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Summary: Rats were fed semipurif ied diets containing either sucrose or corn 
starch (72 % or 29 % of their total calories). Carbohydrates  were exchanged for corn 
oil in equicaloric amounts.  After 28 days, dietary sucrose had caused significantly 
lower concentrations of liver cholesterol than had starch. The sucrose- induced 
lowering of liver cholesterol, compared  to starch, was amplif ied by  increasing the 
amount  of fat in the diet, at the expense  of the carbohydra te  source. 

Zusammenfassung: An Ratten wurden halbgereinigte  Difiten verabreicht,  die 
72% bzw. 29% Saccharose oder  Maisst~irke in den Gesamtkalor ien  enthielten. 
Kohlenhydrate  wurden auf  Kalorienbasis  durch MaisS1 ersetzt. Nach 28 Tagen 
bewirkte  Saccharose im Vergleich zu Maisstfirke signifikant erniedrigte Lebercho- 
lesterinkonzentrat ionen.  Die von Saccharose induzierte  Erniedr igung des Leber- 
cholesterins wurde durch ErhShung des Fet tgehal tes  in der  Difit - auf  Kosten der 
Kohlenhydrattrf iger - verstfirkt. 
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Introduction 

T h e  t y p e  o f  d i e t a r y  c a r b o h y d r a t e  a f f ec t s  c h o l e s t e r o l  m e t a b o l i s m  in  ra ts .  
W h e n  c o m p a r e d  to  s t a r ch ,  s u c r o s e  p r o d u c e d  e l e v a t e d  c o n c e n t r a t i o n s  o f  
c h o l e s t e r o l  in  s e r u m  (2, 3, 5, 6). I n  s o m e  s t u d i e s  (2, 3), b u t  n o t  a l l  (6), s u c r o s e  
f e e d i n g  r e s u l t e d  in  l o w e r  l eve l s  o f  l i v e r  c h o l e s t e r o l  t h a n  d i d  s t a r c h  f e e d i n g .  
T h e  e f f ec t s  o f  d i e t a r y  c a r b o h y d r a t e  on  s e r u m  a n d  l i v e r  c h o l e s t e r o l  in  r a t s  
c a n  b e  i n f l u e n c e d  b y  t h e  t y p e  o f  fa t  in  t h e  d ie t .  T h e  u s e  o f  d i e t s  w i t h  a 
b a c k g r o u n d  h i g h  in  p o l y u n s a t u r a t e d  f a t t y  a c i d s  d i m i n i s h e d  t h e  e f f ec t s  o f  
s u c r o s e  v e r s u s  s t a r c h  (5). T h e  p r e s e n t  s t u d y  w a s  c a r r i e d  o u t  to  s ee  w h e t h e r  
an  i n t e r a c t i o n  a l so  e x i s t s  b e t w e e n  t h e  t y p e  o f  c a r b o h y d r a t e  a n d  t h e  
a m o u n t  o f  fat  in  t h e  d ie t .  
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Table 1. Composition of the experimental  diets. 

Low fat diets High fat diets 

Ingredient Sucrose Starch Sucrose Starch 

(g) 
Casein 21.0 21.0 21.0 21.0 
Sucrose 67.0 - 26.5 - 
Corn starch - 67.0 - 26.5 
Corn oil 2.0 2.0 20.0 20.0 
Sawdust  2.0 2.0 2.0 2.0 
Salts, minerals, vitamins 1) 8.0 8.0 8.0 8.0 
Total 100.0 100.0 77.5 77.5 

~) This mixture consisted of (in g): dicalcium phosphate, 2.9; sodium chloride, 0.6; 
magnesium carbonate, 0.3; magnesium oxide, 0.2; potassium carbonate, 1.8; vita- 
min premix, 1.2; mineral premix, 1.0. The composit ions of the vitamin and mineral 
premixes have been described elsewhere (4). 

Materials  and Methods  

Male rats of a random-bred Wistar Cpb/WU colony were used, which had been fed 
a commercial,  pelleted diet (RMH-B, Hope Farms, Woerden, The Netherlands). At 
day 0 of the experiment,  when the rats were aged 10 weeks, they were divided into 
four groups consisting of six animals each. The groups had similar distributions of 
serum cholesterol concentration and body weight, and were fed diets shown in 
Table 1. The diets, which were in powdered form, were essentially cholesterol-free 
and contained either 2 % (w/w) or 25.8 % corn oil. The carbohydrate source was 
either sucrose or corn starch. Fat was exchanged with carbohydrates in equicaloric 
amounts (Table 1). The diets were continued for 28 days. ~ 

During the experiment,  the rats were housed individually in metabolic cages 
which were placed in a room with air condit ioning (20 ~ controlled lighting (light: 
06.00-18.00 h; dark: 18.00-06.00 h) and humidi ty (55-65 %). Food and demineralized 
water were provided ad libitum. 

Blood samples were taken in the non-fasting state by orbital puncture under light 
diethyl-ether ahaesthesia, between 08.00 and 10.00 h. Serum total cholesterol was 
measured enzymatically using the kit (Monotest) supplied by Boehringer-Mann- 
heim, GmbH, FRG. At the end of the experiment,  immediately after blood sam- 
pling, the anaesthetized rats were killed by decapitation, and the livers were 
removed. Extraction and determination of liver cholesterol was performed as 
described by Abell et al. (1). 

Resul ts  and Discuss ion  

T a b l e  2 s h o w s  t h a t  b o d y  w e i g h t s  at  t h e  e n d  of  t h e  e x p e r i m e n t  w e r e  
s im i l a r  for  all  d i e t a r y  g roups .  F e e d  i n t a k e  w a s  l o w e r  on  the  h i g h  fat  d ie t s ,  
w h i c h  can  be  e x p l a i n e d  by  t h e i r  h i g h e r  e n e r g y  d e n s i t y  (cf. T a b l e  1). 

D i e t a r y  s u c r o s e  c a u s e d  h i g h e r  c o n c e n t r a t i o n s  o f  s e r u m  c h o l e s t e r o l  t h a n  
c o r n  s ta rch ,  b u t  th is  e f f ec t  w a s  o n l y  s e e n  on  t h e  l o w  fat d ie t s  (Tab le  2). On  
t h e  o t h e r  hand ,  s u c r o s e  f e e d i n g  r e s u l t e d  in l o w e r  c o n c e n t r a t i o n s  o f  l i v e r  
cho le s t e ro l ,  i r r e s p e c t i v e  o f  w h e t h e r  t h e  d ie t s  had  a l o w  or  h i g h  b a c k -  
g r o u n d  o f  fat. T h i s  s u c r o s e  e f fec t  w a s  a m p l i f i e d ,  b o t h  in r e l a t i v e  a n d  
a b s o l u t e  t e r m s ,  by  a h i g h  c o n t e n t  o f  fat  in t he  die ts .  
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Table  2. P e r f o r m a n c e  and choles te ro l  me t abo l i sm  in rats fed the  expe r imen t a l  diets  
for 28 days. 

L o w  fat diets  H igh  fat diets  

Sucrose  S ta rch  Sucrose  S ta rch  

B o d y  we igh t  (g) 
initial (day -1 )  252 ___ 15 251 + 19 253 + 16 257 + 20 
final  310+25  296+26  319+23  323+29  

Feed  in take  (g/day) 16.7 -4- 1.0 16.5 ___ 0.9 13.7 ___ 0.8 14.0 ___ 1.5 
S e r u m  choles tero l  (mmol/1) 

initial (day -5 )  2.5 • 0.2 2.5 ___ 0.1 2.5 + 0.2 2.5 + 0.2 
final  3.5 + 0.2 3.0 +_ 0.1" 3.5 +_ 0.4 3.5 + 0.4 

L ive r  we igh t  (g) 13.6_+ 1.3 11.3 +_ 1.5 12.2_ 1.0 11.9_+ 1.7 
L ive r  choles tero l  Qtmol/g) 4.8 + 0.3 5.5 + 0.4* 6.9 +_ 1.1 10.1 • 2.0* 

Results ,  exp res sed  as means  _ SD for the  six rats per  d ie tary  group.  
* Signif icant ly  d i f ferent  f rom comparab l e  g roup  fed the  diet  con ta in ing  sucrose  
(P<0.05; two-tai led S tuden t ' s  t test). 

T h e  s u c r o s e - i n d u c e d  i n c r e a s e  i n  s e r u m  c h o l e s t e r o l  o f  r a t s  h a s  b e e n  
d e m o n s t r a t e d  in  v a r i o u s  s t u d i e s  (2, 3, 5, 6). L i k e w i s e ,  t h e  p r e s e n t  s t u d y  
a g r e e s  w i t h  o t h e r  w o r k  s h o w i n g  t h a t  s u c r o s e  v e r s u s  s t a r c h  l o w e r s  l i v e r  
c h o l e s t e r o l  i n  r a t s  (2, 3). T h e  n e w  o b s e r v a t i o n  is t h a t  t h i s  s u c r o s e  e f f e c t  o n  
l i v e r  c h o l e s t e r o l  is m o r e  p r o n o u n c e d  u s i n g  d i e t s  h i g h  i n  fat .  T h i s  is  a 
s u r p r i s i n g  f i n d i n g  b e c a u s e  fa t  w a s  a d d e d  to  t h e  d i e t s  a t  t h e  e x p e n s e  o f  
i s o c a l o r i c  a m o u n t s  o f  c a r b o h y d r a t e .  T h u s  t h e  d i f f e r e n t i a l  e f f e c t  o f  s u c r o s e  
a n d  s t a r c h  o n  l i v e r  c h o l e s t e r o l  b e c o m e s  m o r e  e v i d e n t  u p o n  r e d u c t i o n  o f  
t h e i r  c o n t e n t s  i n  t h e  d i e t  f r o m  72 to  29 % o f  t o t a l  c a l o r i e s .  

Referen ces 

i. Abell LL, Levy BB, Brody BB, Kendall FE (1952) J Biol Chem 195:357 
2. Ahrens  RA, Welsh SS, A d a m s  YL, Taylor  RP,  Kel ly  D L  (1968) J Nu t r  95:303 
3. Alf in-Slater  RB (1967) J Dairy  Sci  50:781 
4. B e y n e n  AC, West  CE, Katan  MB, van  Z u t p h e n  L F M  (1986) N u t r  Rep  In t  33:65 
5. Carroll  C (1964) J Nut r  82:163 
6. D u m a s w a l a  U J,  D u m a s w a l a  RU, Venka t a r aman  A (1976) I tal  J B i o c h e m  25:289 

Rece ived  May 18, 1987 

Authors '  address:  

Prof. Dr. An ton  C. Beynen ,  D e p a r t m e n t  of  Labora to ry  An ima l  Sc ience ,  Sta te  
Univers i ty ,  P.O. Box  80.166, 3508 TD Utrecht ,  The  Ne the r l ands  


