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ABSTRACT The objectives were to (a) determine the age in development 
when GnRH is first detectable i n  the brain and (b) observe the distribution of 
GnRH throughout the fetal and early postnatal period. GnRH was localized im- 
munohistochemically i n  fetal (15, 16, 17 and 19 days of gestation) and early 
postnatal (1- and 7-day-old) mice with the peroxidase-antiperoxidase (PAP) 
method of Sternberger. 

In the organum vasculosum of the lamina terminalis (OVLT) and in the me- 
dian eminence of the fetus, GnRH was first detected at  17 days of gestation. In 
the OVLT, GnRH was found ventral to the preoptic recess of the third ventricle 
near the ventral surface of the brain. In addition, GnRH was located adjacent 
to the superficial portal capillaries near the surface of the median eminence. At 
19 days of gestation, the distribution of GnRH was similar to that observed at  
17 days and there was a marked increase in amount. 

In the newborn mouse, GnRH was undetectable in the OVLT and its content 
in the median eminence was decreased as compared to that observed in the 
fetus. By the seventh postnatal day, a considerable accumulation of GnRH had 
occurred in  the OVLT and median eminence. In the OVLT, it was associated 
with capillaries ventral to the preoptic recess, and its distribution in the median 
eminence was similar to that in the adult mouse. 

In both the OVLT and median eminence of the fetal and early postnatal mouse 
GnRH appeared to be stored in axons and axon endings, but was not detectable 
in nerve cell bodies or ependymal cells. These observations suggest that the 
potential for neuroendocrine control of gonadotropin secretion exists in the fetal 
mouse as early as 17 days of gestation. 

Considerable evidence indicates that 
several endocrine systems, including the 
pituitary-gonadal axis, are active in the 
fetus and neonate (Jost, '53, '54, '62), but 
little is known about when, and to what 
degree, the brain is able to regulate these 
systems. With respect to the hypophysis, 
it has been suggested that in the fetal rat 
(Glydon, '57) and rabbit (Cambell, '66), 
neurovascular control by the brain is un- 
likely because capillary loops of the pri- 
mary portal vascular plexus do not pene- 
trate the median eminence until late in 
the first postnatal week. However, several 
authors have reported the presence late in 
gestation of superficial capillaries on the 
surface of the median eminence, and of 
portal vessels which connect these capil- 
laries with sinusoidal capillaries of the de- 
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veloping pituitary gland (Enemar, '61; 
Halasz et al., '72; Monroe et al., '72; Smith, 
'70). They postulated that capillary loops 
are not essential to neurovascular function, 
and concluded that crucial morphological 
criteria for establishing the existence of a 
neurovascular link between the hypothal- 
amus and pituitary pars distalis exist late 
in gestation. 

In support of these morphological ob- 
servations, some experimental evidence 
demonstrates that the adrenal (Jost et al., 
'70; Zarrow et al., '68) and thyroid (Conk- 
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lin et al., '73) glands are under neuroen- 
docrine control during fetal life. In addi- 
tion, the hypothalamus probably plays a 
role in sexual development, particularly in 
terms of gonadotropin secretion. Mono- 
amines, which may regulate LH and FSH 
secretion (McCann, '74), have been de- 
tected in the fetal median eminence (Bjork- 
lund et al., '68; Smith and Simpson, '70). 
Moreover, the fetal hypophysis appears to 
be responsive to exogenous gonadotropin- 
releasing hormone (GnRH) (Foster et al., 
'72; Schafer and McShan, '74). However, 
evidence for the existence of GnRH in the 
developing brain is scarce and often con- 
flicting (Barry and Dubois, '74; Cambell 
and Gallardo, '66; Corbin and Daniels, '67; 
Araki et al., '75). In view of the important 
role played by GnRH in the control of re- 
productive physiology, evaluation of the 
development of this control is crucial to an 
understanding of the neuroendocrine reg- 
ulation of gonadotropin secretion. Thus, 
the investigation reported here had as its 
major objectives to (a) determine the age 
in development at which GnRH is first de- 
tectable in  the brain and (b) observe the 
development of the adult pattern of dis- 
tribution of GnRH, as previously reported 
(Gross, '76), throughout the fetal and early 
postnatal period. 

MATERIALS AND METHODS 

Mice used in this study were of the Swiss- 
Webster strain. They were maintained in 
a breeding colony in air-conditioned quar- 
ters, with a controlled lighting schedule 
and feeding ad libitum. The mice were 
mated overnight and the females checked 
for the presence of a vaginal plug the fol- 
lowing morning. If a plug was present, the 
female was removed to a separate cage and 
considered to be in dhy 1 of pregnancy. 
The average gestation period in this colony 
was 19 days. Following are the numbers of 
fetal mice studied during gestation: nine 
at 15 days, five at 16 days, 12 at 17 days 
and nine at 19 days. Also examined were 
14 newborn mice and nine after seven days 
of postnatal life. The fetal mice were re- 
moved from the uterus at 10 A.M., decapi- 
tated, and the cranium, with the brain 
intact, was immersed in Bouin's fluid for 
48 to 72 hours. The postnatal mice were 
killed by decapitation at 10 A.M. Subse- 
quent removal of the superficial cranium 
and brain stem provided rapid access to the 

base of the brain, which was flooded im- 
mediately with Bouin's fluid. The brain was 
excised, with care being taken to leave 
hypothalamo-hypophysial relations intact, 
although this was difficult in the case of 
the neonatal mice. Fixation was completed 
by immersion in Bouin's fluid for 24 to 48 
hours. The tissue from all mice was em- 
bedded in Paraplast and sectioned serially 
at 4 pm in either a transverse or sagittal 
plane. Every twentieth section was stained 
with cresyl violet to aid in the selection of 
sections for immunohistochemical study 
and identification of hypothalamic nerve 
cell nuclei. The cephalocaudal distribution 
of GnRH will be described throughout the 
organum vasculosum of the lamina ter- 
minalis (OVLT) and the median eminence. 

lmmunohis tochemistry 
Following removal of paraffin and hy- 

dration, the sections were prepared immu- 
nohistochemically by the peroxidase-anti- 
peroxidase (PAP) technique of Sternberger 
et al. ('70), with 3,3'-diaminobenzidine 
(DAB) being used as the label for GnRH. 
All antisera were applied for 30 minutes 
at room temperature. Nonspecific back- 
ground was reduced by treating sections 
with normal sheep serum before applica- 
tion of anti-GnRH,3 anti-IgG, and PAP (Pe- 
trali et al., '74). The majority of the speci- 
mens were labeled with antiserum No. 173, 
prepared by W. C. Dermody of Parke, Davis 
Research Laboratorie~.~ This was an anti- 
serum to unconjugated, synthetic GnRH 
which was used at a dilution of 1/600. In 
addition, several specimens from 17- and 
19-day-old fetal and newborn mice were 
labeled with either antiserum No. 154 from 
Doctor Dermody, which was generated 
against synthetic GnRH conjugated to 
limpet hemocyanin and used at a dilution 
of 1/300, or antiserum No. 12, obtained 
from Doctor R. P. Kelch of the University 
of Michigan which was generated against 
synthetic GnRH conjugated to bovine serum 
albumin and employed at a dilution of 
1/300. These were the maximal dilutions 
at which optimal labeling of GnRH was ob- 

3 Antisera will be indicated by the prefix "anti." 
added to the name of the antigen. 
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tained regularly. The preparation and spe- 
cificity of antisera Nos. 173 and 154 for 
demonstration of GnRH have been dis- 
cussed previously (Baker et al., '75; Der- 
mody et al., '73; Gross, '76). 

In order to verify the specificity of the 
immunohistochemical method for localiza- 
tion of GnRH, several control procedures 
were performed. First, GnRH antisera were 
preabsorbed with synthetic GnRH (Parke, 
Davis and Company). In the case of anti- 
serum No. 173, 20 p1 of a 0.1 % solution of 
GnRH was added to 20 p1 of a 1/300 dilu- 
tion of antiserum. This produced a preab- 
sorbed antiserum at a final dilution of 
1/600, the same as that used without pre- 
absorption. When antiserum No. 154 was 
preabsorbed with GnRH, the final dilution 
was either 1/300 or 1/800, with 0.1% or 
1% solutions of GnRH being used. The 
absorbed antisera were preincubated over- 
night. Second, to show that GnRH antisera 
were not contaminated with antibodies to 
other hypothalamic peptides they were pre- 
absorbed with 1 % arginine-vasopressin, 
oxytocin, or thyrotropin-releasing hormone 
(TRH). Third, to insure that labeling with 
antiserum No. 154 was not due to anti- 
bodies to hemocyanin, this antiserum was 
preabsorbed with a 0.1 % solution of hemo- 
cyanin. Finally, background staining was 
reduced by preabsorbing antiserum No. 
154 with acetone-dried mouse liver pow- 
der €or one hour at room temperature and 
then centrifuging at 18,000 rpm for 15 
minutes. Also normal rabbit serum was 
substituted for GnRH antiserum. 

RESULTS 

Fifteen and  16 days of gestat ion 
The OVLT was not well differentiated 

at 15 days of gestation. Although identi- 
fiable, the median eminence could not be 
differentiated into internal and external 
laminae. In all nine mice, GnRH was not 
detectable in any area of the brain at this 
stage of development (fig. 9). 

At 16 days there was little change in the 
morphology of the OVLT or median emi- 
nence. GnRH was still undetectable in both 
the OVLT and median eminence in all 
mice studied at this age. 

Seventeen days of gestat ion 
OVLT 

was still rather indistinct. Only a few blood 
vessels had penetrated the lamina termi- 
nalis in this region. A small amount of 
GnRH was present in the most cephalic 
portion of the OVLT of all 17-day-old fe- 
tuses (fig. 1). Here i t  was located near the 
ventral surface of the brain, lateral and 
dorsal to the blood vessels invading the 
lamina terminalis. Caudally, an increased 
amount of GnRH was detected ventral to 
the preoptic recess (fig. 5). 

Median eminence  
At 17 days, the superficial capillary plex- 

us was prominent in the area between the 
ventral surface of the median eminence 
and the well-defined pars tuberalis. GnRH 
was present in the median eminence of all 
12 17-day-old fetuses. In the cephalic re- 
gion of the median eminence, GnRH oc- 
curred in two narrow transverse bands 
close to the ventral surface of the brain 
(fig. 10). These bands extended quite far 
laterally, past the lateral limits of the pars 
tuberalis, median eminence and develop- 
ing arcuate nucleus. No GnRH was present 
under the infundibular recess in the me- 
dial part of the median eminence. More 
caudally, in the broad region of the median 
eminence, a slight aggregation of GnRH 
occurred dorsal to the lateral side of the 
beginning of the tuberoinfundibular sul- 
cus, close to the ventral surface of the 
brain (fig. 11). The GnRH in this region 
was adjacent to the superficial capillaries 
of the developing portal vascular system. 
No reaction product was present in an ad- 
jacent section stained with an antiserum 
to GnRH preabsorbed with an excess of 
synthetic GnRH (fig. 12), thus demonstrat- 
ing the specificity of the immunohistochem- 
ical labeling. In addition, no immunohisto- 
chemical labeling was observed when nor- 
mal rabbit serum was substituted for any 
GnRH antiserum. Absorption of antiserum 
No. 173 or No. 154 with arginine-vasopres- 
sin, oxytocin, or thyrotropin-releasing hor- 
mone, and absorption of antiserum No. 154 
with hemocyanin, was without effect. When 
employed on consecutive sections of speci- 
mens from 17- and 19-day-old fetal, and 
newborn mice, identical localization of 
GnRH was obtained with antisera Nos. 173, 
154 and 12. Caudal to this region, GnRH 
was located along the lateral sides of the 
deepened tuberoinfundibular sulci (fig. 
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At 17 days the morphology of the OVLT 13a). As in the more cephalic regions, the 
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foci of GnRH were close to the ventral 
surface of the brain and often were adja- 
cent to capillaries located between the me- 
dian eminence and the pars tuberalis (fig. 
13b). Again, foci were present far laterally, 
while no GnRH was seen medial to the 
tuberoinfundibular sulci. In the postinfun- 
dibular median eminence, GnRH was scat- 
tered in two narrow bands near the ventral 
surface of the brain (fig. 14). In the most 
caudal part of the median eminence, very 
little GnRH was present. When viewed in 
sagittal sections, the distribution described 
above for transverse sections was confirmed 
(fig. 15a), with most of the GnRH occur- 
ring near the ventral surface of the lateral 
region of the postinfundibular median 
eminence. The superficial capillaries of the 
supratuberal plexus were evident along the 
surface of the median eminence and, when 
viewed at  high magnification, the close 
relationship of GnRH to these capillaries 
was striking (fig. 15b). No GnRH was de- 
tectable within any neuronal cell bodies, 
nor in the cytoplasm of any ependymal 
cells. 

Nineteen days of gestation 
OVLT 

At 19 days of gestation, the blood ves- 
sels along the surface of the OVLT were 
conspicuous, although only a few capil- 
laries were present within the nervous tis- 
sue of the developing OVLT. GnRH was 
localized in the cephalic part of the OVLT 
(fig. 2 ) ,  with bodies labeled for GnRH 
being present dorsal and dorsolateral to 
the ependyma of the most cephalic end of 
the preoptic recess. More caudally, several 
foci were present ventral and ventrolateral 
to it (fig. 6). In both regions, GnRH was 
near the superficial capillaries and the 
ependyma of the OVLT. A small increase 
in the amount of GnRH in the OVLT had 
occurred subsequent to day 17. 

Median eminence 
By the end of gestation, early differen- 

tiation of the internal and external lami- 
nae was evident, and the arcuate nucleus 
was becoming more well-defined. The su- 
perficial capillary network of the primary 
plexus was increasingly well-developed. A 
marked augmentation in the amount of 
GnRH present within the median eminence, 
compared to the 17-day fetus, was appar- 

ent. Cephalically, GnRH was again located 
in two lateral bands at the ventral surface 
of the median eminence, with several of 
these foci lying adjacent to the capillaries 
of the supratuberal plexus (fig. 16). As the 
tuberoinfundibular sulci formed, the bodies 
labeled for GnRH were distributed over the 
apices of these shallow sulci, and were 
found in  two longitudinal bands along their 
lateral sides (fig. 17). As in the cephalic 
zone, no GnRH was localized under the in- 
fundibular recess. As these sulci deepened, 
GnRH accumulated in longitudinal bands 
located dorsal to the apices and lateral 
borders of the sulci (fig. 18). Near the re- 
gion of separation of the infundibulum 
from the brain, the greatest accumulation 
of GnRH occurred near the ventral sur- 
face of the median eminence (fig. 19a). 
Again, the midline region, which in the 
adult contained most of the reaction de- 
posit, was generally free of GnRH. The 
proximity of these putative granular de- 
posits of GnRH to the ventral surface of 
the brain was apparent at high magnifica- 
tion (fig. 19b). In the caudal part of the 
median eminence, a few foci of GnRH were 
scattered along the ventral surface of the 
most lateral aspect of the median emi- 
nence. In sagittal section, the accumula- 
tion of GnRH in the postinfundibular me- 
dian eminence was evident, as was the 
small amount near the ventral surface of 
the cephalic region (fig. 20). In no animals 
was GnRH detected in neuronal cell bodies 
or ependymal cells and their processes. 

The newborn mouse 
OVLT 

In the newborn mouse, capillaries of the 
OVLT were somewhat more prominent 
than those of the 19-day fetus, and the 
density of nerve fibers adjacent to these 
capillaries had increased slightly. GnRH 
was not consistently detectable in the OVLT 
of the newborn mouse (figs. 3,  7). Traces 
of positive reaction appeared in only two of 
14 animals, and the amount of DAB de- 
posited was so slight as to render its sig- 
nificance questionable. 

Median eminence 
In the newborn mouse, the internal and 

5 The terms “foci” and “bodies labeled for GnRH” are 
used synonymously to denote individual sites where 
oxidized DAB was deposited. 
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external laminae were distinguishable, al- 
though not well defined. The arcuate nu- 
cleus and pars tuberalis had attained a 
relationship to the median eminence simi- 
lar to that seen in the adult. The super- 
ficial, but not deep, capillaries of the pri- 
mary portal plexus were present. At all 
cephalocaudal levels of the median emi- 
nence, the amount of detectable GnRH 
was considerably less than that found late 
in gestation, and in  five of the 14 mice 
studied, no GnRH was observed in the me- 
dian eminance. In the cephalic part of the 
median eminence, the distribution of GnRH 
appeared to be similar to that in fetal mice, 
but the amount was markedly less (fig. 
21). No GnRH was found under the infun- 
dibular recess, and only a few diffuse foci 
were scattered along the lateral part of the 
median eminence. More caudally, GnRH 
was almost invisible, being restricted to a 
small cluster of light foci capping the shal- 
low tuberoinfundibular sulci (fig. 22). 
Slightly more GnRH was found dorsal to 
the deepened sulci (fig. 23a), but still the 
amount was considerably less than that 
seen in the fetus. When viewed at  high 
magnification, the immunoreactive depos- 
its were much lighter and more diffuse 
than those observed at the end of gestation 
(fig. 23b). A marked reduction in GnRH 
content was also evident in the postinfun- 
dibular median eminence (fig. 24), where 
it appeared only as a few diffuse deposits 
of DAB scattered laterally near the ventral 
surface. GnRH was not found in the caudal 
median eminence from 11 of the 14 ani- 
mals studied. 

The 7-day postnatal mouse 
OVLT 

At seven days, the OVLT was well-devel- 
oped. This was particularly evident in its 
component blood vessels which were prom- 
inent. In the cephalic part of the OVLT, 
GnRH was found in  the nervous tissue 
along the lateral sides of the central core 
of blood vessels (fig. 4). At this level, epen- 
dymal elements were not extensive and 
the foci of GnRH were often associated 
closely with capillaries of the OVLT. More 
caudally, GnRH accumulated ventral to 
the preoptic recess of the third ventricle, 
where the bodies labeled for GnRH ap- 
peared to encircle the cluster of capillaries 
found in this region (fig. 8). The close re- 

lationship of GnRH to these blood vessels 
was apparent in high-magnification views 
of the OVLT (fig. 8, inset). 

Median eminence 
By the seventh postnatal day, the essen- 

tial morphological components of the adult 
median eminence were present. The inter- 
nal and external laminae were clearly de- 
fined and the arcuate nucleus and pars 
tuberalis were well-developed. In addition 
to the presence of the superficial portal 
plexus, some capillary loops had penetrated 
the external lamina. The GnRH-containing 
neural processes in the cephalic portion 
of the median eminence were conspicuous 
as two bands in the lateral portions of the 
median eminence (fig. 25a). In addition, 
for the first time, GnRH was detected in 
the external lamina, under the infundibu- 
lar recess. The DAB deposits occurred near 
the ventral surface of the external lamina, 
adjacent to the pars tuberalis and the su- 
perficial portal capillaries (figs. 25b). Prox- 
imal to the shallow tuberoinfundibular 
sulci (fig. 26), GnRH was concentrated in 
two longitudinal bundles dorsal to these 
sulci. Several foci of GnRH were observed 
adjacent to the ependyma of the infundib- 
ular recess, and a few were occasionally 
present across the external lamina. More 
caudally, GnRH accumulated over the 
apices of the deepened tuberoinfundibular 
sulci (fig. 27). Several foci were present 
along the lateral sides of the sulci, and 
some occurred along the medial sides. Al- 
though GnRH did not extend across the 
median eminence in the external lamina, 
labeled neural processes were sometimes 
evident in the internal lamina, ventral to 
the ependymal cells lining the floor of the 
third ventricle. In addition, GnRH appeared 
in foci scattered from the apex of the tu- 
beroinfundibular sulci medially to the re- 
gion adjacent to the ependyma of the lat- 
eral recesses of the third ventricle. The 
greatest concentration of GnRH was found 
in the postinfundibular median eminence 
(fig. 28), where the labeled neural proc- 
esses formed narrow bands near the ven- 
tral surface and extended outward past 
the lateral boundary of the arcuate nucle- 
us. GnRH was also conspicuous in the mid- 
line, under the infundibular recess. Here 
some bodies labeled for GnRH occurred 
proximal to the ependymal cells lining the 
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third ventricle. The foci, when viewed at 
high magnification, were beginning to ac- 
quire the vesicular appearance character- 
istic of those in the adult (fig. 28, inset). 
Only a few foci of GnRH were found in the 
lateral aspect of the caudal region of the 
median eminence. The distribution of GnRH 
at this age was similar to that in the adult; 
a major difference was the lesser amount 
demonstrable seven days postnatally. Al- 
though not observed at any earlier stage 
of development, by seven days postnatally 
a few GnRH-containing neural processes 
had begun to show a beaded appearance 
similar to that apparent in the adult (fig. 
25b). 

DISCUSSION 

The organum uasculosum of the 
lamina terminalis 

This study has revealed, for the first 
time, the presence of GnRH in the OVLT 
of the fetal mouse. GnRH appeared at 17 
days of gestation and was present in a 
higher concentration by 19 days. As in 
the adult (Gross, '76), it was located prox- 
imal to the blood vessels of the OVLT. GnRH 
appeared in the OVLT at the same time 
in development as did GnRH in the median 
eminence, but the functional significance 
of GnRH in the fetal OVLT is not presently 
understood. Since no portal vessels are 
known to connect the OVLT with the pitu- 
itary gland, GnRH in the OVLT may not 
be involved directly in pituitary secretion 
of gonadotropin; rather it may function as 
a neurotransmitter, affecting the surround- 
ing nervous tissue. In fact, behavioral ef- 
fects, presumably mediated by a central 
nervous system site of action, are well doc- 
umented for GnRH, as well as for some 
other neurohormones, including TRH and 
somatostatin (Marx, '75). This probability 
is of particular interest in view of the 
presence of GnRH in the OVLT during a 
time when the neural control of sexual de- 
velopment may be especially active (Bar- 
racloug h, '66). 

GnRH was virtually undetectable in the 
OVLT of the newborn mouse, demonstrat- 
ing that a significant decrease in the con- 
tent of GnRH took place sometime between 
the last day of gestation and the morning 
of the first postnatal day. Further, at birth 
a marked decrease was noted also in the 
GnRH content in the median eminence. 

Thus the unknown factor or factors re- 
sponsible for the decrease may be similar 
for both the OVLT and the median emi- 
nence. 

As compared with the condition immedi- 
ately after birth, a significant increase in 
the store of GnRH in the OVLT had oc- 
curred by the seventh postnatal day. Con- 
currently the vascular pattern of the OVLT 
had become more complex, with the ap- 
pearance of a well-developed central core 
of blood vessels. These changes indicate 
that the morphological relationship be- 
tween GnRH, presumably stored in axons, 
and the vascular system had attained a 
stage of development similar to that in the 
adult. The increased concentration of GnRH 
in the postnatal OVLT may play a medi- 
ating role in sexual differentiation of the 
hypothalamic neuroendocrine regulatory 
system which is known to occur during the 
early postnatal stages of development (Bar- 
raclough, '66). High doses of exogenous 
GnRH can induce mating behavior in the 
rat (Moss and McCann, '73; Pfaff, '73), 
and McCann ('74) has suggested that GnRH 
may be released into the preoptic area, 
where it elicits this behavioral response. 
While the physiological role of GnRH in the 
OVLT remains obscure, on morphological 
grounds the OVLT appears to be function- 
ally competent by seven days after birth. 

The median eminence 
T h e  fetal mouse 

In this investigation, GnRH was detected 
in the median eminence of the 17-day-old 
mouse fetus. The position of the bodies 
labeled for GnRH is significant in light of 
the nature of the developing portal vascu- 
lar system. Glydon ('57) and Cambell ('66) 
have suggested that fetal hypophysiotropic 
releasing factors would not be able to reach 
the pituitary pars distalis because no cap- 
illary loops are present in the fetal me- 
dian eminence. However, the GnRH found 
in both 17- and 19-day-old fetuses was lo- 
cated close to the ventral surface of the 
median eminence. In this position, GnRH 
foci were almost directly adjacent to some 
of the superficial blood vessels of the de- 
veloping supratuberal plexus. This plexus, 
in the rat fetus, contains portal vessels 
connecting the superficial capillaries on 
the surface of the median eminence with 
the sinusoidal capillaries in the developing 
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anterior pituitary gland (Glydon, '57; Flor- 
sheim and Rudko, '68; Jost et al., '70). Pos- 
sibly, GnRH located near the surface of 
the median eminence may pass through 
the fenestrations of these superficial cap- 
illaries (Smith, '70) and reach the pitui- 
tary pars distalis. If this is true, fetal GnRH 
may stimulate gonadotropin release, since 
exogenous GnRH can induce release of 
LH and FSH from the hypophysis of fetal 
sheep (Foster et al., '72) and rats (Schafer 
and McShan, '74). 

While the subcellular location of GnRH 
in the fetus remains unclear, considerable 
evidence suggests that, in the adult rat, 
GnRH is stored in intra-axonal granules 
(Pelletier et al., '74; Goldsmith and Gan- 
ong, '75; Taber and Karavolas, '75; Cle- 
menti et al., '70). The appearance of GnRH 
in the median eminence of the 17- and 
19-day-old fetus can be correlated with the 
ontogenesis of such intra-axonal granules 
in the median eminence. In the mouse, 
nerve endings containing small dense-core 
granules first make contact with the peri- 
vascular space surrounding capillaries of 
the supratuberal plexus at 16 (Eurenius 
and Jarskar, '71) or 18 (Beauvillain, '73) 
days of gestation. Endothelial fenestrations 
also appear in the superficial capillaries 
at this time (Beauvillain, '73). 

Several other developmental processes 
related to neuroendocrine control of gonad- 
otropin secretion also appear to mature at 
17 to 19 days of gestation. The hypotha- 
lamic nuclei most commonly implicated in 
gonadotropin control (arcuate, ventrome- 
dial, suprachiasmatic) are well differenti- 
ated by this age (Coggeshall, '64; Hyppa, 
'69), and the appearance of GnRH in the 
brain is coincident with the appearance of 
monoamines, which are detectable in axons 
of the median eminence in the mouse at 
17 days of gestation (Bjorklund et al., '68) 
and in the rat at two days prior to parturi- 
tion (Simpson and Smith, '70). 

The demonstration, in the present in- 
vestigation, of the presence of GnRH in 
the OVLT and median eminence of the 
17-day-old mouse fetus represents the ear- 
liest age in development at which GnRH 
has been found in the brain. GnRH was 
not detected with bioassay in the fetal rab- 
bit median eminence by Cambell and Gal- 
lardo ('66), or with radioimmunoassay in 
the fetal rat brain by Araki et al. ('75). 

Our immunohistochemical identification 
of GnRH during late pregnancy supports, 
in general, the findings of Corbin and 
Daniels ('67), who used bioassay to detect 
GnRH in the 20-day-old rat fetus, of Barry 
and Dubois ('74), who localized GnRH.com 
taining nerve fibers with immunofluores- 
cence near the end of gestation in the 
guinea pig, and of Eskay et al. ('74), who 
found GnRH in the 18-day fetal rat brain 
with radioimmunoassay. The discrepancies 
in the results of different investigators are 
probably due to great variability in the 
sensitivity of the various assays used. It is 
well established that the unlabeled-anti- 
body immunohistochemical technique is 
extremely sensitive in detecting tissue an- 
tigens (Petrali et al., '74; Sternberger and 
Petrali, '75). This high sensitivity may ex- 
plain the early detection of GnRH in the 
present study in concentrations which 
would be missed by some assays. Also in 
agreement with our findings, Barry and 
Dubois ('74) reported that the amount of 
immunoreactive GnRH in axons of the 
fetal median eminence increased toward 
the end of gestation in the guinea pig. 
Whether the increase in GnRH content at 
term implies increased functional activity 
at the pituitary level remains to be deter- 
mined. 

The cellular source of GnRH in the fetal 
mouse was not clarified by our study since 
GnRH was not localized in any neuronal 
cell bodies. This result stands in contrast 
to the report of Barry and Dubois ('74), who 
found GnRH in several neuronal cell bodies 
at the end of gestation in the guinea pig. 
A similar discrepancy has been noted in 
adult animals, where these authors, but 
few others, have been able to demonstrate 
GnRH within neuronal cell bodies of the 
hypothalamus. 

As in the adult mouse (Gross, '76), no 
specific labeling of GnRH occurred in epen- 
dymal cell bodies or their tanycyte proc- 
esses. It has been suggested, on the basis 
of morphological evidence in the fetal 
guinea pig, that tanycytes may be impor- 
tant in transporting GnRH to the develop- 
ing portal blood vessels (Silverman and 
Desnoyers, '75). Our observations do not 
support this hypothesis in the mouse. 

The distributions of GnRH in brains of 
the fetal and adult mouse differed in sev- 
eral respects. The most marked difference 
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was quantitative, with only a small frac- 
tion of the adult concentration of GnRH 
being present in the fetus, even at 19 days. 
Second, GnRH occurred much farther lat- 
erally in the fetal median eminence than 
in the adult. Third, in contrast to the adult, 
GnRH was absent from the broad expanse 
of the median eminence under the infun- 
dibular recess. This is a significant obser- 
vation, because in the adult, most of the 
GnRH-containing nerve fibers terminate 
near capillaries of the primary portal plex- 
us in this region (Gross, '76). 

It thus seems clear, on the basis of our 
observations and those reported in the lit- 
erature, that the potential for neuroendo- 
crine control of gonadotropin secretion 
exists in the fetal mouse as early as 17 days 
of gestation. The extent to which this sys- 
tem functions during pregnancy remains 
to be determined. 

The newborn mouse 
The most striking feature about GnRH 

in the median eminence of the neonatal 
mouse was a marked decrease in content 
as compared to that of the 19-day-old fetus, 
even though the structure of the median 
eminence was more developed than at 
earlier stages, as observed in this and pre- 
vious studies (Beauvillain, '73; Eurenius 
and Jarskar, '71; Kobayashi et al., '68; 
Monroe et al., '72). One may assume that 
the decreased content of GnRH in the new- 
born mouse resulted from an extraneous 
influence, rather than being simply a com- 
ponent of developmental change. Barry 
and Dubois ('74) reported a similar phe- 
nomenon in the guinea pig. They found 
that GnRH was present in neuronal cell 
bodies at the end of gestation but disap- 
peared within a few hours after birth. They 
also reported marked variability in the 
amount of GnRH in nerve fibers of the me- 
dian eminence at this time. These obser- 
vations stand in contrast to studies in the 
rat (Araki et al., '75) and rabbit (Cambell 
and Gallardo, '66), in which GnRH was 
undetectable in the fetal brain, but was 
present in the newborn animal. Satisfac- 
tory interpretation of these data is com- 
plicated by the report of Corbin and Daniels 
('67), who were able to measure GnRH in 
the rat fetus, but found an increase in hy- 
pothalamic content in the newborn rat. 

One explanation for a decreased hypo- 

thalamic content of GnRH at birth is the 
dramatic change in endocrine environment 
to which the fetus is exposed. A marked 
rise occurs in the concentration of estrogen 
in maternal serum during the last few 
days of gestation in the rat (Waynforth 
and Robertson, '72; Waynforth et al., '72; 
Yoshinaga et al., '69; Mori et al., '74) and 
may be causally related to the early post- 
partum LH surge and ovulation that occur 
in the rat (Waynforth and Robertson, '72). 
On the other hand, an elevated estrogen 
level may inhibit gonadotropin release in 
the adult by acting on the hypothalamus 
(Ramirez et al., '64; Chowers and McCann, 
'65; Hobson and Hansel, '74; Libertun et 
al., '74), possibly by inhibiting GnRH re- 
lease (Blake et al., '74). It is conceivable 
that the high maternal estrogen level dur- 
ing the last few days of gestation inhibits 
GnRH release by the fetal hypothalamus, 
resulting in an accumulation of GnRH in 
the median eminence. This hypothesis re- 
quires that materno-placental steroids have 
access to the fetal circulation, an assump- 
tion for which there is considerable experi- 
mental evidence (Deanesly, '66). After 
birth this inhibition would no longer be 
present, and the GnRH which was present 
in the fetal brain might be released, result- 
ing in a reduced content of GnRH in the 
newborn. Evidence for the release of GnRH 
by the newborn hypothalamus comes from 
the data of Dohler and Wuttke ('74), who 
demonstrated high levels of LH and FSH 
in the serum of rats during the first two 
postnatal days, which may have resulted 
from stimulation of the newborn hypophy- 
sis by GnRH. The inhibitory action of go- 
nadal steroids on GnRH release is strongly 
supported by the observation that when 
these steroids are removed by castration, 
the release of GnRH into portal blood in- 
creases markedly (Ben-Jonathan et al., '73). 
Additional evidence for an effect of gonad- 
al steroids on hypothalamic content of 
GnRH comes from the observations that 
the amount of GnRH in the stalk-median 
eminence region fluctuates during the es- 
trous cycle in the rat (Ramirez and Sawyer, 
'65; Chowers and McCann, '65; Negro- 
Vilar et al., '70; Asai and Wakabayashi, 
'75). In addition, the elevated progesterone 
levels of pregnancy in the mouse (Forbes 
and Hooker, '57; Murr et al., '74) might 
be involved in this mechanism, although 
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the feedback effects of progestins on GnRH 
are not well understood (McCann, '74). 
Another possible explanation for the de- 
creased content of GnRH in the brain of 
the newborn mouse is that the stress of 
birth may have induced release of GnRH. 

Seven days postnatally 
The appearance of GnRH in the broad 

expanse of the median eminence at seven 
days occurred at approximately the same 
time that capillary loops begin to penetrate 
this region (Beauvillain, '73; Cambell, '66; 
Glydon, '57). In addition, several GnRH 
foci had assumed the vesicular structure 
characteristic of the adult median emi- 
nence. The presence of GnRH near the 
capillaries of the primary plexus, as well 
as the marked increase in the total amount 
at seven days, are morphological indicators 
of a maturing hypothalamo-hypophysial 
neuroendocrine system. 

The increased concentration of GnRH 
found in the mouse median eminence by 
seven days agrees with the radioimmuno- 
assay data of Araki et al. ('75) and Eskay 
et al. ('74) in the rat, and the immunofluo- 
rescence data of Barry and Dubois ('74) in 
the guinea pig. Possibly the feedback ac- 
tion of gonadal steroids becomes active at 
this time and results in an increased hy- 
pothalamic content of GnRH. Only small 
amounts of steroids are required to activate 
the hypothalamo-hypophysial feedback sys- 
tem in the immature rat (Ramirez and 
McCann, '63). Regardless of these hypoth- 
eses, i t  is clear that by the seventh post- 
natal day, the distribution of GnRH within 
the mouse brain has attained the signifi- 
cant characteristics of its distribution in 
the adult. 
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Abbreviations 

C, Capillary PC, Portal capillary 
E, Ependyma PD, Pars distalis 
EL, External lamina PI, Pars intermedia 
I ,  Infundibulum PN, Pars nervosa 
IL, Internal lamina PT, Pars tuberalis 
ME, Median eminence S, Tuberoinfundibular sulcus 
NA, Nucleus arcuatus V, Third ventricle 

All preparations illustrated were labeled with the PAP immunohistochemical pro- 
cedure (Sternberger et al., '70) utilizing antiserum No. 173 at a dilution of 11600. 

PLATE I 

EXPLANATION OF FIGURES 

Figures 1 4  are transverse sections of the organum vasculosum of the lamina termi- 
nalis (OVLT) cephalic to the preoptic recess of the third ventricle. Figures 5-8 are trans- 
verse sections of the OVLT just caudal to the cephalic end of the preoptic recess. x 275. 

Cephalic OVLT, 17 days of gestation. GnRH (black bodies and arrows) is located 
near the ventral surface of the brain, dorsal and lateral to the blood vessels invading 
the lamina terminalis. 

1 

Cephalic OVLT, 19 days of gestation. Several foci of GnRH (arrows) are present 
dorsal to the ependyma of the cephalic end of the preoptic recess. 

Cephalic OVLT, newborn. GnRH is not detectable in  the cephalic region of the OVLT. 

Cephalic OVLT, seven days postnatally. Bodies labeled for GnRH (arrows) are con- 
centrated lateral to the central core of blood vessels. 

Caudal OVLT, 17 days of gestation. Foci of GnRH (arrows) are found ventral and 
ventrolateral to the preoptic recess of the third ventricle. 

Caudal OVLT, 19 days of gestation. An accumulation of GnRH (arrows) occurs 
ventral to the preoptic recess. A slight increase in the content of GnRH has occurred 
since the seventeenth day of gestation. 

Caudal OVLT, newborn. GnRH is not detectable in the caudal part of the OVLT of 
the newborn mouse. 

Caudal OVLT, seven days postnatally. GnRH is concentrated ventral to the pre- 
optic recess. Note the marked increase in GnRH content of the OVLT that has  oc- 
curred by this stage in development. The inset shows the accumulation of GnRH 
surrounding the capillaries in the caudal part of the OVLT. x 600. 
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PLATE 3 

EXPLANATION OF FIGURES 

15a Sagittal section of the median eminence at 17  days of gestation. GnRH (arrows) is 
located near the ventral surface in the lateral region of the median eminence. 
GnRH foci are adjacent to the superficial capillaries of the primary plexus and to 
the pars tuberalis. Note the well-developed sinusoids in the pars distalis. X 120. 

High magnification of the region indicated by the center arrow in figure 15a. GnRH- 
containing deposits are close to the superficial portal vessels of the supratuberal 
plexus. X 1,000. 

15b 

Figures 16-19 are transverse sections of the median eminence at 19 days of gestation. 
X 140. 

16 

17 

18 

19a 

19b 

20 

GnRH (arrows) is localized in  two small bands in the lateral region of the cephalic 
part of the median eminence. 

A n  accumulation of GnRH occurs in  two bundles over the beginning tuberoinfun- 
dibular sulci. 

As the tuberoinfundibular sulci invaginate deeply, GnRH (arrows) is found dorsal 
to their apices and along their lateral sides. 

GnRH (arrows) is concentrated in two lateral bands in  the postinfundibular me- 
dian eminence. 

High magnification of the region outlined in figure 19a, showing the band of GnRH 
near the ventral surface. Note the increase in content of GnRH which has occurred 
throughout the median eminence subsequent to 17 days of gestation. x 600. 

Sagittal section of the median eminence at 19 days of gestation. Several foci of 
GnRH (arrows) are visible in  the cephalic region, while a marked accumulation 
occurs in the postinfundibular median eminence. X 120. 
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