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Veal  calves ,  aged  a b o u t  1 week ,  w e r e  fed  for  146 days  m i l k  r e p l a c e r  d ie t s  
s u p p l e m e n t e d  w i t h  va r i ous  leve ls  of cho les te ro l .  F o u r  g r o u p s  c o n s i s t i n g  of 11 or  12 
a n i m a l s  r e c e i v e d  d ie t s  to  w h i c h  0, 0.19, 0.56 or  0.93 % (on  t h e  bas i s  of a i r -d ry  ma t t e r )  
c h o l e s t e r o l  was  a d d e d  a t  t h e  e x p e n s e  of fat. C ho l e s t e ro l  f e ed ing  s ign i f i can t ly  
i n c r e a s e d  t h e  leve l  of s e r u m  choles te ro l .  Th i s  i n c r e a s e  was  e i t h e r  l i nea r  or  S - s h a p e d  
o v e r  t h e  e n t i r e  r a n g e  of cho l e s t e r o l  feed ing ,  d e p e n d i n g  o n  t he  t i m e  d u r i n g  w h i c h  
t h e  ca lves  w e r e  fed  t h e  diets .  I n  t h e  ca lves  fed  choles te ro l ,  t h e  ra t io  of f ree  to  
e s t e r i f i ed  cho l e s t e ro l  in  t h e  s e r u m  w as  s ign i f i can t ly  inc reased .  T h e  i n g e s t i o n  of 
c h o l e s t e r o l  m a r k e d l y  i n c r e a s e d  t he  cho l e s t e r o l  c o n t e n t  of t h e  VLDL,  I D L  a n d  L D L  
f r ac t i ons  in  t h e  s e rum.  W h e n  c o m p a r e d  to t h e  0 .56%-choles te ro l  diet ,  t h e  i n c l u s i o n  
of 0.93 % cho l e s t e ro l  in  t h e  d ie t  d i d  n o t  f u r t h e r  i n c r e a s e  t h e  cho le s t e ro l  c o n c e n t r a -  
t i ons  in  t h e  I D L  a n d  L D L  f rac t ions .  U p o n  d e n s i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  of 
s e r u m  p r e s t a i n e d  for  l ip id  w i t h  S u d a n  Black ,  i t  w as  o b s e r v e d  t h a t  d i e t a ry  choles-  
t e ro l  c a u s e d  t h e  H D L  1 pa r t i c l e s  (1.063 < d < 1.092) to  sh i f t  t o w a r d s  a l o w e r  d e n s i t y  
range .  Cho l e s t e ro l  f e ed i ng  e f f ec t ed  a n  i n c r e a s e  in  t h e  leve l  of s e r u m  t r ig lycer ides ,  
t h e  i n c r e a s e  b e i n g  a l r eady  m a x i m a l  w i t h  0.19 % c h o l e s t e r o l  in  t h e  diet .  D i e t a r y  
cho l e s t e ro l  i n 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  of s e r u m  p h o s p h o l i p i d s ,  t h e  e l eva t i on  
b e i n g  p r o p o r t i o n a l  to  t h e  a m o u n t  of c h o l e s t e r o l  in  t h e  diet .  

Zusamrnenfassung 

Mastk&lber, etwa eine Woche alt, wurden w&hrend 146 Tagen mit Mi]chersatzmit- 
teln, die mit verschiedenen Cholesterinmengen angereichert waren, geffltfert. Vier 
Gruppen, bestehend aus 11 oder 12 Tieren, erhielten Di~ten, denen 0, 0,19, 0,56 oder 
0,93 % (Gewichfsprozente auf troekener Stoffbasis) Cholesterin - auf Kosten des 
Fettgehaltes - beigefi~gs wurden. Cholesterin in der Di~t erh6hte signifikant den 
Serumcholesterinspiegel. Dieser Anstieg war entweder linear oder S-f6rrnig fiber 
den gesarnten Bereich der Cho]esterinzudienung, abh~ngig yon der Versuchsdauer, 
festzustellen. In den cholesteringefi~tterten K~ibern war das Verh~/tnis von freiem 
zu verestertem Cholesterin im Serum signifikant erh6ht. Die Aufnahme von Chole- 
sterin erh6hte deutlich die Cholesterinkonzentration yon den VLDL-, IDL- und 
LDL-Fraktionen im Serum. Bei einem Vergleich der 0,93%igen Cholesterindi&t mit 
der 0,56 %igen zeigte sich kein weiterer Anstieg der Cholesterinkonzentrationen der 
IDL- und LDL-Fraktionen. Nachdem die vorher mit Sudanschwarz geffirbten 
Lipoproteine des Serums mittels Dichtheitsgradient-Ultrazentrifugation getrennt 
waren, wurde festgeste]It, dab Nahrungscholesterin die Dichte der HDL-Partikel 
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(1,063 < d l , 0 9 2 )  e rn ied r ig te .  D ie  Z u d i e n u n g  v o n  C h o l e s t e r i n  v e r u r s a c h t e  k e i n e n  
A n s t i e g  t ier  T r i g l y c e r i d k o n z e n t r a t i o n  i m  S e r u m ;  e in  m a x i m a l e r  A n s t i e g  w u r d e  
b e r e i t s  m i t  d e r  0 ,19%igen  C h o l e s t e r i n d i ~ t  e r re ich t .  N a h r u n g s c h o l e s t e r i n  i n d u z i e r t e  
e r h 6 h t e  K o n z e n t r a t i o n e n  de r  S e r u m p h o s p h o l i p i d e ;  d i e se  E r h 6 h u n g  ko r r e l i e r t e  m i t  
d e m  C h o l e s t e r i n g e h a l t  in  d e r  Di~t. 

Key  words: d i e t a r y  cho les te ro l ,  calves ,  s e r u m  cho les te ro l ,  l i pop ro t e ins ,  s e r u m  
p h o s p h o l i p i d s ,  s e r u m  t r ig lyce r ides  

Introduct ion  

I n  t h e  y o u n g  b o v i n e ,  d i e t a r y  c h o l e s t e r o l  h a s  b e e n  r e p e a t e d l y  s h o w n  t o  
i n d u c e  h i g h  s e r u m  c h o l e s t e r o l  l e v e l s  (3-5 ,  11, 12, 21,  22) a n d  a t h e r o s c l e r o t i c  
c h a n g e s  i n  t h e  a r t e r i a l  t i s s u e s  (21, 22). W e  h a v e  r e c e n t l y  d e s c r i b e d  t h e  
e f f e c t  o f  a r e l a t i v e l y  h i g h  c h o l e s t e r o l  l o a d  (1 g / 1 0 0  g a i r - d r y  f e e d )  o n  t h e  
d i s t r i b u t i o n  of  c h o l e s t e r o l  b e t w e e n  l i p o p r o t e i n  f r a c t i o n s  o f  t h e  s e r u m  of  
v e a l  c a l v e s  (5). H o w e v e r ,  w e  a r e  n o t  a w a r e  o f  r e p o r t s  d e s c r i b i n g  a d o s e -  
r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  d i e t a r y  c h o l e s t e r o l  a n d  t h e  c o n c e n t r a t i o n  
of  c h o l e s t e r o l  i n  w h o l e  s e r u m  o r  i n  s e r u m  l i p o p r o t e i n s  o f  n o n - r u m i n a t i n g  
c a l v e s .  T h e  o b j e c t  o f  t h e  p r e s e n t  s t u d y  w a s  t o  i n v e s t i g a t e  i n  v e a l  c a l v e s  t h e  
t i m e  c o u r s e  of  t h e  e f f e c t  o f  d i f f e r i n g  d i e t a r y  c h o l e s t e r o l  l o a d s  o n  t h e  l e v e l  
o f  s e r u m  t o t a l  c h o l e s t e r o l .  A t  t h e  e n d  o f  t h e  e x p e r i m e n t a l  p e r i o d ,  t h e  l e v e l s  
o f  f r e e  a n d  e s t e r i f i e d  c h o l e s t e r o l ,  t r i g l y c e r i d e s  a n d  p h o s p h o l i p i d s  i n  w h o l e  
s e r u m ,  a n d  t h e  c o n c e n t r a t i o n  o f  c h o l e s t e r o l  i n  l i p o p r o t e i n  f r a c t i o n s  w e r e  
a l s o  e x a m i n e d .  

Materials  and m e t h o d s  

Animals and diets 

I n  th i s  e x p e r i m e n t ,  m a l e  D u t c h  F r i e s i a n - H o l s t e i n  ca lves  w e r e  used .  T h e  ca lves  
w e r e  p u r c h a s e d  a t  a m a r k e t  a t  t h e  age  of a b o u t  one  week .  T h e  in i t ia l  b o d y  w e i g h t  of 
t h e  ca lves  was  42.3 +_ 3.7 kg  ( _  SD). T h e  ca lves  w e r e  h o u s e d  i n d i v i d u a l l y  in  w o o d e n  
b o x e s  w i t h  s l a t t ed  floors.  T h e  ca lves  w e r e  pa i l - fed  t w i c e  a day  (at  7.00 a.m. a n d  5.00 
p.m.)  a r e c o n s t i t u t e d  m i l k  rep lacer .  

O n  a r r iva l  in  t h e  calf  house ,  t h e  a n i m a l s  w e r e  d i v i d e d  in to  four  c o m p a r a b l e  
g r o u p s  c o n s i s t i n g  of 12 ca lves  a n d  for  21 w e e k s  were  fed m i l k  r ep l ace r s  containing 
d i f f e ren t  leve ls  of cho les te ro l .  T h e  c o m p o s i t i o n  of t he  d ie t s  is g i v e n  in  t a b l e  1. 
Cho le s t e ro l  was  a d d e d  to t h e  d ie t s  a t  t h e  e x p e n s e  of fat. A p a r t  f r o m  the  c h o l e s t e r o l  
c o n t e n t ,  t h e  leve ls  of t h e  a n a l y s e d  c o m p o n e n t s  w e r e  s imi la r  for  all  d ie ts .  T h e  con t ro l  
d ie t  c o n t a i n e d  40 m g  cho l e s t e r o l  p e r  100 g, m o s t  l ike ly  originating f r o m  t h e  fat  and /  
or  t h e  s k i m  m i l k  p o w d e r  c o m p o n e n t .  

T h e  m i l k  r e p l a c e r s  w e r e  r e c o n s t i t u t e d  in  h o t  water .  As  is c o m m o n  prac t ice ,  t h e  
f e ed ing  leve l  w a s  i n c r e a s e d  f r o m  125 g a i r -dry  f eed  p e r  m e a l  in  t h e  1st w e e k  to 
1600 g in  t h e  21st week .  D u r i n g  t h e  e x p e r i m e n t  o n e  a n i m a l  in  t h e  con t ro l  g r o u p  
died.  G r o w t h  ra t e s  of al l  d i e t a ry  g r o u p s  w e r e  s imi lar ,  t h e  m e a n  b o d y  w e i g h t  b e i n g  
215.5 _ 16.4 k g  (+_ SD) a t  21 weeks .  

Analytical methods 

At  t h e  i n d i c a t e d  days  (fig. 1), b l o o d  s a m p l e s  w e r e  t a k e n  b e t w e e n  10.00 a n d  
U.00  a.m. f r o m  t h e  j u g u l a r  ve in ,  T h e  s a m p l e s  w e r e  co l l ec t ed  in  t u b e s  w i t h o u t  
a n t i c o a g u l a n t ,  a n d  a f t e r  s t a n d i n g  at  r o o m  t e m p e r a t u r e  for  at  l eas t  o n e  hour ,  s e r u m  
was  p r e p a r e d  b y  low s p e e d  c e n t r i f u g a t i o n  a t  r o o m  t e m p e r a t u r e .  
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Table  1. C o m p o s i t i o n  of mi lk  r ep lace r  diets1). 

Cho le s t e ro l - en r i ched  die ts  2) 

Con t ro l  d ie t  0.19 % 0.56 % 0.93 % 

I n g r e d i e n t  (g/kg) 

Fa t  b l e n d  194.7 192.8 189.0 185.3 
Sk im-mi lk  p o w d e r  605.2 605.2 605.2 605,2 
Whey  p o w d e r  160.6 160.6 160.6 160.6 
V i t amin /mine ra l  p r e m i x  39.5 39.5 39.5 39.5 
Choles te ro l  3) - 1.9 5.6 9.3 

Chemica l  analys is  (weight  %) 

Mois tu re  3.4 3.4 3.4 3.4 
A s h  6.3 6.4 8.3 6.3 
Crude  p ro t e in  21.9 22.3 22.2 22.0 
C r u d e  fat  20.5 19.7 19.6 19,8 
C a r b o h y d r a t e s  4) 47.9 48.2 48.5 48.5 
Choles te ro l  0.04 0.25 0.49 0.76 

1) S u p p l i e d  by  T r o u w  & Co., N.V., Pu t t en ,  The  Ne the r l ands .  
2) Die t  codes  refer  to t he  a m o u n t  of a d d e d  choles tero l .  
3) P u r c h a s e d  f rom V a n  S c h u p p e n - C h e m i c a l s  Veenendaa l ,  The Ne the r l ands .  
4) Ca lcu la ted  values.  

Cho les te ro l  was  m e a s u r e d  in s e r u m  enzymat ica l ly  acco rd ing  to RTschlau  et  al. 
(16) u s ing  the  ki t  ( pe rox idase  m e t h o d )  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 ,  
West  Ge rm any .  The  r ep roduc ib i l i t y  (coeff ic ient  of variat ion) was  rou t ine ly  less  t h a n  
1.1%. As  cho les te ro l  s t anda rds ,  t h r ee  ca l ib ra t ed  sera w i t h  low, m e d i u m  a n d  h i g h  
cho les te ro l  c o n c e n t r a t i o n s  w e r e  used ;  t he  cho les te ro l  co n cen t r a t i o n  of t h e s e  sera 
was  d e t e r m i n e d  by  the  m e t h o d  of Abel l  e t  al. (1). 

The  l i pop ro t e in s  in p o o l e d  s a m p l e s  of s e r u m  f rom each  e x p e r i m e n t a l  g r o u p  w e r e  
s epa ra t ed  by  u l t r aeen t r i fuga t ion  as d e s c r i b e d  by  Terps t ra  e t  al. (20). The  l ipopro-  
te ins  in t he  g rad ien t  were  v isual ized by  p r e s t a i n i n g  the  s e r u m  wi th  S u d a n  Black  
pr ior  to u l t racen t r i fuga t ion .  The  var ious  l i pop ro te in  f rac t ions  w e r e  co l lec ted  by  
aspira t ion.  S ince  the  l ipopro te in  dens i t y  prof i le  in calves  di f fers  f r o m  the  pa t t e rn  
o b s e r v e d  in h u m a n s  (19), w h i c h  is u s e d  as t he  bas ic  c lass i f icat ion,  w e  have  u s e d  a 
mod i f i ed  s c h e m e  wi th  s l ight ly  d i f fe ren t  d e n s i t y  (d) classes.  The  fo l lowing  dens i ty  
c lasses  (d in g/ml) w e r e  isolated:  V L D L  (d < 1.006); IDL (1.006 < d  < 1.019); L D L  
(1 .019<d<1.063) ;  H D L  1 (1 .063<d<1.092) ;  H D L  2 (1 .092<d<1.125) ;  HDL 3 
(1.125 < d < 1.210); and  t h e  b o t t o m  f rac t ion  (d > 1.210)1). Cho les t e ro l  in t he  l ipopro-  
rein f rac t ions  was  e s t i m a t e d  by  t h e  ca ta lase  m e t h o d  of RTschlau  et  al. (16). 

Se rum- f r ee  a n d  es te r i f ied  cho les te ro l  w e r e  d e t e r m i n e d  enzymat ica l ly  acco rd ing  
to RTschlau  et  al. (16), us ing  t h e  kit  (catalase m e t h o d )  s u p p l i ed  by  B o e h r i n g e r  
M a n n h e i m  G m b H ,  FRG.  The  c o n c e n t r a t i o n  of l ip id  p h o s p h o r u s  was  m e a s u r e d  in a 
l ip id  ex t r ac t  of t h e  s e r u m  (10) as d e s c r i b e d  by  Bar t le t t  (2) and  mod i f i ed  by  BTt tcher  
e t  al. (7). S e r u m  t r ig lycer ide-g lycero l  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  enzymat i -  

1) Abbrev ia t ions :  V L D L  = very- low d e n s i t y  l ipopro te ins ,  IDL = i n t e r m e d i a t e  
dens i t y  l ipopro te ins ,  L D L  = low d e n s i t y  l ipopro te ins ;  H D L  = h igh  d en s i t y  l ipopro-  
te ins .  
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cally af ter  sapon i f i ca t ion  wi th  e thano l ic  K O H  (9). Choles te ro l  in t he  d ie ts  was  
a s s e s s e d  by  gas- l iquid  c h r o m a t o g r a p h y  (13) of t he  non- sapon i f i ab le  fract ion.  

R e s u l t s  

As t a b l e  1 s h o w s ,  t h e  a n a l y s e d  a m o u n t s  of  c h o l e s t e r o l  in  t h e  0.19, 0.56 
a n d  0 . 9 3 % - c h o l e s t e r o l  d i e t s  d i d  n o t  a g r e e  w e l l  w i t h  t h e  a d d e d  a m o u n t s .  
T h e  r e a s o n  for  t h i s  d i s c r e p a n c y  is n o t  c lear .  T h e  g a s - l i q u i d  c h r o m a t o -  
g r a p h i c  d e t e r m i n a t i o n  of c h o l e s t e r o l  w a s  f o u n d  to  b e  u n b i a s s e d  a n d  
r e p r o d u c i b l e  ( the  c o e f f i c i e n t  of  v a r i a t i o n  w a s  l e s s  t h a n  5 %), a n d  t h e  a d d e d  
c h o l e s t e r o l ,  as  j u d g e d  f r o m  t h e  g a s  c h r o m a t o g r a m ,  w a s  v e r y  p u r e .  

F i g u r e  1 i l l u s t r a t e s  t h e  t i m e  c o u r s e  of t h e  c o n c e n t r a t i o n  of s e r u m  t o t a l  
c h o l e s t e r o l  in  t h e  v e a l  ca lves .  I n  t h e  c o n t r o l  ca lves ,  t h e  l e v e l  of  s e r u m  
c h o l e s t e r o l  i n c r e a s e d  f r o m  0.96 _+ 0.78 mmol /1  (_+ SD)  a t  t h e  b e g i n n i n g  of 
t h e  e x p e r i m e n t  to  3.08 _+ 0.74 retool /1 a f t e r  20 d a y s ,  a n d  r e m a i n e d  c o n s t a n t  
t h r o u g h o u t  t h e  f u r t h e r  e x p e r i m e n t a l  p e r i o d .  T h e  e x t r e m e l y  l o w  in i t i a l  
s e r u m  c h o l e s t e r o l  l eve l  of  t h e  c a l v e s  m a y  b e  d u e  to  t h e  fac t  t h a t  t h e  
a n i m a l s  d u r i n g  t h e  24 h o u r s  b e t w e e n  a r r i v a l  a n d  f i r s t  b l o o d  s a m p l i n g  h a d  
o n l y  r e c e i v e d  a n  e l e c t r o l y t e  s o l u t i o n .  T h e  i n c l u s i o n  of  c h o l e s t e r o l  in  t h e  
d i e t s  s i g n i f i c a n t l y  (P < 0.01) i n c r e a s e d  t h e  c o n c e n t r a t i o n  of  s e r u m  c h o l e s -  
t e r o l  in  t h e  0.56 a n d  0 . 9 3 % - c h o l e s t e r o l  g r o u p s  a l r e a d y  a f t e r  20 d a y s ,  a n d  
t h i s  i n c r e a s e  p e r s i s t e d  d u r i n g  t h e  w h o l e  e x p e r i m e n t .  F o r  t h e  0 .19%-cho les -  
t e r o l  g r o u p ,  t h e  i n c r e a s e  j u s t  r e a c h e d  s t a t i s t i c a l  s i g n i f i c a n c e  (P  < 0.05) a t  
d a y s  20, 126 a n d  146 of t h e  e x p e r i m e n t ,  b u t  a t  t h e  o t h e r  t i m e  p o i n t s ,  t h e  
l eve l s  of  s e r u m  c h o l e s t e r o l  in  t h e  c o n t r o l  a n i m a l s  a n d  t h e  0 .19%-cho les -  
t e r o l  g r o u p  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  T h e  l e v e l s  of  s e r u m  c h o l e s -  
t e r o l  in  t h e  0.56 a n d  0 . 9 3 % - c h o l e s t e r o l  g r o u p s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
o n l y  a t  d a y s  20 (P < 0.01) a n d  100 (P  < 0.05) of  t h e  e x p e r i m e n t .  

I t  a p p e a r s  f r o m  t a b l e  2 t h a t  t h e  c o n c e n t r a t i o n s  of t r i g l y c e r i d e s  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  of  t h e  c a l v e s  w e r e  i n c r e a s e d  b y  d i e t a r y  c h o l e s -  
t e ro l .  T h e  l e v e l  of  p h o s p h o l i p i d s  i n c r e a s e d  w i t h  i n c r e a s i n g  d i e t a r y  c h o l e s -  

2/ 

Fig.  1. T i m e  course  o f  the c o n c e n t r a t i o n  o f  t o ta l  c h o l e s t e r o l  (means  • SE) i n  the  
s e r u m  of veal calves.  Cont ro l  g roup  (n = 11), 0; 0 .19%-cholesterol  g r o u p  (n = 12), [~; 
0 .56%-cholesterol  g roup  (n = 12), V; 0 .93%-cholesterol  g r o u p  (n = 12), A. 
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Table  2. Ef fec t  of d ie ta ry  cho les te ro l  on  s e r u m  l ipids  in veal calves.  

Choles te ro l  in mi lk  r ep l ace r  d ie t  1) 
S e r u m  l ip ids  (mmol/1) 

0%(11)  0.19%(12} 0.56%(12) 0.93%(12) 

Total  cho les te ro l  4.52 • 0.87 6.24 _ 1.19 9.80 + 2.45 10.92 • 3.50 
F ree  choles te ro l  0.59 • 0.19 1.09 • 0.33 1.80 _+ 0.60 2.14 +- 0.90 
Ester• cho les t e ro l  3.93 • 0.69 5.15 _ 0.86 7.99 • 1.91 8.78 • 2.67 
Ratio of free to 
es te r i f ied  cho les te ro l  0.15 • 0.02 0.21 • 0.03 0.23 • 0.04 0.24 • 0.05 
Tr ig lycer ides  0.14 __ 0.03 0.18 • 0.04 0.18 _ 0.04 0.18 • 0.03 
P h o s p h o l i p i d s  2.04 • 0.31 2.52 • 0.47 3.27 • 0.57 3.48 +_ 0.82 

Resu l t s  are  e x p r e s s e d  as m e a n s  _ SD; n u m b e r  of an imals  in each  g roup  are g iven  in 
pa ren these s .  The  d ie ts  were  fed for 146 days.  S e r u m  l ipid  c o n c e n t r a t i o n s  of the  
cho les te ro l - fed  calves  are  s igni f icant ly  d i f fe ren t  (P < 0.01) f rom the  va lues  in the  
cont ro l  calves.  
t) Diet  codes  refer  to the  a m o u n t  of a d d e d  cho les te ro l  (cf. table  1). 

t e r o l  l o a d s ,  w h e r e a s  t h e  l e v e l  o f  t r i g l y c e r i d e s  w a s  a l r e a d y  a t  i t s  m a x i m u m  
w i t h  t h e  l o w e s t  c h o l e s t e r o l  s u p p l e m e n t .  I n  r e l a t i v e  t e r m s ,  t h e  c h o l e s t e r o l -  
i n d u c e d  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  o f  f r e e  c h o l e s t e r o l  w a s  m o r e  p r o -  
n o u n c e d  t h a n  t h a t  o f  e s t e r i f i e d  c h o l e s t e r o l .  T h i s  is  i l l u s t r a t e d  b y  t h e  f a c t  
t h a t  c h o l e s t e r o l  f e e d i n g  c a u s e d  a s i g n i f i c a n t  i n c r e m e n t  i n  t h e  r a t i o  o f  f r e e  
t o  e s t e r i f i e d  c h o l e s t e r o l  ( t a b l e  2). 

T h e  l i p o p r o t e i n  p r o f i l e  o f  t h e  a n i m a l s  a t  t h e  e n d  of  t h e  e x p e r i m e n t a l  
p e r i o d  c a n  b e  s e e n  f r o m  t h e  p h o t o g r a p h  o f  t h e  p r e - s t a i n e d  s e r u m  a f t e r  

Fig. 2. P h o t o g r a p h  of the  dens i ty  prof i le  of Sudan -B lack - s t a ined  l i pop ro te ins  
o b s e r v e d  af ter  dens i t y  g rad ien t  u l t r acen t r i fuga t ion  of p o o l ed  s e r u m  f rom calves  fed  
mi lk  rep lacers  w i thou t  and  wi th  a d d e d  choles terol .  A, cont ro l  group;  B, 0,19%- 
cho les t e ro l  group;  C, 0 .56%-cholesterol  group;  D, 0.93%-cholesterol  group.  B lood  
was  d r a w n  at the  e n d  of t he  e x p e r i m e n t .  
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d e n s i t y  g r a d i e n t  u l t r a c e n t r i f u g a t i o n  (fig. 2). T h e  l i p o p r o t e i n  prof i le  of t he  
calf  does  n o t  r e s e m b l e  t h a t  of t he  c o m m o n  l a b o r a t o r y  a n i m a l s  a n d  m a n  
(19). T h e  s t a i n e d  l i p o p r o t e i n  g r a d i e n t s  of t he  c o n t r o l  ca lves  s h o w  V L D L  at  
t he  top  of the  t ube ,  a h e a v y  b a n d  in  t he  L D L  (1.019 < d < 1.063) a n d  H D L  
(1.063 < d < 1.125) reg ion ,  a n d  s o m e  r e s i d u a l  s t a i n  a t  t he  base .  Occas iona l ly ,  
o n e  or two  f a in t  b a n d s  j u s t  a b o v e  t he  h e a v y  l i p o p r o t e i n  b a n d  c a n  also b e  
o b s e r v e d  (5). W h e n  t he  ca lves  w e r e  fed  t he  m i l k  r ep l ace r s  s u p p l e m e n t e d  
w i t h  cho les te ro l ,  a n  i n c r e a s e  in  t h e  S u d a n - B l a c k - s t a i n e d  l i p o p r o t e i n s  i n  
the  d e n s i t y  r a n g e  1.019-1.063 g /ml  w e r e  seen.  Th i s  i n c r e a s e  was  e s s e n t i a l l y  
p r o p o r t i o n a l  to t he  cho le s t e ro l  c o n t e n t  of t he  diet .  F u r t h e r m o r e ,  b a s e d  o n  
the  i n t e n s i t y  of the  S u d a n - B l a c k  s t a i n ing ,  it  w o u l d  a p p e a r  t ha t  d i e t a r y  
cho l e s t e ro l  i n d u c e s  a d e c r e a s e  in  t he  d e n s i t y  of t he  H D L  f r ac t i on  as th i s  
b a n d  m o v e d  t o w a r d s  t he  top  of t he  t u b e ,  t he  c o v e r e d  d i s t a n c e  b e i n g  
d e p e n d e n t  o n  t he  p e r c e n t a g e  of cho l e s t e ro l  i n  the  d ie t  (fig. 2). 

A m o r e  de t a i l ed  i n s i g h t  i n t o  t he  c h a n g e s  i n  t he  i n d i v i d u a l  l i p o p r o t e i n s  
c a n  be  o b t a i n e d  b y  a n  e x a m i n a t i o n  of t he  c h a n g e s  of cho l e s t e ro l  i n  t h e  
l i p o p r o t e i n  f rac t ions .  At  t he  e n d  of the  e x p e r i m e n t a l  pe r iod ,  cho l e s t e ro l  
f e e d i n g  i n d u c e d  a m a r k e d  i n c r e a s e  in  t h e  V L D L ,  I D L  a n d  L D L  f rac t ions  
( tab le  3). T h e  i n c l u s i o n  of 0.93 % cho l e s t e ro l  i n  t he  diet ,  w h e n  c o m p a r e d  to 
0.56 %, d id  n o t  f u r t h e r  e l eva t e  cho l e s t e ro l  i n  t h e  I D L  a n d  L D L  f rac t ions .  I n  
con t r a s t ,  t h e  cho l e s t e ro l  c o n t e n t  of the  V L D L  f r ac t i on  was  i n c r e a s e d  w i t h  
0.93 % d i e t a ry  cho les te ro l ,  w h e n  c o m p a r e d  to 0.56 % choles te ro l .  Choles -  
t e ro l  f e e d i n g  c a u s e d  o n l y  a s l igh t  i n c r e a s e  in  t he  cho le s t e ro l  c o n t e n t  of t he  
HDL2 f rac t ion .  I n c r e a s i n g  c o n c e n t r a t i o n s  of cho l e s t e ro l  w i t h  i n c r e a s i n g  
d i e t a ry  c h o l e s t e r o l  l oads  w e r e  o b s e r v e d  in  t h e  H D L  2 f rac t ion .  As  to t he  
H D L  a f rac t ion ,  0.93 % cho le s t e ro l  i n  t he  d ie t  d i d  n o t  f u r t h e r  i n c r e a s e  t he  
cho le s t e ro l  c o n t e n t  of th i s  l i p o p r o t e i n  species ,  w h e n  c o m p a r e d  w i t h  t h e  
0 .56%-choles te ro l  d ie t  ( table  3). 

Table 3. Effect of dietary cholesterol on the distribution of cholesterol (retool/1 of 
whole serum) between lipoprotein fractions of serum from veal calves. 

Lipoprotein fraction 
Cholesterol in milk replacer diet 1) 

0 % 0.19 % 0.56 % 0.93 % 

VLDL (d < 1.006) 0.00 0.02 0.15 0.21 
IDL (1.006 < d < 1.019) 0.01 0.20 1.06 1.01 
LDL (1.019 < d < 1.063) 2.18 3.51 5.07 4.93 
I tDL I (1.063 < d < 1.092) 1.58 1.67 1,77 1.99 
HDL 2 (I,092 < d < 1.125) 0.46 0.55 0.57 0.7i 
HDL 3 (1.125 < d < 1.210) 0.18 0.29 0.41 0.38 
d > 1.210 0.00 0.00 0.02 0.01 
Total 4.41 6.24 9.05 9.24 
Whole serum 4.33 6.05 8.95 9.52 
Recovery (%) 102 103 101 97 

Blood was drawn at the end of the experimental  period; 
separated by ultracentrifugation from pool sera of each dietary 
l) Diet codes refer to the amount  of added cholesterol (cf. table 

lipoproteins were 
group. 
1). 
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D i s c u s s i o n  

T h e  p r e s e n t  s t u d y  c o n f i r m s  e a r l i e r  r e p o r t s  (3-5, 11, 12, 21, 22) t h a t  t h e  
s u p p l e m e n t a t i o n  of  a m i l k  r e p l a c e r  d i e t  w i t h  c h o l e s t e r o l  r e s u l t s  in  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  of  c h o l e s t e r o l  in  t h e  s e r u m  of  t h e  
y o u n g ,  n o n - r u m i n a t i n g  b o v i n e .  I n  a d d i t i o n ,  w e  f o u n d  t h a t  t h e  e f f ec t  of  
d i e t a r y  c h o l e s t e r o l  on  t h e  s e r u m  c h o l e s t e r o l  l e v e l  w a s  e s s e n t i a l l y  l i nea r ,  a t  
l e a s t  o v e r  t h e  r a n g e  t h a t  w a s  s t u d i e d .  F i g u r e  3 i l l u s t r a t e s  t h i s  r e l a t i o n s h i p  
for  t h r e e  t i m e  p o i n t s  d u r i n g  t h e  e x p e r i m e n t .  I t  c o u l d  b e  a r g u e d ,  h o w e v e r ,  
t h a t  t h e  u p p e r  t w o  l i n e s  in  f i g u r e  3 s h o u l d  in  f ac t  b e  d r a w n  as  S - s h a p e d  
c u r v e s .  Th i s  i m p l i c a t e s  t h a t  a t  l o w  l e v e l s  of  d i e t a r y  c h o l e s t e r o l  t h e  l eve l  of  
s e r u m  c h o l e s t e r o l  is  h a r d l y  a f f ec t ed ,  w h i l e  a t  h i g h e r  d i e t a r y  c h o l e s t e r o l  
l o a d s  a l m o s t  t h e  s a m e ,  h i g h  v a l u e s  of  s e r u m  c h o l e s t e r o l  a r e  o b s e r v e d .  
S u c h  a r e l a t i o n s h i p  is  c o m p a t i b l e  w i t h  t h e  o b s e r v a t i o n  t h a t  a t  m o s t  t i m e  
i n t e r v a l s  of  t h e  e x p e r i m e n t  t h e  l e v e l s  of  s e r u m  c h o l e s t e r o l  i n d u c e d  b y  t h e  
c o n t r o l  a n d  0 . 1 9 % - c h o l e s t e r o l  d i e t s  a n d  b y  t h e  0 . 5 6 % - c h o l e s t e r o l  a n d  
0 . 9 3 % - c h o l e s t e r o l  d i e t s ,  r e s p e c t i v e l y ,  w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  
(fig. 1). 

T h e  s e r u m  c h o l e s t e r o l  l e v e l s  in  t h e  c h o l e s t e r o l - f e d  c a l v e s  r e a c h e d  t h e  
n e w  s t e a d y - s t a t e  a f t e r  a b o u t  3 w e e k s  (fig. 1). I t  is  i m p o r t a n t  to  n o t e  t h a t  
a f t e r  a b o u t  12 w e e k s  of c h o l e s t e r o l  f e e d i n g ,  t h e  l e v e l  of  s e r u m  c h o l e s t e r o l  
g r a d u a l l y  i n c r e a s e d  aga in .  W e  h a v e  a l so  s e e n  t h i s  p h e n o m e n o n  in  a p r e v i -  
o u s  s t u d y  (5). A f t e r  a b o u t  12 w e e k s  of  age ,  g r o w t h  of  t h e  ca lves ,  e x p r e s s e d  
as  g / d a y ,  fal ls ,  b u t  t h e  f e e d  i n t a k e  is s t i l l  i n c r e a s i n g  (6). T h i s  m e a n s  t h a t  t h e  
c h o l e s t e r o l  i n t a k e  o n  t h e  b a s i s  of  g r o w t h  p e r  d a y  r a p i d l y  i n c r e a s e s .  P o s s -  
ib ly ,  t h e  a m o u n t  of  c h o l e s t e r o l  o t h e r w i s e  i n c o r p o r a t e d  in  n e w  t i s s u e s  n o w  
a c c u m u l a t e s  in  t h e  s e r u m ,  c a u s i n g  t h e  a d d i t i o n a l  i n c r e a s e  in  t h e  c o n c e n -  

-~ 10 
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0~s Q'50 0~5 
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Fig. 3. Relat ionship between the analysed cholesterol  content of the d iet  and the 
mean level of serum tota l  cholesterol. Contro l  group, 0; 0.19 %-cholesterol group, O; 
0.56%-cholesterol group, V ;  0.93 %-cholesterol group, A. Open symbols, cholesterol  
levels at day 20; half-closed symbols,  cholesterol  levels at day 62; dosed symbols,  
cholesterol  levels at day 146. 
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Fig. 4. Relationship between the concentrations of serum total cholesterol and 
serum phospholipids. For explanation of symbols, see figure 1. Blood samples were 
taken at day 146 of the experiment.  

t r a t i o n  of s e r u m  cho l e s t e ro l  at  t he  e n d  of t he  e x p e r i m e n t  i n  t he  a n i m a l s  fed  
cho les te ro l .  I n  a n y  case,  t he  i n c r e a s e  c a n n o t  b e  d u e  to  a n a l y t i c a l  e r ro r  
s i n c e  t h e  cho le s t e ro l  l eve l  i n  t he  c o n t r o l  ca lves  d id  n o t  c ha nge .  

D i e t a r y  cho le s t e ro l  s i g n i f i c a n t l y  i n c r e a s e d  the  leve l  of p h o s p h o l i p i d s  i n  
t he  s e r u m  of the  calves.  T h e  i n c r e a s e  was  d i r ec t l y  r e l a t ed  to t he  a m o u n t  of 
cho l e s t e ro l  i n  t he  d i e t  ( tab le  2). S e r u m  t r i g l y c e r i d e s  w e r e  a lso  e l e v a t e d  by  
cho le s t e ro l  i n  the  diet ,  b u t  the  l o w e s t  cho l e s t e ro l  s u p p l e m e n t  a l r e a dy  
c a u s e d  m a x i m u m  c o n c e n t r a t i o n s .  A p p a r e n t l y ,  c ho l e s t e r o l  m e t a b o l i s m  i n  
ca lves  is m o r e  c lose ly  r e l a t ed  to p h o s p h o l i p i d  m e t a b o l i s m  t h a n  to  t r ig ly-  
ce r ide  m e t a b o l i s m .  T h i s  is s u b s t a n t i a t e d  b y  the  v e r y  h i g h  c o r r e l a t i o n  
f o u n d  b e t w e e n  s e r u m  to ta l  cho l e s t e ro l  a n d  s e r u m  p h o s p h o l i p i d s  (fig. 4); 
t he  c o r r e l a t i o n  coef f i c ien t  was  0.97 (P < 0.001). T h e  l i n e a r  c o r r e l a t i o n  coef- 
f i c i en t  b e t w e e n  s e r u m  cho l e s t e ro l  a n d  s e r u m  t r i g lyce r ides  c a l c u l a t e d  for 
all  a n i m a l s ,  was  f o u n d  to be  0.35 (P < 0.02). 

I n  t he  cho le s t e ro l - f ed  ca lves  t he  l eve l s  i n  s e r u m  of b o t h  free a n d  
es te r i f i ed  cho l e s t e ro l  w e r e  i n c r e a s e d .  T h e  ra t io  of f ree to  es te r i f i ed  choles-  
t e ro l  was  s i g n i f i c a n t l y  i n c r e a s e d  in  t h e  a n i m a l s  fed c ho l e s t e r o l  ( table  2). I n  
con t ras t ,  t h e  h y p e r c h o l e s t e r o l e m i a  in  cho les t e ro l - f ed  r a b b i t s  is a l m o s t  
e x c l u s i v e l y  d u e  to a n  i n c r e a s e  i n  t h e  c o n t e n t  of s e r u m  es te r i f i ed  choles -  
te ro l  (8, 15, 17). T h e  cho l e s t e ro l  e x c e s s  i n  the  s e r u m  of cho le s t e ro l - f ed  
ca lves  was  m a i n l y  ca r r i ed  i n  the  L D L  f rac t ion .  I n  r e l a t ive  t e r m s ,  h o w e v e r ,  
t he  i n c r e a s e  was  m o s t  p r o n o u n c e d  i n  t he  V L D L  a n d  I D L  f rac t ions .  S imi -  
l a r  c h a n g e s  w e r e  s e e n  i n  cho le s t e ro l - f ed  r a b b i t s  (18). 
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I t  is c lear  f r o m  t ab l e  3 t h a t  d i e t a r y  cho le s t e ro l  c a u s e s  d i f f e r en t i a l  
r e s p o n s e s  as to t he  cho le s t e ro l  c o n t e n t  of t he  v a r i o u s  l i p o p r o t e i n  f rac t ions .  
I n  t he  V L D L ,  HDL1 a n d  H D L  2 f r ac t i ons  the  cho le s t e ro l  c o n c e n t r a t i o n  
i n c r e a s e d  w i t h  i n c r e a s i n g  a m o u n t s  of cho l e s t e ro l  i n  t he  diet .  I n  con t ras t ,  
t h e  IDL,  L D L  a n d  H D L  3 f r ac t i ons  a p p e a r e d  to b e c o m e  s a t u r a t e d  w i t h  
cho le s t e ro l  w h e n  t he  a n i m a l s  w e r e  fed at  l eas t  0.56 % choles te ro l .  I t  s h o u l d  
be  e m p h a s i z e d ,  h o w e v e r ,  t ha t  t he se  da ta  s h o u l d  be  i n t e r p r e t e d  w i t h  cau-  
t i o n  s i nce  u p o n  cho le s t e ro l  f e e d i n g  p a r t  of t he  cho le s t e ro l  a s s o c i a t e d  w i t h  
HDL1, in  t he  d e n s i t y  r a n g e  1.063-1.092 m g / m l ,  m a y  h a v e  sh i f t ed  i n to  t h e  
d e n s i t y  a rea  of L D L  (1.019 < d < 1.063), as i l l u s t r a t e d  in  f igure  2. 

B e t w e e n  i n d i v i d u a l  ca lves  t h e r e  w e r e  c o n s i d e r a b l e  d i f f e r ences  in  t h e  
r e s p o n s e  to d i e t a ry  cho les te ro l .  A t  t he  e n d  of t he  e x p e r i m e n t a l  p e r i o d  t he  
m e a n  s e r u m  cho le s t e ro l  c o n c e n t r a t i o n  in  t he  0 .93%-choles te ro l  g r o u p  was  
10.92 mmol /1  w i t h  i n d i v i d u a l  v a l u e s  r a n g i n g  f rom 5.77 to 16.65 retool/1. 
P r e v i o u s  w o r k  w i th  r a b b i t s  fed  cho l e s t e ro l  e s t a b l i s h e d  a pos i t i ve  corre la-  
t i o n  b e t w e e n  t he  in i t i a l  p l a s m a  cho l e s t e ro l  c o n c e n t r a t i o n  a n d  the  i n c r e a s e  
o b s e r v e d  af ter  3 w e e k s  of cho l e s t e ro l  f e e d i n g  (14). H o w e v e r ,  t he  p r e s e n t  
w o r k  w i t h  vea l  ca lves  r evea l s  a n e g a t i v e  a s s o c i a t i o n  b e t w e e n  choles -  
t e r o l e m i c  r e s p o n s e  af ter  146 d a y s  a n d  in i t i a l  s e r u m  c ho l e s t e r o l  level .  
W i t h i n  t he  0 .93%-choles te ro l  g r o u p  t he  l i n e a r  c o r r e l a t i o n  coe f f i c i en t  w a s  
f o u n d  to be  -0 .60  (P < 0.05). F o r  t he  o the r  g r o u p s  the  c o r r e l a t i o n s  d id  n o t  
r e ach  s ta t i s t i ca l  s ign i f i cance ,  t he  c o r r e l a t i o n  coef f i c ien t  in  t he  0.56 % a n d  
0 .19%-choles te ro l  g r o u p  b e i n g  -0 .31  a n d  -0 .03 ,  r e spec t ive ly .  T h u s  i t  
a p p e a r s  t h a t  t he  c o r r e l a t i o n  coe f f i c i en t  d e g r a d e s  w i t h  d e c r e a s i n g  choles -  
t e r o l e m i c  r e s p o n s e .  

I n  c o n c l u s i o n ,  the  p r e s e n t  s t u d y  has  d e m o n s t r a t e d  t h a t  d i e t a r y  choles -  
t e ro l  over  the  r a n g e  0-0.76 % (on t he  bas i s  of a i r -d ry  ma t t e r )  i n c r e a s e d  t he  
l eve l  of s e r u m  cho le s t e ro l  i n  vea l  ca lves  e i t he r  i n  a l i n e a r  or  S - s h a p e d  
fash ion ,  d e p e n d e n t  o n  t he  t i m e  d u r i n g  w h i c h  t he  a n i m a l s  w e r e  c h a l l e n g e d .  
T h e  d o s e - r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  d i e t a r y  c ho l e s t e r o l  a n d  the  
cho le s t e ro l  c o n t e n t  of s e r u m  l i p o p r o t e i n s  v a r i e d  a m o n g  the  d i f f e r e n t  
f rac t ions .  
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