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h y d r o x y s t e r o i d s  aga in  d e m o n s t r a t e s  t he  r eve r s ib i l i ty  of 
t he  AS-3f l -hydroxysteroid  dehydrogenase - i somerase  en- 
zyme  systeml~,  1~. The  absence  of s ign i f ican t  labe l  in t h e  
A16-C~0 s tero id  f r ac t ion  of swea t  was no t  su rpr i s ing  in  
v iew of t he  smal l  i nco rpo ra t i on  in to  these  s teroids  in  
u r ine  10. 

roides m a r q u 6 s  ident i f i6s  c o m m e  p a r t a n t  des deux  
sources  de sueur.  
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Rdsumd. L ' a d m i n i s t r a t i o n  i n t r a v e i n e u s e  du  pr6gn~ne-  
3 fl-ol-20-one[7 e-aH]-A 5 avec  le progest6rone[4-*4C] g u n  
h o m m e  sa in  a m e n a  la s6cr6t ion d ' a n t a n t  de r ad ioac t iv i t6  
dans  la sueur  des aiselles que  dans  la p l u p a r t  du  res te  du  
corps. Le pr6gn6nolone-A 5, l ' andros t~ne-3 ,  17-dione-A ~ et  
le d6hydro6p iand ros t6 rone  f u r e n t  les p r i n c i p a u x  st6- 
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subject (A.C.) who subjected himself to this experiment, and to 
Mr. D. A. A. WILSON for his technical assistance. 

Adrenocortical Lipoid Hyperplasia Induced in Rats by Aniline 

Whi le  s t u d y i n g  t h e  toxic  effects of va r ious  benzene  
de r iva t ives  we found  t h a t  in  r a t s  t r e a t e d  w i t h  ani l ine  
(aminobenzene) ,  t h e  ad r ena l  g lands  were  m a r k e d l y  
en la rged  and  b r i g h t  yel low 1. I n  order  to  ver i fy  t h i s  
obse rva t ion ,  a de ta i led  morpho log ica l  s t u d y  of t h e  
ad rena l s  of an i l i ne - t r ea t ed  r a t s  was  u n d e r t a k e n .  

The  Tab le  shows t h a t  ani l ine  (J. T. Baker ,  Canlab ,  
Montrea l ,  Canada) ,  g iven  to female  Sprague -Dawley  ra t s  
(100 g) a t  a dose of 30 m g  in 0.2 ml  corn  oil s.c. for 7 or 14 
consecu t ive  days,  m a r k e d l y  increases  t h e  we igh t  of t h e  
ad rena l  glands.  

His to logica l ly  (Figure),  t he  ad rena l  cort ices  were 
s t r ik ing ly  en la rged  and  t he  t yp ica l  zona t ion  b e c a m e  
ind is t inc t .  The  zona  g lomeru losa  was a lmos t  ind i s t ingu ish-  
able  excep t  for sma l l  i so la ted  areas  where  a few rows of 
swollen g lomerulosa  cells were sti l l  recognizable  w i t h  some 
r o u n d  P A  S-posi t ive  hya l ine  d rop le t s  ly ing  free in t he  ex t ra -  
cel lular  spaces. The  cor tex  cons is ted  of cords  of large 
p o l y h e d r a l  cells m a i n l y  of t h e  f a sc i cu la t a - type  which,  in  
severa l  places,  e x t e n d e d  in to  t he  f ibrous  capsule.  L ipo id  
drople t s  of va r ious  sizes filled t h e  c y t o p l a s m  of these  
h y p e r t r o p h i e d  cells where  some of t h e m  coalesced an d  
b e c a m e  so large t h a t  t h e y  occupied  a lmos t  t he  en t i re  
c y t o p l a s m  t h u s  d isplac ing the  nuc leus  eccent r ica l ly  a n d  
endowing  t he  cell w i t h  a s ignet  r ing  appearance .  At  some 

si tes where  cell m e m b r a n e s  h a d  rup tu red ,  t h e  I ipoid 
drople t s  merged  in to  cyst - l ike  s t ruc tures .  Occasional ly,  
e m p t y  needle- l ike fo rma t ions  were recognized.  These  
obv ious ly  r ep resen ted  s i tes  where  choles terol  c rys ta l s  h a d  
dissolved du r ing  t h e  e m b e d d i n g  process. A l t h o u g h  l ipoid 
a c c u m u l a t i o n  was ex tens ive  t h r o u g h o u t  t h e  cortex,  i t  was 
more  p r o n o u n c e d  in t h e  ou te r  zona  fasc icu la ta  where,  in 
some places, t h e  cells were m a r k e d l y  vacuo la ted .  I n  o the r  
areas  t h e  cells were def in i te ly  swollen an d  h a d  a granular ,  
f o a m y  an d  pale eos inoph i l i c  c y t o p l a s m  w i t h o u t  be ing  
ser iously vacuo la ted .  The  nucle i  were usua l ly  dark,  r i ch  
in c h r o m a t i n  a n d  s l ight ly  pyknot ic .  As a resu l t  of m a r k e d  
cel lular  h y p e r t r o p h y  t h e  Sillusoids were compressed.  Poly-  
m o r p h o n u c l e a r  l eukocy tes  an d  m o n o n u c l e a r  cells were 
sca t t e r ed  t h r o u g h o u t  t h e  cortex.  This  i n f l a m m a t o r y  
reac t ion  was m a i n l y  localized in t h e  inne r  p a r t s  of t he  
cor tex  b u t  va r i ed  cons ide rab ly  in degree a n d  e x t e n t  f rom 
one a n i m a l  to  t h e  o ther .  I n  a few ad rena l  glands,  small ,  
sha rp ly  d e m a r c a t e d  Ioci of necrosis  were seen. Some of 
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Left: Adrenal cortex of an untreated rat. 
Hematoxylin-Phloxine. • 120. 

Right: Adrenal cortex of a rat treated for 
14 days with aniline. Hematoxylin-Phloxine. 
• 120. 
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t h e m  were b e g i n n i n g  to  change  in to  f ibrous  t i ssue  a n d  
were occas ional ly  calcified. Sect ions  s t a ined  w i t h  Oil 
Red  O a n d  S u d a n  B b l ack  showed  a n  increase  in  t he  
pos i t ive ly  s t a in ing  l ipoid mate r ia l .  No a b n o r m a l i t i e s  were 
obse rved  in t i le medul lae .  

The  ad rena l  changes  dif fered s t r ik ing ly  f rom those  
usua l ly  seen in t he  course of severe nonspeci f ic  stress.  
T h e y  closely r e sembled  those  w h i c h  PRADER a n d  GURT- 
NER 2, a n d  o thers  3, descr ibed as congen i t a l - l i po id -ad rena l  
hype rp l a s i a  in  n e w - b o r n  infants ,  a n d  were also s imi la r  to  
those  found  in h u m a n s  and  e x p e r i m e n t a l  a n i m a l s  fol- 
lowing t r e a t m e n t  w i t h  a m i n o g l u t e t h i m i d e  4, 5. U n d e r  these  
cond i t ions  t h e r e  is a n  i n h i b i t i o n  of t h e  e n z y m a t i c  con- 
vers ion  of choles tero l  to  AS-pregnenolone due  to  in te r -  
ference w i t h  2 0 - h y d r o x y l a t i o n  of t he  choles tero l  side- 
cha in  a n d  w i t h  t he  desmolase  complex  ac t iv i ty .  As a 
resu l t  of these  morpho log ica l  s imi lar i t ies  i t  can  be  sup-  
posed  t h a t  a b lock  also occurs  in cor t icos te ro idogenes is  
of an i l i ne - t r ea t ed  rats :  However ,  b iochemica l  inves t iga -  
t ions  are r equ i red  to  p rove  th i s  hypo thes i s .  

The  an i l ine - induced  ad r ena l  changes  can  be  p r e v e n t e d  
b y  s i m u l t a n e o u s  t r e a t m e n t  w i t h  glucocor t icoids  wh ich  
suggests  t h a t  increased  release of A C T H  plays  a decis ive 
role in  e l ic i t ing t h e  ad r ena l  lesion. Th i s  f ind ing  is com- 
pa t i b l e  w i t h  t h e  v iew t h a t  anil ine,  b y  i n h i b i t i n g  s tero id  
synthes is ,  p r i m a r i l y  affects  t he  ad r ena l  cor tex,  a n d  t he  
s u b s e q u e n t  lack of c i r cu l a t i ng  cor t icoids  leads to  a com- 
p e n s a t o r y  hype r sec re t i on  of ACTH.  The  i m p o r t a n c e  of 
t he  local factor ,  however ,  c a n n o t  be  neglec ted  as t he  
ad r ena l  a l t e r a t i ons  el ici ted b y  ani l ine  cons ide rab ly  differ  
f rom those  due  to  t he  a d m i n i s t r a t i o n  of ACTH.  

Since ani l ine  is me tabo l i zed  to  va r ious  subs t ances  
m a i n l y  b y  t he  l iver  mic rosomes  6, t he  ques t ion  ar ises  
w h e t h e r  an i l ine  i tself  or one of i ts  m e t a b o l i t e s  is respon-  
sible for t he  ad r ena l  effect. The re  is no  sa t i s fac to ry  answer  
a t  p r e sen t  to  th i s  ques t ion .  However ,  i t  is w o r t h  m e n t i o n -  
ing t h a t  ad r ena l  e n l a r g e m e n t  a n d  l ipoid a c c u m u l a t i o n  in 
an i l i ne - t r ea t ed  r a t s  are no t  p r e v e n t e d  b y  S K F  525-A, a 
p o t e n t  i n h i b i t o r  of a v a r i e t y  of mic rosomal  enzymes  7. 

I t  is i n t e r e s t i ng  t h a t  b o t h  a m p h e n o n e  a n d  amino-  
g lu te th imide ,  t h e  we l l -known s te ro id  syn thes i s  inh ib i to rs ,  
con t a in  an i l ine  res idues  in  t h e i r  molecules.  F u r t h e r  s t u d y  
is needed  to  ver i fy  w h e t h e r  an i l ine  is t he  ac t ive  pr inc ip le  
in  b lock ing  s tero idogenes is  w h e n  these  c o m p o u n d s  are 
used  s. 

Zusammen/assung. S u b k u t a n  in j iz ier tes  Ani l in  ver-  
u r s a c h t  bei  der  R a t t e  eine Vergr6sse rung  der  Neben-  
n i e r en r inde  m i t  beach t l i che r  A n s a m m l u n g  yon  Lipoiden .  
Morphologisch  u n t e r s c h e i d e n  sich diese Ver~Lnderungen 
wesen t l i ch  yon  denen,  die n a c h  schwerer  unspez i f i scher  
S t r e s swi rkung  en t s t ehen ,  ~hne ln  abe r  den  d u r c h  A m i n o -  
g l u t e t h i m i d  h e r v o r g e r u f e n e n  L~tsionen. Es  schein t ,  dass  
die Cor t i co idsyn these  d u r c h  Ani l in  ges t6 r t  wi rd  u n d  dass  
die Gewich t s s t e ige rung  der  N e b e n n i e r e n  au f  die aus-  
g le ichende  A u s s c h i i t t u n g  y o n  A C T H  zur t ickzuf i ih ren  ist. 
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Group Duration No. of Finalbody Adrenalweight 
of treat- rats weight (mg]100 g body wt.) 
ment (g) 

Control - 10 106 4- 3.2 ~ 33.3 4- 0.9 / p < 0.001 
Aniline 7 days 10 102 4- 2.7 56.2 4- 2.3 ! 
Control - 10 118 4- 1.6 27.3 4- 0.9 / p < 0.001 
Aniline 14 days 10 120 • 4.1 64.3 i 5.2 ! 

Mean • S.E. 

2 A. PRADER and H. P. GURTNER, Helv. paediat. Acta10, 397 (1955). 
3 A. M. CAMACHO, A. KOWARSKI, C. J. MIGEO.~ and A. J. BROUGH, 

J. clin. Endoer. Metab. 28, 153 (1968). 
4 R. CASH, A. J. BROIJG~I, M. N. P. COHEN and P. S. SATOH, J. din. 

Endoer. Metab. 27, 1239 (1967). 
5 A. M. CAMACHO, R. CASH, A. J. BROUGH and R. S. VILROu J. Am. 

reed. Ass. 202, 20 (1967). 
G. P. QUINN, J. AXELROD and B. B. BRODIE, Biochem. Pharmac. 
7, 152 (1958). 
B. B. BRODIE, J. Pharm. Pharmac. 8, 1 (1956). 

, This work was supported by a grant from the Minist6re de I'Edu- 
cation, Qudbec. 

I n  v i v o  C o n v e r s i o n  of C o r t i c o s t e r o n e  in to  A l d o s t e r o n e  in R a t s  T r e a t e d  w i t h  A C T H  o r  S u b m i t t e d  
to  S t r e s s  

The  func t iona l  and  morpho log ica l  a l t e r a t i ons  of t he  
ad rena l s  in  t h e  res i s t ance  s tage  of t h e  genera l  a d a p t a t i o n  
s y n d r o m e  (GAS) are genera l ly  a t t r i b u t e d  to  an  increased  
secre t ion  of endogenous  A C T H  1. However ,  cons iderab le  
differences  in  t h e  p a t t e r n  of ad r ena l  cor t ica l  h o r m o n e s  
h a v e  been  d e m o n s t r a t e d  in r a t s  t r e a t e d  w i t h  A C T H  a n d  
r a t s  in j ec ted  w i t h  f o r m a l d e h y d e  (a t yp i ca l  ' s t ressor '  
e l ic i t ing t h e  GAS).  Af te r  r epea t ed  a d m i n i s t r a t i o n  of 
A C T t t ,  t h e  p r o d u c t i o n  of a ldos te rone  was decreased  ; a f t e r  
f o r m a l d e h y d e  t r e a t m e n t  i t  was increased2-5.  However ,  
l i t t le  is k n o w n  of t h e  b iochemica l  b a c k g r o u n d  of th i s  dif- 
ference. The  e x p e r i m e n t s  descr ibed here  were u n d e r t a k e n  
in order  to  o b t a i n  i n f o r m a t i o n  on  t he  in  v ivo  conve r s ion  
of cor t i cos te rone  in to  a ldos te rone  u n d e r  d i f fe ren t  condi-  
t ions.  

Material a~d methods. Male wh i t e  r a t s  of 180-280 g b o d y  
we igh t  were a n a e s t h e t i z e d  w i th  N e m b u t a l  (40 m g / k g  i.p.). 
Af te r  i.v. i n j ec t i on  of 1-2-H3-cort icosterone t h e  ad rena l  

venous  b lood was  col lected for 1.5 h accord ing  to  t he  
m e t h o d  descr ibed b y  VOGT 6. The  b lood t a k e n  f rom the  
ad rena l  was  p e r m a n e n t l y  replaced  b y  us ing  an  a u t o m a t i c  
device  (for de ta i l s  see ~). 

The  col lected b lood was h a e m o l y z e d  and  e x t r a c t e d  w i t h  
d i ch lo rme thane .  The  r ad ioac t i ve  f rac t ions  of a ldos te rone  
a n d  cor t i cos te rone  were i so la ted  b y  r epea t ed  c h r o m a t o -  
g r a p h y  a n d  - in  t h e  case of cor t i cos te rone  - b y  rec rys ta l -  
l i za t ion  (Figure  1). The i r  r ad ioac t iv i t i e s  were  m e a s u r e d  in 
a l iqu id  sc in t i l l a t ion  s p e c t r o m e t e r  (Packard ,  t y p e  3003). 

To exc lude  a n  e x t r a - a d r e n a l  conve r s ion  of cor t ico-  
s t e rone  in to  a ldos terone ,  b lood samples  of 7 ad rena lec t0 -  
mized  r a t s  were col lected f rom t h e  femora l  a r t e r y  a f t e r  t he  
in j ec t ion  of 1-2-H~-cort icosterone.  I n  all b u t  one experi-  
men t ,  no  r ad ioac t i ve  a ldos te rone  could be  d e m o n s t r a t e d  
in t he  femora l  blood. I n  t i le 7 th  r a t  on ly  a m i n i m a l  a m o u n t  
of r ad ioac t i ve  a ldos te rone  (0.05% of t h e  in jec ted  radio-  
ac t iv i ty /100)  was ob ta ined .  


