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Results. As can  be seen in t h e  t ab les  1 and  2, n e o n a t a l  
a n d r o g e n i z a t i o n  increases  t he  FSH- leve l s  w i t h o u t  a l t e r ing  
L H - c o n c e n t r a t i o n s  in p r e p u b e r a l  male  and  female  r a t s  
of 30 days  of age. Tab le  1 shows t h a t ,  whi le  n o r m a l  female  
r a t s  t r e a t e d  w i th  es t rogens ,  showed 24 h l a t e r  h ighe r  
levels of L H  a n d  F S H  t h a n  t h e  controls ,  t he  a d m i n i s t r a -  
t ion  of e s t r o g e n s  i nduced  in t he  androgen ized  g roup  a 
s ign i f ican t  decrease  in t he  levels of b o t h  gonado t r oph in s .  
On t he  o t h e r  h a n d ,  t he  a d m i n i s t r a t i o n  of es t rogens  to 
p r e p u b e r a l  ma le  rats ,  30 days  old ( table  2), p roduced  a 
r e d u c t i o n  in t he  L H -  a n d  FSH- leve l s  in n o r m a l  a n d  
and rogen i zed  ra ts ,  b u t  t h e  i n h i b i t i o n  in t he  F S H - l e v e l s  
obse rved  in t he  and r ogen i zed  group,  was  s ign i f i can t ly  
g rea t e r  t h a n  in t he  con t ro l s  (89% vs  57% respect ive ly) .  
Consequen t ly ,  F S H - c o n c e n t r a t i o n s  were lower in  t he  an-  
d rogenized  ma le  r a t s  t r e a t e d  w i t h  es t rogens  t h a n  in t he  
con t ro l s  w i t h  a s imi lar  t r e a t m e n t .  
Discussion. The  resu l t s  here  r epo r t ed  showed  t h a t n e o n a t a l  
a n d r o g e n i z a t i o n  inc reases  t he  FSH- leve l s  in p r e p u b e r a l  
male  and  female  ra ts .  Accord ing  to  t he  c u r r e n t  concep t s  
on  t h e  sexua l  d i f f e r en t i a t i on  s, i t  could be  p o s t u l a t e d  t h a t  
t h e  increase  in t he  F S H - l e v e l s  obse rved  in the  a n d r o g e n -  
ized female  r a t s  is c o n n e c t e d  w i t h  the  d e v e l o p m e n t  of a 
ton ic  or male  con t ro l  of g o n a d o t r o p h i n  secret ion,  since 
t he  p r e p u b e r a l  s tage t h a t  cha rac t e r i s t i c a l l y  shows h ighe r  
levels of F S H  t h a n  t h e  female  t y p e  of con t ro l  4. On t he  
o t h e r  h a n d ,  t h e  h ighe r  levels  of F S H  obse rved  in t h e  
androgen ized  male  r a t s  as c o m p a r e d  w i t h  t h e  normals ,  
gives an  a d d i t i o n a l  s u p p o r t  to  t he  h y p o t h e s i s  t h a t  t he  

presence  of a n d r o g e n s  in  the  f i rs t  days  of life is respons ib le  
for t he  h i g h e r  levels of F S H  t h a t  cha rac te r i ze  t h e  ma le  
con t ro l  of g o n a d o t r o p h i n  secret ion,  a n d  also shows t h a t  
an  a d d i t i o n a l  dose of t e s t c s t e r o n e  du r ing  t he  f i rs t  days  
of life is able  to  deve lop  in t he  p r e p u b e r a l  male  a t y p e  of 
p i t u i t a r y  con t ro l  w i t h  h ighe r  levels of F S H  t h a n  those  
obse rved  w h e n  physio logica l  levels of and rogens  are 
p resen t .  W h i l e  t he  a d m i n i s t r a t i o n  of es t rad io l  to  pre-  
p u b e r a l  female  30-day-old  r a t s  i nduced  a n  increase  in t h e  
L H  and  F S H ,  t he re  was  a s ign i f ican t  r educ t i on  of b o t h  
g o n a d o t r o p h i n s  in  and rogen i zed  female  r a t s  as well  as 
in n o r m a l  a n d  and rogen ized  male  ra ts .  These  r e su l t s  
a p p e a r  to  i n d i c a t e  t h a t  n e o n a t a l  and rogen i za t i on  in t h e  
female  ra ts ,  bes ides  inc reas ing  FSH- leve l s ,  a l t e red  t h e  
n o r m a l  m e c h a n i s m s  impl i ca t ed  in the  d e v e l o p m e n t  of t he  
pos i t ive  f eed -back  effect  of es t rogens  on  g o n a d o t r o p h i n s  
secret ion.  Since es t rogens  p roduced  a s imi la r  r e d u c t i o n  
in F S H -  a n d  LH- leve l s  in  n o r m a l  male  and  androgen ized  
female,  i t  could  be  cons idered  t h a t  t he  pos i t ive  f eed-back  
effect  of e s t rogens  is also a sexua l ly  d i f f e ren t i a t ed  func t i on  
a n d  i ts  d e v e l o p m e n t  is i m p a i r e d  b y  t he  presence  of 
t e s t o s t e r o n e  in t he  f i rs t  days  of life. 
The  a n d r o g e n i z a t i o n  of ma le  r a t s  increased  t he  F S H -  
sens ib i l i ty  to  t h e  nega t i ve  f eed-back  effect  of es t rogens .  
This  f ac t  could  be  a d d i t i o n a l  ev idence  t h a t  the  m e c h a n i s m  
of con t ro l  of F S H  is a r e l e v a n t  process  t h a t  t akes  place  
du r ing  t h e  sexua l  d i f f e r en t i a t i on  of h y p o t h a l a m u s ,  
in f luenced  b y  t h e  presence  of sexua l  h o r m o n e s  in t h e  
f i rs t  days  of life. 
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Summary. The  p r e t r e a t m e n t  of i r r ad i a t ed  mice b y  cyp ro t e rone  ace t a t e  h a d  a b e t t e r  r a d i o p r o t e c t i v e  effect  in compar i son  
w i t h  o r c h i d e c t o m y ,  a l t h o u g h  t he  we igh t  of t he  t h y m u s  was lower in  t he  c y p r o t e r o n e  ace t a t e  group.  The  r a d i o p r o t e c t i v e  
m e c h a n i s m s  i n v o l v e d  in b o t h  cases were discussed.  

The  reduced  i m m u n o c o m p e t e n c e  a c c o m p a n y i n g  t he  
t h y m o l y t i c  effect  of a n d r o g e n s  is expec t ed  to e n h a n c e  
t he  s ens i t i v i t y  of m a m m a l s  to  ionizing r a d i a t i o n  3. Never -  
theless ,  t he  r epo r t s  on t he  rad iosens i t i z ing  effects  of 
a n d r o g e n s  (and on  t he  r a d i o p r o t e c t i o n  p rov ided  b y  es- 
t rogens)  are r a t h e r  con t rove r s i a l  3. This  m a y  be  due  to  t he  
role of the  t i m e - i n t e r v a l  b e t w e e n  i r r ad i a t i on  a n d  t he  in te r -  
v e n t i o n  in t he  h o r m o n a l  s t a t u s  - d u r i n g  th i s  per iod,  t h e  
r egene ra t i on  of t he  t h y m u s  a n d  t he  i m m u n o c o m p e t e n c e  
m a y  be  res tored .  Male mice were the re fore  p r e t r e a t e d  b y  
t he  a n t i a n d r o g e n  c y p r o t e r o n e  ace ta te .  Af te r  a s u b s e q u e n t  
i r r ad ia t ion ,  t he  m o r t a l i t y  was  c o m p a r e d  w i t h  t h a t  of 
i r r a d i a t e d  mice  h a v i n g  no  p r e t r e a t m e n t .  The  expec ted  
r a d i o p r o t e c t i v e  effect  of c y p r o t e r o n e  ace t a t e  was  ob- 
t a ined ,  b u t  t he  a d m i n i s t r a t i o n  of th i s  d rug  to  i r r a d i a t e d  
mice  was a c c o m p a n i e d  a t  t h e  age of 14 weeks b y  a 
decrease  in we igh t  of t he  t h y m u s ,  n o t  obse rved  in ir-  
r a d i a t e d  mice  p r e t r e a t e d  b y  o rch idec tomy.  T he  m e c h a -  
n i s m  of r a d i o p r o t e c t i o n  i nduced  b y  c y p r o t e r o n e  ace t a t e  
t he re fo re  r e m a i n s  to  be  exp la ined .  
Materials and methods. 5-week-old male  mice (Velaz 
breeding)  were k e p t  in  g roups  of 10-20 an i m a l s  in  p las t i c  
boxes .  The  mice  were da i ly  exposed  to  l igh t  for 12 h, t h e  
room t e m p e r a t u r e  was  m a i n t a i n e d  a t  24 -t- 2 ~ I n  g roup  
1 c a s t r a t i o n  was p e r f o r m e d  in e t h e r  narcos is  a t  t h e  age 

of 5 weeks. Af t e r  the  l iga t ion  of t he  d u c t u s  deferens,  t h e  
t es tes  a n d  ep id idymis  were r e m o v e d  a n d  t he  w o u n d  was 
powdered  w i t h  n e o m y c i n  and  b a c i t r a c i n  (F r amyko in ,  
Spofa). I n  t h e  con t ro l  g roup  (2), a s h a m  ope ra t i on  (open- 
ing of t he  sc ro tum)  was executed .  In  g roup  3 c y p r o t e r o n e  
ace t a t e  (6-chloro-17-hydroxy-1,2-methylene-pregna-4,6- 
dien-3 ,20-dione  ace ta te ,  A n d r o c u r  Scher ing  AG, Ber l in)  
was  added  to  t he  food a t  t he  age of 7 weeks in a da i ly  
dose of 1 mg/100  g b .wt .  The  d rug  was a d m i n i s t e r e d  for 
14 days,  t h e  a m o u n t  of food c o n s u m e d  b y  1 a n i m a l  was  
in genera l  3 g a day.  A t  the  age of 10 weeks (5 weeks  
a f te r  ca s t r a t i on ,  3 weeks a f t e r  t he  b e g i n n i n g  of cyp ro t e rone  
ace t a t e  a d m i n i s t r a t i o n  a n d  1 week  a f t e r  s topp ing  t h i s  
medica t ion) ,  all  3 g roups  were i r r ad ia t ed  b y  6~ A 4 th  
group  w i t h  no  o the r  i n t e r v e n t i o n  was also i r r ad i a t ed  a t  
t he  age of 10 weeks. The  exposure  was 700 r ad  w i t h  a 
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Table 1. Effects of cyproterone acetate feeding, orchidectomy and gamma irradiation on the mortality of mice. The time sequence is repre- 
sented on the figure 

Number of mice Number of dead Death rate Mortality reduction 
in experiments mice 

1 Castration and irradiation 
2 Sham operation and irradiation 
3 Cyproterone acetate and irradiation 
4 Irradiation 

79 12 15% 25% 
76 29 38% 64% 
25 2 8% 13.6% 
32 19 59% 0% 

Using the Z 2 test for evaluation the death rate in different groups, the following statistical significance was obtained: groups 1 and 2 Z ~ < 0.01 ; 
1 and 4Z2 < 0.01; 2 and 4Z~ < 0.05; 3 and 4Z2 < 0.01. 

Table 2. Effects of cyproterone acetate feeding, orchidectomy and gamma irradiation on the weight of testes, thymus and spleen of mice 

Mean weight =t- SEM (g) 
Testes n Thymus n Spleen n 

10rchidectomy and irradiation - - 0.049 • 0.014 12 0.147 i 0.036 13 
2 Sham operation and irradiation 0.053 =k 0.006 14 0.035 • 0.011 6 0.149 -4- 0.037 7 
3 Cyproterone acetate and irradiation 0.049 4- 0.006 20 0.034 • 0.008 9 0.144 ~= 0.033 10 

For comparison of the thymus weights the t-test was used. The statistical significance of the differences between the groups 1 and 2 is 0.05 < 
p % 0.02; for groups 1 and 3 p < 0.01. 

dose ra te  27 rad /min .  The i r rad ia t ion  was per fo rmed  in 
a t u rn ing  cage to  assure field homogene i ty .  The an imals  
in all 4 groups were observed  for 30 days.  At  the  end of 
th is  period,  the  surviva l  was eva lua ted  and the  we igh t  
of the  t hymus ,  speen and tes tes  was measured  in the  
surv iv ing  animals.  All expe r imen t s  were repea ted  several  
t imes.  A to ta l  of 212 mice were sacrificed, for s ta t i s t ica l  
analysis  the  )r and  t - t e s t  were used. The t ime sequence 
of the  in t e rven t ions  is r ep resen ted  on the  figure. 
Results. The effects  of cypro te rone  acetate ,  sham opera-  
t ion  or cas t ra t ion  and  g a m m a  i r radia t ion  on the  mor t a l i t y  
of mice are r epresen ted  in tab le  1. These resul ts  m a y  also 
be expressed  as a reduc t ion  of the  mor t a l i t y  caused by  
i r rad ia t ion  only  and considered as 100% (the last  column).  
The dose 700 rad  admin i s t e red  by  ~176 decreased the  
surviva l  of n o n t r e a t e d  animals  to  40%. Cast ra t ion,  and  
especial ly the  feeding of cypro te rone  acetate ,  led to a 
s t rong  reduc t ion  of m o r t a l i t y  in i r radia ted  mice (to 25 
and  13% respect ively)  if compared  to the  d e a t h  ra te  
obse rved  in non t r ea t ed ,  i r rad ia ted  animals.  
The we igh t  of t he  test is ,  t h y m u s  and  spleen at  the  age of 
14 weeks is ~ in tab le  2. The t h y m u s  weight  was 
g rea te r  in i r rad ia ted  and  cas t r a t ed  mice t h a n  in irra- 
d ia t ed  and  sham opera ted ,  or in i r radia ted  and  cypro-  
t e rone  ace ta te  p r e t r e a t e d  animals .  The weights  of t he  
spleen and tes tes  did no t  differ s ignif icantly.  
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The time sequence of different interventions. The numbers 1-4 cor- 
respond to the experimental groups iildicated in tables 1 and 2. 

Discussion. Orch idec tomy  pe r fo rmed  in mice  a t  the  age 
of 5 weeks leads, according to  Castro% to a delay of 
t h y m i c  involut ion,  accompanied  by  an enhanced  im- 
munological  response which  m a y  provide  rad iopro tec t ion .  
The feeding of cypro te rone  ace ta te  was s t a r t ed  at  t he  
age of 7 weeks in order  to p r e v e n t  the  p roduc t i on  of t he  
nuclear  d ihyd ro t e s to s t e rone -p ro t e in - ch roma t in  complex  
in androgen  d e p e n d e n t  t issues, as decr ibed  by  N e u m a n n  
and Ste inbeck 5. In  b o t h  ins tances  (orch idec tomy or 
cypro te rone  ace ta te  adminis t ra t ion) ,  a similar t h y mic  
en l a rgemen t  was expected .  
However ,  as m a y  be seen in tab le  2, cypro te rone  ace ta te  
p r e t r e a t m e n t  did no t  p r e v e n t  t h y m u s  involu t ion  in ir- 
r ad ia ted  mice, while o r ch idec tomy  secured the  pro tec t ion  
of t he  t hymus .  The weight  decrease of the  t h y m u s  
following cypro te rone  ace ta te  admin i s t r a t ion  was al- 
r eady  repor ted  in in tac t  ra t s  by  N e u m a n n  and Ste inbeck s. 
This effect  was no t  re la ted  to  a s t imula t ion  of adrenals  
due to a decrease of the i r  weight .  The reduc t ion  of t he  
weigh t  of the  t h y m u s  and i ts  deple t ion  of l y m p h o c y t e s  
in cypro te rone  ace t a t e - t r ea t ed  mice was  also repor ted  
by  Vojti~kov& et  al.K These au thors  sugges ted  an acceler- 
a ted  migra t ion  of l y m p h o c y t e s  f rom the  t h y mu s .  The 
i m m u n o c o m p e t e n c e  of the  t r e a t ed  mice was no t  t e s t ed  
before i r radiat ion,  b u t  it  m a y  be sugges ted  t h a t  the  rap id  
des t ruc t ion  of the  t h y m u s  is a s t imulus  for an enhanced  
t h y m u s  regenera t ion  or l y m p h o c y t e  p roduc t ion  in some 
o the r  organ, such as the spleen or the  liver. Also a massive 
l ibera t ion of ant igens  f rom the  d i s in tegra ted  T- lympho-  
cytes  m a y  enhance,  a t  a given t ime,  t he  defence aga ins t  
the  rad ia t ion  bacter iemia .  
I t  m a y  be of in te res t  t h a t  free cypro te rone ,  given i.p. in 
a dose of 1 mg/100 g 1 day  before i r rad ia t ion  was toxic  
and ied to a 100% d e a t h  rate .  A p re l imina ry  o rch idec tomy  
did no t  change the  mor t a l i t y  ra te  in cyp ro t e rone - t r ea t ed  
and i r rad ia ted  mice. The impress ive  rad iopro tec t ive  effect  
of oral cypro te rone  ace ta te  is a s t imulus  for fu r ther  s tudies.  

4 J .E .  Castro, J. Endocr. 62, 311 (1974). 
5 F. Neumann and H. Steinbeck, Handb. exp. Pharmak. 35, 424 
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6 M. Vojttgkov&, M. Pol~dkov& and V. Vikliek~, Experientia 32, 
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