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Summary 

Rabbits were fed semipurified diets containing either corn oil or coconut fat. 
Dietary coconut fat significantly elevated serum total cholesterol and phospholipid 
concentrations. Rabbits with partial ileal bypass (PIB) had significantly lower 
serum cholesterol and phospholipid values, irrespective of whether the diet con- 
tained corn oil or coconut fat. The effect on serum lipids of the type of fat was 
similar in control and PIB animals. Since PIB rabbits are known to excrete 
extremely high amounts of steroids with the feces, we suggest that our data point to 
a lack of interaction of the type of dietary fat with the fecal excretion of steroids. 

Zusammenfassung 

In der vorliegenden Arbeit erhielten die Kaninchen eine halbgereinigte Difit, die 
entweder Mais61 oder Kokos61 als Fetttr~ger hatte. Das Kokos61 in der Di&t verur- 
sachte einen signifikant gestiegenen Cholesterin- und Phospholipidspiegel im 
Serum. Kaninchen mit einer teilweisen Dfinndarmumlegung (PIB) zeigten signifi- 
kant erniedrigte Serumcholesterin- und Phospholipidkonzentrationen, unabh~ingig 
davon, ob die Di~t Kokos61 oder Mais51 enthielt. Die Sorte des Nahrungsfettes hatte 
einen ~ihnlichen Effekt auf die Serumlipide bei Kontrolltieren sowie bei Tieren mit 
einer PIB. Da bekannt ist, dal3 Kaninchen mit einer PIB einen sehr hohen Gehalt an 
Steroiden mit dem Kot ausscheiden, vermuten wir, dab keine Wechselwirkung 
zwischen Art des Nahrungsfettes und der Steroidausscheidung besteht. 

Introduct ion 

It  has been well es tabl ished that  the rep lacement  of  saturated fatty acids 
in the diet by po lyunsa tu ra ted  fatty acids lowers serum cholesterol con- 
centra t ions  in exper imenta l  animals and m a n  (6, 10, 11, 12, 13, 17, 20). One 
of  the under ly ing  mechan i sms  mos t  f requent ly  p roposed  is that  dietary 
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Fig. 1. Exper imenta l  design. Arrows indicate the days on which blood samples were 
taken. 

p o l y u n s a t u r a t e d  fa ts  e n h a n c e  t h e  f eca l  e x c r e t i o n  o f  a c i d i c  a n d  n e u t r a l  
s t e r o i d s ,  t h e r e b y  g i v i n g  r i s e  to  a n  i n c r e a s e d  c o n v e r s i o n  o f  c h o l e s t e r o l  i n to  
f eca l  s t e r o i d s  (8, 10, 16, 17). P a r t i a l  i l ea l  b y p a s s  (P IB)  is a s u r g i c a l  p r o c e -  
d u r e  o c c a s i o n a l l y  u s e d  fo r  t h e  t r e a t m e n t  o f  h y p e r c h o l e s t e r o l e m i a  (5, 19). 
T h e  m a i n  e f f ec t  o f  P I B ,  w h i c h  i n v o l v e s  b y p a s s  o f  t h e  d i s t a l  o n e - t h i r d  o f  t h e  
s m a l l  i n t e s t i n e ,  is  t h e  i n t e r r u p t i o n  o f  t h e  e n t e r o h e p a t i c  c y c l e  o f  b i l e  a c id s ,  
r e s u l t i n g  in  a n  e n h a n c e d  feca l  e x c r e t i o n  o f  b i l e  a c i d s  a n d  t h u s  a d r a i n  on  
t h e  b o d y  c h o l e s t e r o l  p o o l  (5, 14). P I B  h a s  a l so  b e e n  s h o w n  to i n c r e a s e  t h e  
e x c r e t i o n  o f  n e u t r a l  s t e r o i d s  w i t h  t h e  f eces  (5, 14). S i n c e  P I B  r e p r e s e n t s  a 
c o n d i t i o n  o f  e x t r e m e  s t e r o i d  d r a i n a g e ,  i t  c o u l d  b e  h y p o t h e s i z e d  t h a t  s u c h  
t r e a t m e n t  w o u l d  c a u s e  n o n r e s p o n s i v e n e s s  to  t h e  s e r u m - c h o l e s t e r o l  l o w e r -  
i n g  e f f ec t  o f  d i e t a r y  p o l y u n s a t u r a t e d  fats .  I n  t h e  p r e s e n t  s t u d y  w e  h a v e  
t e s t e d  t h i s  h y p o t h e s i s  b y  f e e d i n g  s e m i p u r i f i e d  d i e t s  c o n t a i n i n g  e i t h e r  
s a t u r a t e d  fa t  ( c o c o n u t  fat) or  p o l y u n s a t u r a t e d  fa t  ( co rn  oil)  to  r a b b i t s  w i t h  
o r  w i t h o u t  P I B .  

Materia ls  and m e t h o d s  

Animals,  experimental  design and diets 

In this exper iment ,  female rabbits  of the New Zealand White strain, aged about  11 
months,  were used. PIB was performed at the age of about  5 months.  The animals 

Table 1. Composi t ion of the exper imenta l  diets. 

(g/lO0 g) 

Corn oil Coconut fat 
Ingredient  diet diet 

Casein 21 21 
Corn starch 17 17 
Dextrose  21 21 
Molasses 5 5 
Corn oil 10 1 
Coconut fat - 9 
Saw dust  18 18 
Salts, minerals,  vi tamins ~) 8 8 

1) This mixture  consisted of (g/100 g diet): dicalcium phosphate,  2.9; sodium chlo- 
ride, 0.6; magnes ium carbonate,  0.3; magnesium oxide, 0.2; potassium bicarbonate,  
1.8; vi tamin premix,  1.2, and mineral  premix,  1.0. The composit ion of the vi tamin 
and mineral  premixes  have been descr ibed elsewhere (21). The diets were offered as 
pellets. 
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were kept  individually in stainless steel cages (45 x 35 x 60 cm) with wire mesh 
bases constructed of galvanized steel in a room with controlled lighting (10 hours/ 
day), constant temperature (18 ~ and humidity. Before the experimental  period the 
animals were fed a commercial,  pelleted rabbit diet (LK-01 | Hope Farms, Woerden, 
The Netherlands). According to the manufacturer,  the diet consisted of (g/100 g): 
crude protein, 18.8; crude fat, 3.3; carbohydrates, 56.2; fiber, 14.8. 

On day 0 of  the exper iment  (after blood sampling) the animals were transferred to 
the semipurified diet containing corn oil for 42 days. Successively, the rabbits were 
fed the diet containing coconut fat for 42 days, and the corn-oil diet again for 
another 42 days. The design of the exper iment  is shown in figure 1. The A-B-A 
design was chosen in order to eliminate t ime and sequence effects. In the experi- 
ment  8 control and 4 PIB animals were used; during the course of the exper iment  
two rabbits died. The composit ion of the experimental  diets is given in table 1. Food 
and water were provided ad libitum. 

Partial Heal bypass (PIB) surgery 

Operations were performed under general anesthesia induced by an oxygen: 
nitrous oxygen: fluothane (1:1:0.01 by vol.) mixture. Thirty minutes before intuba- 
tion the animals were sedated by the intramuscular administration of a mixture  
(10:0.2; w/w) of fluanison: fentanyl (Hypnorm | Duphar B.V., Amsterdam, The 
Netherlands). A mid-line-laparotomy was performed and the entire small intestine 
was measured along the mesenteric border with a calibrated umbilical tape from 
the l igament of Treitz downwards to the ileocecal valve. The distal one-third of the 
small-bowel was by-passed, and the proximal two-third was anastomosed end-to- 
side to the cecum in one layer, using interrupted atraumatic polyglycolic acid 
suture (6-0 Dexon | Cyanamid, London, GB). The closed end of the by-passed distal 
i leum was sutured to the anterior tenia of the cecum and mesenteric defects were 
closed. The laparotomy was subsequently closed in three layers, using atraumatic 
polyglycolic acid suture interrupted for the fascia and atraumatic catgut 
intracutaneously for the skin. 

Blood sampling and lipid analyses 

Blood samples in the fasting state were taken between 08.00 and 10.00 hours from 
a marginal ear vein into tubes without anticoagulant. In the serum total cholesterol 
was determined enzymatically using the kit (Monotest) supplied by Boehringer  
Mannheim GmbH, FRG. Serum phospholipids were determined enzymatically 
using the kit (Phospholipids B-Test Wako) supplied by Wako Pure Chemical 
Industries Ltd, Osaka, Japan. 

Table 2. Body weight  of the rabbits fed the experimental  diets. 

Body weight (kg) 

Control animals PIB animals 
(n = 7) (n = 3) 

Start period A~ 3.51 + 0.17 3.27 _ 0.21 
End period A1 3.87 + 0.21 3.53 ___ 0.32 
End period B 3.91 + 0.19 3.70 _+ 0.46 
End period A2 4.27 _ 0.28 4.15 + 0.37 

Results are expressed as means + SE. For experimental  design and explanation of 
the dietary periods, see figure i. 
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Fig. 2. T i m e  c o u r s e  o f  t h e  c o n c e n t r a t i o n  o f  s e r u m  c h o l e s t e r o l  i n  c o n t r o l  (O ,  n = 7) 
a n d  P I B  r a b b i t s  ( 0 ,  n = 3). Resu l t s  a re  e x p r e s s e d  as m e a n s  + SE,  F o r  e x p e r i m e n t a l  
design and explanat ion of  dietary periods, see figure 1. 

R e s u l t s  

The  initial b o d y  we igh t s  o f  the  contro l  and PIB rabbits were  not  signific-  
antly  dif ferent  (table 2). Dur ing  the  course  o f  the  e x p e r i m e n t  the  rabbits 
w e r e  still growing ,  b o d y - w e i g h t  gain in the  two  groups  be ing  similar. 

F igure  2 s h o w s  that during all s tages  o f  the  e x p e r i m e n t  s e r u m  choles -  
terol  va lues  in the  PIB rabbits were  s ignif icant ly  lower  than in the control  
rabbits.  Transfer  from the  diet  conta in ing  corn oil to the  coconut - fa t  diet 
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Fig. 3. T i m e  c o u r s e  o f  t h e  c o n c e n t r a t i o n  o f  s e r u m  p h o s p h o l i p i d s  in  c o n t r o l  (O ,  n = 7) 
and  P I B  r a b b i t s  (@, n = 3). R e s u l t s  a re  e x p r e s s e d  as m e a n s  + SE.  F o r  e x p e r i m e n t a l  
design and explanat ion of dietary periods, see figure l. 
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c a u s e d  an  i n c r e a s e  in  s e r u m  c h o l e s t e r o l  in  b o t h  e x p e r i m e n t a l  g r o u p s .  
S w i t c h i n g  b a c k  to  t h e  d i e t  c o n t a i n i n g  c o r n  oi l  i n d u c e d  a r a p i d  d e c l i n e  in  
s e r u m  c h o l e s t e r o l  a n d  v a l u e s  s i m i l a r  to  t h o s e  d u r i n g  t h e  f i r s t  d i e t a r y  
p e r i o d  w e r e  s e e n  (fig. 2). S i m i l a r  r e s u l t s  w e r e  o b t a i n e d  e a r l i e r  w i t h  r a b b i t s  
(3). 

T h e  p a t t e r n  o f  s e r u m  p h o s p h o l i p i d s  c l o s e l y  r e s e m b l e d  t h a t  o b s e r v e d  for  
c h o l e s t e r o l .  C o n c e n t r a t i o n s  o f  p h o s p h o l i p i d s  in  t h e  s e r u m  o f  t h e  P I B  
r a b b i t s  w e r e  l o w e r  t h a n  in  t h e  c o n t r o l  a n i m a l s  d u r i n g  t h e  e n t i r e  e x p e r i -  
m e n t ,  b u t  t h e  d i f f e r e n c e  d i d  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e  on  al l  t i m e  
i n t e r v a l s  (fig. 3). T h e  s e m i p u r i f i e d  d i e t  c o n t a i n i n g  c o r n  oi l  c a u s e d  a r a p i d  
b u t  t r a n s i e n t  d e c r e a s e  in  s e r u m  p h o s p h o l i p i d s  w h e n  c o m p a r e d  w i t h  t h e  
in i t i a l  v a l u e ,  w h i c h  w a s  d e t e r m i n e d  in  s e r u m  t a k e n  w h i l e  on  t h e  c o m m e r -  
c ia l  d i e t  (fig. 3). R e p l a c e m e n t  o f  c o r n  oi l  b y  c o c o n u t  fa t  i n c r e a s e d  s e r u m  
p h o s p h o l i p i d s  in  b o t h  c o n t r o l  a n d  P I B  r a b b i t s .  I n  t h e  t h i r d  d i e t a r y  p e r i o d  
s e r u m  p h o s p h o l i p i d  c o n c e n t r a t i o n s  d e c l i n e d  aga in .  

T h e  o b s e r v e d  e f f ec t s  o n  s e r u m  l i p i d s  b y  c h a n g e s  in  t h e  d i e t  s h o u l d  b e  
c o r r e c t e d  for  t i m e - d e p e n d e n t  d r i f t s .  O u r  s w i t c h - b a c k  d e s i g n  a f f o r d e d  s u c h  
a c o r r e c t i o n .  T a b l e  3 s h o w s  t h e  e f fec t s  o f  t h e  t y p e  o f  d i e t a r y  fa t  o n  s e r u m  
c h o l e s t e r o l  a n d  p h o s p h o l i p i d s  a f t e r  c o r r e c t i o n .  D i e t a r y  c o c o n u t  fa t  c a u s e d  
a s i g n i f i c a n t  i n c r e a s e  in  t h e  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  a n d  p h o s -  
p h o l i p i d s  in  t h e  s e r u m  w h e n  c o m p a r e d  w i t h  c o r n  oil.  T h e r e  w a s  n o  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  c o n t r o l  a n d  P I B  r a b b i t s  w i t h  
r e g a r d  to  t h e i r  c h o l e s t e r o l e m i c  r e s p o n s e  to  t h e  n a t u r e  o f  t h e  d i e t a r y  fa t  
( t a b l e  3). 

F i g u r e  4 s h o w s  t h a t  in  r a b b i t s  f ed  s e m i p u r i f i e d  d i e t s  c o n t a i n i n g  e i t h e r  
c o r n  o i l  o r  c o c o n u t  fa t  t h e  l eve l s  in  t h e  s e r u m  o f  t o t a l  c h o l e s t e r o l  a n d  
p h o s p h o l i p i d s  a r e  c l o s e l y  a s s o c i a t e d .  E x a c t l y  t h e  s a m e  r e l a t i o n s h i p  w a s  
f o u n d  e a r l i e r  in  r a b b i t s  o n  d i e t s  d i f f e r i n g  in  t h e  p r o t e i n  c o m p o n e n t  (2). A 
v e r y  s t r o n g  c o r r e l a t i o n  b e t w e e n  s e r u m  c h o l e s t e r o l  a n d  p h o s p h o l i p i d s  w a s  
a l so  f o u n d  in  c a l v e s  (1). 

D i s c u s s i o n  

T h e  h y p o c h o l e s t e r o l e m i c  a c t i o n  o f  d i e t a r y  p o l y u n s a t u r a t e d  fa ts  w h e n  
c o m p a r e d  to  s a t u r a t e d  fa ts  h a s  b e e n  w e l l  e s t a b l i s h e d  in  e x p e r i m e n t a l  
a n i m a l s  a n d  m a n  (10, 17). T h e  p r e s e n t  s t u d y  c o n f i r m s  th i s .  T h e  m e c h a n -  

Table 3. Serum cholesterol  and phosphol ip id  responses to coconut  fat versus corn 
oil after correct ions for t ime and sequence effects. 

Serum lipid response (mmol/1) 

Control animals PIB animals 
(n = 7) (n = 3) 

Serum cholesterol 2.13 _ 0.75 1.36 ___ 0.22 
Serum phosphol ip ids  0.78 + 0.24 0.92 + 0.13 

The serum lipid response was calculated per  animal as (mean value in per iod B) - 
(1/.2 t imes mean value in period A1 + 1A t imes mean value in period A2). Results are 
expressed  as means -4- SE. For  exper imenta l  design, see figure 1. 
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Fig. 4. Relationship between serum cholesterol and phospholipid concentrations in 
control (open symbols) and PIB rabbits (closed symbols) on semipurified diets 
containing either coconut fat (circles) or corn oil (triangles). Serum lipid values refer 
to the beginning (Day 84) and end (Day 128) of period As (see fig. 1). 

ism(s) by which  po lyunsa tura ted  fatty acids lower serum cholesterol  
remains  controversial  (17). Several  studies have pointed to enhanced  
excre t ion  of  steroids with the feces (8, 10, 16, 17) which  would  be in line 
wi th  the observed  increased tu rnover  rate of  serum cholesterol  (15). Other  
studies failed to demons t ra te  an effect on fecal steroid excret ion by the 
type  of  dietary fat in h u m a n s  (7) and rabbits  (4). 

Exc lus ion  of  the distal section of  the small intestine, where  absorpt ion  
of  bile acids takes place (9), has been shown to drastically increase the 
fecal excret ion of  acidic steroids and also of  neutral  steroids by rabbits  (5) 
and m a n  (14). I f  po lyunsa tu ra ted  fats lower serum cholesterol  th rough  an 
enhanced  excre t ion of  steroids, one would  anticipate that  in rabbits  with 
PIB,  who  have ex t remely  high rates of  fecal steroid excretion,  the choles- 
terolemic effect of  po lyunsa tura ted  fats versus saturated fats is smaller  or 
even absent  when  compared  with normal  animals. We found  that  this was 
not  the case. The effect of  coconut  fat versus corn oil was similar in control  
and P I B  animals, and this was so for bo th  serum cholesterol  and phos- 
phol ipid concent ra t ions  (table 3). Thus  our  data would  substant iate  the 
lack of  effect of  the type  of  dietary fat on fecal steroid excret ion reported 
by  various invest igators (7). Possibly,  the differential effect of  saturated 
and po lyunsa tu ra ted  fats on serum cholesterol  is related to redistr ibut ion 
of  cholesterol  be tween  serum and tissues (4, 17) or to l ipoprotein s t ructure  
(17, 18). 
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