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SUMMARY 

Using anti-LH-RH immune serum, LH-RH producing neurons were characterized in the hypothalamus 
from the 13th week of fetal life up to birth. The immunoreactive perikarya are concentrated in medio- 
basal, premammillary and anterior hypothalamus (lamina terminalis and rostra1 commissure region) 
and their axons contribute to the tuber0 infundibular tract. 

They terminate close to the blood vessels of the Mantelplexus before and after the apparition of 
the intra eminential loops (at the 16th week); immunoreactive fibres terminate also around the capil- 
laries of the vascular organ of the lamina terminalis and near ependymal epithelium. 

In the pituitary, gonadotropic and thyrotropic cells were immunocytologically demonstrated by anti- 
FSH absorbed with-HCG and LH, and anti-LH, anti-HCG and anti-TSH absorbed or not with c( 
LH. 

Only CI subunits were identified from the 8th to the 12th week. From the 13th week, B TSH subunits 
appear in the thyrotrophs. From the 15th week, BFSH and /ILH subunits responsible for biological 
activity were revealed in the same gonadotropic cells; the role of the human fetal hypothalamus in 
the differentiation of gonadotropic cells is discussed. 

INTRODUCTION 

The problems concerning the ontogenesis of the 
human gonadotropic hypothalamo-pituitary axis are 
of great complexity. They deal with: 

1. The differentiation and the activation of gonado- 

tropic pituitary cells, of the cholinergic and mono- 
aminergic pathways, and of the hypothalamic LH-RH 

producing neurons. 
2. The development of morphological and physio- 

logical neurovascular relations between the hypo- 
thalamus and the anterior pituitary. 

3. The development of the different regulating 
mechanisms of the “feedbacks”. 

These various aspects have been studied in fetuses 
of different ages by numerous methods such as: 

1. morphological and cytological studies [ 1,8,9, 

15,16,22]. 
2. biological and immunological dosages of the’ 

gonadotropic hormones, in the pituitary [l&27], in 

the blood [18,27] or produced in aitro by pituitary 
cultures [25,30,32,34]. 

3. radioimmunological [35] or biological [24,30] 

dosages of the LH-RH in the hypothalamus. 
4. study of the effect of the LH-RH in fetal pitu- 

itary cultures [32,34]. 
More recently, cyto-immunological techniques have 

turned out to be interesting for the study of the hor- 
monal production of the cells of the human fetal 
pituitary [l, 9, 10, 11, 15, 16, 19, 321. 

For our part we have been carrying out research 
for many years dealing with the morphological and 

* To whom correspondence should be sent. 

cytological aspects of the development of the human 
hypothalamo-pituitary complex. We have applied 
cyto-immunological techniques not only to the study 

of the various cell types of the pituitary, such as 
corticomelanotrophs [9, 10, 11,161, somatotrophs, 
gonadotrophs, thyrotrophs [15,16], but also to the 

hypothalamic LH-RH producing neurons [13,14] 

and somatostatin producing cells [17] during the 
fetal period in the human. 

Cytoimmunologicaf techniques provide many 
advantages in the field of fetal neuroendocrinology. 
They enable, due to their sensibility, the early detec- 
tion of very small quantities of hormones; moreover 
they represent the only means that permit a topo- 
chemical localization of the pituitary glandular cells 

or hypothalamic neuroglandular cells that produce 
hormones. 

This study is composed of two parts: The first one 
deals with our research into the anti-LH-RH im- 

munoreactive neurons and their fibres which are pres- 
ent as early as the thirteenth week of the human fetal 

life. We shall describe the morphology and the locali- 
zation of these neurons, the pathway and the destina- 
tion of their fibres, particularly those of the hypotha- 
lamo-infundibular “tract”, as well as the variations 
in the amount of immunoreactive material. The 
second part deals with the immunocytological study 
of the maturation of the pituitary cells producing 
glycoproteic gonadotropic (FSH and LH) and thyro- 
trophic hormones (TSH). The comparison of these 
two types of results about the hypothalamus and the 
pituitary has enabled us to put forward original data 
concerning the maturation and the functional aspect 
of the human fetal gonadotropic axis. 
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Table 1. Fetuses studied 

Fetal age 
in weeks Sex 

Weight 
in 

grammes 

Crown Delay 
rump between 
length death and 
in mm. fixation 

10 F 8h 
121 F 70 100 l/2 h 
13$ M 100 105 l/2 h 
16* F 240 130 112 h 
16$ F 250 135 3h 
161 F 250 135 3h 
173 F 270 155 3h 
19 F 310 160 10 h 
211 M 450 195 12 h 
223 M 500 180 lh 
23 M 480 180 12 h 
24t M 880 l/2 h 
25 M 920 220 10 h 
36 M 1700 2h 
40 M 3500 12 h 
40 M 2600 12 h 
40 F 2900 3h 

* brain fixed in Zamboni fluid and embedded in araldite 
t brain treated according to Falck and Hillarp technique 
$: fetuses whose pituitary was also studied. 

MATERIAL AND METHODS 

Our research was carried out on three newborn 
infants and 30 fetuses whose ages ranged from 6 to 
36 weeks. In some of them, we only studied the pitu- 
itary: in others, the hypothalamus; both were studied 

in six of them. The fetal age was determined accord- 
ing to the estimated date of fecondation*, the body 
weight and the crown rump length. All the subjects 

were spontaneously aborted alive or extracted alive 
by hysterotomy. 

1. Immunocytological study of LH-RH producing 
neurons 

A. Fetuses 

The brains were dissected with delays varying from 
f h to 12 h after death. The hypothalamus of the 24 
week old male fetus was lyophylized, treated with 

paraformaldehyde vapours, according to the Falck 
and Hillarp technique, embedded in paraffin and cut 
sagitally from 5 to 10pm. The hypothalamus of one 

of the 16 week old female fetuses was cut in small 
pieces, which were fixed in Zamboni fluid [formalde- 
hyde and picric acid in phosphate buffer (PAF)] for 
5 h, embedded in araldite, and cut at 3 pm. All the 
other hypothalamus were fixed in Bouin Hollande 
(without acetic acid) for 7 days, then embedded in 
paraffin and cut sagitally from 5 to 10pm. 

One section out of three was treated, for l-3 h, in 
a moist chamber by immuno-fluorescence (I.F.) or im- 

* By subtracting fifteen days from the date of the last 
menstrual period. 

t Roussel laboratories. 
$ Difco laboratories. 
ij Dosage made by Mr. Kerdelhue, Laboratoire des Hor- 

mones polypeptidiques (C.N.R.S. gif sur Yvette). 

munoenzymatic (I.E.) technique in PBS buffer pH 7.2, 
0.01 M, with the specific rabbit anti LH-RH y globu- 
lins diluted to l/20. After washing in buffer, the anti- 
LH-RH was revealed with sheep anti-rabbit y-globu- 
lins conjugated either with fluoresceine isothiocyanate 

(Pasteur Institute, final dilution l/SO) or .peroxydase 
(Pasteur Institute final dilution l/10). The substrate 
of the latter was diaminobenzidine and hydrogen per- 

oxyde. 

B. Immune serum (IS.) 

Preparation. Synthetic LH-RHT was conjugated 

with human serum albumin by glutaraldehyde 
according to the Barry and Dubois’s technical scheme 
[29]. After preparation, the conjugate was divided 

into unit doses corresponding to 0.4mg of synthetic 
LH-RH that were stored frozen at -20°C until use. 
Immunization carried out on four rabbits, was per- 

formed by injecting, one unit dose emulsified in the 
same vol. of Freund’s complete adjuvantl and divided 
into 40 intradermal injections in the back and in the 
roots of the limbs. These injections were repeated 

every 10 days. An intravenous dose of the conjugate 
alone was given one month after the fifth injection; 

Each animal received 2.4mg of LH-RH. Blood was 
collected every 10 days after the last injection. 

Purijcation. The antibodies reacting with human 
serum albumin were precipitated by adding human 
serum albumin and discarded by centrifugation. y 

globulins were isolated from the supernatant by a 
double precipitation with ammonium sulfate at 50’?< 
saturation. dialysed for 48 h against NaCl gr/l and 
stored frozen until use. 

Criteria of specificity. Every rabbit has produced 
antiserum giving significant binding of LH-RH by 
radioimmunoassay to a dilution varying from 

1/30,000 to l/40,000 according to the rabbit.8 Im- 
munocytological tests were performed on hypothala- 
mus of the fox, cat, dog, guinea pig, [12] and human 
fetus; immuno-reactive axons and perikarya (but only 
for the guinea pig and human fetus) were seen, even 

when anti LH-RH was diluted up to l/200. All the 
specific immunocytochemical stainings were abol- 
ished by prior addition of LH-RH to the immune 

serum (0.2 mg/ml of pure serum). No extinction of 
the staining was observed by adding somato-satin, 
or TRH (up to 1 mg/ml) or human serum albu- 

min. No staining was obtained in the five species on 
sections treated with anti-human serum albumin or 
anti-ACTH, instead of anti-LH-RH or with fluores- 
ceine or peroxydase conjugated anti-rabbit y globu- 
lins alone. 

2. Immunocytological study of gonadotrophs 

A. Fetuses 

Pituitaries, excised within two h of death, were fixed 
either uncut or cut, according to size, in Zamboni 
fluid [picric acid and formaldehyde in phosphate 
buffer (PAF)], dehydrated, embedded in araldite and 
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Table 2. Fetuses studied 

Age 
in weeks 

6 
8 
8 
8 
8 
9 

10 
11 
12* 
13* 
15 
15 
16 
16* 
16* 
17* 
21* 
22* 
26 

Weight Crown rump 
Sex in grams length in mm. 

- - 
M - 

F - - 

M - 
F - - 
F 70 100 
M 100 105 
M 200 
F 210 
F 240 130 
F 250 - 
F 250 
F 270 155 
F 450 195 
M 500 180 
M 710 

* fetuses whose hypothalamus was also studied. 

cut into serial semi-thin sections of one or two pm. 
After removing araldite with sodium methoxide, the 

sections were treated either by I.F. or I.E. with 
various immune sera directed against human hor- 

mones. 

B. Immune sera* 

We used anti-HCG, anti-human LH, and anti- 
human TSH, all of them crude, and anti-FSH 
absorbed with HCG. These antisera were submitted 
to tests of inhibition with the corresponding antigens 
on semi-thin sections. Moreover we have absorbed 
anti-LH and anti-HCG with tl LHt (1 mg/ml to make 
them fi LH specific) and we have also done the same 
with anti-TSH to make it BTSH specific by satu- 
ration of the anti-m-subunit antibodies. 

Anti-LH and anti-TSH were used diluted to l/100; 
anti-HCG and anti-FSH absorbed with HCG were 

used diluted to l/50. Each of the antisera both unab- 

sorbed and absorbed was applied on at least 2 semi- 
thin sections of each of the pituitaries. 

Table 3. Tests of inhibition 

Human-LH Human-TSH Human-FSH 
300 pg/mI 300 pg/mI 300 pg/mI 

anti-HCG _ + + 
anti-LH - + + 
anti-TSH + - + 
anti-FSH 
absorbed with + + - 
HCG 

_ total inhibition of the immunocytological reactions 
+ lack of total inhibition of the immunocytological 

reactions. 
-_ 

*Immune sera furnished by the National Institute of 
Health. 

TFurnished by the Dr. Bangham, (Medical Research 
Council London). 

RESULTS 

1. LH-RH peptidergic system 

a. Morphology of the neurons. Immunoreactive 

material, specifically reacting with anti-LH-RH im- 
mune serum, has been revealed in the perikarya and 
fibres in each of all the hypothalamus from the thir- 
teenth week up to birth. The great amount of this 
material enables the morphological, numerical and 
topographical study of the perikarya as well as the 
aspect and trajectory of the fibres. The neurons pres- 
ent important variations in the intensity of the im- 

munocytochemical reaction. probably corresponding 

to differences in the charge of intracytoplasmic 

immunoreactive material. They are of great size, 
ovoid or pyriform, sometimes of unipolar or bipolar 

aspect with a thin and varicose axon and eventually 
with a wide and thick dendrite (Fig. 1, photos 4 
and 5). 

Immunoenzymatic technique with peroxydase con- 

jugate brings out the granular aspect of the immuno- 
reactive intra-cytoplasmic material (Fig. 1 photos 6 
and 7). Sometimes, the Golgi area appears unstained 

near the nucleus, and is frequently directed towards 
the departure of the axon. With Herlant’s tetrachrome 
applied after I.F., immunoreactive neurons present a 

cyanophyl and granular cytoplasm [13]. 
b. Topography and abundance of the neurons. In 

order to establish the topography of these neurons 
and estimate their number, we have studied one sec- 
tion out of three by immuno-cytology. We have 
observed great variations in the number of the 
neurons according to the fetuses which are most likely 
due to their LH-RH physiological charge but also 
to the variations in the quality of the immunocyto- 
logical results in a particular biological material. The 

histological quality of this material depends on the 

variations in the delay between death and fixation. 
Moreover we consider that some difficulties in the 

staining are due to the fixation (duration, size of 

blocks varying with the fetal age) and to the thickness 
of the sections, both of them taking part in the pene- 
tration of globulins in nervous structure containing 

LH-RH. 
We have observed from about ten to more than 

one hundred and fifty immunoreactive neurons 
according to the hypothalamus. In the thirteen week 
old male fetus, we have revealed more than 40 of 
them, and more than one hundred in each of the six- 
teen week old female fetuses. They are still numerous 
at the ninetenth week. They seem to be less numerous 
from the twenty first week up to birth but their 
number increases during the perinatal period and we 
have counted more than sixty of them in some of 
the newborn infants. 

We have established the topography of the anti- 
LH-RH immunoreactive neurons from our observa- 
tions in the hypothalami where they were the more 
numerous. We have observed, in areas of highest con- 
centration, up to six cells for each 5 micron section 
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Fig. 1. Immunoreactive fibres and perikarya with anti LH RH (16 week old female fetuses), Immuno- 
fluorescence (LF.) or immunoenzymology (I.E.). Semi-thin sections of PAF fixed hypothalamus (photos 
1, 2, 3, 6 and 8). 5 n sections of paraffin embedded tissue after Bouin Hollande fixation (photos 4, 
5 and 7). Photos l-3: nodular aspect, abundance and orientation of the I.F. fibres in the posterior 
lip of the median eminence in 3 different semi-thin sections; low magnification: photo I; higher magnifi- 
cation: photos 2, 3. Note the direction of the fibres and of their radiating collaterals near the periphery 

of the M.E. and the blood vessels’ of the Mantelplexus. 

studied. These LH-RH producing neurons are never 
grouped in a nucleus, as such, but scattered in several 
preferential areas of dispersion in some median areas 
of the anterior, middle and posterior hypothalamus 

(Fig. 4). They are numerous in the anterior hypothala- 
mus and are scattered before and above the rostra1 
commissure and even more above it in the septal 
region. They can be found in great number, in several 
fetuses, in the lamina terminalis where they are prefer- 
entially located in the external cellular layer behind 
the capillary net of the vascular organ that is very 
developed in the human [20,21-j. In the mediobasal 
hypothalamus, they remain in the lateral walls of the 
infundibulum and in the posterior lip of the median 
eminence (the pars caudalis tuberi being much devel- 
oped in the human) where there originates an impor- 
tant bundle of hypothalamo-infundibular fibres. They 
are less numerous just behind the optic chiasma (the 

pars oralis tuberi being little developed in the human). 
Finally, in the posterior hypothalamus, some of them 
are dispersed between the premammillary recess and 
the mammillary bodies, though they are less 
numerous above and behind these structures. 

Immunoreactive fibres are difficult to reveal in sec- 
tions of paraffin embedded tissue, particularly when 
these sections are thick (10 pm); this explains their 
apparent small number, though they can be observed 
as early as the 13th week. Our studies on 3 1~ semi- 
thin sections of araldite embedded tissue have 
revealed the very great number of fibres in the various 
areas where we had previously observed only a small 
number of them in sections of paraffin embedded tis- 
sue. Most of the time these fibres appear to be very 
thin, with a nodular aspect, though exceptionally they 
appear to be widened, with a varicose aspect. They 
form various contingents: the most important of these 
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Fig. 2. Immunoreactive (I.R.) fibres with anti-LH-RH IS. in the lamina terminalis (L.T.) (16 week 
old female fetus). Immunoenzymatic techniques: in semi-thin section after PAF fixation. Photo 1: 
fibre bundle aspect in the external layer of the L.T. Note a cell (arrow). Photo 2: Endings (arrows) 
close to a capillary of the vascular organ of the L.T. Photos 3 and 4: perivascular fibres (arrows) 
near the ependymal epithelium; tangential (photo 3) or transversal (photo 4) section of the capillary. 

Photo 5: aspects of I.R. fibres (arrows) in the ependymal epithelium. 

go from the hypothalamus to the infundibulum, par- 
ticularly into the posterior lip of the median 
eminence, whereas the fibres are few in number in 
the anterior and lateral areas of the median eminence 

(Fig. 1, photos. 1, 2, 3). These fibres give rise to radiat- 
ing collaterals which go perpendiculary to the stem 
axis, towards the blood vessels of the Mantelplexus 
where they terminate against the capillaries by 
widened endings filled with immunoreactive material 
(Fig. 1, photo. 8). From the sixteenth week, some 
fibres terminate close to the intra-eminential loops 
of the primary plexus. These fibres are also present 
in the lamina terminalis; we have observed only a 

few of them in sections after paraffin embedding; in 
semi-thin sections of lamina terminalis of the sixteen- 
week-old fetus, we have shown clearly an important 

bundle of fibres parallel to the main axis of the lamina 
terminalis, in its external layer. This gives rise to col- 
aterals that terminate close to the deep capillaries of 
the vascular organ. A few of them terminate with 
widened endings in the ependymal epithelium (Fig. 2). 

Some fibres make their way towards the epitha- 
lamus and hypocampic area, probably coming from 
LH-RH producing neurons of the anterior hypothala- 
mus. Others go towards the mesencephalon probably 
arising from neurons of the premammillary areas, 
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Fig. 3. immunoreactive (I.R.) gonadotrophs and thyrotrophs in the human fetal pituitary (16 week 
old female fetuses). Semi-thin sections; PAF fixation. ~mmunofluorescen~ (I.F.) (photos I-8). Immuno- 
enzymology (I.E.) (photos 9, 10). Photos 1-3: indifferent staining by anti HCG (photo 1) by anti-LH 
(photo 2) by anti-TSH (photo 3) of the glycoproteic hormone containing cells (gonadotrophs and 
thyrotrophs) in serial semi-thin sections. Anti c1 subunit antibodies are responsible for this staining 
that does not permit a differentiation between thyrotrophs and gonadotrophs. Photos 4-6: Many 
glycoproteic hormone containing cells are stained by the anti-TSH immune serum (photo 5) but only 
one thyrotroph cell (long arrow) is revealed by immuneserum (IS.) specific for PTSH subunit in 
the adjacent semi-thin section (photo 6). The fi LH specific I.S. reveals only the cells that are gonado- 
trophs (photo 4) (smah arrow). Photos 7 and 8: adjacent sections of the same gonadotrophs indifferently 
revealed with fiLH specific IS. (photo 7) or one specific for fiFSH (photo 8). Photos 9 and 10: 
the same results as those above with I.E. technique. With BLH specific I.S. (photo 9) and /?FSH 

specific IS. (photo 10). 
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Fig. 4. Topography of the LH-RH producing perikarya and their fibres in the human fetal hypothala- 
mus. Perikarya are localized in several hypothalamic areas such as: The septopreoptical area: (the 
septum, before and above the white anterior commissure (1) in the lamina terminalis and its surround- 
ings (2)). The mediobasal area: behind the optic chiasma (3) but also above the posterior lip of the 
median eminence (4). The premammillary area (5). Fibres are grouped in various bundles which are 
essentially in the hypothalamo-infundibular area. The most important of them makes its way in the 
floor of the posterior lip and terminates close to the vessels of the Mantelplexus. The extra hypophyseal 
fihres form themselves into a contingent in the lamina terminalis where they terminate around the 
capillaries of the vascular organ in contact with or inside ependymal epithelium (+). Some fibres 

make their way towards the hypothalamus and others towards the mesencephalon (arrows). 

2. Gonadotropic artd thyrotropic cells 

All our results are summarized in Table 4. In the 
sixth week, no cell could be revealed by the various 

antisera. As early as the 8th week of the development, 
a few cells, scattered in the epithelial cords, were 
revealed by anti-HCG, anti-LH, and anti-TSH but 
no staining was observed by the same antisera 
absorbed with c( LH (specific for the fiLH or the 

p TSH subunits). 
The examination of the homologous fields of con- 

secutive semi-thin sections treated by the anti-TSH, 

anti-HCG, and anti-LH has shown that the same cells 
were indifferently revealed by the three IS. which do 
not permit any immunocytological distinction of 
gonadotrophs and thyrotrophs. From the 8th to the 
12th week, these cells increased in number but im- 
munocytological results stayed the same (Fig. 3. 
photos l-3). At the 13th week, among the cells stained 
by the I.S. directed against the total hormones, it was 
possible to isolate a few thyrotrophs by revealing 
them electively by anti-TSH absorbed with c( LH (spe- 
cific for fl TSH). 

It was not before the 15th week that gonadotrophs 
could be revealed either by anti-HCG, IS. or anti-LH 
IS. previously absorbed with c( LH, and by anti-FSH 
previously absorbed with HCG and LH. 

The study of serial sections treated by one or 
another of these I.S. confirmed that the same cells 
contain the two p subunits of LH and FSH simul- 
taneously (Fig. 3, photos. 7710). 

DISCUSSION 

1. LH-RH neurons 

We shall remark once again that the value of our 
results is strictly dependant on the cytoimmunological 
techniques we used, on the numerous verifications of 
the specificity of our anti-LH-RH I.S. and the elective 

staining, with I.F. and I.E. (all this being on sections 
of paraffin embedded tissues, fixated with Bouin Hol- 
lande, also on lyophylised material treated according 

to the Falck and Hillarp technique, and finally on 
semi-thin sections of PAF fixated material embedded 
in araldite). These controls enable us to consider that 

our observations are a good immunological proof of 

Table 4. Cytoimmunological results as a function of fetal 
age 

6 8 13 15 22 

anti-HCG 
anti-LH 
anti-HCG 

+ + + + 
- + + + + 

absorbed with ct LH - - - + + 
anti-LH 
absorbed with a LH - - - + + 
anti-FSH 
absorbed with HCG - - - + + 
anti-TSH + + + + 
anti-TSH 
absorbed with G~LH - - + + + 
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the presence of LH-RH in the human hypothalamus 
at the 13th week of fetal life (at least in the male). 
Beside this, from a cytoimmunological point of view. 
this LH-RH can be seen with a granular aspect in 
the perikarya. It is thus elaborated in them and trans- 
ported in the crinophore axons (and maybe in the 
dendrites) of the neurones. The preferential localiza- 
tion of the LH-RH producing neurons in various 

anterior, mediobasal and posterior areas of the hypo- 
thalamus shows the large extent of the regions im- 
plied in the production of LH-RH and therefore in 

the control of the gonadotropic axis. 
The LH-RH peptidergic system is present in the 

13 week old fetus, and the study of the trajectory 
and the destination of these fibres raises problems 
dealing with the peptidergic system and its capacities 

of control over the fetal pituitary and perhaps over 
the nervous structures, by its extra hypophyseal fibres. 
In the 13 to 16 week old fetuses, the presence of the 

endings of the hypothalamo-infundibular fibres 

against or close to the Mantelplexus vessels (the only 
vessels present at this period) shows the possibility 
of hypophysiotropic action of the LH-RH by neuro- 
hemocrm pathways thanks to the portal blood ves- 
sels. From the 16th week onwards, when the forma- 
tion of the intra-eminential loops takes place, (corre- 
sponding to an increase in the complexity of the intra- 

eminential neurovascular structures), our observa- 
tions show the presence of only a few LH-RH endings 
in their perivascular spaces while there still remain 
many endings of LH-RH radiating collaterals in the 
periphery of the median eminence and in the stem 
near the vessels of the Mantelplexus. In semi-thin sec- 
tions of PAF fixed median eminence of a 16 week 

old female fetus, we confirm the great number of im- 
munoreactive fibres and endings especially in the 
floor of the posterior lip which is well developed in 

the human. 
The functional signification of the fibres of the 

lamina terminalis and their endings against the deeply 
situated vessels of the vascular organ and in the epen- 
dymal epithelium is difficult to explain. Hypotheses 
have been raised after similar observations in other 
species [ref. in 71. For the moment, the destination 
of the other extra hypophyseal fibres (of the epitha- 
lamus and mesencephalon) remains unknown in the 

human fetus. It raises the problem of the eventual 
existence of a neuro transmission system which would 
modulate the functioning of other neurons [ref. in 71. 
Be that as it may, it is quite sure that the LH-RH 
peptidergic hypothalamo-infundibular system is 
already present at the 13th week of fetal life. 

From an anatomical point of view, our results in 
the human fetus concur with those established in 
other adult primates [47]. This is particularly true 
for the intra-hypothalamic repartition of the im- 
munoreactive cells and for the trajectory and endings 
of their fibres. Besides this, all of our results concur 
with the experiments of total disconnection of the 
mediobasal hypothalamus, where a hypothalamic 

control of the LH production of these primates is 
undisturbed even after section [28]. 

For some authors [31] the human fetal hypothala- 
mus has an “LH RH like” activity on hypophysis 
cultures only when they, the hypothalami, are taken 
from 19 week old female fetuses or from 24 week 
old male fetuses. However, hypothalamic extracts 

would not have an LH-RH biological activity in 
female rats in pro-oestral period with blocked ovula- 
tion, before the 16th week of fetal life [24]. 

Finally, immunoreactive LH-RH could be revealed 
in the brain of four and a half week old human 

fetus [35]. This last study does not disagree with our 

observations since a small number of cells, or weakly 
immunoreactive cells, may not have been revealed in 
our young fetuses of 10 and 12 weeks, or the brains 
studied by Winters et al. could have contained mater- 
nal or even placental LH-RH [23] which could 
explain this early appearance of LH-RH. Further- 

more our results can be compared with those 
obtained in other mammal fetuses [2,3] whose 

neurons were also easily stained in some females dur- 
ing the period of important ovarian growth and dur- 
ing the postnatal period. 

2. Gonadotropic and thyrotropic cells 

Our results show that the production of pituitary 
glycoproteic hormones begins with the 8th week of 
fetal life. It is not possible to differentiate the gonado- 
trophs from the thyrotrophs, from the 8th week up 
to the 12th week, for all these cells are indifferently 
revealed by one or another of our anti-HCG. anti-LH 
or anti-TSH immune sera, whereas none of them is 

revealed by our IS. specifically directed against the 

p subunits of these very hormones. These facts lead 
us to think that these differentiating cells must con- 
tain only a subunits (revealed by the antibodies di- 

rected against total hormones) of one or another of 
the pituitary glycoproteic hormones during the period 
going from the 8th up to the 12th week of fetal devel- 
opment. 

At the 13th week, our BTSH specific IS. reveals 
some cells of this population, whereas the anti-8 FSH 
and anti PLH I.S. do not reveal any of them. We 
can say then, that the first differentiation of the thyro- 
trophs, which are, in all probability, able to synthetize 
an active TSH, takes place at this time. The time 
these cells appear concurs with other cytoimmunolo- 
gical studies of the human fetus [l]. It also agrees 
with the results of some hormonal dosages [30], and 
with the period of development and organisation in 
vesicules of the thyroid, which can capture iodine as 
early as the thirteenth week. 

At the 15th week, cells which were not revealed 
so far by PTSH specific IS. can be stained either 
by flLH or BFSH specific I.S. This shows us that 
from this period on, gonadotrophs are fully differen- 
tiated and can produce active LH and FSH as well. 
So there is a single kind of gonadotropic cell which 
can produce both FSH and LH in the human 
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fetus [32] as well as in the adult [33]. This last result, 
dealing with the complete maturation of gonado- 
trophs not later than the 15th week and obtained 
with IS. directed against human hormonal antigens, 
is a provisory one until verifications are made with 
the 13 week old female fetuses and with the 14 week 
old male and female fetuses. Be that as it may, the 
differentiation of LH and FSH producing cells seems 
to occur after the differentiation of thyrotrophs. The 
period when the gonadotrophs appear has been esti- 
mated differently according to the authors who used 
IS.. prepared (except for HCG) with nonhuman hor- 
monal antigens (ovine, bovine or porcine) that were 
sometimes made specific for the human PLH subunit 
but never for the fi FSH subunit. 

P. M. Dubois and M. P. Dubois[lO], using anti- 
ovine LH I.S., anti-porcine @LH and CZLH IS., and 
anti-HCG T.S. state that CL LH can be revealed in cells 
at the 8th week but that fiLH is only seen at the 
16th week in female fetuses and at the 20th week 
in male fetuses. In 1974, Pasteels et al.[32], using anti- 
ovine LH IS. and anti ovine-FSH (the latter being 
directed against human FSH and LH) detected LH 
as early as the 10th week and FSH at the 8th week. 
BakerElf reveals cells thanks to an anti HCG at the 
10th and a half week and at the 13th week only with 
an anti-ovine jl LH. 

If we compare these results with ours, our own 
studies look more significant since they have been 
carried out on a material which is pa~icularly favor- 
able to cyto-~munologi~al detection and with an I.S. 
directed against human hormones, particularly 
against human BLH and /3FSH subunits. 

In 1969, Levina, using biological dosages, revealed 
an FSH activity in pituitary extracts of 13 to 14 week 
old female fetuses and of 21 week old male fetuses, 
but after noting a biological LH activity in the female 
fetus at the 18th week, noticed that LH is revealed 
by immunological techniques as early as the 13th 
week in both female and male. In 1976, Kaplan and 
Grumbach [27] using radioimmunological dosage, 
detected, in the pituitary, LH and FSH from the 68th 
day, and in the serum, FSH and LH from the 84th 
day and 99th day respectively. Groom [ZS] by incu- 
bating pituitaries detects LH and FSH in the 8th 
week old fetus but Hagen [26] states that he reveals 
a great quantity of glycoproteic a subunits in the 
pituitary extracts of nine and a half week old to 16 
week old fetuses and that #I FSH and p LH subunits 
appear near the 16th week in both sexes. 

3. General discussion 

The development of the LH-RH hypothalamic sys- 
tem and the establishment of its neurohemal relation- 
ship with the vessels take place before the maturation 
of pituitary gonadotrophs and particularly before the 
synthesis of the PFSH and flLH subunits which 
occurs near the 15th week in the same gonadotropic 
cell type. The observations of a greater number of 
cells revealed by our anti LH-RH in the 16 week 

old female fetuses may correspond to the increase of 
production of LH and FSH in the female fetus at 
this stage of development [18,27]. 

The great sensibility of gonadotrophs to the action 
of the LH-RH was tested in uirro on hypophyseal 
cultures. An effect on the LH and FSH secretion 
could be observed at the 13th week [32] as well as 
on the LH secretion at the 16th week [34]. 

In order to know more about the role of the pitu- 
itary gonadotrophs in the human fetus and about 
their early control by the hy~thal~ic LH-RH pro- 
ducing neurons we are carrying out further investiga- 
tions aimed at discovering eventual differences in the 
behavior of these neurons. These differences could 
correspond to the variations in the level of LH and 
FSH in the blood, the hypophysis and the amniotic 
fluid according to the fetal sex and age [lS]. 
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DISCUSSION 

Hagen. Thank you for a very nice paper. I would like 
to ask you. whether you have studied the specificity of 
your antisera. Have you for example tried to see whether 
antiserum against b-FSH is able to bind labelled or-subunit 
and intact FSH. The reason for asking is. that we have 
found that all our antisera tested. were able to bind 
labelled intact hormones as well as subunits. 

Block We did not use radioimmunoassay, but as indi- 
cated before, we verified the specificity of the immune sera 
(table 3) by cytoimmunological tests. For example, we con- 
trolled the immunocytological staining, observed with anti 
FSH absorbed with HCG (specific for p FSH), was not 
abolished by addition of LH. But this staining disappeared 
after addition of FSH. 

In the same way, we verified the specificity of anti LH 
and anti TSH. In particular, we carefully verified that the 
staining obtained with anti LH absorbed with a LH (speci- 
fic for fi LH) was not modified by addition of FSH. 

Kalra. Did you find LH-RH in the cell bodies of the 
neurons in the arcuate nucleus? 

BIoch. We have detected LRF containing neurons in the 
mediobasal hypothalamus. It is probable that a part of 
these neurons belong to the infundibular nucleus but we 

cannot ascertain it so far. Barry et ul. (ref. [6] in text) in 
the adult squirrel monkey, indicated that some LRF 
neurons are located in the infundibular nucleus. 

Kalra. But in the same sample you did observe LH-RH 
in the perikarya of cells of the anterior hypothalamus? 

Bloch. Yes, particularly in the external layer of the 
lamina terminalis and before and above the white anterior 
commissure. 

Kalra. Did you see any difference in the timing of the 
appearance of LH-RH activity in the nerve terminals and 
cell bodies in the hypothalamus during fetal life? In other 
words. does LH-RH appear in the cell bodies before it 
does in the nerve term&ls? 

Bloch. In the younger fetus studied in which we found 
LRF, at the 13th week. this hormone was present in the 
nerve endings of the median eminence and in the peri- 
karya; but at earlier stages, it will be perhaps possible 
to observe LRF preferentially in nerve endings or in peri- 
karya? 

Barry et al. in the guinea pig fetus (ref. [2] and [3] in 
text) found that LRF was detectable first in the median 
eminence at the 48th day of gestation and only after in 
the perikarya (55th day). 
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Swaab. I should like to make a general comment on 
the problem to prove specificity of immunolocalization 
techniques. The absorption tests you mentioned are not 
sufficient for this purpose. If no staining is obtained any- 
more after absorption of the antibody to the antigen it 
does not prove more than that all the antibodies were 
directed to the antigen used. It does not exclude cross reac- 
tion. As an example we can mention our problems with 
antibodies raised to synthetic arginine-vasopressin (AVP). 
These antibodies allowed a good tissue localization of 
AVP. Solid ohase absorntion of the anti-AVP with AVP 
prevented any staining. i-et. in rats that lack AVP by a 
genetical defect. i.e. homozygous Brattleboro rats, a com- 
parable bright immunofluorescence was found. This 
appeared to be due to cross reaction to the structurally 
closely related hormone oxytocin. The cross reacting anti- 
bodies could be removed from the plasma by absorption 
to oxytocin (Swaab and Pool, 1975). The same problems 
were met in the ACTH/x-MSH peptide-family (Swaab et 
al., 1976). In addition, radioimmunoassay (RIA) cannot 
help us to characterize the antibodies for immunolocaliza- 
tion procedures. The difference between these two tech- 
niques is at least partly due to the quite different dilution 
in which the antibodies are used in RIA and immunolocali- 

zation. Immuno-electronmicroscopy allows observations in 
the dilution range between those applied in RIA and im- 
munolocalization. Thus we observed that cross reaction 
with e.g. oxytocin gradually disappeared when dilutions 
of the antibody against vasopressin were increased (Van 
Leeuwen and Swaab. 1977). Specificity has thus to be stud- 
ied in the antibody dilution also used in the immunolocali- 
zation technique. 

Bloch. The specificity of the immunocytological tech- 
niques and of the radio-immunoassay depends on the 
specificity of the antiserum. 

We used our antisera diluted from l/50 to l/400; though 
the dilution was less important than for R.I.A. some im- 
munocytological tests permitted to control the specificity 
of the stainings obtained either by I.F. or by I.E.: for 
example, the prior saturation of anti LH RH with LH 
RH, totally inhibits the staining. Other neuropeptides as 
TRH, SRIF, oxytocin or human serum albumin are unable 
to inhibit the staining. No reaction was obtained with 
fluoresceine or peroxydase conjugate alone. Other antisera 
as anti ACTH or anti HCG do not reveal any structure 
in the hypothalamus, Anti somatostatin or anti oxytocin, 
or anti neurophysin reveal neurons in very different locali- 
zation and of different aspect. 


