. Catecholamines | ......c..ccouevurieieieeneeetecre ettt et ees mAM
203. Catecholamines Il ........cocvecveeiereeenieieeerteceee et see e aeseeeseaees tAM
695. Catecholamings [l ........cccoeeuiruevierieiriereniertseeeee et saesae e snnaene fAM
382. Catecholamines: anatomical and developmental aspects ..................... wAM
303. Catecholamines: biosynthesis and degradation ............ccccoceeverirerernnene tPM
304. Catecholamines: dopamine release...........c.coceeeereriecieceenenerenessansenes tPM
563. Catecholamines: electrophysiology .........cccc.cveeveeriesveseeeesieeeeeereenennens thAM
479. Catecholamings: rel@ase ...........ecceeeveeeriereriereeneeierienientesieeesesssseessanaens wPM
196. Excitatory amino acids: anatomy and physiology | ........cc.cccceveerenennens tAM
379. Excitatory amino acids: anatomy and physiology Il .......cccccceevneevernnnnne wAM
18. Excitatory amino acids: eXcitotoXiCity | ........ccoveeereeeecereesereecreenrenne
553. Excitatory amino acids: eXCitotoXiCity Il .........cccceverirereeeneniennncencnenne
554. Excitatory amino acids: excitotoxicity Il ..........c.ccceeereveeereeieereeeeceenene
555. Excitatory amino acids: excitotoxicity IV. thAM
619. Excitatory amino acids: eXCitotoXiCity V......cccceveeverrenveenrencrsvenvennrenen. thPM
698. Excitatory amino acids: excitotoxiCity Vi .......ccceceeeereeecveneeceeeeeeenveennn. fAM
727. Excitatory amino acids: excitotoxicCity VIl .........ccc.oeeeveimeneeecieeceeeiene fAM
728. Excitatory amino acids: excitotoxicCity VIl ........c.c.eeviveieeiinccencveennennns fAM

- fAM

mAM
thAM
thAM

729. Excitatory amino acids: excitotoxicity IX.....
124. Excitatory amino acids: pharmacology I ........cc.cecceeiricrvcnenencnencnncne. mPM
197. Excitatory amino acids: pharmacology Il..........cccoceerennrncnncncnenennne. tAM
296. Excitatory amino acids: pharmacology Il ...........ccccccveeeernennierencnennnne tPM
380. Excitatory amino acids: pharmacology IV .........cccccevevrvnnerenennnnnncne wAM

thAM
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198.
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1eCePtors Ml ..coueeeeeiieeieeeccceeeee e
1eceptors IV ..ot rceeaees
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472. GABA receptors: development ............ccoccecrueieeninerneeiere e wPM
523. GABA receptors: function—in vivostudies.............ccceeeeeeeerveeeeereeceennenns
468. GABA receptors: function—GABA,
471. GABA receptors: function—GABA,, GABA_
633. GABA receptors: function—anesthetics .........c..c.ceeercruerceeecnirnercerenenss
470. GABA receptors: function—benzodiazepines ............cccceveeeeeerervennenne
351. GABA receptors: function—molecular modeling | .............cccoceveuennnee.

469. GABA receptors: function—molecular modeling I ...

thAM
wPM
wPM

thPM
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wAM
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632. GABA receptors: function—neurosteroids ............cccceeeeeeeeeecrecsveernnens thPM
199. GABA receptors: StTUCIUNE .......c.cceeeeruieerueeniieneenteenneesnteesseesaeessessnnees tAM

3. Gender and the Brain mAM

128. Interactions between neurotransSmitters | ............cceeveeuveeeeeeeereeseeesneeneenns mPM
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205. Interactions between neurotransmitters I ..........cocceveeereevirrerresrereesreeseninnne
484. Interactions between neurotransmitters Il ............cccooeveuerenreeerereeennenrnennes ’
566. Interactions between neurotransmitters IV .........cccceeveevervenreereseresneseeaene
343. Molecular Biology of Neuropeptide Receptors: How Different Are They?
171. Molecular Plasticity to Psychotropic Drugs
602. Neurotransmitter Transporters
202. Opioids: anatomy and physiology | ..........cccceurenirevennenireneneeeeeeeeeenan
477. Opioids: anatomy and physiology Il ........ccccceceeerenenneneneneseeceeerenaenns
478. Opioids: anatomy and physiology Il .........ccceeeuevievirenenenerinreeenernenns
732. Opioids: DENAVIOF ........cccueeviereeieeeetecreeeree et
348. Opioids: receptor molecular biology ..........cccceerevevierinininenereserererienne
177. Opioids: receptor physiology and sigma sites
37. Opioids: receptors | .
475. OPioids: rECEPLOIS Il .....eeeeeeereiereeieereeteeteeeeereeaee e saeesaeeseeseeseesesseessenns
476. OPioids: reCePLOrs I ..........ccvereeveerereereereerererrreeeressesseeressesesseesessenserseseens
638. OPioids: rECEPLOrS IV .......cviiererreererieeeeeieressentereeeseessessesesesesseesessensens
41. Other biogenic amines and purines: histamine and melatonin ................
42. Other biogenic amines and purines: Purings ............cceceeeveeeeeverreesveeneene
301. Peptides: anatomical localization | ...........ccceeeeevierririnnerieeeeceeeereenen,
473. Peptides: anatomical localization Il ...........ccceeceeireieneeieeceieeeceereceeens
474. Peptides: anatomical localization Il ............ccceeveeeeeeieveecrrereeeecreeeeees
559. Peptides: biosynthesis, metabolism, and biochemical
Characterization I ........cocceeeeiriiereecereeieeer ettt aeeteesae e e e esaeenaens
560. Peptides: biosynthesis, metabolism, and biochemical
Characterization Il ......cccoeieirieieeieiete ettt et
561. Peptides: biosynthesis, metabolism, and biochemical

Characterization Il .........cocceeeeeeeerrierieierecceeeeee ettt eeseaseeea

200. Peptides: physiological effects | ........c.ccveueerereniiniriieieneneneceseereeenenne
201. Peptides: physiological effects Il ........ccccccevueveirniiinnreneeee e
636. Peptides: physiological effects Il ...........cccccoeeinniinininreeeeeeeene
637. Peptides: physiological effects IV ..........cocoeveeieciriniinninineeee e
441. Peptides: posttranslational processing ..........ccccceeeeververerienrereeseeresrenennnns
104. Peptides: receptor molecular biology ...........ccccouevererenrrnirceeninrenencnienenne
525. Peptides: receptor phySsiolOgY .........cccecivertercrierienenenrteeeeeeseseessesaenns
298. Peptides: rECEPLONS | .....coveeeeeireeeeieeereereeeeseeestesseeresseessesseeresseesessneseennes
299. Peptides: reCEPLOrS Il .......eeirerieierereerenreerieseeeeesrestesseseereeeseseessersennens
300. Peptides: receptors Hl........c.coeeiieuesirieierieueeeieeeieesceeeetesesnese s seenssnsnns
634. Peptides: reCEptors IV .........ccocoevevueviecieeereneeneeneeieeseseeessessessesessenesessene
635. Peptides: FECEPLONS V ......ccccvuerrireereririrererereieteressessessessessessessssssssssessens
181. Receptor modulation, up- and down-regulation I............ccecoeveeverueeuncnnnn.
207. Receptor modulation, up- and down-regulation Il..........cc.ccccveeeeerennen.
487. Receptor modulation, up- and down-regulation Il .............cceevercveevennnnns

43. Regional localization of receptors and transmitters | ............cc.ccceeeerennen.
129. Regional localization of receptors and transmitters Il ...............ccoeveeneenen.
308. Regional localization of receptors and transmitters lll .............cccoceveunenne..

17. Second mMeSSENEErs | ......ceecvevveeeeerveceeeeeeeeeesseenensenns
130. SeCONd MESSENGETS I .....cvemvieiriririieiiniereerieteceeeeeeseeeeiesses e e see e eeaneens
386. Second MESSENGETS H .....cu.ermvereeriiiieiienieececteeeeste st etestee e esaee e e seesaeseens
568. Second messengers IV ........
309. Second messengers: PKC, calcium, and IP3 .........cccccoerenerennecveeeennenne.
485. Second messengers: nitric oxide and calcium ...........ccoeeveeeevieieecennenennnn,
639. Serotonin receptors: cell biology and effector mechanisms ..
265. Serotonin receptors: molecular biology I................... eeteeeete et entesaeeaans
480. Serotonin receptors: molecular biology H ........ccccccooevinenininnnnieeceieens
564. Serotonin receptors: ontogeny and regulation ..
481. Serotonin receptors: pharmacology and localization ............ccccceceruevenunne
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93. Serotonin receptors: pharmacology, localization, regulation ...................... . mPM
565. Serotonin receptors: physiology and behavior ............ccccoeeceincnincicnnncncne Por thAM
437. Serotonin: anatomy, regulation, and clinical studies ...........ccccceeevervueaurnen. - She wPM
305. Serotonin: electrophysiology ... tPM
126. Serotonin: NEUrOChEMISIIY ......c.ccovvereererrerreenrcrereseetereet st sae s eaes ? mPM
482. Serotonin: neurotoxins, behavior and physiology ............cccceceevenrnrncnencnne wPM
640. SErotoNiN: OET ......coveeuieirieiecreeetereteteeee ettt et se s e aeenes thPM
384. Storage, secretion, and metabolism | ..........ccoccvvevieieenienennnneeieeneeneene wAM
567. Storage, secretion, and metabolism II... " thAM
527. Transmitters in invertebrates ............cccooovuoiiieiniieieiiie, thAM
306. Transmitters in invertebrates: acetylcholine ............cc.ccoevceiicnnnicnnnnenne tPM
204. Transmitters in invertebrates: amino acids ..........ccoeveeeveneenerecnenuenueenne tAM
127. Transmitters in invertebrates: biogenic amines
483. Transmitters in invertebrates: Nitric OXide ..........c.cceeeeerverievereeeneneenreene wPM
383. Transmitters in invertebrates: peptides ...........cceeveeeeeeeeriererieereeeeesrennenne wAM

4. Unraveling the Serotonergic System: Insights from Molecular Biology ..... mAM
7. Uptake and transporters | ..........c.coccecevrereruenuenss eteereeaeeeateetanaeentetenaes mAM

95. Uptake and transporters Il .... mPM
206. Uptake and transporters Il tAM
307. Uptake and transporters IV ...........cccocceveieincnicnienneeecesseseeneeseseesesnens tPM
385. Uptake and transporters V ..........cccoevceueereneenceieenneneesieseesessesseeensenseensenne wAM

mPM

THEME E: ENDOCRINE AND
AUTONOMIC REGULATION

393. Autonomic regulation:' central gastrointestinal control ...........cc.ccccceueeece. wAM
212. Autonomic regulation: genital innervation ............... tAM
394. Autonomic regulation: peripheral gastrointestinal control .......................... . WAM
135. Autonomic regulation: spinal and peripheral mechanisms ............cc.cccccce.. mPM
134. Autonomic regulation: supraspinal control .............ccccccceriennennncnnnncne. mPM
213. Autonomic regulation: urinary system innervation ...........ceeeeeevcecrencennes tAM
446. Cardiovascular regulation: brainstem integration wPM
391. Cardiovascular regulation: descending control ............cccceceeeeevereincnucnnee. wAM
392. Cardiovascular regulation: hypothalamic control ............cccccccvvviinnencennnne. wAM
610. Cardiovascular regulation: spinal and peripheral control ........................... thPM
184. Cardiovascular regulation: supramedullary control .. tAM
132. Cardiovascular regulation: sympathetic system .........cc.cccoeeeeeercnercnenencns : mPM
133. Cardiovascular regulation: vagal system ..........ccccccevemenierercrcncninncecnnennes mPM
390. Cardiovascular regulation: ventrolateral medulla ..........ccccooocecericnnencnnn. wAM
312. Hypothalamic-pituitary-adrenal axis regulation: CRF ...........cccceccvuerueeuncne tPM
488. Hypothalamic-pituitary-adrenal axis regulation: POMC

and steroid receptor StUAIES ..........ccceeverevierieriieneceeeee et wPM
387. Hypothalamic-pituitary-adrenal axis regulation: basic and

ClNICAl SEUAIES ..evveereeeeeeiieeietete ettt n e aeseesnane WAM
174. Hypothalamic-pituitary-adrenal axis regulation: focus on

CRF and glucocorticoid reCEPLOTS .........c.coueueueeuruerurueentencenerecenecreenencenencns tAM
349. Hypothalamic-pituitary-gonadal regulation: cellular and

MOIECUIAr ASPECLS ..ottt s WAM
258. Hypothalamic-pituitary-gonadal regulation: control of GnRH secretion ..... tPM
131. Hypothalamic-pituitary-gonadal regulation: control of LH secretion .......... mPM
572. Hypothalamic-pituitary-gonadal regulation: gonadotropins,
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570. Hypothalamic-pituitary-gonadal regulation: neuropeptides
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734. Hypothalamic-pituitary-gonadal regulation: regulatory aspects
571. Hypothalamic-pituitary-gonadal regulation: releasing hormones
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641. Hypothalamic-pituitary-gonadal regulation: steroid receptors .................
696. Hypothalamus and autonomic regulation ............cceceveveeveneriernernnnne.
250. Integration in Central Somato-visceral Processing

210. Neural-immune interactions: CNS effects on immune response .....
98. Neural-immune interactions: cytokine effects on the nervous system ......
211. Neural-immune interactions: endocrine effects on immune response .....
45. Neural-immune interactions: immune mediators in normal CNS ............
46. Neural-immune interactions: nervous system pathology ............ccecueee...
208. Neural-immune interactions: neurochemical effects of immune
SEHMUIALION ..ottt r et st e sae et e s s senae

691. Neural-immune interactions: neuroendocrine control of immune
FESPONSE ....vivenreerareereesersessassaseensestestssessessensensentesessessansessesessesensessesassanes

209. Neural-immune interactions: neurophysiological response to
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389. Neural-immune interactions: other neurotransmitters in immune tissues .
388. Neural-immune interactions: sympathetic regulation of
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489. Neuroendocrine regulation: CRF, gonadal and adrenal steroids ..
573. Neuroendocrine regulation: catecholamine and GABA ..........................
442. Neuroendocrine regulation: gene expression and co-localization ...........
642. Neuroendocrine regulation: miscellaneous ............ccceveeveeeevineeneenenncnenne
735. Neuroendocrine regulation: oxytocin, vasopressin, fluid balance,
and the pineal...........
44. Osmotic regulation
530. Osmotic regulation/chemical senses: central pathways ...........cccccoeueneeee.
613. Respiratory regulation ............cccceeerueeerrierersteeint et eee sttt
574. Respiratory regulation: carotid body, pons, hypothalamus,
MISCEIANEOUS ...ttt ettt sae e e sne e es
490. Respiratory regulation: medullary and spinal cord mechanisms ..............
47. Thermoregulation and fEVEr .............ccceeuevierrineeirieenieeree e nees

THEME F: SENSORY SYSTEMS

739. AUditory DERAVIOF .....c..cccruieuiiiiiieicccretet ettt
581. AUAItOry COMEX [ ..uuiuiiuiiuiiiiriiniiieiiiererietetete ettt seeesseeaeene
582. Auditory cortex Il ..
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494. Auditory system: central anatomy—Dbrainstem ...........cccceereecueereeireeeenenne
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580. Auditory system: cochlea ..o,
649. Auditory, vestibular, and lateral line: hair cells
585. Chemical senses: central gustatory mechanisms ..........ccccoeeeeevcreurrennenene
55. Chemical senses: central olfactory mechanisms ..........ccccoceveeieueireinnenans
54. Chemical senses: olfactory bulb ..........ccecveveeereereeeeeeeeceeceeeeeeeeeeee
584. Chemical senses: peripheral gustatory mechanisms ...........ccccoccoevveennnnnne
12. Chemical senses: peripheral mechanisms .....
53. Chemical senses: peripheral olfactory mechanisms............cccccceevereennenee ‘
431. Cortical Oscillatory Responses and Feature Binding
90. Functional Organization of Human Visual Cortex

141. Invertebrate sensory systems | .
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219. Lateral geniculate nucleus: biophysics and pharmacology ...........ccccccvevunene

218. Lateral geniculate nucleus: structure and function ...........cccccccveevveerenenes
530. Osmotic regulation/chemical senses: central pathways ...........................
577. Pain modulation: pharmacology IV ..
736. Pain modulation: pharmacology V ......c.c.cccevevevninininienenrecee e
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. Pain modulation: anatomy and physiology | ........c.cccccevievninenennnnccnnn,
Pain modulation: anatomy and physiology Il ........c.ccoeoinneiniccnnenne.
Pain modulation: anatomy and physiology ll .........c.ccccerininicneninnncnnn.
Pain modulation: anatomy and physiology IV ........c..cccceviniininnnnnennen.
Pain modulation: anatomy and physiology V
. Pain modulation: pharmacology I ................
Pain modulation: pharmacology Il
Pain modulation: pharmacology I ........c.cccoeeriiirininennenneeecceeeeene.
Pain: PAthWays | ....co.coieiinieieereeeeteere ettt eaesaa e
Pain: PAthways [l ....c.ccccoiviiinineniiececnrcee et sae e
Pain: pathways HI ........cccoooimiiirieieeeeeccect et
Retina: choroid, pigment epithelium, and photoreceptors ........................
Retina: functional organization ..........c.cecceccecrueenncnee.

Retina: ganglion cells |
Retina: ganglion cells M ........cocoviueiiiieiiieceeee e
Retina: immunoCytOChemiSry ........cccoeiriirnnercneicinetneeeteeeseneeneeenenes
Retina: iNVErebrate ..........ccvueeveveeieeeieieeceecee ettt
Retina: photoreceptors and iNterneUrons..........c.covceceueereruerieeeseereneneeneens
Somatic and visceral afferents |
. Somatic and visceral afferents Il ..
Somatic and visceral afferents Il ....
Somatosensory cortex and thalamocortical relationships I .......................
Somatosensory cortex and thalamocortical relationships I ......................
Somatosensory cortex and thalamocortical relationships IlI .....................
Somatosensory cortex and thalamocortical relationships IV .....................
Somatosensory cortex and thalamocortical relationships V ......................
SPINAl COPA | .ttt eeeene

Spinal cord 11 ...
Striate cortex: development and plastiCity ........c.coeevvieverienrerrinrereenee.
Striate cortex: functional organization | ........c..cc.cceveveeeneceneninnnenenieens
Striate cortex: functional organization Il ............ccccoceivnincninincccienenne.
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Striate cortex: response properties |
Striate cortex: response properties Il
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Subcortical somatosensory pathways: thalamus ..........
Subcortical visual pathways: retinofugal and retinopetal systems .............
Subcortical visual pathways: superior colliculus ..........cccoveeverereneveinnene.
Subcortical Visual SYSEEMS .........cveveeeerereeereeeieeserre e e e seeeeseeaeene
. Subcortical visual systems: pretectum and pulvinar ............ccocooeeecenennnnnn.
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Basal ganglia and thalamus | .........c.ccccooevuevennnrncnicnieninnseencreseee e
Basal ganglia and thalamus Il ...........cccooeririiniiiinnirceceecceee e
Basal ganglia and thalamus Ili ...
Basal ganglia and thalamus IV ..........cccoccceiiiniinnencncinnenececeecieene
Basal ganglia and thalamus V ...........cccccciiiiiininniicnicniceeeececenne
Basal ganglfa and thalamus VI ..
Basal ganglia and thalamus VI .........cccoeivieiiiniinecrecerceeeeceneenene
Basal ganglia and thalamus VIl ..........cccocererreernrieinceneneneneeeseeeesennns
Basal ganglia and thalamus IX .....
Cerebellum [ ..ottt
Cerebellum Il ..ottt
Cerebellum 111
Cerebellum IV ..ottt
CerebellUm V ..ottt ettt
Circuitry and pattern generation | ...
Circuitry and pattern generation Il ...........cccoceeeiieeriieiiiecieeeieeeee e
Circuitry and pattern generation 1 ...........ccccocceerevernenrenicnecenercercnennens
Circuitry and pattern generation IV .....
Circuitry and pattern generation V .........c..ceceeeeeruevceeeenenenrerieresscseneans
Control of posture and movement | ...........cc.ceeueieeerinienieneneeeeeeeeneenes
Control of posture and movement Il ....

Control of posture and movement lll............ccccoveveeninienenrnenncneneenene
Control of posture and movement IV .........cc.cccveeeeieeiieecieeneeceeeeeeeeneeens
Control of posture and movement V ...
Control of posture and movement VI ..........ccccceccieeenenienieenesienreeenennns
Control of posture and movement VIl ..........ccccocurvvrenennneneneceneenceneennnn
Control of posture and movement VIII ...
Control of posture and movement IX ...........cccecevveriererrerienenenereeenennens
Control of posture and MOVEMENt X ...........cc.ovueveeeeerrrreerseesssensesaeneens
Control of posture and movement X1 .........cccceeeeeieniecreneesreeseeeeseeceeeene
Invertebrate Motor fUNCHON ......cccoueeireieerieerieirceseeeee e eaes
MOLOT COMEX ...onnviinniiiniiieienieeeieete ettt e et e st esaeeennes
Motor cortex: neuropharmacology ...
MUSCIE: fIDEF tYPES ...ttt st eaesean
Muscle: gene transfer, contractile properties, fatigue...........cccccoevereeeienenne
Oculomotor system: eye-head control ............cceeveeueeeeveeieesieneeeeeeenns
Oculomotor system: NeUroanatomy .............coccecerereereererrerseseseens JRRS
Oculomotor system: physiology and psychophysics of saccades.............
Oculomotor system: pursuit and optokinetic nystagmus ..........c.cceceevenenne
Oculomotor system: saccades and superior colliculus .............c.ccuen.ee...
Oculomotor system: superior colliculus and brainstem ..........c.cccccceueuce...
Oculomotor system: vergence and accommodation .............cccceeeveuennnnes
Oculomotor system: vertical movements, integration, torsion .................
Reflex fUNCHION | ...covieiiiiieeeeeee ettt
Reflex fFUNCON 1l ......co.vieeieieeeeeeceeeee ettt
Sensorimotor cortex: behavioral correlates of neuronal discharge ...........
Sensorimotor cortex: functional IMaging ......c..ccccceeveeuereeneeceeneneeerreeenne
Sensorimotor cortex: functional stimulation, models, and behavior ........
Sensorimotor cortex: NEUroaNAtOMY ........ccceerruterreerriernienseerneeseeesaeeeneas
Sensorimotor cortex: neuronal iNteractions ..........ccecuecveecveeeereeesreeseenns
Sensorimotor Cortex: PlastiCity .........cceeeevveeeerueeieeeeeeeeere e ereeeeens
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Spinal cord and brainstem Il ..........ccccceevueeieeciieienteeieeeeeee e
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Spinal cord and brainstem I ............cccooveeuieieeeeneeeceeeeeeeeere e
Spinal cord and brainstem IV
Spinal cord and brainstem V ..........cccceueiriirieienenenieiececseeeeee e
. Vestibular system .......
Vestibular system: anatomy and pharmacology ...

Vestibular system: neurophysiology ..........

Vestibular system: psychophysics

Association cortex and thalamocortical relations | ...........ccccocevereneninnnnne.
Association cortex and thalamocortical relations Il .........ccccecevereeeennenee.
Brain metabolism and blood flow | ..........ccoveiviiieiiinicicireeeece e
Brain metabolism and blood flow Ii

Brain metabolism and blood flow: PET ........
Brain metabolism and blood flow: blood flow .....

Brain metabolism and blood flow: miscellaneous ...
Brain metabolism and blood flow: nitric oxide

Comparative neuroanatomy l..........coceeevierienicriiieie ettt
Comparative neuroanatomy Il .........ccc.oovieiiiiiiiniiiiiinnieeice e

Hypothalamus

Limbic system |
Limbic system Il

Limbic SYStem Il ....cccoueniieeiicieiee ettt a et
LimbiC SYSEEM IV ..ttt a et

LimbicC SYSEEM V .ottt ettt et

Biological rhythms and sleep | .......c.ccccoierieirvenenineieeteeee e
Biological rhythms and sleep Il ........c.cccecverririncnininiiicreeercreeene
Biological rhythms and sleep Hl .........ccooveeiiiiniiiiincceneeerr e
Biological rhythms and sleep IV .........ccccceeieiiiininininiiiceeceeen

Biological rhythms and sleep V ...
Biological rhythms and sleep VI..
Biological rhythms and sleep VII.....
Drugs of abuse:
Drugs of abuse:
Drugs of abuse:
derivatives .......
Drugs of abuse:
behavior ..........
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and other .........
Drugs of abuse:
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Drugs of abuse:
Drugs of abuse:
Drugs of abuse:
Drugs of abuse:
Drugs of abuse:
Drugs of abuse:
Drugs of abuse:

alcohol, barbiturates, benzodiazepines
amphetamine and other stimulants—amphetamine .........
amphetamine and other stimulants—amphetamine

amphetamine and other stimulants—nicotine...................
amphetamine and other stimulants—phencyclidines

cocaine—cell membrane.....
cocaine—glutamate .
cocaine—locomotor ..
cocaine—microdialysis ...
cocaine—miscellaneous
COCAINE—MONOAMINES .....ccveereerienrereereeseereenseessesseeseennes
cocaine—neonatal ..........c.ccceeeuiieieniie e,
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Drugs of abuse: cocaine—neurophysiology ...........c.coceceecrcrueeneenennnae
Drugs of abuse: cocaine—nucleus accumbens .........cccoceveveeiiiceeienenienenen.
Drugs of abuse: cocaine—other drugs ..........cc.ceceeuevueercrenneneeneenencnienees
Drugs of abuse: cocaine—self-administration ..........cc.cecceceeeereerercenrennnnn.
Drugs of abuse: ethanol and benzodiazepines—tolerance,

dependence, withdrawal ............ccoceeeeieciineeceeeeee e
Drugs of abuse: ethanol, benzodiazepines, barbiturates I........................... :
Drugs of abuse: ethanol, benzodiazepines, barbiturates Il .......................... ;
Drugs of abuse: ethanol, benzodiazepines, barbiturates—GABA
Drugs of abuse: ethanol—development ...........c.cccooecininveneninceicnienene.
Drugs of abuse: ethanol—monoamines ...........ccceccveereeencenreneeccneseneenes
Drugs of abuse: opioids and others—developmental effects.......................
Drugs of abuse: opioids and others—miscellaneous ...............c.cccecenn.e.
Drugs of abuse: opioids and others—opioids: behavior .......
Drugs of abuse: opioids and others—opioids: neurochemistry ...............
Drugs of abuse: opioids and others—opioids: withdrawal..........................
Hormonal control of reproductive behavior: hormones and metabolites ...
Hormonal control of reproductive behavior: immediate early gene
EXPIESSION ..eeeieirennirreeteereearaereeereeeaesnnereesessaasnnereeesessssnreessesssssnsasaesssnssnnes
Hormonal control of reproductive behavior: male/female/parental ...........
Hormonal control of reproductive behavior: neuroanatomy .....................
Hormonal control of reproductive behavior: neuropeptides and
EraNSMILLErS ...ouveeeviiiiiiiiitcc e

Hormonal control of reproductive behavior: receptors
Human cognition: attention ...........ccccooievieiiiiiiiniiiniieneecccceceee
Human cognition: attention and MEMOTY .........cccecvereeierreerinneseeseeseneens
Human cognition: audition and language | ..........ccocceevueviinnninninennnenenne
Human cognition: audition and language Il ....
Human cognition: electrophysiology ...........c..coceecenireenrennencneercneeeene
Human cognition: hemispheric laterality, gender differences.....................
Human cognition: memory, other ...........cccccociirrennnrriercneneeeeeereeeeeens
Human cognition: vision, Methods ...........ccccceeerverennniiinieinenircenncnens
Ingestive behaviors | ..........c.cceeuc...

Ingestive Behaviors Il ..........coieveeieeeeinieiecteeeert e
Ingestive behaviors I ........o.coveecriererniierceeteeceet et
Ingestive BEhaviors IV ........ccoccoiiieiniinieceteccectccteste et
Ingestive BEhaVviors V .........ccocvviiniiinneicniee ettt
Ingestive behaviors VI .
Ingestive behaviors VII
Invertebrate learning and behavior | .........c..cccoceeivennencninnnieinieneneenene
Invertebrate learning and behavior Il ............ccoveicieninninicneneneeeeeee
Invertebrate learning and behavior Il .

Invertebrate learning and behavior IV ...........cococvenncnininicnenciieeeeeeenen
Learning and memory: Models ..........cccooueuiereenireninniereneeeeceere e
Learning and memory: pharmacology—acetylcholine ........ccccceeveureuneneee.
Learning and memory: pharmacology—benzodiazepines ..............ccceuen.e
Learning and memory: pharmacology—excitatory amino acids ....

Learning and memory: pharmacology—monoamines ............ccceeveeeeuenenen.
Learning and memory: pharmacology—opioids ...........cccecceerercnernerscnuenns
Learning and memory: pharmacology—other | ..........cccccceeevemveninnrurrenenne
Learning and memory: pharmacology—other Il ...........ccooeveeveveierenrecrcinene.
Learning and memory: physiology |
Learning and memory: physiology |l
. Learning and memory: physiology ll ............cccoeerviemeiereeerereeeceeceenns
. Learning and memory: physiology IV .........ccccceecevninicnrcnnnninenenenreeenens ‘
. Learning and memory: physiology V
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Learning and memory: systems and functions | ............cccccceevveverecreennennen.
Learning and memory: systems and functions Il ............ccccecevcvrurerrecnnnnnnen.
Learning and memory: systems and functions l ...........ccccoeceevenenenenneenns
Learning and memory: systems and functions IV ...........cccceecveeeereceecnnennen.
Learning and memory: systems and functions V

Learning and memory: systems and functions VI..

Learning and memory: systems and functions VII.

Learning and memory: systems and functions VIII ....................

Learning and memory: systems and functions IX .........c.cccocevererereerereennns
Learning and memory: systems and functions X ...........cceeceveeeeereecreennennen.
Learning and memory: systems and functions Xl ..........cccecveevemerveenrenncnen.
Learning and memory: systems and functions XIl ..........ccccoeecveeeureecreennnnene
Monoamines and behavior: dopamine and movement ..............c.cccc.........
Monoamines and behavior: electrophysiology ........c..ccccocevuerininerenrennannn.
Monoamines and behavior: gene expression .........c.ccc.eveveeeenercrcrennneenen
Monoamines and behavior: nucleus accumbens............ccccocceveieverennnnnnne.
Monoamines and behavior: Serotonin ..........ccccoceeveeieieceieeieceneneneseenne
Monoamines and behavior: sexual behavior ...........cccoccevveiveinenrncinnennene.
Monoamines and behavior: stimulants

Monoamines and behavior: stress and depression
Monoamines and behavior: transmitter release ....
Motivation and emotion | .......ccceceeeeuereceeeneneenieneenenn. mPM
Motivation and emotion Il ............cceeiriiinrieincnenre et
Motivation and emotion 1l ...........ccceeiecrenenieneneiieieerenie et esaeens
Neural PIastiCity | .....cccoeverieirininenertrte ettt srenee
Neural plastiCity 1 ........cooveeieeieeieereeeeeeee ettt eeaeenrees
Neural plasticity: cerebral COrex ..........coccovmimeriririinreinenienneereneneeenes
Neural plasticity: hippoCampPUs ........cccceerirerereiirineeeseeee e e ere s
Neuroethology: audition ...........oeceeeeieerieieintee e
Neuroethology: behavioral strategies ...........cccocevverrireennecciecceeeen
Neuroethology: bird vocalization ...........coeeeeievirienineniecieiieceresiesre s
Neuroethology: electroreception ..............cccceeeeeriiieeiesieecieeeeceeeeeeeeeeeeenns
Neuroethology: invertebrate ............cccoccoverereriininienener e
Neuropeptides and behavior: CCK, CRF, vasopressin, and somatostatin ....
Neuropeptides and behavior: CRF, oxytocin, and other peptides ...............
Neuropeptides and behavior: vasopressin, NPY, neurotensin,
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372.3

A PRIMITIVE NA,K-ATPASE IN TENTACLES OF THE SEA
ANEMONE STICHODACTYLA HELIANTHUS. S.C. Specht* R.
Lopez-Rosado _and C. Santos-Berrios. Dept. Pharmacol. Inst.
Neurobiol. Univ. PR Sch. Med., San Juan, PR 00901.

Although the Na, K-ATPase is an highly conserved integral
membrane enzyme, it has never been described in sub-Arthropod
species. We have found that the innervated tentacles of S. helianthus
contain a ouabain-sensitive Na,K-ATPase. Like the mammalian
enzyme, it is phosphorylated by *P-ATP in the presence of 100 mM
NaCl and is 70% dephosphorylated by 20 mM KCI. The My of the
catalytic subunit is 105 kD, similar to the rat a3 isoform. The ouabain
sensitivity is very low, K; = 10 M. The affinity for Na* is lower than
the rat enzyme, although similar to that described in several species of
crab, Ky 5 =24 mM. The affinities for K* and Rb* are similarly low, K, 5
= 3 mM. compared to the rat. In addition, the selectivity for K* and
Rb* vs Cs* and NH,?* is low, with only a 2-fold difference in affinity
compared to 8-fold in the rat. Li* is unable to substitute for either Na*
or K*. The reduced cation selectivity may represent a true primitive
characteristic. [Supported in part by NIGMS grant SS RR 08224].

372.5

HUMAN NA K-ATPASE CATALYTIC ALPHA SUBUNIT HAS SOLUBLE
DERIVATIVES FOUND IN BODY FLUIDS OF DISEASED PATIENTS. J.H. F.
Peng® Univ. of Missouri-Kansas City Sch. of Med., Kansas City, MO 64108.
Na,K-ATPase plays a pivotal role in many important biological functions,
and has been a subject of intense investigation. In order to study the
possible role of Na,K-ATPase in neurological diseases, such as epilepsy
and Alzheimer’s disease, polyclonal antisera to the purified human brain
holoenzyme, alpha subunit, and 40- & 60-kDa alpha fragments have been
prepared. In this study, Western blotting, immunoaffinity purification, and
electroelution were used to study the presence of soluble alpha subunit
derivatives in the human plasma and cerebrospinal fluid (CSF) employing
antiserum to 40 kDa protein. Western blotting reveals that soluble
derivatives with molecular weight (mol. wt.) of 59-, 54-, 52-, 50-, and 46- kDa
are present in the CSF of eight Pseudotumor cerebri and six control
patients. Soluble derivatives with mol. wt. of 68-, 66-, 64-, 57-, and 56-kDa
are also found in the plasma of thirty-six patients suffering from various
ilinesses. Antibodies to 40 kDa protein were purified from antiserum by
ammonium sulfate precipitation and DEAE-Sepharose chromatography, and
used to prepare immunoabsorbant by coupling to CNBr-activated
sepharose. Soluble alpha protein derivatives in the plasma were bound
tightly to the immunoabsorbants in the presence of 0.5% Triton X-100.
Bound proteins were purified by electroelution. Major proteins eluted had
mol. wi. of 68-, 64-, 57-, and 56 kDa. Antibodies to 40 kDa could be useful
for isolation and quantitation of alpha subunit derivatives. These
observations offer the opportunity of using antibodies to alpha protein
fragments to probe the role of Na,k-ATPase in various human diseases.

372.7

SUBCELLULAR DISTRIBUTION OF RAT CEREBELLAR
CALRETININ: DISSOCIATION OF CALRETININ POU’ND TO
SYNAPTIC MEMBRANES BY EGTA. L. Winsk and J.
Kuznicki. Lab. of Clinical Sciences, NIMH
Bethesda, MD 20892

Calretinin was uantitated by
radloimmunoassay (RIA) in subcellular fractions
obtained in the presence of 0.1 mM calcium or 1
mM EGTA from rat cerebellum. Although the
ma]orltg of the total calretinin was associated
with the cytosolic fraction, there was a
significant association with several membrane
fractlons1nc1ud1ngsynaptlcmembranes synaptic
vesicles and microsomes with least amounts in
mitochondria. In addition, cytosol prepared in
the presence of EGTA contained more calretinin
than when calcium was added to the extraction
buffers and there was an apparent increase in
calretinin associated with s¥naptlc membranes
prepared in the presence o calcium. These
results were confirmed by immunoblot which
revealed greater intensity of calretinin label
in synaptic membrane and synaptic vesicle
fractlons prepared in the presence of calcium.
Oovernight incubation of synaptic membranes with
EGTA caused a greater release of calretinin from
synaptic membranes than when incubated with
additional calcium. These results suggest that
calcium binding to calretinin could result in
membrane association and suggest a direction of
future research into the function of this brain
enriched calcium binding protein.

372.4

LOCALIZATION OF ALPHA 1 ISOFORM OF (NA, K)-ATPase IN SPINAL
CORD MICROVASCULATURE BY /N SITU HYBRIDIZATION. S.T. Sayers*. T.
Khan, GJ, Siegel, N.B, Chauhan, and M.F, Dauzvardis, Rehabilitation R&D Center
and Neurology Service, Hines VA Hospital, Hines, IL 60141 and Loyola University
Medical School, Maywood, IL 60153.

Expression of (Na, K)-ATPase alpha (catalytic) subunit isoform mRNAs has been
established in various cell types in different regions of the central nervous system
(CNS). Alpha 1 isoform is found in certain neuronal as well as non-neuronal cells,
including choriod plexus ependyma, however its mRNA has not been resolved in
CNS capillaries. Immunocytochemical data have supported the presence of alpha 1
isoform in cerebral microvessels. In the present study, we report the expression of
alpha 1 isoform in the microvasculature of the spinal cord.

Wistar rats were anesthetized with Ketamine and Xylazine, perfused trancardially
with 200 ml saline followed by 500 ml 4% paraformaldehyde in 0.1M phosphate
buffer and then with 100 ml 10% sucrose. The spinal cords were removed, cut into
small segments and placed in 30% sucrose at 4°C overnight. Ten micron frozen
sections were cut on a cryostat. /n situ hybridization was performed using 35S-labeled
complimentary riboprobe transcribed from the cDNA clone which codes for the alpha
1 isoform of (Na, K)-ATPase. Our preliminary results show that most of the
capillaries in the spinal cord gray and white matter were labeled with this probe. Due
to the limitation of resolution of the microscope, it is very difficult to distinguish
whether labeling is in the endothelium or in pericytes around the microvessels.
Studies with additional probes, and at the electron microscopic level, are required.
Since the blood-brain-barrier is imposed by the specialized structure of the CNS
microvessels, regulation of (Na, K)-ATPase alpha 1 isoform in capillaries, or their
investing cell processes, may be critical to CNS volume and solute homeostasis.

This research was supported by funds from Veterans Administration, Rehabilitation
R&D Service.

372.6

DIFFERENTIAL AXONAL TRANSPORT OF INDIVIDUAL (Na,K)-ATPase
CATALYTIC (o) SUBUNIT ISOFORMS IN RAT SCIATIC NERVE. M.
Mata*, C-F. Jin, S. Datta, and D.J. Fink. Dept. of Neurology and
GRECC, VAMC, University of Michigan, Ann Arbor, MI 48105.

Three isoforms of the catalytic (x) subunit of the ubiquitous
membrane enzyme (Na,K)-ATPase, products of 3 different members of
a multigene family, have been identified in the nervous system. We
have found that all neurons appear to contain the a2 and o3 isoform
mRNAs, and some neurons also contain ol mRNA. Glial cells
contain only «l and o2 isoform mRNAs. In order to define the
dynamics of isoform distribution within the axon, we exploited the
phenomenon of axonal transport to study the movement of individual
isoforms within the axon.

Two ligatures were placed 1 cm apart along the sciatic nerve of
male Sprague Dawley rats, and at 24hrs the amount of isoform-
specific peptide in sequential 3 mm segments determined by
quantitative Western blot using commercially available polyclonal
antibodies directed against the a1, a2 or a3 peptides (UBI).

There was substantial accumulation of immunoreactive a1 peptide
immediately proximal to the first ligature, consistent with the rapid
axonal transport of that isoform. Neither a2 nor a3 peptides
accumulated proximal to the ligature. o3 therefore appears to be
relatively stable in the membrane, with only small amounts added
incrementally over the 24 hour period. Because a2 is also found in
Schwann cells, the relative contribution of glial and axolemmal
peptide cannot be determined. There was no evidence for significant
retrograde axonal transport of any of the isoform peptides.

Supported by grants from the NIH, VA, and the Zyma foundation.

372.8

RECOMBINANT CALRETININ BINDS TO HYDROPHOBIC RESINS
AND W-7 (CALMODULIN ANTAGONIST) IN A CALCIUM
INDEPENDENT MANNER J. Kuznicki, L. Winsky, D.M.
Jacobowitz* Laboratory of Clinical Sciences, NIMH,
Bethesda, MD 20892.

Calretinin is a neuronal calcium binding
protein similar to calbindin D28K. Recombinant
calretinin (rCR) binds calcium ions and exhibits
calcium-dependent conformational changes. This was
shown by differences in binding of rCR to DEAE-
cellulose, in proteolytic cleavage, and in ability
to_ aggregate 1n the presence and absence of
calcium. The series of aminoalkyl-agarose resins
(Cs-12) , phenyl agarose and W7-agarose were used to
analyze if grophoblc region(s) of rCR are
exposed by Ca *~-binding. In the presence of
calcium and 0.15 M NaCl rCR bound to octyl-,
dodecyl- and W7-agarose, but not to phenyl-,
pentyl- and hexyl-agarose. The b1nd1ng of rcrR to
these resins appeared to be calcium-independent
since the majority of the protein was not eluted
when the calcium concentration was decreased by
EGTA, and the elution could be achieved only using
strong agents such as SDS. Moreover, rCR also
bound to decyl- and W7-agarose in the absence of
calcium. These observations seem to indicate that
rCR does not exhibit = major changes of
hydrophobicity wupon calcium binding. ~ It is
therefore suggested that any such changes
exhibited by native calretinin would be due to
possible posttranslation modifications.
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373.1

SYNAPTOTAGHIN—DEFICIENT MUTANTS OF C. elegans. Michael
Grund hn nus rbara J.

nger and James B. Rand*. Program in Molecular and cell

Biology, Oklahoma Med1ca1 Research Foundation, Oklahoma

City, OK 73104, and Dept. of Molecular and Cell Biology,

University of California, Berkeley, CA 94720.

Synaptotagmin is an abundant synaptic vesicle-
associated protein, proposed to be involved in release of
neurotransmitters. We have identified the C. elegans
synaptotagmin structural gene and named it snt-1
(formerly called ric-2). snt-1 mutants are slow-growing,
uncoordinated, small, and impaired in pharyngeal pumping
and defecation. Nevertheless, they are active and
capable of propagating limited body waves. The mutants
are also very resistant to cholinesterase inhibitors and
their acetylcholine levels are elevated approximately
three-fold. 17 alleles of snt-1 have been isolated so
far; genetic and molecular analyses suggest that many of
them are null.

In C. elegans neurons, synaptotagmin is localized to
regions known to be rich in synapses, and appears to be
associated with synaptic vesicles. Preliminary immuno-
histochemical and hybridization experiments suggest the
absence of other synaptotagmin genes in C. elegans. We
therefore conclude that synaptotagmin is not absolutely
required for release of neurotransmitters, although it is
clearly necessary for normal synaptic function.

Supported by grants from MDA and OCAST.

373.3

ON THE STRUCTURE OF THE NEUROSECRETOSOME: EVIDENCE
FOR A SYNTAXIN/a-LATROTOXIN RECEPTOR/SYNAPTOTAGMIN/Ca2*
CHANNEL COMPLEX. V.M. O'Connor, O. Shamotienko, U. Emsberger*,
M.J. Duggan, A. Siebert, K. Bommert and H. Betz. Max-Planck-Institut fir
Hirnforschung, 6000 Frankfurt a.M. 71, Germany.

Small synaptic vesicles (ssvs) are clustered at specialized regions of the
presynaptic membrane called active zones. The ssv protein synaptotagmin
is associated with three distinct presynaptic membrane proteins, the a—
latrotoxin (o—Ltx) receptor (Petrenko et al., 1991, Nature 353, 65), syntaxin
(Bennet et al., 1992, Science 257, 255) and Ca2* channels (Leveque et al.,
1992 Proc. Nat. Acad. Sci. 89, 3625). These interactions are thought to
participate in the docking of ssvs at the active zone. .

We have been able to co-purify the o—Ltx receptor, synaptotagmin and
syntaxin on an o-Ltx affinity column, indicating that these proteins exist
within a complex. This was confirmed by the immunoprecipitation of 125]-a-
Ltx binding from solubilized brain extracts by syntaxin antibodies. The same
antibodies immunoprecipitate 25l-w-conotoxin binding (Yoshida et al.,1992,
J. Biol. Chem. 267, 24925) indicating that Ca2* channels exist within this
complex. In favour of this idea a-Ltx receptor antibodies immunoprecipitate
125].p-conotoxin binding. Taken together these results indicate an
association between syntaxin, a-Ltx receptor, synaptotagmin, and Ca2+
channels in a complex we propose to call the neurosecretosome. Syntaxin
has been reported to be a plasmamembrane receptor for fusion-competent
vesicles that are primed through a mechanism common to all stages of the
secretory pathway (Soliner et al., 1992, Nature 362, 318). Thus, the
neurosecrétosome may represent the specialization of an ubiquitous fusion
mechanism to suit the requirements of fast synaptic transmission.

373.5

CELLUBREVIN: A SUBSTRATE FOR TETANUS TOXIN
FOUND ON A CONSTITUTIVE VESICLE RECYCLING
PATHWAY IS A HOMOLOGUE OF SYNAPTOBREVIN.
H.T. McMahon', H. Ni n, R. Jahn™, T.C. Siidh
"Howard Hughes Medical Institute, UT Southwestern
Medical Center, Dallas TX 75235; 2Howard Hughes
Medical Institute, Yale University, New Haven CT 06510
We have identified a ubiquitous 16kDa protein found on
vesicles undergoing constitutive recycling. This protein
has 59% amino acid sequence identity to the mammalian
small synaptic vesicle-specific synaptobrevin proteins
(also called VAMPs). We have named this protein
cellubrevin, because it is presence in all cell. We show
that the protein is enriched more than 100-fold in coated
vesicles, and by immunofluorescence and organelle
immunoprecipitations from cultured CHO cells it co-
distributes with the transferrin receptor. Like
synaptobrevin |l, cellubrevin is proteolysed by tetanus
toxin, which inhibits synaptic vesicles exocytosis. By
analogy, cellubrevin may function in a fusion complex for
constitutive vesicular pathways and so the potential
function is now being studied. Our results demonstrate
that constitutive and regulated vesicular pathways use
homologous proteins for membrane trafficking.

373.2

FUNCTIONAL ARCHITECTURE OF SYNAPTOTAGMIN C2 DOMAINS
REVEALED BY PEPTIDE BLOCK OF TRANSMITTER RELEASE.
W.M. DeBello*, K. Bommert, M.P. Charlton, G.J. Chin, H. Betz, and G.J.
Augustine. Dept. Neurobiology, Duke Medical Center, Durham, NC 27710
and MBL, Woods Hole, MA.

Synaptotagmin, an integral protein of synapti
2 copies of a motif known as a C2 domain. C2 domams are found in a number
of other proteins (including kinase C, phospholipase C, phospholipase A2 and
others) and are believed to mediate binding of these proteins to Ca, lipids and to
other proteins. The goal of this work was to identify parts of the C2 domains

ponsible for these fi . To probe for protein-protein interactions,
synthetic peptides mimicking different parts of the C2 domains of squid
synaptotagmin were microinjected into squid giant presynaptic terminals.
Previous work has shown that such peptides can inhibit transmitter release,
presumably by competing with the binding of vesicle-associated synaptotagmin
to an acceptor protein involved in release (Narure 363, in press). C2 domains
contain several regions that are conserved in all C2 domain proteins (Cell 65,
1043) and an additional region of basic amino acids whose sequence is not
conserved among members of the C2 domain protein family. A peptide
corresponding to one of the conserved amino acid sequences was ineffective in
blocking transmitter release. However, peptides corresponding to the variable
basic regions of synaptotagmin were potent blockers of release. These results
suggest that the basic regions of C2 domains are responsible for protein-protein
interactions, with their variable nature conferring binding specificity upon
individual C2 domain proteins. In contrast, the conserved regions of C2
domains may mediate Ca and lipid binding. Supported by NIH grant NS-21624
to GJA, MRC grant to MPC, and DFG grant to HB.

b <Al

373.4
SYNAPTOPHYSIN EXISTS IN DIFFERENT OLIGOMERIC
FORMS. M.J. D V. nn*, al

Betz. Max-PIanck Institute for Brain Research 6000 Frankfurt
a. M. 71, Germany.

Synaptophysin is the major integral membrane protein found
in small synaptic vesicles. It is known to be an oligomeric
protein, but the degree of oligomerization is controversial, and
has been reported as tetrameric [Rehm, H. et al. (1986) EMBO
J. 5, 535-541], or hexameric [Thomas, L. et al. (1988) Science
242, 1050-1053].

We have attempted to resolve this dispute using a
combination of crosslinking and hydrodynamic measurements
on a number of different preparations. Freshly solublized
synaptophysin from synaptic vesicles has hydrodynamic
properties consistent with a trimeric structure. Purified
synaptophysin, however, forms a stable structure with the
sedimentation velocity of a hexameric structure. Crosslinking
experiments indicate that while freshly-solublized
synaptophysin appears to be trimeric, synaptophysin in
synaptic vesicles can exist in larger complexes at least
pentameric in size. All crosslinking of crude preparations shows
that a 14 kDa protein is associated with synaptophysin, even
after sucrose density sedimentation. These results suggest that
synaptophysm is a novel type of integral membrane protein
that can exist in multiple oligomeric states.

373.6

Staurosporine blocks destaining of frog motor nerve terminals
labelled with FM1-43, but does not block transmitter release.

A. Henkel and W.J, Betz*. Dept. of Physiology, Univ. of Colorado Med.
School, Denver, CO 80262.

The fluorescent dye FM1-43 stains motor nerve terminals in an
activity-dependent fashion, apparently by staining membranes of
recycled synaptic vesicles. Destaining of prestained terminals is also
activity-dependent. FM1-43 is thus a useful tool for studying synaptic
vesicle trafficking in living nerve terminals. We have investigated the
effects of a variety of cytoskeletal drugs on dye movements in frog
cutaneus pectoris nerve terminals. Drugs that affect the level of protein
phosphorylation had the most significant effects. Here we report the
effects of staurosporine, a kinase inhibitor.

Preparations were first stained with FM1-43 (2 gM in normal frog
Ringer; nerve stimulation at 10 Hz for 5 min; wash for 30 min). Next,
control intracellular recordings and images were taken, and then
staurosporine (2 pM) was added. Further images and recordings were
made for 1 hour, after which the nerve was stimulated at 10 Hz for 10
min. This last procedure caused complete destaining of control (no
staurosporine) preparations. However, most preparations treated with
staurosporine failed to destain, as if stained synaptic vesicles had been
immobilized. To our surprise, however, nerve-evoked and spontaneous
transmitter release were only modestly reduced. These results suggest
that either FM1-43 does not stain synaptic vesicles, or that stained
vesicles do not mediate a significant portion of transmitter release.
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373.7
ACTIN ASSEMBLY AND EXOCYTOSIS IN CULTURED NEURONS.
B.W.Bernstein*, M.DeWit, and J.R.Bamburg. Department of
Biochemistry and Molecular. Biology and The Program in
Neuronal Growth and Development, Colorado State University,
Ft. Collins, CO 80523

We have studied the role of actin assembly in
neurosecretion from cultured cells and have compared these
results to a model based on our earlier synaptosomal
studies. Two day cultures of neurons, dissociated from
lumbo-sacral sympathetic ganglia of chick embryos and grown
in 50ul, paraffin-sealed glass coverslip chambers, show
extensive networks of interconnecting processes. Recycled
synaptic vesicles in terminals of these processes were
stained with a styryl dye (FM1-43; Molecular Probes, Eugene,
OR), thus allowing monitoring of exocytosis in real time.
The vesicle membranes were labelled through endocytosis that
follows exocytosis stimulated by a depolarizing K* buffer.
Depletion of dye fluorescence, indicating exocytosis, was
stimulated electrically. Fixed cells were stained with
rhodamine phalloidin, which binds specifically to the
filamentous form of actin. Confocal fluorescence microscopy
of rhodamine phalloidin stain in exocytotically active areas
indicated that actin filaments undergo reversible
disassembly during 2 min depolarization. Moreover, if
filaments are stabilized by loading cells with phalloidin
before stimulating secretion, the rate and extent of
exocytosis is reduced. These data are consistent with our
model based on synaptosomal studies and have been confirmed
ultrastructurally: actin filament disassembly is necessary
for maximal transmitter release, and reassembly is necessary
for modulating release during sustained depolarization.
GM35126, NsS28338, and NS28323 from the NIH.

373.9

SURFACE TOPOGRAPHY AND LOCALIZATION OF CALCIUM CHANNELS
AT A CHOLINERGIC PRESYNAPTIC NERVE TERMINAL RELEA;E FACE
BY ATOMIC FORCE SCANNING MICROSCOPY. P.G. Haydon,+ E.R.
Henderson+ R.T. Doyle® and E.F. Stanley . +Signal
Transduction Training Group ISU; *Section on Synaptic
Mechanisms NINDS NIH.

There is considerable evidence that transmitter
release sites are composed of specific structures that
include calcium channels but this membrane surface can
not be visualized directly. We have applied Atomic Force
Scanning Microscopy to the release face of the chick
ciliary ganglion calyx-type nerve terminal to view the
surface topography of the release area and to search for
membrane-associated particles.

Ciliary ganglia were acutely dissociated and calyces
were identified by specific dye staining (J.
Neurosci.11:985; Neuron 7:585) and were fixed for
scanning. The presynaptic areas generally had very
smooth surfaces but with small mounds that, by comparison
with transmission EM, we tentatively identified as
release sites. Calcium channels in this nerve terminal
are blocked by w-conotoxin GIVA (@-CT¥). We treated the
terminals with biotin-w-CTX followed by streptavidin-30
nm gold. At high resolution scanning, clusters of
particles were apparent that presumably reflect the
location of the presynaptic calcium channels. Our
results suggest that this technique allows a detailed
examination of the nerve terminal transmitter release
face topology.

373.11

A CATION CHANNEL ACTIVATED BY EXTRACELLULAR
APPLICATION OF ADENOSINE 5' TRIPHOSPHATE (ATP)
ON A PRESYNAPTIC NERVE TERMINAL.

X.P. Sun and E.F. Stanley*. Section on Synaptic Mechanisms,
NINDS, NIH, Bethesda MD 20892.

Several studies have suggested that ATP may act as a neuro-
transmitter substance via a purinergic receptor. We have used the
patch clamp technique to examine the possibility that such
receptors are present on a cholinergic presynaptic nerve terminal
(See J. Neurosci 11:985).

Application of ATP (0.1-1 mM) to the presynaptic calyx in the
whole-cell patch clamp configuration induced a fast-activating and
slow-inactivating inward current (6/18) with a reversal potential
close to 0 mV. A single channel with a conductance of 50-100 pS
was recorded in the cell-attached mode in the presence of 0.1 mM
ATP.

Thus, the presynaptic nerve terminal in this cholinergic synapse
contains an ATP-sensitive cation channel. Since ATP and ACh
are both stored in secretory vesicles and are presumably co-
released, ATP may be involved in the feed-back modulation of
nerve terminal function.

373.8

EXOCYTOSIS MONITORED BY CAPACITANCE AND
AMPEROMETRY. Ch. Heinemann!, RH. Chow!, R.S. Zucker*?, and E.
Neher!. !Membrane Biophysics Div., MPI for Biophysical Chemistry, Am
FaBberg, D-3400 Géttingen, Germany. 2Molec. & Cell Biol. Dept., Univ.
of Calif., Berkeley, CA. 94720.

Catecholamine release from single vesicles of adrenal chromaffin cells
was detected by carbon fiber electrodes at the same time that membrane
capacitance (C,) was monitored. When calcium (Ca?*) was elevated by
flashing "caged” CaZ* to give >50 uM free Ca?*, C_, rose immediately with
multiple exponential components, the fastest with a time constant of 20-40
ms and a rate of about 40,000 fF/s. The rate increased monotonically with
increasing Ca?*, with a power dependency greater than one, and it had
reached a plateau for concentrations > 50 uM. For cases in which C,, rose
with a time constant faster than 30 ms, the carbon-fiber signals occurred
with delays that were statistically longer than expected based on C_;
however, analysis was complicated by a flash-induced carbon-fiber artifact
and by the occurrence of multiple, overlapping events. When step
depolarizations were used to activate secretion, many carbon-fiber signals
occurred even after the rise in C,, had ceased. One possible explanation for
discrepancy in the time courses of C and amperometry is that the early
fusion pore connecting the vesicle interior and the cell exterior is
sufficiently large to allow immediate detection of a vesicle fusion as a step
in C_, but too small for the release of catecholamine until the pore dilates
to a certain threshold radius -- that is, the time of fusion must be
distinguished from the time of release. Supported by NIH and Deutsche
Forschungsgemeinschaft.

373.10

STRATEGIC LOCATION OF Ca®*-GATED K* CHANNELS AT
RELEASE SITES OF THE FROG NEUROMUSCULAR JUNCTION.

R Robitaille *, ML Garcia, GJ Kaczorowski and MP Charlton. Dept.
Physiol., Univ. of Toronto, Canada and Dept of Mem. Biochem.
and Biophys., Merck Inst. for Therapeutic Res., New Jersey, USA.

We examined the distribution of Ca?*-gated K* channels
(gKca) relative to the location of Ca?* channels and transmitter
release sites at the frog neuromuscular junction. Charybdotoxin
(ChTX), a blocker of gKca channels, increased transmitter release
by itself (J Neurosci 12, 297-305, 1992) and when applied after
nerve terminals were loaded with a slow Ca®* buffer (EGTA-AM)
but not after loading with fast buffers (DOMBAPTA-AM, BAPTA-
AM). The differential effect of the buffers indicates that the gKca
channels must be located close to the Ca®* channels.

Similar to labeling of Ca?* channels with w-CgTX GVIA
(Neuron 5, 773-779, 1990), labeling of gKca channels with ChTX-
biotin revealed a series of bands at an interval of 1 um matching
those formed by the cholinergic receptors labeled with fluorescent
a-BuTX. ChTX labeling is not blocked by w-CgTX but is blocked
by several treatments known to reduce ChTX affinity and is
absent after denervation. We conclude that gKca and Ca?*
channels are colocalized at transmitter release sites and that the
10 nm particles at the active zone may include both Ca?*
channels and gKca channels. This organization allows a quick and
functional narrowing of the AP which helps terminate transmitter
release by arresting Ca®* entry.

373.12

RAPID, TRIGGERED ENDOCYTOSIS IN A NEUROENDOCRINE CELL. W.
Almeg:, J.G. Wong & P. Thomas. Max-Planck-Inst. f. Medizin. Forschung,
6900 Heidelberg, Germany

Single rat melanotrophs were loaded through a patch pipette with the photola-
bile chelator Ca-DM-nitrophen (Ca-DMn), plus fura-2 or furaptra. We transiently
raised cytosolic [Ca], Ca(i), by flash photolysis of Ca-DMn, and tracked the en-
suing exo- /endocytic changes in cell surface area via the membrane capaci-
tance, C. Rapidly repeating flashes caused exhaustive exocyt-osis and raised C
by 1-2 pF. Thereafter C slowly declined with a time (7 >150 s) that was
independent of Ca(i) (0.2-80 xM) and typical of the slow, constitutive membrane
retrieval seen with other methods. But after single flashes, C increased and then
declined so rapidly that up to 10% of the cell surface were retrieved in 1 s. This
was most obvious after cytosolic acidification (pH=6.2) had abolished all but the
"exocytic burst®, the fastest p of ytosis in mel. phs. Endocy-
tosis then lowered C well below the preflash level (excess endoctyosis, EE). The
effect remained in cells depleted of Mg and ATP. EE was seen only after the first
flash; later, the C changes caused by exo- and exocytosis were equal. Probably,
EE retrieved membrane that had reached the cell surface during a previous exo-
cytic episode. EE shows that membrane marked for rapid endoccytosis can
accumulate and wait until a new flash triggers its retrieval. The rate of endocyto-
sis grows steeply with the amplitude of the ytic burst but is independent of
Ca(i). Hence the trigger is not Ca but a substance appearing in the course of
exocytosis. The resistance to pH 6.2 and independence of MgATP indicates that
the rapid endocytosis seen here is not due to clathrin-coated pits. Its speed sug-
gests a novel mechanism of membrane retrieval.
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373.13

DEPHOSPHIN: A POTENTIAL REGULATOR OF VESICLE
DYNAMICS. E.M, Fyksel, J.M. Sonta J iu?
P.J. Bobiﬂson . and T.C. Stidhof ~. Department of
Molecular Genetics and Howard Hughes Medical
Institute, University of Texas, Southwestern
Medical Center, Dallas, Tx, 75235. 2Endocrine
Unit, John Hunter Hospital, Locked Bag 1,
Hunter Region Mail Centre, Newcastle, NSW,
2310, Australia.

We are studying the potential role of phos-
phorylation in synaptic vesicle (SV) exocytosis
and recycling. Synaptotagmin and P96 (Dephos-
phin) are both phosphoprotein with potential
key roles in these processes. Dephosphin is
located in the nerve terminal. It is rapidly
and quantitatively dephosphorylated during
depolarization induced calcium influx.
Dephosphin is a major substrate for protein
kinase C (PKC), and phosphorylation of purified
dephosphin with purified PKC showed that one or
two sites were phosphorylated. Dephosphin
consists of a protein doublet of 94 and 96 kDa.
Molecular cDNA cloning and immunoprecipitation
showed that this heterogeneity is caused by
alternative splicing. A peptide antibody
raised against the C-terminal of the short form
recognized only the 94 kDa band in brain.

373.15

SYNAPSIN IN MﬂLLER AXONS IN THE LAMPREY SPINAL CORD.
ibo H. Mal - o

WMMMMMﬂMAM
P. Greengard, The Rockefeller University, New York, NY
10021 and #Karolinska Institutet, Stockholm, Sweden.

Terminal injection of dephosphorylated but not
phosphorylated synapsin I into the squid giant synapse
reduces the size of the PSP evoked by presynaptic
stimulation (Llinds et. al., J. Physiol. 436:257-82 ,
1991). We have now used immunocytochemical,
biochemical and physiological methods to examine the
role of synapsin-like proteins in lamprey synapses.
The Miller axon/spinal neuron synapse in the lamprey
spinal cord is a well characterized synapse with
physiological and pharmacological properties similar to
those found in mammals and as such is suitable for
paired-recording studies.

In tissue sections, antibodies directed against
mammalian synapsins strongly cross-reacted with
terminal-like structures specifically in the lamprey
CNS and not in peripheral organs. Injections of
fluorescent-labeled mammalian synapsins were found to
be anterogradely transported in axons (see Muller et.
al., this volume). Initial results indicate that
injection of mammalian dephosphosynapsin I into
presynaptic axons results in a specific suppression of
the chemical but not the electrical component of the
evoked EPSP. These results support the hypothesis that
synapsin-like protein(s) are present in the CNS of a
cyclostome, and may function in synaptic transmission.

373.117

IDENTIFICATION AND CHARACTERIZATION OF THE SMALL GTP-
BINDING PROTEIN RAB3 IN HELISOMA. R.T. Doyle*, Y. Fang, S.
Durgerian, D. Larson, and P.G. Haydon. Department of Zoology and
Genetics, Iowa State University, Ames, IA 50011

The small GTP-binding protein rab3A is implicated in regulating vesicular
transport in the synapse. To experimentally test for a role for this protein in
the synapse we have previously microinjected into Helisoma synapses
peptides with sequences corresponding to the rat effector domain of rab3A
(Richmond and Haydon, 1992, Soc. Neurosci. Abst). This demonstrated that
rab peptide injection does selectively perturb the secretory pathway. Asa
next step in this study we have now identified the presence of an
endogenous rab3 protein in Hehsom neurons using immunocytochemistry
and molecular cloning

Anantibody (C142.2; prov:ded by R.Jahn) raised against rat rab3A was
found to cross-react wnth Helisoma cultured neurons. Rab3A

ivity was localized within neurites with intense staining in
varicosities, the site of synaptic connections.

Using degenerate oligonucleotides corresponding to conserved regions of
rab3 we cloned a 300 base pair fragment of rab3 by PCR. Helisoma rab3-
specific primers from this sequence were used for PCR sequencing and
cloning the remainder of the rab3 coding region from a Helisoma central
ganglia cDNA library. The Helisoma rab3 open reading frame is 660 base
pairs, coding for a protein of 220 amino acids. Helisoma rab3 is 85%
identical to Drosophila rab3, 77% to rat rab3 and 76% human rab3A, and
contains characteristic rab domains such as the GTP binding motifs and C
terminal prenylation site.

373.14

TRANSPORT OF SYNAPSIN I IN AXONS OF THE LAMPREY SPINAL
CORD. T.H. Maller*, V.A. Pieribone, A.J. Czernik,
L. Brodin', S. Grillper!, P. Greengard, Laboratory of
Molecular and Cellular Neuroscience, Rockefeller
University, New York, NY 10021.!Nobel Institute of
Neurophysiology, Karolinska Inst., Stockholm, Sweden.
The neuronal phosphoprotein synapsin I appears to
modulate synaptic efficiency by controlling the
fraction of synaptic vesicles available for neuro-
transmitter release (Greengard et al., Science 259:780,
1993). We have studied the mobility of fluorescently
labeled synapsin I in axons of the lamprey spinal cord.
The spinal cord was removed and placed in a
recording chamber cooled to 7°C. Dephosphorylated
bovine synapsin I was labeled with Texas Red and
injected into axons by ionophoresis or pressure. Dye
epifluorescence was monitored with a low-light camera
system. During continuous injection, synapsin I spread
more rapidly in the anterograde than in the retrograde
direction. In contrast, both rhodamine-labeled HRP and
Texas Red-labeled avidin diffused similarly in both
directions. The average anterograde transport velocity
for synapsin I, determined from bolus injections, was
0.16 pum/s (14 mm/24h) . Adjusting for temperature, using
a Q19 of 2-3 reported for neuronal transport, yields
values of ~100-400 mm/24h at 37°C. These rates
correspond to those observed for the fast component of
axonal transport in mammalian neurons, and suggests
that at least part of the injected synapsin I is
transported by this component.

373.16

NICOTINE-INDUCED SYNAPSIN I PHOSPHORYLATION AND
ENDOGENOUS ACETYLCHOLINE RELEASE IN CHOLINERGIC
NERVE ENDINGS. Sean Q’Shea and Enrique L.M, Ochoa * Dept. of
Pediatrics, University of California at Davis, Davis CA 95616.

Synapsin II phosphorylation is correlated with the nicotine-induced release of
catecholamines from chromaffin cells (Haycock et al., J. Neurosci. 8:3233,
1988). The present experiments were conducted to test whether nicotine effects
both synapsin I phosphorylation and acetylcholine (ACh) release in CNS
cholinergic nerve endings. Rat frontal cortex synaptosomes were pre-incubated
with 32PO* and SDS-PAGE was performed. Endogenous phosphorylation of
two protein bands of 80 and 85 kDa, identified as synapsin I, were demonstrated
by autoradiography and quantitated either by d ry or phosphor
Nicotine-induced endogenous, CaZ+-dependent ACh release was monitored by
a continuous fluorometric technique. Synapsin I was rapidly and transiently
phosphorylated by (-) nicotine with a maximum at 1 minute. The effect was’
blocked by pre-incubation with 10 M mecamylamine but not 10 uM atropine.
The increase in phosphorylation was not evident at concentrations lower than 10
UM (-) nicotine, but the EC50-nicotine for ACh release was in the puM range. Pre-
incubation of the synaptosomes with 35 uM veratridine and in the presence of
EGTA, abolished Ach release or synapsin I phosphorylation. In contrast, the
(-) nicotine-induced phosphorylation also occurred in the presence of EGTA.
Alpha-bungarotoxin (0.1 pM) blocked neither (-) nicotine-induced ACh release
nor phosphorylation, whereas 0.1 MM «x-bungarotoxin blocked ACh release but
had inconsistent blocking effects on phosphorylation. We conclude that (-)
nicotine requires external CaZ+ to induce ACh release, but Ca2* is not essential
for synapsin I-phosphorylation. (-) Nicotine may induce synapsin I phosphory-
lation through a nicotinic neuronal receptor present in rat frontal cortex nerve
terminals. Supported by the Cigarette and Tobacco Surtax Fund of the State of California through theTobacco-Related
Disease Research Program of the University of California, Grant IRT-0095.

373.18

STIMULATION OF PROTEIN KINASE C INCREASES
INHIBITORY SYNAPTIC TRANSMISSION IN THE RAT

HIPPOCAMPUS. M. Capogna, M. Scanziani*, B. H. Gihwiler
and S. M. Thompson

Brain Research Institute, Univ. of Zurich, 8029 Zurich Switzerland

Activation of protein kinase C (PKC) facilitates excitatory
neurotransmitter release, affects LTP, and modulates ionic channels.
The influence of PKC on inhibitory synaptic transmission is less well
known. We have addressed this question on evoked and
spontaneous GABA, receptor-mediated synaptic transmission in
area CA3 of hippocampal slice cultures. Stimulation of PKC with
phorbol ester PDBu (0.5uM) enhanced the amplitude and duration
of evoked monosynaptic IPSPs (in CNQX and APS) and the
frequency of spontaneous miniature IPSCs (in CNQX, APS5 and
TTX). PDBu did not change the distribution of miniature IPSC
amplitudes, suggesting a purely presynaptic mechanism of action.
The increase of miniature IPSC frequency by PDBu was
antagonized with staurosporin (1pM), a protein kinase inhibitor.
Preliminary data indicate that PDBu did not enhance GABA release
from presynaptic endings by recruiting axon terminal Ca2* channels:
PDBu caused an equivalent increase in mIPSC frequency in the
presence of the Ca2+ channel blocker Cd2+.
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373.19

DEPHOSPHORYLATION OF THE SYNAPTIC PHOSPHOPROTEIN
DEPHOSPHIN IS MEDIATED BY CALCINEURIN. R.A. Nichols’, J.M. Brown
and G.R. Suplick Dep of Ph logy, Medical College of Pennsylvania,
Philadelphia, PA 19129.
Changes in the state of phosphorylation of a number of presynaptic proteins occur
during stimulation of brain nerve inals, and these may serve o
nerve inal functi Dephosphin (P96) is one prominent
phosphoprowm present in brain nerve terminals, which undergoes stimulation-
Ca™-dep dephosphorylation. As yet, the protein phophatase
diating dephosphin phosphorylation has not been clearly demonstrated. We have
used a pharmacologlcal approach to help identify the dephosphin phosphatase.
Synaptosomes were isolated from rat cerebral cortices, labeled with [”P]-morgamc
phosphate, and then treated with various selective phosphatase inhibitors. The effect
of the p of inhibi on subseq stimulation-induced dephosphorylation
of dephosphin was determined by resolving *?P-labeled synaptosomal proteins in
SDS gel electrophoresis followed by autoradiography. Treatment with either
cyclosporin A (CsA) or L-683,590 (FK-520, a derivative of FK-560), both highly
selective inhibitors of the Ca®*/calmodulin-dependent protein phosph
calcineurin, prior to elevated K'-depolarization “of P-labeled synaptosomes
d the Ca*-d dent d in *P-labeled dephosphin. CsA (1 M)
inhibited the K*-induced d in 32F'-Iabeled dephosphin by an average of 76%
of control, wherease FK-520 appeared to be less effective. The attenuating effects
of CsA and FK-520 were dose- and time-dependent. Similar results were obtained
when the calcium ionophore ionomycin was used in place of K*-depolarization to
mduce Ca’* entry. Moreover CsA and FK-520 were without effect on elevated K*-
ini aptosomal Ca®, as d using fura-2. These results
implicate calcineurin as the mediator of dephosphin dephosphorylation during
stimulated Ca>* entry into brain nerve terminals. (Supported by NS30577)

373.20

RYANODINE DECREASED THE AMPLITUDE AND
INCREASED THE RATE OF DECAY OF NERVE-EVOKED
CAZ2+ TRANSIENTS AT THE PRESYNAPTIC TERMINALS OF
BULLFROG SYMPATHETIC GANGLIA. Y.-y. Peng* Dept. of
Pharmacol. & Physiol. Sci., Univ. of Chicago, Chicago, IL. 60637.
In bullfrog sympathetic ganglia, morphological studies

have shown that the peptide containing large dense-cored vesicles
(LDCV) tend to be away from the plasma membrane (Taxi, 1967;
Belhumeur & Tremblay, 1986). This localization of the LDCV's
might make peptide release from these vesicles sensitive to the
Ca2*-induced Ca2* release (CICR) and Ca2+ uptake processes of
the intracellular organelles. This hypothesis was tested in intact
isolated bullfrog sympathetic ganglia using fura-2 fluorimetry.
Presynaptic terminals were selectively filled with fura-2 in its
membrane impermeant form  (Peng & Zucker, Neuron, 10: 465-
473). CaZ* elevation at the presynaptic terminals was evoked by
electrical shocks to the preganglionic fibers at 20 Hz, a frequency
found to be optimal for evoking peptide release in these terminals
(Peng & Horm, J. Neurosci. 11: 85-95). Ryanodine (1 pM) caused
up to 50% decrease in the peak amplitude of Ca2+ elevation. It
increased the rate of the decay of this elevation as well. These
findings are consistent with the hypothesis that ryanodine sensitive
CICR occurs and is involved in regulating peptide release at these
intact presynaptic terminals. Supported by The Louis Block Fund
for Basic Research and Advanced Study.

LONG-TERM POTENTIATION III

374.1

THE ROLE OF N- AND P-TYPE CALCIUM CHANNELS IN MOSSY
FIBER (MF) SYNAPTIC TRANSMISSION IN THE
HIPPOCAMPUS. P.E. Castillo, M.G. Weisskopf and R.A, Nicoll* Depts. of
Pharmacol. and Physiol., UCSF, San Francisco, CA 94143-0450.

The MF synapses in the hippocampus exhibit an NMDA-receptor
independent form of long-term potentiation. We have presented evidence
that both the induction and expression of this form of LTP may be entirely
presynaptic (Zalutsky and Nicoll, Science 248:1619, 1990). We carried out
two sets of experiments using extracellular field potential recordings in
hippocampal slices from guinea pigs to characterize further this form of LTP.
First we compared the effect of completely blocking (even during the
tetanus) synaptic transmission, either presynaptically (0 mM Ca2+/6 mM Mg?*)
or postsynaptically (10 mM kynurenate) on LTP induction. Only the former
manipulation blocked LTP indicating that Ca2+ entry into the presynaptic
terminal is essential for MF LTP. In the second set of experiments we
examined the effects of Ca2* channel blockers on MF synaptic transmission
and LTP. Nifedipine (30 uM) (L-type) had little effect on baseline MF
responses or on LTP. «-CgTx (1 uM) (N-type) reduced baseline MF
responses to ~30% and LTP could still be evoked. @-AgaTx (1 uM) (P-type)
caused a nearly complete blockade of baseline MF responses but LTP-
inducing tetani could still enhance transmission in some preparations.
Subsequent »-CgTx application blocked all remaining response.

These results suggest that MF LTP induction requires presynaptic Ca2+
entry. The induction and expression of LTP can occur, at least to some
extent, after blockade of either N-type or P-type Ca2+ channels. Transmitter
release involves both N- and P-type Ca2+* channels, although the P-type
appears to play the primary role in glutamate release at MF synapses.

374.3

A NECESSARY ROLE FOR POSTSYNAPTIC FACTORS
IN EXPRESSION OF LONG-TERM POTENTIATION.
K. Shahi* and M. Baudry, Neuroscience Program, USC,
Los Angeles, CA 90089-2520.

One of the arguments supporting a postsynaptic mechanism for the
maintenance phase of long-term potentiation (LTP) has been the
absence of changes in paired-pulse facilitation (ppf) at potentiated
synapses. This argument has been confounded due to the lack of
knowledge regarding the exact mechanism underlying ppf. To
examine the relationship between LTP and ppf independently of the
mechanism responsible for ppf we evaluated the effects of the
competitive antagonist of the AMPA receptor, DNQX, on control,
facilitated and potentiated synaptic responses in field CAl of
hippocampal slices. DNQX differentially affected the responses to the
first and second pulse delivered 50 msec apart to a single pathway.
The slope and amplitude of the population excitatory postsynaptic
potential (epsp) from the first pulse were decreased more than those
from the second pulse in the presence of a submaximal concentration
of DNQX. However, when the second pulse was delivered to an
independent pathway that had previously been potentiated, the two
evoked epsps were equally sensitive to DNQX. These results indicate
that ppf is due, at least partly, to an increase in the concentration of
glutamate in the synaptic cleft. As this effect is not observed in
potentiated synapses, the results indicate that postsynaptic
modifications are more likely to underly LTP maintenance. (Supported
by grant BNS 9110377 from NSF).

374.2

A POSTSYNAPTIC- AND NMDA RECEPTOR-RELATED SHORT-TERM
POTENTIATION IN RABBIT DENTATE GYRUS X. Xie™ T.W. Berger* and G.
Barrionuevo®. “Dept. of Biomedical Engineering and Program in Neuroscience, Univ.
of Southern California, Los Angeles, CA 90089, and 'Depts. of Behavioral
Neuroscience & Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA 15260.
In the hippocampus, tetanic stimulation of presynaptic axons could induce four forms
of STP' which correspond in decay time constants to the STPs earlier found in
Iar junction’ including facilitation I and I, ion and potentiation
These forms of STP have been proved to be presynaptic in origin. More recently, a
new type of STP was found in the hippocampal CA1 and. dentate gyrus®*. In our
experiments, rabbit hippocampal slice was perfused with medium including 0.1 mM
Mg? plus 3uM alphaxalone, a GABA, receptor allosteric agonist. Inmediately after
high frequency stimulation (50 Hz, HFS) delivered through the same stimulating
electrode placed on perforant path axons, the EPSP amplitudes intracellularly
recorded from granule cell increased by 73 + 6% (SEM) and decayed to a stable
level with time constant at about 3.66 min (n=4). While one HFS would result in
LTP to its saturated level; the same HFS could induce the STP repetitively. The STP
could be blocked by D-APV and hyperpolarization of post-synaptic neuron indicating
that both forms of use-dependent synaptic plasticity share the same induction
mechanism. Preliminary data showed that the paired-pulse facilitation which has been
considered as pre-synaptic in origin was reduced during the STP indicating that
changes in presynaptic release is probably involved in its expression. Supported by
AFOSR, NS01196, NS24288, , MH45156, NH00343 AND MRC GRANT (AFOSR-
91-044).
1. Racine,RJ. and MilGram N.W. Brain Res. 260:201-216; 2. Magleby K.L. in
Synaptic function (eds Edelman,G.M. et al) 21-56 (John Wiley & Sons Inc, NY
1987); 3. MalenkaR.C. et al. Neuron 9:121-128,1992; 4. Gustuffson,B. et al.
Eur.J Neurosci. 1:382-389,1989

374.4

HIPPOCAMPAL SYNAPTIC PLASTICITY AND MODULATION OF AMPA
RECEPTORS IN MICE RESISTANT (C57BL/6J) AND SENSITIVE (DBA/2J)
TO AUDIOGENIC SEIZURE. M.F. Tourigny, R. Ward and G. Massicotte*.
Département de Chimie-Biologie, Université du Québec a Trois-Rivieres, C.P.500,
Qnébec Canada. G9A 5H7. R
l and biochemical ab lities of the h pus have been
descnbed in several species with epileptic dxsorders In this study, we compared
formation of hippocampal long-term ion (LTP) and modulation of AMPA
receptors by phospholipase Ay (PLA;) in two inbred strains of mice that differ in
their ability to exhibit audiogenic seizure on first exposure to sound. The
magnitude of both short term potenuanon (STP) and LTP induced by a theta burst
stimul (TBS) p was iell h d in area CAl of
hippocampal slices from mice sensitive DBA/2J to audiogenic seizure when
to the resistant CS7BL/6J strain. However the initial stage (20 sec) of the
STP that follow TBS was not affected in DBA/2J mice suggesting that similar
degree of NMDA receptor activation is present in both inbred strains. PLAj
treatment of tissue secuons has been reported to modify properties of AMPA
by i 3H-AMPA binding and we proposed that PLAj-induced
chnnga of AMPA reeeptors is a necessary step in LTP formation (Massicotte and
Baudry, Neurosci. Biobehav., Rev. 15: 415, 1991). Exogenous PLA; (0,5 ug/ml)
and calcium (4.0 mM) were applied at physiological temperature to thin (15 pm),
thaw-mounted sections of frozen mice brains and binding properties of AMPA
receptors was determined in 10 brain structures by quantitative autoradiography of
3H-AMPA. The quantitative analysis reveals that PLA3-induced increase in 3H-
AMPA binding was significantly enhanced in areas CA3 and CA1 of hippocampus
and molecular layer of bellum in the sensitive DBA/2J strain. The present
results support the idea that PLA3-induced modification of AMPA receptors is an
important p of synaptic plasticity. This work was supported by NSERC
Canada.
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374.5

SUSTAINED INCREASE IN BASAL AND STIMULUS-DEPENDENT
GLUTAMATE EFFLUX DURING LTP IN DENTATE GYRUS: REAL-TIME IN
VIVO MEASUREMENTS USING A DIALYSIS ELECTRODE. P.T. Galleyt M.L.

Errington and T.V.P, Bliss*, {Dep of Metabolic Medicine, St Mary's Hospital
Medical School hondon W2 lPG UK, and Division of Neurophysiology and
N h gy, Nati itute for Medical R h, Mill Hill, London NW7
1AA, UK.

We have used a novel gl nsitive el de (Albery, B lle and Galley,

J.Chem. Soc. Chem.Comm., 12, 900-901,1992) to study the release of glutamate
during LTP in the dentate gyrus of the anaesthetized rat. The dialysis electrode
combines microdialysis with in vivo voltammetry and centres around a platinum
electrode positioned inside a hollow semi-permeable fibre, allowing the micro-
environment around the electrode to be controlled. The removal of interference from
electroactive species such as ascorbate and dopamine can be achieved by
electropolymerising a coating of polyphenylene diamine onto the platinum and
perfusing the enzyme ascorbate oxidase into the probe. Add.mon of the enzyme
glutamate oxidase allows of end i} In the
presence of glutamate the enzyme generates hydmgen peroxide, whlch is oxidised on
the electrode at +650mV, and the resulting current can be measured with a custom
designed potentiostat.

To study glutamate release during LTP in the dentate gyrus, stainless steel recordmg
electrodes were attached to the dialysis el de, and the el ! bly posi
in the molecular layer of the dorsal dentate gyrus. An i in gl d
current was routinely obtained when the rate of stimulation of the perforant path was
increased to 2Hz from the test frequency of 0.033Hz. Following the induction of LTP
by tetanic stimulation there was a sustained increase in basal signal and an
approximately two-fold increase in the peak of the stimulus-dependent 2Hz signal
measured 60 min after induction. Both LTP and the increase in basal and stimulus-
dependent glutamate release were blocked by the i icular injection of D-APS.

374.7

NMDA RECEPTOR-MEDIATED PRESYNAPTIC INHIBITION IN THE
CA1 REGION OF THE HIPPOCAMPUS.

B. A. Nicoll Depts. Pharmacol. and Physiol., UCSF, San Francisco, CA
94143-0450.

Previous studies have found that application of NMDA transiently
depressed synaptic transmission in the CA1 region of the hippocampus
(Collingridge et al. J. Physiol. 334:33-46, 1983; Kauer et al. Nature
334:250-252, 1988; Manabe et al. Nature 355:50-55, 1992). We have
used both whole-cell and field recordings to investigate in more detail
the mechanism of this depression.

Application of NMDA (10-50 uM) depressed EPSP(C)s with a time
course that can outlast the direct postsynaptic actions. This depression
was due, at least in pan, to a presynaptic inhibition, since paired-pulse
facilitation (PPF) was increased during the depression.

Local high intensity tetanic stimulation caused heterosynaptic
depression lasting from a few to 15 min (cf. Bashir and Collingridge.
Eur. J. Neurosci. 4:485-490, 1992). This depression was blocked or
significantly reduced by 50 uM D-APV, was also associated with an
increase in PPF and was not blocked by the GABAg antagonist CGP
35348 (500uM).

These findings indicate that activation of NMDA receptors in the
slice can result in a presynaptic inhibition of EPSP(C)s. Presumably,
either glutamate can directly activate presynaptic NMDA receptors on
nearby excitatory synaptic terminals and decrease transmitter release,
or some diffusible factor and/or change in the extracellular ionic
environment can mediate this depression. The precise mechanism is
currently under investigation.

374.9

CHANGES IN POSTSYNAPTIC AMPA SENSITIVITY
DURING LONG-TERM POTENTIATION
Nikolai B. Fedorov, Klaus G. I?amnn‘t
P.0.B. 1810, Federsl Institute for Neurobiology, M: Gi

The maintenance of LTP in the CA1 region of the hnppocampus m|ght
involve a slow increase of the postsynaptic sensitivity of AMPA/glutamate
receptors. The question is: are these changes mediated by a population of
extrasynaptic or synaptic receptors? To answer this question we
employed the recently developed one-electrode method for Simultaneous
local pressure ejection and field potential recording, which allows a more
localized site of AMPA ejection and recording. Responses to iontophoretic
AMPA ejection were clearly potentiated with a time delay after
tetanization of about 10 min, confirming the findings of Davies et al.
(1987). AMPA responses to local pressure ejection (fPRs) recorded with
the same pipette exhibited more variable changes. Thus, in only 5 of 32
cases which clearly exhibited LTP of the fEPSP there were also increases
in the amplitude of fPRs after tetanization. However, in 12 cases a short
or long lasting depression of the fPRs (up to 30%) could be seen after
LTP induction. In picrotoxin containing solution (20 uM) no long- or short-
lasting depressions were observed (n=9), while the long-lasting
potentiation of the fPRs was seen in 2 out of 7 cases. These results allow
us to suggest that the direction of the changes probably depends on the
locus of recording and AMPA ejection and that both the increases as well
as the decreases in the sensitivity of neurons to AMPA might be related to
LTP. It could be speculated that the increase in the AMPA sensitivity
could be mediated by synaptic receptors, while the decrease in sensitivity
might be related to changes in receptors on extrasynaptic membrane,
where excitatory and inhibitory processes are interacting.

374.6
INTERACTION BETWEEN ANIRACETAM AND LTP IN "DISINHIBI-
TED" SLICES. rson_an

Ceater for neurobiology of learning and memory, Univ. of California Irvine,
Irvine, CA, 92717.

The drug aniracetam, which slows the desensitization of AMPA receptors
is reported to have different effects on the waveform of synaptic responses
following induction of LTP (Staubli et al., Hippocampus, 1992), a result which
suggests that LTP itself modifies the kinetics of the receptor channel. If so,
then the interaction between aniracetam and LTP should be still more evident
under conditions in which AMPA receptors mediated currents are isolated
from other currents normally present in hippocampal responses to afferent
stimulation. The present experiments tested this point in mini-CA1 slices
where inhibition was blocked with 50 uM picrotoxin and 100 uM of 2-OH-
saclofen. Tetrodotoxin (10 uM) was locally injected near the cell body layer
to prevent recurrent spiking. Aniracetam (1.5 mM) was perfused before and
after the induction of LTP with theta burst stimulation. In several
experiments, aniracetam was perfused twice before the induction of LTP.
Aniracetam typically produced 3 clearly defined effects on control waveforms
recorded under these conditions; namely, an increase in amplitude, rise time
and decay time constant (DTC). However, aniracetam effects on waveform’s
amplitude and rise time were significantly smaller after LTP induction,
whereas the increase in DTCs were significantly larger. The effects of
aniracetam on control responses were similar after a second perfusion arguing
against the possibility that several exposures may alter the receptor
responsiveness to the drug. These results support the hypothesis that LTP
alters the kinetics of the AMPA receptor.

This work was supported by a NSERC fellowship for A. K. and an AFOSR
grant.

374.8

THE ROLE OF NMDA AND NON-NMDA RECEPTORS IN SYNAPTIC
TRANSMISSION AND LONG-TERM POTENTIATION IN RAT MOTOR
CORTEX. L.Yi, W.T. Greenough and R. Swain*. Neurosci. Prog., Beckman
Institute, Univ. of Illinois, Urbana, IL 61801.

To determine whether N-Methyl-D-aspartate (NMDA) and non-NMDA receptors
mediate synaptic responses in rat motor cortex, we tested the effects of D-2-amino-
5-phosphonovalerate (APV) and 6,7-dinitro-quinoxaline-2,3-dione (DNQX) on
evoked field potentials and induction of long-term potentiation (LTP). In
extracellular recording, the field potential elicited in layer I/III of motor cortex in
response to stimulation of somatosensory cortex consisted of an EPSP, an apparent
population spike (PS) and a second EPSP. Iontophoretic application of APV sightly
decreased the amplltude of the first EPSP and PS, whereas the second EPSP was
< P d. In the p of DNQX, the amplitude of the first EPSP
and PS wene greatly reduced, suggesung that the first EPSP and PS include both
NMDA receptor-mediated and non-NMDA receptor-mediated components. Tetanic
stimulation of sensory cortex in control medium (n=12) induced both LTP of the
first EPSP and PS (8 cases), and LTD (3 cases). Tetanic stimulation in the
presence of APV (n=12) also induced both LTP of EPSP and PS (4 cases), and
LTD (6 cases). It appears that LTD is more likely to occur in the presence of
NMDA receptor blockage. LTP of the first EPSP and PS (2 cases), LTD (2 cases),
and no significant change (7 cases) were observed in the presence of DNQX
(n=11). These data indicate that non-NMDA receptor-mediated component also
plays an important role in the occurrence of LTP in motor cortex. In addition,
these findings provide evidence for the induction of both LTP and LTD of NMDA

iated synaptic ission in motor cortex and demonstrate that the
blockade of NMDA receptors favors the occurrence of LTD. Supported by
MH35321 and NSF BNS 88 21219.

374.10

ASYNCHRONOUS PRE- AND POSTSYNAPTIC ACTIVITY INDUCES
LONG-TERM DEPRESSION IN HIPPOCAMPAL CA1 NEURONS IN VITRO.

Brain Research Institute, University of Zurich, 8029 ZURICH Switzerland.

A novel form of iative long term depression (LTD) has been induced in CA1
in hipp pal slice cul by repeatedly (100 times) stimulating the
Schaffer coll 1 path at low fi (0.3 Hz) after brief periods of
postsynaptic firing imposed by injection of depolarizing current pulses. The
in exci ic p ial amphtudc 1) lasted more than 30
minutes, 2) couldbe reversedby i of ion in the d d input, 3)

could be i d at p mpms, 4) was input specnﬁc (LTP of
ano(herpathwayeouldbemdneedatﬂlemum)andS)dxdnotreqtdm
potentiation of other inputs. The associative character of this LTD was
demonstrated by the depend of the "ofthe‘r i uponthc
interval between postsynaptic depolarization and p imulati

LTD =31% with 800 ms interval). No depression ms obmned for mtervals <500 or
>2000 ms. LTD could not be induced in neurons recorded with BAPTA (25 mM)
filled micropip or in the p of the NMDA-receptor antagonist AP5 (40
M) during the conditioning prowdure suggestmg that voltage-dependent calcium
influx alone is not sufficient for LTD i We lude that iative LTD
is induced as a result of NMDA-receptor activation and Ca2* influx, when
postsynaptic depolarization is followed by synaptic activity within a limited time
window.
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374.11

LONG-TERM POTENTIATION OF DUAL COMPONENT EPSCS IN THE
RAT HIPPOCAMPAL SLICE. K.A. Clark and G.L. Collingr_idge‘. Dept. of
Pharmacology, The Medical School, Birmingham University, Birmingham, UK.
Long-term potentiation (LTP) is a long lasting increase in synaptic efficiency
typically induced by high frequency (tetanic) stimulation. While there is general
agreement that the site of LTP induction is post-synaptic, the relative increases in
AMPA and NMDA receptor-mediated synaptic ¢ and the site of LTP
[ sial. We have used whole-cell patch-clamp recording
from CAl pyramldal neurones to mvesugale LTP of AMPA and NMDA receptor-
To optimise measurement of EPSCs,
synaptic inhibition was blocked usmg p in (50 uM) and CGP 35348 (200 uM)
in the perfusing medium and QX-314 and caesium in the patch solution. Current-
voltage plots (n=12), CNQX or NBQX (1-10 puM, n=17) and D-AP5 (50 uM, n=9)
were used to define the initial slope of the EPSC as primarily AMPA receptor-
diated and the amplitud d at 100 ms post-response onset as primarily
NMDA recep diated. N voltage clamped at -60 mV, were dialysed for a
minimum of 45 mins, tetanised (100 Hz/1 s) and followed for a further 30 mins.
Neurons were sub-divided into two populations on the basxs of whether potentiation
of the AMPA recep di was d or not (n=9 and n=6,
respectively). In both cases, potemlatmn of the NMDA receptor-mediated
component was similar in amplitude to and paralleled that of the AMPA receptor-
mediated component. If following dialysis for 30 mins at -60 mV, neurons were
voltage clamped at -50 mV for the rest of the experiment we were unable to obtain
LTP of either p (n=8), p bly due to over activation of the NMDA
receptor-complex. This study shows LTP is manifest as a parallel increase of the
AMPA and NMDA receptor-mediated components of the EPSC. The ability of a
neuron to express LTP seems to be independent of factors that would be easily
dialysed out of a neuron. K.A.Clark is a Wellcome prize student.

374.13

SYNAPTIC PLASTICITY IN THE NUCLEUS ACCUMBENS IN VITRO:
DIFFERENTIAL REGULATION OF AMPA AND NMDA RECEPTOR-MEDIATED
SYNAPTIC TRANSMISSION. S. B. Kombian' and R. C. Malenka. Depts. of
Psychiatry and Physiol., University of California, San Francisco, CA 94143.

The nucleus accumbens (NA) is an important limbic-motor interface that is thought
to be involved in many complex behaviors. Principal projection cells of NA are
quiescent and depend on strong glutmnalerglc excitation from cortical and subcortical
limbic regions. We have d the i of activity-dependent ch
in NMDA and non-NMDA (AMPA) receptor-mediated synaptic responses, recorded
from the "core” region in an in vitro parasagital slice preparation. Field EPSPs and
whole cell EPSPs/EPSCs were evoked by stimulation of prelimbic cortical afferents
in the presence of pxmtoxm (25 uM)

Long-term (LTP) was i ly induced in both field (14/17 slices;
62 + 20%) and whole cell EPSPs (l7/21 cells 68 + 9%) by high frequency
stimulation (100 Hz-1 sec, given 1 or 2 times separated by 10 sec) at twice the
baseline and spike threshold stimulus strengths, respectively. Pairing postsynaptic

depolarization with low frequency synaptic lation (2 Hz for 2 min) also elicited
LTP (7/11 cells; 60 + 6%). Application of D-APV (25 pM) reversibly blocked LTP
(n=6). Loading cells with BAPTA (10 mM; n=4) also prevented the induction of
LTP by tetanic stimulation in slices in which LTP was elicited in simultaneously
recorded field EPSPs. The same tetanic stimulation and pairing protocols consistently
produced a long-term depression (LTD) of the NMDA receptor-mediated EPSP
recorded in the presence of CNQX (10 uM; 11/14 slices; 48 + 12%). The induction
of LTD was blocked by D-APV (n=3) and by loading cells with BAPTA (10 mM;
n=7). Recording EPSCs at resting potential (-80 mV) and at 30 mV in a single cell
permitted simultaneous monitoring of the AMPA-(-80 mV; peak curmrent) and
NMDA-(30 mV, late component at 75 msec) mediated EPSCs. Low frequency
stimulation at 30 mV produced LTD of the NMDA component and LTP of the
AMPA component (35 + 5% and 55 + 10% respectively, n=6). These results suggest
that at these synapses, an NMDA receptor-mediated nse in Ca® can cause markedly
different effects on AMPA and NMDA receptc diated synaptic tr 1. SBK
is supported by HFSPO.

374.15
MULTIPLE ISOFORMS OF NEURONAL NITRIC OXIDE
SYNTHASE. T.M. Dawson,” J. P. Steiner, J. A. Mong, and
S.H. Snyder. Departments of Neuroscience & Neurology.,
Johns Hopkins University School of Medicine., Baltimore, MD
21205

Nitric oxide (NO) is a recently identified messenger molecule
in the central nervous system. NO is produced upon activation
of the calcium/calmodulin dependent enzyme, NO synthase
(NOS), by a variety of stimuli, including glutamate receptor
activation. The major isoform of NOS has been purified to
homogeneity, moleculary cloned and its anatomical distribution
mapped in detail. Since NO has been implicated in diverse
neuronal processes such as long term potentiation (LTP) in the
hippocampal formation, but NOS immunoreactivity is absent
from CA1 pyramidal neurons, we attempted to identify
alternative isoforms of neuronal NOS, which could account for
these discrepancies. We purified NOS protein, from rat
forebrain and have identified two additional isoforms of
molecular mass of 130 Kd and 160 Kd, as well as the major
150 Kd isoform. Peptide antibodies generated against the N-
terminal region of the molecularly cloned 150 Kd NOS recognize
the purified alternative isoforms and reveal a distinct regional
heterogeneity as determined by Western blot analysis and
immunohistochemistry. These additional isoforms may be
regulated in distinct ways and have unique functions and DNA
sequences.

374.12

METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED LTP IN
THE LAMPREY RETICULOSPINAL SYSTEM. Simon Alford* and
Réjean Dubuc Dép. Kinanthropologie, U. du Québec 2 Montréal H3C 3P8 and CRSN
U. de Montréal H3C 3J7 Québec Canada and *Dep. Physiology Northwestern Univ.

Med. School Chicago IL 60611 USA.

This study was conducted to plasticity of synaptic transmission from
vesubulospmal(VS)mthe icul ,' ‘(RS) of the L RS
of the posterior rhomb lic reti were ded with microel d
or with whole-cell patch electrodes. Sumull were applied to l.hc basal plate of the 4th
ventricle to stimulate VS axons of the i torius intermediate (OMI)

or contralateral octavomotorius postenor (OMP) nucleus. Low frequency stimulation
of either pathway evoked a monosynapuc PSP comprising a glutammerglc and

elecmca] P and an y In all cases, using microelectrode
g, tetanic stimulation of the path ,(200r50$hocksforls test intensity)

led to a sustained enhancement in amplitude of the PSP (mean increase 42 + 12 %:
n=11). This enh was not ined if the was ded using a paich
pipette (n=6), implying that the po(enuzmon required a diffusible mechanism in
recorded neuronc. The tetanus in synap was
hway specific. Additionally d enh was insensitive to blockade
by apphcauon of the NMDA receplor amagomsl R, S)APS (200 uM; mean mcrease of

47 + 15%; n=9) but was abolished by the ap ion of the

receptor (mGluR) antagonist 4C3H-PG (100 UM; n=4). Taken mgelher. the latter
results indicate that mGIuR but not NMDA P is ible for
evoking this LTP. The response was, however, insensitive to pretreatment with
pertussis toxin (mean increase 50 + 30%; n=3) mdlcaung that the mGluR involved is
not coupled toa penussm t.oxm sensmve G protem (eg G.. Go)- ln conclusion, inputs
Wb plastic ch
mediated by activation of an mGluR. These changes are hkely to play an important
role in adapting the activity of brainstem motor systems which are responsible for the
initiation and control of locomotion. (Supported by MRC Canada, FRSQ Québec and
Fondation de 'TUQAM)

374.14

LONG-TERM POTENTIATION (LTP) AND NMDA RECEPTORS IN
CHICK FOREBRAIN IN VITRO. X. Wang* and H. Scheich. Institute
for Neurobiology, Brenneckestr. 6, O-3090 Magdeburg, Germany.

A series of in vitro LTP experiments was carried out in the auditory
imprinting-relevant area MNH (mediorostral necostriatum and
hyperstriatum ventrale) of the domestic chick. Sagittal slices of 250-300
pm thickness were prepared from forebrain of 0- to 10-day-old chicks.
Extra- and intracellular recordings were made in the MNH region. The
stimulation was delivered in lobus parolfactorius underneath MNH to the
main afferent MNH pathway from the thalamus. A population spike
potentiation was recorded extracellularly in about 25% of the tested MNH
neurons after application of the afferent tetanic stimulation. There are
different neuron types in MNH, only one of which can be potentiated as
shown by final intracellular dye-filling. Using intracellular recordings,
EPSP potentiation and EPSP-spike (E-S) potentiation was identified. A
suitable afferent tetanus could lead to a large depolarization of the
postsynaptic membrane. Following this depolarization, the neuronal
activity was often increased. The hanism of these ph was
investigated with excitatory amino acids and their antagonists. The
application of N-methyl-D-aspartate (NMDA, 1 ul, 1 mM) dissolved in
the medium near the slice induced many spikes, bursts and a large
depolarization of the membrane potential with temporal and amplitude
characteristics similar to the tetanus induced depolarization. These effects
were blocked by 50 uM APV (DL-2-amino-5-phosphonovaleric acid).
These results demonstrate the existence of a large population of NMDA-
sensitive cells in the MNH. An activation of NMDA receptors may play a
crucial role for induction of LTP in MNH.

374.16
Nltnc Onde Inhibitors Facilitate the Induction of Hippocampal Long-term

ion by Modulating NMDA Resp K. Kato, D.B. Clifford and C.F.
mDepanmentsof.,“ y and A & Neurobiology, Washing!
Univ., School of Med., St. Louis, Mo 63110
The effects of the competitive nitric oxide (NO) synthase inhibitor, L-nitroarginine
(L-NOArg), on synaptically activated N-methyl-D-aspartate (NMDA) currents and
the induction of long-term potentiation (LTP) were studied in the CA1 region of 25-
30 days old rat hippocampal slices at 30°C. Whole cell recording techniques were
used to measure NMDA currents in the p of 50 uM pi in and 10 uM
CNQX. Application of 10 uM L-NOArg increased the amplitude of NMDA currents
by 48.8 + 4.6% (N=7) inthe p of 2 mM Ilular Mg** at -70 mV. This
augmentation occurred within minutes of L-NOArg administration and was readily
reversible on removal of the drug. L-arginine (100 uM), which did not change
baseline NMDA resp (N=3), the enh duced by L-NOArg
(N=5). At 5-100 M, a 10-25 min application of L- NOArg also facilitated the
induction of LTP produced by a single 100 Hz, 300 ms tetanus (+32.0 + 5.5%
change in field EPSP at 10 uM, N=5; +36.7 + 5.1% change at 100 uM, N=7).
In control slices, the 100 Hz, 300 ms tetanus was insufficient to induce LTP (+8.4
+ 2.5%, N=8). The development of LTP in L-NOArg-treated slices was inhibited
by 50 uM D-2-amino-5-phosph ! (D-APV), and the effects of 100 uM L-
NOArg were overcome by ten fold higher concentrations of L-arginine (+5.3 + 1.8,
N=9) but not by D-arginine (+36.0% + 4.3, N=5). Hemoglobin, an agent that
binds NO extracellularly, also facilitated the development of LTP when administered
for 10 min at 10 uM (+37.1 + 6.3%, N=3). 10 uM L-NOArg administered for 20
min without a tetanus also induced a slowly developing p iation (+23.7 + 2.3%,
N=5/7). These results suggest that tonically released NO modulates the threshold for
synaptic plasticity in the CA1 hippocampal region by diminishing NMDA
mediated responses.

P

SOCIETY FOR NEUROSCIENCE ABSTRACTS, VOLUME 19, 1993



906 LONG-TERM POTENTIATION III

374.17

NITRIC OXIDE SYNTHASE INHIBITORS BLOCK LTP INDUCED BY
WEAK BUT NOT STRONG TETANIC STIMULATION. J.E. Haley*,P.L.
Malen and P.F, Chapman. Department of Psychology and Graduate Program
in Neuroscience, University of Minnesota, Minneapolis, MN 55455.

Nitric oxide (NO) production during high frequency tetanic stimulation has
been implicated in the induction of long-term synaptic potentiation (LTP) in
the hippocampus. The dependence of LTP on NO is controversial, however,
due to the difficulty in blocking the induction of LTP with NO synthase
inhibitors under some experimental conditions. We have attempted to
describe the key factors determining the efficacy of NOS inhibitors by testing
the potentiating effects of relatively weak and strong tetanic stimulation in
the presence of L-nitro arginine (NArg).

Rat hippocampal slices were prepared and field potentials elicited by
Schaffer collateral/commissural stimulation were recorded in stratum
radiatum. All experiments were performed at 31°C. Pretreatment for 30
minutes with NArg (0.01-1mM) blocked the induction of LTP resulting from
subsequent weak tetanic stimulation (2 trains of 100Hz for 250ms, 5 sec
intertrain interval) but did not prevent the enhanced synaptic response elicited
by a stronger tetanus, where either the duration of the train or the stimulation
strength was doubled during tetanus. All three protocols produced LTP of
similar magnitude in controls and the size of the response during tetanus was
unaltered by NArg. LTP elicited by weak tetanic stimulation was blocked
by 50uM APS5, confirming that the enhancement seen in controls was NMDA
dependent.

That NO synthase inhibition produces a differential effect on synaptic
enhancement produced by weak and strong tetani, may help to explain the
controversy surrounding NO and LTP, and raises the possibility that
qualitative differences exist between cellular processes activated by different
tetanic stimuli.

374.19

PROTEIN SYNTHESIS INHIBITORS AND LONG-TERM POTENTIATION
(LTP) IN THE INTACT MOUSE: IMPORTANCE OF CONSTITUTIVE
RATHER THAN SYNTHETIC PROCESSES. U. Namgung and A.
__Qummhex& Cresap Neuroscience Laboratory, Northwestern University.
Evanston, IL 60208.

Does the maintenance of LTP require new synthesis or the presence of
existing proteins? We attempted to resolve this controversy (e.g. Neurosci.,
28:519, 1989 vs Synapse, 1:90, 1987) by studying LTP in the anesthesized
subcutaneously 30 min or 4 hr prior to LTP.

Population responses of dentate gyrus cell layer were obtained by perforant
path stimulation from entorhinal cortex. Population spike amplitudes, before and
after high frequency stimulation (HFS), were compared among saline, CXM
and ANI injected-mice. Initial potentiated responses were similar for all 3
groups, i.e., 200% of baseline spike amplitude 20 min after HFS. This implies
that CXM or ANI does not affect the induction stage of LTP in contrast to prior
reports (J. Neurosci., 4:3080, 1984 & Synapse, 1:90, 1987). Injection of CXM
4 hr before HFS resulted in a decay of LTP that appeared at 90 min. The
decreased responses remained at a lower level (60%) for 4 hr after HFS (p<0.01).
ANI when injected 4 hr before HFS did not change the potentiated responscs.
CXM or ANI injected 30 min before HFS had no effect on the response at 4 hr
after HFS though the response was temporarily lowered after HFS in the 40-90
min period for both inhibitors.

These results d ate that the inhibition of protein synthesis by CXM
but not by ANI blocks the maintenance of LTP. In contrast, another study
using rats (Neurosci., 28:519, 1989) found ANI to impair LTP maintenance.
This inconsistency may reflect different methods or species used. Since CXM
injected 4 hr before HFS but not 30 min before blocked LTP persistence, this
implies that promem(s) constitutively present at the time of HFS with a half-life
of more than 30 min and less than 4 hr is y for LTP
Moreover, the absence of an effect at 30 min suggests that new protein synthesis
is not required. [supported by MH25281-18 and AFOSR90-0240]

374.18
PATHWAY SPECIFIC E-S POTENTIATION IS ENHANCED BY
BACLOFEN. D.D. Mott” W.A. Wi S. Swal Ider i

Depts. of Pharmacology, Medicine (Neurology), Psychology, Pediatrics
(Neurology) and Neurobiology, Duke Univ. and V.A. Med. Centers, Durham,
N.C. 27710.

As originally described by Bliss and Lomo (1973), long term potentiation
(LTP) consists of both a lasting increase in EPSP slope as well as a long term
increase in the ratio between the slope of the EPSP and the amplitude of the
associated population spike (E-S Potentiation). We and others have
previously demonstrated that GABAy receptor activation can regulate the
potentiation of EPSP slope. We now examine the effect of GABAy receptor
activation on the induction of E-S potentiation.

E-S potentiation was studied in the dentate gyrus of the rat hippocampal
slice. In control slices a long stimulus train (0.5 s, 100 hz), delivered
selectively to the medial perforant path (MPP), produced long term slope and
E-S potentiation in that pathway. As previously described, following the MPP
train, the non-tetanized lateral perforant path (LPP) exhibited E-S
potentiation and a heterosynaptic depression of EPSP slope. In contrast, a
brief stimulus train to the MPP (0.1 s, 100 hz) produced no change in either
pathway, most likely because of the short train duration. However,
application of baclofen (10 pM) during the brief MPP train, enabled the train
to produce a lasting E-S potentiation, but no synaptic potentiation, in the
MPP. The non-tetanized LPP was not affected. These results indicate that
baclofen can selectively facilitate the induction of pathway specific E-S
potentiation and suggest that GABAy receptors may play a role in the
mechanism underlying this form of neural plasticity.

Supported by NIH grants NS 27488, NS 17771 and a V.A. Merit Review.

LONG-TERM POTENTIATION IV

375.1

LONG-TERM POTENTIATION IN ENTORHINAL CORTEX INDUCED BY
THETA-PATTERN STIMULATION OF CAl. T.Otto’ and H.Eichenbaum.
Dept. of Psychology, University of North Carolina, Chapel Hill, NC 27599

The present study sought to determine whether stimulation of the
hippocampus, in a pattern consistent with both the learning-related firing patterns
of hippocampal neurons (Otto et al., 1992) and the stimulation parameters that
optimally induce LTP within the hippocampus itself (Larson et al., 1986), would
result in potentiation of the EPSP elicited in a primary cortical target of
hippocampal output cells.

Six urethane-anesthetized rats were implanted with a bipolar stimulating
electrode in the CAl-subiculum border of the mid-septotemporal hippocampus
and a recording electrode positioned in the deep layers of ipsilateral lateral
entorhinal cortex (LEC). Single-pulse stimulation of CA1 produced a reliable,
monosynaptic EPSP in the LEC that peaked between S-7ms. Stimuli of an
intensity sufficient to evoke an EPSP roughly one-half its maximum amplitude
(mean EPSP amplitude = 0.29mv; mean stimulation intensity = 141uA) were

d to the hipp pus every 15 sec, and the slope of the initial descending
phase of the resultant cortical EPSP was measured. Following establishment of
a stable baseline, "theta-burst” stimulation of CA1 (2 bouts of 14 bursts [4 pulses
at 100Hz}, 140ms between bursts [7Hz], 10 sec between bouts) resulted in a brief
post-tetanic potentiation followed by stable LTP in entorhinal cortex as indicated
by a reliable increase in the slope of the EPSP. The average potentiation at
30min was 161.3% of baseline responses. Responses could be enhanced further
by subsequent bouts of theta-burst stimulation. These data are consistent with the
hypothesis that learning-related firing patterns of hippocampal output cells
support plastic changes in their cortical targets, and could thereby subserve the
extrahippocampal consolidation of hippc I-d dent memory.

Supported by ONR grant N00014-91-5-1881 to HE and TO.

375.2

STRESS IMPAIRS LTP OF THE EPSP IN THE DENTATE GYRUS
2 HOURS AND NOT 24 HOURS AFTER STRESS, BUT ALTERS
THE THETA BURST RESPONSE AT BOTH TIME POINTS.
T.J. Shors* and E. Dryver. Department of Psychology and Program
in Neuroscience, Princeton University, Princeton, NJ 08544

Since the effect of stress on hippocampal plasticity and learning bears
resemblance to the effect of LTP on similar measures, we tested whether the
effect of stress on LTP was long-lasting, as is LTP. In addition, we tested
whether stress alters the theta burst response (Larson, Wong, Lynch, 1986)
ina similar to a previous induction of LTP. Sprague-Dawley rats
(n=28) were exposed to 1 hour of restraint and 60, 1 s, 1 mA tail shocks and
returned to their home cage. Stimulating the dentate gyrus via the perforant
path, rats were tetanized 2 and 24 hours after exposure to the stressor.
Unstressed controls (n=23) were tetanized once and then again 2 hours later.
Stress impaired EPSP LTP 2 hours (P<0.05), but not 24 hours after stress.

In contrast, exposure to the stressor at both time points altered the response
to subsequent theta burst stimulation (10, 40 ms bursts at 100 Hz, each
separated by 200 ms). While unstressed controls exhibited a decline in the
amplitude and area (excluding burst 2) of each successive burst, both stressed
groups exhibited no such decline in amplitude, a pattern remarkably similar to
that observed in unstressed rats exposed to a second tetanus (P<0.01).
Assuming dentate LTP lasts longer than 24 hours using these stimulation
parameters, these results dissociate stress from dentate LTP with regards to
time, but associate stress and LTP with regards to neuronal responsiveness to
theta burst stimulation.

[snpported by the Office of Naval Research, McDonnell-] Pew Program
in Cognitive Neurosci and the Whitehall F
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375.3

CURRENT SOURCE DENSITY ANALYSIS OF ANGULAR BUNDLE-EVOKED
RESPONSES IN HIPPOCAMPUS. J.L. Stringer* and C.M.
Colbert. Dept. of Pharmacology, Baylor College of
Medicine, Houston, TX 77030

Both anatomical and in vitro electrophysiological
data suggest that monosynaptic excitation of CAl
pyramids by entorhinal cortical afferents exists.
However, available in vivo field potential evidence of
monosynaptically driven CAl cell firing is equivocal
because interpreting laminar maps of extracellular
voltages is difficult and can be misleading. Current
source density (CSD) analysis allows the position of
current sinks to be localized more precisely. Here we
report, using CSD analysis, that multi-phasic potentials
recorded in the CAl cell layer evoked by stimulating the
angular bundle (AB) correspond to sinks in the dentate
gyrus (DG). Adult male Sprague-Dawley rats (n=6) were
anesthetized with urethane. Stimulating electrodes
placed in ipsilateral or contralateral CA3 and the AB
were used to evoke extracellular responses recorded by a
glass micropipette. Twelve laminar maps were recorded
through CAl and the DG at intervals of 25um or 30um.
Four responses were averaged to produce the voltage
trace at each depth. CSD analysis was performed offline
by computer. Stimulating CA3 resulted in current sinks
within CAl. Stimulating the AB, however, consistently
evoked sinks that localized to the DG. Although there is
good evidence that an entorhinal cortex to CAl pathway
exists, these experiments suggest that the multiphasic
potentials recorded in CAl in vivo do not represent
activation of this pathway. This work was supported in
part by NIH grant NS 28871.

375.5

DELAYED SIGNAL CONDUCTION FROM CA3 TO CAl

VIA THE CA2 REGION IN RAT HIPPOCAMPAL SLICES

REVEALED BY OPTICAL RECORDING.

Y.Sekino* 12 M.Tanifuji!3 and K.Obata!. Lab. Neurochem., National

Insl for Physiol. Sctenoe Okazaki 444, 2Dept. of Mol. & Cell. Neurobiol. Tokyo
politan Inst. for N i., Fuchu-shi 183, 3Dept. Information Sci., Fukui

Univ., Bunkyo,Fukui 910, Japan.

Many electrophysiological studies using hippocampal slices are based
on the anatomical concept of a direct pathway from CA3 to CA1 via the
Schaffer collaterals. Anatomical studies, however, show that there
could be other CA3 - CA1 pathways, which have not yet been verified
by electrophysiological studies. We addressed this problem by optical
imaging of activity; using voltage-sensitive dyes. Hippocampal slices
of 500 pm thickness were prepared from the temporal part of the rat
hippocampus with Schaffer collaterals and mossy fibers in the same
preparation. After staining with an absorptive voltage-sensitive dye,
RH482, electrical stimulation was applied to the mossy fibers and the
neuronal activity was monitored using a SD1001 optical recording
system (Fujifilm Microdevices ,Ltd.). Two signal pathways from CA3
to CA1 were observed, which were tempoially and spatially different.
One was rapid conduction in the distal part of the stratum radiatum,
probably through the Schaffer collaterals, starting at 6 ms after the
stimulation of the mossy fibers. The other was excitation of the CA2
area with subsequent spread of the excitation to the stratum oriens and
the proximal stratum radiatum in CA1. The delay in the excitation of
CA2 was about 3 ms. The CA1 region can thus be activated by two
different pathways, the direct pathway via the Schaffer collaterals and
the delayed pathway via the CA2 region.

375.7

HIPPOCAMPAL EPs HAVE STRONGEST RELATION WITH
MOLECULAR RSA OSCILLATION AT MEDIUM ST[MULATION
INTENSITY. E.L F D.P
Psychology, Univ. Western Ontario, London, CANADA, N6A SC2
That hippocampal EPs recorded during Rhythmical Slow-wave
Activity (RSA) are different from those recorded during Large-
amplitude Irregular Activity (LIA) has been well documented. Similarly,
others have shown that EPs vary systematically within RSA oscillations.
‘We have shown that the RSA/LIA related EP differences change across
the I/O curve (Hargreaves and Cain, 1991). Here, we demonstrate a
similar change across the I/O curve in EPs recorded during RSA
oscillations. Male rats (n=8) were implanted with stimulating and
recording electrodes in the perforant-path and dentate-gyrus,
respectively. The recording electrodes were bipolar and staggered such
that the tips straddled the granule cell layer, enabling the continuous
monopolar recording of molecular RSA, in addition to the recording of
granular or hilar EPs. Abbreviated I/O curves were recorded during
Type 1 exploratory behaviors at Lo (X=152pa; se=54.6) Med
(X=289ua; se=73.1) Hi (X=725pa; se=75) stimulation intensities. EPs
were triggered manually and identified along with 6-12 Hz filtered RSA
on a polygraph tracing, allowing digitized EP measures to be matched
with RSA phase. Averaged 2nd order regressions indicated that EP
measures recorded at the medium intensity gave the strongest curvilinear
relationship to RSA phase. Supported by NSERC to DPC.

375.4

ORIGINS OF THE VARIATIONS IN LONG-TERM POTENTIATION
BETWEEN SYNAPSES IN THE BASAL VS APICAL DENDRITES OF
HIPPOCAMPAL NEURONS. A. Arai*, J. Black and G. Lynch. Center for the
Neurobiology of Learning and Memory, University of California, Irvine, CA
92717.

Factors which control the magnitude of LTP are of interest as they may be
linked to particular features of memory. In apical dendrites of field CA1, the
maximum potentiation produced by theta patterned stimulation is in the range of
50%:; neither additional stimulation nor employing a smaller initial response can
transcend this *ceiling’ value. The present study examined whether the rules which
govern LTP in basal dendrites differ from those established for apical dendrites.

Stimulation by ten consecutive bursts produced more than twice as much LTP
in basal dendrite ficld EPSPs as in their apical counterparts. Similar results were
obtained with whole-cell clamp recording which indicates that the synapses on the
two dendritic arbors of the same neuron differ in their LTP ceiling. In addition,
basal synapses required a smaller number of theta bursts to reach their ceiling.
Intracellular recording revealed significant differences between basal vs apical
responses to trains of bursts: the within burst depolarization was greater and the
between burst hyperpolarization was smaller for the basal dendritic responses.
These two variables have previously been proposed to influence the magnitude of
LTP and the observed differences between basal vs apical synapses are in accord
with this hypothesis. Together with recently described immunocytochemical
results, the findings reported here suggest that variations in LTP across dendritic
subfields of hippocampus reflect a differential distribution of a subclass of
GABAergic interneurons. (Supported by ONR grant N00014-89-J-1255).

375.6

BASAL AND APICAL DENDRITIC SYNAPSES OF HIPPOCAMPAL
CAl1 PYRAMIDAL CELLS EXHIBIT DIFFERENT LTP
PROPERTIES. L.R.Roth* and L.Stan I eung. Dept. Physiology and Clin.
Nuerol. Sci., Univ. Western Ontario, London, N6A 5AS, Canada.

Long-l.erm potentiation (LTP) at the basal and the apical dendntlc exutatory
synapses of CA1 pyraxmdalcellswas ined in urethane. ized rats
by stimulation at CA1 str. oriens and str. radiatum, which selectively activated
afferents to the basal and apical dendrites respectively. Averaged evoked
potentials (AEP) were recorded extracellularly at 50um depth intervals in
ipsilateral CA1, and a one-dimensional current source density (CSD) was
estimated by a second order spatial differencing. Following baseline recording,
the afferent pathway was tetanized with theta-frequency primed bursts(8 bursts
of one pulse followed 190ms later by 10 pulses at 100Hz) of either high
intensity(400xA), or low intensity(40-70xA). Area under the excitatory sinks
2ms after onset was calculated before and 30 min after the tetanus.
Stimulation of str. oriens resulted in significant potentiation of the basal
dendritic excitatory sink for both the high intensity(35 + 10%, mean + SEM,
n=7, p<0.05) and the low intensity tetanus(78 + 19%, n=7, p<0.05).
Stimulation of str. radiatum resulted in significant potentiation of the apical
dendritic sink for the high intensity(73 + 46%, n=6, p <0.05), but not the low
intensity tetanus(-22 + 22%, n=9, p>0.1). These results suggest that the
apical and basal dendritic excitatory synapses of CA1 pyramidal cells may have
distinct LTP characteristics; the basal synapses show robust potentiation at low
tetams strengths, however the apical synapses exhibit weak potentiation only

llowing a high i y (supported by NSERC).

375.8

EFFECTS OF CONDITIONING INPUTS ON THE
TRANSMISSION OF NEURAL ACTIVITY IN TRISYNAPTIC
CIRCUIT OF HIPPOCAMPUS DETECTED WITH OPTICAL
MEASUREMENTS.

i
Electrotechnical Lab., Molecular and Cellular Neurosci. Sect.,
Tsukuba, Ibaraki 305, Japan

The main excitatory pathway in the hippocampus is
composed of three different groups of neurons (dentate granule
cells, CA3 and CA1 pyramidal cells) connected in series with
plastic synapses (trisynaptic circuit). We applied conditioning
inputs to the beginning of this circuit (perforant path) and
studied their effects on the transmission of test input applied
also to the perforant path of a rat hippocampal slice. The
responses of neurons in the circuit to a test input was
monitored simultaneously with high spatio-temporal resolution
by applying optical recording which covered almost all surface
of a hippocampal slice. A conditioning input of 100 Hz for 1 sec
caused LTP in both CA3 and CA1 region. The enhancement of
synaptic strength not only had an effect on the amplitude of
response of neurons but also on the speed of signal
transmission in the trisynaptic circuit. These potentiated
synaptic connections were most effectively reduced by the
conditioning input of 1Hz for 1 min. However the conditioning
input of 0.5 Hz for 2 min had little effect on the synaptic
connections in both CA3 and CA1 regions.
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375.9
LIKELIHOOD SURFACES ILLUMINATE UNCERTAINTY IN
QUANTAL ANALYSIS. A.Q_anmd %, EM. Landaw?,

and T.H, Brown!2. Depts. of Physxol and Psych Yale Univ., New
Haven, CT 06520; Dept of Biomath.3, U.C., Los Angeles, CA 90024

We developed a maximum hkehhood (ML) approach to quantify
uncertainty within several testable models of synaptic transmission.
ML theory provides standard errors and likelihood ratio tests, as well as
parameter estimates. Monte Carlo simulations amplify the method’s
power and justify each application of ML theory.

Populations of synaptic responses were analyzed by plotting the
dependence of model likelihood on any two quantal parameters in iso-
likelihood contour plots. We used the plots to examine the uncertainty
in estimates of mean quantal size (g) and content (m) for simulated data.
A similar analysis was applied to whole-cell recordings of paired pulse
facilitation (PPF) in the rat hippocampal mossy fiber (mf) synapse.

The analysis of simulated data showed that increasing set size and
decreasing noise had very different effects. The analysis of the mf PPF
data was able to reject the hypothesis that g increased as much as m (P
< 0.05). It is common practice to test hypothetical LTP mechanisms by
extrapolation from pre-induction parameter values, without regard for
their uncertainty. This practice leads to false confidence, especially in
multi-parameter models. The likelihood contour analysis of mf PPF
illustrated these errors (which are not unique to ML analysis) and two
satisfactory alternatives (which are). The second derivatives at the ML
were found to provide a fast way to screen hypothetical plasticity
mechanisms. Supported by NIMH & ONR.

375.11

MOSSY FIBER POTENTIATION DECREASES SPONTANEOUS
MINIATURE EPSC FREQUENCY IN CA3 PYRAMIDAL NEURONS. D.A.
Henze" and G. Barrionuevo. Depts. of Behavioral Neuroscience and Psychiatry.
University of Pittsburgh, Pittsburgh, PA 15260.

Previous work has shown that the locus of induction and expression of mossy
fiber (MF) potentiation is presynaptic. The underlying mechanisms of presynaptic

mossy fiber p iation could be reflected in a change in the amplitude and/or
fi of ini EPSCs. This study sought to address this
lssue by recordmg the frequency and amplitude of spontaneous mossy fiber
miniature EPSCs from h 1 CA3 pyramidal using the whole-cell

patch clamp technique.

It has been reported by Randall et al. (1991) that the amplitude range of
spontaneous EPSCs in CA1 is 1.3 to 15 pA. In our CA3 recordings, the range of
events was 1 pA to 165 pA. Since the mossy fibers are located electrotonically
close to the soma, their synaptic currents should be of a larger amplitude than all
other events. In an attempt to restrict the analysis to only MF spontaneous
EPSCs, events were selected to have amplitudes greater than 15 pA. Events also
were selected to have 10-90% rise times greater than 500 usec and 50%
halfwidths of at least 2 ms. It was found that there was no significant change in
the average, median, or modal values for three minute epochs both pre- and 15
minutes post-MF tetanus. However, the frequency of the events decreased from
2.13 sec” to 1.08 sec” (n=>5). All data were collected in the presence of 10 uM
bicuculline and 10 uM picrotoxin. The whole-cell electrode solution consisted of
120 mM CsF, 10 mM CsCl, 10 mM EGTA, and 10 mM HEPES. Mossy fiber
(MF) tetanus was given in 10 uM MK-801 to block NMDA dependent
potentiation of the CA3 collaterals. Supported by NS 24288 and an NIMH
predoctoral traineeship.

375.13

LONG-TERM POTENTIATION [INDUCES HETEROSYNAPTIC
EFFECTS ON MEDIAL AND LATERAL PERFORANT PATHWAYS
IN SINGLE VOLTAGE-CLAMPED DENTATE GRANULE NEURONS.
S. Wang' and J.M, Wojtowicz. MRC Group, Dept. of Physiol., Univ.
of Toronto, Toronto, Ont. Canada M5S 1A8.

In this project we asked whether the interactions between medial
and lateral perforant pathways reported in vivo can be observed in
single neurons in an in vitro slice preparation. Synaptic transmission
in the lateral and medial perforant pathways was monitored with
extracellular field recordings or whole-cell voitage-clamp recordings
from granule neurons. In all experiments 10 4M bicuculline was
included in the bath to block inhibitory inputs. Long-term
potentiation (LTP) was induced in one of the two pathways while
the synaptic transmission of the other one was monitored
simultaneously. Voltage-clamped neurons were depolarized to -20
mV and tetanized with four 0.5 s trains of 100 Hz afferent volleys,
delivered at 10 s intervals. With this method the success rate of LTP
induction was 55% in medial pathway and 30% in lateral pathway.
LTP in medial pathway (253% increment) increases the untetanized
transmission in lateral pathway by 24% (n=7) , while LTP in lateral
pathway (99% increment) depresses the transmission in medial
pathway by 19% (n =5). Analogous heterosynaptic interactions but
with different time courses were seen during field potential
recordings of synaptic transmission. Results suggest that the
interactions can occur in single neurons but additional effects may
be a property of the cell population. Supported by MRC of Canada.

375.10

KINETIC ANALYSIS OF THE SPONTANEOUS MINIATURE EPSC OF
THE HIPPOCAMPAL CA3 PYRAMIDAL NEURON. S. Smerin*, D.
Henze, M. Fleck, T.R. Chay and G. Barrionuevo. Departments of Behavioral
Neuroscience, Psychiatry, and Biological Sciences, University of Pittsburgh,
Pittsburgh, PA 15260.

Toward analyzing long-term potentiation at the four types of glutamatergic
synapse -- mossy-fiber, fimbrial, collateral, and perforant-path -- on the
hippocampal CA3 pyramidal neuron, we seek to identify the synapse of origin
of an EPSC by its kinctics. Since the kinetics of the evoked EPSC are
obscured by the asynchronous release of numerous synapses, we are focusing
on a quantal EPSC -- the spontaneous miniature EPSC.

The hippocampus of the rat was sliced and maintained in vitro. Action
potentials were blocked with tetrodotoxin. Spontaneous miniature EPSCs were
recorded from the CA3 pyramidal neuron in whole-cell voltage clamp.

The amplitude and 10-85% rise-time for each of at least SO0 spontaneous
miniature EPSCs were determined for each CA3 pyramidal neuron. Rise-rate
was calculated as (0.75 x amplitude)/(rise-time) Amplitude ranged from 4-
45pA, with a mean of 18pA. Rise-time ranged from 0.4-5Smsec. with a mean
of 1.4msec. Rise-rate ranged from 2-112pA/msec, with mean at 12 pA/msec..
Cluster analysis is now underway to determine whether the amplitude and
rise-rate correlate, and whether spontaneous miniature EPSCs having a given
combination of amplitude and rise-rate can be attributed to one of the four
types of glutamatergic synapse on the CA3 pyramidal neuron. Supported by
NS24288 and NIMH predoctoral fellowships.

375.12

FURTHER ELECTROPHYSIOLOGICAL CHARACTERIZATION OF THE
LONGITUDINAL ASSOCIATION PATHWAY IN THE RAT -DENTATE
GYRUS. PA. li] * F. ._Austi .L. Shapiro.
Dept. of Psychology, McGill University, Montréal, PQ, Canada, H3A 1B1.
The hilar ipsilateral longitudinal association pathway (HILAP) arises in the
hilus and projects along the longitudinal axis of the dentate gyrus to synapse
in the inner one-third of the molecular layer. Here, we better characterize
the physmlogy of this pathway in rats anesthetized with urethane and o
des were placed to stimulate both perforant path and
the HILAP, and a recording electrode was placed in the inner molecular
layer of the dentate gyrus, about 1.2 mm temporal to the site of hilar
stimulation. Laminar profiles of responses to both perforant path and HILAP
stimulation showed that these systems are distinct. The perforant path
evoked population negative EPSP was maximal in the middie 1/3 of the

molecular layer in to that evoked by hilar stimulation, which was
maximal in the inner 1/3 of the molecular layer The HILAP response was
assumed to be excitatory b in the molecular layer

were negative-going. However, as a further verification that these synapses
are excitatory, we performed experiments to observe the effect of GABA
antagonists on these responses. Under bicuculline, both perforant path and
HILAP responses were affected similarly and potentiation was readily
elicited. We also performed experiments where the hilus and the perforant
path were stimulated simuitaneously such that the population EPSPs
coincided. This experiment resulted in a summation of the two responses—
not a cancellation as would be predicted if hilar stimulation were invoking an
inhibitory projection system. Finally, potentiation of both the HILAP and
perforant path responses was blocked by the competitive NMDA antagonist
NPC 17742 (see CHté et al., this ting). These experiments demonstrate
that the HILAP makes excitatory synapses on dentate granule cells.

375.14

QUANTAL BASIS OF FACILITATION AND LONG-TERM POTENTIATION
IN RAT HIPPOCAMPAL MOSSY FIBER SYNAPSES. Z._Xiang*!, AC

!2 Department of Psychology, Department of Cellular
and Moleculnr Physiology?, Yale University, New Haven, CT 06520

Mossy fiber (mf) synapses are ideal for voltage-clamp recording because of their
electrotonic proximity to the soma. The complex circuitry of the CA3 region of the
hippocampus, however, makes it difficult to record uncontaminated mossy fiber
responses. We devised a set of minimal criteria for eliciting and identifying mf
excitatory postsynaptic currents (EPSCs) (Xiang et al, Neurosci. Abstr,, 17, 1991;
Claiborne et al, Hippocampus, 3(2), 1993). Here, we evaluate the quantal basis of
paxred‘pulse facilitation (PPF) and LTP i in 5 cells that sausﬂed our criteria,

Rath pal slices were prepared in the co ional manner and
in an mterface chamber at 32°C. Whole-cell voltage-clamp recordings were made
from CA3 pyramidal cells and mf EPSCs were evoked by minimal sumulauon of the
dentate gyrus. The quantal basis of the synay was d using the
graphical variance method, which plots the normalized ratio of the mean squared/
variance of the EPSCs against the normalized mean of the EPSCs.

In all 5 cells, the data points for PPF and LTP were on or above the diagonal,
suggesting that both forms of plasticity reflect an increase in quantal content (m). An
altemative interpretation of this result, a plasticity-induced decrease in nonstationarity
(Yamamoto et al, Neurosci. Lett 138, 1992), was unsupported by the “runs test” of

ity. We also ined the interaction between PPF and LTP. The null
hypothesis—that LTP and PPF operate on separate parameters that multiply—could
be rejected in three of the five cells (p < 0.05). In these 3 cells, the slopes of the
graphical variance plots for PPF (before and after LTP) and for LTP (of the first and
second resp ) were quali ly consi with a shared mechanism of increased
release probability.

The results suggest that both PPF and LTP are due to an increase in m,
independently of whether the interaction test implicates a shared quantal parameter.
The interaction test alone may not furnish a reliable guide to the locus of LTP
expression. (Supported by ONR and NIMH).
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375.15

A METHOD FOR SIMULTANEOUSLY RECORDING THE
CA1 POPULATION SPIKE AND DENDRITIC EPSP IN THE
INTACT HIPPOCAMPUS B.]. Branch*, G.M. Rose, K.R.
Harris and D.M. Diamond. Dept. of Pharmacology, UCHSC,
and Medical Research, VAMC, Denver, CO 80220

Hippocampal connections possess an unusual capacity to show use-
dependent changes in strength. This phenomenon, termed long-term
potentiation (LTP) or enhancement, has long been considered a
physiological model of memory. Electrical stimulation of CAl pyramidal
cell afferents produces a negative EPSP in the dendritic regions and a
positive EPSP with a superimposed population spike (PS) in the cell layer.
High frequency stimulation of CA1 afferents can produce LTP of both the
EPSP and the PS. Experimenters normally record either the EPSP or the
PS, thereby limiting an analysis of similarities and differences between
these two measures of LTP. This issue is significant because some authors
have suggested that the PS is an inadequate measure of LTP. In an
accompanying abstract we have addressed this issue directly. Here we
present a method that provides for simultaneous recordings of the negative
EPSP and the PS in area CAl in vivo. We have developed a dual electrode
system consisting of a pair of 50x diameter, teflon insulated stainless steel
wires, which are glued together with a tip separation of 250-280x. The
electrodes are used in both acute recordings and in a microdrive system for
chronic recordings in behaving rats. Simultaneous recordings both EPSP
and PS measures may provide significant information concerning potentially
different forms of hippocampal plasticity.

375.17

PRIMED BURST POTENTIATION IN THE DENTATE GYRUS.
A.K. Wiser* and G.M. Rose. Neuroscience Training Program
and Department of Pharmacology, UCSHC, and Medical
Research, VAMC, Denver, CO 80220

Long lasting hippocampal plasticity, as exemplified by long-term
potentiation (LTP), is often used as a model of memory encoding. Because
of an emerging awareness of the unphysiological nature of LTP stimulation,
interest is increasing in the use of physiologically based patterned
stimulation paradigms to generate hippocampal plasticity. One such
paradigm, Primed Burst (PB) potentiation, consists of a single pulse
followed 170 ms later by 4 pulses at 200 Hz (5 pulses total). PB
potentiation has been well characterized in area CAl, but few studies have
examined the efficacy of patterned stimulation in the dentate gyrus. The
current work compared the effects of PB stimulation in CA1 and the dentate
gyrus in pentobarbital anesthetized rats. PB potentiation was generated in
the CA1 pyramidal cell layer by stimulating the commissural/associational
afferents, and in the dentate granule cell layer by stimulation of the medial
perforant path inputs. In experiments to this point, we have observed
comparable effects of PB stimulation in both regions. Significant increases
in population spike amplitude were seen in 6/8 cases in the dentate, versus
15/26 in CAl. For the sucessful cases, the average amplitude increase was
58% and 74%, respectively. Positive field EPSP slopes changed less
frequently: in the dentate, 3/8 cases showed an increase averaging 13%; in
CALl, 3/26 cases had an average increase of 11%. These results reinforce
the utility of PB potentiation as method to study hippocampal plasticity.

375.19

MUSCARINE BLOCKS LTP OF THE LATERAL PERFORANT PATH
IN THE RAT HIPPOCAMPAL SLICE. K. Pang* and J.M. Sarvey,
Department of Pharmacology, Uniformed Services University of the
Health Sciences, Bethesda, Maryland 20814.

Studies of the cholinergic modulation of long-term potentiation
(LTP) may provide insight into how the cholinergic system
modulates memory. LTP of the medial perforant path - dentate
granule cell synapse (MPP) requires activation of NMDA receptors,
whereas LTP of the lateral perforant path - dentate granule cell
synapse (LPP) requires activation of opioid receptors. In a
previous study, 1 uM muscarine, a cholinergic agonist, enhanced
LTP induction in the MPP following subthreshold high frequency
stimulation (HFS), but had no effect following suprathreshold HFS.
10 M muscarine had no effect following either HFS condition. The
present study examined the effect of muscarine on LTP of the LPP.
In the control condition, suprathreshold HFS induced LTP
[population spike (PS): 221%, EPSP: 133%, n=5]. 1 um
muscarine had no effect on LTP of the LPP [PS: 242%, EPSP:
126%, n=4], whereas 10 uM muscarine blocked the induction of
LTP [PS: 72%, EPSP: 102%, n=4]. The results provide evidence
that the cholinergic system may enhance NMDA-dependent LTP
and diminish opioid-dependent LTP. The effect of muscarine
following subthreshold HFS of the LPP is currently being examined.
Supported by NS 23865.

375.16

THE POPULATION SPIKE IS A VALID MEASURE OF
HIPPOCAMPAL LONG-TERM POTENTIATION. G.M Rose*,

. Branch, A.G. Humph I. M nd D.M. Diamond.
Dept. of Pharmacology, UCHSC and VAMC, Denver, CO 80220

Long-term potentiation (LTP) has long been considered a physiological
model of memory. As described in the original report by Bliss and Lemo
(1973), LTP is manifested in several ways, including increases in measures
of the field excitatory postsynaptic potential (EPSP), population spike (PS)
and unit activity. Subsequent authors have asserted that the term LTP (or
LTE) should be restricted to measures of EPSP plasticity, because only this
measure reflects the specificity of the effect. However, this view is not
supported by published accounts of cellular measures of LTP, (e.g., J.
Neurosci., 8:4079, 1988; Science., 232:988, 1986; Nature, 266:736 and
266:737, 1977).

We have addressed this issue further by examining the relationship
between the negative field EPSP and PS in hippocampal area CAI.
Experiments were conducted on the hippocampus in vitro and in vivo
(urethane hetized or hetized rats). In all cases, recording
methodology allowed simultaneous examination of both the negative EPSP
and PS in response to stimulation of commissural/associational afferents.
Long-term plasticity was induced using the primed burst stimulation
paradigm, which consists of a single pulse followed 170 msec later by a
burst of four pulses at 200 Hz (five pulses total). There was a significant
within-subject correlation between the two measures. These results suggest
that the EPSP and PS are equivalent indicators of hippocampal LTP.

375.18

LONG-TERM POTENTIATION REDUCES AUDITORY
GATING IN THE CA3 REGION OF THE HIPPOCAMPUS.

L. Miller* M. R A.K Wiser, R. Freedman and P.
Bickford. Depts. of Pharmacology and Psychiatry and Neuro-
science Training Program, U. of Colorado. Health Sciences
Center., and Medical Research, VAMC, Denver, CO 80220

A large negative evoked potential (N40) can be recorded in the CA3
region of the hippocampus in response to auditory stimulation. If two
stimuli are given at a 0.5 sec interval, the response to the second is reduced
compared to the first. This phenomenon is termed auditory gating.
Hippocampal connections possess an unusual capacity to show use-
dependent alterations in strength, as is best exemplified by long-term
potentiation (LTP). The present study was undertaken to assess the
potential interaction between LTP and auditory gating in the hippocampus.
Experiments were performed in chloral hydrate anesthetized rats. A
recording electrode was placed in the CA3 pyramidal cell layer;
commissural/associational afferents were activated via a stimulator located
in the ventral hippocampal commissure. Paired tone pips were delivered
via hollow earbars. Sets of 16 tone pairs were used to establish that
auditory gating was present. After this, LTP stimulation (3 trains of 250
Hz for 1 sec) was given. LTP reduced auditory gating by decreasing the
response to the first tone and increasing the response to the second. This
effect was not observed if LTP failed to develop following high-frequency
stimulation. These results indicate that LTP produces functional alterations
in hippocampal information processing.

375.20

A CALCIUM CHANNEL WITH NOVEL PHARMACOLOGY SUPPORTS
SYNAPTIC TRANSMISSION AND PLASTICITY IN THE HIPPOCAMPUS.
D.B. Wheeler*, R.W. Tsien & A.D. . Department of Molecular & Cellular
Physiology, Beck Center, Stanford University Med. School, Stanford, CA 94305
We have assessed the importance of various Ca?* channels in excitatory synaptic
transmission in area CAl. Extracellular recordings were made in s. radiatum of
hippocampal slices (34 wk rats) during stimulation of the Schaffer collateral-
commissural pathway (2/min). EPSP slopes were irreversibly depressed (-46+1%,
n=30) by the N-type channel blocker ©-CTx-GVIA at saturating doses (1 uM).
Neither the P-type channel blocker, ©0-Aga-IVA (3 or 30 nM, n=4 or 10), nor the L-
type channel blocker, nimodipine (5 uM, n=6), altered either basal lransmlsswn or
that recorded after application of ©-CTx-GVIA. In the
after ®-CTx-GVIA was abolished by ®-CTx-MVIIC, a potent blocker of Q-type
Ca?* channels in cerebellar gmnule cells (Randall et al., Soc. Neurosci. Abs. 1993)

and o5 Ca?* channel d in Xenop ytes (Sather ef al., Soc. Neurosci.
Abs. 1992) ©-CTx-MVIIC block of ission was potent p i at 2150 nM,
n=20) and developed slowly (20 min to hnlf block at 500 nM, n=2), like block of
oocyte-exp d o ingly, 150 nM ©-CTx-MVIIC applied alone

strongly reduced basal synaptic transmission ( 76+2%, n=4). The small remaining
response was eliminated by ®-CTx-GVIA. Thus, excitatory transmission at the CA3
—CALl synapse is dominated by Ca?* channels with pharmacology like Q-type
channels in granule cells and o, channels in oocytes.
Transmission mediated solely by 014/Q-type Ca?* channels could be readily
dulated. This supported enhanced paired-pulse facilitation
(+63+7% vs. +39+5% in control; 40 ms interpulse interval; n=8, p<.01, paired
t-test), LTP (+38+1%, -30 min post-tetanus, n=5), and inhibitory modulation by
1S,3R-ACPD (-51+4%, 200 uM, n=4), carbachol (-53+5%, 10 uM, n=4), 2-
chloroadenosine (-84+5%, 5 M, n=4) and (-)-baclofen (-76+3%, 5 uM, n=3),
whilst (+)-baclofen (5 uM, n=4) was ineffective. After application of ©-CTx-
GVIA, addition of PDBu (1 uM), but not 4a-PDBu, potentiated transmission
(+222+31%, n=4) and prevented inhibition by the aforementioned modulators.
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376.1
STRUCTURAL CORRELATES OF CHEMICALLY INDUCED LONG-TERM
POTENTIATION IN HIPPOCAMPAL CA1 AND DENTATE GYRUS.
A. Y. Klintsova*, J. Wenzel, S. Otani, W. B Levy and N. L Desmond.
Dept. of Neurosurgery, Univ. of Virginia, Charlottesville, VA 22908.
Morphological correlates of chemically induced long-term
potentiation (LTP) were studied in the CA1 and dentate gyrus (DG) of
the rat hippocampus in vitro. Bath application of 25 mM tetra-
ethylammonium (TEA) for 5 min increased the Schaffer collateral-CA1
pEPSP slope by 80% and the perforant path-DG pEPSP slope by 40%.
60 min after TEA application, slices were fixed using a mixed
aldehyde phosphate-buffered solution and processed conventionally
for EM. We looked for changes in the number and size of axospinous
synapses in CA1 s. radiatum and the middie third of the DG molecular
layer (ca. 800 yum? was sampled in each region of each slice). The
percentage of concave axospinous synapses decreased greatly (ca.
50%) with TEA-induced LTP in CA1 s. radiatum and slightly increased
(16%) in the DG molecular layer. The size of nonconcave synapses
decreased both in CA1 and the DG. The size of the concave axo-
spinous synapses, however, changed in opposite directions in the two
regions: decreasing in CA1 and increasing in the DG. These results
are similar to results obtained in previous experiments correlating
morphological changes with stimulation-induced LTP in the DG and in
CA1 by various labs. These results suggest the existence of different
mechanisms underlying LTP in these two hippocampal regions.
Supported by IBRO Fellowship to AYK, NIMH MH00622 and NIH
NS15488 to WBL, and NS26645 to NLD.

376.3

LONG-TERM POTENTIATION AND ASSOCIATIVE MEMORY FUNCTION IN
A BIOPHYSICAL SIMULATION OF PIRIFORM CORTEX.

Dept. of Psych., Harvard
Univ., Cambndge, MA 02138.

Using brain slice experiments and biophysical simulations, we have explored how
physiological parameters influence the possible function of the olfactory (piriform) cortex
as an associative memory for odor patterns. A simulation of this region with 240 3-
compartment pyramidal cells and 58 each of two types of inhibitory interneurons was
developed using GENESIS. Hebbian synaptic modification of excitatory intrinsic fiber
synapses dunng learning allows the network to store afferent input patterns and perform

on degraded of these patterns during recall. Afferent input patterns
acuvawd 20 neurons each for 500 msec. during leamning. Completion was quantified by
the dot product between the recall activity in response to the full learned pattern and in
response to a degraded pattern, minus the dot product between the response to the full
pattern and the response to other stored patterns. Without learning, recall of patterns
missing 30% of input gave a performance of 0.685 (5 patterns stored), which improved to

0.815 after learnis Chohnerglc ppression of intrinsic synaptic transmission (70%) was
mqulred during learning to prevent runaway synaptic modification, which caused a strong

8 p to all p dunng recall (performance=0.0). Experimental data
on cholinergi dul of‘ was modeled by a 40% decrease in M current

g(max) and a30% decrease in AI{P current g(max). This change enhanced the learning of
new patterns from performance=0.551 to 0.680 (recall patterns missing 70% of input).

Associative memory function in this model depends on synaptic modification of intrinsic

p We ded i Ilularly from pu'lfon'n cortex pyranudal cells during 5SHz

stimulation of intrinsic fiber layer pled sy ly with i 11 current

injection. Long-term potentiation was observed in 6 out of 6 neurons tested during

perfusion of 20uM carbachol (60% average), but only 1 out of 6 tested without carbachol.

These results suggest that ylcholine is y for ive memory function in

the piriform cortex.

Support: French Foundation for Alzheimer Research and ONR young investigator award.
376.5

EXCITATORY SYNAPTIC TRANSMISSION IS MODULATED BY
EXTRACELLULAR H* BUFFERING IN RAT HIPPOCAMPAL SLICES
T. Taira”, S. Smirnov, J. Voipio and K. Kaila. Department of Physiology and
Department of Zoology, 00014 University of Helsinki, Finland.

There is evid that activity-induced alkaline t within the interstitial
space of nervous tissue are largely due to net fluxes of acid-base equivalents
across postsynaptic receptor-gated ion channels. In view of the marked pH
sensitivity of certain receptor channels, it has been frequently postulated that
synaptically-evoked H* shifts might play a neuromodulatory role. We provide
here the first evidence to suppon the above hypothe515 in showing that extracellu-
larly and i lularly 1 gic resp in area CAl of rat
hippocampal slices are potentiated upon inhibition of fast extracellular H*
buffering by a poorly-permeant carbonic anhydrase inhibitor, benzolamide (10
puM). Experiments with gl receptor and Mg?*-free solutions
suggest that the action of t lamide is largely d by the H* sensitivity
of N-methyl-D-aspartate (NMDA) p h 1s. In ag; with the idea
that NMDA receptors provide a target for the intrinsic neuromodulatory action
of H* ions also under control conditions, addition of the H* buffer HEPES (20
mM) prod a sel ion of NMDA receptor-mediated An
addmoml mterestmg pOSSlblllty to be studied in future work is lhat the post-

i ient acts as a grade signal to enh: the
influx of Caz+ across presynapuc voltage-gated calcium channels, thereby
an i in release.

1

P -3

376.2

THE HIPPOCAMPAL-PREFRONTAL CORTEX PATHWAY IN THE RAT:
LONG-TERM POTENTIATION AND IMPLICATION IN ASSOCIATIVE
LEARNING. I . Chaire de Neuro-
pharmacologie, INSERM U114, Collége de France, 75231 Pans, France; NAM,
CNRS URA 1491, Université de Paris-Sud, 91405 Orsay, France.

We have previously shown that the glutamatergic pathway from the hippocampus
to the prefrontal cortex (PFC) supports long-term potentiation (LTP) in the rat. The
present experiments were aimed at investigating (1) the involvement of the N-
methyl-D-aspartate (NMDA) receptor in the induction of LTP in the anesthetized
rat, (2) the duration of LTP in the freely moving rat, and (3) variations in the
evoked potentials in the PFC during associative learning. In experiment 1, a push-
pull cannula was used to perfuse artificial cerebrospinal fluid into the prelimbic area
of the PFC while ding field p ials evoked by stimulation (0.033Hz) of the
CAl-subicular region of the hippocampus. High-frequency stimulation (2 series, 6
min apart, of ten 250Hz-200ms trains at 0.1Hz) elicited LTP in the PFC that was
blocked by perfusion of D-2-amino-5-phosphonopentanoate (APS). In experiment 2,
field potentials were recorded in the PFC for several days before and after high-
frequency stimulation of CAl-subiculum. LTP was induced as in the preceding
experiment and found to persist for at least 3 days. Series of 5 short trains (200Hz-
50ms) at 7.7Hz, mimicking the theta bursting pattern of CA1 neurons, resulted in
LTP lasting for at least 24 hrs. In experiment 3, ficld potentials were monitored
during a tone-footshock associative learning task. Rats were submitted to 4 daily
sessions of 8 paired (conditioned group) or unpaired (pseudoconditioned group)
stimulus presentations. A decrease in the amplitude of the evoked potential was seen
in pseudoconditioned rats, whereas the main effect in the conditioned group was a
delayed increase in the evoked potential, occurring on average 30 min after
conditioning sessions. The results support the view that LTP-like mechanisms on
this pathway may be involved in a process of late consolidation by which the
hippocampus can help the stabilization of a cortical representation of the learned
association. Supported by grant from the EEC (SC1-CT910685).

376.4

CHRONIC DEVELOPMENTAL LEAD INCREASES LTP THRESHOLD IN RAT
DENTATE GYRUS IN VIVO. M.E. Gilbert &nd S.M. Lasley. ManTech Envir.
Tech., RTP, NC, 27709 and U. ill. Coll. of Med., Peoria, IL 61656.

Childhood lead (Pb) exposure has been associated with impaired
cognitive function. This study examined the effects of chronic
developmental Pb exposure in rats upon the induction of long-term
potentiation (LTP), an electrophysiological model of learning and
memory. At birth, dams received 0.2% Pb acetate in the drinking water
to yield hippocampal Pb levels of 350-400 ng/gm (ca. 35 p gm/dl whole
blood) of offspring maintained on the same solution until adulthood.
Field potentials were recorded from the dentate gyrus following
stimulation of the perforant path under urethane anesthesia. Threshold
for inducing LTP was determined by delivering a set of 15 4-pulse trains
at a frequency of 5 Hz at increasing stimulus intensities (100, 200, 400,
600, 1000 1 A). The degree of potentiation of the population spike (PS)
was measured 15 m after each train, and 15, 30 and 60 m following the
final train. LTP, defined as an increase in PS amplitude >25%, was
observed in all animals tested. No difference between Pb and control
rats was seen in PS threshold prior to train delivery (311 vs 280 p A
respectively), or the magnitude of LTP recorded 1 hr after the final train
(84 and 117%, respectively). However, a 3.5-fold increase in the intensity
of the train required to induce LTP was observed in Pb compared to
control animals (489 and 170 p A, respectively). Only 1 of 10 controls
required a train intensity higher than 200 p A to induce LTP, whereas 8 of
9 Pb-exposed rats required intensities of 400 p A or greater. These data
suggest that the detrimental effects of developmental Pb exposure on
cognitive function may be due to its interference with the synaptic
processes underlying LTP.

376.6

LOWERING EXTRACELLULAR pH OR INCREASING pCO; SUPPRESSES
SYNAPTIC TRANSMISSION, BLOCKS LONG-TERM POTENTIATION (LTP)
AND ATTENUATES EPILEPTIFORM ACTIVITY INDUCED BY LOW
EXTRACELLULAR MAGNESIUM. L. VeliSek, J.P. Dreier, S.L. Moshé, P.K.
Stanton*. Albert Einstein College of Medicine, Bronx, NY 10461, U.S.A.

Recent studies have demonstrated that acidifying extracellular pH reduces NMDA
channel conductance. Therefore, lowering extracellular pH, or, raising tissue pCO2,
should influence the magnitude of LTP elicited by submaximal stimulation, as well
as suppress epileptiform events elicited by removing extracellular [Mg2+]. To test
this hypothesis, Schaffer collateral-evoked population spikes and epsp slopes were
recorded in CA1 of hippocampal slices (Ringer solution bubbled with 5% CO2/95%
02, pH 7.3) and high frequency stimulation (1x100 Hz/1 s) was applied to elicit LTP.
We tested two levels of increased pCO; (20.6% CO; = pH 6.7 or 10.6% CO2 = pH
7.1). To examine NMDA-mediated epileptiform discharges, [Mg2*]-free Ringer was
perfused, while recording in entorhinal cortex. To distinguish between actions of high
pCO3 not related to lowered pH, in some experiments Ringer was acidified by
lowering [HCO3"]. Both high pCO; and acidic pH suppressed normal Schaffer
collateral synaptic transmission (population spike amplitude to 10-70% and epsp
slope to 50-70% of baseline). When evoked potentials had stabilized, tetanic
stimulation elicited only transient post-tetanic potentiation of both population spikes
and epsps, while LTP d 30 min post-stimulus was completely blocked. When
pH or pCO; were returned to baseline values, population spikes and epsp slopes
recovered to their original values, and robust LTP now could be elicited. Lowering pH
and raising extracellular pCO3 also increased the interval and decreased the amplitude
of low [Mg2+]-induced seizure-like events (SLE) in entorhinal cortex. Very low pH
(6.2) blocked SLEs completely, as well as status-like recurrent discharges. All these
effects were fully reversible. The data suggest that processes leading to local
intracerebral pH/pCO3 changes may have a serious impact on low-frequency synaptic
transmission, synaptic plasticity and also seizure generation. (Supported by the
Epilepsy Foundation of America)
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376.7

GLUCOSE METABOLISM AND HIPPOCAMPAL LONG-TERM
POTENTIATION Y. Izumi; D.B. Clifford & C.F. Zorumski, Dept. of
Psychiatry, Washington Univ. Medical Sch., St. Louis MO 63110

Previously we observed that NMDA blocks the induction of long-term
potentiation (LTP) by promoting untimely release of nitric oxide (NO)
(Science 257: 1273, 1992). Although the mechanisms underlying this LTP
inhibition are uncertain, recent biochemical studies indi that NO may
alter glucose metabolism via ADP ribosylation of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (PNAS 89: 9382, 1992). This prompted us to
investigate the effects of glucose and its metabolites on synaptic transmission
and LTP induction in the CA1 region of rat hippocampal slices.

When extracellular glucose was decreased from 10mM to 2mM, baseline
synaptic responses showed little change. However, in 2mM glucose a single
100Hz x 1s tetanus failed to induce LTP in 5 slices (+6.8 + 9.2% change
in EPSP slope). Similarly, 5uM iodoacetate (IA), an inhibitor of GAPDH,
did not alter baseline responses but blocked LTP (-2.2 + 3.7% change,
N=5). The inhibitory effect of IA was overcome by coadministration of
10mM pyruvate (+34.9 + 16.1% change, N=4) but not by 10mM lactate
(-6.4 + 4.4% change, N=4). Furthermore, substitution of 10mM pyruvate
for glucose in normal recording solutions permitted robust LTP (+63.1 +
31.1% change, N=5) whereas 10mM lactate failed to permit LTP (+6%
change, N=2).

These results suggest that glucose metabolism plays an important role in
synaptic function beyond maintaining baseline transmission.

376.9

AT TEMPERATURES DOWN TO 17°C LTP CAN OFTEN BE ESTABLISHED
IN A HIGH CALCIUM MEDIA (4.5 mM Ca'®) IN THE HAMSTER
HIPPOCAMPAL SLICE. S.N. Yang and J.M. Horowitz . Section
of Neurobiology, Physiology and Behavior, Univ. of
Calif., Davis CA 95616.

Previously we found that LTP can not be established
with tetanus at 20°C in the hamster, a hibernator, in 2.0
mM Ca**, but the effect of raised extracellular Ca** was
not fully explored (Brain Res. 520:115-122, 1990). Here
we determined if calcium-induced LTP could be developed
at these low temperatures. Field postsynatpic potential
(PSP) slopes were recorded in 2.0 and 4.5 mM Ca** in CA1
hippocampal pyramidal cells using single-shock Schaffer
collateral/commissural stimulatl.on Bath temperature
was fixed at levels between 17°C and 25°C. PSPs were
recorded (1) in 2.0 mM Ca** (controls), (2) when the bath
calcium was then raised to 4.5 mM Ca** for 15 minutes,
and (3) throughout a final 60 minute period at 2.0 mM
ca**. At 20°C psp slope at the end of this final period
varied between 135 and 165% of control and averaged 160.5
+ 4.2% [F(9,80) = 3.8, P<0.05]. At lower temperatures the
enhanced PSPs often showed a biphasic response over the
60 min period -- about 15 minutes into the 60 min period
the PSP slope decreased markedly, and then, after about
10 min, again increased to peak values. We conclude that,
at 20°C and down to 17°C, calcium-induced LTP can often
be established as shown by enhanced PSPs at the end of
the 60 minute period. [NASA grant NAG-2-788].

376.11

ENHANCED NEUROTROPHIN RECEPTOR
EXPRESSION FOLLOWING LONG-TERM
POTENTIATION.

Neurobiology,NE Ohio Coll. Med ,Rootstown, OH 44272

Tetanic stimulation leading to induction of a form

of long-term potentiation (LTP) resulted in increased
Xresslon of the trkB neurotro;} in receptor in area

1 of rat hippocampal slices. TrkB expression was
assayed by immynghistochemistry using a polyclonal
antlﬁody {gp145'™7) raised against the cytoplasmic
tyrosine kinase domain of the mouse ¢rk receptor We
compared trkB expression 5 hr following induction of two
forms of LTP in CA1 dendritic layer: (1) NMDA rece
independent LTP (200 Hz tetanic stimulation in 50 p

V[; or (2) NMDA receptor dependent LTP (25 Hz
tetamc snmulatlon) Induction of NMDA receptor
independent LTP lead to greatly enhanced immuno-
reactivity in CA1 pyramidal cell apical dendrites and
somata. TrkB immunoreactivity following induction of
NMDA receptor dependent LTP was not distinguishable
from low frequency stimulated and non-stimulated
control slices.

These results provide additional evidence for
neurotrophin involvement in LTP, and suggest
differential regulation of trkB receptor/ tyrosine kinase
during different forms of LT

Supported by NINDS #28698

376.8

TEMPERATURE-INDUCED ALTERATIONS IN LONG-TERM
POTENTIATION. T.L. Ivanco*, K.-A. Moore, and .R.J.
Racine. Department of Psychology, McMaster University,
Hamilton, ON, Canada, L8S-4Kl.

Moser et al. (Science, 259 (1993) 1324-1326),
reported that changes in extracellular potentials may be
correlated with changes in brain temperature. In order
to investigate the effects of temperature on response
amplitude, as well as on plasticity, we manipulated
temperature while monitoring responses evoked in the
dentate gyrus by perforant path stimulation. Male,
hooded rats were urethane-anesthetized and implanted
with electrodes in the perforant-path and dentate gyrus.
Following recording of baseline dentate responses at
normal temperature, body temperature was elevated,
lowered, or maintained in all animals. A second baseline
was then taken. Half of the animals in each temperature
condition then received a basic ‘theta’ pattern
stimulation (i.e. 5 bursts/s), to induce LTP. The
remaining animals were used as controls and remained
unstimulated. Responses were retested, after which the
body temperature was returned to normal and baseline
responses retested for the final time. Results indicated
that evoked responses could be potentiated by
temperature elevation alone, and this potentiation
remained after temperature was returned to normal
levels. The addition of stimulation trains did not
appear to induce any additional LTP.

376.10

A PRESYNAPTIC ALTERATION SUPPORTING LTP IN HIPPOCAMPAL
NEURONS: CONTRAST WITH EFFECT OF a-LATROTOXIN. A. Malgaroli*,
D.B. Wheeler, E. Naldi, A. Ciardo, A. Bergamaschi & R. W. Tsien, Ist. Scientifico
Raffaele, Dibit, Univ. Milano, Italy & Dept. Mol. Cell. Physiol., Stanford CA.

In CA3-CA1 hippocampal cell cultures, robust LTP can be triggered by a brief
application of glutamate (0 Mg2 ). Like the amplitude of evoked responses, the
frequency of spontanecus minis was st.mngly increased; such potentiation is induced

ynaptically and exp d ptically (Malgaroh & Tsien, Nature 1992). We
have compared LTP of mini frequency to elevated mini frequency triggered by a-
latrotoxin (aLTX). Presynaptic events leading up to exocytosis were probed by rapid
changes in external tonicity or by ipulation of pr ptic Ca* entry. In
unpotentiated synapses, hypertonic solutions (500-600 mOsm) increased mini
frequency 50-100-fold above basal (normotonic) levels. While the basal release was
augmented with mini LTP or a-latrotoxin, the degree of response to hypertonicity
was comparably reduced. Evidently, both LTP and aLTX increase the basal
frequency without elevating a release ceiling attained by strong, sustained stimulation.
Hypotonic challenges (250 mOsm) reveal interesting differences: after aLTX (as in
the unp iated case), hypotonicity was largely ineffective in suppressing basal mini
frequency; with LTP, hypotonicity decreased mini frequency several-fold. The aLTX
results are expected if some release sites lose an inhibitory constraint and support a
presumptive [Caz"]-mdependent exocytosis, thus generating a pedestal of mini
frequency, insensitive to tonicity. In contrast, mini LTP appears associated with a
leftward displ of the stimulus-response curve, toward lower values of tonicity.
These data are i with enh d [Caz"‘ itivity of the secretory
y. Such a hanism is supported by experiments studying evoked LTP in
area CA1l of lnppocampal slices. With LTP, the degree of increase in EPSP slope
upon raising [Ca? *)o from 2 to 4 or 5 mM was significantly reduced relauve to
control. Thus, the EPSP slope vs. [Ca® *), curve was displaced toward lower [Ca? *los
as if the [Ca2 ]; sensitivity of the secretory machinery were enhanced.

376.12

THE EFFECTS OF PRIOR ACTIVITY ON LONG-TERM POTENTIATION (LTP)
IN RAT DENTATE GYRUS IN VIVO. E. Sklar* D.D.
Stellwagen, & ME, Bear. Dept. of N i Brown University, Box 1953,
Providence, RI 02912.

One lheory of synapuc plasucny (B:enenstock et al., J. Neurosci. 2:32)

lates that p y is dbya hold level of postsynaptic activity that
mustbe smpassed fm'LTP m oecurmxesponsetopresynapucacuvauon and that this
dis lated as a function of recent cell activity. Since LTP is triggered by

calcium influx post.synapuca.lly, one possxble mechanism for this “sliding threshold”
involves the activity-dep on of postsynaptic calcium buffers. Recent
evidence suggests a physiological basns for such a sliding threshold. Lowenstein et al.
(1991, Neuron 6:627) found that d tetanic stimulation ("2/20 stimulation") of
the perforant path caused an i in the postsynapti Kpressi of the mRNA to

calbindin-D28k, a high-affinity mlcxum-bmdmg protein. It is known that intracellular
m)ecuon of mlcmm buffets such as EGTA interferes with LTP. We hypothesized that
an ty-dep in calbindin would have the same effect.
th thetized rats, field p were recorded in dentate gyrus as

the perforant path was stimulated. After establishment of a 30 min. stable baseline, 1h
of 2/20 stimulation was applied, followed by another hour of baseline, and then theta-
burst stimulation (TBS) designed to elicit LTP was given. 2/20 stimulation had no
lasting effect on synaptic efficacy of baseli as d by EPSP initial
slope. However, subsequent TBS produced only a 9% potentiation of EPSP initial
slope (25 min. post-tetanus, n=8), as compared to 26% LTP under control conditions
(0=6). This reduction in the itude of TBS-induced LTP is significant (p<.05).

2/20 stimulation showed differential effects on population spike amplmlde
(PSA), however PSA was SIgmﬁcamly depress«l (34% depresslon p<.05) 50 min.
after 2/20 q d a potentiation that was
significantly higher than in uncondmoned controls (121% v. 35%, p<.01). Work in
progress is aimed at determining the extent to which the differential effects of
conditioning stimulation on EPSP slope and PSA are due to network properties or to
cellular adaptive processes such as calcium buffering.
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376.13

CHARACTERIZATION OF EVOKED RESPONSES IN PERFORANT
PATH AFFERENTS TO HIPPOCAMPAL AREA CALl IN VIVO.
R.V. Hernandez’, B.E. Derrick, E.J. Barea-Rodriguez & J.L. Martinez, Jr.
Department of Psychology, University of California, Berkeley CA 94720.

Area CAl of the hippocampus receives monosynaptic input from the
entorhinal cortex via the perforant/temporoammonic pathway arising
primarily from layer III cells. Field EPSPs evoked in vivo in the rat by
stimulation of the medial aspect of the angular bundle were maximal
approximately 300 pm below the CAL1 layer, followed high-f<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>