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The dynamics  of s teroid  format ion  was found to coincide with that of lact ic  ac id  synthes is  d u r -  
ing perfus ion of r a t  adrenal  s l ices  with ACTH~ Inhibition of glycolysis  by monoiodoacetate  
prevented  the deve lopment  of the specif ic  ef fec t  of ACTH; the effect  was  r e s to red  on the addi-  
tion of pyruva te  to the medium.  A dec rease  in the P /O  rat io  was found in the adrenal  s l ices  
under  the influence of ACTH, p roges t e rone ,  and deoxycor t i cos te rone  (DOC)~ Steroid f o r m a -  
tion was inhibited by  2,4-dini trophenol  (2,4-DNP). The poss ibi l i ty  of secondary  act ivat ion of 
glycolysis  in the adrenals  under  the influence of ACTH by a mechan i sm of se l f - regu la t ion  of 
the glycolytic chain through a dec r ea se  in the phosphate potential  of the cel l  is d i scussed .  
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The act ion of ACTH on metabol ic  p r o c e s s e s  in the adrenals  [1, 4] (including glycolys is  [5, 10]) has  
been  demons t ra t ed .  However ,  the role  of  g lycolysis  and the concre te  mechan i sm of its act ivat ion by ACTH 
has not yet  been explained [5]. 

The objec t  of this invest igat ion was to study glycolysis  and oxidative phosphoryla t ion in the t i ssues  of 
the adrenals  and the role  of these p r o c e s s e s  in the specif ic  function of the glands.  

EXPERIMENTAL METHOD 

After  decapi tat ion of male  Wis ta r  ra t s  (150-200 g) the adrenals  we re  removed and s l ices  p r epa red  
f r o m  them at  2~ T h e  s l i ces  were  incubated in a W a r b u r g ' s  appara tus  a t  37~ in K r e b s - R i n g e r - p h o s -  
phate  buffer  with glucose (20 mM). The concentra t ion of l l - h y d r o x y c o r t i c o s t e r o i d s  ( l l -HCS)  in the in-  
cubated samples  was measured  f luo r ime t r i ca l ly  [3]. In the exper imen t s  were  per fus ion  of the s l ices  a 
modified appara tus  os Flack and Ramwel l  [8] was used.  The 02 consumption of the s l i ces ,  the dec r e a se  in 
inorganic phosphate in the incubation med ium [6,12], and the lact ic  acid product ion [11] were  de te rmined .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The addition of ACTH to the perfusion medium led to marked activation of glycolysis and steroid for- 
mation (Fig. I). Activation of the two processes coincided in time and developed during the first 20 min 
after the addition of ACTH~ The coupling of the steroid.genie and glycolytic responses to ACTH suggests 
that the two processes have a relationship of cause and effect. 

This hypothesis was confirmed by the fact that monoiodoacetate (MIA), an inhibitor of glycolysis, 
completely abolished the action of ACTH on steroid formation in the adrenal slices (Table I). Since one 
of the functions of glycolysis is to provide substrates for the tricarboxylic acid cycle, it might be expected 
that the inhibitory effect of MIA would be abolished by the addition of pyruvate, the end product of glycoly- 
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Fig. 1o Dynamics of steroid formation and lactic acid synthesis  
during perfusion of adrenal s l ices  with ACTH (1 unit/ml) and 2, 
4-DNP (10 -4 M)~ Continuous line represents l l -hydroxycor t i -  
costeroids ,  broken line - l a c t i c  acid. Absc issa ,  times of inves-  
tigation after beginning of  perfusion (in min); ordinate, left: lac-  
tic acid concentration in pg/100  mg/h ,  right: concentration of 
l l -HCS (in ~g/100 mg/h) .  

Fig. 2. Effect of  ACTH on oxidative phosphorylation of adrenal 
ce l l s .  Absc issa ,  dose of ACTH (in units/100 mg tissue); ordi-  
nate, 02 consumption (continuous line), decrease  in inorganic 
phosphate (broken line) (in ~A/100 mg/h) and P/O ratio (double 
line). 

TABLE 1o Effect of ACTH, Cort icosterone Precursors ,  MIA, and Pyru-  
vate on Steroid Formation, Glycolysis ,  and Oxidative Phosphorylation 
in Rat Adrenal Sl ices (M • m 

Parameter studied ] Control Progres- DOG A C T H  A C T H  + ,ACTH +MIA 
I terone MIA + pyruvate 

,I 
11-hydroxycorticosteroids 2,81 _+ o, 4~ 
(gg/lO0 mg/h) n=8 �9 

P/O ratio 18,oo_+ 2,23 
�9 t Z ~ 8  

Lactic acid (pg/100 rag/h) 2,43 -+ o, 07~ 
n ~ 1 0  

5 , 3 0 - + 0 , 2 4  
n = 4  

< 0 , 0 1  

34,20_+ 3 ,2( ]  
r l ~ 4  

GO,  05 
},390-+ 0,081 

n = 4  
G O , O 0 1  

9 , 9 0 - + 0 , 1  
t z ~ 4  

< 0 , 0 0  l 

3 7 , 6 0 •  2,  
t ~ 4  

< 0 , 0 1  
D , 1 6 ~ O , C  

n = 4  
< 0 , 0 0 1  

7 , 3 2 - - + 0 , 7 I  
n ~ 7  

G 0 , 0 0 2  

3 5 , 1 8 + 1 , 8 0  
n~-7 

<: :0 ,002  

1 , 1 2 •  6 , 6 2 •  
n ~5  n~'5 

< 0 , 0 0 2  < 0 , 0 5  

2 , 8 0  + 0 , 3 2  31,40-+ 2 ,  06 
n ~ 5  n = 5  

< 0 , 0 1  < 0 , 0 2 5  

Legend: n) number of investigations; P) significance of difference 
compared with control.  

s i s ,  to the medium. The results  fully confirmed this hypothesis .  Similar data have recently been pub- 
lished [9]. 

Most workers  consider that ACTH directly activates individual enzymes  of the glycolytic chain, e s -  
pecial ly  phosphofructokinase [5, 10]. However,  a change in the phosphate potential of the cell  - [ATP]/ 
[ADP][P i] - is known to be a physiological  regulator of the activity of g lycolys is  [2]. 

The state of oxidative phosphorylation in the adrenal cel ls  on the addition of ACTH was accordingly 
investigated (Fig. 2). A decrease  in the P / O  ratio dependent on the dose of ACTH (mainly on account of 
a decrease  in the util ization of inorganic phosphate) was found. However,  this effect could hardly reflect 
the uncoupling of oxidative phosphorylation, for the typical uncoupling of oxidative phosphorylation, for the 
typical uncoupler 2, 4-DNP,  unlike ACTH, inhibits steroid formation (Fig. 1). 

In experiments in which progesterone and deoxycort icosterone (DOC), precursors  of cort icosterone,  
were  added to the incubation medium (in substrate concentrations),  the same effects of stimulation of g ly-  
co lys i s  and lowering of the P / O  ratio were observed as during the action of ACTH (Table 1). This sug-  
gests  that stimulation of the enzymes  of g lycolys is  under the influence of ACTH may be a secondary effect, 
through an increase in the concentration of precursors  of the steroid hormones .  
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The poss ib i l i ty  of compet i t ion for  the p r i m a r y  h igh-energy  in termedia te  between the e lec t ron  t r a n s -  
p o r t  chain and the hydroxylat ing s y s t e m  in adrenal  mi tochondr ia  in r e sponse  to an inc rease  in the concen-  
t ra t ion  of unhydroxylated s teroid  subs t ra te  has been  shown in the l i t e ra tu re  [7]. It is assumed that the en-  
e rgy  of the p r i m a r y  h igh-energy  compound in this case  is utilized for maintaining the t r anshydrogenase  
reac t ion  in the p r e s ence  of an increased  r e q u i r e m e n t  of mitochondria l  NADP . H 2 by the s y s t e m  for  hydroxy-  
lat ion to the s te ro id  r ing.  The resu l t s  of the p r e s e n t  exper imen t s  conf i rm this hypothesis~ I t  is the re fore  
logical to suppose that the p r i m a r y  cause  of the act ivat ion of glycolysis  under  the influence of ACTH is a 
dec rea se  in the phosphate potential  of the cel l .  

St imulation of glycolysis  under  these conditions makes  good the deficiency of in t race l lu la r  ATP and 
also inc reases  the synthesis  of pyruva te ,  an essen t i a l  subs t ra te  in the Krebs  cycle .  Activation of glycoly-  
s i s  can therefore  be regarded  as an essen t i a l  component  in the reorganiza t ion  of the energy  balance of the 
adrena l  cel ls  during acute mobil izat ion of the specif ic  function of the gland. 
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