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Experiments on rats showed that inclusion of sucrose  in the composit ion of diets with a high 
or normal  carbohydrate  content accelera tes  synthesis of apoproteins of pre-f l - l ipoproteins 
in the l iver and their  loading with endogenously formed lipids and facilitates the more rapid 
secret ion of very- low-dens i ty  lipoproteins (VLDLP) into the blood s t r eam and a raised blood 
t r i g lyce r ide  level. However, the rate  of complex formation between lipids and protein of the 
pre-f i- l ipoproteins in the liver also depends on the relat ive proportions of the carbohydrate  
and lipid components in the diet. On a diet with sucrose  in which the ratio between carbohy-  
drates and fats is physiological (2: 1), a lower level of lipid loading of the apoproteins of 
pre-f i - l ipoproteins is found, with a consequent increase  in the lipid content in the liver. 
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Investigations have shown that replacement  of s tarch by sucrose  in diets with a high or  normal  carbohy-  
drate  content leads to accelerat ion of ltpogenetic reactions in the liver [2, 3, 10] and to an increase  in the blood 
concentration of endogenous t r ig lycer ides  [7]. Diets with sucrose  in which the physiological  ratio between 
calor ies  derived f rom carbohydrates  and saturated fat is unchanged also lead to an increase  in the lipid con- 
tent in the liver [4, 8]. 

These facts suggest that changes in the rat io between the calorif ic  values of carbohydrates  and fat have 
different effects on lipoprotein metabolism in the liver and blood. 

The object of this investigation was to study the rate of biosynthesis of very- low-dens i ty  lipoproteins 
(VLDLP) in the l iver and the intensity of their  secret ion into the blood s t r eam and also to study the composit ion 
of this lipoprotein fraction in animals on diets with sucrose  and with a normal  or high carbohydrate  content. 

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

Experiments were car r ied  out on 90 male Wistar rats  with an initial weight of 120-140 g, receiving diets 
of equal calorif ic value (60 kcal/100 g body weight) for 30 days ad lib. The diet of the animals of the control 
group consisted of casein,  lard, and starch (18, 26, and 5670 respect ively  of the total calorif ic  value). The diet 
of the animals of experimental  group 1 was the same as the control  except that part  of the s tarch was replaced 
by sucrose  (4070 of the total calorif ic value). In the diet of the rats of experimental  group 2 the carbohydrate  
(starch with sucrose) content was increased up to 71% of the total calorific value at the expense of a decrease  
in the proport ion of fat to 1170. In this case the sucrose  content was also 40% of the total calorif ic value. All 
diets contained the necessa ry  amounts of salts and vitamins. 

At the end of the period of feeding the animals received a subcutaneous injection of [3H]me~hionine and 
sodium [2-14C]acetate (100 pCi of each). The rats were killed in a fasting state 1 h after injection of the isotope. 

The total lipid concentration in the blood and liver was determined by Folch 's  method. VLDLP were 
isolated f~om blood se rum by uttracentrifugation in a density gradient  of KBr solutions [6] on the VAC-60 ul t ra-  
centrifuge at 100,000g for 2 h. The blood se rum was f i rs t  f reed f rom chylomicrons by centrifugation (26,000g 
for 30 min), weighted with anhydrous KBr to d = 1.22 g/ml, and introduced beneath a two-step gradient of KBr 
solution with densities d = 1.006 and 1.063 g/ml. 
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TABLE 1. Total  Lipid Leve ls  in Blood and L iver ,  Composi t ion of VLDLP in Blood, 
and SR of P ro te in  and Lipid Components  of That Lipopro te in  F r a c t i o n  in Blood and 
Liver  (in epm/mg) 1 h af te r  Inject ion of [3H]Methionine and Sodium [14C]Acetate 

Test object 

Blood 

Liver 

*P<0.05 .  

Index 

Total lipids, rag% 
VLDLP: 

Protein 
rriglycerides 
Phospholipids 
Chotesterol 
SR of apoproteias 
SR of liptds 

Total liptds, mg/g 
VLDLP: 
SR of apoprotefns 
SR of lipids 

control 

404+21 

3,5~0,42 
32,8___+4,8 
14,4~2,0 
4,1~0,6 

761 
1238 

62___.3,4 

83O 
1226 

Group of animals 

475_+-26* 

4,2• 
48+5* 
12----~2,1 
4,6• 

1905 
1920 

86--',--1,4" 

1520 
2027 

492~28" 

3,7• 
64+7,5" 
13 2,8 
3,8~0,5 

1759 
397O 

60~3,7 

1426 
3458 

P r e - f l - l i p o p r o t e i n s  were  i so la ted  f rom the l i ve r  by p r e p a r a t i v e  disk e l e c t r o p h o r e s i s  in po lyac ry l amide  
gel  on an appara tus  the p r inc ip l e  of which was taken f rom Gusev and Yazova [1]. The working c ha m be r  of the 
appara tus  was fi l led with four l aye r s  of gel:  10% with pH 8.9, 5 and 3% with pH 8.9, and 3% with pH 6.7. The 
l i ve r  was homogenized in i c e - co ld  phys io log ica l  sa l ine  and centr i fuged at 7000 rpm.  The supernatant  was 
weighted with glucose solut ion and bromphenol  blue dye was added. The l i ve r  s amples  were  introduced under 
a l a y e r  of e l ec t rode  buffer  in the upper  chamber .  E l e c t r o p h o r e s i s  was c a r r i e d  out with a c u r r e n t  of 250 mA 
unti l  the front of the dye had reached  the lower  b o r d e r  of the b a r r i e r  l aye r .  After  e l e c t r o p h o r e s i s  cont ro l  
s t r i p s  were  cut out of the gel for  s ta in ing for  l ip ids ,  a f te r  which the zone corresponding to p r e - ~ - l i p o p r o t e i n s  
was identif ied.  These  were  ex t rac ted  by e l e c t r o p h o r e s i s .  The pro te in  content in the l ipoprote ins  thus obtained 
was de te rmined  by Lowry ' s  method. The l ipid ex t r ac t  was f rac t ionated  by t h i n - l a y e r  chromatography ,  a f te r  
which the to ta l  c h o l e s t e r o l  concent ra t ion  in the e luates  was de te rmined  by the method of L iebe rmann  and 
Burchard  and g lyce r ides  and phosphol ipids  were  de te rmined  as e s t e r i f i ed  fatty acids  [11]. 

Rad ioac t iv i ty  of t r i t i u m  and carbon  in the l ipid and p ro te in  components  of the p r e - f i - l i p o p r o t e i n s  was 
r e c o r d e d  on the Isocap-300 counter  (Nuclear  Chicago),  using PCS (Amersham) so lub i l i ze r .  

EXPERIMENTAL RESULTS AND DISCUSSION 

In the r a t s  of both expe r imen ta l  g roups  rece iv ing  s u c r o s e  with the diet  an i n c r e a s e  in the total  l ipid level  
in the blood was found. An i n c r e a s e  in the l ip id  content in the l i v e r  was found only in the an imals  of e x p e r i -  
menta l  group 1 (Table 1). The t r i g l y c e r i d e  content in the blood VLDLP of the animals  of expe r imen ta l  group 1 
exceeded the cont ro l  by 45%, but in the an imals  of group 2 the t r i g l y c e r i d e  concent ra t ion  in VLDLP was 
i n c r e a s e d  by a lmos t  100%. An i n c r e a s e  in the spec i f ic  r ad ioac t iv i ty  (SR) of apoprote ins  and l ipids  in the p r e -  
f i - l ipopro te ins  of the l i v e r  was obse rved  in the animals  of both expe r imen ta l  groups ;  the max ima l  value  of SR 
of the l ip ids  was found in the r a t s  of expe r imen t a l  group 2. Although the i n c r e a s e  in SR of apoprote ins  of 
VLDLP was v i r t ua l ly  equal in degree  in the blood of the r a t s  r ece iv ing  the diets  with s u c r o s e ,  SR of the l ipids  
showed an unequal i n c r e a s e  in the an imals  of the two expe r imen ta l  g roups :  In the  an imals  of expe r imen ta l  
group 2 it was almost twice as high as in those of group I. 

It can be concluded f rom these  r e su l t s  that the syn thes i s  of apoprote ins  of p r e - f i - l i p o p r o t e i n s  i s  a c c e l -  
e ra ted  in the l i ve r  of r a t s  r ece iv ing  s u c r o s e  in die ts  with a no rma l  or  high ca rbohydra t e  content.  

The r e su l t s  of these  expe r imen t s  also a re  evidence that  newly formed l ip ids  ac t ive ly  fo rm complexes  
with p ro t e in  in the l i v e r  of the an imals  of the e x p e r i m e n t a l  groups and a re  s e c r e t e d  into the blood s t r e a m  in 
the composi t ion  of the p r e - ~ - l i p o p r o t e i n s  in amounts g r e a t e r  than in the control .  This is conf i rmed  by the 
i n c r e a s e  in SR of the p ro te in  and l ipid components  of VLDLP in the l i ve r  and blood, and a l so  by the i n c r e a s e  in 
the t r i g l y c e r i d e  concen t ra t ion  in the blood VLDLP. 

These  r e su l t s  a r e  in a g r e e m e n t  with the l imi ted  informat ion  in the l i t e r a t u r e  on the effect  of r e a d i l y  
a s s i m i l a t e d  ca rbohyd ra t e s  of the  diet  on the r a t e  of fo rmat ion  of VLDLP in the l ive r  and of its s e c r e t i o n  into 
the blood s t r e a m  [5, 9]. However ,  when s u c r o s e  is used in die ts  with d i f ferent  r e l a t ive  p ropor t ions  of c a r b o -  
hydra tes  and s a t u r a t e d  fat the degree  of loading of the p ro te in  component of VLDLP in the l ive r  with l ipids  
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var ies .  In ra ts  receiving a diet with a high proport ion of carbohydrates  and a correspondingly low quantity of 
fat, the ra te  of complex formation of lipids with protein is higher than in animal s receiving a balanced diet. 
This could be the reason for the difference in the change produced by them in the lipid content in the blood and 
l iver.  

Inclusion of sucrose  in diets with a high or normal  carbohydrate  content thus acce lera tes  the synthesis of 
apoproteins of pre-/3-1ipoproteins in the l iver and their  loading with endogenous lipids and it leads to a more 
intensive secret ion of VLDLP into the blood s t r eam and an increase  in the blood t r ig lycer ide  level. However, 
the rate of formation of l ipid-protein complexes of pre-/3-1ipoproteins in the l iver also depends on the relative 
proport ions of the carbohydrate  and fat components in the diet. If the diet contains sucrose  and the ratio be- 
tween carbohydrates  and fats is physiological (2 : 1), a lower level of lipid loading of the apoproteins of pre-f l -  
l ipoproteins is found, with a consequent increase  in the lipid content in the liver.  
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A C T I V I T Y  OF E N Z Y M E S  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  

IN T H E  L I V E R  O F  R A T S  W I T H  E X P E R I M E N T A L  V A L E X O N  P O I S O N I N G  

U. A.  K u z ' m i n s k a y a ,  L.  V. B e r s a n ,  UDC 615.285.7.099.07:616.36-008.934.5-075 
a n d  M. V. P i s ' m e n n a y a  

Activity of hexokinase, g lucose-6-phosphatase ,  and glueose-6-phosphate  dehydrogenase in 
the l iver  of rats was studied after  a single perora l  dose of the organophosphorus insect i -  
cide Valexon. Administrat ion of the compound caused increased activity in the homogenate 
and solubilization of g lucose-6-phosphatase ,  activation of g lucose-6-phosphate  dehydrogenase,  
and inhibition of hexokinase. The changes were maximal 1 h after  administrat ion.  It is 
postulated that the reduction in the intensity of formation and conversions of g lucose-6-  
phosphate is a pathogenetic factor in the development of Valexon poisoning. 

KEY WORDS: hexokinase; g lucose-6-phosphatase;  glucose-6-phosphate  dehydrogenase;  
organophosphorus insecticide Valexon; rat liver 

An important  role in the formation and conversions of glucose-6-phosphate  is played by the activity of 
hexokinase, g lucose-6-phosphatase  (G6Pase), and glucose-6-phosphate  dehydrogenase (G6PD). Data are  given 
in the l i te ra ture  on the effect of various chemicals  containing chlorine, used as insect icides,  on G6Pase and 
G6PD activity [1-3]. However, insecticides belonging to different c lasses  of chemical  compounds, notably the 
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