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Summary 

H y p e r c h o l e s t e r o l a e m i a  was  i n d u c e d  in r abb i t s  by  f eed ing  s emipu r i f i ed  d ie ts  
con ta in ing  soy p ro t e in  p lus  cho les te ro l  (0.8 g/kg) or case in  for four  weeks .  Subse -  
quen t ly  for a pe r iod  of six weeks ,  s o m e  of t he  r abb i t s  were  t r ans f e r r ed  to d ie ts  
con ta in ing  soy  p ro t e in  whi le  o the r s  c o n t i n u e d  to receive  the  h y p e r c h o l e s t e r o l a e m i c  
diets to w h i c h  was  a d d e d  a m i x t u r e  of a m i n o  ac ids  (g/kg feed; glycine,  3.9; arginine ,  
6.9 a n d  alanine,  1.6). S u c h  add i t i ons  i n c r e a s e d  the  c o n c e n t r a t i o n  of t h e s e  a m i n o  
acids in t he  case in  d ie t  to t ha t  in t h e  h y p o c h o l e s t e r o l a e m i c  soy p ro t e in  diet.  

The cho les t e ro l  levels  in t h e  s e r u m  of the  r abb i t s  t r ans f e r r ed  to t he  soy p ro t e in  
diets  d e c h n e d  rapidly,  b e c o m i n g  s igni f icant ly  d i f fe ren t  f rom an imal s  r e m a i n i n g  on 
the  h y p e r c h o l e s t e r o l a e m i c  d ie ts  af ter  only  th ree  days.  S e r u m  cho les te ro l  levels  
c o m p a r a b l e  to  t h o s e  in r abb i t s  fed  soy p ro t e in  t h r o u g h o u t  the  en t i re  e x p e r i m e n t  
were  r e a c h e d  af ter  abou t  two  weeks .  The  add i t i on  of the  amino  ac ids  t e n d e d  to 
r educe  the  c o n c e n t r a t i o n  of cho les te ro l  in t he  s e r u m  of t he  r abb i t s  m a d e  hyper -  
cho le s t e ro l aemic  by  f eed ing  the  d ie ts  con ta in ing  e i the r  case in  or choles tero l .  How-  
ever, the  e f fec t  r e a c h e d  s ign i f icance  only  wi th  t he  d ie t  con ta in ing  case in  to w h i c h  
amino  ac ids  w e r e  a d d e d  a n d  t h e n  only  at one  t ime  point .  

Six w e e k s  af ter  the  cho les te ro l - fed  an ima l s  w e r e  t r ans f e r r ed  to t he  choles tero l -  
free soy p ro t e in  d ie t  or to  t he  d ie t  c o n t a i n i n g  the  add i t iona l  amino  acids ,  apo  E 
d i s a p p e a r e d  f rom the  IDL 1 (1 .006<d<  1.012 g/ml) and  IDL 2 ( 1 . 0 1 2 < d <  1.019 g/ml) 
fractions,  b u t  no t  f rom the  V L D L  fract ion.  B o t h  wi th  the  cho les te ro l - f ree  soy 
p ro te in  die t  and  the  cho les te ro l  d ie t  for t i f ied wi th  a m i n o  acids ,  cho les t e ro l  in t he  
V L D L  frac t ion  was  r e d u c e d  to va lues  s een  in an imal s  fed  the  soy p ro t e in  d ie t  
t h r o u g h o u t  the  en t i re  e x p e r i m e n t a l  per iod.  The  a m o u n t  of cho les te ro l  in t he  IDL 
and  L D L  f rac t ions  w a s  d e c r e a s e d  only  in t he  soy p ro t e in  group.  

R e p l a c e m e n t  of case in  by  soy prote in ,  or t he  add i t ion  of a m i n o  acids  to  the  case in  
diet  d id  no t  i n d u c e  the  d i s a p p e a r a n c e  of apo E f rom the  IDL or  V L D L  fract ions.  
Only the  soy p ro t e in  d ie t  l owered  the  a m o u n t  of cho les te ro l  in t he  V L D L  and  L D L  
fract ions apprec iab ly .  

It is c o n c l u d e d  tha t  t he  a m o u n t  of apo E p r e s e n t  in b o t h  IDL and  V L D L  does  no t  
invariably cor re la te  w i th  the  level  of s e r u m  cho les te ro l  in rabbi ts .  This  s t u d y  also 
indica tes  tha t  the  h y p e r c h o l e s t e r o l a e m i c  na tu re  of case in  r e s ides  only  part ial ly in 
the  fact  t ha t  it con ta ins  re la t ively  low p r o p o r t i o n s  of glycine,  a lan ine  and  a rg in ine  
c o m p a r e d  wi th  soy prote in .  

gusammenfassung 

In der  v o r l i e g e n d e n  Arbe i t  w u r d e  bei  K a n i n c h e n  e ine  H y p e r e h o l e s t e r i n ~ m i e  
erzeugt ,  i n d e m  ha lbge re in ig t e  Dfiiten fftr 4 W o c h e n  ve rab re i ch t  w u r d e n ,  die  en t w c -  
der  SojaeiweiB § Cho le s t e r in  (0,8 g/kg) ode r  Kas e i n  en th ie l t en .  A n s c h l i e B e n d  
w u r d e n  fo lgende  U n t e r g r u p p e n  gebi lde t :  Ein  Tell de r  K a n i n c h e n  b e k a m  w e i t e r h i n  
die Ausgangsd i~ ten ,  w ~ h r e n d  jewei ls  zwei  we i t e r e  G r u p p e n  e ine  Zulage  de r  Ami-  

788 



86 Zeitsehris fi~r Ern~hrungswissenschaft, Band 22, Heft  2 (1983) 

nos~uren Alanin, Arginin und Glycin bekamen, bzw. eine halbgereinigte Digit mit  
Sojaisolat als Proteintr~ger erhielten. Der zweite Tell der Versuchsperiode umfafSte 
einen Zeitraum yon 6 Wochen. 

Bereits 3 Tage nachdem die Tiere yon der hypercholesterin~mischen Digit auf die 
Sojadi~it umgestell t  waren, hatten sie einen signifikant niedrigen Cholesterinspie- 
gel im Serum. Die Werte der Kontrolltiere, die w~hrend der gesamten Versuchspe- 
riode eine Sojadi~it erhielten, wurden zwei Wochen naeh der Umstel lung erreicht. 
Die Zulage der Aminos~urenmischung zur Kasein- sowie zur Cholesterindi~it hatte 
in beiden F~illen nur in der Tendenz einen hypocholesterin~mischen Effekt. 

Nach sechs Wochen der hypocholesterin~mischen Perlode war in der IDL 1- 
Fraktion (1,006<d< 1,012 g/ml) und in der IDL2-Fraktion (1,012<d< 1,019 g/ml) der 
Gruppe, die in der ersten Periode Sojaisolat + Cholesterin und in der zweiten 
Periode Sojaisolat bekam, Apo E elektrophoretisch kaum nachweisbar. In tier 
VLDL-Fraktion (d < 1,006 g/ml) hingegen war Apo E nicht sichtbar yon der Chole- 
steringruppe verschieden. Dasselbe gilt fiir die Gruppe, die eine Zulage der Amino- 
s~iurenmischung erhalten hatte. In beiden Gruppen war jedoch der Cholesteringe- 
halt der VLDL-Fraktion auf Konzentrat ionen gesunken, wie sie auch die Soja- 
Kontrollgruppe aufwies. Die Cholesterinkonzentration in den IDL- und LDL- 
Fraktionen war nur in der Sojagruppe gesunken. 

Der Ersatz yon Kasein durch Sojaisolat oder die Zulage einer Mischung der 
genannten Aminosiiuren zum Kasein hatte nicht zur Wirkung, dab Apo E wesent- 
lich in den Fraktionen VLDL und IDL zurClckgebildet wurde, obwohl in der VLDL- 
und LDL-Fraktion die Cholesterinkonzentration der Gruppe, die Soja nach Kasein 
bekam, reduziert war. 

Aus den Ergebnissen wurde die SchluBfolgerung gezogen, da]3 der Gehalt an Apo 
E und die Konzentration des Cholesterin in den Lipoproteinen sehr geringer Dichte 
(VLDL) und mittlerer Dichte (IDL) nicht vollst~ndig voneinander  abhfingig sind, 
wie frfihere Untersuchungen (28) h~tten erwarten lassen. Die Ergebnisse zeigen 
weiterhin, dab die Zulage der Aminos~iuren Alanin, Arginin und Glycin zu Kasein 
in diesen Mengen und in dem hier beschriebenen Zeitraum nur in der Tendenz, 
nicht aber statistisch gesichert zur Senkung des Cholesteringehalts fi~hrt. 

K e y  words: dietary protein, dietary cholesterol, rabbits, serum cholesterol, serum 
lipoproteins, apoproteins 

I n t r o d u c t i o n  

I t  is w e l l  k n o w n  t h a t  h y p e r c h o l e s t e r o l a e m i a  a n d  a t h e r o s c l e r o s i s  in 
r a b b i t s  c a n  be  p r o d u c e d  eas i ly  by  c h o l e s t e r o l  as w e l l  as c a s e i n  in t h e  diet .  
I n  c o n t r a s t  to  case in ,  soy  p r o t e i n  g i v e s  l o w  l eve l s  of  s e r u m  c h o l e s t e r o l  (6, 
11, 19, 32). E a r l i e r  s t u d i e s  f r o m  th i s  l a b o r a t o r y  h a v e  s h o w n ,  t h a t  case in -  
a n d  c h o l e s t e r o l - i n d u c e d  h y p e r c h o l e s t e r o l a e m i a s  d e v e l o p  in a s im i l a r  way :  
t h e r e  is f i r s t  a m a r k e d  i n c r e a s e  of  c h o l e s t e r o l  in  t h e  L D L  1 (1.019 < d < 1.040 
g /ml )  a n d  l a t e r  in  t h e  V L D L  f r a c t i o n  ( d < l . 0 0 6  g /ml)  w i t h  c o n s i d e r a b l e  
a m o u n t s  of  a p o p r o t e i n  E in  f r a c t i o n s  w i t h  d <  1.019 g / m l  (28). 

T h e  h y p o c h o l e s t e r o l a e m i c  e f f e c t  of soy  p r o t e i n  can  be  e x p l a i n e d  p a r t l y  
o n  t h e  bas i s  of  its a m i n o  a c i d  c o m p o s i t i o n .  S e v e r a l  s t ud i e s  h a v e  b e e n  d o n e  
to  i n v e s t i g a t e  t h e  e f f e c t  of  d i f f e r e n t  p r o t e i n s  (9, 11, 33, 35) a n d  a m i n o  ac id s  
o r  a m i n o  a c i d  c o m b i n a t i o n s  (12, 14, 15). I n v e s t i g a t i o n s  h a v e  d e m o n s t r a t e d  
t h a t  t h e  a d d i t i o n  of  t h o s e  a m i n o  ac id s  w h i c h  are  p o o r l y  r e p r e s e n t e d  in  
c a s e i n  w h e n  c o m p a r e d  w i t h  soy  p r o t e i n ,  n a m e l y  a l an ine ,  a r g i n i n e  a n d  
g lyc ine ,  l o w e r  t h e  s e r u m  c h o l e s t e r o l  l e v e l  (12). H o w e v e r ,  i t  is n o t  c l ea r  
w h e t h e r  t h e  a m i n o  a c i d s  a re  e f f e c t i v e  b y  c o r r e c t i n g  an  a m i n o  a c i d  i m b a l -  
a n c e  or  if  t h e y  h a v e  a c h o l e s t e r o l - l o w e r i n g  e f f ec t  p e r  se. 
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T h e  m a i n  o b j e c t  of  t h i s  i n v e s t i g a t i o n  w a s  t o  e x a m i n e  t h e  r e g r e s s i o n  o f  
h y p e r c h o l e s t e r o l a e m i a  w h e n  c a s e i n  a n d  c h o l e s t e r o l - i n d u c e d  h y p e r c h o l e s -  
t e r o l a e m i c  r a b b i t s  a r e  t r a n s f e r r e d  t o  a n o r m o c h o l e s t e r o l a e m i c  d i e t  c o n -  
t a i n i n g  s o y  p r o t e i n .  I n  a d d i t i o n ,  t h e  e f f e c t  o n  s e r u m  c h o l e s t e r o l  c o n c e n t r a -  
t i o n  o f  t r a n s f e r r i n g  r a b b i t s  o n  t h e  h y p e r c h o l e s t e r o l a e m i c  d i e t s  t o  s i m i l a r  
d i e t s  f o r t i f i e d  w i t h  a m i x t u r e  o f  a l a n i n e ,  a r g i n i n e  a n d  g l y c i n e  w a s  s t u d i e d .  
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  o f  s i x  w e e k s ,  c h o l e s t e r o l  i n  t h e  
l i p o p r o t e i n  f r a c t i o n s  w a s  d e t e r m i n e d  a n d  a q u a l i t a t i v e  e x a m i n a t i o n  o f  
a p o p r o t e i n  E i n  t h e  l i p o p r o t e i n s  w i t h  d e n s i t y  < 1.040 g / m l  w a s  a l s o  m a d e .  

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

AnimaI s  and diets 

In  th i s  e x p e r i m e n t ,  m a l e  r a b b i t s  of t h e  N e w  Z e a l a n d  Whi te  s t r a i n  w e r e  used .  T h e  
a n i m a l s  w e r e  k e p t  i n d i v i d u a l l y  in  cages  w i t h  w i r e  m e s h  b a s e s  c o n s t r u c t e d  of 
g a l v a n i z e d  s teel  in  a r o o m  w i t h  c o n t r o l l e d  l i g h t i n g  (14 h/day) ,  c o n s t a n t  t e m p e r a t u r e  
(18~ a n d  h u m i d i t y .  On  a r r iva l  in  t h e  a n i m a l  house ,  t he  r abb i t s ,  w h i c h  were  aged  
a b o u t  9 weeks ,  w e r e  m a i n t a i n e d  o n  c o m m e r c i a l  r a b b i t  pe l l e t s  (T rouw a n d  Co. N.V., 
3881 L B  P u t t e n ,  T h e  N e t h e r l a n d s )  for  2 weeks .  S u b s e q u e n t l y  85 a n i m a l s  w e r e  k e p t  
o n  a s e m i s y n t h e t i e  d ie t  c o n t a i n i n g  soy p r o t e i n  for  2 weeks .  At  t h e  e n d  of t h i s  p e r i o d  
t h e  a n i m a l s  w e r e  a l loca t ed  to 3 d i e t a r y  g r o u p s  b a s e d  o n  t h e i r  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 s  a n d  b o d y  w e i g h t s  w h i c h  w e r e  a b o u t  700 g. T h e s e  g r o u p s  w e r e  fed  
s e m i p u r i f i e d  d ie ts  c o n t a i n i n g  e i t h e r  soy  p r o t e i n  w i t h  or  w i t h o u t  a d d e d  c h o l e s t e r o l  
or  case in .  T h e  r a b b i t s  of t h e  g r o u p s  w h i c h  r ece ived  cho l e s t e ro l  or  ca se in  d e v e l o p e d  
a h y p e r e h o l e s t e r o l a e m i a  d u r i n g  t h e  p r e - e x p e r i m e n t a l  p e r i o d  of 4 weeks ;  t h e s e  
a n i m a l s  w e r e  r ea l l oea t ed  to g r o u p s  o n  t he  bas i s  of t h e i r  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 s  a n d  b o d y  w e i g h t s  as  i l l u s t r a t ed  in  f igure  1. At  th i s  s tage  (week  8) e a c h  of t h e  
6 g r o u p s  c o n s i s t e d  of 10 an imal s .  T h e  e x p e r i m e n t a l  p e r i o d  c o n t i n u e d  for  a f u r t h e r  6 
weeks .  T h r o u g h o u t  t h e  e x p e r i m e n t ,  a con t r o l  g r o u p  of 7 a n i m a l s  was  m a i n t a i n e d  on  
t h e  d ie t  c o n t a i n i n g  soy  p ro te in .  

T h e  s e m i p u r i f i e d  d ie t s  c o n t a i n e d  e i t h e r  ca se in  (acid casein ,  D M V  BV, 5466 B A  
Veghe l ,  T h e  N e t h e r l a n d s )  or  soy  i so la te  (Promosoy-100 ,  C h e m u r g y  Div i s ion ,  Cen-  
t ra l  Soy  C o m p a n y  Inc.,  Chicago ,  Ill. 60639/U.S.A.) as  a p r o t e i n  source .  T h e  compos i -  
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Fig. i.  E x p e r i m e n t a l  des ign .  P r e - e x p e r i m e n t a l  per iod :  4-8 weeks ;  e x p e r i m e n t a l  
pe r iod :  8-14 weeks .  
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t i o n  of t he  s e m i p u r i f i e d  d ie t s  w as  as fo l lows  (g/kg feed):  case in ,  210 (or soy  isolate,  
208 a n d  m e t h i o n i n e ,  2); ma ize  s ta rch ,  170; dex t rose ,  210; s a w d u s t ,  178 (in t he  soy  
p r o t e i n  diets ,  180); c o c o n u t  fat,  90; s o y b e a n  oil, 10; mo las ses ,  50; d i c a l c i u m  phos -  
pha te ,  29; s o d i u m  chlor ide ,  8 (in t h e  soy  p r o t e i n  diets ,  6); m a g n e s i u m  ca rbona t e ,  3; 
m a g n e s i u m  oxide,  2; p o t a s s i u m  b i c a r b o n a t e ,  18; v i t a m i n  p r e m i x ,  12; m i n e r a l  pre-  
mix,  10. The  c o m p o s i t i o n  of t he  v i t a m i n  a n d  m i n e r a l  p r e m i x e s  ha s  b e e n  d e s c r i b e d  
(37). T h e  0.08 % c h o l e s t e r o l  in  t h e  soy p r o t e i n  d ie t  c o n t a i n i n g  c h o l e s t e r o l  was  a d d e d  
at  t h e  e x p e n s e  of s a w d u s t .  T h e  d ie t  c o n t a i n i n g  case in  a n d  a d d i t i o n a l  a m i n o  ac ids  (g/ 
kg  feed:  g lyc ine ,  3.9; a rg in ine ,  6.9 a n d  a l an ine ,  1.6) r e f e r r ed  to  as Cas -CasAA (fig. 1) 
c o n t a i n e d  t h e  s a m e  c o n c e n t r a t i o n  of t h e s e  a m i n o  ac ids  as t h e  soy  p r o t e i n  d ie t  (Soy). 
T h e  s a m e  a m o u n t  of t h e s e  a m i n o  ac ids  w e r e  a d d e d  to t he  c h o l e s t e r o l - s u p p l e m e n t e d  
soy p r o t e i n  d ie t  (SoyChol) .  Th i s  d ie t  is r e f e r r ed  to as SoyCho l -SoyCho lAA.  T h u s  
S o y C h o l - S o y C h o l A A  c o n t a i n s  m o r e  of t h e s e  a m i n o  ac ids  t h a n  n o t  on ly  case in ,  b u t  
a lso t h e  o t h e r  soy  p r o t e i n  diets .  

F o o d  was  p r o v i d e d  e a c h  day  at  9.00 a.m. o n  a r e s t r i c t e d  basis ,  t h e  r a b b i t s  o n  t h e  
s e m i p u r i f i e d  d ie t s  r e c e i v i n g  70 g/day,  w h i c h  is e q u i v a l e n t  to  1.02 M J /day .  Mos t  
r a b b i t s  c o n s u m e d  all  t h e i r  food  w i t h i n  4 h. Wa te r  w a s  p r o v i d e d  ad  l i b i t um .  

S a m p l i n g  o1" b l o o d  a n d  ana ly t i ca l  m e t h o d s  

On days  1, 3, 7, 15, 29, 42 of t h e  e x p e r i m e n t a l  per iod ,  w h i c h  b e g a n  a t  w e e k  8 (fig. 1), 
s a m p l e s  of b l o o d  w e r e  t a k e n  f rom t he  m a r g i n a l  ea r  ve in  of t he  r a b b i t s  b e t w e e n  8.00 
a.m. a n d  10.00 a.m. a f t e r  t h e  r e m o v a l  of a n y  r e m a i n i n g  food  at  4.00 p .m.  t h e  p r e v i o u s  
day.  Cho le s t e ro l  in  s e r u m  w as  m e a s u r e d  e n z y m a t i c a l l y  (25) u s i n g  t h e  k i t  (ea ta lase  
m e t h o d )  s u p p l i e d  b y  B o e h r i n g e r  M a n n h e i m  G m b H ,  Wes t  G e r m a n y .  As  cho l e s t e ro l  
s t a n d a r d s ,  t h r e e  c a l i b r a t e d  sera  w i t h  low, m e d i u m  a n d  h i g h  c h o l e s t e r o l  c o n c e n t r a -  
t i ons  w e r e  used ;  t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  of t h e s e  se re  was  d e t e r m i n e d  b y  t h e  
m e t h o d  of A b e l l  e t  el, (1), 

Fo r  s e p a r a t i n g  l i p o p r o t e i n s  b y  u l t r a c e n t r i f u g a t i o n ,  t h e  m e t h o d  of T e r p s t r a  et  al. 
(34) was  used .  S a m p l e s  of s e r u m  f r o m  e a c h  of t he  e x p e r i m e n t a l  g r o u p s  was  poo led ,  
a n d  t he  fo l lowing  7 d e n s i t y  c lasses  (g/ml) w e r e  isola ted,  u s i n g  a n  SW-41 ro to r  
( B e c k m a n  Inc.,  Pa lo  Alto,  C A  94304, U.S.A.): V L D L  (d<1.006) ;  IDL1 
( 1 . 0 0 6 < d <  1.012); I D L  2 (1.012 < d  <1.019); L D L  1 ( 1 . 0 1 9 < d <  1.040); L D L  2 
(1.040 < d < 1.063); H D L  1 (1.063 < d < 1.125); a n d  H D L  2 (1.125 < d < 1.21). P r o t e i n  in  t h e  
l i p o p r o t e i n  f r ac t ions  was  e s t i m a t e d  b y  t h e  m e t h o d  of L o w r y  e t  al. (21) as m o d i f i e d  
b y  M a r k w e l l  e t  al. (22), a n d  cho l e s t e r o l  as  d e s c r i b e d  above .  

T h e  a p o p r o t e i n  c o m p o s i t i o n  of t h e  l i p o p r o t e i n  f r ac t i ons  was  e x a m i n e d  b y  SDS-  
p o l y a c r y l a m i d e  gel  e l ec t rophores i s .  Af te r  u l t r a c e n t r i f u g a t i o n  t he  f r ac t ions  w e r e  
d ia lyzed  at  4 ~ e x h a u s t i v e l y  a g a i n s t  a so lu t i on  c o n t a i n i n g  5 m M  Tris-HC1 (pH 7.4), 
150 m M  NaC1 a n d  0.27 m M  EDTA.  Af t e r  d ia lys i s  t h e  l i p o p r o t e i n  f r ac t i ons  w e r e  
f reeze-dr ied  a n d  s u b s e q u e n t l y  d e l i p i d a t e d  b y  e t h e r / e t h a n o l  t r e a t m e n t  (27). The  
d e l i p i d a t e d  l i p o p r o t e i n s  w e r e  d i s so lved  in  2 % S D S  (w/v) a n d  t h e  p r o t e i n  c o n c e n t r a -  
t i on  e s t i m a t e d  as d e s c r i b e d  above .  A l i q u o t s  of t he  a p o p r o t e i n  m i x t u r e s  w e r e  bo i l ed  
for  1 r a in  in  a s o l u t i o n  of 6.7 % (v/v) g lycerol ,  3.3 m M  d i th io th re i to l ,  1.5 % S D S  a n d  
0.015 % b r o m o p h e n o l  blue.  A l i q u o t s  ( c o n t a i n i n g  10 ~tg p ro t e in )  w e r e  s u b j e c t e d  to 
S D S - p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  (31) u s i n g  a 2.4% s t a c k i n g  a n d  a 10 % 
s e p a r a t i n g  gel. Af te r  e l e c t r o p h o r e s i s  t h e  gels  we re  s t a i n e d  in  a so lu t i on  of 0.26 % 
C o o m a s s i e  b r i l l i an t  b l u e  G250 in  50 % (v/v) m e t h a n o l  a n d  10 % ace t ic  ac id  a n d  
d e s t a i n e d  in  a m i x t u r e  of 10 % m e t h a n o l  a n d  10 % ace t ic  acid.  S u b s e q u e n t l y ,  t he  
gels  w e r e  p h o t o g r a p h e d .  E s t i m a t i o n  of a p o p r o t e i n  c o n t e n t  in  t h e  d i f f e r en t  f r ac t i ons  
was  d o n e  s e m i q u a n t i t a t i v e l y  by  v i sua l iza t ion .  T he  m o l e c u l a r  w e i g h t  of t h e  apop ro -  
t e in s  was  e s t i m a t e d  b y  the  use  of s t a n d a r d  p r o t e i n s  of k n o w n  m o l e c u l a r  w e i g h t  
o b t a i n e d  f r o m  Sigma,  n a m e l y  t r a n s f e r r i n  (M~ 80,000), a l b u m i n  (M~. 68,000), v -g lobu l in  
(M r 54,000; M r 23,000) a n d  o v a l b u m i n  (M r 43,000). 
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R e s u l t s  

Body weight 

At the  end  of the  p r e - e x p e r i m e n t a I  p e r i o d  (week 8, fig. I), the  b o d y  
we igh t s  of the  r abb i t s  e x p r e s s e d  as m e a n s  _ S. E. were  2334 +_ 52.0, 2277 +_ 
60.8, and  2282 _+ 87.0 g on the  casein,  soy p ro te in  + choles te ro l ,  and  soy- 
p ro t e in  diets ,  r espec t ive ly .  These  va lues  were  no t  s ta t i s t i ca l ly  different .  
The  b o d y  we igh t s  a t  the  end  of t he  e x p e r i m e n t  r a n g e d  f rom 2863 +- 52.8 to 
3026 +_ 53.4 g. The  b o d y  we igh t  gains  were  no t  s ta t i s t ica l ly  d i f fe ren t  wi th  
the  e x c e p t i o n  of the  g r o u p s  Cas -Soy  and  SoyChol -SoyChol .  Bo th  g r o u p s  
h a d  a 16 % h ighe r  bocly w e i g h t  ga in  d u r i n g  the  e x p e r i m e n t a l  pe r iod  
(P<0.05  and  P<0 .01 ,  respec t ive ly) ,  w h e n  c o m p a r e d  to the  g roup  fed soy  
p ro t e in  t h r o u g h o u t  the  en t i r e  e x p e r i m e n t a l  per iod .  

Serum eholesteroI 

The  da ta  in  f igures  2 and  3 show the  d e v e l o p m e n t  of a h y p e r c h o l e s -  
t e ro l aemia  du r ing  the  p r e - e x p e r i m e n t a l  pe r iod  (weeks  4-8, fig. 1) as a 
resu l t  of f eed ing  cho le s t e ro l  or casein.  The  s e r u m  cho les t e ro l  va lues  at  the  
b e g i n n i n g  of th is  p e r i o d  were  1.69 +_ 0.06 mmol/1. The  cho les te ro l  concen-  
t r a t ions  at  the  b e g i n n i n g  of the  e x p e r i m e n t a l  p e r i o d  (week 8, fig. 1) was  
3.58 _ 0.43 (n = 30) for the  an ima l s  w h i c h  had  been  on case in  a n d  3.18 +_ 
0.23 mmol/1 (n= 30) for the  an ima l s  w h i c h  had  been  on choles tero l .  The  
r abb i t s  on  soy  p r o t e i n  had  a s e r u m  cho les te ro l  c onc e n t r a t i on  of 2.09 _+ 0.28 
retool/1 at  th is  t ime,  w h i c h  d e c r e a s e d  to a leve l  of a b o u t  1.66 _+ 0.15 retool/1 
on  d a y  3 of the  e x p e r i m e n t a l  p e r i o d  a n d  then  r e m a i n e d  ve ry  cons tan t .  
Af ter  3 days  of the  e x p e r i m e n t a l  per iod ,  the  cho les t e ro l - lower ing  effect  of 
soy p ro t e in  was  a l r e ady  s ign i f ican t  in bo th  h y p e r c h o l e s t e r o l a e m i c  g r o u p s  
(P < 0.05). 

Values  c o r r e s p o n d i n g  to t hose  of the  cont ro l  g roup  were  r e a c h e d  af te r  15 
days  in an ima l s  of the  S o y C h o l - S o y  g r o u p  (fig. 3) and  af ter  28 days  in the  

S.'0c_h~ re~ ) " - - I 

0 I casein I experimenf(~l diefs--~ 

Fig. 2�9 Serum cholesterol concentrations (mean +_ SE) in rabbits fed the semi- 
pur i f i ed  d ie ts  d e s c r i b e d  in f igure  1: • Cas-Cas;  A, Cas-CasAA, �9 Cas-Soy;  a n d  r~, 
Soy-Soy.  Day  0 in th i s  f igure  c o r r e s p o n d s  to w e e k  4 in f igure  1. 
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Fig. 3. S e r u m  cho l e s t e r o l  c o n c e n t r a t i o n  ( m e a n  _+ SE)  in r a b b i t s  fed t h e  s e m i p u r i f i e d  
d ie t s  d e s c r i b e d  in f igure  l: • SoyCho l -SoyCho l ;  A, S o y C h o l - S o y C h o l A A ;  O, 
SoyChol -Soy ;  a n d  E2, Soy-Soy.  D ay  0 in th i s  f igure  c o r r e s p o n d s  to w e e k  4 in f igure  1. 

C a s - S o y  g r o u p  (f ig.  2). T h e r e  w a s  a s m a l l  b u t  c o n s i s t e n t  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 e c t  o f  d i e t a r y  a m i n o  a c i d s  w h e n  t h e y  w e r e  a d d e d  t o  t h e  
c h o l e s t e r o l - c o n t a i n i n g  s o y  d i e t  (fig. 3); h o w e v e r ,  t h i s  e f f e c t  w a s  n o t  s t a t i s t i -  
c a l l y  s i g n i f i c a n t .  O n l y  a t  o n e  t i m e  p o i n t ,  n a m e l y  a f t e r  7 d a y s ,  t h e  a d d i t i o n  
o f  a m i n o  a c i d s  s i g n i f i c a n t l y  r e d u c e d  t h e  c a s e i n - i n d u c e d  h y p e r c h o l e s -  
t e r o l a e m i a  (fig.  2). T h r o u g h o u t  t h e  e n t i r e  e x p e r i m e n t ,  t h e  c h o l e s t e r o l -  
l o w e r i n g  t e n d e n c y  o f  a m i n o  a c i d s  w a s  m o s t  p r o n o u n c e d  w h e n  a d d e d  t o  
t h e  c a s e i n  d i e t .  

T a b l e  1. C o n c e n t r a t i o n  of cho l e s t e r o l  (mmol/1 of w h o l e  s e r u m )  in  s e r u m  l i p o p r o t e i n  
f r ac t ions  of r a b b i t s  fed  s e m i p u r i f i e d  diets .  

L i p o p r o t e i n  D ie t  code  
f r ac t i on  

Cas- Cas- Cas- SoyChol -  SoyCho l -  Soy  Soy  
Cas  C a s A A  Soy  S o y C h o l  Soy  Chol-  

C h o l A A  Soy  

V L D L  (d<1.006) 0.40 0.35 0.31 0.63 0.30 0.30 0.29 
IDL]  (1.006<d<1.012)  0.14 0.10 0.10 0.17 0.19 0,07 0.09 
I D L  2 (1.012<d<1.019)  0.27 0.38 0.23 0.41 0.51 0.16 0.20 
L D L  1 (1.019<d<1.040)  1.15 1.00 0.40 1.57 1.28 0.39 0.32 
L D L  2 (1.040<d<1.063)  0.16 0.10 0.05 0.18 0.13 0.05 0.05 
H D L  1 (1.063<d<1.125)  0.62 0.54 0.48 0.40 0.46 0.38 0.37 
H D L  2 (1.125<d<1.210) 0.39 0.25 0.27 0.30 0.37 0.28 0.25 
V H D L  (d>1.210) 0.10 0.10 0.10 0.08 0.09 0.09 0.08 
W h o l e  s e r u m  3.25 2.91 1.99 4.04 3.66 1.75 1.73 
R e c o v e r y  (%) 99 97 97 93 91 98 95 

T h e  l i p o p r o t e i n s  w e r e  s e p a r a t e d  b y  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  f r o m  
p o o l e d  se ra  (n = 8 or  9) a t  t h e  e n d  of t h e  e x p e r i m e n t a l  per iod .  T h e  d e n s i t i e s  (d) of t h e  
l i p o p r o t e i n  f r ac t ions  a re  e x p r e s s e d  in  g/ml.  F o r  e x p e r i m e n t a l  des ign ,  see  f igure  1. 
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Cholesterol conten t  o f  l ipoproteins 

T a b l e  1 d o c u m e n t s  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  of  p o o l  s e r a  f r o m  r a b b i t s  f ed  t h e  d i f f e r e n t  d i e t s .  B l o o d  s a m p l e s  
w e r e  o b t a i n e d  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 .  S u p p l e m e n t a t i o n  of 
t h e  s o y  p r o t e i n  d i e t  w i t h  c h o l e s t e r o l  (0.08 %, w /w)  c a u s e d  a n  i n c r e a s e  in  
t h e  a m o u n t  of  c h o l e s t e r o l  in  l i p o p r o t e i n  f r a c t i o n s  w i t h  d e n s i t y  < 1.063 g/ 
ml .  M o s t  of  t h e  e x c e s s  s e r u m  t o t a l  c h o l e s t e r o l  c a n  b e  a t t r i b u t e d  to  t h e  
i n c r e a s e  in  t h e  c h o l e s t e r o l  c o n t e n t  of  t h e  L D L  1 f r a c t i o n  (1.019 < d < 1.040). 
C h o l e s t e r o l  f e e d i n g  d i d  n o t  c l e a r l y  a f f ec t  t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  of  
t h e  H D L  f r ac t i ons .  

A n  i n c r e a s e  in  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  l i p o p r o t e i n s  w i t h  l o w e r  
d e n s i t i e s  w a s  a l so  s e e n  a f t e r  t h e  r e p l a c e m e n t  of  s o y  p r o t e i n  b y  c a s e i n  in  
t h e  d i e t  (Cas-Cas ,  t a b l e  1). M o s t  of  t h e  i n c r e a s e  in  s e r u m  t o t a l  c h o l e s t e r o l  in  
c a s e i n - f e d  a n i m a l s  w a s  a l so  l o c a t e d  in  t h e  LDL1 f r ac t ion .  C o n t r a r y  to  w h e n  
c h o l e s t e r o l  w a s  i n c l u d e d  in  t h e  d ie t ,  t h e  c a s e i n - c o n t a i n i n g  d i e t  i n d u c e d  a n  
i n c r e a s e  in  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  HDL1 a n d  HDL2  f r a c t i o n s  
w h e n  c o m p a r e d  to  t h e  d i e t  c o n t a i n i n g  s o y  p r o t e i n .  

T h e  c h o l e s t e r o l  d i s t r i b u t i o n  b e t w e e n  l i p o p r o t e i n s  of  t h e  a n i m a l s  t r a n s -  
f e r r e d  f r o m  e i t h e r  t h e  c a s e i n  o r  t h e  c h o l e s t e r o l - s u p p l e m e n t e d  s o y  p r o t e i n  
d ie t ,  to  t h e  s o y  p r o t e i n  d i e t  r e s e m b l e d  c l o s e l y  t h a t  of t h e  a n i m a l s  f e d  s o y  
p r o t e i n  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 a l  p e r i o d  ( t ab l e  1). I n  t h e  a n i m a l s  
t r a n s f e r r e d  f r o m  c a s e i n  to  s o y b e a n  p r o t e i n ,  t h e  c h o l e s t e r o l  c o n c e n t r a t i o n  
in  t h e  HDL~ f r a c t i o n  w a s  s t i l l  i n c r e a s e d ,  p o s s i b l y  r e f l e c t i n g  c h o l e s t e r o l  
t r a n s p o r t  f r o m  e x p a n d e d  t i s s u e  p o o l s  to  t h e  s i t e s  of  d e g r a d a t i o n  a n d  
e x c r e t i o n .  

A m i n o  a c i d  s u p p l e m e n t a t i o n  of  t h e  c a s e i n  a n d  c h o l e s t e r o l  d i e t  t e n d e d  to  
r e d u c e  t h e  l eve l s  of  L D L l - c h o l e s t e r o l  ( t ab le  1). A s t r i k i n g  d e c r e a s e  w a s  
s e e n  in  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  V L D L  f r a c t i o n  of a n i m a l s  f e d  t h e  
c h o l e s t e r o l  d i e t  w i t h  a d d e d  a m i n o  ac ids .  E n r i c h m e n t  of t h e  c a s e i n  d i e t  
w i t h  t h e  a m i n o  a c i d  m i x t u r e  t e n d e d  to  l o w e r  t h e  c h o l e s t e r o l  c o n t e n t  of  t h e  
H D L  1 a n d  HDL2  f r ac t i ons .  A s  s h o w n  a b o v e  in  f i gu re s  2 a n d  3, t h e  a d d i t i o n  
of a m i n o  a c i d s  to  t h e  h y p e r c h o l e s t e r o l a e m i e  d i e t s  t e n d e d  to  l o w e r  s e r u m  
t o t a l  c h o l e s t e r o l  l eve l s .  

Apoprote in  E in l ipoproteins with dens i ty  < 1.040 g /ml  

T h e  f ina l  a p o p r o t e i n  p a t t e r n  o b s e r v e d  on  S D S - p o l y a c r y l a m i d e  ge l  e lec-  
t r o p h o r e s i s  of t h e  l i p o p r o t e i n  f r a c t i o n s  is  s h o w n  in  f i g u r e  4. A s  w e  h a v e  
d i s c u s s e d  e a r l i e r  (28), t h e  m a i n  c h a n g e s  in  a p o p r o t e i n  c o m p o s i t i o n  in  
c a s e i n  o r  c h o l e s t e r o l - i n d u c e d  h y p e r e h o l e s t e r o l a e m i a  o c c u r  in  t h e  f rac-  
t i o n s  w i t h  d e n s i t i e s  < 1.040 g/m1. T h e r e f o r e ,  o n l y  a p o p r o t e i n s  of t h o s e  
f r a c t i o n s  h a v e  b e e n  s t u d i e d .  

I n  a n i m a l s  f e d  d i e t s  c o n t a i n i n g  s o y  p r o t e i n ,  o n l y  t r a c e  a m o u n t s  of  a p o  E 
a r e  f o u n d  in  t h e  l i p o p r o t e i n s  w i t h  l o w e r  d e n s i t i e s  (28). H y p e r e h o l e s -  
t e r o l a e m i a ,  i n d u c e d  b y  e i t h e r  c a s e i n  o r  c h o l e s t e r o l ,  is  a s s o c i a t e d  w i t h  
d r a s t i c a l l y  e l e v a t e d  a m o u n t s  of  a p o  E in  t h e  V L D L  a n d  I D L  f r a c t i o n s  (ref. 
28; fig. 4). A s  s h o w n  in  f i g u r e  2, t h e r e  w a s  a m a r k e d  r e d u c t i o n  of  c h o l e s -  
t e r o l  in  t h e  c a s e i n - i n d u c e d  h y p e r c h o l e s t e r o l a e m i a  w h e n  s o y  p r o t e i n  w a s  
f e d  for  6 w e e k s .  H o w e v e r ,  t h i s  w a s  a c c o m p a n i e d  b y  o n l y  a s l i g h t  d e c r e a s e  
in  t h e  a m o u n t  of  a p o  E in  t h e  V L D L  a n d  IDL1 f r a c t i o n s ,  w h e r a s  t h e  
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a m o u n t  of apo  E in  the  I D L  e f r ac t i on  was  n o t  a f fec ted  a t  all  (fig. 4C). As 
m i g h t  be  a n t i c i p a t e d ,  i n c l u s i o n  of t he  a m i n o  acids ,  a r g i n i ne ,  g lyc ine ,  a n d  
a l an ine ,  in  the  c a s e i n  d ie t  d id  n o t  s i g n i f i c a n t l y  a l te r  the  a p o p r o t e i n  com-  
p o s i t i o n  of the  V L D L  a n d  I D L  f rac t ions  (fig. 4B). 

W h e n  cho le s t e ro l  s u p p l e m e n t a t i o n  of the  soy  p r o t e i n  d ie t  was  d i scon -  
t i n u e d ,  s e r u m  cho le s t e ro l  leve ls  r a p i d l y  dec l i ne d ,  a n d  b a s e l i n e  v a l u e s  
were  r e a c h e d  af ter  15 days  (fig. 3). Af te r  s ix  weeks ,  apo  E ha d  a l m o s t  
c o m p l e t e l y  d i s a p p e a r e d  f r o m  the  IDL~ a n d  IDL2 f rac t ions ,  b u t  n o t  f r o m  
the  V L D L  f rac t ion  (fig. 4F). C o n t r a r y  to w h a t  m i g h t  be  e x p e c t e d ,  e n r i c h -  
m e n t  of the  S o y C h o l  d i e t  w i t h  amino ac ids  h a d  e s se n t i a l l y  t he  s a m e  effect  
(fig. 4E). 

C h a n g e s  in  a p o p r o t e i n s  w i t h  a m o l e c u l a r  w e i g h t  of a b o u t  70,000 w e r e  
also obse rved .  A n  i n c r e a s e  in  t he  c o n t e n t  of t h e se  p r o t e i n s  w a s  s een  in  t he  
I D L  1 a n d  I D L  2 f r ac t ions  w h e n  r a b b i t s  w e r e  t r a n s f e r r e d  f r o m  the  choles -  
t e r o l - s u p p l e m e n t e d  to the  cho les te ro l - f ree  soy die t  (fig. 4F) or w h e n  a m i n o  

Fig. 4. SDS-gel electro- 
phoresis patterns of ape)- 
proteins in 10 % polyacryl- 
amide gels. Lipoproteins were 
isolated at the end of the ex- 
periment from pooled sera of 
rabbits fed the semipurified 
diets described in figure ]: A, 
Cas-Cas; B, Cas-CasAA; C, 
Cas-Soy; D, SoyCholSoyChol; 
E, SoyCholSoyCholAA; and 
D, SoyChol-Soy. The location 
of apoprotein E is indicated by 
its molecular weight (35,000). 
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a c i d s  w e r e  a d d e d  (fig. 4E). F e e d i n g  a c h o l e s t e r o l - f r e e  s o y  p r o t e i n  d i e t  a l so  
c a u s e d  t h e s e  h i g h  m o l e c u l a r  w e i g h t  p r o t e i n s  to  i n c r e a s e  in  t h e  L D L  1 
f r a c t i o n  (fig. 4C a n d  F). O n e  of  t h e s e  p r o t e i n s  c o u l d  b e  a l b u m i n  (M r 68,000) 
c o n t a m i n a t i n g  t h e  l i p o p r o t e i n  f r a c t i ons ,  b u t  a t  p r e s e n t  w e  h a v e  no  in for -  
m a t i o n  a b o u t  t h e  o t h e r  p r o t e i n s  p r e s e n t .  

D i s u s s i o n  

I n  t h e s e  f u r t h e r  s t u d i e s  (cf. ref .  28) on  t h e  c o m p a r i s o n  b e t w e e n  c a s e i n -  
a n d  c h o l e s t e r o l - i n d u c e d  h y p e r c h o l e s t e r o l a e m i a  in  r a b b i t s ,  t h e  l eve l  of  
c h o l e s t e r o l  in  t h e  d i e t  (0.08 %, w/w)  w a s  c h o s e n  so t h a t  s e r u m  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  in  b o t h  t y p e s  of  h y p e r c h o l e s t e r o l a e m i a  w e r e  s imi la r .  We  
feel  t h a t  t h i s  is a p r e r e q u i s i t e  in  c o m p a r a t i v e  s t u d i e s  on  t h e  m e c h a n i s m s  
u n d e r l y i n g  t h e  d i f f e r e n t  h y p e r c h o l e s t e r o l a e m i a s .  

A s  s h o w n  in  t a b l e  1, m u c h  of  t h e  e x c e s s  s e r u m  c h o l e s t e r o l  in  t h e  
c h o l e s t e r o l - f e d  r a b b i t s  is c a r r i e d  in  t h e  L D L  1 f r ac t ion .  A t  m o r e  e l e v a t e d  
l e v e l s  of  s e r u m  c h o l e s t e r o l ,  a s u b s t a n t i a l  p a r t  of  t h e  c h o l e s t e r o l  is a l so  
t r a n s p o r t e d  in  t h e  I D L  a n d  V L D L  p a r t i c l e s ,  e s p e c i a l l y  t h e  s o - c a l l e d  [5- 
V L D L  p a r t i c l e s  (26, 29). W h e n  r a b b i t s  a r e  f ed  c h o l e s t e r o l - c o n t a i n i n g  d ie t s ,  
t h e  p r o d u c t i o n  of  l i p o p r o t e i n s  w i t h  d e n s i t i e s  < 1.040 g / m l  o v e r w h e l m s  
t h e i r  c l e a r a n c e  b y  t h e  l iver .  T h e r e  is  no  c o m p e n s a t o r y  i n c r e a s e  in  b i l e  a c i d  
f o r m a t i o n  (10), a n d  t h e  n u m b e r  of  h e p a t i c  l i p o p r o t e i n  r e c e p t o r s  b e c o m e s  
s u p p r e s s e d  (17, 30). F e e d i n g  c a s e i n  to  r a b b i t s  r e d u c e s  t h e  f aeca l  e x c r e t i o n  
of  s t e r o i d s  c o m p a r e d  to  t h o s e  o n  soy  p r o t e i n  (5, 13), an  e f f ec t  p a r a l l e l i n g ,  if 
n o t  p r e c e e d i n g ,  t h e  e l e v a t i o n  of  s e r u m  c h o l e s t e r o l  (5). S u b s e q u e n t l y ,  t h e  
n u m b e r  of  h e p a t i c  L D L  r e c e p t o r s  d e c r e a s e s  (8), w h i c h  a g g r a v a t e s  t h e  
d e g r e e  of  h y p e r c h o l e s t e r o l a e m i a  a n d  m a y  f u r t h e r  r e d u c e  b i l i a r y  s t e r o i d  
o u t p u t .  T h u s  t h e  a c c u m u l 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  c a s e i n - f e d  
r a b b i t  is p r o b a b l y  t h e  r e s u l t  of  a d e c r e a s e d  c l e a r a n c e  of  p l a s m a  c h o l e s -  
t e ro l .  I n  t h e  c h o l e s t e r o l - f e d  a n i m a l ,  o n  t h e  o t h e r  h a n d ,  t h e  h y p e r c h o l e s -  
t e r o l a e m i a  is, m o s t  l i ke ly ,  i n i t i a t e d  b y  an  i n c r e a s e d  p r o d u c t i o n  of  ~ - V L D L  
p a r t i c l e s ,  w h i c h  a r e  b e l i e v e d  to  b e  c h y l o m i c r o n - r e m n a n t s  (26). T h e  
n u m b e r  of a p o  B - c o n t a i n i n g  L D L  p a r t i c l e s  p r o b a b l y  i n c r e a s e s  b e c a u s e  t h e  
a p o  E c o n t a i n i n g  [5-VLDL p a r t i c l e s  b i n d  w i t h  a h i g h e r  a f f i n i t y  to  t h e  
h e p a t i c  r e c e p t o r s ,  a n d  t h e r e f o r e  d i m i n i s h  L D L  u p t a k e .  

W i t h d r a w a l  of c h o l e s t e r o l  f r o m  t h e  d i e t  c a u s e s  a r a p i d  fa l l  in  s e r u m  
c h o l e s t e r o l  l e v e l s  (fig. 3). A l t h o u g h  t h e  d e g r e e  of  h y p e r c h o l e s t e r o l a e m i a  in  
t h e  c h o l e s t e r o l -  a n d  c a s e i n - f e d  r a b b i t s  w a s  s imi l a r ,  t r a n s f e r  b a c k  to  t h e  s o y  
p r o t e i n  d i e t  e f f e c t e d  a s l o w e r  r e t u r n  to  b a s e l i n e  v a l u e s  in  t h e  c a s e i n - f e d  
a n i m a l s  (fig. 2). P o s s i b l y ,  t i s s u e  c h o l e s t e r o l  p o o l s  r e m a i n  e x p a n d e d  s o m e -  
w h a t  l o n g e r  in  c a s e i n - f e d  r a b b i t s ,  w h i c h  is s u g g e s t e d  b y  t h e  f ac t  t h a t  t h e  
h i g h  l eve l s  of  H D L - c h o l e s t e r o l  i n d u c e d  b y  c a s e i n  p e r s i s t  a f t e r  r e p l a c e -  
m e n t  of  c a s e i n  b y  s o y  p r o t e i n  ( t ab l e  1). S i n c e  H D L  is g e n e r a l l y  c o n s i d e r e d  
to  t r a n s p o r t  p e r i p h e r a l  c h o l e s t e r o l  to  t h e  l i v e r  for  e x c r e t i o n ,  i n c r e a s e d  
h e p a t i c  c h o l e s t e r o l  p o o l s  i n d u c e d  b y  c a s e i n  (2) m a y  n o t  r e a d i l y  d e c r e a s e .  
I n  r a b b i t s  m a d e  h y p e r e h o l e s t e r o l a e m i c  b y  d i e t a r y  c h o l e s t e r o l ,  h e p a t i c  
c h o l e s t e r o l  l e v e l s  h a v e  b e e n  s h o w n  to  d e c l i n e  r a p i d l y  a f t e r  f e e d i n g  a 
c h o l e s t e r o l - f r e e  d i e t  (17). T h e  s ize  of t h e  h e p a t i c  c h o l e s t e r o l  p o o l  m a y  b e  
i n v e r s e l y  r e l a t e d  to  t h e  n u m b e r  of  L D L  r e c e p t o r s  a n d  c o n s e q u e n t l y  to  
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c lea rance  of c i r cu la t ing  L D L  (cf. ref. 30). However ,  fu r the r  s tud ies  are  
r e q u i r e d  on  this  po in t  as wel l  as on  the  q u e s t i o n  w h y  I-IDL cho les te ro l  
levels  are  not  a f fec ted  by  the  inc lus ion  of cho les t e ro l  in  the  d ie t  ( table  1; 
ref. 26, 28, 29), bu t  i n c r e a s e d  by  case in  ( table  1; ref. 2, 33, 35). 

The  amino  ac id  c o m p o s i t i o n  of d i e t a ry  p ro t e in  p lays  an  impor t an t ,  
t h o u g h  sti l l  poo r ly  u n d e r s t o o d ,  role  in d e t e r m i n i n g  s e r u m  cho les te ro l  
concen t r a t i ons  in r abb i t s  (32). The l y s i n e : a r g i n i n e  ra t io  has  been  sug- 
ges t ed  to be  d i r ec t ly  a s soc i a t ed  wi th  the  leve l  of s e r u m  cho les te ro l  (18), bu t  
th is  sugges t ion  seems  u n t e n a b l e  (7, 36). Poss ib ly ,  the  effects  of amino  
ac ids  in t e rac t  w i th  o the r  c o m p o n e n t s  of the  s e m i p u r i f i e d  diets .  We have  
s h o w n  tha t  d i e t a ry  sal ts  (3) and  fats  (4) also affect  t he  hype r c ho l e s -  
t e ro l aemic  r e s p o n s e  to case in -con ta in ing  diets .  In  our  l a b o r a t o r y  it was  
found  tha t  the  a d d i t i o n  of a m i x t u r e  of argin ine ,  a lan ine  and  g lyc ine  to a 
ca se in -con ta in ing  d ie t  pa r t i a l ly  coun t e r ac t s  the  h y p e r c h o l e s t e r o l a e m i c  
r e s p o n s e  (12, 16). In  the  p r e s e n t  s t u d y  we found  only  a choles te ro l -  
l ower ing  t e n d e n c y  b y  these  amino  ac ids  w h e n  a d d e d  to the  case in  d ie t  so 
as to i nc rease  the  levels  to those  found  in s o y b e a n  prote in .  This  a p p a r e n t  
d i s c r e p a n c y  w i th  ear l ie r  s tud i e s  (12, 16) m a y  be  e x p l a i n e d  by  the  fact  t ha t  
we a d d e d  less  g lyc ine  and  a l an ine  to the  diets .  I t  is pos s ib l e  tha t  a m o r e  
p r o l o n g e d  s t u d y  w o u l d  have  s h o w n  a s ign i f ican t  s e r u m  cho les te ro l  r educ-  
t ion  (cf. ref. 16). A d d i t i o n  of the  a m i n o  ac id  m i x t u r e  to the  choles te ro l -  
s u p p l e m e n t e d  soy  d ie t  d id  no t  affect  s e r u m  cho les te ro l  leve ls  d u r i n g  the  
f irst  15 days  (fig. 3). However ,  th is  obse rva t i on  shou ld  be  i n t e r p r e t e d  wi th  
caut ion,  s ince  s e r u m  cho les te ro l  in  the  an ima l s  on the  d ie t  con ta in ing  soy  
p ro t e in  p lus  cho les te ro l  fell  s l igh t ly  du r ing  th is  pe r iod .  The  inc rease  in 
s e r u m  cho les te ro l  in  the  r abb i t s  fed cho les te ro l  was  s o m e w h a t  p r e v e n t e d  
by  the  t h r e e  a m i n o  ac ids  (fig. 3). A l t h o u g h  the  p r e s e n t  s t u d y  p r o v i d e s  no 
subs t an t i a l  e v i d e n c e  for  a h y p o c h o l e s t e r o l a e m i c  ac t ion  of g lycine ,  a lan ine  
and  a rg in ine  p e r  s e  (i.e., t h e y  do  not  s ign i f i can t ly  r e d u c e  choles te ro l -  
i n d u c e d  h y p e r c h o l e s t e r o l a e m i a  in rabbi ts ) ,  a cons i s t en t  cho les te ro l - lower-  
ing effect  was  i n d u c e d  by  these  a m i n o  acids ,  and  this  dese rves  fu r the r  
inves t iga t ion .  

F e e d i n g  case in  (23, 28) or cho les te ro l  (20, 28, 29) to r a bb i t s  e leva tes  the  
con ten t  of b o t h  cho les te ro l  and  apo  E in V L D L  and  IDL.  The  q u e s t i o n  was  
e x a m i n e d  as to the  fate  of apo  E du r ing  r eg res s ion  of b o t h  t y p e s  of 
h y p e r c h o l e s t e r o l a e m i a .  Severa l  u n e x p e c t e d  and  u n e x p l a i n a b l e  f ind ings  
e m e r g e d  f rom th is  s t u d y  in  th is  regard.  R e p l a c e m e n t  of case in  by  soy  
p ro t e in  c o m p l e t e l y  a b o l i s h e d  the  e l eva ted  cho les te ro l  levels  in  V L D L  a n d  
I D L  af ter  s ix  w e e k s  ( table  1), b u t  a p p r e c i a b l e  a m o u n t s  of apo  E were  st i l l  
p r e s e n t  (fig. 4C). W i t h d r a w a l  of cho les te ro l  f rom the  soy  p ro t e in  d ie t  
s u p p l e m e n t e d  wi th  cho les t e ro l  also r e d u c e d  the  a m o u n t  of cho les te ro l  in 
V L D L  and  I D L  to levels  found  in an ima l s  fed the  d ie t  w i t hou t  a d d e d  
cho les te ro l  t h r o u g h o u t  the  en t i re  e x p e r i m e n t a l  p e r i o d  ( table  1). A p o  E 
a lmos t  d i s a p p e a r e d  f rom the  IDL,  b u t  no t  f rom the  V L D L  f rac t ion  (fig. 
4F). I t  cou ld  be  sugges t ed  tha t  apo  E d i s a p p e a r s  f rom I D L  first  and  t h e n  
f rom VLDL.  Tha t  apo  E d id  no t  d i s a p p e a r  f rom the  I D L  f rac t ion  in  t he  
an ima l s  fed case in  fo l lowed  by  soy  p ro t e in  (fig. 4C) cou ld  p o s s i b l y  be  
e x p l a i n e d  b y  the  fact  t ha t  the  r e d u c t i o n  of h y p e r c h o l e s t e r o l a e m i a  in  these  
an ima l s  d id  no t  occur  as fast  as tha t  in the  an ima l s  m a d e  hype r c ho l e s -  
t e ro l aemic  b y  feed ing  t h e m  casein.  We are  no t  aware  of da t a  on the  half-l ife 
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of a p o  E in  V L D L  of r abb i t s ,  b u t  t h e  ha l f - l i fe  fo r  t o t a l  V L D L  p r o t e i n ,  
w h i c h  r a n g e s  f r o m  s e v e r a l  m i n u t e s  to  s e v e r a l  h o u r s  d e p e n d i n g  o n  t h e  
d e g r e e  of  h y p e r c h o l e s t e r o l a e m i a  (23, 24), is t oo  s h o r t  to  s u b s t a n t i a t e  t h e  
a f o r e m e n t i o n e d  s u g g e s t i o n .  O n  t h e  o t h e r  h a n d ,  w e  do  n o t  k n o w  w h a t  
e f f ec t  o u r  d i e t s  w o u l d  h a v e  on  t h e  t u r n o v e r  r a t e  of  apo  E. F u r t h e r m o r e ,  
f o r t i f i c a t i o n  of  t h e  d i e t  c o n t a i n i n g  s o y b e a n  p r o t e i n  p l u s  c h o l e s t e r o l  w i t h  
a m i n o  ac ids ,  d o e s  n o t  a f f ec t  c h o l e s t e r o l  in  I D L ,  b u t  it  r e d u c e s  t h e  a p o  E 
c o n t e n t  of  I D L  (fig. 4E). T h u s  in  o n e  d i e t a r y  g r o u p  ( S o y C h o l - S o y C h o l A A )  
h i g h  c h o l e s t e r o l  a n d  l o w  apo  E in  I D L  w a s  o b s e r v e d ,  w h e r e a s  in  o t h e r  
g r o u p s  ( S o y C h o l - S o y  a n d  Soy)  l o w  c h o l e s t e r o l  a n d  l o w  apo  E or  l o w  
c h o l e s t e r o l  a n d  h i g h  a p o  E w e r e  s e e n  (Cas-Soy).  T h u s  it  m a y  be  c o n c l u d e d  
t h a t  a p o  E m e t a b o l i s m  is n o t  i n v a r i a b l y  l i n k e d  to c h o l e s t e r o l  m e t a b o l i s m .  
I t  s h o u l d  be  s t r e s s e d  t h a t  w e  h a v e  o n l y  q u a l i t a t i v e l y  e s t i m a t e d  t h e  con-  
c e n t r a t i o n  of apo  E in  t h e  l i p o p r o t e i n  f r a c t i o n s  b y  v i s u a l  i n s p e c t i o n  of 
S D S - p o l y a c r y l a m i d e  gels .  I t  wi l l  be  n e c e s s a r y  to  s u b s t a n t i a t e  o u r  o b s e r v a -  
t i o n s  by  d i r e c t  q u a n t i t a t i o n  of  apo  E. 
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