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The mechanism of the acute st imulant  act ion of ACTH on the adrenal  cor tex during exposure 
to the toxic effects of inhibitors of RNA synthesis  (actinomycin D) and protein synthesis  
(chloramphenicol) was studied in exper iments  on hypophysectomized ra t s  by the use of histo-  
chemical  and h is to-enzymologica l  methods.  Actinomycin D did not prevent  the st imulant ac-  
tion of ACTH on the adrenal  cor tex as manifested by a selective increase  in the activity of 
g lucose-6-phosphate  dehydrogenase,  NADP. H2-diaphorase,  succinate dehydrogenase,  acid 
phosphatase,  and nonspecific e s t e ra se  in the zona fasciculata  and zona re t i cu la r i s  and by the 
disappearance of lipids, cholesterol ,  and s teroids  f rom these zones. Chloramphenicol  blocked 
this effect  of cor t ico t ropic  hormone,  indicating that a sys tem for  the consecutive t r a n s m i s -  
sion of generic  ilfformation ( D N A - R N A - p r o t e i n )  par t ic ipates  in the development of the 
s teroidogenic  response  of the R N A - p r o t e i n  stage to ACTH. 

Some hormones  are  known to regulate the s ec r e to ry  function of a ta rge t  organ by their  effect on the 
activi ty of the genetic apparatus of its cel ls ;  this can be manifested as an increase  in the content of nucleic 
acids and protein and, ultimately, an increase  in the synthesis  of the specific product  of that t issue [4]. 

However,  an in teres t ing feature is observed  in the action of ACTH on the adrenal  cor tex:  an acute 
effect, possibly not connected with the involvement of the genetic apparatus  of the cells in the steroidogenic 
response  at the DNA-RNA stage [6, 11, 14, 15, 17], whereas  during the prolonged action of ACTH an in- 
c rease  in RNA synthesis  and protein synthesis  is observed [1-3, 7-9]. This naturally- points to the par t ic i -  
pation both of the DNA-RNA stage and of the R N A - p r o t e i n  stage in the steroidogenic response .  Con- 
sequently, it is very  important  to study the prec ise  role,  if any, of genetic mechan isms  in the response  of 
the adrenals  to the acute act ion of ACTH. In addition, it is important  to c lar i fy  at what stage of t r ansmis -  
sion of genetic information in the D N A - R N A - p r o t e i n  system the cor t icot ropic  hormone acts.  

This paper  descr ibes  an attempt to study the mechanism of act ion of ACTH on the adrenal  cortex in 
vivo, using his tochemical  methods,  during acute st imulation coupled with adminis t ra t ion  of inhibitors of 
RNA and protein synthesis .  

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

Exper iments  were ca r r i ed  out on 40 sexually mature  male ra t s  weighing 120-150 g from which the 
pi tui tary was removed  by a t r ansaur icu la r  approach 48 h before the exper iment  began. The animals were 
divided into four groups with ten in each group. Group 1, the control ,  consis ted of hypophysectomized 
animals .  The animals of group 2 rece ived  a single in t ramuscular  injection of 10 units ACTH. The ra t s  of 
group 3 rece ived  an intraper i toneal  injection of a solution of act inomycin D in aqueous alcohol in a dose of 
25 mg/kg,  and an in t ramuscula r  injection of 10 units ACTH 3 h later.  The animals  of group 4 rece ived  an 
injection of a solution of chloramphenicol  (500 mg/kg) in aqueous alcohol and, like the animals  of group 3, 
an in t ramuscular  injection of 10 units ACTH 3 h later .  
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Fig. 1. Histochemical  reac t ion  to glucose-6-phosphate  
dehydrogenase in the adrenal  cortex under different ex- 
per imental  conditions: a) high enzyme activity in zona 
g lomerulosa  and reduced activity in zona fasciculata  and 
zona re t i cu la r i s  in adrenals  of the control  group; b) sharp 
increase  in enzyme activity in cells of the zona fasc i -  
culata and zona re t icu la r i s  af ter  injection of ACTH; c) 
increased  enzyme activity af ter  injection of ACTH coupled 
with the action of act inomyein D; d) inhibition of st imulant 
act ion of ACTH in animals  poisoned with chloramphenicol ;  
1) zona glomerulosa;  2) zona fasciculata;  3) zona re t icu la-  
r i s .  Nachlas ' s  method, MBI-6, objective 9, ocular  12.5. 
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The animals  of all groups were decapitated 3 h af ter  the injection of ACTH or,  in the case of the con- 
t rol  group, of physiological  saline. The adrenals  were quickly removed  and frozen sect ions were cut to a 
thickness of 10 ~ in a c ryos ta t  at b e t w e e n - 8  a n d - 1 2 ~  Some sections,  mounted on slides,  were fixed in 
10% formal in  at 5~ for 1 h and then used for determinat ion of lipids by staining with Sudan III af ter  Jack-  
son, choles terol  af ter  Schultz, s teroids  af ter  Lewis and Lobban, RNA after  Brachet ,  and acid phosphatase 
and nonspecific e s t e rase  af ter  Burstone,  using phosphate-ace ta te-AS-LC-naphthol  and a diazonium salt 
(PP blue). Glucose-6-phosphate  dehydrogenase and succinate dehydrogenase were determined after  Nachlas 
and NADP �9 H2-diaphorase after Fa rbe r  in unfixed sections.  

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

The use of hypophysectomized animals in this investigation made it possible to distinguish the st imu- 
lant effect  of ACTH on the adrenal  cor tex c lear ly :  48 h af ter  removal  of the pi tui tary gland the highest  ac-  
t ivity of the enzymes  studied was found in the zona g lomerulosa  of the adrenals  of the control  group and 
less  activi ty in the zona fasciculata  and zona re t i cu la r i s  (Fig. la), whereas  in the intact animals the ac-  
t ivity of these enzymes  was usually g rea tes t  in the zona fasciculata  and zona re t i cu la r i s  in which the con- 
tent of lipids, cholesterol ,  and s teroids  was re la t ive ly  high. Injection of ACTH into hypophysectomized 
animals led to an increase  in enzyme activity in the zona fasciculata  and zona re t i cu la r i s  and the differ-  
ences  in activi ty between the cells  of the zona gIomerulosa  on the one hand and the zona fasciculata and 
zona re t i cu la r i s  on the other  hand (Fig. lb) became indistinguishable and the lipids, cholesterol ,  and s t e r -  
oids disappeared from these zones. 

In the w r i t e r ' s  opinion the his tochemical  tes ts  used ref lec t  the functional state of the adrenal  cor tex 
adequately completely,  an important  mat ter  when the action of cor t ico t ropic  hormone is to be evaluated 
during exposure to the inhibitory effect  of ac t inemycin  D and chloramphenicol .  Under these conditions hypo- 
physectomy excluded the effect of endogenous ACTH, the secre t ion  of which may  have been increased  as a 
r e su l t  of the general  toxic act ion of the inhibitors.  

Injection of act inomycin D into the animals  showed that inhibition of RNA synthesis  does not prevent  
the st imulant effect of ACTH on the adrenal  cor tex  as manifested by a decrease  in the lipid content and an 
increase  in the enzyme activity in the zona fascicula ta  and zona re t i cu la r i s  (Fig. lc).  The resu l t s  agree  
with those of other investigations [11, 14, 15, 17] ca r r i ed  out in vitro and in vivo with the use of b iochemi-  
cal methods and they indicate that the acute st imulant act ion of ACTH on the adrenals  is not effected 
through the DNA-RNA stage. 

It must  be pointed out that it was impossible to detect a decrease  in the RNA content by the histo-  
chemical  method in the adrenals  of the hypophysectomized animals and also of the animals  rece iv ing  act in-  
omycin D. This does not mean,  however,  that, in the doses used, the inhibitor did not exhibit its effect. 
The stabil i ty of the r ibosomal  RNA of the adrenals  is known to be high: its half-l ife period, according to 
Boyadjiev [5], is about 5 days. The expected effect  natural ly  could not therefore  have been manifested only 
48 h af ter  hypophysectomy,  and also under the conditions of re la t ive ly  shor t  exposure to the act ion of the 
inhibitor. The RNA al ready present  mus t  therefore  have enabled the adrenals  to respond to the st imulant 
action of ACTH despite inhibition of its subsequent synthesis  by act inomycin D. 

The importance of the R N A - p r o t e i n  stage for the steroidogenic response  of the adrenals  was con- 
f i rmed  by the exper iments  using chloramphenieol  - an inhibitor of protein synthes is :  adminis t ra t ion  of 
ACTH, coupled with the act ion of chloramphenicol ,  prevented the st imulant action of cor t ico t ropic  hormone 
usually observed  on the zona fasciculata  and zona re t i cu la r i s  of the cor tex in which lipids, cholesterol ,  and 
s teroids  still remained,  while the enzyme activi ty was not increased  (Fig. ld). These resu l t s  agree with 
those of b iochemical  investigations ca r r i ed  out with this antibiotic in vitro [10, 13, 16]o 

The resu l t s  indicate that the st imulant effect  of ACTH on the adrenal  cor tex is connected with its ac -  
tion on the p rocesses  of protein synthesis ,  while the increase  in the RNA content observed in some investi-  
gations [1, 2, 7, 8] is evidently a secondary  p rocess  a r i s ing  as a resu l t  of subsequent involvement of the 
DNA-RNA stage in the s teroidogenic  response ;  this involvement, in turn, is bound up with the need for pro-  
tein synthesis  in o rder  that s teroidogenesis  may take place [18]. 

The dependence of s teroidogenesis  on protein synthesis  revea led  by these exper iments  conf i rms the 
view that special  regula tor  proteins exist  in the adrenal  cor tex [12, 13, 17]; the presence  of these regula-  
to rs  depends on the presence  of ACTH and, in turn, it de termines  the rate of synthesis  of the s teroid  hor -  
mones.  
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