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Localization of Neuroendocrine Functions 
Within the Hypothalamus 

LEE L. BERNARDIS 

SUMMARY: The results of lesion, 
stimulation, deafferentation, implanta
tion and transplantation studies 
employed in the identification of 
hypophysiotrophic control areas in the 
hypothalamus to date suggest the follow
ing probable locations: corticotropic 
releasing factor (CRF) is formed in a dif
fuse area along the base of the median 
eminence, if not the base of the entire 
hypothalamus. Follicle stimulating hor
mone releasing factor (FSHRF) is 
elaborated in the paraventricular-sup-
rachiasmatic areas but its cyclic control 
may reside in the anterior hypothalamic 
area. Luteinizing hormone (LH) is con
trolled by luteinizing hormone releasing 

RESUME: Les resultats d'etudes 
employant lesions, stimulation, deaf
ferentation, implantation et transplanta
tion pour recherche de regions de con
trole hypophysiotrophiques a 
I'hypothalamus jusqu'd present 
indiquent les probables sites suivants: 
CRF provient d'une region diffuse a la 
base de I'eminence mediane, sinon la 
base de I'hypothalamus entier. FSHRF 
est forme au.x regions paraventriculaires 
et suprachiasmatiques, mats son con
trole cy clique pent etre fonction de la reg
ion hypothalamique anterieitre. LH est 
sous controle de LHRF, ce dernier etant 

factor (LHRF) formed in the suprachias-
matic area: its cyclic control may be in 
the preoptic area. Prolactin is controlled 
by prolactin inhibiting factor (PIF) 
localized in a diffuse area comprising the 
ventromedial, dorsomedial, arcuate and 
paraventricular nuclei. The hypothala
mic area involved in thyroid control is 
also rather large, since thyrotropin 
stimulating hormone releasing factor 
(TSHRF) has been found in an area 
including the supraoptic and chiasmatic 
nuclei. Growth hormone releasing factor 
(GHRF) is elaborated in a rather narrow 
zone, the ventromedial hypothalamic 
nuclei. 

derive de la region suprachiasmatique, 
tandis que son controle cyclique est de 
la region peoptique. Prolactin est sous 
controle de PIF, associe a une region 
diffuse constituee des noyattx ven
tromedial, dorsomedial, arcue et 
paraventriculaire. Le site de controle 
hypothalamique de fonction thyro'idienne 
est aussi plutot vaste, TSHRF ay ant ete 
identifie a une region incluant noyau.x 
supraoptique et chiasmatique. GHRF 
provient d'une region plutot restreinte, 
soit du noyau hypothalamique ven
tromedial. 
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Hypothalamic Localization of Cor
ticotropic Releasing Factor (CRF) 

It has been known for many years 
that an increase in pituitary-adrenal 
activity occurs in many mammalian 
s p e c i e s i nc lud ing m a n , af ter 
exposure to stress. The fact that 
stimuli such as fear, anger, pain, 
intense light and sound can activate 
the pituitary-adrenal axis has been 
taken to indicate the participation of 
the central nervous system Fortier 
(1952). 

The earliest experimental evi
dence for the involvement of the 
hypothalamus in the activation of the 
pituitary-adrenal system comes from 
DeGroot and Harris (1950). They 
observed that electrolytic lesions in 
the zona tuberalis of the rabbit 
abolished the lymphopenia that nor
mally follows emotional s t ress . 
Similar lesions in the pituitary did not 
have this effect. 

In the mid-fifties, Saffran and 
Schally (1955) discovered the 
hypothalamic factor stimulating 
ACTH release — Cort icotropin 
Releasing Factor or CRF. This was 
the first releasing factor to be dis
covered. Undoubtedly, this finding 
gave new impetus to experimenta
tion and elucidation of the role of 
the central nervous system (CNS) 
in the control of ACTH. 

In an a t t e m p t to def ine the 
hypothalamic area involved in CRF 
release under stress, Brodish divided 
the median eminence (ME) of the rat 
into four zones in the antero-pos-
terior direction and electrolytically 
destroyed each zone alone or in com
bination with one or more other 
zone. The response to ether, Brodish 
(1963), and surgical stress, Brodish 
(1964), were examined. Lesions in all 
four areas did not prevent, but only 
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delayed, ACTH secretion, and the 
effect was proportional to lesion size. 

In a study designed to clarify the 
origins of various hypothalamic 
releasing factors, Mess et al (1967), 
(1970) placed four different types of 
lesions in the hypothalamus and the 
ME, respect ively, and used the 
unified me thods d e s c r i b e d by 
Fraschini, Motta and Martini (1966) 
and Mess et al. (1970) to assess the 
content of various releasing factors 
in ME extracts of the lesioned ani
mals. Five days after the placement 
of the hypothalamic lesion, CRF con
tent was not reduced after lesions in 
the paraventricular (PVN), sup-
rachiasmatic (SCH) nuclei or the 
arcuate-ventromedial (arcuate-
VMN) areas. It was moderately 
increased. The authors believe 
the hypothalamic structures manu
facturing CRF have a wide distri
bution and possibly non-destroyed 
tissue can rapidly compensate for 
the loss of the destroyed areas. 

Mess and his co-workers (1967, 
1970) have other ideas about this 
area. i.e. the presence of hy
pothalamic principles in the ME 
does not prove that they are synthe
sized in this region. The ME might 
be considered only as a storage site 
for the hypothalamic releasing and 
inhibiting fac tors . Fu r the r , the 
hypothalamic humors might not be 
formed completely in the various 
hypothalamic nuclei but ra ther 
require some final modification at the 
level of the ME in order to become 
fully active. Finally, they suggested 
that the various factors might be 
transported from their formation 
sites along different pathways. This 
would lead to a separation of the dif
ferent factors, perhaps at the level 
of the ME. Indeed, it has been 
reported that the ME may be sub
divided into various regions accord
ing to vascular distribution, Adams, 
Daniel and Prichard (1966), Mess et 
al (1970). 

The definition by Halasz et al 
(1962), (1965), of the Hypophysio-
trophic Area (HTA) of the hypo
thalamus suggested that an area out
side the ME might be involved in 
CRF formation. Hypophysectom-
ized rats with pituitary grafts in the 

HTA showed good maintenance of 
adrenal lipid histology, adrenal 
weight, and adrenal venous blood 
corticosterone content. Grafts out
side the HTA caused severe adrenal 
atrophy. 

Although these two circumscribed 
areas of the hypothalamus — the 
HTA and the ME — containing 
neurons synthesizing and releasing 
CRF were clearly identified, other 
questions concerning the central 
nervous control of CRF arose. One 
was the possible requirement of nerv
ous impulses from other parts of the 
hypothalamus and from other parts 
of the CNS for the production and 
release of CRF at base line levels. 
Again, Halasz et al (1967) reported 
findings indica t ing that neura l 
impulses need not reach the HTA to 
bring about release of CRF. With a 
special knife that now bears his 
name, Halasz produced cuts in vari
ous positions and of various lengths 
to partially or completely isolate or 
"deafferenta te" the HTA. After 
total deafferentation of this area, cor
ticosterone levels in the plasma and 
the adrenal gland, and pituitary 
ACTH content were normal or even 
somewhat higher than in appropriate 
controls. It was concluded that the 
HTA is capable of producing CRF 
without afferent connections. 

Since adrenocortical secretions 
show a definite diurnal rhythm 
Critchlow (1963), one might suspect 
this to be due to a similar rhythm 
of the hypothalamic principle that 
" d r i v e s " ACTH. Not only does 
plasma corticosterone in the rat show 
a diurnal rhythm, but so does CRF. 
The levels of the latter peak at 1800 
hours and have their nadir at 0800 
hours. Adrenalectomy and thus the 
absence of corticosterone feedback 
does not interrupt the diurnal CRF 
rhythm, which suggests that the lat
ter is of CNS origin and independent 
of long-loop feedback, Hiroshige and 
Sato (1970), Hiroshige and Sakakura 
(1971). This was further supported 
by Halasz et al (1967), who demon
strated that pathways responsible for 
the ma in t enance of the ACTH 
rhythm enter the HTA anteriorly 
since only frontal cuts interfered with 
the diurnal fluctuations of ACTH. 

The connections could be the cor-
ticohypothalamic tract, Cajal (1911), 
and/or the fornix, since sections of 
the latter have been shown to abolish 
the diurnal rhythm of plasma cor
ticosterone in the rat, Moberg, 
Scapagnini, DeGroot and Ganong 
(1971). 

While long-loop feedback control 
of CRF appears unlikely, evidence 
for a short-loop feedback has been 
forthcoming recently. Seiden and 
Brodish (1972) found undisturbed 
diurnal variations of hypothalamic 
CRF in hypophysectomized rats 
parallel to the CRF fluctuations of 
intact animals. The elevated CRF 
levels in these animals were not 
altered by adrenalectomy, and the 
authors took their finding in the 
hypophysectomized - Adrenalectom-
ized rats to indicate that a short-
loop feed-back does exist and 
allows pituitary ACTH to regulate 
hypothalamic CRF. The levels of 
the latter were, however, altered by 
the injection of ACTH, Seiden and 
Brodish, (1971). 

Figure /—Diagrammatic representation 
of sagittal section through the hypo
thalamus illustrating the main fiber 
tracts (stippled areas) and some of the 
larger nuclei (dashed lines). The area 
included within the horizontal lines is 
the area that has been implicated in 
CRF formation. 
AC —anterior commissure 
AH —anterior hypothalamic area 
ARC —arcuate nucleus 
DM —dorsomedial nucleus 
FX —fornix 
M —mammillary nuclear complex 
MTT —Mammillo-thalamic tract 
OC —optic chiasma 
PM —premammillary nucleus 
PV —paraventricular nucleus 
SC —suprachiasmatic nucleus 
SEP —septal nuclear complex 
THAL—thalamus 
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In conclusion, it must be stated 
that the hypothalamic area subserv
ing CRF formation is a diffusely dis
tributed region along the base of the 
hypothalamus (Fig. 1). Since stress 
is such a non-specific entity it is 
perhaps well from a teleological 
viewpoint that the central nervous 
machinery required to cope with it 
is so diffuse. 

// . Hypothalamic Localization of Fol
licle Stimulating Hormone-Releasing 
Factor (FSH-RF) 

Like other processes, the func
tions of the pituitary control of 
gonadotrophic events are influenced 
by both external and internal signals. 
Since the pioneer work of Marshall 
(1936) it has appeared likely that 
exteroceptive stimuli are conveyed 
to the pituitary by the mediation of 
the h y p o t h a l a m u s . S i m i l a r l y , 
interoceptive signals including the 
sex hormones reach the pituitary via 
the hypothalamus, and thereby con
tribute to the regulation of gonado
trophic activity of the pituitary. 

Early evidence for a possible 
hypothalamic involvement in the 
control of sexual functions was pro
vided by Aschner (1912) who showed 
that hypophysectomy did not always 
produce sex organ atrophy but injury 
to the hypothalamus assured it. 
Regulation of the gonadotropins by 
gonadal hormones was suggested by 
Hohlweg and Junkmann, (1932) who 
thought that this regulation was 
brought about by an action of sex 
hormones on a hypothetical "Sex-
ualzentrum". 

The earliest direct proof for a 
localization of gonadotrophin control 
by the hypothalamus comes from 
Harris (1937), who found ovulation 
in the rabbit following electrical 
stimulation of the tuber cinereum 
and the preoptic region. Much of 
the recent knowledge of the 
hypothalamic control of Follicle 
Stimulating Hormone (FSH) secre
tion comes from Flerko's laboratory 
at Pecs, Hungary. The assumption 
that nervous elements localized in 
the anterior hypothalamus play an 
essential part in the mechanisms by 
which the rise of circulating estrogen 
levels inhibit pituitary FSH secretion 
has gained support from several find
ings. For instance, inhibition of fol
licle development and consequent 

corpora lutea (CL) formation in in
fantile rats precipitated by estrogen 
administration could be attenuated 
by destruction of an area between the 
optic chiasm and the PVN, Flerko 
and Bardos, (1956), (1961), Flerko 
(1957a). 

In another study, Flerko based his 
experimental design on the fact that 
the estrogen production of an intact 
rat parabiotically united with a 
spayed partner is greatly enhanced 
by the high FSH output of the spayed 
animal ' s p i tui tary . This is well 
reflected in the uterine weight (133 
mg) of parabiosed rats and is in strik
ing contrast to the uterine weight (26 
mg) of intact rats of a similar age. 
In such an experimental system the 
injection of 1 ~U$ of estradiol/day/rat 
in the spayed partner results in a 
regression of the uterine weight to 
39 mg indicating a suppression of 
FSH in the pituitary of the spayed 
partner. Placement of electrolytic 
lesions between the optic chiasm and 
the PVN in the spayed partner, how
ever, results in a uterine weight of 
76 mg, more than double that in the 
same experimental model without 
the hypo tha l amic l e s ions , and 
despite the same amount of injected 
estradiol. Evidently, rats with AHA-
PVN lesions show less FSH inhibi
tion after estrogen administration 
than non-lesioned rats. It was con
cluded that the anterior hypothala
mus contains nervous elements that 
are sensitive to circulating estrogen 
and are indispensable to the mecha
nism by which FSH secretion of 
the anterior pituitary is inhibited by 
a slight elevation of circulating es
trogen under physiological condi
tions, Flerko (1956) (1957b). 

In order to limit more precisely 
the area responsible for FSH control, 
Mess et al (1967) (1970) produced 
lesions in the PVN, SCH, Arcuate-
VMN and the ME. The content of 
FSH-RF, the releasing factor for 
FSH that had been described by 
Igarashi and McCann (1964) within 
the hypothalamic ex t rac ts , was 
reduced only after lesions in the PVN 
region. The implantation of cy-
cloheximide, an inhibitor of protein 
synthesis, into the PVN resulted in 
a decreased amount of FSH-RF in 

the ME and a reduced content of 
pituitary FSH stores, Zanisi and 
Martini (1969). It is noteworthy that 
neither LH-RF in the hypothalamus, 
nor LH (Luteinizing Hormone) in the 
pituitaries of rats so treated showed 
changes. This was taken as evidence 
that blockade of protein synthesis in 
the area of the PVN inhibits FSH-RF 
but not LH-RF synthesis, and that 
FSH-RF production occurs in the 
PVN. 

The role of the HTA in the cyclic 
secretion of FSH was investigated by 
Halasz and Gorski (1967). Ovarian 
compensatory hypertrophy failed to 
occur in rats bearing a frontal cut that 
separated the anterior hypothalamic 
area from the HTA. This indicated 
that neural structures responsible for 
the enhanced FSH secretion after 
unilateral ovariectomy are located 
outs ide the H T A , likely in the 
anterior hypothalamic area. 

In conclusion, the hypothalamic 
area involved in the elaboration of 
the hypophysiotropic factor control
ling Follicle Stimulating Hormone, 
FSH-RF or FRF, is located in the 
narrow region comprising the PVN 
and the area between the latter and 
the optic chiasma (Fig. 2). 

/ / / . Hypothalamic Synthesis of 
Luteinizing Hormone-Releasing Fac
tor (LH-RF) 

The earliest experimental evi
dence implicating the hypothalamus 
in the release of LH and thus ovula
tion, comes from the electrical 

Figure 2—Diagrammatic representation 
of sagittal section through the hypo
thalamus. The area included within 
the horizontal lines is that area which 
has been involved in the elaboration 
of FSH-RF. The abbreviations are as 
in Figure 1. 
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stiumulation studies of the rabbit 
brain by Harris (1937). Ten years 
later, Harris (1948) also succeeded 
in producing ovulation in the rabbit 
by electrical stimulation of the tuber 
cinereum that failed to cause suf
ficient LH release when applied di
rectly to the pituitary itself. Confirm
ing the stimulation data by electroly
tic lesion experiments, Sawyer (1959) 
showed that loci of destruction in the 
"basal tuberal area" resulted in a 
block of coitus-induced ovulation. 

Much of the credit for the work 
on t he c l a r i f i c a t i o n of t he 
hypothalamic control of LH goes to 
McCann, Taleisnik and Friedman 
(1960), McCann and Fr iedman 
(1960). Using the Parlow ovarian 
ascorbic acid depletion (OAAD) test 
for LH, which is based on a drop 
of ovarian ascorbic acid following the 
administration of minute amounts of 
LH in immature-gonadotrophin-
treated rats, they found that stalk-me
dian eminence extracts (SME) were 
capable of depleting ovarian ascorbic 
acid. No such effect was observed 
following injection into hypophysec-
tomized rats, thus excluding a con
tamination with LH but not SME 
activity. The substance having this 
effect was termed Luteinizing Hor
mone Releasing Factor or LH-RF 
McCann et al (1960). After infusion 
of SME into the pituitary, ovulation 
was observed; this was not the case 
after systemic administrat ion, 
Nikitovitch-Winer (1962). 

As with other hypothalamic-
hypophysiotrophic principles, it was 
of interest to identify the nervous 
connections involved in LH release. 
Halasz and Gorski (1967) noted 
that rats with cuts between the PO 
area and the HTA did not ovulate. 
The effective cuts were 1.5 mm from 
the midline and extended from the 
base of the brain to the level of the 
PVN. It was concluded that afferent 
connections are essential for ovula
tion and that they enter the HTA 
from rostrad. Subsequent studies by 
Koves and Halasz (1970) indicated 
that the neurogenic stimulus trigger
ing ovulation arises, at least in part, 
from the preoptic-anterior hy
pothalamic area (PO-AHA), and 
that only one half of the preoptic-

tuberal pathway is sufficient to 
induce ovulation. 

The c u r r e n t c o n c e p t is tha t 
neurons in the H T A , probably 
neurosecretory in nature, constitute 
one part of the LH control system. 
This part might stimulate continuous 
production and release of LH at a 
basal level that is necessary to main
tain estrogen secretion. This tonic 
aspect of LH secretion is likely sub
served by the HTA but is supervised 
by a second part of the LH control 
system. The latter is located in other 
parts of the hypothalamus, likely the 
PO-AHA and/or in other parts of 
the limbic system. This second part 
of the LH control system is part of a 
neuroendocrine control mechanism 
that has been termed "Re lease 
Regulating System" or " R R S " and 
is by definition " . . . everything out
side the confines of the HTA and 
concerned in the nervous control of 
anterior pituitary functions. . . " 
Szentagothai, Flerko, Mess and 
Halasz (1968). 

In their comprehensive study in 
the localization of hypothalamic 
releasing factors alluded to in the 
sections on CRF and FSH-RF, Mess 
et al (1967), (1970) also examined the 
hypothalamic extracts of rats with 
lesions in various hypothalamic loci 
for LH-RF content. While FSH-RF 
content was severely reduced after 
PVN lesions, LH-RF content was 
reduced very little. The greatest 
LH-RF depletion was caused by 
destruction of the area of the SCH 
nucleus. These data confirmed pre
vious suspicions that the two pitui
tary hormones FSH and LH had 
two separate and different hypo
thalamic representations of their re
spective releasing factors. 

Other workers have utilized the 
recording of multiple unit activity 
(MUA) in the hypothalamus in the 
identification of the hypothalamic 
circuits producing LH-RF. Blake and 
Sawyer (1972) reported that vaginal 
and u ter ine cervix s t imulat ion 
induced an elevation of MUA in the 
medial preoptic nuclei of the rat, and 
that this was not the case in diestrous 
rats. A brief rise in plasma LH was 
observed only after a significant 

increase in MUA. These findings 
suggest that the reflex discharge of 
LH in the proestrous rat involves 
preoptic activation of the basal 
hypothalamus. 

Ultrastructural evidence for the 
localization of the LH-RF area in the 
SCH area of the hypotha lamus 
comes from Dr. Mon temur ro ' s 
laboratory. Dr. Robert Clattenburg, 
has demonstrated that from one-
half hour to one hour post coitum, 
profound ultrastructural changes 
occur within certain neurons of this 
hypothalamic region, Clattenburg, 
Singh and Montemurro (1972). 

While the hypothalamic control of 
pituitary FSH and LH, respectively, 
has been considered as being super
vised by two separate hypothalamic 
principles (FSH-RF)—Igarashi and 
McCann (1964); LH-RF—McCann et 
al (1960), it has been recently demon
strated that a decapeptide that occurs 
naturally in the hypothalamus of pigs 
and has been obtained in a high state 
of purity is capable of releasing both 
FSH and LH from the pituitaries 
of rats, chimpanzees and humans, 
Schally, Arimura, Kastin, Matsuo, 
Baba, Redding, Nair and Debuljuk 
(1971). This has also been demon
strated by in vitro studies with 
pituitaries from male rats, Matsuo, 
Baba, Nair, Arimura and Schally 
(1971) and a synthetic decapeptide 
with both FSH-RF and LH-RF ac
tivities. This finding poses most 
pressing questions as to the mecha
nisms of control processes, particu
larly since at the hypothalamic level 
the sites of FSH-RF and LH-RF 
have been shown to be separate, if 
anatomically closely related areas. 

In conclusion, the foregoing data 
indicate that the hypothalamic region 
that subserves the control of pituitary 
LH is located in the preoptic sup-
rachiasmatic area (PO-SCH) of the 
mammalian hypothalamus. It is in 
turn subject to cyclic control by other 
parts of the limbic system (Fig. 3). 

IV. Hypothalamic Localization of 
Prolactin Inhibiting Factor (PIF) 

Early evidence for the involve
ment of the hypothalamus in lacta
tion goes back to the thirties, when 
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Figure3—Diagrammatic representation of 
sagittal section through the hypothala
mus. The area included within the 
horizontal lines is that area which has 
been implicated in the elaboration of 
LH-RF. The abbreviations are as in 
Figure 1. 

Hans Selye (1934) noted that lacta
tion in the rat and mouse continues 
in all glands, even when a limited 
number of the nipples are suckled. 
In the glands which are not emptied, 
involution is much delayed. Selye 
thought that the suckling stimulus 
acts through neural impulses on the 
hypothalamus and then via the stalk 
on the pituitary. He believed that the 
response was humoral and consisted 
in the liberation of Prolactin, the then 
newly discovered lactation hormone. 
Selye's concept proved correct and 
the significance of the suckling 
stimulus and reflex has remained an 
important aspect in the study of lacta
tion and its control. 

In contrast to all other pituitary 
hormones, the chronic control of 
Prolactin or Luteotrophic Hormone 
(LTH) secretion is inhibitory in male 
or in cyclic female mammals, includ
ing m a n . E v i d e n c e for th i s 
" n e g a t i v e " c o n t r o l was f i rs t 
obtained by Desclin (1950) (1956) by 
transplantation of the hypophysis 
away from its neural connections, 
i.e. the ME. More conclusive evi
dence has come from in vitro studies, 
when it was demonstrated that the 
pitui tary itself secreted normal 
amounts of prolactin. However, 
when hypothalamic tissue was added 
to the medium, the prolactin-inhibit-
ing activity of the hypothalamus 
became evident, Pasteels (1961). 

The active hypothalamic principle 
has been designated PIF—Prolactin 
Inhibiting Factor, Pasteels (1962). 

Later, Kragt and Meites (1967) 
isolated and purified a specific PIF 
from hypothalamic extract and pro
vided unequivocal proof for its exis
tence. They described a log-dose 
relationship between prolactin-
inhibiting activity of rat hypothalami 
and prolactin release by pituitary tis
sue in vitro. Although this suggests 
that PIF is a specific hormone, no 
pure PIF has as yet been prepared. 
At this time it is still difficult to 
separate PIF from LH-RF, as shown 
by the efforts of Dhariwal, Gros-
venor , An tunes -Rodr igues and 
McCann (1968) and the claim to a 
successful separation by the Schally 
group, Arimura, Saito, Miiller, 
Bowers, Sawano and Schally (1967). 

A delineation of the hypoth
alamic locus of LTH control 
has been attempted by many 
laboratories. In this connection it 
should be recalled that lactation is 
the result of two factors: one stim
ulus causes the secretion of 1) 
various anterior pituitary hormones 
that bring about lactogenesis and 
2) the posterior lobe hormone 
oxytocin which initiates milk ejec
tion. Work in the early fifties has 
demonstrated this rather well by 
showing that lesions in the supra
optic - paraventricular - hypophyseal 
tract of lactating rabbits resulted 
in a failure of milk ejection but 
not of milk production, Cross and 
Harris (1952). This was of course 
the case because the lesions had 
interrupted oxytocin transport from 
its formation site in the paraven
tricular nuclei to its storage site in 
the neural lobe. LTH was not 
affected by these lesions. 

Exploration of the hypothalamus 
for loci at wh ich v a r i o u s 
h y p o p h y s i o t r o p h i c fac tors are 
formed have been beset by an ever-
recurring problem - injury to the ME. 
This represents a very non-specific 
interference with hypothalamic func
tion. All hypothalamic factors must 
pass through the ME where they 
gain entrance into the primary portal 
plexus from whence they reach the 
adenohypophyseal parenchyma. 
Thus the report that PIF is formed 
in the ME must be taken with a great 
deal of caution: lesions in this area 

are followed by prolonged diestrus 
and d e v e l o p m e n t of large CL 
McCann and Friedman (1960). 

An area somewhat removed from 
the ME has been considered a possi
ble candidate for PIF formation. 
Destructive lesions in the arcuate, 
VMN and dorsomedial (DMN), and 
in some experiments, the mammil-
lary nuclei have been shown to re
sult in prolonged diestrus and active 
CL, Nikitovitch-Winer (1960). Simi
larly, Quinn and Everett (1967) have 
repor ted respons iveness of the 
VMN-DMN region to select ive 
stimulation, which was followed by 
pseudopregnancies in rats. This 
observation gives further evidence 
for the existence of two separate 
hypothalamic mechanisms for the 
control of PIF and LH-RF, since 
ovulation could not be evoked by 
stimulation of the aforementioned 
sites. 

As with other hypophysiotrophic 
principles (see also CRF, FSH-RF, 
LH-RF) deafferentation studies have 
been performed in attempts to define 
the afferent pathways which impinge 
on the HTA and which are involved 
in PIF control. Complete deafferen
tation caused a low and constant 
plasma LTH level with minimal fluc
tuations. Anterior deafferentation, 
on the other hand, was followed by 
mean increases in LTH levels com
pared with those in diestrus rats that 
w e r e s e r v i n g as c o n t r o l s . 
Nevertheless, the mean LTH levels 
were not decreased following com
plete deafferentation as was LH 
Weiner, Blake and Sawyer (1972). 

In the early seventies it was 
hypothesized that the hypothalamic 
control of LTH secretion by the ver
tebra te pi tui tary involved both 
inhibitory factors, Nicoll, Fiorindo, 
McKenn and Parson (1970) and a 
stimulating factor. The latter type 
of factor had previously been 
demonstrated, but only in birds, 
Kragt and Meites (1965). Recently, 
C a r l o s - V a l v e r d e , Chieffo and 
Reichlin (1972) have shown that por
cine and rat hypothalamic tissue also 
contain a Prolactin Releasing Factor 
(PRF). 

In conclusion, the data presently 
available suggest that PIF is formed 
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in an area covering several hypo
thalamic nuclei: VMN, DMN and 
arcuate, and perhaps the area lateral 
to the PVN as well (Fig. 4). 

Figure 4—Diagrammatic representation 
of sagittal section through the hypo
thalamus. The area included within 
the horizontal lines is that area which 
has been implicated in the elaboration 
of PIF. The abbreviations are as in 
Figure 1. 

V. Localization of Hypothalamic 
Thyrotropin Releasing Factor (TRF) 

Although the control of thyroid 
function by the central nervous sys
tem had been suspected over 100 
years ago by Charcot (1856), who 
suggested that Graves' disease was 
a central nervous system disorder, 
very little experimental evidence has 
been forthcoming in the intervening 
years to implicate the hypothalamus 
in the control of thyroid function. 

In the late thirties Cahane and 
Cahane (1938) observed that destruc
t ive les ions be tween the opt ic 
chiasma and the stalk resulted in his
tological signs of reduced thyroid 
function. Thus, many years before 
the ac tua l d e m o n s t r a t i o n of a 
hypothalamic principle controlling 
Thyrotropin Stimulating Hormone 
(TSH) by Shibusawa, Nishi and Abe 
(1959), the Cahanes' concept of a 
"center" in the anterior hypothala
mus inducing TSH release was sub
stantiated. The Japanese workers 
designated the hypothalamic con
trolling principle "Thyrotropin Re
leasing Factor" or " T R F . " 

Greer (1952) was the first to apply 
modern les ioning t echn ique in 
a t t e m p t s to e l u c i d a t e t he 
hypothalamic control of TSH. While 
intact rats responded to chronic 
thiouracil treatment with thyroid 
hypertrophy, rats with electrolytic 

lesions in the anterior hypothalamus 
did not show this effect. The lesions 
did not depress the response of the 
thyroid to administered TSH. The 
responsible area was located on 
either side of the midline between the 
PVN and the ME, Greer and Erwin 
(1954) (1956). 

The Greer effect has been ques
tioned by Beugen and van der Werff 
ten Bosch (1961), who claimed that 
the "TSH area" in the hypothalamus 
is necessary only for the maintenance 
of spontaneous thyroid activity and 
has no essential role in the regulation 
of thyroid activity under the usual 
experimental conditions. 

That there exists a difference in 
thyroid secretion under vesting and 
" d e m a n d " conditions has been 
demonstrated. Knigge and Bierman 
(1958) transplanted the pituitary to 
the cheek pouch of a hypophysec-
tomized hamster and found a main
tenance of the slope of the release 
curve above that of hypophysec-
tomized animals. Never the less , 
these animals were unable to main
tain an accelerated thyroid function 
in response to cold stress. These 
authors also found that the initial and 
marked acceleration of release of 
thyroidal hormone attendant upon 
exposure of hamsters to cold, is not 
influenced by adrenal demedullation 
or decortication. It could however, 
be inhibited by acute and chronic 
hypothalamic lesions which, unfor
t u n a t e l y , we re la rge and a l so 
involved the median eminence. 

The present consensus is that the 
thyroidal cold response is mediated 
by nervous reflexes acting via the 
s ta lk , but the most l ikely si te 
involved is that associated with tem
perature regulation, Reichlin (1960). 
Cooling of the PO-AHA in goats has 
been reported to be followed by 
thyroid activation, Andersson, 
Ekman, Gale and Sundsten (1962), 
concomitant with the development of 
hyperthermia. An increased thyroid 
a c t i v i t y was e v i d e n c e d by an 
increase in plasma PBI131 and a cor
responding fall in thyroid radioac
tivity. This effect was blocked two 
hours after the administration of thy
roxin by median eminence lesions, 
Anderson, Gale and Ohga (1963). 

The aforementioned comprehen
sive study by Mess et al (1967) (1970) 
(see sections on CRF, FSH-RF, 
LH-RF) has addressed itself also to 
a localization of the TRF area. After 
lesions in the supra - and retrochias-
matic area and the PVN, TRF activ
ity disappeared almost completely 
from hypothalamic extracts. Con
siderable reduction was also found 
after lesions in the area of the VMN 
and arcuate nuclei. The authors con
cluded that the area subserving TRF 
is not as well circumscribed as the 
areas concerned with FSH-RF and 
LH-RF synthesis. 

Findings from stimulation studies 
have supplemented those obtained 
from lesion exper iments . Thus , 
Colfer (1949) reported histological, 
signs of thyroid hyperactivity follow
ing electrical stimulation of the 
h y p o t h a l a m u s . In the s i x t i e s , 
D'Angelo and Snyder (1963) found 
a depletion of pituitary stores and an 
elevated level of circulating TSH 
following electrical stimulation of 
several areas in the anterior hypo
thalamus in rats. 

Although it is well established that 
thyroid hormone acts directly on the 
pituitary in a "classical" long-loop 
feedback fashion, the instillation of 
small amounts of thyroxine into the 
anterior pituitary inhibits thyroid 
function at a dose level that is ineffec
tive when injected systemically, Ken
dall (1962). Thyroxine may act at the 
hypothalamic level as well. Knigge 
(1964) found that injection of thyrox
ine into the POA of the cat markedly 
depressed thyroid function. The 
POA is sufficiently removed from the 
ME so that no thyroxine could 
"leak" into the portal circulation. 

As with other hypophysiotrophic 
factors, Halasz et al (1965) also 
i n v e s t i g a t e d the effect of 
hypothalamic deafferentation on 
thyroid control. Complete deafferen
tation of the HTA did not alter 
thyroid weight and histology and 
methyluracil treatment of such ani
mals induced goiter, although not to 
the same degree as in undeafferented 
animals. 

In conclusion, the area involved in 
TSH-RF formation is a rather large 
one extending through the anterior 
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and medial hypothalamus to include 
the supraoptic (SO), SCH, arcuate 
and the VM hypothalamic nuclei 
(Fig. 5). 

Figure 5—Diagrammatic representation 
of sagittal section through the hypo
thalamus. The area included within 
the horizontal lines is that area which 
has been implicated in the elaboration 
of TSH-RF. The abbreviations are as 
in Figure 1. 

VI. Hypothalamic Localization of 
Growth Hormone-Releasing Factor 
(GH-RF) 

The earliest experimental evi
dence for the participation of the 
central nervous system in the control 
of growth and Growth Hormone 
(GH) secretion comes from Smith 
(1927) who found poor skeletal 
growth and disproportionately short 
tails and thin skin—signs of infantil
ism—in rats with lesions in the tuber 
cinereum. The functions of other 
endocrine glands appeared unaf
fected as shown by normal thyroid 
and adrenal weights and estrous 
cycles. 

In the mid-thirties, increased insu
lin sensitivity was noted in rats with 
lesions in the PVN-VMN region. 
This insulin sensitivity, which also 
occurs in hypophysectomized rats, 
could be alleviated by GH adminis
tration, Cleveland and Davis (1936). 

Hetherington and Ranson (1942), 
using electrolytic lesions to selec
tively destroy hypothalamic areas, 
reported that destruction of the 
medial hypothalamus caused stunt
ing. Lesion experiments by Reichlin 
(1961) indicated that rats with mas
sive medial lesions that destroyed 
the ME and the portal plexus had 
pituitaries with lower GH content 
(bioassay). Since the portal plexus 

had been destroyed in these experi
ments, the results are rather equi
vocal and could have been due to 
the cessation of ME function. 

In the mid-sixties, linear growth 
reduction and general micro-
splanchnia were reported in wean
ling rats with lesions in the VM 
hypothalamic nuclei that did not 
injure the median eminence and thus 
the primary portal plexus, Bernardis 
and Skelton (1965) (1967). 

The first definitive evidence for the 
involvement of a hypothalamic locus 
outside the ME in the control of 
Growth Hormone secretion was 
reported by Bernardis and Frohman 
(1967) and Frohman and Bernardis 
(1968). As with the Bernardis and 
Skelton experiments, the weanling 
rats in these studies had VMN lesions 
that did not injure the ME. Both 
pituitary and plasma growth hor
mone levels were reduced by even 
small lesions while larger lesions 
showed a greater effect on both linear 
growth and growth hormone levels, 
Bernardis and Frohman (1970). 

Subsequent electrical stimulation 
studies in various hypothalamic loci 
in 181 mature rats confirmed the 
results of the lesion experiments: 
only stimulation sites located in the 
VMN, impinging on the arcuate nuc
lei and the ME, elicited plasma 
growth hormone rises within five 
minutes after the onset of stimula
tion, Bernardis and Frohman (1971). 
Similarly, Martin (1972) found that 
plasma Growth Hormone rises in 
rats after electrical stimulation of 
the ventromedial nuclei while 
Toivola and Gale (1972) reported 
the same results after microinjection 
of norepinephrine into the VMN. 

Al though the e x i s t e n c e of a 
hypo tha lamic pr inc ip le te rmed 
Growth Hormone Releasing Factor 
(GRF or GH-RF) had been demon
strated by Franz, Haselbach and 
Libert (1962), only within the last few 
years has evidence been forthcom
ing to localize the area where this 
h y p o t h a l a m i c humor might be 
formed. 

It had been known since the early 
sixties that the adequate stimulus for 
Growth Hormone secretion is hypo

glycemia, Roth, Glick, Yalow and 
Berson (1963). It is confirmatory to 
the above findings on the localiza
tion of GH-RF in the VMN that 
Pecile, Felici and Muller (1971) found 
no Growth Hormone secretion in 
response to insulin hypoglycemia in 
the rat when VMN lesions had been 
placed previously in these animals. 

The localization of the GH-RF 
area in the VMN-arcuate region of 
the hypothalamus had been sug
gested years prior to the above find
ings by the imaginative analyses of 
the Haiasz group at Pecs, Hungary. 
Transplantation of pituitary frag
ments into the HTA of hypophysec
tomized rats resulted in a resumption 
of growth, although the animals so 
treated never attained the growth 
rate of intact animals of the same age 
Haiasz (1964). 

Haiasz, Schalch and Gorski (1971) 
also elucidated the effect of deaf-
ferentation on growth and GH sec
retion. Complete deafferentation ini
tially decreased growth only slightly, 
while partial deafferentation had no 
consistent effect. Although the pituit
ary content of GH was significantly 
less in the completely deafferented 
rats than in their controls, the con
centration remained unchanged. It 
was concluded that neural afferents 
are involved only slightly in main
taining basal GH secretion and nor
mal body growth, Haiasz etal (1971). 

As with other hormones, GH has 
been shown to have diurnal varia
tions in both pituitary content and 
plasma levels. Muller, Giustina, 
Miedico, Pecile, Cocchi and Pozza 
(1970) reported peaks in pituitary GH 
concentrations at 1800-0200 hours 
while plasma GH exhibited wide fluc
tuations with peaks at 1800 and 0300 
hours. An analysis of hypothalamic 
GH-RF activity, however, indicated 
that changes in the latter occurred 
at different times of the 24 hour cycle 
and that excursions of GH-RF did 
not change in phase with pituitary 
GH rhythm. 

In addition to the aforementioned 
GH-RF Franz et al (1962), Dhariwal, 
Krulich, Katz and McCann (1965), a 
Growth Hormone Inhibiting Factor 
(GIF) has also been postulated, 
Krulich, Dhariwal, and McCann 
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(1968). Recent experiments by Dr. 
Iwao Nakayama, Dr. Michael Tseng 
and the author have provided circum
stantial evidence that the formation 
site of the GIF might be located in 
the DMN. Following destruction of 
the latter by electrolytic lesions, the 
pituitary somatotrophs show a deple
tion of secretory granules as early as 
24 hours after the operation. The sec
retory granules also show a decrease 
in number, size and mean diameter 
in comparison with sham-operated 
controls. Based on previous findings 
in ACTH secreting cells Nakayama, 
Nickerson and Skelton (1969) and 
pituitary somatotrophs in rats bear
ing a growth hormone-secret ing 
tumor, Nakayama and Nickerson 
(1973) the authors interpreted their 
findings as indicating a condition of 
"ove r sec re t ion" or depletion of 
growth hormone secretory granules. 
This might be due to a lack of GIF, 
which is thus likely formed in the dor-
somedial hypothalamic area, 
Nakayama, Tseng and Bernardis 
(1973). 

Recently the Guillemin group at La 
Jolla has described a peptide— 
"Somatostatin" in ovine hypo
thalami that both in vivo and in 
vitro inhibits GH secretion in rats. 
The formation site of the 14-amino 
acid peptide has as yet not been 
localized, Vale, Brazeau, Rivier, 
Rivier, Grant, Burgus and Guillemin 
(1973). 

In conclusion, the hypothalamic 
area controlling growth hormone 

Figure 6—Diagrammatic representation 
of sagittal section through the hypo
thalamus. The area included within 
the horizontal lines is that area which 
has been implicated in the elaboration 
of GH-RF. The abbreviations are as 
in Figure 1. 

secretion is located in the immediate 
vicinity of the VMN, in all likelihood, 
within the nuclei themselves (Fig. 6). 
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