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ABSTRACT 

The control of gl ucose-6-phosphate dehydrogenase (G6PD) a c t i  vi t y  of the  1 i ver 
and brain were studied i n  normal and alloxan d i abe t i c  r a t s .  Fasting decreased 
G6PD a c t i v i t y  in brains and l i v e r s  of normal r a t s  s i g n i f i c a n t l y ,  b u t  these  
decreases were reversed by placing the  r a t s  on a sucrose-rich d i e t .  In jec t ion  of  
insu l in  in to  normal 48h f a s t ed  r a t s  had no s ign i f i can t  e f f e c t  on G6PD a c t i v i t y  
a f t e r  15 min. However, epinephrine s ign i f i can t ly  decreased l i v e r  G6PD a c t i v i t y  
by 17%, 7.5 m i n .  a f t e r  i n j ec t ion .  Epinephrine had no e f f e c t  on brain G6PD ac- 
t i v i t y .  

In fed alloxan d iabe t ic  animals, t h e  G6PD a c t i v i t y  was found t o  be about 50% 
of t h a t  found i n  normal r a t s .  Treatment o f  d iabe t i c  r a t s  w i t h  protamine insu l in  
p a r t i a l l y  reversed the  decrease i n  G6PD a c t i v i t y  caused by alloxan diabetes.  I t  
i s  concluded t h a t  insu l in  and epinephrine a re  important f o r  the  regulation of 
G6PD a c t i v i t y  i n  vivo. 

INTRODUCTION 

Glucose-6-phosphate dehydrogenase ca ta lyses  the f i r s t  dehydrogenation re- 
action of  t he  hexose monophosphate s h u n t ,  r esu l t ing  i n  the production of NADPH 
and 6-phosphogluconate lactone. Studies on the regulation o f  t he  r a t  l i v e r  
enzyme have shown i t s  a c t i v i t y  t o  decrease w i t h  f a s t ing  and t o  increase beyond 
prefas t ing  l eve l s  upon refeeding the  r a t  with carbohydrate r ich  food (6 ,7 ) .  Con- 
s ider ing  the in t imate  connection between the nu t r i t i ona l  s t a t u s  of the animal 
and the  l eve l s  of c i r cu la t ing  hormones l i k e  insu l in  ( 9 )  i t  may be postulated 
t h a t  glucose-6-phosphate dehydrogenase (G6PD) is  under the control of hormones. 
The purpose of the present study was t o  examine the e f f e c t s  of i n s u l i n ,  al loxan 
diabetes and epinephrine on G6PD from r a t  brain and l i v e r .  The ro l e  of the n u -  
t r i t i o n a l  s t a t u s  of t he  r a t s  on G6PD a c t i v i t y  was a l so  studied. 
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MATERIALS AND METHODS 

Porc ine  i n s u l i n  and p r o t a m i n e - i n s u l i n  were bought f rom Choay, France, g lucose-  

6-phosphateY NADP, e p i n e p h r i n e  and a l l o x a n  were bought f rom Sigma. Nozinan was 

f rom SPECIA,  P a r i s .  Male a l b i n o  r a t s  we igh ing  100-200 g were ma in ta ined  on 

s tandard  l a b o r a t o r y  chow f rom Myog-Betsi Yaounde, f o r  a t  l e a s t  one week b e f o r e  

use i n  t h e  experiments. The s tandard  l a b o r a t o r y  chow con ta ined  % w/w: p r o t e i n  

16.5%, f i b r e  6.5%, f a t  3.7%, ca l c ium 5% and water .  I n  some exper iments one p a r t  

o f  t h e  s tandard  chow was mixed w i t h  f o u r  p a r t s  o f  sucrose and used f o r  f e e d i n g  

t h e  r a t s .  Fo r  exper iments w i t h  i n s u l i n ,  excep t  where mentioned, t h e  r a t s  were 

f a s t e d  f o r  48h b e f o r e  i n j e c t i o n  o f  t h e  hormone. 

t a i l  ve ins  o f  r a t s  a f t e r  24h o f  f a s t i n g  ( 8 ) .  A f t e r  t h r e e  days, d u r i n g  which 

these  animals were m a i n t a i n e d  on t h e  s tandard  l a b o r a t o r y  chow and t a p  water ,  

b lood  was taken f o r  a n a l y s i s  o f  t h e  g lucose  c o n c e n t r a t i o n  o f  t h e  blood. 

Diabetes was induced by  i n j e c t i o n  o f  a l l o x a n  (40 mg/kg body we igh t )  i n t o  t h e  

Homoaenates 

I n  t h e  exper iments r e p o r t e d  on Table 2 t h e  r a t s  were anaesthes ized w i t h  e t h e r  

f o l l o w e d  by t h e  i n j e c t i o n  o f  nozinan (16 mg p e r  kg body w t ) .  I n  a l l  o t h e r  e x p e r i -  

ments e t h e r  anaesthes ia was used. Nozinan had t h e  e f f e c t  o f  r e i n f o r c i n g  e t h e r  

anaesthes ia.  A f t e r  d e c a p i t a t i o n  and exsanguinat ion,  l i v e r s  and whole b r a i n s  were 

r a p i d l y  exc ised,  b l o t t e d ,  weighed and homogenized i n  3 v o l .  0.25 M sucrose, 

c o n t a i n i n g  1 mM EDTA ( a d j u s t e d  t o  pH 7.5 w i t h  1 M t r i s ) .  I n  exper iments w i t h  

ep inephr ine  0.20 M sucrose, c o n t a i n i n g  1 mM EDTA and 20 mM potass ium phosphate, 

pH 7.5, was used t o  homogenize t h e  t i s s u e s .  

Enzyme assay 

method o f  Langdon ( 4 ) .  It was con f i rmed  t h a t  t h e  s u b s t r a t e  and c o - f a c t o r  concen- 

t r a t i o n s  were s a t u r a t i n g  f o r  b o t h  t h e  b r a i n  and t h e  l i v e r  G6PD. One u n i t  o f  G6PD 

a c t i v i t y  i s  t h e  amount o f  enzyme necessary t o  c a t a l y s e  t h e  r e d u c t i o n  o f  1 pmole 

NADP p e r  m inu te  a t  25OC a t  t h e  c o n d i t i o n s  desc r ibed  by Langdon ( 4 ) .  The r e s u l t s  

a r e  expressed as t h e  mean - + S.D. o f  G6PD u n i t s  p e r  g t i s s u e .  S t a t i s t i c a l  ana ly -  

s i s  o f  t h e  r e s u l t s  was performed u s i n g  t h e  s tuden ts  t - t e s t .  Glucose was de- 

te rm ined  as i n  (3 ) .  

Glucose-6-phosphate dehydrogenase was assayed e s s e n t i a l l y  acco rd ing  t o  t h e  

RESULTS AND DISCUSSION 

E f f e c t  o f  d i e t  on GGPD a c t i v i t y  

genase decreases upon f a s t i n g  and inc reases  upon f e e d i n g  o f  t h e  animals  (6,7). 

Prev ious i n v e s t i g a t o r s  have shown t h a t  r a t  l i v e r  glucose-6-phosphate dehydro- 
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However, the regu la t i on  o f  l i v e r  enzymes, - e.g. pyruvate kinase may d i f f e r  from 
t h a t  o f  isoenzymes from o ther  t i ssues  (11). Therefore we compared the e f f e c t s  o f  
fas t ing  and refeeding of r a t s  on the a c t i v i t y  o f  G6PD from r a t  l i v e r  and bra in .  

Table 1. Ef fects of d i e t  on G6PD a c t i v i t y .  Rats weighing 150-200 g were used. 
F Z E C j  was f o r  48h dur ing  which the  animals had free access t o  water. "Normally" 
fed animals were kept on the  standard chow fo r  7 days be fore  decapi tat ion.  A f t e r  
fas t ing  f o r  48h animals were re fed  w i t h  sucrose-r ich food f o r  72h before decapi- 
t a t i o n .  Other d e t a i l s  are given i n  the  t e x t .  The number o f  animals i s  given i n  
brackets. 

Normal (14) 1.15 - t 0.27a 0.85 - t 0.50d 
0.57 t 0.34e Fasted (14) 0.66 - t 0.34b - 

Refed w i t h  sucrose-r ich food (8) 2.11 - t 0.49' 0.90 - t 0.1Of 

The d i f fe rences  between a and b (P <0.01) ,  a and c ( P  < 0.01), d and e (P <0.05) 
are s t a t i s t i c a l l y  s i g n i f i c a n t .  The d i f f e rence  between d and f i s  i n s i g n i f i c a n t .  

Table 1 shows t h a t  upon f a s t i n g  r a t  l i v e r  G6PD decreased t o  57% o f  the  normal 
l eve l s .  The e f f e c t  o f  f a s t i n g  was less  pronounced on t h e  l e v e l s  o f  b ra in  G6PD 
from the  same ra ts ,  as the  l a t t e r  dropped on ly  t o  67% o f  the  o r i g i n a l  l eve l s .  

Refeeding o f  the fas ted  r a t s  re tu rned the b ra in  G6PD a c t i v i t y  t o  p re fas t i ng  
l eve l s .  With r a t - l i v e r ,  the  a d d i t i o n  o f  sucrose i n  the  food increased G6PD ac- 

t i v i t y  up t o  183% as compared w i t h  normal 
t i e s  o f  l i v e r  and b ra in  G6PD observed upon refeeding o f  t he  r a t s  (Table 1 )  a re  
smal ler  than those reported prev ious ly  (7 )  f o r  the l i v e r  enzyme. The reason f o r  

t h i s  apparent discrepancy i s  no t  known, bu t  the use i n  the  present work of a 
sucrose-r ich food conta in ing  f a t  and a d i f f e r e n t  s t r a i n  o f  r a t s  may exp la in  the  
d i f fe rences  between the  r e s u l t s  on Table 1 and those o f  others (7 ) .  The above 

r e s u l t s  are i n  
the g l  ucose-6-phosphate dehydrogenase a c t i v i t y  o f  1 i v e r  as we1 1 as b r a i n  and 

presumably leads t o  the  increased ox ida t i on  o f  

phate shunt. 

l eve l s .  The increases i n  the  a c t i v i -  

agreement w i t h  the  idea t h a t  a carbohydrate-r ich d i e t  enhances 

glucose by the  hexose monophos- 

r a t  li ver and b r a i n  

The l e v e l s  o f  c i r c u l a t i n g  i n s u l i n  are known t o  vary depending on the  n u t r i -  
t i o n a l  s ta tus  o f  the  r a t s  (9) .  To i nves t i ga te  whether the  changes observed i n  

Table 1 were d i r e c t l y  r e l a t e d  t o  the  l e v e l s  o f  c i r c u l a t i n g  i n s u l i n ,  the e f fec t  

of i n t rape r i t onea l  i n j e c t i o n  o f  i n s u l i n  i n t o  fas ted  r a t s  was tes ted  a f t e r  a 
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p e r i o d  o f  15 mins. 

Table 2. Immediate e f f e c t s  o f  i n s u l i n  and ep inephr ine  on G6PD a c t i v i t y  o f  r a t  
m n d  b r a i n .  Rats we igh ing  120-150 g were used f o r  t h e  exper iments.  F o r  
exper iments w i t h  i n s u l i n  t h e  animals  were f a s t e d  f o r  48h d u r i n g  which they  had 
f r e e  access t o  t a p  water .  The animals  were then  anaesthes ized w i t h  e t h e r  and 
noz inan as desc r ibed  under MATERIALS and METHODS. I n s u l i n  was d i l u t e d  w i t h  0.9% 
NaCl t o  1.2 I.U. p e r  m l  and 1 m l  was i n j e c t e d  i n t r a p e r i t o n e a l l y  p e r  100 g body 
weight .  Fo r  exper iments w i t h  ep inephr ine  t h e  animals  were ma in ta ined  w i t h  
s tandard  l a b o r a t o r y  chow f o r  1 week b e f o r e  use i n  t h e  exper iments.  Anaesthesia 
was performed w i t h  e t h e r  and noz inan as desc r ibed  above. Epinephr ine,  8 p g  p e r  
m l  was d i s s o l v e d  i n  0.9% NaCl and 1 m l  i n j e c t e d  p e r  100 g body we igh t  o f  t h e  
animal. I n  t h e  i n s u l i n  and ep inephr ine  exper iments t h e  r a t s  were d e c a p i t a t e d  
a f t e r  15 and 7.5 min., r e s p e c t i v e l y .  I n  p a r a l l e l  0.9% NaCl was i n j e c t e d  i n t o  
48h f a s t e d  (upper  pane l )  and n o r m a l l y  f e d  ( l o w e r  pane l )  r a t s  as c o n t r o l s  f o r  
t h e  r e s p e c t i v e  t rea tmen ts .  I n  t h e  ep inephr ine  exper iments (and s a l i n e  c o n t r o l s  
- see lower  pane l ) ,  30 mM phosphate b u f f e r ,  pH 7.5, was used i n s t e a d  o f  t r i s /  
H C l  i n  t h e  enzyme assay ( 4 ) .  The number o f  an imals  i s  g i ven  i n  b racke ts .  

Ep inephr ine  ( 7 )  1.20 - + 0 .29 l  0.60 - + 0.31" 7.6 - + 2.3q 

S a l i n e  (7)  1.44 - + 0.34m 0.63 - + O.4gp 6.2 - + 1.4r 

The d i f f e r e n c e s  between a and b y  c and d, e and f and n and p a r e  s t a t i s t i c a l l y  
i n s i g n i f i c a n t .  The d i f f e r e n c e s  between 1 and m and q and r a r e  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  P < 0.01 i n  b o t h  cases. 

The r e s u l t s  p resen ted  i n  Table 2 show t h a t  i n s u l i n  a d m i n i s t r a t i o n  i nc reased  

G6PD a c t i v i t y  by 14% and 12% i n  l i v e r  and b r a i n  r e s p e c t i v e l y .  The changes are,  

however, s t a t i s t i c a l l y  i n s i g n i f i c a n t .  T h i s  was a l s o  t h e  case f o r  t h e  changes o f  

t h e  c o n c e n t r a t i o n  o f  b l o o d  glucose. Apparent ly ,  these d a t a  c o u l d  n o t  t e l l  

whether  t h e  i nc reases  i n  G6PD a c t i v i t y  upon r e f e e d i n g  (Table 1 )  c o u l d  be a t -  

t r i b u t a b l e  t o  an immediate e f f e c t  o f  i n s u l i n  

Some e f f e c t s  o f  i n s u l i n  a r e  o p p o s i t e  t o  those  o f  e p i n e p h r i n e  ( 2 ) .  Hence we 
examined t h e  p o s s i b l e  immediate e f f e c t  o f  e p i n e p h r i n e  on b r a i n  and l i v e r  G6PD 

(Table 2) .  Rats f e d  w i t h  s tandard  l a b o r a t o r y  chow f o r  a week were i n j e c t e d  w i t h  

e p i n e p h r i n e  i n t r a p e r i t o n e a l l y  a t  80 micrograms p e r  kg  body we igh t .  A f t e r  7.5 

min., t h e  r a t s  were d e c a p i t a t e d  and t i s s u e s  removed f o r  t h e  a n a l y s i s  o f  G6PD 

a c t i v i t y .  It can be seen f r o m  Table 2 t h a t  e p i n e p h r i n e  s i g n i f i c a n t l y  decreased 

t h e  b lood  g lucose c o n c e n t r a t i o n  and t h e  a c t i v i t y  o f  r a t  l i v e r  G6PD by  17%, b u t  

had no apparent e f f e c t  on t h e  b r a i n  enzyme. The mechanism b y  which ep inephr ine  
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decreased G6PD ac t iv i ty  i s  n o t  known. The possibil i ty tha t  the hormone provoked 
a regulatory phosphorylation of the enzyme could n o t  be confirmed by us, since 
incubation of homogenates with MgATP and CAMP did n o t  minic the effect  of 
epinephrine (c . f .  references 5 and 10).  However the possible regulation by 
phosphorylation of G6PD cannot be ruled o u t .  

Effects of alloxan diabetes on l i ve r  and brain G6PD 
The levels o f  circulating insulin in alloxan diabetic ra t s  i s  very low as 

compared with t h a t  in fasting r a t s .  I n  order t o  study the effects  of insulin 
deficiency G6PD act ivi ty  was measured in diabetic animals. Alloxan diabetes 
induced by intravenous injection of alloxan (40 mg per kg body weight ( 8 ) )  was 
diagnosed three days a f t e r  injection of alloxan, by elevated levels of blood 
glucose (Table 3) .  

Table 3. Effects of alloxan diabetes on GGPD of ra t  l i ve r  and brain. Alloxan 
? i X Z F s  was induced in ra t s  weighing 80-100 g as described under MATERIALS and 
METHODS in the text.  After the injection of alloxan the ra t s  were fed with 
standard chow for  3 days. Diabetes was diagnosed by an increase in blood glucose 
using blood from decapitation or  a t a i l  vein. Four diabetic ra t s  were treated 
by intraperitoneal injection of protamine insulin (under asceptic conditions) a t  
a daily dosage of 1 .2  units per r a t  for  7 days before decapitation. Other 
methods were described under MATERIALS and METHODS in the text .  The number of 
animals used i s  shown in brackets. 

With the development of diabetes, the l iver  and brain G6PD dropped t o  about 
50% of the normal levels.  In a separate group of diabetic animals the effects  of 
insulin treatment was studied. I t  can be seen in Table 3 that  the injection of 
insulin returned G6PD to  75% and 61% of the original levels in l iver  and brain 
respectively. The act ivi ty  of insulin in these experiments was confirmed by the 
decrease in blood glucose concentration. I t  thus appears tha t  insulin administra- 
tion reverses a t  least  in par t ,  the decrease in G6PD ac t iv i ty  observed in 
alloxan diabetic animals. These observations support the hypothesis that  insulin 
Plays an important part in regulating the act ivi ty  of glucose-6-phosphate 
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dehydrogenase o f  b o t h  b r a i n  and l i v e r  o f  t h e  r a t .  However, t h e  e f f e c t  o f  t h i s  
hormone upon G6PD i n  t h e  experiments o f  Table 3 was l e s s  pronounced than t h a t  o f  
f a s t i n g  and r e f e e d i n g  t h e  r a t s  (Table 1 ) .  Th is  may i n d i c a t e  t h a t  t h e  type  o f  

d i e t  p l a y s  an i m p o r t a n t  r o l e  i n  
a c t i v i t y  o f  t h e  l i v e r  and b r a i n .  

c o n t r o l  1 i n g  glucose-6-phosphate dehydrogenase 
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