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Preface

Volume 9 of the Handbook of Chemical Neuroanatomy continues the coverage of neuro-
peptides and neuropeptide receptors which was initiated in Volume 4 of the series. In
addition, a chapter on DARPP-32, a dopamine and cyclic AMP-regulated phosphopro-
tein which is present in dopamine receptor-bearing cells, is included. In this regard, the
present volume represents a continuation and extension also of Volumes 2 and 3 which
dealt with classical transmitters and transmitter receptors in the CNS. The first chapter
in the present volume describes the distribution of the third major opioid peptide present
in the nervous system, dynorphin, and thus supplements the earlier chapters in Volume
4 on proopiomelanocortin and the enkephalins. The dynorphin chapter, however, also
contains a valuable direct comparison with enkephalin distribution in the CNS. Two
further peptide chapters describe the distribution of, respectively, growth hormone re-
leasing hormone and angiotensin, two of the more restricted CNS peptide systems. The
last peptide chapter deals with the family of pancreatic polypeptides, of which neuropep-
tide Y is the quantitatively predominating one in the brain and spinal cord.

The volume contains five chapters on the distribution of neuropeptide receptors,
based on the autoradiographic ligand-binding technique developed by Young and
Kubhar (1979). More recently, some peptide receptors have finally been cloned, and they
include tachykinin receptors (Masu et al. 1989; Yokota et al. 1989; Hershey and Krause
1990) and the neurotensin receptor (Tanaka et al. 1990). These important results demon-
strate that these peptide receptors also are members of the family of G-protein-coupled
receptors with seven membrane-spanning segments. Thus, it is highly likely that many
of the neuroactive peptides shown to be present in discrete neuronal systems in the brain
and periphery act on typical memberane-bound receptors as physiological studies indi-
cate. The binding sites described during the last 10 years with the autoradiographic tech-
nique signify binding to such receptors.

We are grateful to our colleagues, who have contributed such excellent chapters to
this volume. We would, as editors, like to point out that several of these chapters were
submitted quite some time ago (thus meeting the original deadline) and may, therefore,
not include the most recent information in the field. We sincerely apologize to these au-
thors as well as to our readers and hope that they understand the problems in coordinat-
ing the efforts of outstanding and busy scientists.

Lund, Stockholm and Baltimore in October 1990

ANDERS BIORKLUND TOMAS HOKFELT MICHAEL J KUHAR

ix



Preface
References

Hershey AD, Krause JE (1990): Molecular characterization of a functional cDNA encoding the rat substance
P receptor. Science, 247, 958.

Masu Y, Nakayama K, Tamaki H, Harada Y, Kuno M, Nakanishi S (1989): cDNA cloning of bovine sub-
stance-K receptor through oocyte expression system. Nature, 329, 836.

Tanaka K, Masu M, Nakanishi S (1990): Structure and functional expression of the cloned rat neurotensin
receptor. Neuron, 4, 847,

Yokota Y, Sasai Y, Tanaka K, Fugiwara T, Tsuchida K, Shigemoto R, Kakizuka A, Ohkubo H, Nakanishi
S (1989): Molecular characteriziation of a functional cDNA for rat substance P receptor. J. Biol. Chem.,
264, 17649.

Young III WS, Kuhar MJ (1979): A new method for receptor autoradiography: 3H-opioid receptor labeling
in mounted tissue sections. Brain Res., 179, 255.



Contents

I. DYNORPHIN-CONTAINING NEURONS - J.H. FALLON AND P. CIOFI

. Introduction
. Materials and methods

2.1. Source of tissues
2.2. Perfusions
2.3. Primary antisera
2.4. Immunocytochemical methods
2.4.1. Immunofluorescence
2.4.1.1. Single staining
2.4.1.2. Double staining
2.4.2. Immunoperoxidase
2.5. Controls
. Overall distribution of dynorphins
3.1.  General distribution
3.2. General appearance of immunoreactive fibers and cell bodies
. Regional distribution of dynorphins
4.1. Telencephalon
4.1.1. Cortex
4.1.2. Olfactory system
4.1.3. Septum and diagonal band
4.1.4. Striatum, pallidum and related structures
4.1.5. Amygdala and bed nucleus of the stria terminalis
4.2. Diencephalon
4.2.1. Thalamus
4.2.2. Hypothalamus
4.2.2.1. Preoptic area
4.2.2.2. Periventricular nucleus
4.2.2.3. Suprachiasmatic nucleus and retrochiasmatic
area
4.2.2.4. Paraventricular and supraoptic nuclei
4.2.2.5. Arcuate nucleus and median eminence
4.2.2.6. Perifornical area
4.2.2.7. Lateral hypothalamic area and related nuclei
and fiber tracts
4.2.2.8. Mammillary nuclei
4.2.2.9. Anterior hypothalamic area
4.2.2.10. Dorsal area
4.2.2.11. Dorsomedial hypothalamic nucleus
4.2.2.12. Ventromedial hypothalamic nucleus
4.2.2.13. Posterior hypothalamic nucleus
4.3. Mesencephalon
4.3.1. Pretectum

NoRN=To e IS Be) e W) e We) SRV, BV, IR T IR,



Contents

4.3.2. Tectum 24
4.3.3. Periaqueductal grey 25
4.3.4. Raphe nuclei and adjacent areas 25
4.3.5. Mesencephalic reticular formation 25
4.3.6. Interpeduncular nucleus 26
4.3.7. Parabigeminal nucleus 26
4.3.8. Terminal nuclei of the accessory optic system 26
4.3.9. Substantia nigra-ventral tegmental area 27
4.4. Pons 27
44.1. Auditory nuclei 27
4.4.2. Periaqueductal grey 28
4.4.3. Raphe nuclei 28
4.4.4. Locus coeruleus, subcoeruleus, parabrachial nucleus, pon-
tine tegmental nuclei 28
4.4.5. Pontine reticular formation 29
4.4.6. Trigeminal nuclei 29
4.5. Cerebellum 30
4.6. Medulla 30
4.6.1. Nucleus of the solitary tract 30
4.6.2. Area postrema and subpostrema 31
4.6.3. Nucleus ambiguus 31
4.6.4. Dorsal motor nucleus of the vagus and hypoglossal nuclei 31
4.6.5. Facial nucleus 31
4.6.6. Inferior olive 32
4.6.7. Vestibular nuclei and prepositus hypoglossal nucleus 32
4.6.8. Medullary reticular formation and adjacent nuclei 32
4.6.9. Raphe nuclei 33
4.6.10. Trigeminal nuclei 33
4.7. Spinal cord 34
S. Atlas drawings (Figures 2-22) 35
6. List of abbreviations and Table 1 comparing dynorphin and enkephalin
immunoreactivities 50
7. Photomicrographs of dynorphin and enkephalin immunoreactivities
(Figures 23-80) 58
8. Conclusions 115
8.1. Distribution of dynorphin-containing cell bodies 115
8.2. Distribution of dynorphin-containing fibers 115
8.3. Dynorphin-containing pathways 116
8.4. Functional correlates of the distribution of dynorphins 116
8.4.1. Analgesia 116
8.4.2. Extrapyramidal motor functions 116
8.4.3. Autonomic functions 117
8.4.4. Ingestive and gustatory functions 118
8.4.5. Reproductive functions 118
8.5. Co-localization of dynorphins and enkephalins 119
9. Acknowledgements 120

10. References 120

xii



Contents

II. GROWTH HORMONE RELEASING HORMONE - P.E. SAWCHENKO
AND L.W. SWANSON

1. Introduction 131
2. Characterization of GRH 131
3. Localization in human and primate brain 132
4. Localization in rat brain 134
4.1. Antisera to hpGRH 134
4.1.1. ‘«MSH’ cells 134

4.2. Antisera to rGRH 134
4.3. Insitu hybridization 141
4.4. Origin of projection to the median eminence 141
4.5. Co-localization of neuroactive substances 148
4.6. Inputs 149
4.7. Ontogeny 151
4.8. Regulation 152

5. Brain localization in other species 152
6. Localization outside the brain 152
7. Discussion 153
8. Conclusions 156
9. Abbreviations 156
10. References 158

ITI. ANGIOTENSIN — R.W. LIND AND D. GANTEN

1. Introduction 165
1.1. The literature on angiotensin immunohistochemistry 166
1.2.  Current overview 168

2. Intraneuronal angiotensin immunoreactivity 169
2.1. Criteria 169
2.2. Neurons versus glia 170
2.3. Morphology of cells 171
2.4. Terminal fields 171
2.5. Topography 172

3. Angiotensin in central neural systems 248
3.1. Lamina terminalis 248
3.2. Magnocellular neurosecretion 249
3.3.  Parvicellular neurosecretion 250
3.4. Hypothalamus 251
3.5. Amygdala and bed nucleus of the stria terminalis 252
3.6. Septohippocampal complex 253
3.7. Papez circuit 254
3.8. Midline and intralaminar thalamus 254
3.9. Basal ganglia 254
3.10. Cerebellum and pre-cerebellar nuclei 255
3.11. Tegmentum 256
3.12. Central autonomic pathways 256

3.13. Sensory systems 257

Xiii



Contents

o

3.13.1. Vision
3.13.2. Olfaction
3.13.3.  Somatic senses
3.13.4. Taste
3.13.5. Audition
3.13.6. Vestibular sense
3.14. Interactions with classical neurotransmitters
3.14.1.  Acetylcholine
3.14.2. Serotonin
3.14.3. Adrenaline and noradrenaline
3.14.4. Dopamine
Angiotensin immunohistochemical protocol
4.1. Animals
4.2. Perfusion
4.3. Cutting and tissue storage
4.4. The immunofluorescence protocol
4.5. Co-localization of antigens
4.6. Controls
4.7. Anti-angiotensin and tract tracing

. Biochemistry of the brain renin-angiotensin system

5.1.  Renin
5.2.  Angiotensinogen
5.3. Converting enzyme
5.4. Angiotensin
5.4.1. Methods
5.4.2. Results
Final comments
6.1. Tip of the iceberg?
6.2. Functions of neuronal angiotensin
6.3. Comparisons with other markers for angiotensin
6.4. Looking ahead
Acknowledgements
Abbreviations
References

IV. PANCREATIC POLYPEPTIDE, NEUROPEPTIDE Y AND PEPTIDE
YY IN CENTRAL NEURONS -~ M.E. DE QUIDT, H. KIYAMA AND
P.C. EMSON

Xiv

1.

Introduction
1.1. Radioimmunoassay
1.2.  Chromatography
1.3.  Immunohistochemistry
Anatomy of NPY neuronal systems in the CNS
2.1. Radioimmunoassay
2.2, Immunohistochemistry
2.2.1. Olfactory system
2.2.2. Basal ganglia

257
257
257
258
258
258
258
259
259
259
260
260
261
261
262
262
262
263
264
264
265
265
266
267
267
268
271
271
271
272
272
273
273
277

287
289
290
290
292
292
293
293
296



e B

Contents

2.2.3. Cerebral cortex
2.2.4. Hippocampal formation, septum and diagonal band
2.2.5. Amygdala and stria terminalis
2.2.6. Thalamus and epithalamus
2.2.7. Hypothalamus
2.2.8. Pituitary
2.2.9. Mesencephalon and metencephalon
2.2.10. Myelencephalon
2.2.11. Spinal cord
2.3. Hybridisation histochemistry
Comparison of NPY distribution with that of PP, PYY and FMRF-
amide
Overview of NPY distribution
Coexistence and functional studies
Acknowledgements
References

Neuropeptide receptors

V. OPIOID PEPTIDE RECEPTORS - B. ADLER, R.R. GOODMAN AND
G.W. PASTERNAK

1.
2.

Introduction
Multiple opioid receptors
2.1. Opioid ligands
2.2, Morphine (1) and enkephalin () receptors
2.3. Multiple y-receptors
2.4. Benzomorphan (x and o) receptors
2.5. f-Endorphin (&) receptors
General autoradiographic studies
3.1.  Autoradiography utilizing in vivo receptor labeling
3.2.  Autoradiography utilizing in vitro receptor labeling
3.3, Ontogeny of opioid receptors
3.4.  Presynaptic and postsynaptic localization of opiate binding sites
3.4.1. Spinal cord
3.4.2. Striatum and limbic system
3.4.3.  Other studies
Differential localization of opioid receptor subtypes
4.1. p- and J-receptors
4.2. u-Receptors
4.3, k-Receptor autoradiography
4.4.  Autoradiographic localization of ¢ (8-endorphin)-receptors
Correlating opioid receptors with opioid peptides and enkephalinase
References

314
317
320
322
326
330
330
334
336
338

343
346
351
352
352

359
360
360
361
363
364
364
365
365
366
367
368
368
368
369
370
370
370
380
385
386
389

XV



Contents

VI. TACHYKININ RECEPTORS - T.L. O'DONOHUE, C.J. HELKE,
C.W.SHULTS, S.H. BUCK AND E. BURCHER

1. Introduction 395
2. Methodology 398
2.1. Radiolabelling peptides 398
2.2. Slice binding and autoradiography 398

3. Pharmacological characterization of tachykinin binding 399
4. Distribution of tachykinin receptors in the rat central nervous system 401
4.1. Rhinencephalon 403
4.2. Telencephalon 404
4.2.1. Cerebral cortex 404

4.2.2. Basal ganglia 404

4.2.3. Septal region 404

4.2.4. Hippocampus 404

4.2.5. Amygdala 405

4.3. Diencephalon 406
4.3.1. Thalamus 406

4.3.2. Hypothalamus 408

4.4. Mesencephalon 410
4.5. Metencephalon 411
4.5.1. Cerebellum 411

4.5.2. Pons 413

4.6. Myelencephalon 414
4.6.1. Sensory regions 414

4.6.2. Motor regions 415

4.7. Reticular area 415
4.8. Spinal cord 416
4.8.1. Dorsal horn 416

4.8.2. Intermediolateral cell column 417

4.8.3. Ventral horn 417

5. Conclusion 433
6. References 438

VII. NEUROTENSIN RECEPTORS - G.R. UHL

1. Introduction 443
2. Characterization of neurotensin binding in tissue sections 444
3. CNS distribution of neurotensin receptors 444
3.1. Spinal cord 4t
3.2. Pons-medulla 444
3.3. Cerebellum 446
3.4. Midbrain 446
3.5. Diencephalon 448
3.6. Striatum 448
3.7. Hippocampus/amygdala 450
3.8. Cerebral cortex 450
3.9. Basal forebrain 450

XVi



W

3.10. Olfactory zones
Summary
Acknowledgements
References

Contents

450
450
451
451

VIII. CHOLECYSTOKININ RECEPTORS — T.H. MORAN AND P.R. McHUGH

—_—

o v

. Introduction

Methods

2.1. Characterization of '»I-CCK-33 binding

2.2. Autoradiography

2.3. Pharmacological specificity of CCK receptors
Distribution of type A CCK receptors

Distribution of type B CCK receptors

4.1. CCK receptors in the forebrain

4.2. CCK receptors in basal ganglia

4.3. CCK receptors in the diencephalon

4.4. CCK receptors in the midbrain

4.5. CCK receptors in the brainstem

4.6. Areas in which no CCK receptors were discerned
Conclusions

Acknowledgements

References

IX. TRH RECEPTORS - D.R. BURT AND N.A. SHARIF

1.
2:
3.

4.

Introduction
Methodology
Distribution

3.1. Olfactory system
3.2. Amygdala

3.3. Septal region
3.4. Basal ganglia
3.5. Miscellaneous limbic forebrain areas
3.6. Thalamus

3.7. Hypothalamus
3.8. Hippocampus
3.9. Cerebral cortex
3.10. Midbrain
3.11. Pons

3.12. Medulla

3.13. Cerebellum
3.14. Spinal cord
3.15. Retina

3.16. Pituitary gland
3.17. Other tissues
Conclusions

455
457
457
457
457
459
459
460
471
471
472
472
472
472
473
474

477
479
492
492
492
493
493
494
494
494
495
495
495
496
496
496
496
497
497
498
498

XVii



Contents

5. Acknowledgements 498
6. References 498

X. IMMUNOCYTOCHEMISTRY OF NEURONAL PHOSPHOPROTEINS IN
DOPAMINOCEPTIVE BRAIN REGIONS — C.C. OUIMET AND
P. GREENGARD

1. Historical background 505
1.1.  First messengers and second messengers 505
1.2.  The protein kinase hypothesis 505

2. Phosphoproteins enriched in the basal ganglia 508

3. Biochemical studies of DARPP-32 508

4. Immunocytochemical studies of DARPP-32 510
4.1.  Anatomical techniques 510
4.2, Distribution of DARPP-32 in the brain 512
4.3. DARPP-32 in development 526

5. Similarities and dissimilarities in the distribution of DARPP-32, the D-1
dopamine receptor, and dopamine-containing axon terminals 527

5.1.  Special relationship between the distribution of DARPP-32 and
axon terminals arising from the ventral tegmental area and sub-

stantia nigra 527
5.2.  The absence of DARPP-32 from certain brain regions that receive
a dopamine input 527
5.3. The presence of DARPP-32 in brain regions not shown to receive
a dopamine input 527
5.4. DARPP-32 and glial cells 528
6. DARPP-32 in phylogeny 528
7. The relationship between DARPP-32 and neurotransmitters other than
dopamine 529
8. ARPP-21 529
9. Comparison of the distribution of DARPP-32 and of ARPP-21 531
10. Summary 531
I1. Acknowledgements 531
12. List of abbreviations for rat brain 532
13. References 532
SUBJECT INDEX 539

XVill



