
U T I L I Z A T I O N  O F  C A R B O H Y D R A T E S  IN L I P O G E N E S I S  

I N  E X P E R I M E N T A L  P R O T E I N  D E F I C I E N C Y  

V.  F .  M a r k e l o v a  a n d  B .  G .  L y a p k o v  UDC 616.393 : 547.96]- 
092.9-008.939.15 

Exper imen t s  on r a t s  r ece iv ing  case in  in the diet in an amount equivalent  to 8% of i ts  ca l -  
or i f ic  value for  30 days  showed an i n c r e a s e d r a t e  of synthes is  of fatty acids in the l iver .  
However ,  glucose metabol i tes  were  ut i l ized to a l e s s e r  degree ,  and sodium aceta te  to a 
g r e a t e r  degree  in l ipogenesis  under  these  c i r c u m s t a n c e s  than when a no rma l  prote in  level  
was  combined with a high ca rbohydra te  content.  This  suggests  the act ive r e s y n t h e s i s  of 
fat ty acids  f r o m  the i r  breakdown products .  The inc rease  in the content of pyruvic  acid 
and of rad ioac t ive  label  in it f r o m  glucose,  and the dec r ea se  in the acetyl  CoA and oxalo-  
acet ic  acid level  in the l iver  indicate slowing of the convers ions  of pyruvic  acid, which 
could l imi t  the ut i l izat ion of ca rbohydra te s  in fat ty acid synthes is .  

Pro te in  depr ivat ion causes  a dis turbance of lipid me tabo l i sm  in which the r a t e  of b iosynthes is  of 
fat ty acids and cho les te ro l  is i nc reased  in the l i ve r  and other  o rgans  [1, 9, 14], while the content and r a t e  
of fo rmat ion  of phospholipids and l ipoprote ins ,  r espons ib le  for  t r a n s p o r t  of the l ipid components ,  a re  r e -  
duced [6]. It has  also been found that fat ty degenera t ion  of the l iver  is a ssoc ia ted  with prote in  deficiency 
in the diet, accompanied  by an excess  of energy-y ie ld ing  ma te r i a l ,  notably ca rbohydra t e s  [12]. 

In the invest igat ion desc r ibed  below the  degree  of ut i l izat ion of metabol ic  products  of glucose in the 
b iosynthes i s  of fat ty acids was  studied in vivo under conditions of prote in  deficiency,  for  it has  been shown 
that a high ca rbohydra te  l e v e l  in the diet, together  with a no rma l  prote in  content, i n c r e a s e s  the r a t e  of 
l ipogenesis  [2]. Another object  of the invest igat ion was  to de te rmine  the quantity of ce r t a in  components  
of lipid, ca rbohydra te ,  and in te rmedia te  me tabo l i sm.  

EXPERIMENTAL METHOD 

Experiments were carried out on 90 male Wistar rats weighing initially 120-150 g, and fed for 30 
days ad lib. with semisynthetic isoealorific diets with the necessary content of vitamins and salts. Of the 
total calorific value of the diet received by the experimental rats, 8% was contributed by casein, 74% by 
corn starch, and 18% by lard. The animals of control group 1 received the same quantity of carbohydrates 
(71%) as the experimental animals, but a normal protein content, while the rats of control group 2 received 
a diet with the carbohydrate level reduced to the accepted physiological value (56%), but a normal content 
of protein (24%) and fat (20%). In the animals of all three groups the metabolism of l-6Ci4-glucose (i00 
#Ci was injected subcutaneously into each animal, and decapitation was carried out after 2 and 24 11) and of 
sodium 2-Ci4-acetate (150 #Ci was injected subcutaneously, the animals were sacrificed after 2 h) was in- 
vestigated. The content of pyruv[c and oxaloacetic acids in the liver was determined by Ir method 
[7], cholesterol by the method of Sperry and Webb [i0], fatty acids by the method of Folch etal. [5], and 
acetyl CoA was estimated from the quantity of acetic acid formed after hydrolysis of the tissue, removal 
of the organic acid by steam distillation, and their conversion into the hydroxamates and determination by 
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T A B L E  1. Conten t  of L i p i d s  in R a t  L i v e r  (in m g / g  f r e s h  l i v e r  t i s s u e )  
and  R a d i o a c t i v i t y  of F a t t y  A c i d s  and C h o l e s t e r o l  I s o l a t e d  f r o m  1 g 
T i s s u e  ( in 10 "~ &Ci) 

Index 

Content of fatty acids 
Content of cholesterol 
Radioactivity of fatty acids from 

1 - 6 C 44- glucose 
Radioactivity of fatty acids from 

2-C14 acetate 
Radioactivity of cholesterol from 

1- 6ct4-glucose 
Radioactivity of cholesterol from 

2- C ~4- acetate 

Experi mental 
rats 

50-+4* 
2,44-+0,12 ~ 

1,48+- O, 11" 

114-+8" 

0,59-+ 0,04 

2,5-+0,3 

Control rats 

group 1 

38,5_ + 1,7 
2,06-+0,15 

2,63- + 0,34 

24,5 + _ 2,4 

0,68-+ 0,02 

2,62--_0,8 

group 2 

29,2-+ 6 
2,02-+ 0,2 

1,0-+0,07 

15,0-+ 1,2 

0,74-+ 0,05 

2,8-+0,4 

* P -< 0.05. 

T A B L E  2. C o n t e n t  of K e t o - A e i d s  and A e e t y l  CoA in R a t  L i v e r  (in 
# m o l e s / g  f r e s h  t i s sue )  and  T h e i r  R a d i o a c t i v i t y  (in 10 -4 pCi  f r o m  
1-6C14-g lucose)  

Index 

Content of pyruvic acid 

Content of oxaloacetic acid 
Content of acetyI CoA (in ~rooles 

acetic acid) 

Radioactivity of pyruvic acid 

Radioactivity of oxaloacetic acid 

Experimental 
rats 

470+--31 * 

62-+ 13 

80 -+ 20* 

1,27-+0,21 

0,27--_ 0,03 

Control rats 

group 1 

284 • 27 

119--+12" 

1"55-+21 

0,9-+0,1 

0,34-+0,04 

group 2 

340-- + 51 

86-- + 18 

180-- + 35 

0,86--+0,13 

0,26• 

* P -< 0.05. 

the  m e t h o d  of S t a d t m a n  and  B a r k e r  [11]; a c t i v i t y  of g h c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  w a s  d e t e r m i n e d  
by  the  m e t h o d  of LBhr  and W a l l e r  [8]. 

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  

The c r i t e r i o n  of d e v e l o p m e n t  of e x p e r i m e n t a l  p r o t e i n  d e f i c i e n c y  in t h e s e  e x p e r i m e n t s  w a s  a d e c r e a s e  
in the  p r o t e i n  con ten t  in  the  l i v e r  (245+20 m g / g  in the  e x p e r i m e n t a l  s e r i e s  and 3154-22 m g / g  in the  cont ro l )  
and  an  i n c r e a s e  in the  con ten t  of l i p i d s  (87+4 m g / g  and 594-2 mg/g ,  r e s p e c t i v e l y ) .  The m a x i m u m  i n c r e a s e  
in the  con ten t  of f a t ty  a c i d s  and c h o l e s t e r o l  w a s  o b s e r v e d  in the  e x p e r i m e n t a l  r a t s .  A s  Tab le  1 shows ,  in -  
c o r p o r a t i o n  of C ~ - g l u c o s e  into f a t t y  a c i d s  took  p l a c e  at  a f a s t e r  r a t e  in p r o t e i n  d e f i c i e n c y .  H o w e v e r ,  the  
con ten t  of  l a b e l e d  g l u c o s e  m e t a b o l i t e s  in the  f a t ty  a c i d s  w a s  s o m e w h a t  l o w e r  in the  e x p e r i m e n t a l  r a t s  t han  
in a n i m a l s  r e c e i v i n g  a d i e t  wi th  a n o r m a l  p r o t e i n  con ten t  and i n c r e a s e d  c a r b o h y d r a t e  con ten t .  C o n v e r s e l y ,  
a g r e a t e r  i n c r e a s e  in the  r a t e  of b i o s y n t h e s i s  of f a t ty  a c i d s  f r o m  s o d i u m  2 -C~4-ace t a t e  w a s  o b s e r v e d  in the  
l i v e r  of the  a n i m a l s  wi th  p r o t e i n  d e f i c i e n c y .  The r a t e  of i n c o r p o r a t i o n o f  C14-glucose and s o d i u m  a c e t a t e  into 
c h o l e s t e r o l  w a s  the  s a m e  in the  a n i m a l s  of a l l  g r o u p s  (Tab l e  1). It fo l lows  f r o m  Tab le  2 tha t  the  con ten t  
of p y r u v i c  a c i d  in  the  l i v e r  of the  e x p e r i m e n t a l  r a t s  w a s  i n c r e a s e d ,  whi le  tha t  of  o x a l o a c e t i c  a c i d  w a s  r e -  
d u c e d  (in the  l a t t e r  c a s e  c o m p a r e d  wi th  c o n t r o l  g roup  1). A c c u m u l a t i o n  of r a d i o a c t i v i t y  in the  c o m p o s i t i o n  
of p y r u v i c  a c i d  w a s  o b s e r v e d  in  the  l i v e r  of the  e x p e r i m e n t a l  r a t s ,  a c c o m p a n i e d  by  a s l igh t  d e c r e a s e  of i t s  
l e v e l  in o x a l o a c e t i c  a c i d .  The con ten t  of a c e t y l  CoA w a s  v e r y  low c o m p a r e d  wi th  a n i m a l s  of  both  c o n t r o l  
g r o u p s .  The  d i f f e r e n c e  found in the  p y r u v i c  a c i d  l e v e l  in  the  e x p e r i m e n t a l  and c o n t r o l  r a t s  c o m p e l l e d  the  
d e t e r m i n a t i o n  of the  i n t e n s i t y  of c a r b o h y d r a t e  u t i l i z a t i o n  in the  pe n to se  c y c l e .  Th i s  w a s  t e s t e d  in r e l a t i o n  
to  a c t i v i t y  of g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e ,  and  a s l i gh t  d e c r e a s e  in  the  a c t i v i t y  of t h i s  e n z y m e  w a s  
o b s e r v e d  in the  e x p e r i m e n t a l  a n i m a l s  ( con t ro l  10.1 ~ m o l e s  N A D P .  H J m i n / g  p r o t e i n ;  e x p e r i m e n t  8.05 
# m o l e s  N A D P . H a / m i n / g  p r o t e i n ) .  
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The r e su l t s  indicate an inc reased  ra t e  of fat ty acid synthesis  in the l iver  with an i nc rea se  in the 
quota of ca rbohydra t e s  in the diet both with a deficiency and a no rma l  quantity of prote in  in the diet. How- 
eve r ,  the r e s u l t s  of these  expe r imen t s  re la t ive  to fat ty acid synthes is  f rom metabol i tes  of labeled glucose 
indicate that  t h e i r  u t i l iza t ion in l ipogenesis  is reduced  in the p re sence  of p ro te in  deficiency.  This  r e su l t  
can be a t t r ibuted to a d e c r e a s e  in the r a t e  of convers ion  of pyruvic  acid in this pa r t i cu la r  type of expe r i -  
menta l  pro te in  deficiency.  Conf i rmat ion of this  view is given by the r e su l t s  indicating an inc rease  in the 
pyruvic  acid content and an i nc r ea s e  in the intensity of i ts  labeling f r o m  C~4-glucose, together  with a de-  
c r e a s e  in the level  of ace ty l  CoA and of oxaloacet ic  acid. Data in the l i t e r a tu re  l ikewise point to an in- 
c r e a s e  in the blood pyruvie  acid level  in Kwashiorkor  [13], which some w o r k e r s  a s soc ia te  with v i tamin  Bt2 
deficiency [3], but o thers  with a d is turbance of oxidative p r o c e s s e s  in the Krebs  cycle  [4]. 

In conclusion, it wil l  be noted that  with an inc rease  in the ca rbohydra te  quota in the diet, whether  the 
p ro te in  content was  deficient  or  normal ,  s imi l a r  d i s turbances  of lipid me tabo l i sm  took place,  with an in- 
c r e a s e  in the r a t e  of fat ty  acid synthes is  f r o m  metabol i tes  of C~4-glucose; the d i f fe rences  were  quanti ta-  
t ive  in c h a r a c t e r .  Meanwhile,  b iosynthes i s  of fat ty acids f r o m  sodium ace ta te  took place much m o r e  r a p -  
idly in p ro te in  deficiency,  suggest ing act ivat ion of the r e s y n t h e s i s  of fat ty  acids f r o m  thei r  breakdown 
products .  P ro te in  deficiency h a s  a m a rked  effect  on carbohydra te  me tabo l i sm,  the changes in which differ  
qual i tat ively f r o m  those obse rved  in r a t s  kept on a diet with a no rma l  pro te in  content.  Cha rac t e r i s t i c  fea -  
t u r e s  of ca rbohydra te  and in te rmedia te  me tabo l i sm  in pro te in  deficiency a re  an i nc rea se  in the pyruvic  
acid content in the l ive r ,  accumulat ion of label f r o m  radioac t ive  glucose in the pyruvic  acid, a dec r e a se  in 
the content of oxaloacet ic  acid and acetyl  CoA, and a dec r ea se  in g lucose -6-phospha te  dehydrogenase  ac -  
t ivi ty .  These r e s u l t s  a re  evidence of cons iderable  changes in the manifes ta t ion  of the insulin effect,  which 
invar iably  a r i s e s  when the ca rbohydra te  content in the diet is r a i sed ,  in the p r e sence  of prote in  deficiency.  
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