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Chronic exper imen t s  on ra t s  showed that  i soca lo r ic  h igh-ca rbohydra te  o r  ba lanced diets 
containing suc rose  give r i s e  to an i nc rea se  in the total  l ipid concentra t ion in the blood. A 
dec r ea se  in the fat content of these  suc rose -con ta in ing  diets causes  a much g r e a t e r  i nc rease  
in the ra te  of fat ty  acid syn thes i s  but does not give r i s e  to m o r e  profound changes in the 
in tegra l  indices of lipid m e t a b o l i s m .  On the o ther  hand, ra i s ing  the level of sa tu ra ted  fats  
to physiological ly  no rma l  values  potent ia tes  the effect  of s u c r o s e  and leads to m o r e  sub-  
s tant ia l  d is turbances  of lipid and in te rmedia te  me tabo l i sm,  e x p r e s s e d  as an inc rease  in the 
blood cho les te ro l  level  and in the concentra t ions  of total  lipids, fat ty ac ids ,  pyruvate ,  and 
oxaloaceta te  in the l iver .  

Inc reas ing  the propor t ion  of ca rbohydra tes  in the diet leads to changes in the s ta te  of l ipid metabo l i sm 
and, in pa r t i cu la r ,  to the a c c e l e r a t i o n  of l ipogenes is .  Corre la t ion  has been es tab l i shed  between the suc rose  
consumption and the total  l ipid level  and a lso  between the blood cho les te ro l  and the incidence of co rona ry  
a t h e r o s c l e r o s i s  [2, 5, 7, 11]. The w r i t e r s  have shown that  replacing pa r t  of the s t a r ch  by suc rose  in a 
balanced diet leads to m o r e  s e v e r e  d is turbances  of lipid me tabo l i sm  in an imals  than when a diet with a high 
s t a r ch  content and low fat  content is given [1]. 

Since the fat content of the diet affected l ipogenes is  during the admin is t ra t ion  of complex ca rbohy-  
d ra t e s ,  while o l igosacchar ides  gave a m a r k e d  effect  even when included in a ba lanced diet, the study of the 
effect  of suc rose  on lipid me tabo l i sm in re la t ion  to the fat  content of the diet was fe l t  to be of g rea t  in te res t .  

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

Exper iments  we re  c a r r i e d  out on 120 male  Wis ta r  ra t s  weighing init ially 180-190 g and kept  for  30 
days on i soca lo r i c  diets (90 cal /150 g body weight) differing in the i r  ca rbohydra te  and fat  content but with 
a constant  p ro te in  level .  The an imals  were  given w a t e r  and food ad lib. Of the total ca lor i f ic  value of the 
daily diet r ece ived  by the control  group of r a t s  18% was accounted for  by prote in  (caseine),  26% by fat  
(lard), and 56% by carbohydra tes  (starch).  In the diet of expe r imen ta l  group 1 the s t a r ch  was rep laced  by 
suc ro se  (41% of the total  ca lor i f ic  value of the diet), and ca rbohydra tes  accounted fo r  71% of the ca lor i f ic  
value of the diet of group 2, 38% accounted fo r  by suc ro se  and 33% by s t a rch .  All diets  included the 
n e c e s s a r y  amounts  of sa l t s  and v i t amins .  Af ter  the per iod  of feeding the an imals  of each group were  divided 
into two subgroups ,  one of which rece ived  a subcutaneous " " " - 1 - 6 - C :  (10:a~C1/2OOTg body 
weight) 24 h before  sac r i f i ce  and the o ther  an inject ion of isnoJd;:im~ ( 5 ~ v~.-~, ~ v v ~ v ~  weight) 
2 h before  sac r i f i ce .  The ra t s  were  kil led on an empty  s tomach,  and the content of total  l ipids,  choles tero l ,  
and total  fatty acids and the ra te  of b iosynthesis  of choles te ro l  and total  fatty acids f rom sodium ace t a t e -  
2-C 14 and metabol i tes  of labeled glucose were  de te rmined  in the l ive r ,  blood, and s eve ra l  other  organs .  
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TABLE 1. Content of Some Metabolites of Lipid and Intermediate 
Metabolism and Radioactivity of Cholesterol and Fatty Acids from 
Sodium Acetate-2-C 14 and Glucose-l-6-C 14 in the Blood and Liver 

of  Ra t s  (M • m) 

Parameters 
studied 

1. Total lipid s 

2. Cholesterol 
3. Fatty acids 

4. ~ -Lipopro- 
reins 

5, Pyruvic acid 

6. Oxaloacetic 
acid 

7. Acetyl-CoA 

~ontrot 

blood I liver 

390-+27 59,2--~2,2 

56+2,2 2,8~-0,3 
321-+21 27,2• 

46,8-----5,8 --  

--  355+51 

- -  8 6 - +  18  

--  195+35 

. _ _ _ A E ~  1 
blood I liver 

Ex ~eriment 

570-+35* ! 71-+6,4" 

70-+6,1" 2,3-+0,8 
485• 35,8-+2* 

68,6-+3,2" 

i --  530-+72* 

--  151-+24" 

i 
- -  175----- 29 

group 2 

blood [ liver 

530-+28* 53m5 

65-+8,4 2,1-----0,4 
450+20 * 32• 

57,2• 

- -  3 0 0 ~  3 l 

--  t 1 4 - +  15 

185--+36 

R a d i o a c t i v i t y  from sodium acetate-2-C 14 (in pCi, 10"4/ tissue) 

Cholesterol [ 0,62--0,08 3,2-----0,24 0,37-+0,06* 2,5-+0,2* 0,3-+0,07 2,72-+I,9 
Fatty acids 1,4-+0,3 10,6-+---2,3 1,2-+0,3 23,6-+2,2* 1,9-+0,2 29,7-+4* 

Radioactivity from glucose-l-6-C-la(in pCi �9 10"a/g tissue) 

t Cholesterol 0,10-+0,06 0,2t-+0,02 0,07+0,02 0,24-+*-0,04 0,13+0,01 
0,38--+0,04 0,23-+0,05 Fatty acids I0,43--0.071 1,62-+0,141 2,9-+0;3* 

0,28-+0,04 
2,96~-0.2 * 

L e g e n d :  1) R e s u l t s  d i f f e r i n g  s t a t i s t i c a l l y  s i g n i f i c a n t l y  f r o m  the c o n -  
t r o l  (P <0.05) m a r k e d  by  a n  a s t e r i s k .  2) Content  of p a r a m e t e r s  1, 2, 
3, and  4 is  e x p r e s s e d  in m g  % in the b lood  and  in m g / g  t i s s u e  in  the  
l i v e r ;  con ten t  of p a r a m e t e r s  5, 6, and  7 i s  e x p r e s s e d  in  ~ m o l e s  �9 
lO-4 /g  t i s s u e ,  

The  con ten t  of p y r u v i c  and o x a l o a c e t i c  a c i d s  and  a c e t y l - C o A  a l s o  w e r e  d e t e r m i n e d  and the p r e s e n c e  of 
l a b e l  was  i n v e s t i g a t e d  in  s o m e  of the a n i m a l s  a f t e r  the i n j e c t i o n  of l a b e l e d  g l u c o s e .  The  c h o l e s t e r o l  con-  
e e n t r a t f o n  was  e s t i m a t e d  by  the  m e t h o d  of S p e r r y  and Webb [9], fa t ty  a c i d s  and to ta l  l i p i d s  a f t e r  F o l c h  
e t  a l .  [31, and p y r u v i c  and  o x a l o a c e t i c  a c i d s  a f t e r  K ~ s e r  [6]. A c e t y l - C o A  was  e s t i m a t e d  a s  a c e t i c  a c i d ,  
d e t e r m i n e d  by  the m e t h o d  of f o r m a t i o n  of h y d r o x a m a t e s  of fa t ty  a c i d s .  The  h y d r o x a m a t e s  w e r e  d e t e r m i n e d  
by  the m e t h o d  of S t a d t m a n  and B a r k e r  [10]. 

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  r e s u l t s  g iven  in  T a b l e  1 show tha t  the  t o t a l  l i p i d  con ten t  in  the  b lood  and l i v e r  of the  a n i m a l s  of 
e x p e r i m e n t a l  g r o u p  1 was  i n c r e a s e d  (by 46 and  20%, r e s p e c t i v e l y ) ,  but  in  g r o u p  2 i t  was  i n c r e a s e d  in  the 
b l o o d  only  (by 36% c o m p a r e d  wi th  the  c o n t r o l ) .  The  fa t ty  a c i d  con ten t  was  i n c r e a s e d  in  the  b lood  and a o r t a  
of  the  r a t s  of both e x p e r i m e n t a l  g r o u p s ,  bu t  in  the  l i v e r  i t  was  i n c r e a s e d  on ly  in a n i m a l s  r e c e i v i n g  s u c r o s e  
in  a b a l a n c e d  d i e t .  The c h o l e s t e r o l  l e v e l  a l s o  was  r a i s e d  only  in the  b lood  of the  r a t s  of e x p e r i m e n t a l  
g roup  1. 

It wi l l  be no ted  tha t  when h i g h - c a r b o h y d r a t e  d ie t s  wi th  a r e d u c e d  fa t  quota  w e r e  u s e d ,  even  though 
they  c o n t a i n e d  s u c r o s e , n o  s i g n i f i c a n t  changes  w e r e  o b s e r v e d  in  the  a m o u n t s  of p y r u v i e  and o x a l o a c e t i c  a c i d s ,  
w h e r e a s  in  a n i m a l s  r e c e i v i n g  a b a l a n c e d  d ie t  con t a in ing  s u c r o s e  a l l  t h e s e  m e t a b o i i t e s  of i n t e r m e d i a t e  
m e t a b o l i s m  w e r e  i n c r e a s e d .  H o w e v e r ,  the s t a t e  of s o m e  p a r a m e t e r s  was  v i r t u a l l y  i d e n t i c a l .  F o r  i n s t a n c e ,  
the a c e t y l - C o A  con ten t  in  the  l i v e r  of both  e x p e r i m e n t a l  g r o u p s  w a s  i n d i s t i n g u i s h a b l e  f r o m  the  c o r r e s p o n d -  
ing c o n t r o l  r e s u l t s  and  the a c t i v i t y  of g i 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  was  i n c r e a s e d  in both c a s e s .  

The  changes  found in the c o n c e n t r a t i o n s  of to ta l  l i p i d s ,  f a t ty  a c i d s l  and  c h o l e s t e r o l  in  c e r t a i n  o r g a n s  
and  t i s s u e s  of a n i m a l s  r e c e i v i n g  s u c r o s e  m i g h t  n a t u r a l l y  be s u p p o s e d  to be  due p r i m a r i l y  to changes  in the 
i n t e n s i t y  of t h e i r  b i o s y n t h e s i s  f r o m  the c a r b o h y d r a t e  c o m p o n e n t  of the  d i e t .  The  r e s u l t s  a c t u a l l y  showed 
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that the use of h igh-carbohydrate  or  balanced diets with the addition of sucrose  did not lead to any increased  
rate of choles terol  biosynthesis  but i t  did st imulate fatty acid format ion both f rom metaboli tes of labeled 
glucose and from sodium ace ta t e -2 -C  1r The most  significant changes in the rate o f  fatty acid biosynthesis 
were  found in the rats  receiving high-carbohydrate diets with suc rose .  It is interest ing to note that the 
percentage of incorporat ion of the label f rom metabolites of labeled glucose in the l iver of the ra t s  of 
experimental  groups 1 and 2 was a lmost  the same as in the control,  whereas carbon from acetate was 
incorporated more  intensively in animals receiving sucrose  in a high-carbohydrate  diet. In the rats  of 
group 2 an increase  in the content of newly formed labeled fatty acids was observed af ter  adminis t rat ion 
of sodium ace ta t e -2 -C  14 not only in the l iver,  but also in the kidneys, spleen, and adipose t issue.  Meanwhile, 
no increase  in the content of total Iipids and fatty acids was found in these organs .  

No direct  corre la t ion  could thus be detected between the intensity of biosynthesis of cholesterol  and 
fatty acids and their  content in cer ta in  organs .  This is evidence that the quality of the diet influences the 
rate and direction of subsequent chemical  conversions of these substances.  The two diets conta i~ng 
sucrose  had s imi la r  effects only on the blood lipid content and the biosynthesis of fatty acids in the l iver .  
The lat ter  is determined by the rate of absorpt ion of ol igosaccharide and the charac te r  of metabolism of 
the fructose in its composit ion [11, 12]. 

However, the degree to which suc rose  affects the intensity of fatty acid biosynthesis depended to some 
extent on the fat content of the diet. The more  marked  acce le ra t ion  of fatty acid biosynthesis from acetate 
in the l iver of the animals of experimental  group 2 was the resul t  of a decrease  in the quota of exogenous fat 
and a consequent decrease  in the number of long-chain acyl  groups inhibiting the  ace ty l -CoA-carboxylase  
react ion [4]. 

Meanwhile an increase  in the fat content in the i socalor ic  diet to physiologically normal  levels led to 
an increase  in the lipid and fatty acid concentrat ions in the l iver  and the choles terol  concentration in the 
serum,  indicating a slowing of the l iberat ion of lipids f rom the l iver  into the blood s t ream and a change in 
the qualitative composit ion of the Iipoprotein complexes.  

The change in the content of cer ta in  components of intermediate metabolism was evidently connected 
with an increase  in the content of NAD �9 H 2 and acetyl-CoA, products of fatty acid oxidation contributing to 
an increase  in the content of oxaloacetate,  malate,  and other intermediate  compounds [8]. 

It will be c lear  f rom these resul ts  that some disturbances of metabolism were  due not so much to the 
action of sucrose  as to the combined effect  of suc rose  and fat, for  the fat content in the balanced diets was 
2.5 t imes higher than in the h igh-carbohydra te  diets. Although the two diets were identical in total ca lor ic  
value, they were not of equal value physiologically;  the increased  fat content potentiated the action of sucrose  
on lipid and intermediate  metabolism and led to more  severe  dis turbances.  In other words,  when the effects 
of carbohydrates  on metabolism are  compared,  the composi t ion of the diet as a whole mus t  be taken into 
account. 

In conclusion, a decrease  in the fat content in i socalor ic  diets, leading to g rea te r  acce lera t ion  of fatty 
acid biosynthesis ,  did not lead to more  severe  changes in the integral  indices of lipid metabol ism.  Con- 
verse ly ,  the use of diets containing physiologically normal  amounts of sa turated fats potentiated the effect 
of sucrose  and led to more  severe  disturbances of lipid and intermediate  metabol ism.  
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