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a n d  i n v a s i v e  b e h a v i o u r  of  t h i s  t r a n s p l a n t a b l e  t u m o u r  of 
h u m a n  or ig in  m a k e s  t h e  s t u d y  of such  ques t i ons  i m p e r a -  
t ive .  

t i on  v o n  H u m a n t u m o r -  m i t  n o r m a t e n  H a m s t e r c h r o m o -  
s o m e n  wird  zu r  Diskuss ion  gestel l t .  

HILDE G6TZ a n d  D. M. GOLDENBERG 

Zusammen/assung. Zweid imens iona l e  I m m u n o d i f f u -  
s ions t e s t e  n a c h  OUCHTERLONY zeigten,  dass  das  im 
H a m s t e r  t i be rp f l anz te  mensch l i che  O v a r i a l k a r z i n o m ,  G W -  
127, n a c h  t iber  5 M o n a t e n  T i e r p a s s a g e n  noch  h u m a n e s  
A n t i g e n  b e i b e h a t t e n  ha t .  Die M6gl ichke i t  e iner  H y b r i d i s a -  
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Autoradiographic  Localization of Testosterone-al l  in the Female Rat Brain and Estradiol-SH in the 
Male Rat Brain 

I t  is well  k n o w n  t h a t  ma le  sex h o r m o n e s  t r igge r  sex 
b e h a v i o r  in  males ,  a n d  female  h o r m o n e s  t r igge r  sex 
b e h a v i o r  in  females  of m a n y  species, i nc lud ing  r a t s  t. Sex 
h o r m o n e s  also a f fec t  sex  b e h a v i o r  w h e n  i n j ec t ed  i n to  r a t s  
of t h e  oppos i t e  sex. T e s t o s t e r o n e  in jec t ions  increase  t h e  
f r e q u e n c y  of mascu l ine  m a t i n g  responses  a n d  a l t e r  t h e  
s t r e n g t h  of f emin ine  m a t i n g  b e h a v i o r  in  ova r i ec tomized  
or  n o r m a l  female  r a t s  ~. C o m p l e m e n t a r y  effects  a re  seen 
w h e n  es t rogens  are  i n j ec t ed  i n to  c a s t r a t e d  m a l e  r a t s  a. 

As p a r t  of t h e  ana lys i s  of sex h o r m o n e  effects  o n  re- 
p r o d u c t i v e  func t ions ,  t e s t o s t e r o n e  u p t a k e  in t he  b r a i n  of 
t h e  ma le  r a t  ha s  been  desc r ibed  4,5, as h a s  e s t r ad io l  u p t a k e  
in  t h e  female  b r a i n  S-L T h e  p r e s e n t  r e p o r t  descr ibes  tes-  
tos t e rone-3H u p t a k e  in t h e  female  r a t  b r a i n  a n d  es t rad io l -  
17fi-aH u p t a k e  in t h e  ma le  r a t  b r a in .  

T e s t o s t e r o n e - i ,  2-SH (200 pc ;  sp. act .  46.5 c / m M ;  New 
E n g l a n d  Nuc l ea r  Corp.) was  in j ec t ed  i.v., d i sso lved  in 
0.05 cm s 25% e thano l ,  i n to  each  of  two  200 g female  ra ts ,  
o v a r i e c t o m i z e d  2 weeks  prev ious ly .  Estradiol-17fl-6,  7-3H 
(200/~c; sp. ac t .  42.4 c/mM; New E n g l a n d  Nuc l ea r  Corp.)  
was  in j ec t ed  i.v., d i sso lved  in 0.05 c m  3 25% e thano l ,  i n to  
each  of two  200 g ma le  ra ts ,  c a s t r a t e d  2 weeks  p rev ious ly .  
2 r a t s  were ki l led 1[~ h a f t e r  i n j e c t i o n  (1 of e a c h  sex) a n d  
2 r a t s  were  ki l led 2 h a f t e r  i n j ec t i on  (1 of e ach  sex).  T h e  
b r a i n  of  a n  u n i n j e c t e d  m a l e  r a t  was  p r e p a r e d  in t h e  s a m e  
w a y  as  t h e  e x p e r i m e n t a l  b ra ins ,  t o  check  for  t h e  p resence  
of a u t o r a d i o g r a p h i c  a r t i f ac t s .  

T h e  b r a i n s  were  f rozen  qu i ck ly  a f t e r  r emova l ,  a n d  8/~ 
ser ia l  f rozen  sec t ions  were  c u t  in  a ClyOStat, m o u n t e d  
d i r ec t l y  o n t o  sl ides a n d  r a p i d l y  dr ied .  T h e n  t h e  t i ssue  was  
f ixed  b y  i m m e r s i o n  in  1 %  o s m i u m  t e t r o x i d e  a n d  10% 
n e u t r a l  fo rmal in .  O t h e r  de ta i l s  of t h e  h is to logica l  pro-  
cedure  a re  desc r ibed  e lsewhere  9. The  f ixed a n d  dr ied  
sec t ions  were  c o a t e d  w i t h  K o d a k  N T B - 3  emuls ion ,  re- 
d r ied  a n d  exposed  in  l i g h t p r o o f  b o x e s  p a c k e d  w i t h  a 
d r y i n g  agen t ,  for  11 m o n t h s  a t  5 °C. T h e  sl ides were  t h e n  
deve loped  for  7 m i n  in K o d a k  D19, c lea red  in hypo ,  a n d  
some  were  s t a i ned  w i t h  M a y e r ' s  h a e m a t o x y l i n .  T h e  
n u m b e r s  of r educed  g ra ins  ove r  cell bod ies  were  c o u n t e d  
in  22 b r a i n  regions,  i nc lud ing  a b o u t  100 cells for  e ach  
b r a i n  reg ion  in  each  an imal .  I n  o t h e r  b r a i n  regions,  u p t a k e  
was  e s t i m a t e d  qua l i t a t i ve ly ,  r a t h e r  t h a n  b y  coun t ing .  
Care  was  t a k e n  to  insure  t h a t  s a m p l i n g  f rom b r a i n  reg ions  
was  c o m p a r a b l e  for all  an imals .  

R a d i o a c t i v e  h o r m o n e  was  t a k e n  up  in  cells t h r o u g h o u t  
t he  female  b r a i n  1/2 h a f t e r  t e s tos t e rone-3H in j ec t i on  (e.g. 
Figure) .  Most  l i m b i c - h y p o t h a l a m i c  s t r u c t u r e s  showed  
g rea t e r  u p t a k e  t h a n  m o s t  n o n - l i m b i c  s t r u c t u r e s  (Table).  
No such  g ra in  r e d u c t i o n  was  seen ove r  cells in  t h e  b r a i n  
of t he  u n i n j e c t e d  con t ro l  an ima l .  

I n  mos t  regions  of t he  female  b ra in ,  t e s t o s t e r o n e - a l l  
u p t a k e  was m u c h  lower 2 h a f t e r  i n j ec t i on  t h a n  i t  was  

1/~ h a f t e r  i n j ec t ion  (Table).  However ,  in  c e r t a i n  a n t e r i o r  
l imbic  s t r u c t u r e s  - t h e  p reop t i c  area,  p r ep i r i f o rm  cor tex,  
o l f ac to ry  tuberc le ,  s e p t u m  a n d  o l f ac to ry  b u l b  g ranu le  
cells - a n d  in t h e  c ingu l a t e  gyrus ,  u p t a k e  a f t e r  2 h 
r e m a i n e d  high.  P r o l o n g e d  u p t a k e  of th i s  so r t  is cha rac -  
te rs i t ic  of s te ro id  h o r m o n e  t a r g e t  s t r u c t u r e s  10. 

R a d i o a c t i v i t y  was de t ec t ed  in  ceils t h r o u g h o u t  t h e  
ma le  b r a i n  1/3 h a f t e r  es tradiol-17/ / -3H in jec t ion .  U p t a k e  
t e n d e d  to  be  h i g h e r  in  l i m b i c - h y p o t h a l a m i c  s t r u c t u r e s  
t h a n  in  n o n - l i m b i c  s t ruc tu res ,  b u t  i t  was  n o t  u n i f o r m l y  
so (Table) .  Es t r ad io l -3H u p t a k e  a f t e r  2 h was  h igh  in t h e  
p r eop t i c  area,  p r ep i r i f o rm  cor tex ,  o l f ac to ry  tuberc le ,  
s e p t u m  a n d  c ingu l a t e  gyrus ,  a p a t t e r n  s imi la r  to  tes tos -  
t e rone-3H d i s t r i b u t i o n  in  t h e  female  b ra in .  However ,  in  
c o n t r a s t  to  t h e  t e s tos te rone-SH d i s t r i bu t i on ,  es t radio l -gH 

Autoradiograph showing labeling of 5 cells in the lateral preoptic 
area of a female rat  injected with testosterone-3H. The section is 
unstained. The clumps of reduced grains are known to be located 
over cell bodies, from examination of adjacent, stained autoradio- 
grams, x 1200. 
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Brain Testosterone-SH in female brain 
structures 

Time after injection 

1/2 h 2 h 

Estradiol-17fl-SH in male brain 

Time after injection 

112 h 2 h 

Ollactory bulb 

Granule celllayer 22.9-k 1.8 12.0 :t: 1.0 14.0 4- 1.2 
MitralceUlayer 15.0 + 1.1 7.2 4- 1.2 25.1 4- 3.9 

Limbic-kypothalamic system 

Prepiriform cortex 18.0 -b 1.3 15.6 -4- 2.3 19.0 i 1.0 
Preoptie area 12.3 -Jc- 1.4 15.5 4- 1.7 9.7 ± 2.1 
Olfactory tubercle 12.9 -¢- 1.6 13.2 -4- 2.1 9.8 ± 1.5 
Septum 7.4 :k 1.4 11.3 -4- 1.6 7.0 ± 0.9 
Cingulate gyrus 13.8 4- 2.3 11.6 ± 1.1 21.0 :L 1.4 
Amygdala 29.4 :J: 5.1 7.2 i 0.9 12.2 :t: 2.1 
Hippocampus 17.4 4- 1.3 8.6 4- 1.1 9.3 4- 1.8 
Ventromedial hypothalamus 18.5 -k 3.0 8.0 :[: 0.9 21.3 4- 2.5 
Entorhinal cortex 15.3 -4- 1.6 7.9 4- 0.9 10.9 :[: 0.7 

Non-limbic structures 

Sensory-motor cortex 15.1 4- 2.9 6.8 -4- 1.2 16.3 =[= 2.1 
Cerebellar granule cells 10.6 + 1.7 6.1 4- 0.8 4.9 + 0.5 
Superior eoUiculus 7.8 + 1.2 3.9 4- 0.8 8.5 i 1.3 
Ventrobasal thalamus 6.3 :t: 0.8 4.9 Jr 1.1 7.7 ± 1.2 
Spinaleord 6.9 4- 0.9 7.9 q- 1.0 10.4 4- 1.6 

3.0 + 1.9 
8.8 + 0.9 

12.7 4- 2.0 
15.8 + 1.8 
12.8 4- 2.0 
10.0 -4- 2.1 
15.1 4- 2.1 
10.2 4- 1.5 
3.5 :t= 1.2 
9.8 -4- 1.1 
3.0 4- 1.0 

5.0 4- 2.3 
2.8 + 0.9 
2.4 -I- 1.2 
4.2 -4- 1.2 
1.8 4-  1.6 

All results are expressed as average numbers of reduced grains/cell, -4- S.E. of the mean. 

u p t a k e  also r e m a i n e d  h igh  in  t h e  a m y g d a l a  and  ven t ro -  
med ia l  h y p o t h a l a m u s  2 h a f t e r  in jec t ion.  

The  resu l t s  of  th i s  expe r imen t ,  showing  a p a t t e r n  of  
longer- las t ing  (2 h) u p t a k e  of t e s to s t e rone  in t h e  female  
r a t  b ra in  and  es t rad io l  in t he  male,  can  be c o m p a r e d  wi th  
previous ly  d e t e r m i n e d  p a t t e r n s  of up t ake  for t e s to s t e rone  
in t he  male,  and  es t radiol  in t he  female  ra t  brain.  Tes tos-  
terone-SH is h igh ly  c o n c e n t r a t e d  in t he  male  ra t  b ra in  for 
a t  least  3 h by  the  p reop t i c  area,  p rep i r i fo rm cor tex ,  
o l fac tory  tubercle ,  s e p t u m  a n d  o l fac tory  bu lb  and  is con- 
c e n t r a t e d  to  some  e x t e n t  b y  t h e  c ingula te  gyrus,  pre-  
f ron ta l  co r t ex  a n d  c a u d a t e  6. Es t rad io l -SH is h igh ly  con- 
c e n t r a t e d  in t he  female  r a t  b ra in  for  a t  least  2 h by  the  
p reop t ic  area,  p rep i r i fo rm cor tex,  o l fac tory  tubercle ,  
s ep tum,  c ingula te  gyrus  and  by  some more  pos ter ior ly  
p laced  l imb ic -hypo tha l amic  s t ruc tures ,  inc luding the  
a m y g d a l a  and  v e n t r o m e d i a l  h y p o t h a l a m u s L  

T h a t  is, regions  which  re t a in  b o t h  t e s to s t e rone  in t he  
male  bra in  a n d  es t radiol  in  t h e  female  b ra in  are  t h e  
p reop t i c  area,  p rep i r i fo rm cor tex ,  o l fac tory  tubercle ,  
s e p t u m  and  c ingula te  gyrus.  These  are  t he  same regions 
which  re t a ined  b o t h  t e s to s t e rone  in t he  female  r a t  b ra in  
and  es t radiol  in t he  male  r a t  b ra in  a f t e r  2 h in t he  p r e se n t  
expe r imen t .  In  addi t ion ,  long- las t ing  t e s to s t e rone  up t a k e  
in t he  female  o l fac tory  bulb  resembles  levels of tes tos-  
t e rone  u p t a k e  in t he  male  o l fac tory  bu lb ;  a n d  long- las t ing 
es t radiol  u p t a k e  in t he  male  a m y g d a l a  a n d  h y p o t h a l a m u s  
resembles  es t rad io l  u p t ake  in t he  female  a m y g d a l a  and  
h y p o t h a l a m u s .  

Thus,  some an te r io r ly  placed l imbic s t ruc tu re s  concen-  
t r a t e  a n d  re t a in  e i ther  t y p e  of sex s teroid  h o r m o n e  in 
e i ther  sex brain.  These  are  no t  s t ruc tu res  which  have  
been  shown  to  c o n c e n t r a t e  subs tances  f rom the  blood-  
s t r e a m  indiscr imina te ly ,  in s tud ies  using o the r  sub- 
s tances  n-13. I n  c o n t r a s t  t o  these  more  'un iversa l '  sex  
h o r m o n e  u p t a k e  areas,  t h e  o l fac to ry  bu lb  a p p a r e n t l y  
shows more  af f in i ty  for t e s to s t e rone  in e i ther  sex animal ,  

and  the  a m y g d a l a  and  v e n t r o m e d i a l  h y p o t h a l a m u s  show 
more  a f f in i ty  for es t rad io l  in e i the r  sex  animal .  

In  all b ra in  regions  and  in  all  an imal s  s tud ied  in th is  
expe r imen t ,  r ad ioac t ive  h o r m o n e  levels in the  bra in  t i ssue  
would  appea r  to  be due  p r imar i ly  to  levels of u p t a k e  by  
cell bodies,  because  t h e  c o n c e n t r a t i o n  of r educed  grains  
over  cell bodies  was  m u c h  h igher  t h a n  t h a t  ou ts ide  cell 
bodies.  Fo r  b o t h  tes tos terone-SH and  estradiol-SH, all 
ident i f iable  t y p e s  of nerve  cells a n d  glial cells took  up  t h e  
rad ioac t ive  hormone .  There  was  no  ev idence  for  exclus ive  
up take ,  or  absence  of  u p t a k e  b y  a n y  pa r t i cu la r  t y p e  of 
neu ron  or  glial cell 14. 

Zusammen/assung. Eine  ha lbe  S t u n d e  nach  der  i.v. 
I n j ek t i on  wurde  Tes tos terone-SH yon  den  Nerven-  und  
Glialzellen inne rha lb  des Gehi rns  der  weibl ichen R a t t e  
und  Est radio l -SH inne rha lb  des Gehirns  der  m/~nnlichen 
R a t t e  a u f g e n o m m e n .  Zwei S t u n d e n  nach  der  I n j e k t i o n  
war  die  A u f n a h m e  in h o h e m  Masse nu r  noch in gewissen  
Tei len des  h y p o t h a l a mi s c h - l i mb i s c h e n  S y s t e m s  v o r h a n -  
den.  
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