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Life of  M i t o c h o n d r i a  f r o m  the  Z o n a  r e t i c u l a r i s  of the  Rat  A d r e n a l  C o r t e x  
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Summary. The half-l ife of mi tochondr i a  f rom the  zona ret icularis  of the  r a t  adrena l  was calcula ted by  de te rmin ing  the  
r a d i o a c t i v i t y  decay  curves of the  mi tochondr ia l  c o m p a r t m e n t  of 3H- thymid ine - in jec ted  animals,  using autoradio-  
g raph ic  methods .  ACTH was found to  enhance  s ignif icant ly  the  half-life of t he  organelles. 

Recen t ly  we d e m o n s t r a t e d  t h a t  ACTH controls  the  
g rowth  of the  mi tochondr ia l  c o m p a r t m e n t s  of b o t h  zona 
fascicula ta  2 and zona ret icularis  a,4 of the  r a t  adrenal  
cortex,  by  inducing increase in the  volume and n u m b e r  
of tile organelles.  Ev idence  is now avai lable t h a t  t he  de- 
crease in t he  ra te  of mi tochondr ia t  degenera t ion  m a y  play 
an i m p o r t a n t  role in the  ACTH-induced  increase in the  
n u m b e r  of zona fasciculata  mi tochondr i a  5. I t  therefore  
seemed w o r t h  inves t iga t ing  whe the r  ACTH affects  the  
half-life of mi tochondr i a  f rom the  zona reticularis,  and 
to  th is  purpose  we have  studied,  by  high resolut ion auto-  
rad iography ,  the  effects of a cont inuous  A C T H - t r e a t m e n t  
on the  r ad ioac t iv i ty  decay  in the  mi tochondr ia l  compar t -  
m e n t  f rom the  zona ret icularis  of 3H- thymid ine - i n j ec t ed  
rats.  

Materials and methods. 36 male albino ra ts  (Wistar-  
derived) received an ip. in ject ion of 2.5 ~Ci/g of 3H-  
t h y m i d i n e  (specific ac t iv i ty  15 Ci/mM) (New Eng l an d  
Nuclear  Corp.) a t  12.00 noon. The animals  were d iv ided 
into 6 expe r imen ta l  groups. The contro l  group (0-time) 
was sacrificed by  cervical  dislocat ion,  2 h af ter  the  t racer  
in jec t ion;  all t i le o ther  groups  were d iv ided  into two sub- 
groups  o n e  of which  received dai ly  ip. in jec t ions  of 10 IU/  
kg of ACTH (Sigma), and  were sacrif iced af ter  3, 6, 9, 12 
or 15 days.  

Sliced pieces of the  r ight  adrenal  f rom each ra t  were 
processed for the  e lectron microscopy 2. Thick  sect ions 
were m a d e  wi th  L K B  I I I  u l t r amic ro tomes  and observed  
wi th  the  l ight  microscope for or ienta t ion.  Th in  sect ions 
of s i lver/gold in ter ference  colour were cut  a t  the  level of 
the  zona reticularis.  The au to rad iog raphy  was pe r fo rmed  
according to CARO s, using I lford L4 nuclear  emulsion.  
The specimens  were observed in a Hi t ach i  HS-9  electron 
microscope.  

For  each ra t  20 l ight  micrographs  a t  a f inal  magnif ica-  
t ion  of 1250 and 30 electron micrographs  a t  a final 

magni f ica t ion  of 24,000 were recorded.  The n u m b e r  of 
silver grains super imposed  on the  mi tochondr i a  and the  
concen t ra t ion  of r ad ioac t iv i ty  (i.e., the  n u m b e r  of silver 
grains/100 ~xm 2 of mi tochondr ia)  were calcula ted as de- 
scr ibed prev ious lyL In  order  to  correc t  tile di lut ion of 
rad ioac t iv i ty  due to  the  increase in cell vo lume in ACTH- 
t r ea ted  groups,  the  volume of the  zona ret icularis  cells 
of 3, 6, 9, 12 and  15 days  ACTH-admin i s t e r ed  ra ts  was 
de t e rmined  according to the  m e t h o d  of NOSSDORFER s, 
and the  CR of the  mi tochondr ia l  c o m p a r t m e n t s  f rom 
ACTH- t r ea t ed  groups  was  increased propor t iona l ly  to 
the  pe reen tua l  increase in the  cell volume.  The back-  
ground was expressed  as t he  n u m b e r  of silver grains/  
100 ixm ~ of sect ion area of adrena l  t issue f rom ra ts  no t  
in jec ted  wi th  t racer .  

The f i t t ing  of the  curves (CR versus t ime) was per-  
formed according to the  least  squares  m e t h o d  and a two-  
sided t- test  9 was run to  de te rmine  w h e t h e r  the slopes 
were s ignif icant ly  d i f fe rent  f rom each other.  All the  
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Decay curves of radioactivity in the mitochon- 
driaI compartments from the zona retieularis of 
untreated (a) and ACTH-treated rats (b) after i.p. 
injection of 3H-thymidine. Each point represents 
the average of 3 separate determinations 4- SE. 
Half-lifes of mitochondria are specified by the 
arrows along the slopes. 
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s ta t i s t ica l  p rocedures  were pe r fo rmed  using an electronic 
mic rocompute r  (Olivetti  No. P-652/ROM 01 - MLU-600). 

Results and discussion. In  the  cont ro l  group (0-time), 
4.5 % of t he  mi tochondr ia l  sect ions appeared  to  be labell- 
ed, ind ica t ing  tha t ,  as in the  zona fasciculata  2, also in the  
zona ret icularis  of in t ac t  ra t  adrenals  abou t  50/o of mi to-  
chondr ia  were in 'S '  phase.  The CR of the  mi tochondr ia l  
c o m p a r t m e n t  in the  u n t r e a t e d  ra ts  r emained  unchanged  
dur ing  the  f irs t  3 days  af ter  the  t racer  inject ion,  suggest-  
ing t h a t  in th is  per iod each labelled ( 'S'  phase) mi to-  
chondr ion  divides in to  two organelles of which  one is 
labelled. Thus  we can consider  t h a t  t he  fate  of a pool of 
3H- thymid ine - l abe l l ed  newly  formed mi tochondr i a  was 
followed ill the  p resen t  exper iment .  

F r o m  the  3rd to  the  15th day  af ter  the  t racer  injection,  
the  CR of the  mi tochondr ia l  c o m p a r t m e n t  of un t r ea t ed  
ra ts  decreased in a semi logar i thmic  m a n n e r  (figure, a) and  
the  n u m b e r  of days  in which the  CR is reduced  to a half, 
averaged  8.16 days.  Since i t  is well es tab l i shed  ~hat DNA 
is an ex t r eme ly  s table  molecule,  which does no t  display 
appreciable  t u rnove r  1~ we can reasonab ly  assume t h a t  
th is  p a r a m e t e r  can be an es t imate  of the  half-life of 
mi tochondr ia .  

In  the  ACTH- t r ea t ed  groups,  the  CR of the  mito-  
chondr ia l  c o m p a r t m e n t  did no t  show any  s ignif icant  
change  dur ing  the  first  6 days  af ter  3 H - t h y m i d i n e  ad- 

minis t ra t ion ,  and the rea f t e r  i t  decreased in a semiloga-  
r i thmic  m a n n e r  (figure, b). The half-life of zona ret icularis  
mi tochondr i a  of A C T H - t r e a t e d  ra ts  was found to be 
s ignif icant ly  h igher  t h a n  in t he  u n t r e a t e d  animals  (12.13 
vs 8.16; p < 0.01). 

These f indings suggest  t h a t  the  mechan i sm under ly ing  
the  ACTH-el ic i ted  s t imula t ion  of the  g rowth  of t he  mi to-  
chondr ia l  c o m p a r t m e n t  f rom the  ra t  adrena l  zona ret i-  
cularis involves no t  only  h y p e r t r o p h y  and prol i fera t ion 
of the  organelles~, b u t  also the  slowing down of t he  de- 
genera t ion  ra te  of mi tochondr i a  as ' i n t ac t  uni ts ' .  Since 
the  ra te  of degrada t ion  of adrena l  mi tochondr ia l  pro-  
reins ~1,~2 and  phosphol ip ids  la was d e m o n s t r a t e d  to be 
slower in the  hype r t roph ic  adrenals  of ACTH- t r ea t ed  
rats,  we hypothes ize  t h a t  metabol ic  s tabi l izat ion of the  
l ipoproteic  c o m p o n e n t s  of the  mi tochondr ia l  m e m b r a n e s  
can be involved in the  ACTH-induced  increase in the  half-  
life of mi tochondr i a  f rom the  r a t  adrenal  zona reticularis.  
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Summary.  Lac ta t e  dehydrogenase  (LDH) ac t iv i ty  was s tudied  in the  ovaries of i mma t u re  ra t s  t r ea t ed  wi th  p regnan t  
mare  se rum gonado t rop in  (PMS). L D H  ac t iv i ty  increased sharp ly  a t  36 h af ter  PMS inject ion in the  ovar ian  t issue as 
well as in the  blood. I t  was suggested t h a t  the  increase of L D H  ac t iv i ty  in the  ova ry  m a y  be re la ted to its increasing 
abi l i ty  to  secrete estrogen.  

Lac t a t e  dehydrogenase  (L-lactate: NAD oxidoreduc-  
tase, E.C.  1.1.1.27) is a key factor  of glycolysis and is 
main ly  concerned  wi th  the  res tora t ion  of depte ted  NAD 
dur ing  glycolysis. I t  was shown t h a t  ovaries exposed to 
a large dose of PMS had  a marked  increase in glucose-6- 
p h o s p h a t e  dehydrogenase  ~. In  the  i m m a t u r e  rat ,  L H  
admin i s t r a t i on  caused a marked  increase in glucose up-  
take,  lactic acid p roduc t ion  and glucose oxida t ion  2. The 
ra te  of lactic acid p roduc t ion  by  the  ovaries f rom in tac t  
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Fig. 1. Effect of 25 IU of PMS injected in the immature female rat 
(24 days old) on the LDH specific activity (enzyme unit/rag protein). 
Each point represents 6 animals and the standard errors are shown 
by the vertical lines. 

and h y p o p h y s e c t o m i z e d  i m m a t u r e  female ra ts  was found  
to increase for 8 h af ter  PMS admin i s t r a t ion  ~, and  t h e n  
decline to  t he  initial  level by  the  16th h af ter  PMS injec- 
tion. In  the  p resen t  inves t iga t ion  we are providing evi- 
dence t h a t  LDIat ac t iv i ty  can be induced in the  i mma t u re  
ra t  ovaries by  PMS adminis t ra t ion .  

Methods. I m m a t u r e  H o l t z m a n  s t ra in  female rats,  24 
days old, were used in this  exper iment .  They  were kep t  
in control led l ight  (14LD:10D).  Feed  and  water  were 
available to t he  animals  ad t ibi tum. To induce syn- 
chronous  ovulat ion,  groups of ra ts  were given 25 IU  
PMS s.c. (P regnan t  Mare Serum gonadot ropin ,  S igma 
Chemicals) a t  900 h on the  24th day  of age. Animals  were 
sacrificed at  6.0-hour in tervals  and blood f rom t r u n k  was 
collected. The occurrence of ovula t ion  was de te rmined  b y  
microscopic examina t ion  of t he  oviducts  for ova. 

Af te r  decap i ta t ion  of the  animals,  the  ovaries were 
removed  immedia te ly ,  d issected free f rom the  bursa  and  
ex t raneous  tissues, and weighed.  Rou t ine  assay of lac ta te  
dehydrogenase  in t issue and  blood was conduc ted  as 
previously  repor ted  4. P ro te in  concen t ra t ions  were rou- 
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