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STUMPF, W. E. AND L. JENNES. The A-B-C (AIIocorte.v-Brainstem-Core) cireuit~3' q/'endocrine-autonomic integration 
and regulation: A proposed hypothesis on the anatomical-Jitn('tional rehtthmships between estradiol sites of avtion and 
peptidergie-aminergie neuronal systems. PEPTIDES 5: Suppl 1, 221-226, 1984.--A sex steroid hormone sensitive 
brainstem-allocortex axis of neuronal cell groups and projections is recognized with convergent pathways of aminergic- 
peptidergic messenger systems, which subserves the adjustment for varying reproductive and environmental conditions 
and the coordination of endocrine-autonomic functions. Main stations in the A-B-C (Allocortex-Brainstem-Core) periven- 
tricular axis include the substantia gelatinosa, nucleus (n.) tractus solitarii-dorsal vagal nucleus-area postrema complex, 
locus ceruleus, n. parabrachialis, central gray and associated raphe nuclei, ventral tegmental area, lateral and periventricu- 
lar hypothalamus, n. paraventricularis, bed nucleus of the stria terminalis, preoptic-septal nuclei and n. centralis amygdalae 
with associated amygdaloid nuclei, as well as the ventral and dorsal allocortex. All of these stations and their periventricu- 
lar and medial forebrain bundle projections contain estradiol sites of action and represent elements of earlier defined 
periventricular estradiol-target neuron systems. Results from colocalization of :~H estradiol by thaw-mount autoradiog- 
raphy and aminergic and peptidergic messengers by immunohistochemistry or other histochemical techniques indicate 
direct nuclear effects of estradiol on certain noradrenalin, dopamine, gamma aminobutyric acid, somatostatin, and 
neurophysin neurons. Additional data about correspondence of estradiol-target neuron accumulations with neuronal sites 
of peptide messenger production suggest direct effects of estradiol on certain enkephalin, endorphin, corticotropin releasing 
hormone, adrenalin, serotonin, cholecystokinin, pancreatic polypeptide and gonadotropin releasing hormone neurons---and 
probably others. As documented for the pituitary, and as an approach to understand varying and dual effects, it is postulated that 
estradiol activation of brain messenger systems parallels the heterogeneous estradiol binding in the A-B-C system. This is 
expressed in the concept of differential Multiple Activation of Heterogenous Systems (MAHS). Different hormonal states 
probably result in differential alterations ofestradiol receptor numbers in neuronal groups, and account for related changes in the 
differential stimulation of activational and inhibitory messenger systems, perhaps, providing one explanation for a transfer from 
a positive to a negative "feedback" and related effects. These effects, thus, include "indirect" actions of the steroid by involving 
not only one messenger system, but a number of such systems. 
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T H R E E  h i s tochemica l  t e c h n i q u e s  have  great ly  in f luenced  
progress  in our  u n d e r s t a n d i n g  of  n e u r o e n d o c r i n e  regula t ion .  
These  are the  f o r m a l d e h y d e  induced  f luorescence  for  the  
local iza t ion  of  c a t e c h o l a m i n e s  and  indo lamines  in the ear ly  
and  mid 1960's; d r y - m o u n t  and  t h a w - m o u n t  au t o r ad iog raphy  
for  the  local iza t ion  of  s tero id  h o r m o n e s  in the  mid and  late 

1960's;  and  i m m u n o h i s t o c h e m i s t r y  for  the  local izat ion ol 
pept ide  h o r m o n e s ,  syn thes iz ing  and  degrad ing  e n z y m e s  and  
o the r  marke r s  in the  s econd  hal f  of  the  1970s. The  resul t s  
ob t a ined  with these  t echn iques  all c o n v e y  and  suppor t  the 
idea of  c i rcui ts  with  cer ta in  chemica l  and  func t iona l  charac-  
ter is t ics .  
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ESTROGEN-TARGET NEURON CIRCUITS 

The pattern of nuclear localization of 3H estradiol in 
neurons of the diencephalon was reported in 1968 and rec- 
ognized not to follow the concept of a "sex center" in the 
basal tuberal region of the hypothalamus and n o t  to support 
the concept of the "hypophyseotrophic area.'" Rather, it was 
observed that the distribution of estrogen target neurons 
follows projections of the stria terminalis [34]. This lead in 
1970 to the concept of "'estrogen-neuron systems in the 
periventricular brain" [35]. Accordingly, estrogen target 
neurons were postulated to exist at extrahypothalamic sites 
and soon were found in the amygdala [38] and other projec- 
tion sites [35]. The "stria terminalis as the sex circuit" was 
proposed [36]. Other sites in the brain were found to be 
involved, remote from the hypothalamus, including the nu- 
cleus of the solitary tract in 1970 [35] and the substantia 
gelatinosa, dorsal horn, and lamina X of the spinal cord in 
1973 [16]. A comprehensive picture about the brain- 
distribution of cells which contain estradiol nuclear recep- 
tors had emerged [37]. The idea of a system or systems of 
target neurons was further established through additional 
phylogenetic and ontogenetic studies, but foremost through 
colocalization of steroid hormones with other messengers. 
The prerequisite technique of combined autoradiography for 
steroids and immunohistochemistry was developed in our 
laboratory in 1975 [17]. 

ANTERIOR PITUITARY ESTRADIOL SITES OF ACTION: 
COLOCALIZATION OF :~H ESTRADIOL AND PITUITARY HORMON ES 

Autoradiographic studies with the pituitary revealed that 
most of the cells of the pars distalis concentrate :~H estradiol 
[33] and that, therefore, not only gonadotropes but also other 
cell types must be target cells for estradiol. Subsequently, 
this was verified through colocalization [17]. A quantitative 
autoradiographic assessment of 3H estradiol uptake in im- 
munocytochemically characterized pituitary cells [15] indi- 
cated differential nuclear binding when different cell types 
were compared with each other in female castrated rats: 
gonadotropes > somatotropes > lactotropes > thyrotropes. 
This sequence was different in the castrated male: somato- 
tropes=lactotropes > gonadotropes=corticotropes < thyro- 
tropes I14]. Furthermore, changes in nuclear binding and 
modifications of the uptake hierarchy could be induced by 
long-term castration, or treatment with dihydrotestosterone 
or progesterone [13]. These results suggest steroid hormone 
induced changes in hormone receptor content and related 
modulation of cellular response to hormone stimulation at 
the pituitary level. Similar effects can be expected to occur 
in the brain. 

GnRH NEURONAL SYSTEMS: 
RELATIONSHIPS TO ESTRADIOL SITES OF ACTION 

Are inhibitory and stimulatory effects of estradiol on 
GnRH secretion mediated via direct or indirect effects on 
GnRH secreting neurons? An answer to this question could 
be found through colocalization of :~H estradiol and 
antibodies to GnRH. Anatomical sites where cell bodies of 
GnRH neurons and estrogen target neurons are observed, 
overlap to some degree in the preoptic-septal region. But, 
upon close inspection, in the dorsal septum many of the 
GnRH-positive neuronal perikarya are located in the medial 
septal nucleus, an area devoid of estrogen target neurons in 
rodents. Attempts toward colocalization of :~H estradiol and 
GnRH antibodies showed negative results thus far--  

perhaps, due to technical difficulties--except for one report 
showing one neuron in the arcuate nucleus in the fetal guinea 
pig with silver grains over the cell nucleus and immunoreac- 
tion in the perikaryon [42]. Further studies are required to 
clarify for the rat and other species whether or not estradiol 
directly affects GnRH neurons, and if so, which population 
of GnRH cells. More successful has been the immunohis- 
tochemical demonstration of connections, or suggestive 
connections, between aminergic-peptidergic systems and 
GnRH neurons and the relationship of :~H estradiol to 
perikarya of such "'modulatory" systems. Contacts with or 
close apposition to GnRH neurons have been demonstrated 
for serotoninergic, noradrenergic, and GnRHergic [9] as well 
as for dopaminergic and GABAergic fibers [10] by im- 
munohistochemical double staining procedures. 

In combined steroid autoradiography-immunohis- 
tochemistry studies, a nuclear concentration of 3H es- 
tradiol has been demonstrated in neurons with 
perikarya characterized by positive reactions for norepi- 
nephrine, dopamine [3,5] and GABA [30]. In addition, be- 
cause of close congruity between anatomical sites of estro- 
gen target neurons and immunoreactive perikarya, a direct 
(genomic) effect of estradiol can be expected to exist on 
certain serotoninergic, adrenalinergic, enkephalinergic and 
cholinergic neurons, all reported to be associated with the 
regulation or modulation ofgonadotropin secretion. Further, 
nuclear localization of :~H estradiol has been shown to exist 
in neurophysin and somatostatin containing neurons as well 
[29]. Possible effects of these and other messengers on 
GnRH neurons must also be considered. 

There exists a considerable body of evidence for most of 
the listed messenger systems about effects on GnRH secre- 
tion. The observation that estradiol directly addresses these 
systems is of interest in the understanding of the effects of 
estradiol on gonadal feedback regulation and on other brain 
functions. 

CATECHOLAMINE NEURONAL SYSTEMS: 
ESTRADIOL SITES OF ACTION 

Effects of catecholamines on ovulation and effects of es- 
tradiol on brain catecholamine turnover are well docu- 
mented. There is prevailing evidence that norepinephrine 
plays an important if not decisive role as a trigger for GnRH 
release prior to ovulation. Evidence for direct effects of sex 
steroids on catecholamine neurons was provided through 
combined autoradiography-formaldehyde induced fluores- 
cence with :*H estradiol [5] and :~H dihydrotestosterone [6] 
and combined autoradiography-immunohistochemistry with 
:*H estradiol and antibodies to dopamine-beta-hydroxylase 
[29]. From these studies, 'it appears that 50-80%, of the cate- 
cholaminergic cells in areas AI, A2, A6 and A7 and 30-40%, 
in area A6 (locus ceruleus) concentrate :~H estradiol in their 
nuclei. Considering the likelihood of false negatives due to 
weak fluorescence or fluorescence fading and limited im- 
munohistochemical detectability, it can be inferred that a 
large population of the catecholamine neurons in these areas 
contain receptors for estradiol and are thus activated accord- 
ing to blood levels of estradiol. Since the n. of the solitary 
tract (A2) and the n. reticularis lateralis (AI) are both inter- 
connected with the rostral and central hypothalamic regions 
[2,27], a preovulatory increased turnover of catecholamines 
is observed, and a disruption of the ventral adrenergic bun- 
dle interferes with ovulation [4,20], the stimulus for ovula- 
tory GnRH release is likely to involve estrogen-stimulated 
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catecholamine release from medulla oblongata originating 
projections. 

Nuclear  localization of  3H estradiol in dopaminergic 
neurons in the periventricular hypothalamus has also been 
observed [3], which agrees with the reported activation of 
dopamine turnover by estradiol. 

GABAERGIC NEURONAL SYSTEM: ESTRADIOL SITES OF ACTION 

Colocalization of :~H estradiol and gamma-aminobutyric 
acid (GABA) decarboxylase antibodies [30] has been 
demonstrated in neurons in the periventricular region of the 
preoptic hypothalamus. The studies are incomplete and 
further congruent sites can be expected to be documented. 
Modulatory effects of GABA on LH release have been 
shown to exist by Wuttke and coworkers and have been found 
to be mediated by estradiol stimulation through increased 
GABA turnover [25,43]. 

OTHER AMINERGIC-PEPTIDERGIC NEURONAL SYSTEMS AND 
ESTRADIOL SITES OF ACTION 

Close anatomical correspondence of estrogen target cell 
accumulations with certain immunohistochemically charac- 
terized neurons and their projections exist for neurotensin, 
opioid peptides, serotonin, corticotropin-releasing hormone, 
pancreatic polypeptide,  neurophysin, as well as somatostatin 
and substance P. 

Neurotensin 

Estrogen-addressed neurotensinergic neurons [8] can be 
expected to exist in the lateral septum, the bed nucleus of the 
stria terminalis, the medial and central nucleus of the amyg- 
dala, the lateral hypothalamus, the arcuate and periventricu- 
lar hypothalamic nuclei, the raphe nuclei, the area postrema, 
the n. tractus solitarii, the n. ambiguus, and the substantia 
gelatinosa. Most likely, certain neurotensin neurons can be 
addressed by estradiol, whatever the undefined neurotensin 
effects will be. 

Opioid Peptides 

Since morphine has been known to inhibit ovulation [l], 
morphine related peptides can be expected to affect GnRH 
secretion. This has been studied and reviewed by Kalra 
(1983), who proposed that endogenous opioid peptides pose 
an axo-axonic link to catecholaminergic neurons, which are 
known to act upon GnRH neurons, and may, thus, exert an 
inhibitory effect on GnRH release prior to ovulation. The 
question remained open: how is the opioid system, which 
has been shown to mostly act inhibitorily, activated. A com- 
parison of the localization of enkephalin neurons with estro- 
gen concentrating neurons shows topographic correspond- 
ence in several regions, including the bed nucleus of the stria 
terminalis, paraventricular nucleus, n. perifornicalis, lateral 
hypothalamus, central nucleus of the amygdala,  n. of the 
solitary tract and substantia grisea of  the spinal trigeminal 
nucleus [7]. It is likely that in some of these regions, if not in 
all of them, estradiol is acting directly on enkephalinergic 
neurons. Although the presently available evidence strongly 
suggests effects of opiates and related peptides on GnRH 
secretion, it remains to be established whether or not such 
effects occur during the normal female cycle or only under 
certain stress conditions. The system probably is sensitized 
by estradiol. 

Serotonin 

Serotonin has long been known to affect ovulation, and is 
now recognized as being not only inhibitory, but also 
stimulatory under certain conditions [19]. Turnover of 
serotonin is enhanced by estradiol, suggesting an influence 
of gonadal steroids on serotonin secretion. 

:~H estradiol localization has been reported to exist in the 
rodent brain in almost all raphe nuclei [37], which include, 
the n. raphe dorsalis, n. raphe pontis, n. raphe magnus, n. 
raphe obscurus and n. raphe pallidus. Especially in the n. 
raphe dorsalis, the percent index of 3H estradiol nuclear 
labeling is high, which suggests a direct action of estradiol on 
serotoninergic neurons. Since coexistence of  serotonin, 
substance P and thyrotropin releasing hormone (TRH) in 
certain of these neurons has been demonstrated [11], es- 
tradiol effects on substance P and TRH secretion must be 
considered. 

Effects of serotoninergic projections on certain estradiol 
target neurons can also be expected from the anatomical 
correspondence of certain projection sites [32] with the pres- 
ence of  estrogen target cells, for instance, in the ventral 
hypothalamus, medial amygdala, olfactory tubercle, 
periventricular thalamus, central grey, n. tractus solitarii and 
substantia gelatinosa. 

Corticotropin-Releasing Hormone 

The strongest accumulation of corticotropin-releasing 
hormone (CRH) immunoreactive cells is found in the 
paraventricular nucleus [21, 22, 26, 40] and corresponds with 
the presence of  estradiol target cells in its parvo and mag- 
nocellular components.  In addition, anatomical correspond- 
ence is conspicuous in the n. centralis amygdalae, n. inter- 
stitialis striae terminalis, n. preopticus medianus and 
periventricularis, n. parabrachialis, locus ceruleus, n. tractus 
solitarii, n. motorius nervi vagi, and substantia gelatinosa 
and lamina X of the spinal cord. Scattered labeled neurons in 
the n. arcuatus hypothalami, in the hippocampus, as well as 
in the allocortex are also candidates for CRH positive es- 
tradiol target neurons. The CRH-stained pathways and areas 
interconnected by these pathways overlap with those re- 
ported for neurotensin, pancreatic polypeptide,  and cate- 
cholamines. All of them use the periventricular system and 
the medial forebrain bundle. Included in the CRH pathways 
are the central nucleus of  the amygdala,  substantia in- 
nominata, bed nucleus of the stria terminalis, preoptic re- 
gion, lateral hypothalamus, central gray, dorsalolateral teg- 
mental nucleus, locus ceruleus, parabrachial nucleus, dorsal 
vagal complex and n. reticularis lateralis. In all of the listed 
stations, neurons which concentrate estradiol are found. The 
close anatomical relationships between CRH immunoreac- 
tive perikarya and projections with target sites for estradiol 
argue for close functional interactions at these sites between 
the gonadal and adrenocortical systems. 

Pancreatic Polypeptide 

Comparing the extensive distribution of  bovine pancre- 
atic polypeptide-like immunoreactive neurons in rat brain 
[24] with the location of estradiol concentrating neurons, 
overlap can be noted at many sites. These include, the n. 
olfactorius anterior, n. septi lateralis, n. interstitialis striae 
terminalis, n. tractus diagonalis, n. centralis amygdalae,  n. 
arcuatus hypothalami, zona incerta, griseum centrale, locus 
ceruleus, n. tractus solitarii, n. reticularis lateralis, certain 
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These convergent sites of aminergic-peptidergic messenger systems correspond to sites of eslracliol activation 

FIG. 1. The endocrine-autonomic A-B-C (Allocortex-Brainstem-Core) circuitry, depicted by the thick horizontal line, represents projections 
and coordinating nuclear groups of aminergic-peptidergic messenger systems and includes various periventricular brain stem pathways, the 
medial forebrain bundle, the stria terminalis and the fornix, as well as the stria medullaris and the fasciculus retroflexus. The various related 
nuclear groups and associated circumventricular organs all contain estradiol sites of action. The number of nuclear estradiol receptors in the 
differential neuronal groups varies. Therefore, the concept of di([~'rential Multiple Activation qf Heteroxemms Systems (MAHS) was pro- 
posed [39]. The A-B-C circuitry probably is both sensory and secretomotor. Piriform cortex and hippocampus as representatives of the limbic 
alia-cortex are characteristically linked with structures in the amygdala and septum: ac=nucleus (n.) centralis amygdalae, st-n. interstitialis 
striae terminalis, OS=organum subfornicale, OVLT organum vasculosum laminae terminalis; the hypothalamus: po=preoptic region, 
pav-n, paraventricularis, INF-PIT=ventromedial hypothalamic nuclei and pituitary); the thalamus: pvth=n, periventricularis thalami and 
habenular-pineal complex; vta-ventral tegmental area; midbrain-pons with raphe nuclei, gc=griseum centrale, pbr=n, parabrachialis 
medialis and lateralis, cer=locus ceruleus; and medulla and spinal cord: AP-area postrema, ts n. tractus solitarii, sg-substantia gelatinosa, 
sp gl=spinal ganglia. Endoceptive and exoceptive input from cranial nerves and spinal ganglia is indicated. 

raphe nuclei, n. ambiguus, and substantia gelatinosa. Of in- 
terest is also the coexistence of pancreatic polypeptide 
within catecholamine neurons of groups AI,  A2 and A6 
[7,18] where colocalization with :~H estradiol has been re- 
ported. Since little is known about the role of pancreatic 
polypeptide in the brain, further information needs to be 
obtained. 

Projections ¢ff" Neurophysin Neurons 

Projections from neurophysin containing perikarya in the 
paraventricular nucleus [23,31] include nuclear groups, such 
as, the spinal cord substantia gelatinosa (and lamina X and n. 
intermediolateralis), n. tractus solitarii, locus ceruleus, n. 
parabrachialis, central gray, ventral tegmental area, 
epithalamus, septum and amygdala. Sites of origin as well as 
projection are known target areas for estradiol. 

C O N C L U S I O N  

Information about the distribution of estradiol sites of action 
and monoamine and peptide messenger sites of production 
and projection reveals a corresponding brainstem circuitry, 
common to the various types of messengers. A central or 
truncate circuitry emerges with common nuclear groups and 
pathways apparently subserving endocrine-autonomic regu- 
lation and coordination of reproduction, cardio-vascular 
function, respiration, temperature, feeding and drinking, as 

well as various forms of behavior, mood and emotion. Dif- 
ferent messenger systems with varying and special emphasis 
to endoceptive and exoceptive sensory input are interlinked 
in this brainstem-allocortical-integrating and coordinating 
system. Its major stations are depicted in the figure and 
include the substantia gelatinosa (also lamina X and the n. 
intermediolateralis) of the spinal cord and medulla, the nu- 
cleus of the solitary tract, the locus ceruleus, the central 
gray, the ventral tegmentum, the paraventricular nucleus, 
the periventricular nucleus, and other hypothalamic nuclei, 
the amygdaloid central nucleus and other amygdaloid nuclei, 
as well as the bed nucleus of the stria terminalis and the 
septum. The latter structures are closely linked to the al- 
locortex, also known as the limbic cortex. The hypothalamic 
paraventricular nucleus appears to play a pivotal role be- 
cause of its complexity and presence of many different pep- 
tidergic neurons and coexistence of different peptides in the 
same neuron [42]. Other similarly complex neuronal groups 
exist in this circuitry, such as, the nucleus of the solitary 
tract, locus ceruleus, bed nucleus of the stria terminalis and 
central nucleus of the amygdala. 

The Allocortex-Brainstem-Core (A-B-C) circuitry con- 
cept of endocrine-autonomic integration and regulation 
evolves from our earlier concept of the neuroendocrine 
periventricular brain [35]. Seemingly, it shows some re- 
semblance to the concept of the "'limbic system." But, the 
A-B-C concept differs: it encompasses components of the 
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whole brainstem and the spinal cord. The emphas is  is 
on the brainstem origin of  innervat ion,  and the a l locor tex is 
perce ived  as an anatomical  and functional  outgrowth of  the 
brainstem. It is, conceptual ly  and semantical ly not  a " l im-  
b i c"  system but rather a " c e n t r a l "  or  " c o r e "  brainstem sys- 
tem. Unl ike  the variably defined and forebrain (mesencepha-  
lon) restr ic ted " l imbic  s y s t e m , "  the dominant  structures are 
not cort ical ,  but reside in the circuits formed by medullary-  
pont ine-mesencephal ic-hypothalamic-septa l  nuclear  groups.  
The limbic system concept ,  al though useful, remained un- 
satisfactory.  The present  concept  is in agreement  with the 
notion that a character is t ic  feature o f  the limbic system is its 
n o n - " l i m b i c "  t runcate  nature of  circuitry [35,36]. 

Estradiol  nuclear  concent ra t ion  of  neurons in the A-B-C 
system is not uniform and varies among individual neurons 
as well as certain nuclear  groups.  This suggests differential 
act ivat ion by estradiol,  that is, different messenger  systems 
are s t imulated at a different functional level.  As has been 
shown by Keefer  [13] for the pituitary: t rea tment  with 
steroid hormone  or  removal  of  steroid hormone  secret ing 
glands changes the number  of  estradiol  binding sites differ- 
entially and characteris t ical ly for certain endocr ine  condi- 
tions and cell types.  There  are indications that similar mech-  
anisms as demons t ra ted  for the pituitary, and also for the 
uterus,  exist in the brain. Such a steroid hormone  receptor  

shift, together  with a related differential Multiple Act ivat ion  
of  He te rogenous  Sys tems (MAHS)  [39] is probably a cause 
for posi t ive and negat ive " f e e d b a c k "  and other  " d u a l "  ac- 
tions of  steroid hormones .  

The Al locor tex-Bra ins tem-Core  circuitry concept  can be 
invoked as further support  for our  earl ier  arguments  against 
the limited or  er roneous  concepts  of  a " s e x  cen t e r , "  and 
~'the hypophyseo t rophic  a r ea . "  The brainstem aminergic-  
peptidergic circuitry permits  steroidal and envi ronmenta l  
act ivat ion and tuning of  var ious somatic,  endocr ine ,  au- 
tonomic  and behavioral  funct ions related to the needs of  
reproduct ion.  All components  of  the endocr ine-autonomic  
A-B-C systems seem to be involved  to varying degrees:  Re- 
product ion is cardio-vascular ,  is respiratory,  is sensory,  is 
behavioral ,  and others.  Estrogenic  act ivat ion of  G n R H  re- 
lease must be coupled to these funct ions,  probably mediated 
by the s imultaneous estrogenic sensit ization and arousal  of  
var ious messenger  systems.  Such diversi ty may account  for 
the possibili ty o f  multiple elicitation,  dis turbance and adap- 
tation of  the G n R H  system and other  systems.  The 
anatomical  ar rangement  allows for a multiplicity of  neural 
and humoral  interactions,  compensa tory  mechanisms,  and 
variable and al ternate routes  of  st imulatory and inhibitory 
act ivat ion.  

R E F E R E N C E S  

I. Barraclough, C. A. and C. H. Sawyer. Inhibition of the release 
of pituitary ovulatory hormone in the rat by morphine. Endocri- 
nology 57: 32%337, 1955. 

2. Day, T. A., W. Blessing and J. O. Willoughby. Noradrenergic 
and dopaminergic projections to the medial preoptic area of the 
rat. A combined horseradish peroxidase/catecholamine fluores- 
cence study. Brain Res 193: 543-548. 1980. 

3. Grant, L. D. and W. E. Stumpf. Hormone uptake sites in 
relations to CNS biogenic amine systems. In: Anatomical Neu- 
roendocrinology, edited by W. E. Stumpf and L. D. Grant. 
Basel: S. Karger, 1975, pp. 445-464. 

4. Hancke. J. L. and W. Wuttke. Effects of chemical lesion of the 
ventral noradrenergic bundle or of the medial preoptic area on 
preovulatory LH release in rats. Erp Brain Res 35: 127-134, 
1979. 

5. Heritage, A. S.. L. D. Grant and W. E. Stumpf. :~H estradiol in 
catecholamine neurons of rat brain stem: Combined localization 
by autoradiography and formaldehyde-induced fluorescence. ,I 
Comp Neurol 176: 607-630, 1977. 

6. Heritage, A. S., W. E. Stumpf, M. Sar and L. D. Grant. :~H- 
Dihydrotestosterone in catecholamine neurons of rat brain 
stem: combined localization by autoradiography and 
formaldehyde-induced fluorescence..1 Comp Nearol 200: 28% 
307, 1981. 

7. Jacobowitz, D. M. and J. A. Olschowka. Bovine pancreatic 
polypeptide-like immunoreactivity in brain and peripheral nerv- 
ous system: Coexistence with catecholaminergic nerves. Pep- 
tides 3: 569-590. 1982. 

8. Jennes, L., W. E. Stumpf and P. W. Kalivas. Neurotensin: 
topographical distribution in rat brain by immunohistochemis- 
try..1 Comp Neurol 210:211-224, 1982. 

9. Jennes, L., W. C. Beckman, W. E. Stumpf and R. Grzanna. 
Anatomical relationships of serotoninergic noradrenalinergic 
projections with the GnRH system in septum and hypothala- 
mus. I~:~p Brain Res 46: 331-338, 1982. 

10. Jennes, L., W. E. Stumpf and M. L. Tappaz. Anatomical rela- 
tionships of dopaminergic and GABAergic systems with the 
GnRH-systems in the septohypothalamic area. Exp Brain Res 
50: 91-99, 1983. 

11. Johansson, O., T. H6kfelt, B. Pernow, S. L. Jeffcoate, N. 
White, H. W. M. Steinbusch, A. A. J. Verhofstad, P. C. Emson 
and E. Spindel. Immunohistochemical support for three puta- 
tive transmitters in one neuron: coexistence of 
5-hydroxytryptamine, substance P- and thyrotropin releasing 
hormone-like immunoreactivity in medullary neurons projecting 
to the spinal cord. Neuroseience 6: 1857-1881, 1981. 

12. Kalra. S. P. Opioid peptides--inhibitory neuronal systems in 
regulation of gonadotropin secretion. In: Role of  Peptides and 
Protein in Control of  Reproduction. edited by McCann and 
Dhindsa. New York: Elsevier Science Publ. Co., 1983, pp. 
63-87. 

13. Keefer, D. A. Induction by progesterone of a sexual dimorph- 
ism of estrogen uptake by anterior pituitary cells in situ. Cell 
Tissue Res 215: 75-85, 1981. 

14. Keefer, D. A. Quantification of in vivo :~H-estrogen uptake by 
individual anterior pituitary cell types of male rat: A combined 
autoradiographic-immunocytochemical technique..l Histochem 
Cytochem 29: 167-174, 1981. 

15. Keefer, D. A., W. E. Stumpf and P. Petrusz. Quantitative au- 
toradiographic assessment of :~H estradiol uptake in im- 
munocytochemically characterized pituitary cells. ('ell Tissue 
Res 166: 25-35, 1976. 

16. Keefer, D. A., W. E. Stumpf and M. Sar. Topographical lo- 
calization of estrogen concentrating cells in the rat spinal cord 
following :~H-estradiol administration. Proc Soc Exp Biol Med 
143: 414-417, 1973. 

17. Keefer, D. A., W. E. Stumpf. P. Petrusz and M. Sar. Simulta- 
neous autoradiographic and immunohistochemical localization 
of estrogen and gonadotropin in the rat pituitary. Am J Anat 
142: 12%135, 1975. 

18. Lundberg, J. M., T. Hrkfelt, A. Anggard, J. Kimmel, M. Gold- 
stein and K. Markey. Coexistence of an avian pancreatic 
polypeptide (APP) immunoreactive substance and catechola- 
mines in some peripheral and central neurons. Acta Physiol 
Stand 110: 107-109, 1980. 

19. Marko, M. and E. Fluckiger. Role of serotonin in the regulation 
of ovulation. Evidence from pharmacological studies. Neuroen- 
doc'rinology 30:228-231, 1980. 



226 S T U M P F  A N D  J E N N E S  

20. Martinovic, J. V. and S. M. McCann. Effects of lesions in the 
ventral noradrenergic tract produced by microinjection of 
6-hydroxydopamine on gonadotropin release in the rat. Endo- 
crinology 100: 1206--1213, 1977. 

21. Merchenthaler, I., S. Vigh, P. Petrusz and A. V. Schally. lm- 
munocytochemical localization of corticotropin-releasing factor 
(CRF) in the rat brain. Am J Anat 165: 385-396, 1982. 

22. Merchenthaler, i. Corticotropin releasing factor (CRF)-like im- 
munoreactivity in the rat central nervous system. Extrahypotha- 
lamic distribution. Peptides 5: 53-69, 1984. 

23. Nilaver, G., E. A. Zimmerman, J. Wilkins, J. Michaels, D. 
Hoffman and A.-J. Silverman. Magnocellular hypothalamic pro- 
jections to the lower brain stem and spinal cord of the rat. Neu- 
roendocrinology 30: 150-158, 1980. 

24. Olschowka, J. A., T. L. O'Donohue and D. M. Jacobowitz. The 
distribution of bovine pancreatic polypeptide-like immunoreac- 
tive neurons in rat brain. Peptides 2: 309--331, 1981. 

25. Ondo. J., T. Mansky and W. Wuttke. In vivo GABA release 
from the medial preoptic area of diestrons and ovariectomized 
rats. Exp Brain Res 46: 69-72, 1982. 

26. Paull, W. K., J. Scholer, A. Arimura, C. A. Meyers, J. K. 
Chang, D. Chang and M. Shimizu. Immunocytochemical lo- 
calization of CRF in the ovine hypothalamus. Peptides 1: 183- 
191, 1982. 

27. Ricardo, J. A. and E. T. Koh. Anatomical evidence of direct 
projections from the nucleus of the solitary tract to the hypo- 
thalamus, amygdala, and other forebrain structures in the rat. 
Brain Res 154: 1-26, 1978. 

28. Sar, M., W. E. Stumpf, R. J. Miller, K.-J. Chang and P. Cua- 
trecasas. Immunohistochemical localization of enkephalin in rat 
brain and spinal cord. J Comp Neurol 182: 17-38, 1978. 

29. Sar, M. and W. E. Stumpf. Combined autoradiography and im- 
munohistochemistry for simultaneous localization of radioac- 
tively labeled steroid hormones and antibodies in the brain..I 
Histochem Cytochem 29: IA: 161-166, 1981. 

30. Sar, M., W. E. Stumpf and M. L. Tappaz. Localization of :~H 
estradiol in preoptic GABAergic neurons. Fed Proc 42: 495, 
1983. 

31. Sofroniew, M. V. Projections from vasopressin, oxytocin, and 
neurophysin neurons to neural targets in the rat and human. J 
Histochem ('ytochem 28: 475-478, 1980. 

32. Steinbusch, H. W. M. Distribution of serotonin- 
immunoreactivity in the central nervous system of the rat-cell 
bodies and terminals. Neuroscience 6: 557-616, 1981. 

33. Stumpf, W. E. Cellular and subcellular :~H-estradiol localization 
in the pituitary by autoradiography. Z Zell,/brschung 92: 23-33, 
1968. 

34. Stumpf, W. E. Estradiol concentrating neurons: Topography in 
the hypothalamus by dry-mount autoradiography. Science 162: 
1001-1003, 1968. 

35. Stumpf, W. E. Estrogen-neurons and estrogen-neuron systems 
in the periventricular brain. Ant J Anat 129: 207-218, 1970. 

36. Stumpf, W. E. The brain: An endocrine gland and hormone 
target, an introduction. In: Anatomical Neuroendo('rinology. 
edited by W. E. Stumpf and L. D. Grant. Basel: S. Karger. 
1975, pp. 2-8. 

37. Stumpf, W. E. and L. D. Grant, editors. Anatomical Neuroen- 
docrinology. Basel: S. Karger, 1975, p. 472. 

38. Stumpf, W. E. and M. Sar. Distribution of radioactivity in hip- 
pocampus and amygdala after injection of :~H-estradiol by 
dry-mount autoradiography. Physiologist 12: 368, 1969. 

39. Stumpf, W. E. and M. Sar. Anatomical relationships between 
estrogen target sites and peptidergic-aminergic neurons: Multi- 
ple activation of heterogeneous systems (MAHS). Exp. Brain 
Res. Suppl 3, Gonadal Steroids and Brain Function. edited by 
W. Wuttke and R. Horowski. Berlin: Springer-Verlag, 1981. pp. 
18-28. 

40. Swanson, L. W., P. E. Sawchenko, J. Rivier and W. W. Vale. 
Organization of ovine corticotropin-releasing factor im- 
munoreactive cells and fibers in the rat brain: An immunohis- 
tochemical study. Neuroendocrinology 36: 165-186, 1983. 

41. Tardy, J. and J. R. Pasqualini. Autoradiographic localization of 
[:~H]-estradiol in the fetal guinea-pig hypothalamus-- 
simultaneous demonstration of GnRH production by im- 
munohistochemistry. , /Steroid Bio~'hem 15: 293-297. 198 I. 

42. Vanderhaeghen, J. J., F. Lotstra, F. Vandesande and K. 
Dierickx. Coexistence of cholecystokinin and oxytocin- 
neurophysin in some magnocellular hypothalamo-hypophyseal 
neurons. Cell Tissue Res 221: 227-231, 1981. 

43. Wuttke, W., T. Mansky, K. W. Stock and R. Sandmann. Mod- 
ulatory actions of estradiol on catecholamine and GABA turn- 
over and effects on serum prolactin and LH release. In: Steroid 
Hormone Regulation o f  the Brain. edited by K. Fuxe, J.-A. 
Gustafsson and L. Wetterberg. New York: Pergamon Press, 
1981, pp. 135-146. 


