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PREFACE

It is now eight years since the first Handbook volumes on Basic Neuro-
pharmacology were published, and there have been many important
advances. As in many other areas in science, progress in this field has
depended to a considerable extent on the availability of new experimental
methods, and Volume 15 reviews some major recent developments,
including new autoradiographic techniques that allow direct visualization
of drug and transmitter receptors in the nervous system, and the pin-
pointing of the precise locations of the changes in brain metabolism elicited
by various drug treatments. Volumes 16 and 17 cover two of the most
active areas for basic research in psychopharmacology at the moment: the
characterization of drug and transmitter receptors in brain by radioligand
binding techniques, and studies of the role of small peptides in brain
function. The latter area, in particular, illustrates how rapidly progress
continues to be made in basic research on the mechanisms of chemical
communication within the nervous system. Eight years ago when the
Handbook first appeared none of the opioid peptides (enkephalins and
endorphins) had yet been identified. Since then a whole new area of basic
biological research has focused on these substances, and in addition we
know of more than thirty other neuropeptides with putative CNS trans-
mitter functions.

We hope that these new volumes will help to keep the Handbook of
Psychopharmacology abreast of the most recent advances in the field, and
continue to make it a valuable reference work for all who are involved in
research in this increasingly active field of science. The response to earlier
volumes has been remarkably positive, and we remain indebted to the
publishers for conceiving the original idea, and to the many contributors

who have labored long and hard to bring it to fruition. i

S.D.L
S.H.S.

vt



Handbook of

Psychopharmacology

SECTION I:

Volume 1
Volume 2
Volume 3
Volume 4
Volume 5
Volume 6

SECTION II:

Volume 7
Volume 8
Volume 9

SECTION III:

Volume 10
Volume 11
Volume 12
Volume 13
Volume 14

SECTION 1V:
Volume 15
Volume 16
Volume 17

BASIC NEUROPHARMACOLOGY

Biochemical Principles and Techniques in Neuropharmacology
Principles of Receptor Research

Biochemistry of Biogenic Amines

Amino Acid Neurotransmitters

Synaptic Modulators

Biogenic Amine Receptors

BEHAVIORAL PHARMACOLOGY IN ANIMALS

Principles of Behavioral Pharmacology
Drugs, Neurotransmitters, and Behavior
Chemical Pathways in the Brain

HUMAN PSYCHOPHARMACOLOGY

Neuroleptics and Schizophrenia

Stimulants

Drugs of Abuse

Biology of Mood and Antianxiety Drugs

Affective Disorders: Drug Actions in Animals and Man

BASIC NEUROPHARMACOLOGY: AN UPDATE
New Techniques in Psychopharmacology

Neuropeptides

Biochemical Studies of CNS Receptors



CONTENTS

CHAPTER 1

Substance P in the Nervous System

T. M. JESSELL

Jo TOEOAMGHON. & siih. o0t s 55 505750 §5580 5918 3 5458 605 s 370 5 S 5 1
2. Methods for Detection and Assay of Substance P........ 3
2.0, BiOASSAY i: son vemsm v smmamsmsns susssan s o se s 5w pos 3
2:2. RadioimMmunoassay « .s::asss:nssssssossmsassnions 4
2.3. Immunocytochemistry ................coouuun... 5
3. Neurochemistry of Substance P Neurons ............... 8
3.1. Biosynthesis of Substance P...................... 8
3.2, Transport of Substance P in Neurons............. 9
3.3. Neuronal Storage of Substance P................. 12
3.4. Release of Substance P from Neurons............. 15

3.5. Inactivation of Neuronally Released
Substance P ...... ... 18
3.,6. Substance P ReCEPIOTE: «cus sy umvsnoss svssvssssson 21
3.7. Substance P Antagonists ......................... 27
4. Substance P in the Peripheral Nervous System .......... 30
4.1. Neuromuscular Junction......................... 30
4.2, Sytnpathetic GanEIA 4o wnssmmssmn ot s 31
4.3. Adrenal Medulla. ..cosvvsssmvmssnsssasnssvsnese 35
4.4. Parasympathetic Ganglia......................... 36
4.5, Carotid Body.s:sasesssssnsmsnssmsmsmnis srmisss 36
46. Enteric NeUromns:.........u:amu6 s oomes e wees s 36
5. Substance P in Primary Sensory Neurons............... 43
b.l. Visceral Sensory NeNrons. ... éocrvessnsessosnssoss 43
5.2. Spinal and Trigeminal Sensory Neurons .......... 46



x Contents
5.3. Interaction of Opiates with Substance P-Containing
Sensory Neurwomns: » ve: s samsmse o sns s w68 @ 55
5.4. Interaction of Capsaicin with Subs[ance P-
Containing Sensory Neurons..................... 60
5.5. Substance P in the Peripheral Processes of Sensory
INEUTOIIS: 5 5 5 510 50 8.8 615 © 005 525 55 s ou wimco o1 socoor e e a0 63
6. Substance P in the Central Nervous System............. 66
L. Sl QEYNL o . camenecms o o s 2 6 v 0 0 8 i 4 9 91 0 5 0 250 B0 66
6.2. Basal Cangliad. .. ccowss wo s somsnws s s s nswase 69
6.3. Habenular-Interpenduncular Projection........... 72
6.4. Other Central Substance P Systems............... 73
7. Coexistence of Substance P with Other
NEUrOtTANSIEEES - o556 06 ciim sims 555058 @smemesssnessns 76
8. Interaction of Substance P with Other Transmitter
RECEPYOTS 4 o505 018 00w 001 1015 0w e im0 000 79
8.1.  Nicotinic Receptors ................oooiiiiia... 79
8.2, IQthier RECEPLOLS s vmyvivs sorssswens snsmsensmssoenan 82
9. Neurological Disorders Affecting Substance P
INGUTOTIS sios cusmmemswmsmsans s vsesssnsnsinsdsnsesinss 82
10: 'CONCIISIONS 5.6 555606 5506w v 305,558 656 05 558 000w mim 00501006 06 510t 008 83
11. References ......... ... i, 85
CHAPTER 2

The Enkephalins
Richard J. MILLER

1.
2.
3.

oy G

Introduction ............ ... i 107
Enkephalin Biosyathesis ... .vooevsessssinsssssimsines 109
Regulation of Enkephalin Concentration in the Adrenal
Medulla: oo comne sa wi wowm 56 008 859165 855,500 0 Bl 050 5uivioti 3 85 118
Enkephalin Metabolism ............................... 122
Enkephalin Regulation in Neurons..................... 127
Enkephalin Distribution.: . sz« s vessssgens snemivassssis 134
6.1. Enkephalin in the Pituitary ...................... 136
6.2. Enkephalin in the Gastrointestinal System......... 140
6.3. Enkephalin in the Autonomic Nervous

SYBEETIL 10 s w5106 00518 000t 0@ m Pets e 08 46 59T 0 575, 5.0 143
6.4. Enkephalin in the Central Nervous System........ 146
6.5. The Spinal Cord: Enkephalin and

Substance P ... ... ... i 150

6.6. Enkephalins and Catecholamines................. 152



Contents

6.7. Enkephalin Co-localization with Other

NeurotransSmitters : :::s:svssasasmsinssscnsesinss

6.8. Enkephalins in Neuronal Pathways ...............
6.9. Enkephalins in Cultured Neurons................
6.10. Enkephalins in Invertebrates.....................

7. Electrophysiology of Enkephalin.......................
71, Myenteric Plexms . vos vows sovus woasmssvnes wos wwisos
:2: Locus Coernlens.: sy s.ovuy s v pars « s 5 sis e
7.3. Hippocampus............. ...t

Hok.  SPIDAL GO « xceis oo srmsim snww o eres s s s somim.es e e
7.5. Other Enkephalin Effects in the CNS.............

8. Enkephalin Receptors and Cellular Effects..............
8.1. Mechanism of Enkephalin Action.................

9. Enkephalins and Pain................ ... ...
10. Role of Enkephalin in the Gastrointestinal System. ......
11, RETETEMERS v snvw sivmis s s os svmsswsesems nssasswsossis

CHAPTER 3

Beta-Endorphin and Biosynthetically Related Peptides in the
Central Nervous System

Hupa AkiL and STANLEY J. WATSON

Iz
2.

o

INIFOAUCHON, . vvivvivwrwevmemwrnmemrawembnmisiisiisissns
Immunohistochemistry: 3-LPH, B-END, ACTH, a-MSH,
and Gamma-MSH (y-MSH)
2le PICQIERTY cos i ws o mans s moms orm i 5os omd s s s 505m 418 508 05
202, BEAIIY ominion comee me s s 35 5 o o oo 35 5 0% 1§, ISAEE o 575 508 T
Biosynthesis of the ACTH, a-MSH, B-END/y-MSH
PEECUTBOT 5510w soarorsie sionmans 15 sipavais o grsvesnsosavs s s sns msrs ar foras 8
3.1. Pituitary: From Peptides to the Gene .............
3.2, Pituitary POMC: Posttranslational Events .........
3.3. Pituitary B-END: Multiple Forms.................
34 Braifik POMOG asme s wemsoms semss s s s o s
Receptors of B-END, ACTH, a-MSH. ..................
Physiological and Behavioral Studies . ..................
5.1.  Pharmacological Approach.......................
5.2. Biochemical Approach ..........................
Psychiatric Studies Using Opioid Peptides and Related
PhatrMacology «: s« ssvesmosmvsmsmssassoansaoss vaeoss cas
Future Directions: The Multisubstance Neuron .........
References

Xt



X Contents
CHAPTER 4
Cholecystokinin and Vasoactive Intestinal Polypeptide
Piers C. EMsoN and PHiLip D. MARLEY
I, Introduction . ...........uiiuneie e 255
2. Cholecystokinin ............ ... ..o i 256
2.1.  Chemical Characterization of Cholecystokinin-like
POPUdes . vy swenms susnprarmssmssonesnempsmennemssn 256
2.2, Regional Distribution of Cholecystokinin-like
Peptidesiiccisicoces snsanimemnmonnsosamemnensms na 260
2.3. Subcellular Distribution.......................... 266
24, Release........ ..o 269
2.5; Degradation. :«winsssius susmswmimsns vanins saisss i3 270
2.6. Central Actions of CCK .............ccoivviiinn.. 271
2.7. CNS DiSEaASES . . oottt ettt et e 277
3. Vasoactive Intestinal Polypeptide ...................... 278
3.1. Chemical Characterization ...............c.cu.... 278
3.2. Regional Distribution of VIP..................... 280
3.3. Subcellular Distribution.......................... 285
34, Release...... ... 287
8.5 Degradation. ». cuxwsscimsivimpininiesinieninssnss 289
3.6, Central Actions of VIP .....eccuemssasmssosnsvuns 289
3.7, CNS DiISCASES . . v oot ettt ettt 294
4. ConcluSion . .......oii i e 295
B, References . ...... ..o 296
CHAPTER 5
Brain Angiotensin
RupoLrr E. LANG, THOMAS UNGER, WOLFGANG RASCHER, and
DETLEV GANTEN
1. The Renin—Angiotensin System ....................... 307
LY. BiothemiStrf oo wossssncaniussmimeaninisnisimaie 309
1.2, PRYSIOIOGY s su cuivws smsmn smsanionnsamennnnsmsnosmn 312
2. Effects of Angiotensin on the Brain.............. e 314
2.1. Thirst and Salt Appetite......................... 314
2.2.  Angiotensin and Central Blood Pressure Control .. 320
2.3. Release of Pituitary Hormones ................... 327
2.4. Angiotensin and Behavior ....................... 331
3. The Brain Renin—Angiotensin System.................. 332
3.1. Biochemical ASPETH:uw:sssmsrssavniss vninasasns 333
3.2. Distribution of Renin and Angiotensin in Brain.... 340



Contents Xl

3.3. Angiotensin Receptors in the Brain............... 343
3.4. Functional Aspects of a Brain Renin—Angiotensin
SYSTETLL 2.5 e o« o ol o 2 S 25 T 5 BT 545 Bl B 54 2 8 g e o 5 345
4, ReFOTCIICES . . ot v vecieeiennieeieissisasiosiosossnanssosasesssi 349
CHAPTER 6

Neurotensin and Bombesin
CHARLES NEMEROFF, DANIEL LUTTINGER, and ARTHUR J. PRANGE, JR.

1. Introduction ...........ouiuiiiin e 363
2. NEUTOENSIN .. it ittt ittt e et et e i e e 364
2.1. Isolation and Characterization. ................... 364
2.2, LOCAHZAON: ..oovocne i 57500505 sisiiote. sTmiestsl /o se s aie 4 s 365
2.3. Release and Inactivation......................... 377
24, Receptor BIMAINE .cvovsvvsnssnseonsomessinsavins 378
2.5, Peripheral BHectS: . e vomvmrmwrsnsnesiasosoas 380
2.6. Central Nervous System Effects .................. 390
3. BombeSin . .....oviriiii e 416
3.1. Isolation and Characterization. ................... 416
3.2, Localization ..............oviiiniiiinninnennn.. 418
3.3. Release and Receptor Binding ................... 422
3.4. Peripheral Effects..........c.cciiinniiianianian 422
3.5. Central Nervous System Effects .................. 429
4. DISCUSSION & ottt ittt et e ie e e et 441
Dy RETCTOIICES wuwsim asmimm s o5 56 i 505 5 605 576 %6 (& 600 % ¢ 0 008 508 & W03 @ 5 446
CHAPTER 7

Extrahypothalamic Distribution and Action of Hypothalamic
Hormones

MikLOs PALKOVITS and MICHAEL J. BROWNSTEIN

I, Introduction ............coiiiiiiiiiiiiiiiieaninn... 467
2. Luteinizing-Hormone-Releasing Hormone (LH-RH)..... 468
2.1. LH-RH-Containing Cell Bodies .................. 470
2.2. LH-RH-Containing Pathways .................... 471
2.3. LH-RH-Containing Nerve Terminals ............. 472
3. Thyrotropin-Releasing Hormone (TRH)................ 472
3.1. TRH-Containing Cell Bodies......c...ccvinviainn, 472
3.2. TRH-Containing Pathways....................... 472

3.3. TRH-Containing Nerve Terminals ............... 473



X1 Contents
4. SOMAtOSLALIIL . .ttt ettt e e 473
4.1. Somatostatin-Containing Cells.................... 474
4.2.  Somatostatin-Containing Pathways................ 475
4.3. Somatostatin-Containing Nerve Terminals......... 475
5. Corticotropin-Releasing Factor (CRF) .................. 475
6. VaSOPIEESIT @y s mmsmsmmres swams spims smsge pwiya swews s 478
6.1. Vasopressin-Containing Cells. .................... 479
6.2. Vasopressin-Containing Pathways................. 480
6.3. Vasopressin-Containing Nerve Terminals ......... 480
7. OXYLOCIN .« vttt et e e 480
7.1. Oxytocin-Containing Cells ...............coonuen. 480
7.2.  Oxytocin-Containing Pathways ................... 481
7.3.  Oxytocin-Containing Nerve Terminals............ 482
8. Concluding Remarks ............... ... ... ..ol 482
B, RefereBCrS v onuwmeorm spims 191905308 5253 ERaEE s ABE LBES 483
CHAPTER 8
Peptide Effects on the Excitability of Single Nerve Cells
JEFFERY L. BARKER
L. INWOAUEEHON: vy cormvumssmoms vwvus ssvmspmsmssnsmsns sois 489
. Invertebrate Studies ................... ... ... ... 490
3. Vertebrate Studies............... ... 494
3.1. Cloned Pituitary Cells in Culture ................. 494
8.2. Enteric Gangha . coiuqvass snisssusms sasassonsmans 498
8.3 Sympathetic Ganglia « s iviwssmvmssaims smessms 499
3.4. Central Neurons in Vitro......................... 503
4. Conclusion......... ... 512
5. References............ .. .. 513

CHAPTER 9

Neuronal Coexistence of Peptides with Other Putative Transmitters
R. F. T. GiLBerT and P. C. EmsoN

L T OUUGHON 555 5 55 a simsins 65565 $5i5@5 70653 faicts samams omsse 519
2. Methodology ......... ... i 520
3. Adrenal Chromaffin Cells and Some Other Paraneurons 521
4. Peripheral Nervous System...................ccoiuen. 526

4.}, Enkepliahifif .. .osvc cnsinesmene smsus smsms smpms s 526

4.2, SOMAtOSLALIN . . .ottt ettt e e e e e e 527



Contents

4.3. Avian Pancreatic Polypeptide ....................
4.4. Vasoactive Intestinal Polypeptide
Central Nervous SySterml. . s vase s omsas o siaaine s
5.1.  Substance P and Thyrotropin-Releasing Hormone

5.2. Cholecystokinin ............... ... ... ... . ...
5.3.  Avian Pancreatic Polypeptide
4. Enkephalilis . :oowessswsswess sesomsms onsms om e e
5.5.  Magnocellular Neurosecretory System ............
5.6. Arcuate Nucleus
6. Concluding Remarks
7. References

ot



SUBSTANCE P IN THE NERVOUS
SYSTEM

T. M. Jessell

1. INTRODUCTION

The properties of a vasodepressor substance extracted from brain and
intestine and originally called preparation P were first described by von
Euler and Gaddum in 1931. Fifty years later, it is certain that substance
P must play an important role in nervous system function, yet it is
surprisingly difficult to cite a single physiologically relevant action of
substance P, supposedly the doyen of the common peptides (Pearse, 1978).
In contrast, the physiological role of many other neuropeptides and
releasing hormones that have been discovered more recently is now well
established.

There are several possible reasons for the comparatively slow progress
in defining the role of substance P in the nervous system. Although many
of the actions and chemical properties of substance P had been established
by von Euler and Gaddum (1931), it took 40 years before it was eventually
isolated (Chang and Leeman, 1970) and its amino acid sequence deter-
mined (Chang et al., 1971) (Fig. 1). Leeman and her co-workers then
prepared synthetic substance P (Tregear et al., 1971) and subsequently
generated the first anti-substance P antibody (Powell et al., 1973). It is this
series of studies that has proved fundamental in generating a renewed

T. M. Jessell e Department of Pharmacology, St. George’s Hospital Medical School, London
SW17, United Kingdom; present address: Department of Neurobiology, Harvard Medical
School, Boston, Massachusetts 02115.
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