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Cellular Local izat ion of  A n d r o g e n  i n  the Brain and Pituitary After the Injection of Trit iated T e s t o -  
s t e r o n e  

Ev idence  has  been  p r o v i d e d  t h a t  t he  con t ro l  of gonado-  
t r o p i n  secre t ion and  sexual  b e h a v i o r  in male  r a t s  is 
m e d i a t e d  t h r o u g h  t he  h y p o t h a l a m u s k  Lesions  an d  
t e s tos t e rone  i m p l a n t s  in  the  b a s o m e d i a l  region of t h e  
h y p o t h a l a m u s  decrease  g o n a d r o t r o p i n  secretion~, 3 b u t  
induce  changes  in sex b e h a v i o r  when  p laced  in the  an te r io r -  
h y p o t h a l a m i c  p reop t i c  area4, 5. Af te r  t h e  in jec t ion  of 

l a b e l e d  tes tos te rone ,  r a d i o a c t i v i t y  is a c c u m u l a t e d  in t h e  
b r a i n  6, 7. The  d i s t r i b u t i o n  of and rogen  c o n c e n t r a t i n g  neu-  
rons ( ' androgen-neurons ' )  could be  d e m o n s t r a t e d  in 
specific a reas  of the  b r a i n  s us ing  t he  d r y - m o u n t  au to -  
r ad iog raph ic  t e c h n i q u e  9. 

Mater ia ls  and methods. 4 i m m a t u r e  i n t a c t  ma le  Sprague-  
Dawley  (SD) rats ,  26 days  old, and  4 adu l t  male  SD rats ,  
c a s t r a t ed  96 h before,  were i n j ec t ed  s.c. w i t h  0.5-1.0 ~zg 
pe r  100 g b o d y  we igh t  of 1,2-3H-testosterone,  specif ic  
a c t i v i t y  50 Ci /mM,  dissolved in 10~o e thano l  in  i so ton ic  
saline,  and  kil led a f te r  1 h. 2 to  3 m m  a pieces of b r a i n  
t i ssue  were excised, p laced  on  a t i ssue  holder ,  and  frozen, 
in l iquef ied p ropane .  2 ~m serial  f rozen sect ions  were cu t  
in a c ryos ta t ,  freeze-dried,  and  d r y - m o u n t  a u t o r a d i o g r a m s  
were p r epa red  as descr ibed 9. Af te r  exposure  of 8 to  

16 m o n t h s  a t  - -15 ~ t h e  sl ides were developed,  f ixed an d  
s t a ined  w i t h  m e t h y l g r e e n  pyron in .  Gomor i ' s  t r i c h r o m e  
s t a in  was used to  i d e n t i f y  p i t u i t a r y  cell types .  Schema t i c  
d rawings  were p r e p a r e d  a f t e r  ser ial  sec t ion  au to rad io -  
g rams  an d  a d a p t e d  to  t h e  coronal  a n d  sag i t t a l  p lanes  of 
t h e  a t l as  of I{•NIG an d  KLIPPEL 1~ 

Results.  A u t o r a d i o g r a m s  of t h e  h y p o t h a l a m u s ,  parol -  
f ac to ry  region, p reop t ic  region,  h i p p o c a m p u s  an d  amyg-  
da la  revea led  c o n c e n t r a t i o n  of r a d i o a c t i v i t y  in  nuclei  of 
ce r t a in  neu rons  (Figures 1 an d  2), whi le  n o t  in  others .  
A l t h o u g h  s i lver  gra ins  were c o n c e n t r a t e d  over  nuclei ,  
s i lver  gra ins  exis ted  also over  t h e  c y t o p l a s m  an d  ex t ra -  
cel lular  space. Glial  cells an d  e p e n d y m a l  cells did n o t  
c o n c e n t r a t e  r ad ioac t iv i ty .  Il l  t h e  b ra ins  of b o t h  i m m a t u r e  
i n t a c t  an d  m a t u r e  cas t red  ma le  rats ,  r a d i o a c t i v e l y  labeled  
neurons  showed s imi la r  t o p o g r a p h i c  d i s t r i b u t i o n  a l t h o u g h  
q u a n t i t a t i v e  di f ferences  c a n n o t  be  excluded.  

I n  t h e  p a ro l f ac t o ry  region, a few a n d r o g e n - n e u r o n s  
obse rved  w i t h i n  t h e  nuc leus  (n.) t r a c t u s  d iagonal i s  a n d  in 
t h e  i s lands  of Calleja. I n  t h e  n. sep t i  la tera l i s  (Figure 3), 
close to  t h e  l a t e ra l  vent r ic le ,  a large n u m b e r  of neu rons  
were labeled.  These  labeled  neu rons  were c o n t i n u o u s  w i t h  
t h e  a c c u m u l a t i o n  of labeled  neu rons  in t h e  n. in te r s t i t i a l i s  
s t r iae  t e rmina l i s  an d  in t h e  n. p reop t i cus  media l i s  (Figures 
1, 3 a n d  4). T h e  label ing  index  a p p e a r e d  to  be  h i g h e s t  in  
t h e  n. p reop t icus  media l i s  an d  in por t ions  of t h e  n. 
in te r s t i t i a l i s  s t r iae  t e rmina l i s .  Neurons  of t h e  n. supra-  
ch i a s ma t i cu s  p rope r  an d  of t h e  a rea  h y p o t h a l a m i c a  
an t e r i o r  d id  n o t  c o n c e n t r a t e  r ad i o ac t i v i t y ,  excep t  for a 
few sca t t e r ed  neurons .  N e u r o n s  of the  n. sup rach ia sma-  
t icus  were a p p a r e n t l y  n o t  labeled,  a l t h o u g h  some neurons  
of the  n. p a r a v e n t r i c u l a r i s  showed  label ing.  Y~rithin t h e  n. 
per iven t r icu la r i s ,  labeled  neu rons  ex is ted  t h r o u g h o u t  i t s  
course f rom t h e  p reop t i c  to  t h e  a r cu a t e  nuc leus  region.  
T h e  n. a r c u a t u s  c o n t a i n e d  a n u m b e r  of labeled  n e u r o n s  
f rom i ts  an t e r i o r  end  to  i ts  pos te r ior  e x t r e m i t y  (Figure 4). 
R a d i o a c t i v i t y  was c o n c e n t r a t e d  in neu rons  a c c u m u l a t e d  
in t h e  n. v en t ro med i a l i s  (Figure  4). I n  t h e  l a t e ra t  hypo-  
t h a l a m u s ,  a t  t h e  level  of t h e  n. ven t romed ia l i s ,  a few 
labeled neu rons  were found.  A n d r o g e n - n e u r o n s  were also 
a c c u m u l a t e d  w i t h i n  t h e  n. p r e m a m m i l l a r i s  ven t r i l as .  A 
few labeled neu rons  were obse rved  in t h e  n. h a b e n u l a e  
Iateralis .  

A u t o r a d i o g r a m s  of t h e  a m y g d a l a  revea led  c o n c e n t r a t i o n  
of r a d i o a c t i v i t y  in neu rons  of t h e  n. media l i s  (Figure 2), 
t h e  n. basa l i s  pars  medial is ,  a d j a c e n t  to  t h e  n. medial is ,  
an d  t h e  n. corticalis .  I n  t h e  h i p p o c a m p u s ,  weak ly  labeled  
neu rons  were observed.  

Figs. 1 and 2. Autoradiograms of the nucleus preoptieus medialis 
(Figure 1) and the nucleus medialis amygdalae (Figure 2), frontal 
plane, showing nuclear concentration of radioactivity in neurons. Pre- 
pared at 1 h after s.c. injection of 1,2-3H-testosterone into aduIt Cas- 
trated male rats. Stained with methylgreen pyronin, 2 ~xm. Exposure 
time 280 days, • (Figure 1) and 300 days, x440 (Figure 2). 
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In  the  p i tu i t a ry  only  a smal l  n u m b e r  of anter ior  lobe 
cells were observed to  concen t ra t e  r ad ioac t iv i ty  in the i r  
nuclei  (Figure 5) af ter  a l l - t es tos te rone  inject ion.  These 
cells were ident i f ied  as basophils ,  us ing Gomori ' s  t r i ch rome  
stain.  Rad ioac t i v i t y  was no t  r e ta ined  in cells of the  
i n t e rmed ia t e  and pos ter ior  lobes. 

Discussion. The p resen t  au torad iographic  s tudies  
d e m o n s t r a t e  selective r e t en t ion  and  concen t ra t ion  of 
androgen  in neurons  in areas of t he  p reop t ic  pa ro l i ac to ry  
region, the  hypo tha l amus ,  t he  h i p p o c a m p u s  and  the  

poma 

amygdala ,  as well as in cells of the  anter ior  p i tu i ta ry .  The 
nuclear  concen t ra t ion  of androgen  in specific neurons  of 
t h e  bra in  and  in cells of the  anter ior  p i t u i t a ry  suggests  
t h a t  such r e t en t ion  is re la ted  to  the  ac t ion  of androgen,  
as i t  has  been  d e m o n s t r a t e d  for the  ven t r a l  p ros t a t e  and  
seminal  vesicles al, 1~. The chemical  na tu re  of the  radio- 
a c t i v i t y  in t issues a t  the  t ime  of excision has no t  been  
ident if ied.  In  the  bra in  and  p i tu i t a ry  the  r ad ioac t iv i ty  is 
e i ther  t es tos te rone  or dihydrotestosterone~3-1s.  Al though  
the  poss ib i l i ty  exis ts  t h a t  t e s tos te rone  m a y  be conver t ed  
to es t rogen by  per iphera l  a romat iza t ion ,  such a t rans-  
fo rma t ion  is unl ikely since cas t r a t ed  male ra t s  were used 
in th is  s tudy  and  differences exis t  in the  topographic  
d i s t r ibu t ion  of r ad ioac t iv i ty  in the  bra in  and  p i tu i t a ry  
af ter  the  in ject ion of labeled t e s tos te rone  and  estrogen~6. 

The sites of androgen-neurons  in the  bra in  appear  to be 
associated wi th  t he  regulat ion of gonado t rop in  secret ion 
and  sexual  behavior  as observed by  s teroid imp lan t s  and 
lesion exper imen t s  1. A nuclear  concen t ra t ion  of androgen  
in anter ior  p i tu i t a ry  cells also suggests  a d i rect  feedback 
effect  of t es tos te rone  a t  the  p i tu i t a ry  level. Thus  the  
au torad iographic  da t a  suppor t  the  hypo thes i s  t h a t  andro-  
gen acts  b o t h  a t  the  level of the  cent ra l  nervous  sys t em as 
well as the  p i tu i ta ry .  

Zusammen/assung. Nach  In jek t ion  von  SH-Testosteron 
wurde  mi t  Hilfe der  Trocken-Autorad iograph ie  eine selek- 
t i r e  A u fn ah me  und  Speicherung yon  Radioakt iv i t / i t  in 
Kernen  spezif ischer  Neurone  im H y p o t h a l amu s ,  in der  
pr~iopt isch-parolfaktor ischen Region,  im Septum,  im 

4 
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Figs. 3 and 4. Schematic drawings prepared after serial-section auto- 
radiograms from immature intact male and mature castrated male 
rats 1 b after the injection of 3H-testosterone. Figure i coronal section, 
and Figure 2 sagittal section. The black dots represent areas of con- 
centration of neurons labelled with radioactivity. Abbreviations: ar, 
nucleus (n.) arcuatus; CA, commissura anterior; Co, chiasma opti- 
cum; F, Columna fornicis; f, n. paraventricularis; ha, n. anterior hy- 
pothalami; hdv. n. dorsomedialis hypothalami ventralis; hp, n. pos- 
terior bypothalami; hvm, n. ventromedialis hypothalami; I, infundi- 
bulum; pore, n. preopticus medialis; posc, n. preopticus suprachias- 
maticus; se, n. supraehiasmatieus; sl, n. septi lateralis; st, n. intersti- 
tialis striae terminahs; TCC, truneus corporis callosi; ts, n. triangula- 
ris septi. For other abbreviations see the atlas of K6•io and KLIP- 
B E L  l s  . 

Fig. 5. Autoradiogram of pituitary prepared 1 h after s.c. injection of 
0.5 ~zg/100 g body weight of 1,2-~H-testosterone into an adult castrat- 
ed male rat. Stained with Gomori's trichome stain. Exposure time 
230 days, 2~zm, • 550. Note the nuclear concentration of radioactivity 
in a few cells of anterior pituitary. These cells are identified as baso- 
phils. 
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H i p p o k a m p u s  und in der  Amygda l a  beobachte t .  Im  
H y p o p h y s e n v o r d e r l a p p e n  war  Radioakt iv i tXt  in den 
Zellkernen yon tBasophilen nachweisbar .  Die antoradio-  
g raph ischen  Ergebnisse  un te rs t i i t zen  das t{onzept  eines 

1T We thank Mrs. GERDA MICHALSKY and Mrs. A~J TUR~BULL for 
their technical assistance. This study was supported by PHS grant 
No. A~14929 to W.E.S. and a grant from the Rockefeller Founda- 
tion to the Laboratories for Reproductive Biology, Chapel Hill, 
North Carolina. 

doppe l ten  Androgen-<{Feedbacks~> auf der  Ebene  des 
Zen t ra lne rvensys t ems  und  der Hypophyse .  
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Plasma Adrenocorticosteroid Concentrations Immediately after Birth in the Rat, Rabbit and Guinea- 
Pig 

Circulat ing p l a sma  concen t ra t ions  of t he  pr inciple  
adrenocor t icos teroid  are e levated  in t h e  per iod  imme-  
d ia te ly  af ter  b i r t h  in the  l amb ~, 2 and calf a. In  b o t h  these  
species the  concen t ra t ion  falls over the  nex t  few days.  
There  are few repor t s  of ve ry  ear ly  s teroid levels in the  
r abb i t  and  guinea-pig in t he  neona ta l  per iod 4 and inves- 
t igat ions  on the  ra t  have  general ly  been  made  of 1 animals  
one or more  days  af ter  b i r th .  Dif ferent  me thods  of assay 
have  yielded very  var iable  results.  F luor imet r ic  techni-  
ques, in par t icular ,  appear  to resul t  in ve ry  high values 5, 6. 
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Fig. 1. Plasma corticosterone concentration in the young rat. Experi- 
mental points represent mean values -t- S.E.M. (Number of animals 
in parentheses). Ordinate: plasma steroid concentration gg/100 ml. 
Abscissa: Age after birth in h and days. 

In  t he  inves t iga t ions  r epor ted  here, an imals  were 
ma in t a ined  under  s t an d a rd  condi t ions  and  killed by  
decapi ta t ion .  Ind iv idua l  guinea-pig samples  or pooled 
blood f rom at  least  5 ra ts  or 2 r abb i t s  were ana lyzed  by  
compe t i t ive  p ro te in  b ind ing  af ter  Sephadex  L H  20 sepa- 
ra t ion  as descr ibed previouslyS. 

Cort icosterone is the  ma in  c i rcula t ing adrenocor t ico-  
s teroid  in the  rat .  In  t he  f i rs t  30 rain of ex t ra -u te r ine  life, 
mean  p l a sma  levels were 12.6 :i: 0.8 ~g/100 ml  (Figure t). 
Thereaf ter ,  the  p l a sma  s teroid  concen t ra t ion  decl ined 
s teadi ly  over  t he  f i rs t  8 h. A fu r the r  d rop  occurred be- 
tween  days  2-3. 

HOLT and  OLIVER ~, using a f luor imetr ic  assay, r epor ted  
a mean  p lasma  cor t icos terone concen t ra t ion  in the  ra t  of 
200 ~g/100 ml 1-5 h af ter  b i r th .  The values  observed  at  
unspecif ied t imes  dur ing the  f irs t  day  af ter  b i r t h  by  3 o ther  
groups of workers  were abou t  18 Fg/100 ml s-l~ The 
only previous ly  publ i shed  values  which  app roach  our 
observed  ranges are those  of BARTOVA 1~ who repor ted  a 
concen t ra t ion  of 5 Fg/100 ml on day  2 of ex t ra -u te r ine  life. 

Our f inding t h a t  cort isol  is t he  major  adrenocor t ico-  
s teroid  in t he  newborn  r abb i t  has  no t  been  previous ly  
recorded.  Concent ra t ions  were h ighes t  3-10 rain af ter  
b i r th  (Figure 2) and  had  fallen by  the  end of the  f i rs t  day  
to levels which  r ema ined  re la t ive ly  co n s t an t  unt i l  day  
14, a t  which  t ime  the  mean  value was 0.5 ~: 0.1 ~g/100 ml. 
At  th is  age, THORNTON et  al * found a mean  p l a sma  
cortisol  concen t ra t ion  of 11 ~,g/100 ml. 

Figure  3 demons t r a t e s  p l a sma  cort isol  levels in the  
guinea-pig f rom b i r th  to  14 days.  Cortisol is the  principle 
c i rculat ing adrenocor t icos tero id  in th is  species. Values 
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Fig. 2. Plasma cortisol concentration in the young rabbit. Experi- 
mental points represent mean values -t- S.E.M. (Number of animals 
in parentheses). Abscissae and ordinates as Figure 1. 
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Fig. 3. Plasma cortisol concentration in the young guinea-pig. 
Experimental points represent mean values ~ S.E.M. (Number of 
animals in parentheses). Abscissae and ordinates as Figure 1. 


