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accessory olfactory bulb, vomeronasal afferents to,
90-91
acetylcholine
in regulation of female sexual behavior, 184-206
sex hormone—mediated regulation of, 120, 199
actin, 426
activational effects, of sex steroids, 302
activation during mating, of retrorubal field of mid-
brain tegmentum, 45
acyltransferase, role in brain neurosteroid metabo-
lism, 283
adrenal glands, progesterone secretion by, 120
adrenal steroids, effects on brain function and behav-
ior, 117
adrenocorticotropic hormone, 144
adrenodoxin, 282
adrenodoxin reductase, 282
aggression
neurosteroid inhibition in male rat, 289, 290
reproduction relation to, 303
aging, possible neurosteroid role in, 292
amitryptyline, effect on female sexual behavior, 186
amphibians
sexually dimorphic brain areas in, 259
vasopressin-immunoreactive projections in, 260
amygdala
corticomedial area of, estrogen receptor mRNA in,
71,72
estrogen receptors in, 325
extended
anatomy, 10
hormonal and chemosensory subcircuitry, 12,
20, 22-23, 31, 34
neural circuitry through, 10
sexual dimorphism, 29
hormonal and chemosensory circuit projections to,
15
olfactory and vomeronasal connections through,
10
steroid receptors in, 14
amygdalohippocampal zone
activation during mating, 45
estrogen receptors in, 14

inputs to medial preoptic nucleus, §9
subcircuitry of, 13
anatomical relationships, between chemosensory and
hormonal circuits, 20
androgen(s)
effect on brain androgen receptors, 25-26, 28
effects on brain nuclei, 17-19
effects on male copulatory behavior, estrogen
comparison with, 6-8, 19
stimulation of male sexual behavior by, 14
androgen receptors (AR)
in chemosensory pathways, 13
in medial preoptic area, 16
neurons containing, 97
mating stimulation of, 20, 21
in tyrosine hydroxylase neurons in brain, 31,
33
in ventral lateral septum, 14
in ventral premammillary nucleus, 13
androstatrienedione (ATD), as testosterone-conver-
sion blocker, 41, 284
anterior hypothalamus
estrogen receptors in, 325
magnocellular neuroendocrine cells of, 413-415
anteroventral periventricular nucleus of preoptic re-
gion (AVPv), 93-97
estrogen receptors in, 93—94
hormone secretion by, 89
inputs to medial preoptic nucleus, 89
sex differences in rats, 85
sexual dimorphism of, 93
steroid receptors in, 93, 98
antidiuretic receptor, in hippocampus, 266
antiestrogens, effects on circulating luteinizing hor-
mone, 94
AP-1 binding sites, in genes, 356, 358, 398
AP-2 binding sites, in genes, 358, 385
apomorphine, as dopamine agonist, 238
arcuate nucleus (ARC), 16
cholecystokinin receptors in, 170
hormone secretion by, 89
inputs to medial preoptic nucleus, 89
JunD expression in, 133
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POMC-expressing neurons in, 150151
projections to, 13, 15
steroid receptors in, 97
tachykinin-immunoreactive cells in, 225
arginine vasopressin (AVP)
castration effects on, 423
synthesis and release by magnocellular neuroen-
docrine cells, 413, 417
arginine vasopressin mRNA, expression of, 262
aromatase
brain cell expression of, 101, 174, 313-314
in sex steroid biosynthesis, 302, 303
in telencephalon of songbirds, 317
aromatization
in androgen metabolism, 281
of tissue, measurement, 307-313
aromatizing enzymes, male and female levels of, 133
astrocytes, neurosteroid effects on, 286
atropine, effect on female sexual behavior, 186, 189
axodendritic synapses
fluctuation during estrous cycle, 119
testosterone effects on density of, 134
axon terminal fields
role in cholinergic regulation of lordosis, 195
steroid receptors in, 340
axosomal synapses, testosterone effects on density
of, 134

bed nucleus of stria terminalis (BNST)
anatomy of, 10
cholecystokinin in, 162-165
connections with sexually dimorphic area, 49, 50,
51, 52
dihydrotestosterone replacement effects on, 29
estrogen receptors in, 71
inputs from vomeronasal pathway, 91
medial (BNSTm), activation during mating, 45
medial preoptic nucleus projections to, 89
olfactory fiber projection to, 17
as part of limbic—hypothalamic circuit, 160—178,
213
posteriomedial (BNSTpm), 13
lesion studies, 17, 19
neurotransmitters in, 31
steroid receptors in, 13, 14, 19
posterointermediate (BNSTpi), 12
steroid receptors in, 14
tyrosine hydroxylase neurons in, 31, 33
posterior (BNSTp)
neuron density increase in males, 104
olfactory information relay by, 105
steroid receptors in, 91, 97
sex hormone effects on vasopressin cells in, 258
sexual dimorphism in, 255, 258
steroid receptors in, 14, 18, 101
mating activation, 20-21
steroid stimulation of, 19
tachykinin-immunoreactive cells in, 215
testosterone conversion to estrogen in, 61
testosterone replacement reduction of estrogen re-
ceptor
mRNA in, 63, 64

vasopressin projections of, 254
sex differences, 260-264, 267
vomeronasal fiber projection to, 9-10, 17
bethanechol, effect on female sexual behavior, 186
biochemical assays, for steroid receptor binding, 57
birds. See also songbirds
hormonal control of mating behavior in, 40
sexually dimorphic brain areas in, 259
singing behavior in, 300, 301
BNST. See bed nucleus of the stria terminalis
(BNST)
brain
androgen receptor—containing neurons in, 7
chemosensory pathways in, 8—14
estrogen receptor—containing neurons in, 7
sex differences in, 106, 254-278
sex steroid effects on, 363-390
steroid receptors in, autoregulation, 24-26
steroid-responsive networks in, 8-23
brain-derived neurotrophin factor (BDNF), distribu-
tion and function in CNS, 391, 393404
brain lesions, use in studies of chemosensory and
hormonal circuits, 17
bromo-2-deoxy-5-uridine, as “birth marker,” 264
bulbocavernosus, castration-induced neuronal
changes in, 29

cAMP
downregulation of, 425
enhancement of pregnenolone formation by, 285—
286
regulation of preproenkephalin transciption by,
358
carbachol, effects on female sexual behavior, 186,
187, 189, 191
cardiovascular regulation, vasopressin effects on,
265
castration
effects on estrogen and interneuronal coupling,
423
effects on mating behavior, in hamsters, 5
effects on steroid receptors, 24, 26
catecholaminergic terminals, near estradiol cells, 333
caudoputamen, oxytocin receptors in, 128
cell-cell interactions, in magnocellular hypo-
thalamoneurohypophyseal system, 412-431
central tegmental field (CTF), olfactory input to, 247
c-fos oncogene
corticosteroid receptor and, 103
drug-induced expression of, 247, 248
estrogen induction of, 392, 397-398
Fos protein expression by, 20, 332
induction during mating, 20, 22, 245
preproenkephalin expression and, 103
chemosensory circuit
in brain, 8-14
brain lesion studies, 17
function of, 22-23
hormonal network connection to, 14-15
steroid receptors in, 13-14, 16
chemosensory signals, effects on sex steroid levels,
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cholecystokinin (CCK)
distribution in CNS, 161
sex differences, 166, 167, 255
expression in limbic—hypothalamic circuit, 163—
169
in magnocellular neuroendocrine cells, 413
in regulation of reproduction, 91
sex hormone effects, 120, 160—183
cholecystokinin B receptors, 91-93
cholecystokinin octapeptide, behavioral responses to
161-162, 177
cholecystokinin receptors, 170-177
subtypes of, 170
cholesterol, conversion to pregnenolone, 282, 283,
285
cholesterol-desmolase complex, in rat brain cells,
285
choline, effect on lordosis, 189
choline acetyltransferase, steroid effects on, 199,

397-400

cholinergic agonists, facilitation of lordosis by, 185—
189

cholinergic antagonists, inhibition of lordosis by,
189-191

cholinergic regulation, of female sexual behavior,
184206

cholinesterase inhibitors, effects on female sexual be-
havior, 186

choline uptake inhibitor, effect on female sexual be-
havior, 186

chromatin, hormone—receptor complex binding to,
24

c-jun oncogene
estrogen induction of, 397-398
preproenkephalin expression and, 103
colchicine, as axonal transport blocker, 255
co-localization
of androgen receptors and dopamine, 31, 33
of estrogen and progesterone receptors, 71-72
of estrogen receptors and oxytocin, 422
of estrogen receptors with neurotrophins and re-
ceptors, 395-397
functional consequences, 400—402
of progesterone receptors with serotonin, 384
consummatory movements, in hamster mating, 4
copulation
androgen and estrogen stimulation of, in hamsters,
3-8, 14, 46
brain areas essential for, in gerbils, 41
brain lesion studies, 17, 33-34
dopamine release effects on, 238
effects of severance of sexually dimorphic area
efferents on, 49
in females
brain areas affecting, 105
role of ventromemedial nucleus of hypo-
thalamus in, 88
in males, brain areas affecting, 105
restoration in castrated rats, 244
steroid hormone effects on, 3—-39
testosterone effects on, 40
cortex of amygdala, JunD expression in,
133

435

corticomedial amygdala
connections of, 10
vomeronasal fiber projection to, 9
corticotropin-releasing factor
gene regulation of, 169
in magnocellular neuroendocrine cells, 413
critical periods, effects on CNS organization, 391
¢RNA probes, use in estrogen mRNA studies,
59-60
cross-talk, integration of sensory and hormonal infor-
mation by, 335
cycling female rats, Fos labeling of CNS in, 375,
376
cytochrome P-450scc, in mitochondria of steroid-
ogenic endocrine cells, 282
cytoplasm, steroid receptors in, 24, 336-338, 340-
341
cytosolic binding assays, of estrogen receptors, 77

DAGO, binding to p-opioid receptors, 145
day length, effect on steroid hormone production, in
hamsters, 5
dehydration, effects on dye coupling among magno-
cellular neurons, 422, 425
dehydroepiandrosterone (DHEA)
as excitatory neurosteroid, 289
in rat brain, 282
dendrites
estrogen receptors in, 339
of mitral and tufted cells, role in chemosensory
pathways, 8
steroid effects on, 29-30
dendritic spine density, in ovariectomized rats, 119
deoxycorticosterone
metabolite as sedative-anesthetic agent, 287
modulation of GABA receptors by, 118
diagonal band of Broca, 195
diethylstilbestrol (DES), replacement studies using,
41-42
Sa-dihydroprogesterone, as progesterone metabolite
in brain, 281-282
dihydrotestosterone (DHT)
behavioral sensitivity to, following gonadectomy,
64
downregulation of estrogen receptor mRNA by,
174, 665
effects on brain androgen receptors, 25
effects on male mating behavior, in hamsters, 7
production of, 4, 6, 133
in regulation of copulatory behavior, 221
replacement therapy, 19, 29
dihydroxyphenylacetic acid (DOPAC), castration ef-
fects on levels of, 244
dihydroxyphenyltetrahydrothienopyridine (THP), as
dopamine receptor-1 agonist, 239
diurnal fluctuation, of oxytocin (OT), 125-128
DNA, activated hormone-receptor complex binding
to, 23
dopamine, in neural control of gonadotropin secre-
tion, 94
dopamine (-hydroxylase, 31, 332
double-label immunocytochemistry for Fos protein
and, 383
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dopamine receptors
effects on genital reflexes, 239-241
stimulation effects on estrogen receptors, 340
dopaminergic neurons, in arcuate nucleus, 94
dopaminergic systems, role in male rate sexual be-
havior, 234-253
dorsal raphe nucleus, vasopressin-immunoreactive
projections to, 257
dorsal root ganglion (DRG) neurons, use in nerve
growth
factor studies, 400-401, 404
dorsomedial nucleus, cholecystokinin receptors in,
170
downregulation
of estrogen receptor mRNA, 58, 405
of tyrosine hydroxylase expression, 95
dye coupling studies, on supraoptic and paraventricu-
lar nuclei, 420, 423
dynorphin(s)
AP-1 binding site in gene for, 385
in brain neurons, 94, 97
in hamster brain, 30-31
in magnocellular neuroendocrine cells, 413
as opioid peptides, 144
prodynorphin as precursor of, 144

efferents
from medial preoptic area, 237
from sexually dimorphic area, 49
ejaculation, hormonal priming effects on, 133
B-endorphin
effects on lordosis, 153
gonadal steroid hormone regulation of,
147-151
neurons containing, 94
proopiomelanocortin as precursor of, 144
endorphins, as opioid peptides, 144
engineer’s model, for estrogen receptor studies, 59
enkephalin(s), 153
AP-1 binding site in gene for, 385
in brain neurons, 94
as opioid peptides, 144
enkephalinase, kelatorphan as inhibitor of, 154
enkephalinergic circuits, gonadal hormone alteration
of, 147-148
enzymes, steroid—receptor binding effects on, 27
epinephrine, 31
estradiol-178
brain implants of, 19, 40
effect on cholecystokinin release, 168
effect on circulating luteinizing hormone, 94
effect on female mating behavior, 117
effect on Fos immunoreactivity, 331-332
effect on male mating behavior, in hamsters, 7
effect on w-opioid receptors, 145, 147
effect on ovariectomized rats, 423
effect on oxytocin neuronal activity and bio-
synthesis, 122-128
effect on song control circuitry, 302
guinea pig brain regions binding of, 72-73
induction of synapses by, excitatory amino acid
role, 134
neurochemical effects of, 120

pulses of
estrogen immunoreactivity and, 330-331
progesterone immunoreactivity induction by,
329-330
from testosterone, 6
estrogen(s)
alteration of gene transcription by, 57
cholecystokinin regulation by, 169-170
effects on brain, 86
mechanisms, 392-393
nuclei, 17-19
effects on LHRH, 169, 223, 363
effects on male copulatory behavior, androgen
comparison with, 6-8
effects on muscarinic receptors, 196198
effects on songbird physiology and song system,
299, 304-305
induction of progestin receptors in brain by, 71
interactions with neurotrophins and their receptors,
391-406
production in males, 4
regulation of gene activity by, 354-358
stimulation of male sexual behavior by, 14, 303
androgens compared to, 6—8, 19
tachykinin peptide regulation by, 212-213
estrogen receptors (ER), 24-25, 73-76
in amygdalohippocampal area, 14
in cell nucleus, 24
in chemosensory pathways, 13
in CNS neurons, 392
in cytoplasm, 336-338
heterogeneous regulation of, 328
in medial preoptic area, 16
mRNA
detection of, 58, 66
downregulation, 64, 65
in female guinea pig, 59, 71-76
in medial preoptic nucleus, 66, 68
neuroanatomical distribution of, 57-84
regulation by steroid hormones in males, 61—
65
regulation in brain, 78-79
neurobiological regulation of hormonal response
to, 324-349
neurons containing, 97
noradrenergic regulation of, 333
sexual behavior induction by, 326
structure of, 352
in supraoptic nucleus, 422
ultrastructural localization of, 339—340
in vaginal—cervical responsive neurons, 335—
336
in zebra finch song system, 316
estrogen-response element (ERE)
cholescytokinin gene and, 169
sequences in, 392, 399, 405
estrous cycle
effects on muscarinic receptors, 198
expression of LHRH neurons in, 364-367
oxytocin effects on, 122-123
excitatory amino acids
effects on estradiol induction of synapses, 134
use in lactation studies of CNS, 373-375
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female sexual behavior
cholecystokinin role in, 160-178
cholinergic regulation of, 184-206
as model system for study of steroid hormone ef-
fects on brain, 135
pharmacological regulation of, 185-193
role of medial preoptic area—anterior hypo-
thalamus in, 41
tachykinin role in, 207-213
fever, interleukin-1 induction of, 266
fluorescent double-labeling method, use in neural ac-
tivation by mating, 20-21
Fluoro-Gold, as cell label, 49
cis-flupenthixol, as dopamine agonist, 238
flutamide, as dihydrotestosterone blocker, 41
follicle-stimulating hormone, 364
forebrain
chemosensory area of, 12
estrogen receptor mRNA in, 59, 71-76
sexually dimorphic pathways in, 49-53, 86
Fos protein
detection in cells following mating behavior, 20
double-label immunocytochemistry for dopamine
B-hydroxylase and, 383
estradiol effects on, 331-332, 334, 342
increase of transcription rate by, 385
as marker for LHRH activity, 363-364, 365, 371
NMA stimulation of expression of, 364
overlap with neural androgen receptors, 20
in oxytocin neurons, 131, 133

GABA
inhibitory steroid metabolites for, 288
role in progesterone effects on membranes and re-
ceptors, 118, 120
as transmitter in sexually dimorphic area cells, 48—
49
GABA, receptors
model of, 288
neurosteroids and, 288—289
in vivo, 288
galanin, in magnocellular neuroendocrine cells, 413
genomic effects, of progesterone, 286, 292
glial fibrillary acidic protein, 418, 426
glucocorticoid receptors, zinc fingers in gene for,
351
glucocorticoid response element, 352, 353
glucocorticosteroids, enhancement of pregnenolone
formation by, 285-286
glutamic acid decarboxylase (GAD), effects on male
sexual behavior, 49
gonadal steroids. See sex steroids and individual ste-
roids
gonadectomy, use in estrogen receptor studies, 58
gonadotropin-releasing hormone (GnRH). See also
luteinizing hormone-releasing hormone
in hamster neurons, 364
neuroendocrine control of, 93, 94
role in steroid hormone production, 4-5, 7
gonadotropin secretion
cholecystokinin effects on, 91
medial preoptic area—anterior hypothalamus role
in, 41
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neural circuitry controlling, 98, 160

neuroendocrine control of, 93

sexually dimorphic area role in, 88
G-proteins, 169, 392

heat shock proteins, 354
hemicholinium, effect on female sexual behavior,
186, 189
heterosexual exposure, effects on brain neuro-
steroids, 292
hibernation, vasopressin effects on hypothermia in,
266-267
higher vocal center (HVC), role in song control, 300
hippocampus, receptors in, 266
hormonal amygdala, steroid receptors in, 14
hormonal circuit
brain lesion studies, 17
function, 15-17, 22-23
hormonal networks
chemosensory circuit connection to, 14-15
steroid receptors in, 16
hormone response elements
palindrome structure of, 353-354
in promoter regions of genes, 350, 352, 353
horseradish peroxidase (HRP), use in axon studies,
49
5o, 3a-hydroxydihydroprogesterone, lordosis promo-
tion by, 118-119
6-hydroxydopamine
catecholamine detection by, 48
destruction of dopamine terminals by, 238
3a-hydroxy-5a-pregnan-20-one, as progesterone me-
tabolite in brain, 281-282
3B-hydroxysteroid dehydrogenase isomerase
in bird brain cultures, 315
in brain neurosteroid metabolism, 284, 286
3a-hydroxysteroid oxidoreductase, in brain, 291
hypothalamopituitary axis, response to steroid feed-
back, 5
hypothalamus
connections with pituitary gland, 104
estrogen receptor mRNA in, 71, 72
medial basal, estrogen receptors in, 71
neural circuitry through, 11-12, 15
olfactory and vomeronasal access to, 10
sex steroid regulation of opioid function in, 143—
159
hypothermia, vasopressin effects on, 266-267

immunocytochemistry, steroid receptor detection by,
13, 15, 16, 19, 24, 25, 57
incertohypothalamic tract, as dopamine source, 238
infundibular nucleus (Inf), estrogen receptors in, 71,
73,75, 76
in situ hybridization
cholecystokinin precursor detection by, 92, 162—
165
cholecystokinin receptor detection by, 171
estrogen mRNA detection by, 61
estrogen receptor mRNA detection by, 58—60, 66,
67
oxytocin mRNA detection by, 123
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oxytocin receptor mRNA retection by, 129
POMC detection by, 148-151
preproenkephalin detection by, 147, 148
steroid receptor detection by, 13, 25, 58, 61
tyrosine hydroxylase detection by, 31
insulin-like growth factor, 393, 398
interleukin-1, induction of “sickness behavior” by,
266
interstitial cells (of testis), steroid production by, 4
intromission, hormonal priming effects on, 133
isoprotenerol, 420

JunB, expression in brain sections, 133
JunD, expression in brain sections, 133
Jun protein, NMA stimulation of expression of, 364

kelatorphan, as enkephalin inhibitor, 154

lactation
progesterone effects on cortical activation during,
371-376
role of magnocellular hypothalamoneurohypo-
physeal system in, 417-418, 426
lateral habenular nucleus, vasopressin-ir cells in, 255
lateral olfactory tract (LOT)
lesions of, effect on male sexual behavior, 17
olfactory fibers in, 8
role in neuroendocrine responses, 7-8
lateral preoptic area
B-endorphin in, 148
estrogen receptor mRNA in, 72
lateral septum
estrogen receptor mRNA in, 72
oxytocin receptors in, 128
vasopressin-ir cells in, 255, 267
ventral (LSv)
activation during mating, 45, 46
afferents to sexually dimorphic area, 49, 50
androgen receptors in, 14
hormonal stimulation, 18, 19
inputs to medial preoptic nucleus, 89
lesion studies, 51
learning and memory
limbic system importance for, 104
neurotrophin role in, 391
possible neurosteroid role in, 290
vasopressin effects on, 265
leu-enkephalin, proenkephalin as precursor of, 144
leumorphin, in brain neurons, 31, 32
limbic—hypothalamic circuit
cholecystokinin expression in, 163-169
function and neuroanatomy of, 160
ontogeny of, 163—-166
role in sexual behavior, 160—161
limbic system
chemosensory area of, 12
hormonal regulation of, 85-114
steroid receptors in, 13, 14, 71, 72
locus coeruleus, vasopressin-immunoreactive pro-
jections to, 257, 260
lordosis
acetylcholine effects on, 202
cholescystokinin effects on, 161-162
cholinergic regulation of, 185-203

description of, 185
inhibition by cholinergic antagonists, 189—191
opioid regulation of, 153
regulation of, 170
steroid and steroid metabolite promotion of, 118—
119, 122, 133, 154, 332
substance P and, 330
tachykinin role in, 207-213
luteinizing hormone (LH)
gonadotropin-releasing hormone control of, 93
opioid effects on release of, 152
oxytocin effects on levels of, 127
role in sex steroid production, 4, 5, 7
tachykinin role in secretion of, 222-226, 227
luteinizing hormone-releasing hormone (LHRH). See
also gonadotropin-releasing hormone (GnRH)
effect on luteinizing hormone release, 152
possible estrogen effects on, 169, 225

magnocellular hypothalamoneurohypophyseal system
activation of, 416—418
estrogen effect on cell—cell interactions in, 412—
431
neuroanatomy of, 412, 413
peptide release by, 418
structural plasticity in, 418-421
magnocellular nucleus of neostriatum (MAN), pro-
jections to, 300
magnocellular preoptic nucleus, 195
male sexual behavior
dopaminergic influences on, 234-253
in Japanese quail, 302
medial preoptic area role in, 40-45
neuronal activation during, 17-22
steroid control of, 23
tachykinin role in, 213-222
maternal behavior
brain regions important for expression of, 104
following female rat pregnancy, 65-66
role of medial preoptic area—anterior hypo-
thalamus in, 41
vomeronasal pathway role in, 91
mating behavior pathway, steroid hormone effects
on, in hamsters, 3—-39
MCcN-A-343, effect on female sexual behavior, 186,
191
medial amygdaloid nucleus
afferents to sexually dimorphic area, 49, 50
anterior
connections of, 10, 12
dendrites of, 29
lesion studies, 33-34
steroid receptors in, 14
tyrosine hydroxylase in, 31, 33
vomeronasal afferents to, 12—13
cholecystokinin activity in, 162, 163
circuits of, 10, 34
lesion studies on, 52—53
medial preoptic nucleus projections to, 89
neuron density increase in males, 104
olfactory stimuli relay to, 213
as part of limbic—hypothalamic circuit, 160
posterior (MeAp)
dendrites of, 29, 30
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inputs from vomeronasal pathway, 90-91
inputs to medial preoptic nucleus, 89
lesion studies, 17, 19, 52
mating activation in, 20
neurotransmitters in, 31
steroid receptors in, 13, 14, 91, 92
tyrosine hydroxylase in, 31
posterodorsal, activation during mating, 45, 46
steroid effects on dendrites in, 29
steroid implants in, 19
steroid receptors in, 100, 101, 103
tachykinin-immunoreactive cells in, 214-215
vasopressin projections of, 254
sex differences, 260-262, 267
medial nucleus of lateral dorsal thalamus (DLM), in-
nervation of, 300-301
medial preoptic area—anterior hypothalamus (MPOA-
AH)
lesion studies, 41
role in cholinergic regulation of lordosis, 195
role in testosterone effects on male sexual behav-
ior, 40-45
medial preoptic area (MPOA)
dihydrotestosterone replacement effects on, 29
dopamine release in, 237-239
efferent projections of, 237
extended amygdala projections to, 34
hormonal stimulation of, 19
lesion studies, 46
muscarinic receptors in, 198
neural circuitry through, 11-12, 13
olfactory and vomeronasal access to, 10
role in control of male sexual behavior, 40, 42,
44, 213, 235-243
role in opioid regulation of lordosis, 153
sensory input to, 235-237
steroid implants in, 19
steroid receptors in, 14
mating activation, 20-21
tachykinin-immunoreactive cells in, 213
tyrosine hydroxylase neurons in, 31, 33
medial preoptic nucleus (MPN), 41
cholecystokinin receptors in, 161, 170-171
effects on sexually dimorphic functions, 89
estrogen receptor mRNA in, in female rat, 66-71
estrogen receptors in, in female guinea pig, 71,
72,773,175, 76
homology to sexually dimorphic area, 42
neural inputs to, 89
neuron activities in, 104
neurotransmitters in, 31
olfactory information relay by, 105
opioid receptors in, 145-147
as part of limbic—hypothalamic circuit, 160
parts of, 88-89
role in cholinergic regulation of lordosis, 193
role in male copulatory behavior, 88
sex differences in, 88
sexual dimorphism of, 88—89, 145
as site of rat maternal behavior, 66
steroid receptors in, 14, 19, 21, 97, 98
testosterone conversion to estrogen in, 61, 63, 64
median eminence, POMC-expressing neurons in ar-
cuate nucleus projection to, 150-151
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mediobasal hypothalamus, estrogen receptors in,
325, 326, 333
melanocyte-stimulating hormone, 144
memory. See learning and memory
mesolimbic integrative system, role in male sexual
behavior, 235, 236, 241-242
met-enkephalin, proenkephalin as precursor of, 144
3a-methylandrost-5-en-17-one, as aggression inhibi-
tor, 289-290
N-methylaspartic acid (NMDA)
as excitatory amino acid, 364
use in lactation studies of CNS, 373-374, 379
381
use to produce brain lesion, 42, 43, 44, 45, 47, 48
midbrain central gray
estrogen-immunoreactive cells in, 335
vasopressin-immunoreactive projections to, 257
N-monomethyl-L-arginine, as nitric oxide synthesis
inhibitor, 246
motor behaviors, vasopressin effects on, 265
mounting behavior, hormonal priming effects on,
133
MPOA. See medial preoptic area (MPOA)
muscarinic receptors
agonists, effects on female sexual behavior, 186
antagonists, effects on female sexual behavior,
186, 189
estrous cycle effects on, 198
methyl-4-piperidyl benzilate effects on, 197, 198
methylscopolamine effects on, 197, 198
sex steroid effects on, 196—-198
subtypes, lordosis and, 191-193

naloxone, as opioid antagonist, 151-152
neonates, exposure to sex steroids of, 85
neostigmine, effect on female sexual behavior, 186
nerve growth factor (NGF)
distribution and function in CNS, 391-393
function of, 391
nervus terminalis fibers, role in chemosensory path-
ways, 8
neural lobe (NL)
neuroanatomy of, 412, 415
projections to, 414
neurokinin A, 220
preprotachykinin A mRNA coding for, 207
neurokinin B
in arcuate nucleus, 225-226
preprotachykinin B mRNA coding for, 207
neuromodulators, hormonal regulation of production
of, 30-34
neuronal—glial dynamics, in supraoptic nuclei, 419
neurons
activation by vaginal—cervical stimulation, 334
estrogen-sensitive, subset, 77-78
neuropeptides, steroid-receptor binding effects on, 27
neuropeptide K
in brain neurons, 220
effect on male sexual behavior, 220
preprotachykinin A mRNA coding for, 207
neuropeptide y (NK'y), preprotachykinin A mRNA
coding for, 207
neurophysin, estradiol effects on plasma levels of,
123-124
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neurosteroids, 281-296
effects on brain cell surface events, 291
effects in guinea pig brain, 287
GABA 4 receptor and, 288-289
history of, 282
mechanism of action, 286
membrane-receptor-mediated activities of, 286—
290
metabolism in brain, 283—-286
paracrine/autocrine functions of, 292
physiology of, 290-292
neurotransmitters
hormonal regulation of production of, 30-34, 117
neuronal production of, 10, 147, 148, 162
receptors for, 77-78, 151, 171, 186, 239, 255
steroid effects on production of, 23, 162, 211
neurotrophin(s). See also brain-derived nerve growth
factor; nerve growth
distribution and function in CNS, 393—-406
estrogen interaction with, 391-411
receptors, distribution in CNS, 394-395
as regulatory switches, 404
neurotrophin-3 (NT-3), distribution and function in
CNS, 391
neurotrophin-4/5 (NT-4/5), function of, 391
nicotinic receptors, 186187
nigrostriatal integrative area, role in male sexual be-
havior, 235, 236, 241
nitric oxide, effects on dopamine release and copula-
tion, 245-246, 247
noradrenergic regulation
of estrogen and progesterone receptors, 333
stimulation of, 332
norepinephrine, 31, 152
acetylcholine effects on turnover of, 202
effects on female sexual behavior, 332
Northern analysis
estrogen receptor studies using, 25
oxytocin mRNA detection by, 123
of steroid receptors, 58-59
nuclear binding assays, of estrogen receptors, 77
nucleus of bulbocavernosus, sexual dimorphism in,
262
nutritional status, effect on steroid hormone produc-
tion, in hamsters, 5

olfactory amygdala, 10
olfactory mucosa, projections of, 3—13
olfactory stimuli
brain areas relaying, 105
effect on goal-oriented behaviors, 90, 91
effect on male sexual behavior, 3, §, 17
induction of male sexual behavior by, 213
to medial preoptic area (MPOA), 10, 17
oligodendrocytes, neurosteroid effects on, 286
ontogeny, of vasopressin-immunoreactive cells of
BNST and MeA, 264
opioids
in neural control of gonadotropin secretion, 94
receptors, gonadal steroid effects on, 144—147
regulation by gonadal steroid hormones, 147151
regulation of reproduction by, 151-154
sex steroid regulation of, 143—-159

8-opioid receptors, 144
effects on lordosis, 153
k-opioid receptors, 144
u-opioid receptors, 144
effects on lordosis, 153
opioid systems, heterogeneity of, 144
opossum, cytoplasmic steroid hormone receptors in,
337
ovarian steroids, interation with hypothalamic oxy-
tocin circuits, 117-142
ovariectomized rats
cholinergic regulation of female sexual behavior
in, 192
B-endorphin fibers in, 150
lack of sexual behavior in, 117
n-opioid receptors in medial preoptic nucleus of,
145
oxotremorine, effect on female sexual behavior, 186,
188
oxotremorine-M
effect on female sexual behavior, 186,
191
use in muscarinic receptor studies, 197
oxytocin (OT)
circuits, hypothalamic, ovarian steroid interaction
with, 117-142
diurnal regulation of, 125-128
estradiol effects on neuronal activity and bio-
synthesis of, 122
facilitation of lordosis by, 202
receptor mRNA, in rat brain, 129
receptors
in anterior olfactory nuclei, 128
in central nucleus of amygdala, 128
coupled to hydrolysis of inositol phospholipid,
139
in ventromedial nucleus of hypothalamus, ste-
roid effects on, 128-130
steroid-dependent effects on sexual behavior, 120—
122
stimulation of lordosis by, 120
synthesis and release by magnocellular neuroen-
docrine cells, 413, 417, 426

PAG. See periaqueductal gray (PAG)
pair bonding, in voles, 268, 270
paraventricular nucleus (PVN)
cell types in, 413
cholecystokinin receptors in, 170
estrogen receptor mRNA in, 72
hormone secretion, 89
JunD expression in, 133
oxytocin neurons in, 131
oxytocin production by, 123, 124, 127
as part of magnocellular hypothalamoneurohypo-
physeal system, 412
parental behavior, vasopressin effects on, in voles,
268, 271
PC12 cell cultures, use in nerve growth factor
studies, 400, 401-402
penis, testosterone effects on, 40
periaqueductal gray (PAG), TAC-immunoreactive
projections from VMH to, 208
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perinatal period
gonadal steroid effects on brain peptides during,
94-95, 164, 165
sex steroid increases in, 100
steroid manipulation during, 178
peripheral hormone replacement paradigm, 7
perivascular cells, in neural lobe, 415
periventricular preoptic area (PePOA)
B-endorphin in, 148
estrogen receptor mRNA in, 71, 72, 73, 75, 76
met-enkephalin in, 148
phenylethanolamine-N-methyltransferase, 31
phospholipase C-«, estradiol-induced isoform of,
119
phosphoproteins, steroid hormone receptors as, 356
photoperiod, effect on brain androgen receptors, 26,

28

physostigmine, effect on female sexual behavior,
186, 193

pilocarpine, effect on female sexual behavior, 186,
188

pirenzepine, effect on female sexual behavior, 186,
191

piriform cortex, olfactory bulb projections to, 9
pituicytes, in neural lobe, 415, 416, 426
pituitary gland
connections with hypothalamus, 104
oxytocin receptors in, 127
plasma estrogens, in songbirds, 305
polyadenylate tail, of arginine vasopressin, 262
polymerase chain reaction (PCR), use in estrogen re-
ceptor studies, 77
pontine peripeduncular nucleus, vasopressin-immu-
noreactive projections to, 257
posterodoral nucleus of preoptic area (PdPN), activa-
tion during sexual activity, 45, 46
posterolateral cortical nuclei (PLCo)
connections of, 12
olfactory input to, 13
posteromedial cortical nuclei (PMCo)
connections of, 12
vomeronasal afferents to, 13
PPT. See preprotachykinin (PPT)
pregnancy, regulation of estrogen receptors in female
rat brain during, 65-71
pregnenolone
as excitatory neurosteroid, 289
pharmacologic action of, 289
in rat brain, 282, 283
premaxillary nucleus (PMV), activation during mat-
ing, 45
prenatal stress, effects on dimorphic cells, 41
preoptic area (POA)
estrogen receptor mRNA in, 71, 72
Fos-IR cells in, 332
JunD expression in, 133
preoptic periventricular nucleus, hormone secretion
by, 89
preoptic ventricular nucleus, steroid receptors in, 101
preprocholecystokinin, 101, 161
castration effects on, 162
expression in limbic—hypothalamic circuit, 163—
169
mRNA level changes, 120

441

preproenkephalin
gene for, 353, 356-358
hormone effects on, 154
perinatal steroid effects on, 94
as precursor of met- and leu-enkephalins, 144
preprotachykinin (PPT), 207
estrogen effects on, 92
mRNA, in brain neurons, 31
steroid regulation of, 211-212
prodynorphin
fluctuation during estrous cycle, 95
perinatal steroid effects on, 94
progesterone
adrenal secretion of, 120
effects on brain, 86
effects on female mating behavior, 117
effects on LHRH, 363, 368-371
effects on LHRH activity, 368—369
effects on muscarinic receptors, 196—198
effects on prodynorphin levels, 95-96
genomic effects of, 286, 292
metabolism in brain, 281
neurochemical effects of, 120
replacement studies om, 59
role in cortical activation during lactation, 371-
376
in suppression of cortical activation by excitatory
amino acids, 376-387
progesterone receptors
in brain, induction by estrogen, 71
in cytoplasm, 336-338
heterogeneous regulation of, 328
neurobiological regulation of hormonal response
to, 324-349
neurons containing, 97
noradrenergic regulation of, 333
progesterone-induced decrease of, 328-329
sexual behavior induction by, 326
structure of, 352
progestin, binding in brain, 71, 73
prolactin
circadian rhythm of release, 127
gene regulation of, 169
secretion of, medial preoptic area—anterior hypo-
thalamus
role in, 41
proopiomelanocortin
effects on lordosis, 153
genes for, 353
as precursor of B-endorphin, 144
regulation by gonadal hormones, 148-151
protein biosynthesis, steroid—receptor binding effects
on, 26-27
protein kinase C, activation of, 169

quinelorane, as dopamine-2 receptor agonist, 239,
240

quinuclidinyl benzilate, use in muscarinic receptor
studies, 196—198

raclopride, as dopamine receptor 2 antagonist, 247
Sa-reductase

in brain, 303-304, 314

sex differences in levels of, 133
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Sa-reduction, in androgen metabolism, 281, 303 interconnections of, 104
reproduction lesion studies on, 50-51
cholescystokinin regulation of, sex steroid effects, manipulation studies, 254
160-183 medial amygdaloid nucleus as, 254, 259
hypothalamic oxytocin circuits involved with, medial preoptic nucleus as, 88
117-142

opioid regulation of, 151-154
tachykinin regulation of, 213-222
retrorubal field of midbrain tegmentum (RRF)
activation during mating, 45
sexually dimorphic area projection to, 46—48, 49
reverse transcriptase—polymerase chain reaction, use
in nerve growth factor studies, 401
robust nucleus of archistriatum (RA), role in song
control, 300

SCH 23390, as dopamine receptor 2 antagonist, 247
Schwann cells, pregnenolone synthesis and metabo-
lism in, 282
scopolamine, effect on female sexual behavior, 186,
189-191, 192, 194
self-induction, of neurite growth, 398
serotonin, sex hormone—mediated regulation of, 120
sex differences. See also sexually dimorphic areas
in brain, 254-278
in sex hormone receptor neurons, 101
in sexual responses after hormonal priming, 133—
134
sex steroid—responsive circuits, in reproductive be-
havior, 1-114
sex steroids. See also individual sex steroids
activational effects of, 303
cellular and molecular mechanisms regulated by,
279-431
chemosensory interactions with, 7-8
effects on brain, 363-390
effects on brain vasopressin cells, 258-259
effects on cholecystokinin receptors, 171
effects on magnocellular hypothalamoneurohypo-
physeal system, 412-431
effects on male sexual behavior, 27-28
effects on opioid receptors, 144-147
effects on song control circuitry, 302
interaction with neurochemical circuits, 115-278
networks responding to, in brain, 8-23
sexual behavior
brain regions important for expression of, 104
hormonal influence on neurons affecting, in ham-
sters, 3-39
limbic—hypothalamic circuit role in, 160—161
oxytocin role in, 120-122, 130-131
sexual dimorphism, of steroid-induced LH surges,
367-368
sexually dimorphic area(s)
activation during sexual activity, 45-46
y-aminobutyric acid as transmitter in, 46—-47
bed nucleus of stria terminalis as, 254, 258, 259
cerebral connections of, 48—49
changes in synaptic density and morphology in, 86
forebrain connections of, male sexual behavior
role, 49-53
homology to medial preoptic nucleus, 41
hormonal modulation of gene expression in, 90—
97

olfactory information receipt by, 105

pars compacta of, 44—45

of preoptic/anterior hypothalamic area, 257

projection to retrorubal field of midbrain tegmen-
tum, 46-48, 49

in rat forebrain, 104

role in male sexual behavior, 41, 42

sexually dimorphic pathways, in forebrain, 86, 87—

90

sickness behavior, interleukin-1 induction of, 266
singing behavior, in birds, 298
hormonal control, 301-305
neural control, 300-301
social behaviors, vasopressin-immunoreactive pro-
jection role in, 270
social displays, role of medial preoptic area—anterior
hypothalamus in, 40—-41
social recognition, vasopressin-immunoreactive pro-
jection role in, 270
somatostatin, gene regulation of, 169
songbirds
estrogen physiology in, 305
estrogen synthesis and secretion in brain of, 297
song sparrow, song system studies on, 307
spinal neurons, testosterone effects on, 40
steroid autoradiography, steroid receptor detection
by, 13, 57
steroid receptors
in brain, autoregulation, 24-26
in chemosensory pathways, 13—14
intracellular partitioning of, 23, 337
neurons containing, 97-101
regulation of gene expression, 101-103
steroid effects on, 24-26
structure of, 338, 350-353
two-step model of action of, 24
steroids. See also individual steroids
cellular mechanisms for action of, 23-34
control of male sexual behavior by, 4-8
effects on brain, 297
effects on cholecystokinin in MeApd cells, 92
effects on morphology of, 29-30
effects on neural mating behavior pathway, of
hamsters, 3-39
effects on neuronal morphology, 26—34
effects on neurotransmitters, 26—34
effects on steroid receptors, 24-26
estrogen receptor mRNA regulation in males, 61—
65
molecular actions of, 350-362
neurotransmitter regulation of, 30-34
production of, 4-5
requirements for, in hamsters, 3—4
stress, effects on brain neurosteroids, 292
stria terminalis, vomeronasal fiber projection
through, 9-10
sublenticular substantia innominata, 10
subparafasicular nucleus of thalamus, activation dur-
ing mating, 45
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substance P
cholecystokinin co-expression with, 91-92
possible role in lordosis induction, 330
in progesterone and estrogen receptors, 328
in regulation of regulation of luteinizing hormone-
releasing hormone (LHRH), 207
in rodent brain neurons, 31, 32
as tachykinin peptide, 207
in ventral tegmental area, 220
substantia innominata, 195
sulfotransferase, role in brain neurosteroid metabo-
lism, 283
suprachiasmatic nucleus
JunD expression in, 133
sexually dimorphic area in, 257, 258
supraoptic nuclei (SON)
cell types in, 413
cholecystokinin receptors in, 170
estrogen receptor mRNA in, 72
neuroanatomy of, 414—415
neuronal—glial dynamics in, 418-419
oxytocin and arginine vasopressin in, 418
oxytocin production by, 123, 124, 127
as part of magnocellular hypothalamoneurohypo-
physeal system, 412

tachykinin peptides (TAC), sex steroid regulation of,
207-233
in males, 221-222
in VMH projection to periaqueductal gray, 211—
212
TAC-immunoreactive, definition of, 207
tamoxifen, as estradiol blocker, 41
telencephalon
aromatase in, 417
estrogen in, 416
lesion studies on, 50, 51
tissue aromatization in, 309
testosterone
aggressive behavior and, 303
behavioral sensitivity to, following gonadectomy,
64
conversion to estrogen in brain, 61, 65, 133
depletion effects on brain estrogen receptor
mRNA, 61, 63
dihydrotestosterone from, 6, 133
effects on brain, 25, 40
effects on cholecystokinin receptor binding, 174
effects on male sexual behavior, 7, 40, 243245,
247
effects on tyrosine hydroxylase production, 33
effects on vasopressin production, 262
estradiol from, 6
intracerebral implants of, effects on male mating
behavior, 17-19
metabolites of. See dihydrotestosterone; estradiol
production of, 4
release during mating, 21
replacement therapy
on brain neurons, 29-30, 59
effects on medial preoptic area, 41
Sa-tetrahydrodeoxycorticosterone, lordosis promo-
tion by, 118-119
thermoregulation, vasopressin effects on, 265

443

transcription, hormonal regulation of, 353-354
trans-synaptic site, for estrogenic induction of pre-
procholescystokinin, 169
trigeminal afferents, role in chemosensory pathways,
8
trk proto-oncogene subfamily
expression of, 399402
neurotrophin receptor relation to, 394-395, 399,
400
tyrosine hydroxylase
AP-1 binding site in gene for, 385
in brain neurons, 31, 32, 94
hormonal regulation of, 96
testosterone effects on production of, 33

uterus, human, oxytocin receptor structure, 129, 130

vaginal—cervical stimulation, neuron activation by,
334-335, 342
vasopressin
effects on behavior, 265
neural pathways for, 256
projections, 254, 260
sex differences in brain, 254-278
sexually dimorphic projects in brain, 255-264
vasopressin-oxytocin receptors, in hippocampus, 266
vasopressin polyA tail length, diurnal regulation of,
124
ventral lateral nucleus (VL), estrogen receptor
mRNA in, 71, 72, 73, 75, 76
ventral lateral septum (LSv), projections to, 13
ventral nucleus of hypothalamus, inputs to medial
preoptic nucleus, 89
ventral premammillary nucleus (PMv), 16
androgen binding to tachykinin-immunoreactive
cells in, 226-227
androgen receptors in, 15
in chemosensory circuit, 14, 213
dihydrotestosterone receptors in, 222
inputs to medial preoptic nucleus, 89
projections to, 13, 89, 213
ventral tegmental area (VTA), 238
role in male sexual behavior, 214
tachykinins in, 220
ventrolateral hypothalamus (VLH), estrogen and pro-
gesterone
receptors in, 326-328, 330-331, 333, 341
ventromedial nucleus of hypothalamus (VMH)
cholecystokinin receptors in, 170, 171
steroid regulation, 171-177
downregulation of estrogen receptor mRNA in,
102
estradiol-induced neuron changes in, 119
estrogen effects on estrogen receptors in, 24-25
estrogen and progesterone receptors in, 326—328,
332, 334, 335
extended amygdala connections to, 13
in mediation of lordosis, 208
met-enkephalin in, 148
neuron activities in, 104—105
oxytocin effects related to, 117, 122, 133
oxytocinergic innervation of, 131-133
as part of limbic—hypothalamic circuit, 160
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progesterone receptor mRNA induction in, 355- vomeronasal amygdala, 10
356 vomeronasal organ
role in cholinergic regulation of lordosis, 193, projections of, 8—13, 90-91
194, 195 role in copulation, in hamsters, 3, 8
role in opioid regulation of lordosis, 153, 154 vasopressin-immunoreactive projections to, 270
sexual dimorphism in, 89 vomeronasal pathway
as site for estradiol-induced sexual behavior, 118— cholecystokinin role in, 91
120 lesion effects on male sexual behavior, 17
steroid effects on dendritic length in, 29 to medial preoptic area, 10
steroid effects on oxytocin receptors in, 128—130 sex differences in, 91
steroid receptors in, 14, 97, 98-99 steroid hormone effects on, 90

TAC-immunoreactive cells in, 212-213, 225, 226
TAC-immunoreactive projections to PAG from,
208, 226 W chromosome, in birds, 301
testosterone effects on synaptic density in, 134
vertebrates, hormonal control of mating behavior in,

40 zinc finger domains, in DNA-binding region of
vitellogenin, 392 genes, 352
vitellogenin estrogen response element, 352 ZR-75-1 human breast cancer cells, dihydrotestos-
VMH. See ventromedial nucleus of the hypothalamus terone downregulation of estrogen receptor
(VMH) mRNA by, 65
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