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Effects of IACTH and !diabetes on phospholipid metabol i sm in adrenal mitochondria 
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Summary. I n c o r p o r a t i o n  of 32P in to  ad rena l  m i t o c h o n d r i a l  phospho l i p id s  (PL) increased in A C T H - t r e a t e d  ra ts ,  b u t  i t  
decreased  in d iabet ics ,  inspi re  of t he  fac t  t h a t  t he se  a n i m a l s  showed  a d re na l  ove rac t iv i t y .  Since d iabe t ics  did no t  show 
increased 11 f l -hydroxy la t ion ,  as opposed  to A C T H - t r e a t e d  ra ts ,  it  IS sugges t ed  t h a t  the  s t i m u l a t i o n  of t h i s  e n z y m e  
a c t i v i t y  b y  ex o g en ous  A C T H  is re la ted to an  increased t u r n o v e r  of P L  a t  t he  mi toc hond r i a l  m e m b r a n e .  Th i s  process  
is im p a i r ed  in  d iabe t ics  and  p r e v e n t s  the  s t i m u l a t i o n  of 11 f l -hydroxyla t ion .  

A C T H  regu la t e s  t h e  s t r u c t u r e  and  func t ion  of ad r e na l  
m i t o c h o n d r i a  3-5. These  organel les  are k n o w n  to c o n t a i n  
cer ta in  specific phospho l ip id  f rac t ions  vchich m i g h t  be 
essent ia l  for h y d r o x y l a t i o n  reac t ions ,  pa r t i cu l a r ly  11l% 
h y d r o x y l a t i o n  6. As A C T H  is also k n o w n  to inf luence t he  
ac t i v i t y  of th i s  e n z y m e  7-9, it  s eemed  probab le  t h a t  t h e  
s t i m u l a t i o n  of l l / % h y d r o x y l a t i o n  could  be assoc ia ted  to 
c h a n g e s  in t h e  m e t a b o l i s m  of phosphol ip ids .  To explore  
t h i s  poss ibi l i ty ,  we s tud ied  t he  inco rpora t ion  of ~2p in to  
m i t o c h o n d r i a l  p h o spho l i p id s  f rom r a t s  sub j ec t ed  to ex-  
ogenous  A C T H  t r e a t m e n t .  I n  addi t ion ,  we e x t e n d e d  th i s  
i n v e s t i g a t i o n  to d iabe t ic  ra t s ,  which  presen t  h y p e r a d r e n o -  
cor t ic i sm due  to h i g h  e n d o g e n o u s  levels of c i r cu la t ing  
A C T H  Io -13 

Materials and methods. A d u l t  female  W i s t a r  r a t s  were 
used For  s tud ie s  of ad r ena l  m l t o c h o n d r i a l  phospho l ip id  
m e t a b o l i s m ,  t h e  a n i m a l s  were sacrificed b y  s t u n n i n g  4 or 
20 h a f te r  t h e  i.p. a d m i n i s t r a t i o n  of 200 ~xCi of a2p. The  
ad rena l s  were h o m o g e n i z e d  in 2 m l  of 0.32 M sucrose /pa i r  
of g l ands  a n d  t h e  h o m o g e n a t e  was  s p u n  a t  900 y g  for 
10 rain a t  4~ The  s u p e r n a t a n t  was  cen t r i fuged  a t  
5 0 0 0 •  in order  to s e d i m e n t  the  m i t o c h o n d r i a  s,9. The  
pel let  was  w a s h e d  once  w i t h  sucrose ,  r ecen t r i fuged  a t  t he  
s a m e  speed a n d  f ina l ly  s u s p e n d e d  in 0.2 ml  of wa te r .  
Phospho l ip id s  were e x t r a c t e d  f rom th i s  su spens i on  b y  
t he  m e t h o d  of Folch  et al. ~4 and  t he  e x t r a c t  c h r o m a t o -  
g r a p h e d  on sil ica gel G5 • 20 cm th in - l aye r  p la tes  in t he  
s y s t e m  c h l o r o f o r m - m e t h a n o l - w a t e r  (65: 25:4! of Villa- 
rue l  an d  Castro15. After  d ry ing ,  t he  pla tes  were exposed  
to iodine v a p o u r s  a n d  the  mare  spots ,  co r r e spond ing  to  
p h o s p h a t i d y l - c h o l i n e  (PC: Rf  0.57), p h o s p h a t i d y l - e t h a -  
n o l a m i n e  ( P E A ;  R~ 0.72) and  cardio l ip in  (CL; Rr 0.80), 
were e lu ted  as descr ibed  b y  Br ignone  et  al. t6. The  mobi l -  
i ty  of these  c o m p o u n d s  on TLC p la tes  co r responded  to 
t h a t  of a u t h e n t i c  s t a n d a r d s  r u n  in paral le l  w i t h  t he  
samples ,  an d  were  s imi la r  to  t h e  va lue s  shown  b y  Vil laruel  

a nd  Cas t ro  1~. The  e lua tes  c o n t a i n i n g  the  isola ted phos-  
pho l ip ids  were a na lyz e d  for phospho l ip id  p h o s p h o r u s  by  
t he  m e t h o d  of C h a l v a r d j i a n  a n d  R u d n i c k i  17, a n d  also for 
r ad ioac t iv i t y  incorpora ted .  Resu l t s  were expressed  as 
cpm/txg of p h o s p h o r u s .  
l 1 /~-hydroxylat ion of de oxyc o r t i c o s t e rone  was  d e t e r m i n e d  
in ad rena l  m i t o c h o n d r i a  f r o m  n o r m a l  a n d  d iabe t ic  r a t s  b y  
m e t h o d s  a l r e a dy  p u b l i s h e d  b y  our  l a b o r a t o r y  s, 9. A n i m a l s  
were t r ea t ed  accord ing  to  the  fol lowing p rocedures :  
A C T H  ( S y n a c t h e n  Depot)  was g iven  da i ly  in t he  a m o u n t  
of 50 ~g s.c. for 5 or 12 days .  D ia be t e s  w a s  induced  b y  t h e  
1.v. in jec t ion  of 65 m g / k g  of S t r ep tozo toc in  (Upjohn)  
p r e pa re d  as descr ibed  by J u n o d  et  al. 18, a nd  the  t r e a t e d  
a n i m a l s  were used one m o n t h  a f te r  d iabe tes  induc t ion .  
32p (d i sod ium o r t o p h o s p h a t e )  was  p u r c h a s e d  f rom the  
A t o m i c  E n e r g y  C o m m i s i o n  of Argen t ina .  Pure  s t a n d a r d s  
of PC, P E A  a nd  CL were ob t a ine d  f rom Sigma.  All o the r  
chemica l s  were r e a g e n t  grade .  
Results and discussion. Ta b le  i shows  t he  resu l t s  of 3 dif- 
f e ren t  e x p e r i m e n t s  p e r f o r m e d  w i th  con t ro l  a nd  A C T H -  
t r ea t ed  ra ts .  A n i m a l s  t r e a t e d  for e i the r  5 or 12 d a y s  
showed  a s ign i f i can t  increased  incorpora t ion  of 3~p into 
a d r e na l  m i toc hond r i a l  phospho l ip ids ,  c o m p a r e d  to  the  
cont ro ls .  However ,  t h e  3 m a i n  f r ac t ions  of phospho l ip id s  
were no t  e qua l l y  a f fec ted :  b o t h  PC a n d  P E A  specific 
a c t i v i t y  was  increased,  in c o n t r a s t  to CL in w h ic h  no 
c h a n g e s  were observed .  
Tab le  2 p r e s e n t s  our  r e su l t s  of a2p incorpora t ion  into 
n o r m a l  and d iabet ic  a d r e n a l  m i t o c h o n d r i a .  Diabe t ic  r a t s  
showed  g lycosur ia  ( >  2%) a nd  adrena l  h y p e r t r o p h y  a t  
t he  t ime  of sacrifice.  Mi tochondr i a  f r om diabe t ics  showed  
a decreased  inco rpora t ion  of r ad ioac t ive  p h o s p h a t e  into 
PC a n d  CL, w he re a s  t h e  decrease  in P E A  was  n o t  s t a t i s -  
t i ca l ly  s igni f icant .  T h u s  oppos i t e  effects  of A C T H  a n d  
d iabe tes  were found  to occur  r ega rd ing  phospho l ip id  
m e t a b o l i s m  in ad rena l  m i toc hond r i a .  

Table 1. Incorporation of 32p into phosphatidyl-choline (PC), phosphatidyl-ethanolamine (PEA) and cardiolipin (CLI in mitoehondria from 
adrenal cortex of control and ACTH-treated rats 

Time after cpm 32P [zg phosphorus 
Experiment Group a2p injection (hi n PC PEA CL 

I Control 4 6 391 :x 132 71 =i= 30 294:1- 111 
ACTH 50 p.g/day 
for 12 days 4 6 1244 ~ 70** 219 = 13"* 200 ~ 21 

Control 4 6 137 ~ 26 42:7_ 13 144 ~ 14 
ACTH, 50 p.g/day 
for 5 days 4 6 277 ~: 33* 150 3- 13"* 214:3= 46 

Control 20 6 712 ~- 86 260 3:36 433 ::c 37 
ACTH, 50 lxg/day 
for 5 days 20 6 1136 :x 83** 503 x: 44** 519 ~ 100 

llI 

*p < 0.01 : **p < 0.001, versus control rats of the same experiment. 
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Table 2. Incorporation of a~p into phospholipids and 11/~-hydroxylation of deoxycortieosterone in mitoehondria from control and diabetic rats 
adrenals 

Adrenal weight asp Incorporation (cpm/p.g Pi) 11 fl-Hydroxylation 
Group (rag/100 g) PC PEA CL (bag eort/mg prot.) 

Control 24.4 • 1.2 1531 i 177 339 ~ 23 596 =k 64 3.1 zt_ 0.3 

Diabetic 32.4 -~ 1.7" 697 ~ 135" 277 i 48 264 ~ 48** 2.6 ~ 0.4 

* p < 0.01 ; ** p < 0.001, versus control rats. Number of animals studied : 10 controls and 10 diabetics Ior phospholipid metabolism; 6 controls 
and 6 diabetics for 11 ~-hydroxylation. For abbreviations, see table 1. s2p was injected 20 h before sacrifice. 

As m e n t i o n e d  earlier,  A C T H  t r e a t m e n t  increases  the  
a c t i v i t y  of t h e  m i t o c h o n d r i a l  11f i -hydroxylase  6-8. Since 
d iabe t ic  a n i m a l s  p r e sen t  s igns  of p i t u i t a r y - a d r e n a l  h y p e r -  
a c t i v i t y  x~ i t  was of i n t e r e s t  to see w h e t h e r  l l f l - hy -  
d r o x y l a t i o n  was  also inc reased  in d iabe t i c  ra ts .  However ,  
t ab le  2 shows  t h a t  ad r ena l  m i t o c h o n d r i a  f rom diabe t ic  
r a t s  i n c u b a t e d  w i th  deoxyco r t i co s t e rone  did no t  m e t a b o -  
lize th i s  s u b s t r a t e  in to  cor t i cos te rone  a t  a r a t e  d i f fe rent  
f r o m  cont ro l  m i t o c h o n d r i a .  T h u s ,  t h e  ad rena l  hype r -  
f unc t i o n  descr ibed  in d iabe t ic  a n i m a l s  is no t  a c c o m p a n i e d  
by  an  increase  in 11~-hydroxy la t ion .  A C T H - s t i m u l a t i o n  
of th i s  e n z y m e  ac t iv i ty ,  therefore ,  m a y  be the  con- 
s equ en ce  of t h e  increased  phospho l i p id  renewal  a t  t he  
m i t o c h o n d r i a  m e m b r a n e s ,  and  th i s  process  is p r o b a b l y  
imp a i r ed  in diabet ics .  
The  b i o s y n t h e s i s  of m i t o c h o n d r i a l  phospho l ip ids  is a 
c o m p l e x  p rocess  carr ied  ou t  by  c y t o p l a s m i c  a n d  mi to-  
chondr i a l  e n z y m e s .  W h e r e a s  t he  e n z y m e s  t h a t  s y n t h e s i z e  
PC a n d  P E A  are mic rosoma l ,  t hose  c o n d u c i n g  to CL 
f o r m a t i o n  are m o s t l y  mitochondria119.  The  i n c r e m e n t  
i nduced  b y  A C T H  of r ad ioac t ive  PC and  P E A  specific 
a c t i v i t y  in our  p r epa ra t i ons ,  b u t  no t  of CL, s u g g e s t s  t h a t  
t h e  t roph ic  h o r m o n e  was  ac t ing  on t he  c y t o p l a s m ,  a nd  
t h a t  the  phospho l ip id s  p r e fo rmed  in th i s  c o m p a r t m e n t  
were s u b s e q u e n t l y  i nco rpo ra t ed  in to  t he  m i t o c h o n d r i a .  
Our  p rev ious  r e su l t s  s h o w i n g  t h a t  A C T H  t r e a t m e n t  in- 
creases  t h e  s y n t h e s i s  of c y t o p l a s m i c  p ro te ins  t h a t  are 
secondar i ly  t r a n s l o c a t e d  to t he  m i t o c h o n d r i a  2~ sup-  
p o r t  t h e  v iew t h a t  ce r t a in  p ro t e in  and  phospho l i p id  com-  
p o n e n t s  of the  m i t o c h o n d r i a l  m e m b r a n e s  or ig ina te  in t he  
c y t o p l a s m  e2, a n d  t h a t  t h i s  process  is u n d e r  h o r m o n a l  
control .  I n  e x p e r i m e n t a l  d iabe tes ,  p r o b a b l y  b o t h  the  
c y t o p l a s m i c  a n d  m i t o c h o n d r i a l  s y s t e m  of e n z y m e s  of 
phospho l ip id  m e t a b o l i s m  are equa l l y  impa i red ,  as PC a nd  
CL specific a c t i v i t y  was  dec reased ;  t h i s  a l t e r a t ion  p roba-  
b ly  p r e v e n t e d  the  1 l f i - hyd roxy t a se  of a d e q u a t e l y  r e spond-  
ing to t h e  p i t u i t a r y  A C T H  h y p e r s e c r e t i o n  p r e s e n t  in 
d iabe t ic  ra t s .  Never the le s s ,  t he  h o r m o n a l  con t ro l  a nd  

re l a t ionsh ip  a m o n g  m i t o c h o n d r i a l  p ro te ins ,  p h o s p h  9- 
l ipids a n d  l l f l - h y d r o x y l a t i o n  is still  obscure  a n d  m u s t  
a w a i t  f u r t h e r  c lar i f icat ion.  
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