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single in jec t ion  of e i ther  F S H  or I C S H  at  a cr i t ical  period 
of t ime  is requi red  to  induce ovula t ions  in hypophysec to-  
mized ra ts  when  m a t u r e  follicles are  present  s. 

As judged  by  the  u ter ine  weights  and the  absence of 
vagina l  estrus i t  seems t h a t  under  HCG, the  normal  
ovar ian  steroidgenesis was ha rd ly  in progress, if a t  all. 
Final ly ,  in conf i rmat ion  of ear ly  workers* all ' cont ro l '  
ovaries  conta ined  persis t ing corpora  lu tea  even af ter  this  
ex tended  pos t -hypophysec tomy  regression period. In te r -  
est ingly,  these organi tes  d isappeared  rapidly  under  the  
PMS influence, whereas,  under  t he  HCG, there  were in 
some ovaries  still pers is t ing corpora  l u t e ,  a f te r  30 days  
of in] ections, however ,  in o ther  cases they  had d isappeared  
(Figure 2 C). 

This  long t e rm exper imen t  supports  2 facts :  in spite of 
this ex tended  depr iva t ion  of hypophysea l  secretions, the  
female gonad was no t  impai red  irreversibly.  I t  conserved 
in all cases its sens i t iv i ty  for gonadot rophic  hormones.  
Again,  in analogy to  the  male  gonad,  in this expe r imen t  
wi th  female  ra ts  too, the  F S H  p layed  a key role in syner-  
gism wi th  the  I C S H  wi th in  the  normal  sequence of repro- 
duc t ive  events .  This  underl ines  the  p a r a m o u n t  impor tance  
of t he  F S H  within  the  p h e n o m e n a  of follicular g rowth  
and m a tu ra t i on  ~. 

Z u s a m m e n [ a s s u n g .  Ffinfzehn erwachsene weibliche Ra t -  
ten  wurden  ein J a h r  nach  erfolgter  H y p o p h y s e k t o m i e  m i t  
H C G  und PMS behandet t .  T ro t z  der  e x t r e m  langen In-  
volu t ionsper iode  reagier ten die v611ig a t roph ie r t en  Ova-  
rien unmi t t e lba r  auf  die paren te ra l  appl iz ier ten Hormon-  
pr/ iparate .  Jedoch  nur  das F S H -  plus ICSH-Akt iv i t /~ ten  
en tha l t ende  PMS (Serumgonadot ropin)  induzier te  ein 
deut l iches Fol l ike lwachstum.  Ovula t ionen  konnten  nicht  
nachgewiesen werden,  wohl infolge der acycl ischen Appli-  
ka t ionsform der  Substanzen.  
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Successful  Reinitiation and Restoration of Spermatogenes i s  in Hypophysectomized  Rats with 
Pregnant  Mare's Serum after a Long-Term Regress ion Period 

After  an  adequa te  pos t -hypophysec tomy  regression 
period, bo th  repair  and cont inued  deve lopmen t  of the  
test is  necessi tates  in rats  the  synergism of F S H  and 
androgens,  p robab ly  tes tos terone  1,2. W h e n  this  synergism 
was abolished wi th  an  ant i -androgen,  the  F S H  principle  
b y  itself was devoid  of any  de tec tab le  effects  wi th in  the  
test is  of hypophysec tomized  ' androgen-f ree '  ra ts  3. On the  
o the r  hand,  tes tos terone  propionate ,  I C S H  and HCG had 
v e r y  l imi ted  abili t ies to reini t ia te ,  restore and ma in ta in  
spermatogenes is  af ter  an adequa te  pos t -hypophysec tomy  
regression period1,*, 4. The  purpose of this s tudy  was to 
inves t iga te  if the  test is  could be restored to  normal  size 
and funct ion  af ter  hav ing  been depr ived  of hypophysea l  
gonadot roph ic  hormones  for an ex t r eme ly  long period of 
t ime.  

M e t h o d s .  T w e n t y - t h r e e  m a t u r e  male  ra ts  5, weighing 
220-280 g, were hypophysec tomized  and 1 ' cont ro l ' - tes t i s  
was r emoved  af ter  1 year  and weighed. The  con t ra la te ra l  
gonad was r emoved  a t  au topsy ,  weighed and inspected  
histologically.  The  d iameters  of the  tes t icular  tubules  
were de termined.  All doses of hormones  (Figures 1 and 2) 
were referred to body  weight  a t  the  t ime  of inject ion.  
The  H C G  prepara t ion  was ex tens ive ly  tes ted  for i ts  F S H  
potencies  * and found to  be devoid  of de tec tab le  a m o u n t s  
of F S H .  

Resu l t s .  The  body  weight  and average  weigh t  of the  
adrenals  and kidneys  were  uni formly  reduced to levels  
which are  typ ica l  for hypophysec tomized  rats  7. This  was 
also t rue  for t he  ' cont ro l ' - tes tes  which were r emoved  be- 
fore t r e a t m e n t  commenced ,  t hen  weighing 252 -4- 43 mg. 
Af te r  30 days  of H C G  t rea tment ,  there  was prac t ica l ly  
no tes t icular  weight  increase. B y  contrast ,  under  the  PMS 
prepara t ion ,  this  p a r a m e t e r  g radua l ly  increased dur ing 
the  per iod of r ep lacemen t  the rapy ,  to  reach a p la teau  
af ter  24 days  (Figure 1). The  d i ame te r  of the  tubules  was 
cons iderably  enlarged under  b o t h  preparat ions .  T h e y  

reached prac t ica l ly  normal  values  of 250 p when p regnan t  
mare ' s  serum (PMS) was given for 24 or 30 days  (Figure 2). 

The  his tology of the  ' cont ro l ' - tes tes  showed a male  
gonad in a s tage of a ra ther  p ronounced  a t rophy  (Figure 
3 A). Af te r  t he  HCG t rea tmen t ,  the  seminiferous epi the-  
l ium was general ly  no fur ther  deve loped  than  the  ear ly  
s tages of spermat ids .  S imul taneously ,  the  in ters t i t ia l  cells 
were hyper t roph ied  (Figure 3 B). However ,  af ter  6 days  
of PMS t r ea tmen t ,  there  were a l ready  pachy tene  sperma-  
tocytes .  In  spi te  of this, the  germinal  ep i the l ium was still  
largely depopula ted ,  whereas  the  Leydig  cells were  en- 
larged and hyper t roph ied  in a d is t inc t ive  way.  Af ter  
12 days  of PMS therapy,  the  tubules  were enlarged,  the  
germinal  ep i the l ium became more  popu la ted  and as far  
advanced  as the  ear ly  types  of spermat ids .  This  deve lop-  
m e n t  of germ cells was even more  advanced  af ter  18 days.  
R ipe  sperms f inal ly became observable  in the  testes  of 
those animals  t h a t  had been under  the  more  prolonged 
PMS influence (Figure 3 C). The  weights  of the  pros ta tes  
and seminal  vesicles showed a cont inued  increase under  
the  PMS (Figure 1). 

1 j .  H. GAARENSTROOM and S. E. DE JoNGH, ,4 Contribution to the 
Knowledge o] the Influences o/Gonadotropic and Sex Hormones on 
the Gonads o] Rats (Elsevier Publ. Co., New York 1946). 

s M. C. WOODS and M. E. SIMPSOlq, Endocrinology 69, 91 (1961). 
3 R.  VON BERSWORDT-WALLRABE a n d  F. NEUMANN, E x c e r p t a  reed.  

Int. Congr. Series 133, 950 (1967). 
4 A. V. BOCCABELLA, E n d o c r i n o l o g y  72, 787 (1963). 
5 H. STEINBECK and R. VON BERSWORDToWALLRABE, Z. Versuchs- 

tierKde 8, 167 (1966). 
6 F. J. A. PAESI, S. E. DE JONGH, M. J. HOOGSTRA and A. ENGEL- 

BREGT, Aeta endocr., Copenh. 19, 49 (1955). 
7 V. NEUMANN a n d  R.  y o n  BERSWORDT-WALLRABE, J .  E n d o c r .  35, 

363 (1966). 



500 Specialia EXPI~RII~NTIA 2415 

Discussion.  The  a t roph ied  tes tes  r eac ted  i m m e d i a t e l y  
a f t e r  be ing  exposed  to the  gonado t roph ic  p repara t ions .  
Hereby ,  it  became  clear t h a t  the  F S H  pr inciple  p layed  a 
key role in th is  expe r imen t .  I t  was  given wi th in  t he  PMS 
p r e p a r a t i o n  which  has  addi t iona l ly  i nhe ren t  I C S H  activi-  
t ies.  U n d e r  these  combined  h o r m o n a l  act ions ,  t he  male  
gonads  g radua l ly  redeve loped  wi th in  24 d a y s  all visible 
s t ruc tu res  so far  t h a t  t h e y  were prac t ica l ly  indis t inguish-  
able f rom histological  p ic tures  of no rma l  testes,  wi th  the  
excep t ion  t h a t  t he  Leyd ig  cells were  s o m e w h a t  hype r -  
t roph ied .  Obviously ,  t he  HCG, wi th  i ts  single I C S H  
po tency ,  w a s  res t r i c t ed  t o  s t imu la t e  select ively t he  in ter-  
s t i t ia l  cells ( = L e y d i g  cells) only,  since the re  was  no 
spermiogenes is  and  prac t ica l ly  no subs tan t i a l  weigh t  in- 
crease;  f indings  which  cor robora te  similar s tudies  z,~. The 
weights  of t he  accessory  sexual  organs  were more  s t imu-  
la ted  u n d e r  PMS,  p r o b a b l y  because  of i ts  h igher  a m o u n t  
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Fig. 1. Effect of a 1 year post-hypophysectomy regression period 
and subsequent replacement therapy with gonadotrophic hormones 
on testicular weight development, and on the weights of prostate 
gland and seminal vesicles. 
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Fig. 2. Effects of a 1 year post-hypophysectomy regression period 
and subsequent replacement therapies with gonadotrophic hormones 
on the mean diameter of the seminiferous tubules. • Left testes, 
removed before treatment. 
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Fig. 3 A. 'Control'-testes before treatment: tubules and Leydig cells 
atrophic. The germinal epithelium has practically nothing but 
spermatogonia and spermatocytes. × 235. 

Fig. 3 B. Subcutaneous injections of 60 I.U. HCG/100 g body 
weight/day for 30 consecutive days: tubuli medium sized. The 
germinal epithelium is generally no further advanced than the early 
types of spermatids. More mature types of spermatids are not 
frequently found. The Leydig cells are hypertrophied, but not as far 
as under the PMS dosage. Notice that, in spite of the enlarged 
tubules, no spermiogenesis is detectable. × 235. 

Fig. 3 C. Subcutaneous injections of 300 I.U. PMS/100 g body 
weight for 24 or 30 consecutive days: the tubules are in most cases 
comparable with those of normal intact rats. Complete regeneration 
of the germinal lille and a rather pronounced spermiogenesis takes 
place everywhere. The hypertrophied Leydig cells are no longer too 
impressive (as they used to be after 6 days of replacement therapy) 
because of the normal diameter of the tubules. × 235. 



15.5. 1968 Specialia 501 

of I C S H  potency,  as compared  wi th  the  HCG prepara-  
t ion s. I t  remains  to  expla in  why,  af ter  a pos t -hypophys -  
e c t o m y  regression period, the  tes t icular  even ts  are  F S H  
plus tes tos terone  dependent ,  whereas  tes tos terone  or  
HCG, if g iven immed ia t e ly  af ter  the  ex t i rpa t ion  of the  
p i tu i tary ,  main ta ins  a ra ther  normal  spermatogenesis  1,*,L 
Long  t e r m  exper iments  are  in progress in order  to  find 
ou t  if this androgen  rep lacement  t he r apy  can go on in- 
def ini te ly  wi th  full success, or  if spermatogenesis  is 
res t r ic ted by  a t ime  factor  when  i t  is genera ted  by  androgen  
therapies  only. I n  o ther  words, i t  mus t  be s tudied  if 
tes tos terone  becomes ineffect ive  w i thou t  the  F S H  
synergism af ter  abou t  48 days.  This  period of t i m e  is 
supposed to  cover  four  12-day cycles of the  seminiferous 
ep i the l ium which is bel ieved to be necessary to comple te  
once all events  of spermatogenesis  in the  r a tL  

Zusammen/assung. Nach  einer einj/ ihrigen Involu t ions-  
per iode im Anschluss an die H y p o p h y s e k t o m i e  gelang es 
mi t  Hilfe  eines PMS-Pr~iparates berei ts  nach 24tAgiger 
Appl ika t ionsdauer ,  die v611ig a t roph ie r ten  Tes tes  zu an- 
n~ihernd normalen  Gewichten  mi t  vollst~indiger Sperma-  

togenese zu restaurieren.  I m  Gegensatz  hierzu war  ein 
HCG-PrApara t ,  das keine messbaren F S H - P o t e n z e n  auf- 
wies, p rak t i sch  nur  in der  Lage, die Leydigschen  Zwi- 
schenzellen se lekt iv  zu s t imulieren.  Diese Ergebnisse  
deu ten  an, dass bei R a t t e n  die Hodenfunk t ion  t ro tz  
max ima le r  Atrophie  wieder  v611ig hergeste l l t  werden  kann,  
sofern ein Pr~iparat e ingesetzt  wird, das sowohl ausrei- 
chende I C S H -  als auch F S H - P o t e n z e n  enth~ilt. 
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D e v e l o p m e n t  of B l a c k  D o w n  F e a t h e r i n g  in H y b r i d  C h i c k  E m b r y o s  ( C r o s s  N e w  H a m p s h i r e  ~ × L ight  
S u s s e x  ~) after  P i t u i t a r y  I m p l a n t a t i o n  

The  male  embryos  and newly  ha tched  chicks of the  
cross New Hampsh i r e  c~ × L igh t  Sussex ~ are  white ,  
i.e. have  no down p igmen ta t ion ;  the  females deve lop  a 
reddish-brown down p igmenta t ion  f rom the  e l even th  day  
of incuba t ion  onwards.  

I n  previous  communica t ions  (GROENENDIJK-HuIJ- 
BERS 1,3) evidence was presented  in favour  of the  concept  
t h a t  the  fo rmat ion  of the  red p igment  in the  female em- 
bryos  is bound  to an  adequa te  level of gonadal  hormones,  
e i ther  ovar ian  or test icular .  Whi le  s tudy ing  the  influence 
of endocr ine  glands on the  fo rmat ion  of t he  red p igment ,  
an  unexpec ted  phenomenon  was observed af te r  p i tu i t a ry  
implan ta t ion .  The  p re l iminary  results  of this  s t udy  are 
repor ted  here. 

Material and methods. The hybr id  eggs of the  above  
cross were 'windowed '  on the  four th  day  of incuba t ion  
according to a me thod  a l ready  described (GRoENENDIJK- 
HUIJBERS3). On the  f if th day,  1-3 pi tui tar ies  f rom chick 
donors  of var ious  ages were implan ted  into the  coelomic 
c a v i t y  of the  hos t  embryos  according to  DOSSEL'S 
m e t h o d  4. The  age of the  donors  va r ied  f rom 16 days  of 
incubat ion  to 6 weeks af ter  ha tching.  As sham implants ,  
f ragments  of embryon ic  hear t ,  l iver,  t hy ro id  and adrenal  
gland were used. Moreover,  as a sham t r ea tmen t ,  some 
embryos  received on the  fif th day  of incuba t ion  a single 
dose of a syn the t ic  hormone,  such as tes tos terone-  
p rop iona te  (Orchisterone, Fross t ;  or  Neohombreol ,  Or- 
ganon), oes t radio l -benzoate  (Dimenformon,  Organon),  
t hy ro t roph ic  hormone  (Ambinon, Organon;  or  T S H ,  
Sigma) or  A C T H  (Cortrophine and Cortrophine-Z,  Or- 
gallon). Final ly ,  synthe t ic  ~-MSH (melanocyte -s t imula t -  
ing hormone)  was adminis te red  e i ther  in 3 doses on the  
fifth, e igh th  and t en th  day,  or  in 5 doses on the  seven th  to  
e leven th  day  of incubat ion.  The  drugs were adminis te red  
by  insti l l ing the  chorio-al lantois  th rough  the  shell window. 

Autopsy  was done a t  12-15 days  of incubat ion.  The  
down on head, back, ta i l  and wings was careful ly exam-  
ined wi th  the  aid of a dissecting microscope and photo-  

graphed.  The  hos t ' s  gonads and thyro ids  as well as the  
implan t s  were r emoved  and prepared  for histological  
examina t ion .  

Results. The  results are summar ized  in the  Table  and 
demons t r a t ed  in the  Figures.  When  a sufficient  a m o u n t  of 
p i t u i t a ry  t issue has developed in the  implant ,  a pecul iar  
b lack- fea thered  area  is found on the  occiput  of the  hos t  
embryos  of e i ther  sex. W h e n  only  a few black feathers  
are p resen t  (which is a rb i t ra r i ly  des ignated  as Degree 1: 
the  n u m b e r  of b lack feathers  ranging f rom 3-20), t h e y  
are  found along the  med ian  line (Figures 1 and la)  j u s t  
c rania l ly  and cauda l ly  to the  pineal  body,  t h a t  in t he  14- 
day-old  chick e m b r y o  lies in di rect  con tac t  wi th  the  scalp 
(Figures 2 and 2a). 

When  a larger a m o u n t  of p i tu i t a ry  t issue has developed 
in the  implant ,  some 20-40 b lack  fea thers  embrace  the  
pineal  body in the  form of a d i amond  and ex tend  along 
the  median  line p rox imal ly  and dis ta l ly  (Degree 2, Figures  
2 and 2a). W h e n  the  b lackening is still  more advanced ,  
t iny  black fea thers  are  found in line wi th  the  la tera l  angle 
of the  eyes (Degree 3, F igures  3 and 3a). P rox ima l ly  t he  
feathers  ex tend  as far  as the  ver tex ,  close to the  root  of 
the  comb.  

As a rule the  'b lack  fea thers '  are  only  par t ia l ly  black:  
the  black p igmen t  is a r ranged in longi tudinal  stripes along 
one side of the  feather.  In  the  females the  f ine-dot ted  
brown p igmen t  can be clear ly  dis t inguished lying side by  
side wi th  the  coarse b lack p igment  (magnif icat ion × 40). 

The  degree of b lackening is re la ted to the  a m o u n t  of 
t issue developed in the  imp lan t  r a the r  t han  to  the  age of 
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