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Changes in the fo l l i c le - s t imula t ing  hormone  (FSH) level  in the human fetal  p i tu i tary  were  studied 
by biological  methods .  FSH was detected in the fetal p i tu i ta ry  throughout the per iod  of invest i -  
gation: f r o m  the 8th to the 34th week. F r o m  the 17th to the 34th week of in t rau ter ine  develop-  
ment  cons iderable  sex d i f fe rences  were  found both in the total  and the r e l a t ive  content of the 
hormone  in the gland. 
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Severa l  s tudies of the fo rmat ion  of  the fo l l i c le - s t imula t ing  function of the human adenohypophysis  in the 
p rena t a l  pe r iod  of development  have r ecen t ly  been published [1, 5, 8, 11, 15]. By means  of the r ad io immtmo-  
logical  method used in mos t  of these  invest igat ions immunoreac t ive  fo l l i c le - s t imula t ing  hormone (FSH) could 
be detected.  The re  is information in the l i t e ra tu re  that  immunological  and biological  act ivi ty  in the s ame  p r e p a -  
ra t ion  often do not coincide, and s o m e t i m e s  one may be high whereas  the other  is comple te ly  absent  [9, 12]. 
However ,  before  the physiological  ro le  of a p a r t i c u l a r h o r m o n e  in embryogenes i s  is a s s e s s e d ,  its biological  
act iv i ty  mus t  f i r s t  be es tabl ished.  

The  object  of this investigation was to de t e rmine  the FSH level  in the human pi tui tary  gland during the 
per iod  of in t rauter ine  development  by means  of modern  biological  methods.  

E X P E R I M E N T A L  M E T H O D  

Altogether  366 human fe tuses  of both sexes ,  288 of which were  between the 8th and ] l th-13th weeks of 
p rena ta l  development  and 78 between the 17th and 34th weeks,  were  used.  The fe tuses  were  obtained f r o m  gy-  
necological  hospi ta ls  in Moscow f r o m  mothe r s  f r ee  f r o m  endocrine d i s ea se s .  The age of the fetus was d e t e r -  
mined f r o m  the es t imated  ovulation t ime ,  the gynecologis t ' s  opinion, and the length of the fetus .  

P i t u i t a ry  glands f r o m  fe tuses  at  the 8th-13th weeks of development  were  r emoved  under the MBS-2 m i c r o -  
scope 3-4 h af ter  death, weighed on tors ion  sca les  with an accuracy  of 0.05 rag, and glands f r o m  fe tuses  of the 
same  age were  pooled and kept at -15~  until r equ i red  for investigation.  

P i tu i t a ry  glands f r o m  fe tuses  aged 17-34 weeks were  r e m o v e d  under the MBS-2 mic roscope  2-18 h af ter  
death, the pos t e r io r  lobe was detached, and the an te r io r  lobe was weighed on tors ion  sca les  with an accuracy  
of 0.1 rag, i m m e r s e d  in I ml physiological  sal ine,  and kept at -15~ until r equ i red  for investigation.  

Fo l l i c le - s t imula t ing  act ivi ty  in the p i tu i tary  of 8-13-week fe tuses  was de te rmined  in female  CBA mice  
weighing 7.5-10 g by the method of Iga rash i  and McCann [61. On the day of investigation the p i tu i t a ry  glands 
were  frozen and homogenized in a g lass  homogenizer .  Chorionic gonadotropin (CG) and physiological  sal ine 
were  added in the propor t ion  of 2 ml  of a mix ture  containing 0.25 units CG and 2-3 mg of p i tu i t a ry  t i s sue  or  
s tandard  FSH (0.68, 2, 6, and 18 #g  NKI-FSH-S4) to each rec ip ient .  Mice rece iv ing  only 0.25 unit CG in 2 ml 
physiological  saline se rved  as the control .  Each group contained at  l eas t  4-8 mice .  In the course  of 3 days 
the an imals  r ece ived  five subcutaneous injections each of 0.4 ml.  On the 4th day the mice  were  kil led and the 
u te rus  was weighed with an accuracy  of 0.1 rag. To exp re s s  the r e su l t s  quanti tat ively,  using the international  
NIH-FSE-S  4 standard,  a ca l ibra t ion  curve  was plotted each t ime  and used to de t e rmine  the FSH concentrat ion 
in the sample .  The  minimal  sens i t ive  dose was 0.68 #g NIH-FSH-S 4. 

Fo l l i c l e - s t imula t ing  act ivi ty  in the adenohypophyses of 17-34-week fe tuses  was de te rmined  in female  
Wis ta r  r a t s  weighing 40-50 g, us ing the method of Stee lman and Pohley [14] in the modificat ion of Johnson and 
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TABLE 1. Weight of P i t u i t a r y  and Tota l  and 
Rela t ive  FSH Content in P i tu i t a ry  of Human 
Fe tuses  at 8-13 Weeks of In t rau ter ine  De-  
ve lopment  

Age of fe ruse% 
weeks 

8 

9 

lO 

1t--13 

Weight of ITotal FSH 3ontent~elatiVeinFSH 
pitultar m * content in >, g [13ituitary'Pg ]~ituitary'g/mg ~t 

o . 3 ~ 0 . o l  
(132,) 

0.65_+0,01 
(!,06) 

0,99_+0,02 
(35) 

2,3f--'r-o,69 
(15) 

1,41 3.7 
(3) 

3,77 " 5,8 
(3) 

6,93 7,0 
(2) 

16,40 6.95 
(2) 

* Number  of fe tuses  in pa ren theses .  
~Number  of de te rmina t ions  in pa ren theses .  

Naqvi  [7]. Standard dilutions (10, 20, 40, and 80 ~g  NIH-FSH-S4) or  ex t r ac t s  of human fetal  adenohypophyses 
(4-5 mg t issue)  were  mixed with 50 units CG in 1.5 ml physiological  sal ine.  At 9 a .m.  0.8 ml of the mixture  
was  injected subcutaneously into r ec ip i en t  r a t s ,  and 0.7 ml  of the mix tu re  was injected at 4:30 p .m.  on the s ame  
day. Physiological  sal ine containing 50 units CG was injected into the r a t s  of the control  group. Each group 
consis ted  of at  l eas t  five animals .  The r a t s  were  killed 54 h af ter  the f i r s t  injection and the ova r i e s  were  
weighed. Fo l l i c l e - s t imula t ing  act ivi ty was judged f r o m  the change in weight of the ova r i e s  in the exper imenta l  
an imals  compared  with the  cont ro ls .  The  min imal  threshold  of sens i t iv i ty  was 10 pg  NIH-FSH-S 4. The nu- 
me r i ca l  r e s u l t s  we re  subjected to s ta t i s t i ca l  ana lys i s .  

E X P E R I M E N T A L  R E S U L T S  

The  method of S tee lman and Pohley  in the modificat ion of Johnson and Naqvi, which was used to de t e r -  
mine the FSH content in the  p i tu i ta ry  of 17-34-week human fe tuses  is specif ic  and sufficiently accura te ,  a l -  
though it is not highly sensi t ive .  To  inc rease  the sensi t iv i ty  and accu racy  of the method, the suitabil i ty of 
Fan, Wis tar ,  and August ra t s  was invest igated,  and f rom these ,  Wis ta r  ra t s  w e r e  chosen. However,  when 
tes t ing  the pi tui tary  glands f r o m  human fe tuses  during the f i r s t  th i rd  of embryonic  development,  because  of 
the inadequate sens i t iv i ty  of Johnson and Naqvi ' s  method, no fo l l i c le -s t imula t ing  act ivi ty  could be  detected in 
them.  The more  sensi t ive  biological  method of Iga ra sh i  and McCann [6] had accordingly to be used. T h e r e  
a r e  conflicting data in the l i t e r a tu re  on the specif ic i ty  and accuracy  of this  method. On the one hand, Uberoi  
and Meyer  [17] r e po r t ed  the low specif ic i ty  of Iga rash i  and McCann 's  method, whereas  on the other hand, 
Shi ra ish i  Masato [16] showed that  only la rge ,  unphysiological  doses of other pi tu i tary  hormones  affect  the 
specif ici ty of this  method.  However ,  the p resen t  ~Ti t e r s  showed that  the addition of 5 #g  of growth hormone 
to the var ious  s tandard dilutions did not change the r e s p o n s e  of the rec ip ien t  mice .  Since the avai lable  infor-  
mat ion indicates that  the sensi t iv i ty  and accuracy  of Iga rash i  and McCann 's  method [6] depend on the s t ra in  
of mice,  CBA mice were  chosen as  mos t  suitable for th is  tes t .  

The  r e su l t s  of determinat ion of fo l l ic le -s t imula t ing  act ivi ty in the p i tu i tary  of the human fe tuses  a r e  
given in Tab le s  1 and 2 and Figs .  1 and 2. FSH was detected in the p i tu i tary  of the human fe tuses  af ter  the 
8th week of embryonic  development .  Th is  ag rees  with the r e su l t s  of h i s tochemica l  invest igat ions [2, 3, 10], 
which showed that  ce l l s  containing mucoprote ins ,  whose p r e s e n c e  is usually assoc ia ted  with gonadotrophins,  
begin to appear  in the adenohypophysis of fe tuses  aged 7-8 weeks.  With an inc rease  in the age of the fetus f r o m  
8 to 13 weeks,  the re la t ive  FSH content in the pi tui tary  increased  f r o m  3.7 to 6.95 p g / m g  and its total  content 
f r o m  1.41 to 16.4 pg .  

Af ter  the 17th-18th week of development sex di f ferences  were  found in both the total and re la t ive  content 
of hormone in the gland. These  differences  pe r s i s t ed  throughout the per iod of investigation (until the 34th week; 
F igs .  1 and 2). I t  will be noted that no FSH was found in 16 of 39 male  fe tuses  (Table 2). The re la t ive  FSH 
content in the p i tu i tary  of the female  fe tuses  f r o m  the 17th to the 26th week increased  f r o m  2.12 to 8.84 ~: 1.99 
~ g / m g ,  and t he r ea f t e r  until the 34th week var ied  only slightly, between 5.5 and 7.34 # g / r a g .  The FSH content 
in the p i tu i ta ry  glands of female  fe tuses  increased  throughout the per iod  of investigation (except between the 
29th and 31st weeks) .  Th is  exception may perhaps  be  explained by the insufficient number  of fe tuses  (two) 
studied at  this  s tage  of development .  
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Throughout the period of investigation both the total and the relat ive FSH content in male fetuses was 
significantly lower than in female fetuses.  A similar rule was observed by Levina and Ivanova [1] who, using 
Brown's method, detected biological FSH activity in the pituitary of a female human fetus after the 13th-14th 
week and in the pituitary of a male fetus after the 20th week of development. However, when determining bio-  
logical FSH activity in acetone-extracted pituitary glands of human fetuses, Parlow [11] found no sex differen- 
ces. These disagreements between the resul ts  can evidently be explained by the use of acetone to dry the pi- 
tui tary tissue, and this procedure is known to reduce FSH activity. 

The significant sex differences in the FSH level in the fetal pituitary gland discovered in the present  
experiments can perhaps be explained on the grounds that the fetal testes at an early stage of embryonic de- 
velopment (about 8 weeks) acquire hormonal activity [4, 13] and, probably by the negative feedback principle, 
inhibit gonadotrophin (especially FSH) formation in the fetal pituitary. There  is also evidence that in the pre-  
natal period the human hypothalamus contains a releasing hormone which can regulate the synthesis and se- 
cretion of FSH by the human pituitary. 

It was also intended in these investigations to  determine the ability of the human fetal pituitary to secrete  
FSH. However, neither of the biological methods used w~/s sufficiently sensitive to determine the hormone in 
the blood of the human fetuses. 
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