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M e t a b o l i s m  of  C 21 S t e r o i d s  b y  I n c u b a t e d  
A d r e n a l s  of  A C T H  T r e a t e d  R a t s  x 

T h e  inc reas ing  n u m b e r  of i n v e s t i g a t i o n s  dea l ing  w i t h  
enzymic  m e c h a n i s m s  in  t he  a d r e n a l  of r a t s  exposed  to  
pe r iod ica l  s t imu l i  m a k e s  i t  necessa ry  to  e s t ab l i sh  a 
s t a n d a r d  of c o m p a r i s o n  for  s t i m u l i - e n z y m e  re la t ionsh ips .  
T h e  ef fec t  of pe r iod ica l  a d m i n i s t r a t i o n s  of A C T H  on  t h e  
b i o s y n t h e s i s  a n d  c a t a b o l i s m  of C ~1 s te ro ids  b y  t h e  r a t  
a d r e n a l  p a r t i M l y  fulfi ls t h e  r e q u i r e m e n t s  for  s u c h  a 
s t a n d a r d .  

A C T H  z (1.5 I .U,  in  0 . 0 0 2 N  HCl-sal ine,  twice  dai ly)  
was  a d m i n i s t e r e d  to  female  r a t s  of 150-200 g of w e i g h t  
for  1 m o n t h .  As  controls ,  s imi la r  females  were  in jec ted  
w i t h  sa l ine  ove r  t h e  same per iod.  T h r e e  g roups  of a n i m a l s  
were  s u b m i t t e d  to  t h i s  t r e a t m e n t  a n d  t h e n  n e m b u t a l i z e d  
(50 m g  N e m b u t a l / k g )  a n d  d e c a p i t a t e d .  T h r e e  t ypes  of 
i n c u b a t i o n  expe r imen t s ,  one  for  e ach  group,  were  t h e n  
pe r fo rmed .  

(a) Incorporation o / t r i t i um/ tom progesterone-7-H 8 into 
radioactive /factions. I n  t h i s  group,  i n d i v i d u a l  pa i r s  of 
ad rena l s  were q u a r t e r e d  a n d  i n c u b a t e d  in K r e b s  R inge r -  
b i ca rbona t e -g lucose  so lu t ion  c o n t a i n e d  in 10 ml  beakers ,  
u n d e r  a n  a t m o s p h e r e  of 9 5 %  O, a n d  5 %  CO,. I n  al l  
assays ,  p roges t e rone -7 - H  3 was  used as  p recursor .  A t  t h e  
e n d  of i n c u b a t i o n s  (5 h) ,  cor t i cos te rone-4-C 1. was  a d d e d  
to t h e  assays .  T o t a l  l ipids were  e x t r a c t e d  a n d  c h r o m a t o -  
g r a p h e d  in t h e  p r o p y l e n e  g lycol - to luene  s y s t e m  accord ing  
tO BIRMINGHAM et  al. 3. R a d i o a c t i v e  zones  were located,  
e lu ted  a n d  a n  a l i quo t  of e ach  c o u n t e d  in a l iqu id  sc in t i l la -  
t i o n  coun te r .  I n  t h e  co r t i cos te rone  4 f rac t ion,  t h e  t o t a l  
s t e ro id  c o n t e n t  was  d e t e r m i n e d  b y  f l u o r o m e t r y  (GIvNER 
e t  al.5), a f t e r  w h i c h  t h e  f r ac t i on  was a c e t y l a t e d  a n d  t h e  
a c e t a t e  c h r o m a t o g r a p h e d  in  t h e  B u s h  A s y s t e m  a n d  in  
t h e  p r o p y l e n e  g lycol - to luene  sys t em.  T o t a l  a c t i v i t y  re-  
covered  was  ca l cu la t ed  accord ing  to  t h e  losses of cor t i -  
cos terone-4-C ~4. 

T a b l e  I s u m m a r i z e s  t h e  resu l t s  of th i s  e x p e r i m e n t :  in  
sp i te  of s ign i f i can t ly  inc reased  g land  weights ,  rad io-  
a c t i v i t y  c o r r e s p o n d i n g  to  b o t h  t h e  18 O H  DOC a n d  t h e  
B zones  decreases  in  i n c u b a t i o n s  c o r r e s p o n d i n g  to  A C T H  
t r e a t e d  an imals .  N o n - r a d i o a c t i v e  cor t i cos te rone ,  on  t h e  
c o n t r a r y ,  r e m a i n s  u n c h a n g e d  or  e v e n  shows  a s l igh t  

t e n d e n c y  to  increase .  T h e r e f o r e  t h e  specif ic  a c t i v i t y  of 
co r t i cos t e rone  decreases  s h a r p l y  in  t r e a t e d  an imals .  

(b) Catabolism o[ corticosterone. E x p e r i m e n t  (a), 
a l t h o u g h  d e m o n s t r a t i n g  a r educed  p r o d u c t i o n  of cor t i -  
cos te rone  f rom r ad ioac t i ve  p roges te rone ,  does  n o t  give 
a n y  i n f o r m a t i o n  a b o u t  t h e  n a t u r e  of t h i s  decrease,  wh ich  
m a y  e i the r  be  due  to  a r educed  b i o s y n t h e s i s  or  a n  in-  
c reased  c a t a b o l i s m  of r a d i o a c t i v e  cor t i cos te rone .  To  t e s t  
t h e  second  h y p o t h e s i s ,  c o r t i c o s t e r o n e - l , 2 - t t  3 was  incu-  
b a t e d  in  t h e  p resence  of a d r e n a l s  of A C T H - t r e a t e d  a n d  
c o n t r o l  ra t s ,  in  t h e  s ame  c o n d i t i o n s  as in  t h e  f o r m e r  
e x p e r i m e n t .  I so la t ion ,  pu r i f i c a t i on  a n d  m e a s u r e m e n t  of 
cold a n d  r a d i o a c t i v e  B was also p e r f o r m e d  as m e n t i o n e d  
before.  

Tab le  I I ,  s u m m a r i z i n g  t h e  resu l t s  of e x p e r i m e n t  (b), 
shows  t h a t  u n c o n v e r t e d  r a d i o a c t i v e  co r t i cos t e rone  de-  
creases  as  does  t r i t i a t e d  t3 in  e x p e r i m e n t  (a). N o n - r a d i o -  
a c t i v e  co r t i cos t e rone  f o r m e d  d u r i n g  i n c u b a t i o n  r e m a i n s  
u n c h a n g e d .  T h e  decrease  in r a d i o a c t i v e  13 obse rved  in  
b o t h  e x p e r i m e n t s  is t he re fo re  ma in ly ,  if  n o t  solely, due  
to  a n  inc reased  c a t a b o l i s m  of B. 

(c) Incubations with 2 differently labeled substrates. I n  
o rde r  to  i n v e s t i g a t e  w h e t h e r  a t  l eas t  p a r t  of t h e  decrease  
of r a d i o a c t i v i t y  in  t h e  B f r ac t i on  f rom p recu r so r s  cou ld  
be  due  to  a dec reased  11 or  21 h y d r o x y l a t i o n ,  e x p e r i m e n t s  
were  des igned  in  w h i c h  t h e  p recurso r s  were  p roges t e rone -  
7-H 8 a n d  corticosterone-4-CX* or  D O C - 1 , 2 - H  3 a n d  cor t i -  
cos te rone-4-C 14. I n  these  e x p e r i m e n t s ,  d u p l i c a t e  pools  of 
q u a r t e r e d  ad rena l s  p roceed ing  f rom A C T H - t r e a t e d  and  
n o r m a l  an ima l s  were  i n c u b a t e d  in t h e  p resence  of t he  
a b o v e - m e n t i o n e d  p r e c u r s o r  pairs .  

1 This investigation was supported by U.S.P.H.S. grant No. 1-RO5- 
TWO0200-01. 

2 Nordic Biochemicals, Montreal (Canada) 80 I.U.]mg. 
a M. K. Bm~IINdHAM and P. J. WARD, J. biol. Chem. 236, 1661 

(1961). 
t The following trivial names have been used: 11,21-dihydroxy-A-4 

pregnene-dione-3,20; eorticosterone or B. A-4-pregnene~dione- 
3,20; progesterone. 21-hydroxy-Zl-4-pregnene-dione-3,20; DOC. 
18,21-dihydroxy-A-4-pregnene-dione-3,20; 18 OH DOC. 

6 M. L. GXV~ER and J. G. ROCH~FORT, Steroids O, 485 (1965). 

Table I. Incorporation of radioactivity from progesterone 7-H s into steroid fractions 

Gland weight (mg]100 g) Radioactive 13 (cpm " l0 s) Non-radioactive B (/zg) Radioactive 
18 OH DOC 
(epm. l0 s) 

Controls 22.85" :~ 1.70 (6) h 229 4- 35 (6) 5.37 i 0.75 {6) 58.16 :k 5.7 {4) 

ACTH treated 35.42 ± 2.75 (7) 121 ± 21 (7) 6.54 -4- 1.49 (7) 35.51 -b 2.3 (4) 

P <2 0.01 < 0.05 non-significant < 0.01 

Individual quartered adrenal pairs were incubated in presence of progesterone-7-H 3, 546.000 cpm. "Mean 4- S.E.M., b No. of animals. 

Table II. Unconverted radioaetive.corticosterone 

Gland weight (rag/100 g) Radioactive B (cpm • l0 s) Non-radio- 
active B (#g) 

Controls 33.20 ~ :k 1.87 (5) b 158 ~ 7.8 (5) 3.43 ± 0.87 (5) 

ACTH treated 40.20 -4- 1.24 (5) 103 :k 9.1 (5) 3.62 =k 0.43 (5) 

P < 0.05 < 0,01 non-significant 

Individual quartered adrenal pairs were incubated in the presence of corticosterone 1,2H s, 380.000 cpm. • =k S.E.M. b No. of animals 
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Table III. Incubations with double labelled precursor pairs 

Precursors Conditions of rats B 180H Doe  
1-13/C 14 H8/C14 

Progesterone 7H s Controls I1.6 s ~ 0.4 212 4- 38 
B 4C14 

Progesterone 7Hs ACTH-treated 15.0 4- 0.3 ~ 88 4- 11 
B 4C14 

DOC 1,2H 8 Controls 11.7 4- 0.4 195 4- 24 
B 4C1~ 

DOC 1,2H a ACTH-treated 11.6 4- 0.5 30 4- 10 b 
B 4 C 1~ 

4 Pools of quartered adrenals from 10 ACTH-treated rats and 4 pools 
of quartered adrenals from 10 control rats were incubated with 
progesterone 7H a (546,000 epm)-corticosterone 4C t4 (22.000 epm) 
and with DOC 1,2H 8 (574.000 cpm)-corticosteronc 4C 14 (22.000 
Cpm). • Mean :J~ S.E.M. b p < 0,05. Each value represents dupli- 
cate assays. 

r a t s  in  t h e  p resence  of r a d i o a c t i v e  p roges t e rone  or  DOC, 
f ind  a n  increase  in  t h e  yie ld  of r a d i o a c t i v e  13 a n d  a 
decrease  of i t s  me tabo l i t e s ,  18 O H  B a n d  a ldos te rone .  Hi s  
resu l t s  w i t h  t r e a t e d  a n i m a l s  t h u s  r e semble  ou r  in  v i t ro  
s tud ies  (LANTOS e t  al.*) b u t  differ  f rom t h e  f ind ings  of 
t he  p r e s e n t  i nves t iga t ion .  T h e  d i f ference  m i g h t  well  be  
due  to  d i f f e ren t  doses employed ,  V E c s ~ i ' s  be ing  a long-  
l a s t i ng  A C T H  p r e p a r a t i o n ,  whi le  in t h e  p r e s e n t  r e sea rch  
i n t e r m i t t e n t  doses,  r e s e m b l i n g  per iodic  s t imul i ,  were  
a d m i n i s t e r e d .  

One  poss ib le  e x p l a n a t i o n  for  t h e  ' s y m m e t r i c '  effect  in  
t h e  p r e s e n t  work ,  as  c o m p a r e d  to  ou r  in  v i t r o  s tud ies ,  
m i g h t  be  t h e  fol lowing:  r e p e a t e d  a d m i n i s t r a t i o n  of A C T H  
p r o t e c t s  t h e  co r t i cos t e rone  c a t a b o l i z i n g  s y s t e m s  of t h e  
adrena l s .  Consequen t ly ,  t h e s e  ad rena l s ,  w h e n  i n c u b a t e d  
pos t  m o r t e m ,  m i g h t  be  c a p a b l e  of c a t a b o l i z i n g  cor t i -  
cos te rone  to  a g r e a t e r  e x t e n t  t h a n  t hose  of u n t r e a t e d  
an imals .  On  t h e  o t h e r  h a n d ,  t h e  increase  of 21 h y d r o x y l a -  
t ion,  e l ic i ted b y  A C T H  t r e a t m e n t  - a n d  p r o b a b l y  in-  
c reased  a t  o t h e r  s i tes  - c o u n t e r b a l a n c e s  t he  inc reased  
c a t a b o l i s m  of B ;  t h e  t o t a l  y ie ld  of e n d o g e n o u s  cor t i -  
cos te rone  r e m a i n i n g  u n c h a n g e d .  

Table IV. Main results obtained by chronic treatment with ACTH and ACTH added to incubation media 

Catabolism of Yield of Yield of radio- 21 Hydroxylation 11 Hydroxylation 
radioactive B endogenous B active 18 OH DOC 

Adrenals of ACTH-treated Experiment (a, 1~) Experiment (a, b) Experiment (a, c) Experiment (c) Experiment (c) 
rats increased unchanged decreased increased unchanged 

ACTH added to medium decreased 6 increased ~ increased s unchanged s unchanged 6 

T h e  re su l t s  (Tab le  III) show t h a t  i n c o r p o r a t i o n  of 
t r i t i u m  f rom p r o g e s t e r o n e  i n to  cor t i cos te rone ,  as  r ep re -  
sen ted  b y  H3/C 14 ra t ios ,  was  inc reased  in  A C T H - t r e a t e d  
animals ,  d e m o n s t r a t i n g  a n  e n h a n c e d ,  i n s t ead  of a de-  
creased 21 h y d r o x y l a t i n g  c a p a c i t y  for  a d r e n a l s  of t r e a t e d  
animals .  T r i t i u m  i n c o r p o r a t i o n s  i n to  B f rom t h e  p r ecu r so r  
DOC r e m a i n s  u n c h a n g e d .  T r i t i u m  i n c o r p o r a t i o n  i n to  t he  
18 O H  DOC f r ac t i on  is d imin i shed .  

The  re su l t s  of t h i s  i n v e s t i g a t i o n  differ  f rom those  
ob t a ined  in  a n  ear l ier  work  (LANTOS e t  al. s) in  wh ich  
ACTH was  added in  v i t r o  to  i n c u b a t i o n s  of ad rena l s  of 
n o r m a l  ra ts .  C o m p a r a t i v e  d a t a  are  s h o w n  in Tab le  I V :  
while t h e  a d d i t i o n  of A C T H  to  t he  m e d i u m  decreases  t he  
ca t abo l i sm of B b y  i n c u b a t e d  adrena ls ,  p r e v i o u s  t r e a t -  
m e n t  of t h e  a n i m a l s  w i t h  A C T H  increases  t h i s  ca t abo l i sm.  
Similar ly ,  whi le  A C T H  in v i t r o  a u g m e n t s  t he  yield of 
18 O H  DOC f rom i ts  precursors ,  A C T H  a d m i n i s t e r e d  
chron ica l ly  d i m i n i s h e s  t h i s  yield.  Moreover ,  A C T H  a d d e d  
to t he  m e d i u m  increases  the  i n c o r p o r a t i o n  f rom proges-  
t e rone  a n d  DOC in to  t h e  18 O H  D O C f rac t ion ,  whi le  in 
t h e  a d r e n a l  of t h e  A C T H - t r e a t e d  ra t ,  t h e  c o n t r a r y  is 
Observed 7. 

Oppos i te  or  ' s y m m e t r i c a l '  effects  of t h i s  k ind ,  b e t w e e n  
add i t ions  of t r o p h i n s  to  i n c u b a t i o n s  or  n o r m a l  g l ands  a n d  
in v ivo  s t i m u l a t i o n  p r io r  to  i n c u b a t i o n ,  h a v e  b e e n  
r epo r t ed  earl ier .  T h u s  ARMSTRONG e t  al. s f ind  a n  in-  
creased syn thes i s  of e n d o g e n o u s  p r o g e s t e r o n e  i n c u b a t i o n s  
of ovar ies  to  w h i c h  L H  has  been  added ,  b u t  a dec reased  
syn thes i s  in  a n i m a l s  ch ron ica l ly  t r e a t e d  w i t h  LH.  
1VIOROZOVA, r epo r t s  a dec reased  3-fl-ol d e h y d r o g e n a s e  
a c t i v i t y  in  a d r e n a l  i n c u b a t i o n s  of r a b b i t s  ch ron ica l l y  
t r e a t ed  w i t h  ACTH,  a n  effect  wh ich  decreases  i n s t ead  of 
increases  t h e  cor t icoid  p roduc t ion ,  I n  c o n t r a s t  to  this ,  
V ~ c s m  et  al. 10, i n c u b a t i n g  a d r e n a l s  of A C T H - t r e a t e d  

T h e  resu l t s  o b t a i n e d  b y  m e a s u r i n g  r a d i o a c t i v e  m e t a b o -  
l i te  p r o d u c t i o n  can  be  m i s l e a d i n g  if  t h e  f a t e  of  t h e  n o n -  
r a d i o a c t i v e  m o i e t y  is ignored .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  
n o n - r a d i o a c t i v e  co r t i cos t e rone  r e m a i n s  u n c h a n g e d ,  or  
e v e n  increases .  Therefore ,  t h e  o b s e r v e d  decrease  in  t h e  
yie ld  of r ad ioac t i ve  ]3 is n o t  due  to  a h i g h e r  c o n c e n t r a t i o n  
(and  c o n s e q u e n t l y  g r e a t e r  convers ion)  of t h i s  r a d i o a c t i v e  
s te ro id  w i t h i n  a s u p p o s e d l y  r educed  co r t i cos t e rone  pool. 

Resumen. E n  an ima le s  t r a t a d o s  c r d n i c a m e n t e  con  
A C T H  se a u m e n t a n  o a c t i v a n  los s i s t emas  de la  a d r e n a l  
qua c a t a b o l i z a n  la c o r t i c o s t e r o n a  y los que  h i d r o x i l a n  e n  
C tl, a la  vez  qua  d i s m i n u y e  la  c a n t i d a d  de r a d i o a c t i v i d a d  
i n c o r p o r a d a  a la 18 O H  DOC. E s t o  ind ica  que  el A C T H  
in v i v o  t i ene  sobre  ]a a d r e n a l  i n c u b a d a  u n a  acc i6n  dis-  
t i n t a ,  a veces  opues ta ,  a la  del  A C T H  ex6geno ag regado  
in v i t ro  al  p r inc ip io  de  la incubaci6n. 
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