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S u m m a r y  

Veal calves (aged about 9 weeks; three animals per group) were fed twice a day 
liquid diets containing 60 % skim milk powder  and 20 % crude fat (w/w) for 7.5 
weeks. Addit ion of 1% cholesterol to the diet, at the expense of fat, caused a 70 % 
increase in the level of serum cholesterol. Both in the control and cholesterol-fed 
calves, no diurnal rhythm in the concentration of cholesterol in the serum was 
observed. Serum triglyeerides were  not elearly elevated after feeding, but  a steady 
increase during the day was observed, the increase being similar in both dietary 
groups. Cholesterol feeding seemed to induce lower postprandial levels of urea and 
higher levels of amino acid nitrogen, but  this was only observed after feeding in the 
morning (8.00 a.m.), but  not after feeding in the evening (8.00 p.m.). Dieh~y choles- 
terol significantly elevated postprandial glucose levels in veal calves. It is suggested 
that hypercholesterolemia effects an impaired glucose tolerance, possibly also in 
m a n .  

Zusammenfassung  

Mastk~lber (ca. 9 Wochen alt; 3 Tiere pro Gruppe) wurden zweimal pro Tag 
w~l~rend einer Per iode yon 7,5 Wochen mit  einem Milchersatzmi~el,  das 60 % 
NIagermilchpulver und 20 % Fet t  (Gewichtsprozente auf t rockener  Stoffbasis) ent- 
hielt, gefiittert. 

Beim Ersatz von 1% Fett  durch Cholesterin in der Di~t stieg der Serumcholeste-  
ringehalt um 70 %. Sowohl bei den Kontroll t ieren als auch bei den cholesteringefiit- 
terten K/ilbern wurde kein Tagesrhythmus der Serumcholester inkonzentrat ion 
beobachtet.  Die Serumtriglyceriden waren nach dem Ffittern nlcht deutl ich erh6ht, 
es wurde jedoch bei beiden Di~tgruppen w~hrend des Tages eine ~ihnliche, gleich- 
m~iiSige ErhShung beobachtet.  

Cholesterin in der Di~t verursachte nach dem Fi i t tem um 8 Uhr eine Senkung der 
Harnstoffkonzentration im Serum und eine ErhShung des Aminos~urestickstoff- 
gehaltes. Dies wurde jedoch nach dem Fiit tern um 20 Uhr nicht beobachtet.  
Nahrungscholesterin erh6hte signifikant den postprandialen Glukosespiegel  in den 
Mastk/flbern. Es wird vorgebracht,  dab Hypercholesterin~mie eine verminder te  
Glukosetoleranz verursacht,  m6glicherweise auch beim Menschen. 
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I n t r o d u c t i o n  

S e v e r a l  s t u d i e s  h a v e  s h o w n  t h a t  t h e  y o u n g  b o v i n e  is an  e x c e l l e n t  m o d e l  
a n i m a l  fo r  s t u d y  of  h u m a n  a t h e r o s c l e r o s i s  a n d  r e g u l a t i o n  of  s e r u m  cho l e s -  
t e ro l  c o n c e n t r a t i o n  (9, 10, 19, 20). C a l v e s  f e d  h i g h  l e v e l s  of c h o l e s t e r o l  
d e v e l o p  h y p e r c h o l e s t e r o l e m i a  a n d  h i g h  l i v e r  c h o l e s t e r o l .  F u r t h e r m o r e ,  
a t h e r o s c l e r o t i c  l a e s i o n s  a r e  r e a d i l y  i n t r o d u c e d  in  t h e  a r t e r i a l  t i s s u e s  (9, 10, 
19, 20). 

C h o l e s t e r o l  e n r i c h m e n t  of  ce l l  m e m b r a n e s  has  b e e n  s h o w n  to  o c c u r  in  
an  e x p e r i m e n t a l  m o d e l  of  a t h e r o s c l e r o s i s  in  w h i c h  g u i n e a  p igs  w e r e  f e d  
c h o l e s t e r o l  (12, 17). S i m i l a r  c h a n g e s  in  m e m b r a n e s  c a n  be  o b s e r v e d  in  
s o m e  p a t i e n t s  w i t h  l i ve r  c i r r h o s i s  (4). A n  i n c r e a s e d  c h o l e s t e r o l  c o n t e n t  of  
e r y t h r o c y t e  m e m b r a n e s  d e c r e a s e s  m e m b r a n e  f l u i d i t y  a n d  a l t e r s  t h e  per -  
m e a b i l i t y  of  s e v e r a l  b l o o d  c o n s t i t u e n t s  s u c h  as  g l u c o s e ,  g l y c e r o l  a n d  
p r o p i o n a t e  (6, 13). 

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  see  w h e t h e r  c h o l e s t e r o l  f e e d i n g  of  
c a l v e s  i n f l u e n c e s ,  p o s s i b l y  t h r o u g h  a l t e r e d  m e m b r a n e  f u n c t i o n ,  t h e  pos t -  
p r a n d i a l  l e v e l s  of  c h o l e s t e r o l ,  t r i g l y c e r i d e s ,  g l u c o s e ,  n o n p r o t e i n  n i t r o g e n  
a n d  u r e a  in  t h e  s e r u m .  A t  t h e  s a m e  t ime ,  t h i s  s t u d y  m a y  t e a c h  us  s o m e -  
t h i n g  a b o u t  p o s s i b l e  m e t a b o l i c  d i s o r d e r s  a s s o c i a t e d  w i t h  h y p e r c h o l e s -  
t e r o l e m i a .  

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

Animals  and diets 

In this experiment,  male Dutch Friesian-Holstein calves were used. The calves 
were purchased at a market  at the age of about one week. The initial body weight  of 
the calves was 51.1 ___ 1.5 kg (+ 1 SD). The calves were housed individually in 
wooden boxes with slatted floors. The calves were pall-fed twice a day (at 7.00 a.m. 
and 5.00 p.m.) a reconsti tuted milk replacer. 

On arrival in the calf house, the animals were raised for 8 weeks on a commercial  
milk replacer (Trouw & Co., N.V., Putten, The Netherlands) containing 60 % skim 
milk powder  and 17 % crude fat. The milk replacer was reconsti tuted in hot water to 
a concentrat ion of 125 g/1. As is common practice, on arrival the animals received 
1.5 1 of this mixture,  this amount  being gradually increased to 7.51 at 8 weeks. Then, 
at the end of this pre-experimental  period, on the basis of their  body weights and 
serum cholesterol concentrations, three animals were allocated to the control diet 
and three other animals to the cholesterol containing diet. The composit ion of the 
diets is given in table 1. The body weight  of the calves at the end of the pre- 
experimental  period was 95.7 +_ 2.0 and 95.8 +_ 3.7 kg (+_ SD) of the control and 
cholesterol-fed groups, respectively. The serum cholesterol values were 4.20 +__ 0.46 
and 4.68 _ 0.37 mmol/1, respectively. 

During the exper imental  period, which lasted 7.5 weeks, the feeding level was 
increased from 940 g feed per meal in the 1st week to 1200 g in the 7th week. From 
three days before blood samphng, the calves were fed at 8.00 a.m. and 8.00 p.m. in 
order to allow them to become accustomed to feeding times 12 h apart. This feeding 
schedule was expected to cause a symmetrical  pattern of the levels of serum 
components  during the day. All calves consumed all their feed within 10 min. 
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Table  1. Compos i t i on  of t he  e x p e r i m e n t a l  diets1). 

Cont ro l  Choles te ro l -enr iched  
die t  d ie t  

I ng red i en t  (g/kg) 

Fa t  b l end  194.7 185.3 
S k i m  mi lk  p o w d e r  605.2 605.2 
Whey  p o w d e r  160.6 160.6 
Vi t amin /mine ra l  p r e m i x  39.5 39.5 
Choles te ro l  2) - 9.4 

Chemica l  analysis  (weight  %) 

Mois tu re  3.1 3.3 
Ash  6.2 6.2 
Crude  p ro te in  22.8 22.7 
Crude  fat 19.6 20.0 
Carbohydra tes  a) 48.3 47.8 
Choles te ro l  0.051 0.953 

1) S u p p l i e d  by  T r o u w  & Co., N.V., Put ten ,  The  Nether lands .  
3) P u r c h a s e d  f rom Van Schuppen-Chemica l s ,  Veenendaa l ,  The  Nether lands .  
~) Calcula ted  values.  

Chemical analyses 

At  the  end  of the  expe r imen ta l  period,  b lood  samples  were  t aken  at the  ind ica ted  
t imes  (fig. 2-7) f rom the  jugular  ve in  into v a c u u m  tubes  w i thou t  an t i coagu lan t  and  
were  a l lowed to c lot  at r o o m  t e m p e r a t u r e  for 1.5 h. The  s e r u m  was  co l lec ted  by low- 
speed  eent r i fugat ion .  

S e r u m  total  choles te ro l  was  d e t e r m i n e d  by  the  m e t h o d  of R6sch lau  et  al. (15), 
u s ing  the  ki t  ( C H O D - P A P  method)  supp l ied  by  B o e h r i n g e r  M a n n h e i m  G m b H ,  
FRG.  As choles te ro l  s tandards ,  sera ca l ibra ted  by  the  m e t h o d  of Abe l l  et  al. (1) were  
used.  

Tr ig lyeer ides  in s e r u m  were  d e t e r m i n e d  enzymat ica l ly ,  us ing  the  kit  0 ipase  
me thod)  supp l i ed  by  Boeh r inge r  M a n n h e i m  G m b H ,  FRG.  Glucose  was  assayed  in 
depro te in ized  s e r u m  by the  GOD-Per id  m e t h o d  (Boehr inger  M a n n h e i m  G m b H ,  
FRG).  

N o n p r o t e i n  n i t rogen  was d e t e r m i n e d  in t he  supe rna tan t  of t r ichlor ic  acet ic  acid  
t rea ted  s e r u m  as desc r ibed  by  Rizvi  and  J o s e p h s o n  (15). U r e a  was  ana lysed  by  the  
u rease -pheno l -hypoch lo r i c  acid  m e t h o d  (Boehr inger  M a n n h e i m  G m b H ,  FRG).  

The  d i f fe rence  b e t w e e n  nonp ro t e in  n i t rogen  and  urea  n i t rogen  was  a s s u m e d  to 
r ep re sen t  amino-ac id  ni t rogen.  

Choles te ro l  in the  diets  was  d e t e r m i n e d  by  gas- l iquid  c h r o m a t o g r a p h y  (14) of the  
non-saponi f iab le  fraction.  

R e s u l t s  

Feeding  cholesterol  to calves significantly elevated se rum cholesterol  
l e v e l s  (fig.  1). A f t e r  7.5 w e e k s ,  w h e n  a s t e a d y  s t a t e  w a s  e s t a b l i s h e d  (fig.  1), 
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  w a s  4.58 _+ 0.67 a n d  7.81 _+ 1.55 
m m o l f l  (+__ 1 S D )  f o r  t h e  c o n t r o l  a n d  c h o l e s t e r o l - f e d  c a l v e s ,  r e s p e c t i v e l y  (P  
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Fig. 1. 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  cho l e s t e ro l  in  con t ro l  (O) a n d  
cho les t e ro l - f ed  ( t )  vea l  calves .  B l o o d  s a m p l e s  w e r e  t a k e n  a t  10.00 a.m. (a) Signif i -  
can t ly  d i f f e r en t  f r o m  con t r o l  a n i m a l s  a t  t h e  P < 0.05 level .  

< 0 .025,  S t u d e n t ' s  t t e s t ) .  T h e s e  v a l u e s  w e r e  m e a s u r e d  i n  f a s t i n g  s e r u m ,  
b u t  a s  f i g u r e  2 s h o w s ,  a s i n g l e  i n t a k e  o f  a b o u t  11 g c h o l e s t e r o l  d i d  n o t  
c a u s e  f l u c t u a t i o n s  i n  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  t h e  s e r u m  
t h r o u g h o u t  t h e  d a y .  L i k e w i s e ,  t h e  c o n t r o l  c a l v e s  d i d  n o t  a p p e a r  t o  s h o w  a 
d i u r n a l  r h y t h m  i n  t h e  a b s o l u t e  l e v e l  o f  c h o l e s t e r o l  i n  s e r u m .  
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Fig. 2. D i u r n a l  p a t t e r n  of 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 vea l  
calves.  C o n t r o l  calves ,  O; cho les t e ro l - f ed  calves ,  0 .  B r o k e n  l ines  i n d i c a t e  t h e  t i m e  of 
feed ing .  S i g n i f i c a n t l y  d i f f e r en t  f r o m  c o n t r o l  a n i m a l s  ( S t u d e n t ' s  t tes t ) :  P < 0.05, a; P 
< 0.10, b. 
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Fig. 3. Diurna l  p a t t e r n  of t h e  c o n c e n t r a t i o n  of t r ig lycer ides  in  t h e  s e r u m  of veal  
calves.  F o r  e x p l a n a t i o n  of symbols ,  see  f igure  2. 

Cholesterol  feeding did no t  significantly affect g rowth  of the calves; at 
the end of the exper imenta l  period, body  weights  were  174.4 +__ 4.4 kg (+__ 1 
SD). 

Figure  3 illustrates that  no  clear effect of feeding on se rum tr iglyceride 
concent ra t ions  was observed.  Al though  the cholesterol-fed calves had 
significantly elevated tr iglyceride levels at some t imes dur ing  the day, no 
consis tent  pa t te rn  could be detected.  Cholesterol  feeding did no t  affect 
fasting tr iglyceride concent ra t ions  in the serum. Figure  3 suggests  a 
s teady increase in se rum tr iglycerides dur ing the day  in bo th  die tary 
g r o u p s .  
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Fig. 4. Diu rna l  p a t t e r n  of t he  c o n c e n t r a t i o n  of g lucose  in  t he  s e r u m  of veal  calves.  
F o r  e x p l a n a t i o n  of symbols ,  see  f igure  2. 
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Fig. 5. Diurnal  pat tern  of the concentrat ion of nonprote in  ni t rogen in the serum of 
veal  calves. For  explanat ion of symbols,  see figure 2. 

T h e r e  w a s  a p r o n o u n c e d  d i u r n a l  r h y t h m  in  t h e  c o n c e n t r a t i o n  of  g l u c o s e  
in  s e r u m .  A t r a n s i e n t  p o s t p r a n d i a l  i n c r e a s e  w a s  s e e n  (fig. 4), t h e  m a x i m u m  
i n c r e a s e  a t  a b o u t  2 h a f t e r  f e e d i n g  b e i n g  a p p r o x i m a t e l y  60 %. A l t h o u g h  
c h o l e s t e r o l  f e e d i n g  d i d  n o t  a f f ec t  f a s t i n g  g l u c o s e  l eve l s ,  t h e  p o s t p r a n d i a l  
i n c r e a s e  w a s  s i g n i f i c a n t l y  h i g h e r  in  t h e  c a l v e s  f e d  c h o l e s t e r o l  (fig. 4). T h i s  
p h e n o m e n o n  w a s  o b s e r v e d  a f t e r  f e e d i n g  in  t h e  m o r n i n g  as  w e l l  a s  a f t e r  
t h e  e v e n i n g  m e a l .  

T h e  l e v e l  of  n o n p r o t e i n  n i t r o g e n  in  t h e  s e r u m  of  t h e  c o n t r o l  c a l v e s  
d i s p l a y e d  a d i s t i n c t  p a t t e r n  d u r i n g  t h e  day ;  a n  i n c r e a s e  a t  a b o u t  2 h a f t e r  
f e e d i n g ,  w h i c h  h a d  d i s a p p e a r e d  b y  4 h a f t e r  f e e d i n g ,  f o l l o w e d  b y  a c o n -  
t i n u o u s  d e c r e a s e  u n t i l  a b o u t  10 h a f t e r  f e e d i n g ,  a n d  t h e n  a s l i g h t  r i s e  
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F ig .  6. D i u r n a l  p a t t e r n  of  t he  c o n c e n t r a t i o n  of  u rea  i n  t he  se rum of  vea l  calves.  F o r  
e x p l a n a t i o n  o f  symbo ls ,  see f i gu re  2. 
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Fig .  7. D i u r n a l  p a t t e r n  o f  t h e  c o n c e n t r a t i o n  o f  a m i n o  a c i d  n i t r o g e n  i n  t h e  s e r u m  of  
v e a l  c a l v e s .  F o r  e x p l a n a t i o n  o f  s y m b o l s ,  s e e  f i g u r e  2. 

before  f eed ing  t ime  (Fig. 5). Choles te ro l  f eed ing  d id  no t  i n f luence  nonp r o -  
te in  n i t rogen  leve ls  in  s e r u m  o b t a i n e d  jus t  before  feeding,  bu t  i t  s e e m e d  to 
p r e v e n t  the  dec rea se  b e t w e e n  4 a n d  10 h af te r  f e e d i ng  (fig. 5). 

The  d iu rna l  p a t t e r n  of t he  s e r u m  urea  leve l  is g iven  in  f igure  6. Af te r  
f eed ing  in the  morn ing ,  an  inc rease  in s e r u m  urea  was  o b s e r v e d  in  the  
con t ro l  g roup  a n d  a d e c r e a s e  in  the  cho les te ro l - fed  ca lves  (fig. 6). However ,  
th is  o b s e r v a t i o n  shou ld  be  i n t e r p r e t e d  wi th  caut ion,  s ince  th is  d i f f e rence  
b e t w e e n  the  d i e t a ry  g roups  was  no t  seen  af te r  f eed ing  at  8.00 p.m. Choles-  
terol  in  the  d ie t  of the  ca lves  d id  no t  affect  u rea  leve ls  in  fas t ing  se rum.  

F i g u r e  7 shows  the  levels  of a m i n o  ac id  n i t r o g e n  in the  s e r u m  of vea l  
ca lves  d u r i n g  a 24-h per iod .  A m i n o  ac id  n i t rogen  va lues  were  f o u n d  b y  
ca l cu la t ing  the  d i f fe rence  b e t w e e n  n o n p r o t e i n  n i t r o g e n  a n d  u rea  n i t rogen.  
Af te r  f eed ing  in the  morn ing ,  s ign i f i can t ly  h ighe r  leve ls  of a m i n o  ac id  
n i t rogen  were  m e a s u r e d  in  the  cho les te ro l - fed  ca lves  w h e n  c o m p a r e d  w i t h  
the  con t ro l  an imals .  This  d i f fe rence  was  no t  o b s e r v e d  af ter  f eed ing  in  the  
evening .  

D i s c u s s i o n  

In  a g r e e m e n t  wi th  p rev ious  s tudies ,  we have  s h o w n  tha t  vea l  ca lves  fed 
l iqu id  d ie t s  s u p p l e m e n t e d  w i t h  cho les t e ro l  b e c o m e  h y p e r c h o l e s t e r o l e m i c .  
When  fed a d ie t  con t a in ing  1% (on the  bas i s  of d ry  mat te r )  choles te ro l ,  the  
new h y p e r c h o l e s t e r o l e m i c  s t e a d y  s ta te  was  a c h i e v e d  a f te r  a b o u t  5 w e e k s  
(fig. 1). In  th is  s t eady- s t a t e  cond i t ion ,  the  i n t ake  of a b o u t  11 g of cho les te ro l  
w i th  a s ingle  mea l  d id  not  affect  the  p o s t p r a n d i a l  level  of to ta l  cho les te ro l  
in  the  s e r u m  (fig. 2). S ince  cho les t e ro l  a b s o r p t i o n  in  n o n r u m i n a n t  ca lves  
on  h igh  fat d ie ts  is a ve ry  ef f ic ient  p rocess  (20), th is  po in t s  to a weU- 
b a l a n c e d  c o o r d i n a t e d  con t ro l  of syn thes i s ,  a b s o r p t i o n  and  e x c r e t i o n  of 
choles terol .  

An  in t e r e s t i ng  o b s e r v a t i o n  in  the  p r e s e n t  s t u d y  was  the  s t e a d y  inc rea se  
in t he  leve l  of s e r u m  t r i g lyce r ides  du r ing  the  d a y  (fig. 3). This  was  p o s s i b l y  
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r e l a t e d  to  s t r e s s  of  t h e  ca lves ,  i n d u c e d  b y  t h e  s a m p l i n g  of b l o o d  a n d  
p r e s e n c e  of  t h e  i n v e s t i g a t o r s .  S t r e s s  w i l l  a c t i v a t e  a d i p o s e  t i s s u e  l i p o l y s i s  
t h r o u g h  e l e v a t e d  p l a s m a  l e v e l s  of  a d r e n a l i n  a n d  g l u c a g o n ,  w h i c h  wi l l  
r e s u l t  in  i n c r e a s e d  c o n c e n t r a t i o n s  of  f r ee  f a t t y  a c i d s  in  t h e  c i r c u l a t i o n .  
A l t h o u g h  s t r e s s  h o r m o n e s  i n h i b i t  f a t t y  a c i d  e s t e r i f i c a t i o n  in  t h e  l i v e r  (5), 
h i g h  l e v e l s  of  f r ee  f a t t y  a c i d s  m a y  o v e r r i d e  t h i s  i n h i b i t o r y  a c t i o n  of  t h e  
h o r m o n e s  a n d  c a u s e  a n  e n h a n c e d  o u t p u t  of  t r i g l y c e r i d e s  b y  t h e  l i v e r  (7). 

F i g u r e s  6 a n d  7, a t  l e a s t  t h e  v a l u e s  m e a s u r e d  b e t w e e n  8.00 a .m.  a n d  8.00 
p .m. ,  s u g g e s t  t h a t  p r o t e i n  m e t a b o l i s m  is a l t e r e d  in  c h o l e s t e r o l - f e d  ca lves .  
D i e t a r y  c h o l e s t e r o l  s e e m s  to  l o w e r  u r e a  l e v e l s  a n d  to  i n c r e a s e  a m i n o  a c i d  
n i t r o g e n  l eve l s .  T h i s  w o u l d  i n d i c a t e  t h a t  in  v e a l  c a l v e s  f ed  c h o l e s t e r o l ,  
a m i n o  a c i d  a b s o r p t i o n  is  e n h a n c e d  a n d / o r  t h a t  a m i n o  a c i d  r e m o v a l  f r o m  
t h e  b l o o d  is d e p r e s s e d .  T h e  l a t t e r  p o s s i b i l i t y  is  a t t r a c t i v e  s i n c e  u r e a  l e v e l s  
in  t h e  s e r u m  a r e  l o w e r e d  b y  c h o l e s t e r o l  in  t h e  d ie t ,  w h i c h  s u g g e s t s  t h a t  
a m i n o  a c i d  b r e a k d o w n  is  i n h i b i t e d  in  h y p e r c h o l e s t e r o l e m i c  ca lves .  So  far ,  
w e  c a n  o n l y  s p e c u l a t e  o n  t h i s  p o i n t ,  a n d  i t  s h o u l d  b e  e m p h a s i z e d  t h a t  t h e  
p o s t p r a n d i a l  p a t t e r n s  of  s e r u m  u r e a  a n d  a m i n o  a c i d  n i t r o g e n  o b s e r v e d  in  
t h e  i n t e r v a l  8.00 a .m.  to  8.00 p .m.  w e r e  n o t  s e e n  a f t e r  f e e d i n g  a t  8.00 p .m.  

A c o n v i n c i n g  o b s e r v a t i o n  in  t h e  p r e s e n t  w o r k  w a s  t h a t  c h o l e s t e r o l - f e d  
c a l v e s  h a d  s i g n i f i c a n t l y  h i g h e r  p o s t p r a n d i a l  g l u c o s e  l e v e l s  (fig. 4), i n d i c a t -  
i ng  a n  i m p a i r e d  g l u c o s e  t o l e r a n c e .  I n  a n o t h e r  e x p e r i m e n t  w e  h a v e  s h o w n  
t h a t  g l u c o s e  a d m i n i s t e r e d  i n t r a v e n o u s l y  w a s  r e m o v e d  m o r e  s l o w l y  b y  
c h o l e s t e r o l - f e d  c a l v e s  t h a n  b y  c o n t r o l  a n i m a l s  (2). T h i s  s u g g e s t s  t h a t  t h e  
i m p a i r e d  g l u c o s e  t o l e r a n c e  in  c h o l e s t e r o l - f e d  c a l v e s  is  d u e  to  a d e c r e a s e d  
c l e a r a n c e  of  b l o o d  g l u c o s e  r a t h e r  t h a n  a n  i n c r e a s e d  i n t e s t i n a l  a b s o r p t i o n .  

S t u d i e s  of  h i g h  c a r b o h y d r a t e  d i e t s  in  a d u l t - t y p e  d i a b e t i c s  h a v e  s h o w n  
i m p r o v e m e n t  of  g l u c o s e  t o l e r a n c e ,  w h i c h  w a s  a s s o c i a t e d  w i t h  a d e c r e a s e  
in  s e r u m  c h o l e s t e r o l  l e v e l s  (3, 11, 18). H o u t s m u U e r  a n d  c o l l e a g u e s  (8) h a v e  
r e c e n t l y  d e m o n s t r a t e d  t h a t  a l i n o l e i c  a c i d - r i c h  d i e t  i m p r o v e d  g l u c o s e  
t o l e r a n c e  in  d i a b e t i c  w o m e n ,  b u t  n o t  in  m e n .  I n  t h e  w o m e n ,  u n l i k e  t h e  
m e n ,  s e r u m  c h o l e s t e r o l  w a s  s i g n i f i c a n t l y  l o w e r e d  u p o n  d i e t a r y  t r e a t m e n t  
(8). T h e s e  s t u d i e s  in  m a n  s u p p o r t  o u r  o b s e r v a t i o n s  in  ca lves ,  n a m e l y  t h a t  
g l u c o s e  t o l e r a n c e  d e c r e a s e s  w i t h  i n c r e a s e d  s e r u m  c h o l e s t e r o l  l eve l s .  P o s -  
s ib ly ,  h i g h  c o n c e n t r a t i o n s  of  s e r u m  c h o l e s t e r o l  i n d u c e  a n  i n c r e a s e d  
c h o l e s t e r o l - p h o s p h o l i p i d  r a t i o  of  m e m b r a n e s ,  a s  h a s  b e e n  s h o w n  in  
c h o l e s t e r o l - f e d  g u i n e a  p i g s  (17), w h i c h  in  t u r n  m a y  r e s u l t  in  a d i m i n i s h e d  
s e n s i t i v i t y  to  i n s u l i n  a n d / o r  i m p a i r e d  g l u c o s e  t r a n s p o r t  a c r o s s  m e m -  
b r a n e s .  

I n  c o n c l u s i o n ,  t h e  p r e s e n t  s t u d y  h a s  s h o w n  t h a t  d i e t a r y  c h o l e s t e r o l  m a y  
a f f ec t  t h e  d y n a m i c s  of  p r o t e i n  a n d  g l u c o s e  m e t a b o l i s m  in  v e a l  ca lves .  I t  is  
s u g g e s t e d  t h a t  h y p e r c h o l e s t e r o l e m i a  c a u s e s  d e t e r i o r a t i o n  of  g l u c o s e  to l e r -  
a n c e ,  a n  e f f ec t  t h a t  m a y  a l so  o c c u r  in  m a n .  T h i s  w o u l d  e x p l a i n  t h e  f ac t  t h a t  
t h e  r i s k  f a c t o r s  in  t h e  d e v e l o p m e n t  of  c o r o n a r y  h e a r t  d i s e a s e ,  e l e v a t e d  
s e r u m  c h o l e s t e r o l  l e v e l s  a n d  i m p a i r e d  g l u c o s e  t o l e r a n c e ,  a r e  g e n e r a l l y  
s t r o n g l y  a s s o c i a t e d .  T h i s  s t u d y  m a y  c o n t r i b u t e  to  u n r a v e l  t h e  c a u s e - a n d -  
e f f ec t  r e l a t i o n s h i p  b e t w e e n  b o t h  r i s k  f a c t o r s  for  a t h e r o s c l e r o t i c  d i s e a s e .  
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