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The human fetal pituitary is capable of 
producing gonadotropin as early as 9-10 
weeks fetal age ( 1 ,  2). Although a direct 
v a s c u l a r  c o n n e c t i o n  b e t w e e n  t h e  
hypothalamus and the anterior pituitary 
gland may not become established until as 
late as 18-20 weeks of fetal age (3, 4), the 
finding of immunoreactive gonadotropin- 
releasing hormone (GnRH)-like activity in 
the hypothalamus as early as 6-8 weeks of 
fetal age (5, 6) suggests the possibility that 
pituitary gonadotropin secretion is under 
hypothalamic regulation from its inception. 

There is a clear sex difference in fetal pi- 
tuitary gonadotropin secretion during the 
second trimester of pregnancy ( 1 ,  2,7). Cir- 
culating levels of both FSH and LH are 
considerably higher in female than in male 
fetuses. This sex difference presumably re- 
sults from secretions by the fetal testis (8); 
if these act to suppress gonadotropin secre- 
tion at the hypothalamic level, this should 
be  re f lec ted  by  a sex  d i f f e rence  in 
hypothalamic GnRH content. 

T h e  p r e s e n c e  of  i m m u n o r e a c t i v e  
G n R H - l i k e  m a t e r i a l  i n  t h e  f e t a l  
hypothalamus has been confirmed recently 
by a number of workers (5 ,6 ,  9- 12). How- 
ever, interpretation of these data has been 
difficult because of major differences in the 
a m o u n t s  m e a s u r e d  a m o n g  v a r i o u s  
laboratories. This variability might be ex- 
plained by differences in the selection of 
specimens, in their processing, or in the 
specificity of the assay procedures used. 
Tissue processing is of particular impor- 
tance, both because proteolytic degradation 
of GnRH in tissue is rapid (13) and because 
GnRH may exist in the hypothalamus in a 
protein-bound complex (14). 

The present study was designed to assess 
the effects of different storage and extrac- 
tion procedures on GnRH determinations 

and to document whether the immunoreac- 
tive GnRH activity corresponds to the in- 
tact decapeptide hormone. The methods 
developed were then utilized to determine 
hypothalamic GnRH content in previable 
human fetuses during the period of sexual 
differentiation in order to clarify the re- 
lationship of GnRH to pituitary gonadotro- 
pin secretion at this time. 

Materials and methods. Fifty-eight fetal 
specimens of ages ranging from 8-17.5 
weeks' were obtained by hysterotomy 
performed because of gynecosocial indica- 
t ions on  o therwise  heal thy pregnant  
women. Sex was verified by karyotype 
and/or gonadal histology in the smaller 
fetuses, and by inspection of the external 
and internal genitalia in those over 5 cm 
crown-rump length (16). 

The brain was exposed and removed 
from the skull. Hypothalamic specimens 
were obtained through an incision which 
started anteriorly just  behind the optic 
chiasm and continued medial to the optic 
tracts, and then posterior to the mamillary 
bodies. This area was excised to procure a 
tissue block about 4 mm in depth. Wet 
weights varied from 20- 125 mg. In 33 cases 
additional brain specimens, weighing from 
70 to 430 mg, were excised from one of the 
occipital lobes. After being weighed, the 
tissue blqcks were frozen (-20") either di- 
rectly or ih 2 ml of 0.1, N HCl within 20-30 
min of fetal delivery. 

At the time of assay, the acid-frozen 
specimens (n = 44) were thawed and 
homogenized (in acid) on ice in a glass 
homogenizer. Homogenization of speci- 

Fetal age was derived from crown-rump length 
data according to Patten ( 15). 

437 
OO37-9727/80/03O437-08$0 1.00/0 
Copyright @ 1980 by the Society for Experimental Biology and Medicine. 
All rights reserved. 



438 GnRH IN THE HUMAN FETUS 

mens fresh-frozen without acid was car- 
ried out either in 2 mlO.1 N HCl (n = 6) or 
in 2 ml 0.01 M phosphate-buffered saline 
(PBS), pH 7.4 (the RIA assay buffer) (n = 
8), as above. Homogenates were neu- 
tralized with 0.1 N NaOH and centrifuged 
at 3000 rpm for 20 min at 4”C, after which 
the supernatants were collected for 
radioimmunoassay . 

Recovery of GnRH was assessed after 
the addition of either 50 and 200 pg syn- 
thetic GnRH (Ayerst Laboratories) or 
23,000 cpm 1251-GnRH to 50-75 mg blocks 
of acid-frozen cerebral cortex, in which 
the endogenous GnRH concentration aver- 
aged 0.17 pg/mg. The GnRH was added to 
the tissue blocks either prior to freezing in 
acid and homogenization or to the super- 
natants following centrifugation. 

GnRH was measured by radioimmunoas- 
say using a double antibody system, as de- 
scribed by Nett et al. (17), with minor mod- 
ifications. Purification of the radiolabeled 
hormone was performed on a Sephadex 
G-25 column (30 x 0.6 cm) equilibrated 
with 0.01 M acetic acid. The free iodide was 
eluted with this acid; addition of gelatin to 
the eluant acid in a final concentration of 
0.1% resulted in a more discrete 1251-GnRH 
peak, the descending limb of which showed 
the greatest immunoreactivity . 1251-GnRH 
was aliquoted and stored at -20”; it showed 
no loss of immunoreactivity for up to 4 
months. The GnRH antiserum (R42, kindly 
provided by Drs. T. Nett and G. Niswen- 
der) previously well characterized (10, 
17-19), was used at a final dilution of 
1: 1 ,000,OOO: It was preincubated with syn- 
thetic GnRH standard (1-30 pg) or brain 
homogenate for 24 hours at 4°C. After ad- 
dition of the radiolabeled GnRH (5- 10,000 
cpm), the reaction was allowed to proceed 
for a further 2-3 days prior to the addition 
of the second stage (goat anti-rabbit gamma 
globulin plus carrier normal rabbit serum). 
The assay sensitivity was such that 1 pg 
GnRH per assay tube could be readily de- 
tected. One hypothalamic homogenate was 
used as an interassay “control”; values for 
this sample ranged from 4.61 to 6.38 ng 
GnRH over a 3-year period (coefficient of 
variation k 11.2%, n = 13) without a trend 
toward diminished values with storage. 

Since each of the hypothalamic speci- 
mens included a variable amount of ex- 
trahypothalamic neural tissue, results were 
expressed as total hypothalamic content 
rather than as concentration. Differences 
between groups were evaluated by the Wil- 
coxon- Whitney-Mann test (20). 

Ion-exchange chromatography was per- 
formed on a column (1 x 12 cm) packed 
with carboxymethylcellulose (CMC) 
(CM52, Pharmacia) equilibrated in 0.1 M 
ammonium ace ta te ,  pH 6.6 (21). A 
hypothalamic extract (from a male, 13.8 
weeks) and synthetic GnRH extracted in 
the same fashion with 0.1 N HCl and then 
neutralized with 0.1 N NaOH were applied 
to the column in two separate runs and 
eluted with the same ammonium acetate 
buffer. One-milliliter fractions were col- 
lected and assayed for immunoreactivity. 

Isoelectrofocusing was performed on two 
fetal (one male, 15 weeks; one female, 17 
weeks) hypothalamic extracts on prepre- 
pared PAGE plates using the LKB wide- 
range (pH 3.5-9.5) Ampholine buffer sys- 
tem and multiphor apparatus (22). The 
samples, with synthetic GnRH markers on 
either side, were applied at the anode and 
allowed to run for 2 hr at 4°C (power of 4 
W). On completion, the gel was cut into 
approximately 5-mm slices, and the hor- 
mone eluted in 1 ml 0.1% gelatin PBS by 
shaking overnight at 4°C. The eluant of 
each slice was assayed for immunoreac- 
tivity. 

Results. Hypothalamic specimens which 
were fresh -frozen without prior acidifica- 
tion showed considerably lower (or unde- 
tectable) amounts of GnRH compared to 
acid -frozen specimens of comparable ages 
(Table I). Accordingly, only data from the 
acid-frozen specimens (n = 44) were used. 

Although acid homogenization of 
fresh- frozen specimens seemed superior 
to buffer homogenization the difference 
between the two groups (Table I, all ages) 
did not reach statistical significance (P = 
0.07). 

Recovery of cold or radiolabeled GnRH 
added to cerebral cortical specimens prior 
to freezing in acid and homogenization av- 
eraged 77.1 5 SD 8.8% (n = 7). Recoveries 
assessed following homogenization and 
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collection of supernatants averaged 101.2 ? 
SD 10.1% (n = 10). No recovery correction 
was applied to the hypothalamic data de- 
scribed below. 

The immunoreactive material extracted 
from neural tissue was studied in three dif- 
ferent ways to establish identity with syn- 
thetic GnRH. First, dose-response slopes 
for varying volumes of hypothalamic ho- 
mogenates of sufficient content were par- 
allel to that of the assay standard. Two cor- 
tical homogenates of sufficient content also 
behaved similarly. Second, CMC chroma- 
tography of a hypothalamic homogenate 
gave an identical elution pattern to that of 
synthetic GnRH when each fraction was 
assayed for GnRH immunoreactivity (Fig. 
1). Third, the isoelectrofocus patterns for 
two fetal hypothalami were identical to that 
of the synthetic GnRH markers (Fig. 2). 

The content of GnRH in acid-frozen 
hypothalami prior to 1 1  weeks fetal age was 
low (<1 ng) but measurable in all but 1 of 12 
specimens (Table I and Fig. 3). GnRH 
content increased with age (Y = 0.83, P < 
0.01 and see Table I) and between 14 and 
17.5 weeks values ranged from 2.4 to 6.8 
ng. A sex difference was not observed 
(Table I). A similar trend to increased val- 
ues with age was also observed in GnRH 
concentration (data not shown), but, not 
surprisingly, the data showed considerably 
more scatter. 

- 

- 

+ 

09 H Y P O T H A L A M U S  
o d HYPOTHALAMUS 

GEL SLICE NUMBER 

FIG. 1. Elution patterns of immunoreactive GnRH 
of a human fetal hypothalamic extract and of synthetic 
GnRH on carboxymethylcellulose chromatography. 
The dotted line is the limit of assay sensitivity for this 
experiment. 

. S Y N T H E T I C  GnRH 
L H Y P O T H A L A M U S  I 

1 - ~~  ivy ~ J--. -- -L 
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20 4 0  60 

E L U T I O N  V O L U M E  m l  

FIG. 2. Isoelectrofocusing patterns of two human 
fetal hypothalamic extracts and of synthetic GnRH 
plotted as mass of GnRH (ng) measured/ml eluant 
against the number of gel slices (see text for details). 
The dotted line is the limit of assay sensitivity for this 
experiment ( 5  pg/ml eluant). 

GnRH was low or undetectable, i.e., less 
than 1 pg/mg wet weight in 31 of 33 cerebral 
cortical homogenates; the remaining two 
showed lower concentrations (3.0 and 3.5 
pg/mg) than all but two of the hypothalamic 
specimens. 

Discussion. The present report confirms 
that the human fetal hypothalamus contains 
immunoreactive GnRH. Although conclu- 
sive proof of identity was not obtained, the 
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FIG. 3. Fetal human hypothalamic GnRH content 
(ng) expressed as  a function of fetal age (weeks) or  
crown-rump length (cm) and sex. 
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immunoreactive material was found to be 
indistinguishable from the synthetic deca- 
peptide based upon the following obser- 
vations. First, the hypothalamic extracts 
showed dose-response slopes parallel to 
that of synthetic GnRH in the RIA. The 
RIA employed has been well characterized 
and appears to be virtually specific for the 
intact decapeptide, with the exception of a 
small amount of cross-reactivity for the 
2- 10 fragment (18, 19), a substance which 
may be a biological breakdown product of 
GnRH (21,23). Second, the behavior of one 
hypothalamic ex t rac t  on C M C  ion- 
exchange chromatography, which can sep- 
arate the intact decapeptide from the nona-, 
octa-, hepta-, and hexafragments (21), was 
identical to that of synthetic GnRH (Fig. 1). 
Finally, the physicochemical identity of the 
immunoreactive material and of synthetic 
GnRH was confirmed by isoelectric focus- 
ing (Fig. 2). Previous reports have demon- 
strated that human fetal hypothalamic ex- 
tracts possess biologic activity by their 
ability to release gonadotropins both in vivo 
(11) and in vitro (24). 

It is obvious that differences in the han- 
dling of neural tissues can markedly influ- 
ence the measurement of their GnRH con- 
tent. Specimens must be frozen immedi- 
ately in acid in order to maximize recovery 
of GnRH (Table I). It is not clear at present 
whether the acid pH serves to inhibit en- 
zymatic degradation of GnRH (13) or to 
cleave it from a tissue-binding protein (14), 
thus enhancing recovery. Using these con- 
ditions, the endogenous hormone is stable, 
as is shown by the interassay coefficient of 
variation of 11.2% over a 3-year period, 
with no trend toward diminished values 
with time, despite repeated thawing and 
refreezing. 

There are a number of differences in the 
present study from others in the literature 
(Table 11) which may serve to explain ap- 
parent discrepancies in the results ob- 
tained. Some studies have included mate- 
rial from spontaneous or induced abortions 
(10) or have delayed dissection and freezing 
of tissues for several hours (12). Although 
the rate of enzymatic degradation of GnRH 
in fetal neural tissues in vivo and in vitro is 
not known (28), such delays may reduce re- 

covery. Other studies (5, 6) have reported 
only GnRH concentration data, a parame- 
ter which is obviously open to variable 
error, given the poorly defined anatomical 
boundaries of the fetal hypothalamus. The 
low levels of hypothalamic GnRH found in 
several reports (6, 10, 11)  and the failure to 
detect GnRH in 25% of specimens in one 
report (lo), probably reflect low rates of 
GnRH recovery, since in these studies the 
tissue was fresh-frozen without acid. Fi- 
nally, although some studies (5, 10) have 
used the same, highly specific, GnRH anti- 
body (R42) as in the present report, others 
(6, 1 1 ,  12) have utilized less specific C- 
terminal assays which cross-react with sev- 
eral cleavage products of the GnRH deca- 
peptide (27, 29). The present report is the 
first to present data documenting the 
physicochemical identity with synthetic 
GnRH of the assayed material. Thus, a lack 
of assay specificity may explain the 
threefold higher GnRH values reported by 
Siler-Khodr and Khodr (12) at comparable 
fetal ages. 

The principal aim of the current study, 
following initial validation of the methods 
used, was to relate the ontogenetic pattern 
of hypothalamic GnRH with what is known 
regarding fetal pituitary gonadotropin se- 
cretion. Clearly, hypothalamic GnRH is 
detectable by as early as 8 weeks of fetal 
age and, therefore, precedes or coincides 
with the onset of pituitary gonadotropin se- 
cretion (1 , 2). Furthermore, hypothalamic 
GnRH content rises between 1 1  and 17.5 
weeks in parallel with fetal pituitary gonad- 
otropin secretion at this time ( 1 ,  2, 7). 
Whether or not there is a later decline in 
hypothalamic GnRH in parallel with the de- 
crease in gonadotropin secretion after 
midgestation ( 1 ,  2, 7) cannot be determined 
from the present study; however, such a 
decline in bioassayable hypothalamic 
GnRH toward term has been reported (24). 
Taken together, these observations suggest 
that the fetal pituitary may be under 
hypothalamic regulation from its inception. 
However, the route by which GnRH 
reaches the pituitary at this time remains 
undefined, since it has been reported that a 
definitive portal system connecting the 
hypothalamus and pituitary may not be- 
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TABLE 11. SUMMARY OF STUDIES OF HYPOTHALAMIC GnRH CONTENT A N D  CONCENTRATION 
IN THE HUMAN FETUS 

Source of 
material 

Extraction 
method 

Radioimmunoassay Fetal age 
method (weeks) 

Therapeutic abortion 
(hysterectomy) ; normal 
pregnancies 

(method?) 
Therapeutic abortion 

Therapeutic abortion 

Therapeutic abortion 

(hysterectomy) 

(hysterotomy); normal 
pregnancies 

spontaneous abortion 
and stillbirth 

Therapeutic abortion, 

Therapeutic abortion 
(hysterotomy); 
normal pregnancies 

Immediate dissection and 
freezing; methanol 
homogenization 

Fresh frozen after dissection; 
lyophilized; acetone, acetic 
acid, boiled and relyophilized 

Fresh-frozen after dissection; 
methanol homogenization 

Immediate dissection and 
freezing; acid 
homogenization 

Dissection within 12 hr; 
frozen in acetone; 
bicarbonate buffer 
homogenization 

acid freezing; acid 
homogenization 

Immediate dissection and 

Nett-Niswender R42 8-22 
(17) 

Nett-Niswender R42 11 -22.5 
(17) 

Dermody #I73 (25) 9-20 

Jeffcoate (26) 11-19 

Siler-Khodr and Khodr 14-38 
(27) 

Nett-Niswender R42 8- 17.5 
(17) 

Hypothalamic GnRH 
No. of 

specimens Content (ng)" Concentration (pglmg)" Reference 
~~ ~~ 

10 - 10.7 (3-66) Winters et al. 1974 ( 5 )  

44 0.65 (n.d. -20)* 0.70 (n.d. -13) Aubert et al. 1977 (10) 

15 

8 

- 1.18 (0.1-29) Aksel and Tyrey 1977 (6) 

0.17' 1.58 (0.6-11.8) Gilmore et al. 1978 (1 1) 

45 -14.5 (1 1-24) - 50 (15-140) Siler-Khodr and Khodr 1978 (12) 

44 1.56 (n.d. -6.8) 26.1 (n.d. -75.6) Present paper 

(I Median (range). 

' Mean; previously reported by Mortimer et af. 1976 (9). 
n.d. = nondetectable. 
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come established until 18-20 weeks of fetal 
age (3, 4). 

The absence of a sex difference in 
hypothalamic GnRH content is in sharp 
contrast t o  the finding of considerably 
higher circulating levels of FSH and LH in 
female than in male fetuses at this time (1 ,  
7). If hypothalamic GnRH content reflects 
GnRH secretion, these observations would 
point to a sex-specific influence upon go- 
nadotropin secretion at the pituitary level. 
Thus, it seems likely that modulation of the 
pituitary response to GnRH by some tes- 
ticular secretory product (8) occurs during 
this stage of fetal life. On the other hand, it 
remains possible that a sex difference in 
GnRH content does exist in specific loci 
within the hypothalamus which are respon- 
sive to feedback regulation by this putative 
testicular factor but which escaped detec- 
tion by measurements of total hypothalamic 
content. 

The finding of low or undetectable levels 
of GnRH in extracts of cerebral cortex 
confirms previous observations. The iden- 
tity of these small amounts of immunoreac- 
tive material was not rigorously examined 
by chromatographic or  electrofocusing 
techniques; although dose -response slopes 
of some cortical extracts were parallel to 
that of the assay standard in the current 
study, this was not the case in another 
study (6), and,  therefore, one cannot  
exclude the possibility that this material 
represents some sort of artifact. 

Summary. Gonadotropin-releasing hor- 
mone (GnRH) was measured by radioim- 
munoassay in 44 human fetal hypothalamic 
and 33 cerebrocortical specimens of 8 - 17.5 
weeks fetal age. These specimens, obtained 
within 30 min of hysterotomy, were frozen in 
0.1 N HCl and subsequently homogenized 
and extracted in acid. Attempts to extract 
GnRH in additional hypothalamic speci- 
mens under either neutral (n = 6) or acid (n 
= 8) conditions from tissue frozen without 
acid resulted in considerably lower values; 
accordingly, these data were rejected. All 
hypothalamic and cerebral specimens in 
which sufficient GnRH was detected ex- 
hibited dose -response slopes parallel to 
that of synthetic GnRH. Furthermore, the 
i m m u n o r e a c t i v e  m a t e r i a l  f r o m  

hypothalamic extracts was indistinguis h- 
able from synthetic GnRH in its elution 
pattern on carboxymethylcellulose ion- 
exchange chromatography and in its mobil- 
ity during isoelectric focusing. Prior to 1 1  
weeks of fetal age, the hypothalamic con- 
tent of GnRH was low (<1 ng) but in- 
creased progressively to values ranging 
from 2.4 to 6.8 ng between 14 and 17.5 
weeks. No sex difference was observed. 
The  parallelism be tween this  r ise  in 
hypothalamic GnRH content and previ- 
ously reported changes in pituitary and 
serum gonadotropin concentrations in the 
human fetus suggests that the anterior pitu- 
itary may be under hypothalamic regulation 
from its inception. The absence of a sex 
difference in hypothalamic GnRH content 
despite clearly higher circulating FSH and 
LH levels in females vs males at comparable 
ages suggests that the putative fetal tes- 
ticular gonadotropin feedback inhibitor is 
operative at the pituitary rather than at the 
hypothalamic level. 
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Smith, Ayerst Laboratories, for the supply of syn- 
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work was supported by a grant (PG-5) from the Medi- 
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