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Adminis t ra t ion  of insulin to intact  an imals  did not a l t e r  the hexokinase act ivi ty  but 
inc reased  g lucose -6 -phospha te  dehydrogenase  (G6PD) activi ty whe reas  admin is t ra t ion  
of hydrocor t i sone  inhibited the act ivi ty  of both enzymes .  If the hormones  were  injected 
s imul taneous ly  the inhibitory effect  of the g lucocor t icoid  was  not manifes ted .  In acute 
hypoxia injection of insulin r e s t o r e d  to no rma l  the reduced hexokinase act ivi ty and sharply  
inc reased  G6PD act ivi ty ,  w h e r e a s  injection of hydrocor t i sone  reduced  the act ivi ty  of 
hexokinase alone.  When both ho rmones  were  injected s imul taneously ,  G6PD activi ty 
was inc reased  while hexokinase act ivi ty r ema ined  inhibited. 

The par t ic ipa t ion  of insulin and g lucocor t icoids  in the regula t ion  of enzymes  of g lucose -6-phospha te  
m e t a b o l i s m  in the t i s sues  of the t e s t e s  during exposure  to chronic  hypoxia was  demons t ra t ed  prev ious ly  [3]. 

In the invest igat ion descr ibed  below the effect  of insulin and hydrocor t i sone  on the act ivi ty of hexo-  
kinase and g lucose -6 -phospha te  dehydrogenase  (G6PD) in the r a t  t e s t e s  was studied during exposure  to 
acute hypoxia. 

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

Wis ta r  r a t s  weighing 150-210 g w e r e  used.  Acute hypoxia was produced by keeping the an imals  in 
a vent i la ted p r e s s u r e  chamber  for  1.5 h (P =200 m m  Hg). The ho rmones  were  injected before  the an imals  
we re  p laced  in the p r e s s u r e  chamber ,  i n t r amuscu l a r l y ,  fo r  a per iod of th ree  days:  insulin in a dose of 0.5 
units twice a day, hydrocor t i sone  (Gedeon Richter ,  Hungary) in a dose of 10 mg/100 g body weight once 
dai ly .  Intact  r a t s  s e rved  as the contro l .  The t e s t e s  we re  washed to r e m o v e  all  the blood, the m e m b r a n e s  
w e r e  r emoved ,  and 0.5 g of the m a t e r i a l  was  homogenized for  2 min in the cold with five vo lumes  of 0.5 M 
suc rose  and 0.002 M EDTA. The homogenate  was centr i fuged at  4~ for  45 min at  45,000 g on a TsVR-1  
centr i fuge.  Hexokinase [4] and G6PD [5] act ivi ty  was de te rmined  spee t ropho tomet r i ca l ly  in the supernatant .  
The composi t ion  of the reac t ion  mix tu re  (in mM) for  hexokinase de te rmina t ion  was :  5 Na-ATP,  0.25 NADP, 
7 MgC12, 100 t r i s -HC1 , pH 7.6, with 0.2 unit G6PD (Fluka), 0.5 glucose,  and 0.08 ml supernatant ,  with a to t a l  
vo lume of 3 ml ;  for  es t imat ion  of G6PD: 0.3 NADP, 8 MgCIp, 100 t r i s -HC1,  pH 7.6, 4.5 Na-G6P,  and 0.08 
ml  supernatant ,  total  vo lume  3 ml .  P ro te in  was de te rmined  by L o w r y ' s  method. The prote in  concentra t ion 
was 0.7-1.2 rag in 0.08 ml  superna tant .  

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

In intact  an imals  (Table 1) injection of insulin did not change the hexokinase act ivi ty (the sl ight shift  
toward  an inc rease  is not s ta t i s t i ca l ly  significant),  but i nc reased  the G6PD act ivi ty by 43~; injection of 
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TABLE i. Hexokinase Activity (in #moles NADP -H 2 in I0 min per 
i0 mg protein) and G6PD Activity (in AE340 in i0 min per i0 mg 
protein) in Testes of Rats Exposed to Hypoxia after Injection of Hy- 
drocortisone and Insulin 

t change t t change 
ten activ-t lin activ- 

Hexokinase It'ty(%) ] G6PD ity (%) 
Treatment activity Irel to I activity �9 tel .  to leon~ol ] ]control 

Control . . . . . . . . . . .  1,47+_0,07 (64) --  11,90__0,09 (64) - 

Insulin . . . . . . . . . . . .  
P . . . . . . . . . . . . . . .  

Hydrocortisone . . . . . . . . .  
P . . . . . . . . . . . . . . .  

Hydroc or tisone ~: Insulin . . . .  
P . . . . . . . . . . . . . .  

ttypoxia . . . . . . . . . . .  
p . . . . . . . . . . . . .  

Hypoxia + Insulin . . . . . .  
P . . . . . . . . . . . . . . .  

Hypoxia +Hydrocortisone . . . .  
V . . . . . . . . . . . . . . .  

Hypoxia + Hydrocortisone + 
Insulin . : . . . . . . . . . .  

1 o . . . . . . . . . . . . . . .  

1,73+-0,09 (21) 
>0,05 

1,02+-0,08 (21) 
<0,05 

1,51"+'0,12 (15) 
>0,05 

o, 81+_o,o8 (26) 
<0,05 

1,62+_0,09 (18) 
>0,05 

0,50__+0,02 (11) 
<O,Ol 

I, 1 i+_0,09 (15) 
<0,05 

+18 2,71_.+0,12(21) 
<0,05 

--31 1,21-+-0,11 (21) 
<0,05 

+10 2,91_0,2 (15) 
<0,05 

--45 13,20• (26) 
<o,ooi 

+10 ~4,41• 
<o,ool 

--66 2,94+_0,11 (Ii) 
<O,Ol 

--25 4 , 6 9 •  (1 5) 
<0,001 

~-43 

--36 

+53 

+68 

+132 

+55 

,4-147 

Note .  E x p e r i m e n t s  in p a r e n t h e s e s .  

h y d r o c o r t i s o n e  l o w e r e d  the  a c t i v i t y  of both  e n z y m e s  by a p p r o x i m a t e l y  o n e - t h i r d .  A f t e r  s i m u l t a n e o u s  in -  
j e c t i o n  of both  h o r m o n e s  the  h e x o k i n a s e  a c t i v i t y  r e m a i n e d  wi th in  n o r m a l  l i m i t s  wh i l e  G6PD a c t i v i t y  r o s e  
by 53%. The  h e x o k i n a s e  a c t i v i t y  i s  s u b s t a n t i a l l y  l o w e r e d  n o r m a l l y  in acu te  hypoxia ;  a f t e r  i n j e c t i o n  of i n -  
s u l i n  i t  w a s  wi th in  n o r m a l  l i m i t s ,  but  i t  w a s  r e d u c e d  by t w o - t h i r d s  a f t e r  i n j e c t i o n  of h y d r o c o r t i s o n e ;  a c -  
t i v i t y  of G6PD,  w h i c h  i s  s u b s t a n t i a l l y  i n c r e a s e d  in hypox ia ,  con t inued  to r i s e  a f t e r  the  i n j e c t i o n  of b o t h h o r -  
m o n e s ,  and p a r t i c u l a r l y  s h a r p l y  a f t e r  i n j e c t i o n  of in su l in  (2.3 t i m e s  above  the  c o n t r o l  l e v e l ) .  A f t e r  s i m u l -  
t a n e o u s  i n j e c t i o n  of i n s u l i n  and  h y d r o c o r t i s o n e  into the  "hypox ic "  r a t s  a s i g n i f i c a n t  d e c r e a s e  in h e x o k i n a s e  
a c t i v i t y  and a m a r k e d  i n c r e a s e  (by 2.5 t i m e s )  in G6PD a c t i v i t y  w e r e  o b s e r v e d .  

A s  the  r e s u l t s  show,  the  e f f ec t  of i n s u l i n  in induc ing  h e x o k i n a s e  s y n t h e s i s ,  w h i c h  unde r  n o r m a l  c o n -  
d i t ions  i s  h a r d l y  p e r c e p t i b l e ,  i s  c l e a r l y  v i s i b l e  not  only in c h r o n i c  hype x i a  [3], but a l s o  in the  acu te  f o r m .  
The  t i s s u e  of the  t e s t e s  of the  "hypox ic"  a n i m a l s  p r o v e d  to  be t w i c e  a s  s e n s i t i v e  a s  the  t i s s u e s  of the  i n t a c t  
a n i m a l s  to  the  r e p r e s s e r  a c t i o n  of h y d r o e o r t i s o n e  [1] on h e x o k i n a s e .  A f t e r  a d m i n i s t r a t i o n  of insu l in ,  the  
i n h i b i t o r y  e f f ec t  of h y d r o c o r t i s o n e  w a s  c o m p l e t e l y  a b o l i s h e d  in the  c o n t r o l  a n i m a l s  and s h a r p l y  r e d u c e d  
in the  "hypox ic "  r a t s .  The  g l u c o s e  p h o s p h o r y l a t i o n  r e a c t i o n  c a t a l y z e d  by h e x o k i n a s e  is  thus  c o n t r o l l e d  by 
in su l in  in the  t e s t e s  a s  in o t h e r  o r g a n s  [1, 6]. U n d e r  hypox ic  cond i t i ons  p r o p h y l a c t i c  a d m i n i s t r a t i o n  of i n -  
su l in  has  a d i s t i n c t  n o r m a l i z i n g  ac t i on .  I t s  m e c h a n i s m  r e m a i n s  unknown.  In su l in  had an even  s t r o n g e r  
s t i m u l a t i n g  a c t i o n  on G6PD,  the  a c t i v i t y  of which ,  un l ike  h e x o k i n a s e ,  was  i n c r e a s e d  not  only in the  hypox ic  
but  a l s o  in the  i n t ac t  a n i m a l s .  T h e s e  r e s u l t s  a g r e e  w i t h  those  ob t a ined  by Rudack  e t  a l .  [7] showing  t ha t  
i n s u l i n  s t r o n g l y  i nduces  G6PD s y n t h e s i s  in l i v e r  t i s s u e .  The  r e a c t i o n  of s t i m u l a t i o n  of the  p e n t o s e - p h o s -  
pha te  pa thway  u n d e r  the  in f luence  of i n su l in  is  e v i d e n t l y  s i m i l a r  in type  in f u n c t i o n a l l y  d i f f e r e n t  t i s s u e s .  
Meanwh i l e ,  the  i n h i b i t o r y  e f f ec t  of h y d r o c o r t i s o n e  con t inued  to be m a n i f e s t e d  only in the  i n t a c t  r a t s  and  
i t  w a s  a b s e n t  in the  "hypox ic "  r a t s .  The  s w i t c h i n g  of g l u c o s e - 6 - p h o s p h a t e  m e t a b o l i s m  f r o m  g l y c o l y s i s  to  
p r e d o m i n a n t l y  the  p e n t o s e - p h o s p h a t e  pa thway  in c h r o n i c  and a c u t e  f o r m s  of hypox ia  [2] was  a p p r e c i a b l y  
increased by insulin, and it can evidently be regarded as a manifestation of a specific form of adaptation 
of the testicular tissue to hypoxia. 
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