
1392 Specialia EXPERIENTIA 33/10 

C e n t r a l  a r o m a t i z a t i o n  of t e s t o s t e r o n e  in  t e s t i c u l a r  f e m i n i z e d  m i c e  1 
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Summary. Aromat i za t ion  of t es tos te rone  was examined  in h y p o t h a l a m i c  and cerebra l  cor tex  t issues f rom 32 mice - 
10 normal  males,  10 normal  females,  2 car ry ing  the  tes t icular  feminized gene (Tim) and 10 Tfm wi th  the  modi fy ing  
(o hv) gene. Tota l  a romat iza t ion  was 1.5 t imes  grea ter  in normal  males  t h a n  females.  In  b o t h  forms of Tfm, convers ions  
were equal  and similar  to normal  females.  

Aromat i za t ion  in the  m a m m a l i a n  bra in  was first  sug- 
ges ted b y  K n a p s t e i n  e t  al. 3, and  subsequen t ly  conf i rmed 
by  o the r  workers  4~'. I t  had  also been  p roposed  t h a t  
a romat i za t ion  in the  h y p o t h a l a m u s  m a y  be responsible  
for impr in t ing  the  bra in  and  inhib i t ing  the  d e v e l o p m e n t  
of cycl ic i ty  in ra t s  4. Neona ta l  androgen  secre t ion there-  
fore serves  to  mascul inize  the  male roden t  wi th  subse- 
quen t  d e v e l o p m e n t  of male  behav ioura l  and  neuroen-  
docrinological  p a t t e r n s  s, 9. 
Animals  car ry ing  the  tes t icu lar  feminiza t ion  (Tfm) muta -  
t ion  which  is X- l inked  in all animals  1~ including man  n 
are unrespons ive  to  t es tos te rone .  I t  was r ecen t ly  shown 
t h a t  a va r i an t  Tfm resul t ing f rom a change  in the  n e a r b y  
'control l ing e l ement  ':z, modif ies  the  express ion o5 the  
T fm m u t a t i o n  such t h a t  some male character is t ics  de- 
velop la. This  va r i an t  was des igna ted  Tfm (ohv). Our 
working  hypo thes i s  has  therefore  been t h a t  if androgens  
organize ~he h y p o t h a l a m u s  in a male di rect ion then  be- 
cause of androgen  insens i t iv i ty  Tfm mice migh t  be ex- 
pec ted  to  be d i f fe rent  f rom normal  mice. 
Mice car ry ing  the  T fm (2) and  modify ing  (o hv) gene (10) 
(main ta ined  at  t he  City of Hope  Nat iona l  Medical  Centre),  
as well as normal  B'ALB/c males (10) and females  (10) 
(Heal th  Research  Inc.),  were app rox ima te ly  30 days  old 
a t  the  t ime of the  exper iments .  E x c e p t  for the  T im the  
o the r  3 groups  were each subdiv ided  into 2 groups of 5 
each. Mice were killed by  cervical  dis locat ion and sect ions 
of h y p o t h a l a m u s  and  cerebral  cortex,  app rox ima t e l y  
2 m m  a r emoved  and placed in ice-cold isotonic saline. 
Combined  t issue was minced wi th  scissors, b lo t t ed  d ry  
and  weighed.  
Incuba t ions  were carr ied out  in 10 ml  E r l enmeye r  flasks 
conta in ing  5 txCi 4-:4C-testosterone (58.8 mCi/mmole ,  
New Eng land  Nuclear),  10 ~moles n ico t inamide  adenine  
dinucleot ide  phospha te ,  10 ~moles adenosine  t r iphosPha te ,  
60 ~zmoles glucose 6 -phospha te  and 20 uni ts  glucose 6- 
p h o s p h a t e  dehydrogenase  in l m l  H a n k ' s  ba lanced  salt  

Aromatization of 4A4C-testosterone by hypothalanms and cortex 
of mice 

% conversion/100 Ing tissue/3 h 
Tissue Genotype Estrone Estradiol Total 

Hypothalamus BALB/C (M)* 0.12 0.04 0.16 
BALB/C (F) 0.09 0.02 0.11 
Tim (o +) 0.03 0.09 0.12 
Tfm (o h*) n.d. 0.11 0.11 

Cortex BALB/C (M) 0.03 0.01 0.04 
BALB/C (F) 0.02 0.01 0.O3 
Tfm (o +) n.d. 0.06 0.06 
Tfm (o by) n.d. 0.04 0.04 

*M = male, F = female. Tfm (o +) = Normal testicular feminized 
mice; Tfm (o by) = testicular feminized mice with modifying gene. 
n.d. = Not detectable. Results are mean conversions. 

solution,  p H  7.4. Control  incuba t ions  conta ined  no tissue. 
Incuba t ions  were p e r f o r m e d  in a Dubnof f  metabo l ic  
shaker  a t  37~ for 3 h wi th  Oz:CO~::95:5  as the  gas 
phase.  At  the  end of the  incuba t ions  the  media  were quick-  
f rozen and  s tored a t  -78  ~ unt i l  analysis.  
Af te r  thawing ,  50 tzg of carr ier  and 20,000 d p m  t r i t i um 
labelled estrone,  estradiol-17fi a n d  estriol  were added  to  
each  incuba t ion  f lask pr ior  to  ex t rac t ion  wi th  d ie thy l  
ether .  The combined  e ther  ex t rac t s  were evapora t ed  to 
d ryness  and  sub jec ted  to to luene  1 N N a O H  par t i t ion .  
The sod ium hydrox ide  layer  was subjec ted  to  ex t r ac t ive  
a lkyla t ion  as previous ly  descr ibed :4. Recover ies  f rom tlxe 
incuba tes  using th is  novel  m e t h y l a t i o n  procedure  was  
81.5 • 2.1%. Af te r  c h r o m a t o g r a p h y  on a florisil co lumn 
the  m e t h y l a t e d  ex t r ac t  was sub jec ted  to  th in  layer  chro-  
m a t o g r a p h y  (silica gel F-254, sys tem b e n z e n e : e t h y l  
ace ta te  : : 2 : 1). Rad ioac t ive  areas were ident i f ied by  auto-  
rad iography .  3 ma jo r  areas were found wi th  Rf 0.51 
(estrone m e t h y l  ether) ,  Rf 0.37 (unknown) and  Rf 0.32 
(estradiol  me t h y l  ether) .  Carrier s teroids were added  to  
the  appropr i a t e  e luates  f rom the  th in  layer p la tes  and  
crystal l ized to  co n s t an t  spec i f i c  ac t iv i ty .  Conversions 
were calcula ted f rom the  final  specific ac t iv i ty  of the  
crys ta ls  and  expressed as a percen tage  per  100 mg t issue,  
correc ted  for losses. 
The percen tage  convers ions  of 4-1~C-testosterone to estro-  
gens b y  h y p o t h a l a m u s  and  cerebral  cor tex  t issue f rom 
norma l  BALB/C and  Tfm mice are shown in the  table .  
Convers ions were h igher  in h y p o t h a l a m u s  t h a n  in cor tex.  
H y p o t h a l a m u s  of males  showed higher  convers ions  t h a n  
females  and  bo th  T f m  m u t a n t s  had  convers ions  s imilar  
to females.  

1 This work was supported by the Medical Research Council of 
Canada. 

2 Department of Biology, City of Hope National Medical Centre, 
Duarte, California 91010, USA. 

3 P. Knapstein, D. Amnon, C. H. Wu, D. F. Arther, G. L. Flik- 
kering and J. C. Touchstone, Steroids 11,885 (1968). 

4 F. Naftolin, K. J. Ryan, I. J. Davies, Z. Petro and M. Kuhn, 
Adv. Biosci. 15, 105 (1974). 

5 F. Naft0lin, K. J. Ryan, I. J. Davies, V. V. Reddy, F. Flores, Z. 
Petro, M. Kuhn, R. J. White, Y. Takaoka and L. Wolin, Recent 
Prog. Horm. Res. 31, 295 (1975). 

6 J. Weisz and C. Gibbs, Neuroendocrinology H, 72 (1974). 
7 I. Lieberhurg and B. S. MeEwen, Brain Res. 85, 165 (1975). 
8 C.A. Barraclough, in: Advances in Reproductive Physiology, 

p. 81. Academic Press, New York 1968. 
9 F. Neumann, R. yon Berswordt-Walrabe, U. Elger, H. Stein- 

beck, J. D. Hahn and M. Kramer, Recent Prog. Horm. Res. 26, 
337 (19701 . 

10 S. Ohno, Nature 234, 134 (1971). 
11 W.J .  Meyer, B. C. Migeon and C. Migeon, Proc. Nat. Acad. Sci. 

USA 72, 1469 (1975). 
12 B.M. Cattanach, J. N. Perez and C. E. Pollard, Genet. Res. 15, 

183 (1970). 
13 S. Ohno, L. Christian, B. J. Attardi and J, Kan, Nature New 

Biol. 2~5, 92 (1973). 
14 J .D.  Daley, J. M. Rosenfeld and E. V. YoungLai, Steroids 27, 

481 (1976). 



15.10. 1977 Speeialia 1393 

The d e m o n s t r a t i o n  t h a t  the  cerebral  cor tex  of all mice is 
capable  of some a romat i za t ion  is n o t e w o r t h y  since o ther  
workers  have  failed to find such evidence in o the r  roden t s  
or mammals4,5,  L This inabi l i ty  to show a romat iza t ion  
m a y  be due to  low recoveries  and /o r  age d e p e n d e n t  
changes  in enzyme  ac t iv i ty .  T h a t  cor tex  can concen t ra t e  
radiolabel  f rom admin i s t e red  androgens  has  been  de- 
m o n s t r a t e d  b y  several  gr0ups 15-1s. However ,  these  
au thors  did no t  de te rmine  whe the r  any of the  radio- 
ac t iv i ty  concen t r a t ed  in th is  bra in  region was derived 
f rom a romat i za t ion  of accumula ted  androgen.  H u m a n  
fetal  cor tex  has  been  shown to  a romat ize  androgens  5 
which is comparab le  to  our  observa t ions  on 30-day-old 
mouse  cor tex.  In  the  p re sen t  s t u d y  no sex differences 
could be de t ec t ed  in cerebral  cor tex  aromat iza t ion .  
Mouse h y p o t h a l a m i c  t issue s has  been  repor ted  to  a roma-  
t ize andros tened ione  wi th  a male : female rat io of 3. Since 
ne i ther  age of mice nor  pe rcen tage  convers ions were 
given i t  was no t  possible to  make  di rect  compar isons  wi th  
our  results .  Moreover,  i t  was sugges ted  t h a t  Tfm mice had  
a romat iz ing  abi l i ty  similar  to  t h a t  of normal  males< This 

is in con t r a s t  to  the  p resen t  da t a  where  the  abi l i ty  of b o t h  
m u t a n t s  was towards  the  female direct ion,  and  are con- 
s i s ten t  wi th  da t a  using liver t issue where  i t  was  demon-  
s t r a t ed  t h a t  in androgen  insensi t ive  ra t s  s teroid  me tab -  
olism proceeds  a long female lines 1,. 
I t  is also of in te res t  t h a t  there  was  a good convers ion of 
t es tos te rone  to  es t rone  in h y p o t h a l a m i c  t issue of normal  
mice whereas  in T fm t h e  major  es t rogen fo rmed  was 
estradiol-17fl. Studies  on fu r the r  me tabo l i sm of tes tos-  
t e rone  in cen t ra l  t issues of genet ic  m u t a n t  mice are still 
in progress.  
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Effects of  h a n d l i n g  n o r m a l  and bu lbec tomized  rats at adrenal  and p l a s m a  
cort icos terone  l e v e l s  
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Summary. Normal  and  bu lbec tomized  adul t  rats ,  male and female,  hand led  dai ly  for 4 weeks, show plasma and  adrenal  
cor t icos terone  values  s ignif icant ly  lower t han  the  non-hand led  ones. 

In  our  prev ious  inves t iga t ions ,  we were able to  s t u d y  the  
effects  of r emova l  of o l fac tory  bulbs  on the  cor t icoadrenal  
func t ion  in female rats1, *. The animals  were hand led  
dur ing  a p r e d e t e r m i n e d  per iod  in order  to avoid stress a t  
t he  m o m e n t  of decap i ta t ion .  Bear ing  in mind  t h a t  the  
ac t iv i ty  of adrena l  g lands  can be inf luenced by  m a n y  
factors,  we wonde red  w h e t h e r  dai ly handl ing,  in itself, 
would  affect  adrenocor t ica l  secret ion.  If  th is  were the  
case, would i t  reveal  i tself  in a s imilar  m a n n e r  in bo th  
normal  and  bu lbec tomized  ra ts  ? The p resen t  s t u d y  was 
u n d e r t a k e n  to clar i fy th is  point .  
Material and methods. 67 whi te  adul t  ra ts  bred  in our 
in s t i tu t e  were used:  34 females  of be tween  160 and  270 g 
weight ,  and  33 males of be tween  230 and 360 g weight .  
All animals  were  kep t  under  the  same condit ions,  housed  
8 per  cage, w i th  food and wa te r  avai lable ad l ibi tum.  

Animals  of each sex were d iv ided in to  4 lots:  a) non-  
hand led  normal  ra t s ;  b) hand led  normal  ra t s ;  c) non-  
hand led  ra t s  w i th  bi la tera l  r emova l  of o l fac tory  bulbs;  
d) hand led  rat's wi th  bi la tera l  r emova l  of o l fac tory  bulbs. 
Hand l ing  consis ted in t ak ing  ra t s  one a t  a t ime and 
holding t h e m  for a few seconds outs ide  the  cage, twice a 
day,  for 5 days  in the  week. The cages of non-hand led  ra ts  
were only opened  twice a day. Af te r  4 weeks '  handl ing,  
the  ra t s  were decap i t a t ed  by  means  of a smal l  animal  
guil lotine a t  be tween  9 and 11 a.m.,  the  t ime  be tween  
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Effects of handling normal and bulbectomized rats at adrenal and plasma corticosterone 

Cortieosterone 

Adrenal (~tg/g) Plasma ([zg/100 ml) 
Non-handled Handled Non-handled Handled 

Female 
Normal 20.9 4- 5.20* (8) 7.2 -+- 1.19 (8) 35.1 4- 4.98 (8) 14.1 4- 1.26 (8) 
Bulbeetomized 10.0 • 2.30 (7) 3.7 -t- 0.55 (11) 19.9 • 1.97 (7) 6.9 4- 1.10 (10) 

Male 
Normal 10.5 4- 2.43 (9) 3.8 4- 0.71 (8) 19.8 4- 3.70 (9) 9.0 4- 1.48 (8) 
Bulbeetomized 11.2 4- 2.18 (9) 3.9 4-0.59 (7) 20.2 4- 3.13 (9) 7.3 4- 2.07 (7) 

* Mean 4- SE. Number of animals is given in parentheses. 


