
Reprinted from: THE HUMAN TESTIS 
(Plenum press, 1970) 

.. . 
I 

THE ROLE OF FSH, ICSH, AND ENDOGENOUS TESTOSTERONE DURING TESTICULAR 

SUPPRESSION BY EXOGENOUS TESTOSTERONE IN NORMAL MEN- 

Carl G. Heller, Howard C. Morse, Mike Su, and Mavis J. 
Rowley 

Division of Reproductive Physiology, Pacific Northwest 
Research Foundation, 1102 Columbia Street, Seattle, 
Washington 98104 

Testosterone administered to normal men is know to depress sper- - 
matogenesis to azoospermia, as reflected in the ejaculate, and to 
depress Leydig cell morphology to the point that only mesenchymal 
cells and fibroblasts are identifiable. It is also know that uri- 
nary total gonadotropins are concomitantly depressed to the point 
that they are undetectable in 24 hour urine aliquots administered 
to single assay rats (1). It has been widely assumed, but not , 

proved, that the depression of human testicular function by admin- 
istering testosterone is secondary t o  pituitary suppression. 

Three possible mechanisms of action of testosterone upon the 
testis were originally postulated in the following investigation: 
1) that the depression is solely due to total pituitary gonadotropin 
suppression, 2) that the depression is solely due to a direct effect 
of testosterone upon the germinal epithelium and/or Leydig cells or 
3)  that the depression is due to a combination of direct testicular 
and indirect gonadotropin suppression. 

To test which of these three postulates apply, the following 
protocol was planned. 
ly ( 1 . M . )  per week) was to be administered to normal men until the 
following three events occurred: azoospermia, Leydig cell disap- 
pearance and disappearance of gonadotropins in 24 hour urine ali- 
quots. Then, while continuing the testosterone administration at 
the same level, human chorionic gonadotropin (HCG) was to be added 
for its interstitial cell-stimulating hormone (ICSH) effect (4000 
International Units (I.U.) HCG I .M. per two days). If Leydig cell 
morphology could thus be restored to normal, as revealed by testicu- 
lar biopsy examination, then a direct effect of testosterone upon 

Testosterone enanthate (200 mg intramuscular- 
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Leydig c e l l  dep res s ion  could be e l imina ted  from f u r t h e r  cons idera-  
t i o n ,  
be a t t r i b u t e d  t o  the  suppres s ion  of p i t u i t a r y  ICSH ( i f  no r e s t o r a -  
t i o n  occurred  t h e  d i r e c t  e f f e c t  of t e s t o s t e r o n e  on Leydig ce l l s  
must s t i l l  be cons idered) .  Assuming r e s t o r a t i o n  of Leydig ce l l  mor- 
phology, t he  p l an  was t o  add f o l l i c l e - s t i m u l a t i n g  hormone (FSH) i n  
the  form of  Pergonal  i n  o r d e r  t o  r e s t o r e  spermatogenes is ,  wh i l e  con- 
t i n u i n g  t o  admin i s t e r  t he  t e s t o s t e r o n e  enan tha te  and con t inu ing  the  
HCG a t  the  same l e v e l s  f o r  each. I f  spermatogenesis  were now re-  
s t o r e d  w e  could conclude t h a t  t he  i n h i b i t o r y  e f f e c t  of t e s t o s t e r o n e  
upon the  germinal  e lements  was mediated by suppress ion  of FSH. 

The suppress ion  of Leydig c e l l s  by t e s t o s t e r o n e  would then  

To t h i s  end t h r e e  hea l thy  men, ages  37, 33 and 29 were chosen 
t o  se rve  as sub jec t s .  
normal by hormonal s t u d i e s ,  sperm concen t r a t ion  and examinat ion of 
c o n t r o l  t e s t i c u l a r  biopsy specimens. T e s t i c u l a r  biopsi ,es  were ob- 
t a ined  and prepared us ing  the methods of Rowley and Heller ( 2 ) .  

They w e r e  determined t o  be r ep roduc t ive ly  

Tes tos t e rone  enan tha te  ( D e l a t e s t r y l ,  Squibb) was adminis te red  
a t  t he  r a t e  of 200 mg I.M. once weekly f o r  e i g h t  t o  1 2  months. 
man chor ion ic  gonadot ropin  (APL, Ayers t ,  4000 I.U. I . M .  every  second 
day) was added beginning f o u r  months a f t e r  the  i n i t i a t i o n  of t e s t o s -  
t e rone  enan tha te  a d m i n i s t r a t i o n ,  The d u r a t i o n  of HCG a d m i n i s t r a t i o n  
was f o u r  and one-half  months. 
a lone  on two s u b j e c t s  a f t e r  HCG was d iscont inued .  

Hu- 

Tes tos t e rone  enan tha te  was cont inued 

i 

i 

! .  

I 

Seminal f l u i d  specimens were c o l l e c t e d  once weekly and examined 
f o r  sperm concen t r a t ion ,  m o t i l i t y  and volume. 
measured us ing  the  hemocytometer method. 
h i s  own c o n t r o l .  
of Corne l1  Un ive r s i ty  Medical Col lege.  

Concent ra t ion  was 
Each s u b j e c t  was used as 

Sperm morphology was examined by D r .  John MacLeod 

Twelve-hour ( o v e r n i g h t )  u r i n e  samples were c o l l e c t e d  and pooled 
T o t a l  gonadot ropins  and ICSH de te rmina t ions  

Ur inary  

i n  48 hour c o l l e c t i o n s .  
were performed on a l i q u o t s  of t he  u r i n e  pools .  
below S0C' u n t i l  t he  e x t r a c t i o n  procedures  were c a r r i e d  ou t .  
gonadot ropins  were e x t r a c t e d  us ing  t h e  kaol in-ace tone  method of 
A l b e r t  ( 3 ) .  T o t a l  gonadot ropin  l e v e l s  were determined by measuring 
the  ova r i an  weights  of immature r a t s  and expressed  a s  mgU/24 hour s  
of a s t anda rd  human u r i n a r y  postmenopausal p r e p a r a t i o n  (Pergonal  P- 
22C). Ur inary  ICSH w a s  determined b i o l o g i c a l l y  us ing  the  method of  
Creep e t  a l .  ( 4 ) ,  measuring t h e  i n c r e a s e  i n  v e n t r a l  p r o s t a t e  weight  
i n  hypophysectomized immature male rats.  The v a l u e s  were expressed  
a s  mgU/24 hours  of t h e  s t anda rd  p r e p a r a t i o n  (Pergonal  P-26E).  Tes- 
t i c u l a r  b i o p s i e s  were examined q u a n t i t a t i v e l y  us ing  the  germ c e l l /  
S e r t o l i  c e l l  r a t i o  method a s  developed by Heller e t  a l .  (5 ) .  

Ur ines  were k e p t  

The a d m i n i s t r a t i o n  of t e s t o s t e r o n e  enan tha te  200 mg I.M. weekly 
f o r  f o u r  months r e s u l t e d  i n  b a r e l y  d e t e c t a b l e  o r  absen t  t o t a l  u r i -  
nary  gonadot ropins ,  azoospermia a s  judged from e j a c u l a t e d  seminal  

- -  .. . 
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f l u i d  samples,  d i s a p p e a r a n c e  O f  

251 

Leydig cells a s  judged by t e s t i c u l a r  
b iopsy  ex&nat ion  and marked r e d u c t i o n  i n  numbers of  Sd, Sc, Sb and 
Sa spermat ids ,  marked r e d u c t i o n  i n  pachytene, zygotene and Leptotene 

HCC a d m i n i s t r a t i o n  per iods .  Dashed l i n e s  a c r o s s  c o n t r o l  p e r i o d  in-  

t e s t o s t e r o n e  a d m i n i s t r a t i o n  and t y i c e  dur ing  t h e  a d d i t i o n a l  admin- 
i s t r a t i o n  o f  HCG. 
from t h e  average  of t h e  q u a n t i t a t i o n  of 50 normal t e s t i c u I a r  biop- 
sies. Arrows poin ted  t o  bottom l i n e  indi- te  zero values.  

C o n t r o l  v a l u e s  € o r  each ce l l  type were determined 
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Adding 4000 I.U. of HCG adminis te red  I.M. every  second day 
brought  about  complete r e s t o r a t i o n  o€  Leydig c e l l  morphology i n  a l l  
f i v e  b i o p s i e s  taken  du r ing  HCG a d m i n i s t r a t i o n .  Note should be made 
t h a t  two of t h e s e  b i o p s i e s  were taken  a s  e a r l y  a s  t h r e e  w e e k s . a € t e r  
t he  i n i t i a t i o n '  of HCG a d m i n i s t r a t i o n .  

Therefore ,  s i n c e  t e s t o s t e r o n e  caused Leydig ce l l  d isappearance  
and adding HCG caused r e s t o r a t i o n  of Leydig ce l l s  t o  normal, w e  con- 
c lude  t h a t  t e s tos t e rone -caused  Leydig c e l l  dep res s ion  is  mediated 
by suppress ing  a n t e r i o r  p i t u i t a r y  ICSH s e c r e t i o n  o r  r e l e a s e .  

I n  the  meanwhile, much t o  our  s u r p r i s e ,  t h e  weeklx seminal  
f l u i d  examinat ions r evea led  an i n c r e a s e  i n  s p e m  concen t r a t ion  by 
one month i n  one s u b j e c t  and by t h e  second o r  t h i r d  months i n  t h e  
o t h e r  two. Between t h e  t h i r d  and the  f o u r t h  month of HCG adminis- 
t r a t i o n  each s u b j e c t  had reached p r e - t e s t o s t e r o n e  t rea tment  ' cont ro l  
l e v e l s  (Fig.  1). Two reached t h e  average  of t h e  c o n t r o l  l e v e l s  and 
one r o s e  above the  minimal c o n t r o l  levels but  d i d  a o t  r i s e  a s  h igh  
a s  his pre- t rea tment  average.  

Q u a n t i t a t i o n  of the  e lements  of t h e  germina l  series i n  the  two 
t e s t i c u l a r  b i o p s i e s  ob ta ined  t h r e e  weeks a f t e r  t h e  i n i t i a t i o n  of  
HCG r evea led  a p a r t i a l  r e s t o r a t i o n  of l e p t o t e n e  and pachytene spe r -  
matocytes  and s i g n i f i c a n t  bu t  smal l  i n c r e a s e s  i n  each  of t h e  f o u r  
spermatid types. The second b iopsy ,  ob ta ined  a t  f o u r  and one-half  
months fo l lowing  i n i t i a t i o n  of  HCG, r evea led  complete r e s t o r a t i o n  
of each of t h e  depressed  germina l  c e l l s  t o  pre- t rea tment  l e v e l s  i n  
t h e  two s u b j e c t s  whose s p e m  c o n c e n t r a t i o n  had r e tu rned  t o  average  
p re - t r ea tmen t  l e v e l s  (Fig.  2 ) .  The t h i r d  s u b j e c t ,  whose sperm con- 
c e n t r a t i o n  had n o t  reached the  average  of h i s  p re - t r ea tmen t  l e v e l s ,  
r evea led  d e f i n t t e  bu t  incomple te  r e s t o r a t i o n  of each of t he  germina l  
cel ls .  

These r e s u l t s  sugges t  t h a t  1) t e s t o s t e r o n e  does  no t  e x e r t  a 
d i r e c t  d e p r e s s i v e  e f f e c t  upon e i t h e r  t he  germina l  c e l l s  o r  t h e  Ley- 
d i g  c e l l s  s i n c e  both  e lements  can  be r e s t o r e d  t o  normal by adminis-  
t e r i n g  HCG, 2)  admin i s t e r ing  HCG du r ing  t e s t o s t e r o n e  a d m i n i s t r a t i o n  
r e s t o r e s  sper tnatogenesis  e i t h e r  by p rov id ing  s u f f i c i e n t  FSH t o  ob- 
t a i n  t h i s  e f f e c t  o r  because t e s t o s t e r o n e  does  n o t  d e p r e s s  FSH secre- 
t i o n  o r  r e l e a s e  i n  normal male human s u b j e c t s ,  and f u r t h e r  3 )  HCG 
s t i m u l a t e s  enough Leydig c e l l  androgen p roduc t ion  t o  a i d  i n  t he  re- 
s t o r a t i o n  of spermatogenes is  i n  the  presence  of FSH. 

. .  
I .  

A 5  a consequence o f  t h e  unexpected germina l  c e l l  r e sponse  t o  
HCG a d m i n i s t r a t i o n  wi thou t  t he  a d d i t i o n  o f  FSH t h e r e  was no reason  
t o  fo l low the  o r i g i n a l  p ro toco l .  
and t h e  HCG was d i s c o n t i n u e d ,  I n  o r d e r  t o  conf i rm the  e f f e c t  of 
t e s t o s t e r o n e  upon the  two t e s t i c u l a r  systems t h e  t e s t o s t e r o n e  was 
cont inued  f o r  an a d d i t i o n a l  f o u r  months i n  t h e  two s u b j e c t s  who had 
complete  r e s t o r a t i o n  of spermatogenes is .  

T h u s  no Pergonal  was admin i s t e red  

3 0 0 2  I b l  
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The two s u b j e c t s  responded a s  b e f o r e  i n  t h a t  t h e  weekly semi- 
n a l  f l u i d  v a l u e s  decreased  t o  azoospermia, and the  gonadot ropins  
dropped t o  l e v e l s  b a r e l y  d e t e c t a b l e  o r  absent .  The Leydig c e l l s  
d isappeared  and t h e  germina l  e lements  ( e x c e p t  type  A dark  spermato- 
gon ia )  aga in  became depressed  i n  t h e  s u b j e c t  whose b iopsy  was a v a i l -  
a b l e  f o r  examination. P a r e n t h e t i c a l l y ,  o b s e r v a t i o n s  on sperm mor- 
phology r evea led  a drop  i n  normal forms d u r i n g  t h e  i n i t i a l  t e s t o s -  
t e rone  enan tha te  a d m i n i s t r a t i o n  and a r e t u r n  t o  normal d u r i n g  t h e  
a d m i n i s t r a t i o n  of HCC. 

i 
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As a g e n e r a l  p r o p o s i t i o n ,  spermatogenes is  appe5r s  to r each  
complet ion i n  most mammals under t h e  i n f l u e n c e  of two d i f f e r e n t  hor-  
mones, t e s t o s t e r o n e  and FSH. F i r s t  t e s t o s t e r o n e  must be p r e s e n t  i n  
s u f f i c i e n t  amounts t o  b r i n g  about  ma tu ra t ion  of t h e  semin i f e rous  
tubules .  The tubu le s  may be cons ide red  a p a r t  of t h e  r e s t  of  t h e  
g e n i t a l  system which i s  dependent  upon t e s t o s t e r o n e  f o r  i t s  main- 
tenance  and development, e.e., ep id idymis ,  was d e f e r e n s ,  p r o s t a t e ,  
semina l  v e s i c l e ,  e tc .  I n  man, when such ma tu ra t ion  of t h e  semini-  
f e r o u s  tubu le s  i s  induced by t e s t o s t e r o n e ,  whether  exogenous o r  eri- 
dogenous, t h e r e  i s  an accompanying d i f f e r e n t i a t i o n  of the  p r e v i o u s l y  
u n d i f f e r e n t i a t e d  S e r t o l i  ce l l s ,  spermatogonia  and t h e  o c c a s i o n a l  
spermatocyte ,  b u t  no n o t i c e a b l e  p r o g r e s s i o n  of  germina l  c e l l  matura- 
t i o n .  T h i s  can  be judged from a d m i n i s t e r i n g  HCG t o  t r u e  hypogonado- 
t r o p i c  eunuchoids  ( 6 ) .  A f t e r  t e s t o s t e r o n e  has  provided b a s i c  tes- 
t i c u l a r  suppor t ,  t h e  second hormone, FSH, i s  a b l e  t o  i n i t i a t e  pro- 
g r e s s i v e  and complete spermatogenes is .  
however i s  unable  t o  i n f l u e n c e  human spermatogenes is  when adminis -  
t e r e d  a lone  a s  HMG (Pe rgona l )  (7). 

F o l l i c l e - s t i m u l a t i n g  hormone 

With t h e  above i n  mind w e  wished t o  exp lo re  t h e  p r o p o s i t i o n  
t h a t  t e s t o s t e r o n e  might  d i f f e r e n t i a l l y  d e p r e s s  ICSH comple te ly  wi th-  
o u t  concomi tan t ly  comple te ly  d e p r e s s i n g  FSH. 
t e s t i n g  t h i s  p r o p o s i t i o n  would be, of cour se ,  t o  de te rmine  plasma 
FSH and ICSH l e v e l s .  These d e t e r m i n a t i o n s  were n o t  performed on 
t h e  t h r e e  s u b j e c t s  r e p o r t e d  and must awa i t  a r e p e t i t i o n  of t h e  ex- 
per iment .  As a s u b s t i t u t e  t h a t  could  be performed w i t h  r e l a t i v e  
r a p i d i t y  normal s u b j e c t s  were chosen f o r  a d m i n i s t r a t i o n  of a h igh  
potency and more r a p i d l y  a c t i n g  androgen. Thus, t e s t o s t e r o n e  pro-  
p i o n a t e  (Oreto:, Sche r ing )  was admin i s t e red  I.M. a t  100 mg l e v e l s  
d a i l y  f o r  f i v e  days. F ive  c o n t r o l  o b s e r v a t i o n s  were recorded  f o r  
plasma FSH and ICSH us ing  m o d i f i c a t i o n s  of O d e l l ' s  radioimmunoassay 
methods (8,9). Dai ly  o b s e r v a t i o n s  were made d u r i n g  androgen admin- 
i s t r a t i o n  and eve ry  two t o  t h r e e  days  f o r  two weeks fo l lowing  ces- 
s a t i o n  of androgen. 
t h e  f i r s t  i n j e c t i o n  and remained u n d e t e c t a b l e  f o r  t h e  f i v e  day i n -  
j e c t i o n  p e r i o d  (any  v a l u e  below 2.0 m U / m l  i s  cons ide red  a s  ze ro  o r  
u n d e t e c t a b l e  i n  our  1acoraLory) .  I n  d i s t i n c t  c o n t r a s t  t h e  plasma 
FSH va lues ,  de te rmined  s imul t aneous ly ,  remained u n a l t e r e d  d u r i n g  and 
fo l lowing  t e s t o s t e r o n e  p rop iona te  a d m i n i s t r a t i o n .  Thus under  t h e  
s p e c i f i c  c i r cums tances  of  t h i s  exper iment  i t  m u s t  be concluded tha t  

The p r e f e r r e d  way of 

ICSH d i sappea red  e n t i r e l y  w i t h i n  24 hours  of 
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t e s t o s t e r o n e  can produce a dichotomous effect  upon plasma FSH and 
ICSH l e v e l s  (Table  1). 

Table 1. Plasma Gonadotropin Before,  During and A f t e r  Tes tos t e rone  
Adminis t ra t ion.  

SUBJECT PM 315 SUBJECT PM 214 _. 

,- P 1 1  ICSH 

Con tr o 1 
3-0 5.66 8.07 4.43 7.03 

7.30 3.13 7.41 3.98 
7.30 7.03 4.23 6 .OO. 
6.75 5.25 . 7.20 3.58 
6.50 

4-11 
4-12 
4-14 

10- 11 4.40 7.75 3.45 

Tes tos t e rone  p rop iona te  1CO ing 1-11. f o r  f i v e  days 

Pos t -  
Tes tos t e rone  

7.20 5.23 6.45 
7.38 8.25 Ij e 9 0  6.68 
5.03 8.03 3.70 6.73 
5.15 7.53 3.93 6.85 

10-20 8.25 
10-23 
10-27 ~ 

10-30 

* Standard:Human P i t u i t a r y  E x t r a c t  Reference P r e p a r a t i o n  LER 907 

Swerdloff and Ode11 (10) adn i r . i s t e r ing  20 o r  50 mg of f luoxy-  
mes terone  d a i l y  f o r  f i v e  days t o  f i v e  n o m a 1  men and Franchimont 
(11) us ing  a s i n g l e  i n j e c t i o n  of 50 mg t e s t o s t e r o n e  p rop iona te  r e -  
vea l ed  a s imilar  dichotomy i n  response ,  i.e., no change i n  FSII and 
u n d e t e c t a b l e  ICSH (LH). 

NeLther Swerdloff and O d e l l ' s  nor  our  experiments  t o  d a t e  have 
been of s u f f i c i e n t  d u r a t i o n  t o  e x t r a p o l a t e  t h e  d a t a  t o  long-term 
e f f e c t s .  Bogdanove (12) has  demonstrated a delayed e f f e c t  of andro- - 
gens 011 FSH r e l e a s e  i n  rats. 

The e f f e c t  of androgen upon ICSH i n  t h e  normal human m a l e  can  
be accepted  as causiTg marked suppress ion .  
our  o b s e r v a t i o n s  of dep res s ion  of t o t a l  u r i n a r y  gonadot ropins ,  and 
suppres s ion  of u r i n a r y  ICS!I, i n  t he  one c a s e ,  fo l lowing  t e s t o s t e r -  
one enan tha te  a d m i n i s t r a t i c n .  

Th i s  i s  i n f e r r e d  from 

It i s  a l s o  i n f e r r e d  fron; t h e  complete 
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early plasma ICSH suppression following administration of fluoxpes- 
terone and testosterone propionate. 
strong likelihood that a dichotomy exists between ICSH 
suppression. 

Thus there appears to be a 
and FSH 

. _  
Assuming that FSH is not suppressed or only incompletely sup- 

pressed by administering 200 mg testosterone enanthate I . M .  per week, 
we speculate that the restoration of spermatogenesis following the 
addition of HCG is due wholly or in part to the presence of plasma 
FSH of anterior pituitary origin. 

Continuing with this assumption, each result of the testoster- 
one enanthate plus HCG experiment is readily accounted for except 
one: the suppression OE spermatogenesis by administering testoster- 
one enanthate (or other androgens). The enigma that requires ex- 
planation is based upon the assumption that the presence of only two 
hormones, testosterone and FSH, is required for completion of sper- 
matogenesis in man. 
be present; testosterone being administered exogenously and FSH not 
having been suppressed. The only immediately apparent interference 
with regulation of testicular function is the suppression of ICSH. 
This in turn stops the endogenous production of androgens, which in 
turn provides the explanation for the cessation of complete sperma- 
togenesis. It is likely that the concentration of androgen provided 
by the Leydig cells, which are in such close approximation to the 
seminiferous tubules, is far higher than that provided to the germi- 
nal cells by an injection of 200 mg of testosterone enanthate given 
I . M .  once weekly. Thus the effect of testosterone enanthate given 
1.M. is to lower the androgen levels available to the germinal epi- 
thelium, due to the inhibition of ICSH. 

in this experiment each hormone is assumed to 

In applying this explanation, reference must be made to obser- 

Woods and 
vations on the maintenance of spermatogenesis in the hypophysecto- 
mized rat by exogenously administered androgens (13-16). 
Simpson ( 1 7 )  found that spermatogenesis in hypophysectomized rats 
could be poorly maintained by ICSH alone but well maintained by ICSH 
plus FSH or testosterone propionate plus FSH. 
confirmatory 0bsel;vations the dosage administered and the concentra- 
tion of plasma testosterone attained are far in excess of those pos- 
sible for so much larger a mammal as man. 

In these and many 

That the location of the Leydig cell so close to the germinal 
epithelium is an important factor in providing concentrated amounts 
of androgen is seen in man in the case of the "fertile eunuch" (18). 
Maintenance of spermatogenesis has been produced in hypophysecto- 
mized rats by Dvoskin (19) and in hypophysectomized rhesus monkeys 
by Smith ( 2 0 )  by intratesticular administration of testosterone in 
pellet form. Smith found tubules nearest the deposited androgen 
undergoing complete spermatogenesis and those more remote remaining 
in the degenerate state. Dvoskin reported that if the same amount 
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of androgen was adminis tered subcutaneously o r  i n t r a t e s t i c u l a r l y  t h e  
l a t t e r  was f a r  more e f f e c t i v e  i n  ma in ta in ing  spermatogenesis .  

C. G. HELLER, H. C. MORSE, M. SU, AND M. J. ROWLEY 

We conclude t h a t  i n  normal men t e s t o s t e r o n e  causes  t e s t i c u l a r  
Leydig ce l l  and germinal  c e l l  dep res s ion  wi thou t  e x e r t i n g  a d i r e c t  
e f f e c t  upon t e s t i c u l a r  a c t i v i t y ,  but  does so i n d i r e c t l y  by i n h i b i t -  
i n g  product ion of ICSH. We p o s t u l a t e  t h a t  FSH product ion i s  un- 
a f f e c t e d  o r  on ly  p a r t i a l l y  suppressed. 
w e  assume t h a t  t h e  i n h i b i t i o n  of spermatogenesis  i s  due t o  a de- 
c r e a s e  i n  t h e  normally h igh  androgen c o n c e n t r a t i o n  a b  t h e  germinal  
c e l l  s i t e  due t o  t h e  absence of ICSH e f f e c t  upon Leydig c e l l s .  

Under t h e s e  circumstances 
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DI S$USSI CSJ 

ROSEMBERG: 
suppressed under testosterone administration; 
count dropped. 
count increased. 
dig cells to produce endogenous testosterone by virtue of the fact 
that testosterone may be near the germinal epithelium and then ex- 
erted a local effect. 
ment? 
one is flooding the system. 

Dr. Heller, you indicated that testicular function was 
that 15, the sperm 

However, after subsequent addition of HCG, the sperm 
Hence, you postulated that HCG stimulated the Ley- 

Do you have experimental proof for your state- 
It seems to me that when exogenous testosterone is administered 

HELLER: 
levels that we can conveniently produce in man by intramuscular in- 
jection are relatively low. In other words, the amount of testoster- 
one theoretically reaching the germinal epithelium is much different 
in amount than what one can do, let us say in a hypophysectomized rat 
where one can maintain sgermatogenesis by injecting testosterone. 
All the other evidence is rather indirect, as has been shown at this 
meeting. 
one testis in which the tubules that were near the testosterone-pro- 
ducing tumor continued to have normal spermatogenesis whereas on the 
other side no spermatogenesis was observed. 

We do not have proof for our statement. The testosterone 

Dr. Steinberger showed a case with a testicular tumor in 

ROSEMBERG: Dr.' Steinberger, what was the level of testosterone in 
this patient? 

E. STEINBERGER: We are presently measuring the circulating hormone 
level, so I do not have the answer but I will be surprised if it is 
not extremely low. 

ROSEMBERG: If this is so, it is difficult for me to visualize that 
the amount produced by the Leydig cells under HCG stimulation could 
overcome whatever is already there. 

HELLER: 
testosterone administration, suggesting lowered testosterone output. 

The Leydig cells were morphologically a1 tered by exogenous 

. .  . 
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But you ask me for proof; 
a logical assumption, but just an assumption. 

and I have no proof of this; it remains 

SAVARD: 
tra-ovarian, circulation of hormones produced within the gonad. 
call your attention to the work of Lindner, some years ago in Dr. 
Mann's laboratories in Cambridge, who demonstrated the high testos- 
terone content of the lymph of the testis. He found it many times 
greater than the peripheral testosterone concentrations, comparable 
and sometimes exceeding the concentrations of the speTatic venous 
blood. Lindner also suggested that this could perhaps explain the 
phenomenon of the syndrome of the fertile eunuch, who has sufficient 
local testosterone concentration to support spermatogenic function, 
yet not enough peripherally to masculinize him. 

HUDSON: With the administration of f luoxymesteron;, plasma levels 
of testosterone are suppressed. Continuing treatment with fluoxy- 
mesterone and administering HCC, peripheral plasma levels of testos- 
terone are restored to normal. I really believe that Dr. Savard's 
comments are highly relevant: namely, what is the local concentra- 
tion of testosterone around the tubules, and what is its signifi- 
cance on nurturing the germinal epithelium? 

There is a most important intra-testicular, as well as in- 
I 

JOHNSEN: 
tubules and presence of a limited number of spermatocytes. 

In Dr. Steinberger's case, there was only growth of the 

E. STEINBERGER: Dr. Johnsen, you are absolutely correct; as I 
clearly pointed out when discussing the photomicrographs, the sper- 
matogenesis did not proceed beyond young spermatids. 
paper, together with data reported by Dr. Bergada on a case of Ley- 
dig cell hyperplasia showing localized areas of spermatogenesis and 
with our demonstration of spermatogenesis in a tumor-bearing testi- 
cle of a 6-year old boy, presents a good case for the critical role 
of testosterone in the process of initiation of spermatogenesis in 
the human tes,ticle. Furthermore, we provided evidence that in the 
rat, FSH is necessary for the late stages of spermatid development. 
I think that demonstration of FSH by Dr. Heller in his experimental 
subject suggests &that, in the human, FSH may also play an important 
role in maturation of the spermatids. 

Dr. Heller's 
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I .  HELLER: 
Wherever the crystals were, spermatogenesis was maintained; while 
peripheral to that, they were not. 

Many years ago Carl Moore implanted crystals of testosterone. 

PAULSEN: 
ing on which is not understandable. For example, when Maddock and 
Nelson administered HCG to normal adult men, oligospermia or azoo- 

came hyalinized and the Leydig cells became small and darkly stained. 

Dr. Heller, it occurs to me that something curious is go- 
I 

spermia devel.oped. Histologically, the seminiferous tubules be- I 
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They postulated that these changes were due to excessive steroid 
hormone production. 
their HCG regimen. 
ticular testosterone concentration. Thus the data of Maddock and 
Nelson appear to be in conflict with your experiment. 
plain this? 

HELLER: We have repeatedly confirmed the Maddock-Nelson work. And, 
for those of you who are not familiar with it, it consists simply 
of administering human chorionic gonadotropin long enough, in large 
enough amounts, resulting in azoospermia in normal men. During 
this time, not only are testosterone and the 17-KS steroids in- 
creased, but the hormone, in the urine at least, that increases the 
most is estrogen. 
tropin, under the circumstances of Maddock and Nelson's experiments 
and under thecircumstances that we have giveri it, is causing fail- 
ure of spermatogenesis because of the high concentration of estro- 
gen. 

PAULSEN: 
of estrogen in the urine, Dr. Heller, with testosterone and HCG 
administration. Therefore, your explanation does not appear to be 
plausible. It still remains doubtful how you were able to restore 
spermatogenesis in your study. I would like to believe that it is 
the retention of normal endogenous FSH levels which was fundamental 
to the restoration of spermatogenesis in your study. But is it real- 
ly fair, Dr. Heller, to compare your twenty-week administration of 
testosterone enanthate to the five-day administration of testoster- 
one propionate? 

Now suppose they had added testosterone to 
This would have further increased the intrates- 

Can you ex- 

I would postulate that human chorionic gonado- 

But you would still be gettiag the same equivalent amount 

HELLER: No it is not. Dr. Paulsen brings up the fact that we did 
not determine plasma ICSH and plasxa FSH Ln the experiment with 
testosterone enanthate, which was a long-term experiment. This ex- 
periment is now under way. 

DICZFALUSY: May I suggest another experiment. In the human female, 
those who tried to work on the mechanism of action of contraceptive 
steroids usu.ally concluded that estrogen will inhibit FSH release 
and secretion, provided it is given for a long period of time. Dr. 
Heller, if you would give estrogen to your patients, you would see 
the following: 1) whether or not it was indeed the estrogen which, 
in combination with HCG, caused hyalinization, 2) whether or not 
you really need FSH from the pituitary and 3)  whether you could re- 
place FSH with HMG. 
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