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Summary: Rats were fed either cholesterol-free or high-cholesterol (1%, w/w) 
semipurificd diets containing acetate (0.5 %) or cholestyramine (0.44 %) or both 
compounds  for 29 days. The bile-acid binding resin, cholestyramine, did not affect 
serum and liver cholesterol, irrespective of whether the diet was cholesterol-free or 
contained cholesterol. In  the cholesterol-free diets, acetate tended to lower the 
concentrat ion of serum cholesterol, but did not influence liver cholesterol. When 
the diets contained cholesterol, acetate lowered liver cholesterol concentrations by 
about  20 % both in the presence and absence of cholestyramine. Acetate did not 
affect the excretion of bile acids in feces. The mechanism by which acetate may 
partly counteract the increase in liver cholesterol seen after cholesterol feeding of 
rats, remains to be established. 

Zusammenfassung: Wtihrend 29 Tagen wurden an Ratten entweder cholesterin- 
freie oder cholesterinreiche (1 g/100 g) halbgereinigte Di~ten, die Acetat (0,5 g/100 g) 
oder Cholestyramin (0,44 g/100 g) oder beides enthielten, verabreicht. Der Gallen- 
s~iurebinder Cholestyramin hatte keinen Einflul3 auf Serum- und  Lebercholesterin, 
unabh~ngig davon, ob die Di~t cholesterinfrei oder cholesterinreich war. Bei den 
cholesterinfreien Difiten tendierte das Acetat dazu, die Serumcholesterinkonzentra- 
t ion zu erniedrigen, aber beeinflul~te nicht das Lebercholesterin. Bei den choleste- 
r inreichen Dititen erniedrigte das Acetat die Lebercholesterinkonzentration um 
etwa 20 % sowohl in Anwesenheit  als Abwesenheit yon Cholestyramin. Acetat hatte 
keinen EinfluB auf die Ausscheidung von Gallens~iuren im Kot. Der Mechanismus, 
womit  Acetat der cholesterininduzierten Erhbhung der Lebercholesterinkonzentra- 
t ion bei Ratten teilweise entgegenwirkt, sollte noch erforscht werden. 
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I n t r o d u c t i o n  

T h e  f e e d i n g  of  t he  ge l - fo rming  fiber,  pec t in ,  to ra ts  p r e v e n t s  t he  d ie ta ry -  
c h o l e s t e r o l - i n d u c e d  r ise in  s e r u m  a n d  l iver  ch o l e s t e r o l  w h e n  c o m p a r e d  to 
t he  f e e d i n g  of  ce l lu lose  (10, 15). The  o b s e r v e d  i n c r e a s e  in  fecal  b i le  ac id  
e x c r e t i o n  af ter  p e c t i n  f eed ing  (11) m a y  be  the  ke y  to the  cho les t e ro l -  
l o w e r i n g  ac t iv i ty  of  th is  fiber.  I t  is u n l i k e l y  howeve r ,  t ha t  the  e n h a n c e d  
loss  of  s t e ro ids  is fu l ly  r e s p o n s i b l e ,  at leas t  i n  t he  rat. Th i s  n o t i o n  is d e r i v e d  
f r o m  the  o b s e r v a t i o n  tha t  the  b i le -ac id  b i n d i n g  res in ,  c h o l e s t y r a m i n e ,  
i n c r e a s e s  b i le  ac id  e x c r e t i o n  in  the  feces (8), b u t  does  n o t  l ow e r  s e r u m  
cho le s t e ro l  i n  rats  on  e i the r  cho les te ro l - f ree  (2) or h i g h - c h o l e s t e r o l  d ie t s  
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(13). T h e  l ack  of  effect  o f  c h o l e s t y r a m i n e  on  s e r u m  cho le s t e ro l  p r o b a b l y  
l ies  i n  t he  d r a m a t i c  i n c r e a s e  in  h e p a t i c  cho le s t e ro l  s y n t h e s i s  w h i c h  has  
b e e n  r e p o r t e d  for ra ts  fed th i s  r e s i n  (12). P o s s i b l y ,  i n  rats  fed p e c t i n  s u c h  a 
c o m p e n s a t o r y  m e c h a n i s m  does  n o t  g a t h e r  m o m e n t u m .  

P e c t i n ,  u n l i k e  ce l lu lose ,  is f e r m e n t e d  a l m o s t  c o m p l e t e l y  b y  co lon ic  
b a c t e r i a  to ace ta te ,  p r o p i o n a t e  a n d  bu ty r a t e .  I n d e e d ,  the  c o n c e n t r a t i o n s  of 
t h e s e  fa t ty  ac ids  in  hepa t i c  por ta l  v e n o u s  b l o o d  of  ra ts  fed p e c t i n  we re  
h i g h e r  t h a n  t h o s e  fed ce l lu lose - r i ch  w h e a t  b r a n  (9). I n  i so la ted  ra t  he pa t o -  
cy tes  ace ta t e  has  b e e n  s h o w n  to s u p p r e s s  de  n o v o  cho le s t e ro l  s y n t h e s i s  
(3). P e r h a p s  the  g e n e r a t i o n  of s h o r t - c h a i n  fa t ty  ac ids  p r e v e n t s  t he  r ise  i n  
h e p a t i c  cho le s t e ro l  s y n t h e s i s  w h i c h  w o u l d  be  a n t i c i p a t e d  to oc c u r  u p o n  a n  
i n c r e a s e d  loss  of  s t e ro ids  w i th  the  feces af ter  p e c t i n  feed ing .  Th i s  r ea son -  
i ng  i m p l i e s  t ha t  the  f e ed ing  of c h o l e s t y r a m i n e  t o g e t h e r  w i t h  ace ta t e  w o u l d  
p r o d u c e  a d e c r e a s e  in  s e r u m  a n d  l iver  cho l e s t e ro l  w h e n  c o m p a r e d  to t he  
f e e d i n g  of  c h o l e s t y r a m i n e  a lone .  I n  add i t i on ,  ace ta te  pe r  se m i g h t  also 
h a v e  c h o l e s t e r o l - l o w e r i n g  ac t iv i ty .  I n  the  p r e s e n t  s t u d y  we  h a v e  t e s t e d  
these possibilities. 

M a t e r i a l s  and  M e t h o d s  

Male rats from a random-bred Wistar Cpb/WU colony were used. Until  day 0 of the 
experiment  the animals were fed a commercial, pelleted rat diet (RMH-B | Hope 
Farms, Woerden, The Netherlands). From the age of about 10 weeks, the rats were 
housed individually in cages (24 x 17 x 17 cm) constructed of stainless steel with 
wire mesh bases. The cages 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 %). 

At day 0 of the experiment,  when the rats were aged 12 weeks, they were divided 
into eight groups consisting of five animals each. The groups had similar distribu- 
t ions of serum cholesterol concentration and body weight. The groups were fed the 
diets shown in Table 1. The diets were either essentially cholesterol-free or con- 
tained 1% (w/w) of cholesterol. Cholestyramine was added to the diets, as indicated 
in table 1, in the form of Questran | (Mead Johnson & Co., Evansville, IN, USA); this 

Table 1. Composition of the low- and high-cholesterol diets. 

Ingredient  Control Questran | Acetate Questran | 
+ acetate 

(g/100 g) 
Questran | - 1.0 - 1.0 
Sodium acetate - - 0.5 0.5 
Sodium carbonate 0.5 0.5 - - 
Cholesterol - / 1.0 - / 1.0 - / 1.0 - / 1.0 
Corn starch 38.5/37.5 37.5/36.5 38.5/37.5 37.5/36.5 
Constant  components  61.0 61.0 61.0 61.0 

The constant  components  consisted of(g/100 g diet): casein, 21; sucrose, 10; corn oil, 
5; coconut fat, 15; sawdust, 2; dicalcium phosphate, 2.9; sodium chloride, 0.6; 
magnes ium carbonate, 0.3; magnesium oxide, 0.2; potassium carbonate, 1.8; vit- 
amin premix, 1.2, and mineral premix, 1.0. The compositions of the vi tamin and 
mineral  premixes have been described elsewhere (5). 
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p r o d u c t  cons i s t s  of  44.4% a n h y d r o u s  c h o l e s t y r a m i n e  re s in  a n d  55.6% carr ier .  
S o d i u m  ace t a t e  (J. T. B a k e r  C h e m i c a l s  BV, Deven te r ,  Ho l l and )  was  a d d e d  at  a level  
of  0.5 % of  diet ,  as s h o w n  in  T a b l e  1. T he  ace ta te - f ree  d ie ts  we re  b a l a n c e d  for  s o d i u m  
a c e t a t e  b y  t he  a d d i t i o n  of  s o d i u m  c a r b o n a t e  o n  a g r a m  for  g r a m  bas is .  T h e  d ie t s  
w e r e  fed  for  29 days.  All  d ie t s  were  in p o w d e r e d  form.  Die t s  a n d  tap  w a t e r  were  
p r o v i d e d  ad  l i b i t um.  

B l o o d  s a m p l e s  were  t a k e n  in  t he  non - f a s t i ng  s ta te  by  o rb i t a l  p u n c t u r e  u n d e r  l igh t  
d i e t h y l - e t h e r  a n e s t h e s i a  b e t w e e n  08.00 and  10.00 h. S e r u m  to ta l  cho l e s t e ro l  was  
m e a s u r e d  e n z y m a t i c a l l y  u s i n g  t h e  ki t  (Monotes t  | s u p p l i e d  by  B o e h r i n g e r - M a n n -  
h e i m  G m b H ,  FRG.  Feces  of  e a c h  ra t  were  co l lec ted  da i ly  d u r i n g  t he  las t  3 days  of  
t h e  e x p e r i m e n t .  Bi le  ac ids  in  f reeze-dr ied  feces we re  e x t r a c t e d  a n d  m e a s u r e d  
a c c o r d i n g  to V a n  de r  Mee r  et  al. (14). A t  the  e n d  of  t h e  e x p e r i m e n t ,  i m m e d i a t e l y  
a f t e r  b l o o d  s a m p l i n g ,  t h e  a n e s t h e t i z e d  ra ts  we re  sacr i f i ced  b y  decap i t a t i on .  T h e  
l ive rs  w e r e  r e m o v e d  a n d  s to red  at  -20  ~ un t i l  analys is .  E x t r a c t i o n  a n d  d e t e r m i n a -  
t i o n  o f  l iver  cho l e s t e r o l  was  p e r f o r m e d  as d e s c r i b e d  by  Abe l l  e t  al. (1). 

R e s u l t s  and D i s c u s s i o n  

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  g a i n  a n d  f e e d  i n t a k e  w e r e  s i m i l a r  f o r  a l l  
d i e t a r y  g r o u p s .  D u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t  t h e  l e v e l  o f  s e r u m  
c h o l e s t e r o l  d i s p l a y e d  a n  i n c r e m e n t  i n  a l l  g r o u p s .  T h e  a d d i t i o n  o f  

T a b l e  2. P e r f o r m a n c e  a n d  cho le s t e ro l  m e t a b o l i s m  in ra t s  fed  t h e  e x p e r i m e n t a l  d i e t s  
for  29 days.  

D i e t a ry  v a r i a b l e s  

Con t ro l  Q u e s t r a n  | A c e t a t e  Q u e s t r a n  | 
+ a ce t a t e  

Cho le s t e ro l - f r ee  b a c k g r o u n d  
B o d y  w e i g h t  (g) 

i n i t i a l ( d a y - l )  280 ___15 285 +13 284 +12 278 + 8 
f ina l  355 +17 363 +_14 357 +_11 348 +_16 

F e e d  i n t a k e  (g/day) 16.5+ 0.3 16.8+ 0.6 16.4+ 0.4 16.2+_ 0.6 
S e r u m  cho l e s t e ro l  (mmol/1) 

in i t i a l  ( d a y - 6 )  2.42+ 0.06 2.44+ 0.07 2.44+- 0.12 2.49+_ 0.13 
f ina l  3.37+_ 0.14 3.32+ 0.15 3.11+ 0.18 3.09+_ 0.15 

L i v e r  w e i g h t  (g) 13.3 +_ 0.6 14.1 +_ 0.4 13.4 +_ 0.7 12.5 +_ 0.8 
L i v e r  c h o l e s t e r o l  (~mol/g) 5.4 + 0.3 5.9 +_ 0.4 5.2 +_ 0.1 5.2 + 0.3 
F e c a l  b i le  ac ids  (~mol/day) 12.8 + 2.4 28.0 + 1.9 14.7 +_ 2.4 24.6 +_ 1.4 

H i g h - c h o l e s t e r o l  b a c k g r o u n d  
B o d y  w e i g h t  (g) 

i n i t i a l ( d a y - l )  279 + 8 284 __+10 271 _10  271 +_13 
f ina l  369 +_ 9 373 +_16 362 +_16 353 +_17 

F e e d  i n t a k e  (g/day) 17.0+ 0.5 17.0+ 0.6 16.7+_ 0.7 16.5+_ 0.5 
S e r u m  c h o l e s t e r o l  (mmol/1) 

in i t ia l  ( d a y - 6 )  2.51+_ 0.11 2.51+ 0.13 2.49+ 0.13 2.43+_ 0.11 
f ina l  3.08+ 0.11 3.04+_ 0.15 3.03+ 0.19 2.77+- 0.05 

L i v e r  w e i g h t  (g) 16.0 +- 0.5 16.7 + 0.9 16.9 ___ 1.3 15.4 _ 1.0 
L i v e r  c h o l e s t e r o l  (~tmol/g) 35.5 + 1.8 35.2 +- 5.0 27.0 + 3.3 28.2 + 6.0 
Feca l  b i le  ac ids  (~tmol/day) 39.9 +- 6.3 71.7 + 6.0 37.9 + 3.8 65.4 + 4.4 

R e s u l t s  e x p r e s s e d  as m e a n s  + S.E. for  five ra ts  pe r  g r o u p  
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cholesterol  (1%, w/w) to the diet did not  affect this increase. This is 
compat ib le  with earlier work  showing only a small (2, 4) or no (13) increase 
at all of  se rum cholesterol  in cholesterol-fed rats. In keeping with previous  
studies, choles tyramine  did not  significantly lower serum and liver 
cholesterol,  i rrespective of whe ther  the diet was cholesterol-free or con- 
tained high amoun t s  of cholesterol  (2, 13). Choles tyramine however ,  did 
cause an increase in the fecal ou tpu t  of  bile acids (Table 2), which  conf i rms 
its wel l -known bile-acid b inding property.  

On the cholesterol-free diets, the ingest ion of acetate tended to lower  
se rum cholesterol  both  in the absence  and presence of  choles tyramine  
(Table 2). However ,  the difference did not  reach statistical significance. 
When  the diets conta ined cholesterol,  acetate tended to lower serum 
cholesterol  only when  choles tyramine  was also added  to the diet. Acetate  
did no t  affect the concent ra t ion  of  cholesterol  in liver when  the diet was 
cholesterol-free. However ,  acetate partly prevented  the rise in liver choles- 
terol  seen after cholesterol  feeding. Both  with and wi thout  choles tyramine  
in the diet, acetate lowered liver cholesterol  by  about  20 % (Table 2), bu t  
statistical significance (p < 0.05) was only reached in the absence  of  the 
resin. Dietary acetate did not  influence the excret ion of  bile acids in feces. 

The data presented here suggest  that  dietary acetate part ly counterac ts  
the increment  in liver cholesterol  concent ra t ion  which  is observed after 
feeding cholesterol  to rats. Chen et al. (7) have shown that  dietary propio- 
nate  also has cholesterol- lowering activity in cholesterol-fed rats. Thus  
short-chain fatty acids such as acetate and propionate  appear  to affect liver 
cholesterol  concentrat ions.  This may  be related to inhibi t ion of  hepat ic  
cholesterol  synthesis  imposed  by these c o m p o u n d s  (3, 6). However ,  in the 
present  s tudy  there was no interact ion of  acetate with choles tyramine  
concern ing  the concent ra t ion  of  liver cholesterol,  which  suggests  that  
acetate m a y  not  counterac t  the observed (12) choles tyramine-media ted  
s t imulat ion of hepatic  cholesterol  synthesis.  
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