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Activity of  cy top la smic  dehydrogenases  of adrenal  cel ls  was inves t igated during prolonged 
adminis t ra t ion  of ACTH (5 units/100 g body weight) to Wis ta r  r a t s .  The indices of the spe-  
cific s t e ro id - syn thes i z ing  function of the glands r ema ined  re la t ive ly  high throughout the ex-  
pe r imen t .  Changes in the r a t e  of co r t i eos t e rone  synthes is  and in dehydrogenase  act ivi ty were  
phas ic  in c h a r a c t e r  and included an initial  synchronized act ivat ion (1-2 days) followed by a 
d e c r e a s e  of act ivi ty (7 days  of ACTH adminis t ra t ion) .  In the final phase  of the expe r imen t  
(13 days) p redominance  of act ivi ty of  NADP-dependent  dehydrogenases  was combined with 
reac t iva t ion  of s te r0 idogenes i s .  The poss ib i l i ty  of an adaptive ro le  of  se lec ted  act ivat ion of 
NADP-dependent  enzymes  in the maintenance of a high level  of hormone  synthes is  during 
prolonged s t imulat ion of s t e ro idogenes i s  by  ACTH is d i scussed .  
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The  w r i t e r s  showed p rev ious ly  that s t imulat ion of s te ro id  synthesis  by ACTH is  accompanied  by 
lower ing  of the phosphate  potent ial  and s t imulat ion of g lycolys is  in the adrenal  cel ls  [5]. The  ATP def i -  
c iency  developing under  these c i r c u m s t a n c e s  [7] may be the cause  of exhaustion of the ad renocor t i ca l  ce l l s .  
Howe~er ,  during prolonged admin is t ra t ion  of ACTH the specif ic  function of the adrena ls  is p r e s e r v e d ,  
despi te  morphologica l  signs of cor t ica l  dam age  appear ing  at a ce r t a in  stage of the course  of s t imulat ion [1]. 

Consider ing that cy top lasmic  enzymes  play an impor tan t  ro le  in the maintenance  of the s t ruc tu re  and 

TABLE 1. Indices  of Steroidogenes is  during Prolonged Adminis t ra t ion  of ACTH 
(lv[ * m) 

Parameter 

11- Hydr ox ycorticost eroids of 
blood plasma (in pg %; 
n= 8-12) 

Corticosterone ptodhction by 
adrenal slices, second hour 
of ineu.bation (in Ilg/100 
rag/h; n = 4) 

The same+ ACTH (2 units/ml, 
n=4) 

The sfime+ progesterone (10 
~g/ml, n= 41 

The same+ DOC (I0 pg/ml, 
n= 4) 

* P <  0.05. 

Control 

8,4-+0,7 

1,60--+0,13 

3,908 + -- 0,23 
3,25_+0,26 

5,85-+ 0,61 

17,8+-0,7 

4,43-+ 0,50 ~ 

13,35-+ 2,06* 
14,16-+0,32" 

28,16-+ 2,05" 

"ime of administration of ACTH (in days) 

15,35-+ 2,03* 

3,96+ 0,64* 

10,59-+ 0,76" 
13,58-+ 0,33* 

20,06-+ 0,94* 

13 

14,25-+ 1,04* 

2,95• 0,10" 

6,605_+ 0,765 

6,61a0,17" 

9,87_+ 0,48 

13,1~0,4" 

2,495+-_0,i01" 

4,26-+0,14 

5,00~+ 0,14" 

8,46+__ 0,85 

23,3-+ 4,3* 

5,70--+ 0,43* 

12,95-- + 1,57" 
17,625-+ 1,248* 

29,02-+ 0,38* 
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function of o rgans  [9, 13], an a t tempt  was made to c o m -  
pa re  the c h a r a c t e r  of changes in the indices  of s te ro id  
sec re t ion  and activi ty of ce r t a in  NAD P -  and NAD-de-  
pendent dehydrogenases  with t ime  during prolonged 
admin is t ra t ion  of ACTH. 

E X P E R I M E N T A L  M E T H O D  

A suspension of ACT H - z i n c  phosphate  in a dose  
of 5 units/100 g body weight was injected i n t r a m u s -  
cular ly  daily into Wis t a r  r a t s  weighing 150-200 g. The  
an imals  we re  decapi ta ted  and the adrenal  t i ssue  was 
homogenized in a med ium of 150 mM KCI containing 
10 mM t r i s -HC1,  pH 7.4; the cy toplasmic  f rac t ion  was 
obtained by centr i fugat ion at  20,000g for  20 min .  En-  
zyme act ivi ty was de te rmined  f luo r ime t r i ca l ly  f r o m  
changes in the concentra t ion of reduced pyr id ine  nuc leo-  
t ides: NADH for  ma la t e  dehydrogenase  (MDH) [6] and 
lactate  dehydrogenase  (LDH)[3], and NADPH for  g lucose-  
6-phosphate  and 6-phosphogluconate  dehydrogenases  
[14] and i s o c i t r a t e  dehydrogenase  (IDH) [6]. The  p ro te in  
concentrat ion in the s a m p l e s  was de te rmined  by the 
mic rob iu re t  method [2]. The  co r t i cos t e rone  concen t ra -  
tion in the blood p l a s m a  and the ra te  of i ts  product ion 
by adrenal  s l i ces  during incubation in a Warburg  ap-  
pa ra tus  in K r e b s - R i n g e r - p h o s p h a t e  bu f fe r  in an 
a tmosphe re  of 02 at 37~ were  de te rmined  f l u o r i m e t r i -  
eai ly.  The reac t ion  of the s l i ces  to ACTH and the b io-  
synthes is  of co r t i cos t e rone  in the p r e s e n c e  of i t s  p r e -  
c u r s o r s ,  p r o g e s t e r o n e  and deoxycor t i cos te rone  (DOC) 
(10 #g/ml)  also were  studied. 

E X P E R I M E N T A L  R E S U L T S  
A N D  D I S C U S S I O N  

As Table  1 shows,  admin is t ra t ion  of ACTH caused 
a significant i n c r e a s e  in the sec re t ion  of ho rmones  
throughout the e x p e r i m e n t , b u t  the degree  of act ivat ion 
of function depended on the t ime of s t imulat ion.  It was  
high on the f i r s t  and second days  of injection of the 
cor t icot ropin ,  d e c r e a s e d  re la t ive ly  on the 7th day,  and 
increased  again on the 13th day of the exper imen t .  

In a pa ra l l e l  study of the cy top lasmic  dehydrog-  
e n a s e s ,  the dynamics  of the i r  act ivi ty also showed 
three  phases  (Table 2). The  high enzyme activi ty in 
the f i r s t  phase  (f irs t  to third days) is  p robab ly  a t t r ibu t -  
able both to the abil i ty of AC'rH to s t imula te  the init ial  
s tages  of ca rbohydra te  m e t a b o l i s m  [8, 11] and to in-  
c r ea sed  ut i l izat ion of g lycolys is  products  in the Kreb~ '  
cycle [10]. The w r i t e r s  showed p rev ious ly  that inhibi ;  
tion of g lyco lys i s  p reven t s  the s t imulant  effect  of ACTH 
whereas  addition of pyruva te  r e s t o r e s  it [5]. 

Intensif icat ion of metabol ic  p r o c e s s e s  In the 
adrenal  ce l l s  at  this per iod led to an i nc rea se  in the 
pro te in  concentra t ion p e r  100 mg wet weight and to an 
i nc rea se  in the re la t ive  weight of the glands ( t ab l e  2). 
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The seventh day was a crit ical period for adaptation of the adrenals to the prolonged action of ACTH. 
decrease  in enzyme activity coupled with morphological evidence of cortical injury described for this 
stage of ACTH administration [1] is evidence of a disturbance of plastic processes  in the gland cells. 
However, the level of steroid synthesis at this period remained relatively high. This points to some 
independence of the reactions of hormone synthesis of the level of activity of the cytoplasmic dehydrog- 
enases. Considering that five of the six steroid hydroxylation reactions are  located on the inner mem- 
brane of the mitochondria, which is impermeable to cytoplasmic NADPH, in this phase of the e~periment 
the main supplier of coenzyme for steroid biogenesis must be considered to be intramitochondrial oxido- 
reduction processes .  

The phase of reactivation of specific adrenal function on the 13th day of ACTH administration deserves 
special attention. Analysis of the mechanisms f o r  maintenance of a high level of steroid biosynthesis at this 
period emphasizes the autonomous activation of cytoplasmic NADP-dependent IDH and of enzymes of the 
pentose phosphate shunt, superposed upon low (close to the control level) activity of NAD-dependent LDH 
and MDH. During prolonged administration of ACTH appreciable activation of NADP-dependent mitochon- 
drial IDH of adrenal cells is known to take place [12]. Comparison of these observations with the great 
effectiveness of isocitrate in  the maintenance of steroid hydroxylation reactions points to the increasing 
role of the shuttle mechanism for the i soc i t r a t e -  ~-ketoglutarate pair  [4]. Its active functioning makes the 
NADPH produced intensively in this phase in the course of the reactions of the pentose phosphate shunt 
in the cytoplasm accessible for utilization in the mitochondria. 

Adaptation of the rat  adrenals to prolonged maintenance of a high level of function is thus based on a 
mechanism which renders extramitochondrial reduced equivalents accessible for intramitochondrial hy- 
droxylation reactions.  
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