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The  e f fec t  o f  d i e t a r y  protein and c a r b o h y d r a t e  
t y p e  o n  the composi t ion  and p r o p e r t i e s  o f  s e r u m  
l ipoproteins  in r a b b i t s  was  s tud i ed .  T h e  animals  
were  p a i r - f e d  e i t h e r  c a s e i n - s u c r o s e  a n d  soy pro-  
t e i n - s u c r o s e  o r  c a s e i n - d e x t r o s e  a n d  soy  protein- 
dextrose-containing low fat, low cho les t e ro l ,  semi- 
purified diets for 84 days .  M a i n  e f fec t s  d u e  to pro-  
te in  and c a r b o h y d r a t e  t y p e  w e r e  o b s e r v e d  to be  
a l t e r e d  l i p o p r o t e i n  c l a s s  c o m p o s i t i o n s .  T h e s e  ef- 
fec ts  were  d u e  p r i m a r i l y  to  the  p r e s e n c e  o f  c a s e i n  
which resulted in cholesterol-rich, triglyceride- 
poor l ipoproteins  among all i so lated classes .  In- 
creases  in serum low and high density l ipoprotein 
c ho l e s t e ro l  a n d  p r o t e i n  c o n c e n t r a t i o n s ,  as  well  as  
l ipoprotein total mass ,  were  a l so  o b s e r v e d  w i t h  ca- 
se in  f eed ing .  C a r b o h y d r a t e  e f fec t s  d u e  to dietary 
s u c r o s e  w e r e  e l e v a t e d  h i g h  d e n s i t y  l ipoprotein 
phosphol ip id  and protein concentrat ions ,  inde- 
pendent  of  p r o t e i n  sou rce .  When case in  was in- 
c luded,  s u c r o s e - c o n t a i n i n g  d ie t s  r e s u l t e d  in in- 
creased i n t e r m e d i a t e  d e n s i t y  l i p o p r o t e i n  choles -  
terol ;  w h e n  soy  p r o t e i n  w a s  u sed ,  low d e n s i t y  l ipo-  
p r o t e i n  c h o l e s t e r o l  e l eva t i ons  w e r e  o b s e r v e d .  Diet-  
a r y  i n t e r a c t i o n s  were  a l so  f o u n d  e s p e c i a l l y  be-  
t w e e n  c a s e i n  a n d  s u c r o s e ,  r e s u l t i n g  in  i n c r e a s e d  
intermediate  l ipoprotein mass  and total l ipopro- 
tein concentrat ions .  Comparisons  o f  l ipoprotein 

class  partic le  size among rabbits  indicated similar 
particle diameters  among animals  in all dietary 
groups.  Evidence  that case in  feeding caused  in- 
creased l ipoprotein particle number  in addit ion to 
compos i t ional  differences was  obtained.  It was  
conc luded that l ipoprotein structure wi th in  a 
given class  is maintained in spite of  compos i t ional  
variations due to dietary protein or carbohydrate  
source.  

That  hypercholesterolemia and atherosclerosis can be 
produced in rabbits  by feeding cholesterol-free, semi- 
purified diets has  been known for some t ime (1-3). The 
hypercholesterolemia observed is enhanced by adding 
sa tura ted  fats, largely prevented by the addit ion of un- 
sa tura ted  fats and is analogous to s imilar  effects seen 
in h u m a n  studies (4). These changes do not seem to 
occur, however, in rabbits  fed commercial ly  available 
chow-type diets even when large amounts  of sa tu ra ted  
fats are added (5). The nonlipid portion of semi-purified 
diets has  thus  been implicated in the hypercholes- 
terolemic response when low fat, low cholesterol diets 
are fed. While type of fat should not  be absolved of guil t  
in the complex etiology of atherogenesis ,  the  effects of 
the nonlipid die tary components  mus t  also be known 
and understood in order to fully explain thei r  role in 

TABLE 1 

Composition of Diets (%) 

Diet 

Ingredient CD SD CS SS 

Casein (vitamin-free) a 25.0 - 25.0 - 
Soy protein isolate b - 25.0 - 25.0 
Dextrose c 51.5 51.5 - - 
Sucrose d - - 51.5 51.5 
Corn oil 2.5 2.5 2.5 2.5 
Cellulose (al~hacel) e 15.0 15.0 15.0 15.0 
Mineral mix/ 5.0 5.0 5.0 5.0 
Vitamin mixg 1.0 1.0 1.0 1.0 

aCrude protein, 99.1% 
bCrude protein, 98.8%; DL methionine (99%); DL methionine (99%) added at 2.2 mg/kg. 
CAnhydrous, 99 + %. 
dCrystalline powder. 
eFiber length 30-35 microns. 
fUSP XIV salt mix, contains (in percent): A12(SO4)~.24H20, 0.0009; CaHPO44 2H20, 
11.28; CaCO~, 6.86; Ca2 (C6H507)2 4H20, 30.83; CuSO4, 0~008; Fe(NH4)(C6H5OT)2, 
1.526; MgCO3, 3.520; MgSO4, 3.83; MnSO4, 0.02; KC1, 12.47; KI, 0.004; KH2PO4, 21.88; 
NaC1, 7.71; NaF, 0.05. Supplemented with ZnCO3, 0.05 and Cr(C2H~O2), 0.002. 
gVitamin mix (in g/kg diet): Vitamin A acetate (200,000 units/g), 0.099; vitamin D~ 
(400,000 units/g), 0.0055; ~-tocopheryl acetate, 0.11; ascorbic acid, 0.99; inositol, 0.11; 
choline chloride, 1.65; menadione, 0.050; p-aminobenzoic acid, 0.11; niacin, 0.099; ribofla- 
vin, 0.022; pyridoxine hydrochloride, 0.022; thiamin hydrochloride, 0.022; calcium pan- 
tothenate, 0.066; biotin, 0.0044; folic acid, 0.002; vitamin B12, 0.00003. 
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FIG. 1. M e a n  b o d y  w e i g h t  o f  rabb i t s  f ed  the  var ious  d ie t s  
d u r i n g  the  e x p e r i m e n t a l  per iod:  (~--- - - ---o), C; (~--- • ---~), CS; 
(~--  - - -o) ,  SS; (e -'), CD, a n d  (o--- - -$) ,  SD. For abbrev ia-  
t i ons  u s e d  s ee  text .  

this  disease process in the rabbi t  model. 
The atherogenic effect of casein versus soy protein in 

rabbits and other animal species is well established and 
has recently been reviewed (6,7). Additionally, dietary 
carbohydrate type can alter lipid metabolism and possible 
susceptibility to atherosclerosis (7). Epidemiological ob- 
servations, animal studies, and experiments in humans  
have indicated changes in atherosclerosis mortality, ex- 
perimental  atherosclerosis, or risk factors associated with 
atherosclerotic hear t  disease when dietary sucrose is com- 
pared with glucose or starch (8-12). These observations 
are inconsistent, however, and mechanisms which may 
involve triglyceride and cholesterol synthesis and/or bile 
acid turnover have yet to be specifically defined. More 
detailed studies are needed in order to better understand 
these processes. 

A considerable amoun t  of work has been done on the 
a therogenic  potent ial  of var ious semi-purified diets in 
the rabbit  (6-9). However, unified exper iments  which 
invest igate the effect of both d ie tary  protein and 
carbohydrate  type on the properties of serum lipopro- 

TABLE 2 

S e r u m  Cho le s t ero l  and Triglyceride C o n c e n t r a t i o n  
o f  Rabbits ~ 

Dietary group Cholesterol Triglyceride 

mg/dl 
CD 175 ± 30 b 77 -+ 9 
SD 48 -+ 10 116 ± 21 
CS 258 -. 80 c 111 -+ 23 
SS 42-+4 130±11 
C 82 -+ 5 91 -+ 17 

aMean -+ SEM. For dietary group abbreviations see text. 
bSignificantly different from SD, p<0.05. 
cSignificantly different from SS, p<0.05. 

teins in this species have not been reported. The objec- 
tive of this s tudy was to provide an  init ial  characteriza-  
t ion of the composition and properties of the serum 
lipoproteins, including the in termediate  densi ty  lipo- 
protein (IDL, 1 .006<d< 1.019 g/ml), in rabbits fed differ- 
ent  protein and carbohydrate  sources as components of 
low fat, low cholesterol, purified diets. To this end, com- 
positional analysis  of the lipoprotein subclasses, lipo- 
protein electrophoresis, electron microscopy of the very 
low densi ty l ipoprotein (VLDL), and est imated lipopro- 
tein particle d iameters  are presented. 

MATERIALS AND METHODS 

Animals and diets. In  the experiment ,  30 3-month old 
New Zealand white  rabbits,  matched for size (ca. 2 kg), 
were used. The rabbi ts  (6 animals /d ie tary  group) were 
pair-fed pelleted, semi-purified diets (ICN Nutr i t ional  
Biochemicals, Cleveland, Ohio) conta in ing e i ther  ca- 
sein-sucrose (CS) and soy protein-sucrose (SS) or casein- 
dextrose (CD) and soy protein-dextrose (SD) dur ing  an  
exper imental  period of 84 days (Table 1). Pair  feeding 
was begun after the first week of the experiment,  dur ing  

TABLE 3 

C o m p o s i t i o n  o f  Very  Low D e n s i t y  L i p o p r o t e i n s  o f  Rabbi t s  a 

Cholesterol Triglyceride Phospholipid Protein 
Dietary group (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

CD 12.0 ± 2.5 8.3 ± 2.0 b 9.3 ± 1.6 3.5 ± 0.9 
(36.3) (25.1) (28.1) (10.6) 

SD 7.1 - 1.3 22.9 ± 3.9 15.9 ± 4.6 7.2 -+ 2.5 
(13.4) (43.1) (29.9) (13.6) 

CS 19.1 -+ 11.3 12.2 ± 4.4 14.9 -+. 4.5 6.0 ± 2.0 
(36.6) (23.4) (28.5) (11.5) 

SS 7.5 - 1.7 19.0 ± 2.3 9.6 -- 1.1 3.2 - 0.4 
(19.1) (48.3) (24.4) (8.1) 

C 6.3 ± 3.1 23.0 ± 14.5 9.2 ± 5.1 3.6 - 2.0 
(15.0) (54.6) (21.9) (8.6) 

aMean ± SEM. For dietary group abbreviations see text. Values in parentheses are 
relative percent composition. 
bSignificantly different from SD, p<0.05 
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which  100 g of each respec t ive  d ie t  was offered da i ly  to 
each r a b b i t  i n  i ts  a p p r o p r i a t e  group a n d  a c t u a l  con- 
s u m p t i o n  recorded.  D u r i n g  th i s  t i m e  i t  was  no ted  t h a t  
the  r a b b i t s  fed the  soy p r o t e i n - c o n t a i n i n g  d ie t s  con- 
s u m e d  less per  day t h a n  t h e i r  case in- fed  c o u n t e r p a r t s .  
As a r e su l t ,  w h e n  pa i r - f eed ing  was  s t a r t ed  (day 8), the  
a m o u n t  of pe l l e t ed  d ie t  a c t u a l l y  c o n s u m e d  by each rab-  
b i t  i n  e i t h e r  the  SS or SD group  on the  p rev ious  day 
was fed to the  pa i r ed  r a b b i t  i n  e i t h e r  the  CS or CD 
group.  Each  a n i m a l  i n  the  SS group  had  i t s  d i e t a r y  pa i r  
i n  the  CS group,  a n d  each r a b b i t  i n  t he  SD group  ha d  
i t s  d i e t a r y  p a i r  i n  the  CD group  t h r o u g h o u t  the  exper-  
i m e n t .  Food c o n s u m p t i o n  was no ted  daily,  a n d  body 

we igh t s  were recorded a t  ca. 10-day i n t e r v a l s  d u r i n g  
the  course  of the  study. A fifth g roup  of r a b b i t s  (C) was  
fed a s t a n d a r d ,  chow-type,  pe l l e t ed  d ie t  (Ra l s ton  P u r i n a  
Co., St. Louis ,  Missour i )  concur ren t ly .  D a t a  o b t a i n e d  
from these  a n i m a l s  were for c o m p a r i s o n  pu rposes  on ly  
a n d  no t  sub jec ted  to s t a t i s t i c a l  a na l y s i s .  

Sample collection and lipoprotein isolation. At the  
e nd  of the  e x p e r i m e n t ,  a n i m a l s  were k i l l ed  w i t h o u t  
p r io r  f a s t i ng  by e x s a n g u i n a t i o n .  Blood samples ,  col- 
lec ted  i n  the  absence  of a n t i c o a g u l a n t ,  were a l lowed to 
clot 30 m i n  a t  room t e m p e r a t u r e ,  a n d  s e r u m  was iso- 
l a t e d  a f te r  c e n t r i f u g a t i o n  a t  800 x g. 

K n o w n  a m o u n t s  of s e rum,  to which  0.01% EDTA a n d  

TABLE 4 

C o m p o s i t i o n  o f  In termed ia te  D e n s i t y  L i p o p r o t e i n s  o f  R a b b i t s  a 

Cholesterol Triglyceride Phospholipid b Protein b 
Dietary group (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

CD 7.6 ± 1.5 c 2.9 -+ 0.9 e 2.4 ± 0.5 2.9 ± 0.3 
(48.1) (18.4) (15.2) (18.4) 

SD 5.7 - 1.0 10.6 ± 2.4 7.0 ± 0.4 7.9 ± 1.1 
(18.3) (34.0) (22.4) (25.3) 

CS 33.0 ± 14.4 d 14.3 ± 4.5 20.3 ± 7.6 21.8 ± 5.2 
(36.9) (16.0) (22.7) (24.4) 

SS 7.5 ± 0.7 14.9 ± 3.4 8.0 ± 1.1 9.5 ± 1.4 
(18.8) (37.3) (20.1) (23.8) 

C 3.5 ± 0.8 5.2 -+ 1.4 2.0 ± 0.7 3.0 ± 0.6 
(25.5) (37.9) (14.6) (21.9) 

aMean ±SEM. For dietary group abbreviations see text. Values in parentheses are 
relative percent composition. 
bSignificant interactions between protein and carbohydrate sources by 2 x 2 ANOVA, 
p<0.05. 
cSignificantly different from CS, p<0.05. 
dSignificantly different from SS, p<0.05. 
eSignificantly different from SD, p<0.05. 

TABLE 5 

C o m p o s i t i o n  o f  L o w  D e n s i t y  L ipoprote in  o f  Rabbi t s  a 

Cholesterol Triglyceride Phospholipid Protein 
Dietary group (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

CD 88.7 ± 25.6 b 21.7 ± 5.1 40.1 ± 11.0 48.3 ± 12.5 b 
(44.6) (10.9) (20.2) (24.3) 

SD 15.2 ± 3.8 16.4 ± 2.3 12.0 -+ 3.2 18.7 ± 2.1 
(24.4) (26.3) (19.3) (30.0) 

CS 144.2 ± 47.5 c 47.1 ± 16.5 91.6 ± 31.9 102.4 ± 29.0 c 
(37.4) (12.2) (23.8) (26.6) 

SS 15.1 ± 1.7 18.4 ± 2.4 15.2 ± 1.7 22.0 ± 3.1 
(21.4) (26.0) (21.5) (31.1) 

C 17.2 ± 4.0 7.5 - 2.5 14.1 ± 2.8 21.6 ± 2.8 
(28.5) (12.4) (23.8) (35.8) 

aMean _+ SEM. For dietary group abbreviations see text. Values in parentheses are 
relative percent composition. 
bSignificantly different from SD, p<0.05. 
cSignificantly different from SS, p<0.05. 
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TABLE 6 

C o m p o s i t i o n  o f  H i g h  D e n s i t y  L ipoprote in  o f  Rabbi t s  a 

Cholesterol Triglyceride Phospholipid Protein 
Dietary group (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

CD 22.6 - 3.2 b 6,1 ± 0.4 14.8 ± 4.6 64.7 ± 7,8 b 
(20.8) (5.6) (13.7) (59.8) 

SD 12.7 -+ 2.3 11.5 ± 2.3 17.6 ± 3.1 47.7 ± 4.1 
(14.2) (12.8) (19.7) (53.3) 

CS 31.8 ± 7.6 11.3 --- 2.5 39.3 ± 8.2 c 117.5 ± 12.9 c 
(15.9) (5.7) (19.7) (58.8) 

SS 16.9 _+ 1.1 12.3 +_ 1.9 31.5 ± 4.7 b 88.1 -+ 11.7 b 
(11.4) (8,3) (21.2) (59.2) 

C 27.5 _.+ 2.4 18.6 ± 4.2 42.2 -+ 6.1 106.4 -- 21.1 
(14.1) (9.6) (21.6) (54.6) 

aMean -SEM. For dietary group abbreviations see text. Values in parentheses are 
relative percent composition. 
bSignificantly different from SD, p<0.05. 
cSignificantly different from CD, p<0.05. 

TABLE 7 

Free Choles t ero l  C o n t e n t  o f  Rabbit L i p o p r o t e i n s  ~ 

Dietary group VLDL IDL LDL HDL 

CD 7.8 -+ 0.6 b 10.6 ± 0.5 10.7 --+ 0.7 b 4.7 -+ 0.7b 
SD 3.8 -+ 0.5 c 4.0 ± 0.3 4.1 ± 0.6 1.7 -+ 0.2 
CS 8.7 -+ 1.1 9,0 ± 1.5 c 8.7 ± 1.0 c 3.5 --+ 1.1 
SS 6.7 ± 1.0 5.2 ± 0,4 3.8 -+ 0.2 1.4 _+ 0.2 
C 4.8 -+ 0.4 7.1 -+ 1.0 6.0 -+ 0.8 2.4 -+-+ 0,4 

aMean -+ SEM. For dietary group abbreviations see text. VLDL, very low density ]ipo- 
protein; IDL, intermediate density lipoprotein; LDL, low density lipoprotein; HDL, high 
density lipoprotein. Lipoprotein mass determined by summing masses of lipid and protein 
in the various fractions. Values in parentheses are relative percent of total lipoprotein 
in each respective dietary group. 
bSignificantly different from SD, p<0.05, 
cSignificantly different from SS, p<0.05. 

0.02% Na azide had been added, were used to isolate 
lipoprotein classes by sequential  densi ty  ul t racentr i fu-  
gat ion as described by Lindgren et al. (13) and Meusing 
and Nishida (14). The serum was fract ionated into four 
densi ty classes, very low densi ty lipoproteins (VLDL, 
d< l .006  g/ml); in termediate  densi ty lipoproteins (IDL, 
1.006<d<1.019 g/ml); low densi ty lipoproteins (LDL, 
1.019<d<1.063 g/ml), and high density lipoproteins 
(HDL, 1.063<d<1.21 g/ml). Pur i ty  of the lipoprotein 
fractions was assessed by agarose gel electrophoresis 
after dialysis against  0.15 M NaC1 solution, pH 7.4 con- 
ta in ing  0.01% EDTA. Recoveries ofl ipoprotein fractions 
averaged 93 ± 3% based on cholesterol recoveries. 

Analyses. Electrophoresis of serum lipoproteins was 
performed us ing 1% agarose gels conta in ing 5% sucrose 
and 0.035% disodium ethylenediamine  te t raace ta te  
(EDTA) in 65 mM barbi ta l  buffer, pH 8.6. Gels were 
oven-dried at  75 C and lipoproteins were s tained with 
0.02% fat red 7B, then sequent ia l ly  cleared and r insed 
with CH3OH:H20 (1:1, v/v) and 2% glycerol. The sepa- 
ra ted lipoprotein fractions were scanned densi tometr i-  
cally at  550 nm, and peak areas were in tegra ted  using 

a Gelman ACD-15 scanning densi tometer  (Gelman In- 
s t rument  Co., Ann  Arbor, Michigan). 

Serum and lipoprotein total cholesterol and tri- 
gtyceride concentrat ions were measured  enzymatical ly  
using reagents  supplied by Gilford Diagnostics (Gilford 
Ins t rument  Co., Cleveland, Ohio). Lipid phosphorus 
concentrat ions were determined as described by 
Bar t le t t  (15), and protein was est imated by the proce- 
dure of Lowry et al. (16) in the presence of 1% sodium 
dodecyl sulfate using bovine serum albumin as stan- 
dard. Lipoprotein free cholesterol was determined as 
ment ioned above after lipid extract ion and fractiona- 
t ion on thin layer chromatography (17). 

Electron microscopy of freshly isolated VLDL was 
performed after  di lut ion to avoid ar t i factual  aggrega-  
t ion of particles. Negative s ta in ing  was accomplished 
at  room tempera tu re  with 1% phosphotungst ic  acid and 
adjusted to pH 7.1 with KOH according to Stange et al. 
(18). A drop of the lipoprotein suspension was placed 
on a formvar and carbon-coated grid, drained onto filter 
paper  after 10-15 seconds and immedia te ly  covered with 
the s ta ining solution for about  30 seconds. Excess stain 
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TABLE 8 

Lipoprotein Concentration of  Rabbits a 

Dietary group VLDL IDL b LDL HDL Total mass 

CD 33 - 7 16 ± 3 164 ± 39 c 117 +-- 4 e 327 - 39 
(10) (5) (50) (35) 

SD 53 - 12 31 --- 6 62 _+ 7 90 ± 11 233 -+ 23 
(22) (13) (26) (38) 

CS 55 ± 22 90 ± 30 277 -- 66 d 221 - 25 649 --- 88f 
(9) (14) (43) (34) 

SS 40 ± 4 40 ± 6 71 ± 8 148-+ 15 c 307 -+ 10 
(13) (13) (24) (49) 

C 42-+ 25 14 ± 3 64 ± 12 178 ± 38 2 9 2 -  29 
(14) (5) (21) (60) 

aMean ± SEM. For abbreviations see Table 7. 
bSignificant interaction between protein and carbohydrate sources by 2 x 2 ANOVA, 
p<0.05. 
cSignificantly different from SD, p<0.05. 
dSignificantly different from SS, p<0.05. 
eSignificantly different from CS, p<0.05. 
fSignificant interaction between casein and sucrose by 2 x 2 ANOVA, p<0.05. 

I187 

was  t h e n  r e m o v e d  w i t h  f i l t e r  paper .  T h e  g r i d s  we re  a i r -  
d r i e d  a n d  e x a m i n e d  in  a Ze i s s  EM10C e l e c t r o n  mic ro -  
scope.  P i c t u r e s  we re  t a k e n  a t  112,000 x m a g n i f i c a t i o n .  
D i a m e t e r s  of  t h e  V L D L  were  e s t i m a t e d  m a n u a l l y  by  
m e a s u r e m e n t  o f  a r e p r e s e n t a t i v e  n u m b e r  ( u s u a l l y  100) 
o f  p a r t i c l e s  p e r  p h o t o m i c r o g r a p h .  

S t a t i s t i c a l  s i g n i f i c a n c e  a m o n g  t h e  v a r i o u s  d i e t a r y  
g r o u p s  was  d e t e r m i n e d  by  2 x 2 a n a l y s i s  of  v a r i a n c e  
(ANOVA) to i d e n t i f y  a n y  d i e t a r y  i n t e r a c t i o n  a m o n g  pro-  
t e i n  a n d  c a r b o h y d r a t e  sou rces  a t  p < 0 . 0 5 .  A n a l y s i s  of  
m a i n  d i e t a r y  ef fec ts  a s  d e t e c t e d  by  t h e  A N O V A  w a s  
s u b s e q u e n t l y  p e r f o r m e d  u s i n g  a m o d i f i e d  S t u d e n t ' s  t 
t e s t .  

RESULTS 

M e a n  body  w e i g h t s  of  r a b b i t s  fed t h e  p a i r e d ,  p u r i f i e d  
d i e t s  a n d  t h e  c o m m e r c i a l  chow d i e t  a r e  p r e s e n t e d  in  
F i g u r e  1. A l l  r a b b i t s  fed t h e  s e m i - p u r i f i e d  d i e t s  m a i n -  
t a i n e d  t h e i r  i n i t i a l  body  w e i g h t s  d u r i n g  t h e  f e e d i n g  
pe r iod .  Those  fed  t h e  chow d i e t  t e n d e d  to  g a i n  w e i g h t  
to some  e x t e n t  d u r i n g  t h e  course  of  t h e  s tudy.  Chow-fed  
a n i m a l s  were  fed a d  l i b i t u m ,  however ;  w i t h  p a i r  feed-  
ing ,  c o n s u m p t i o n  m a y  have  b e e n  r e s t r i c t e d  s o m e w h a t .  
F e e d  c o n s u m p t i o n  a m o n g  t h e  r a b b i t s  fed t h e  CS  a n d  
SS  d i e t s  a v e r a g e d  55 g /day  and ,  in  r a b b i t s  fed t h e  CD 
a n d  SD d ie t s ,  50 g/day.  C a l c u l a t e d  a v e r a g e  ca lo r i c  in-  
t a k e s  of  r a b b i t s  fed t h e  p u r i f i e d  d i e t s  a p p r o x i m a t e d  
t h o s e  g e n e r a l l y  r e g a r d e d  as  n e c e s s a r y  for m a i n t e n a n c e  
b u t  n o t  o p t i m a l  g r o w t h  (19) .This  f i n d i n g  is  i n  a g r e e -  
m e n t  w i t h  t h e  f i n a l  w e i g h t s  o b s e r v e d  in  t h e s e  a n i m a l s .  
D a t a  of  r a b b i t s  fed t h e  chow d i e t  a r e  i n t e n d e d  o n l y  a s  
a p o i n t  of  r e f e r e n c e  a n d  were  n o t  u s e d  for  s t a t i s t i c a l  
c o m p a r i s o n s .  

T a b l e  2 shows  t h e  s e r u m  t o t a l  cho l e s t e ro l  a n d  t r i -  
g l y c e r i d e  c o n c e n t r a t i o n s  a t  t h e  e n d  of  t h e  f e e d i n g  
pe r iod .  R a b b i t s  fed b o t h  t h e  CS a n d  CD d i e t s  were  mod-  
e r a t e l y ,  ye t  s i g n i f i c a n t l y ,  h y p e r c h o l e s t e r o l e m i c  w h e n  

TABLE 9 

Agarose Gel Electrophoresis of  Rabbit Lipoproteins" 

Dietary group (~ Pre-~ 

% 
CD 53.1 -+ 3.6 21.9 _+ 4.3 29.7 _ 1.7 
SD 36.4 - 6.4 37.5 ± 4.1 25.7 ± 3.1 
CS 65.8 ± 2.4 b 17.0 _+ 1.8 b 17.1 - 1.4 c 
SS 32.5 -+ 3.0 39.9 ± 2.8 27.7 ± 0.8 
C 37.5 ± 3.8 16.8 ± 3.6 44.8 __- 2.5 

aRelative percent composition ± SEM. For dietary group abbrevi- 
ations see text. 
bSignificantly different from SS, p<0.05. 
cSignificant interaction between both casein and sucrose by 2 x 2 
ANOVA, p<0.05. 

c o m p a r e d  to t h e i r  r e s p e c t i v e  soy p r o t e i n - f e d  r a b b i t  
pa i r s .  C h a n g e s  in  s e r u m  t r i g l y c e r i d e  c o n c e n t r a t i o n s  
were  n o t  a p p a r e n t .  

C o m p o s i t i o n a l  d i f f e r ences  a m o n g  t h e  V L D L  a n d  I D L  
f r a c t i o n s  o f  r a b b i t s  fed t h e  p u r i f i e d  d i e t s  were  v a r i a b l e .  
S e r u m  V L D L  of  a n i m a l s  fed t h e  c a s e i n  d i e t s  t e n d e d  to  
be  t r i g l y c e r i d e  poor  a n d  cho l e s t e ro l  r i ch  (Tab le  3). Var i -  
a b i l i t y  of  t h i s  r e s p o n s e ,  however ,  p r e c l u d 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  by  A N O V A  in  m o s t  cases .  O n l y  t h e  t r i -  
g l y c e r i d e  c o n c e n t r a t i o n s  o f  CD d i e t - f e d  r a b b i t s  we re  
s t a t i s t i c a l l y  d i f f e r e n t  f rom t h e  SD d i e t - f e d  a n i m a l s  in  
t h i s  l i p o p r o t e i n  c lass .  I n  t h e  case  of  s e r u m  I D L  (Tab le  
4), CS  d i e t - f e d  a n i m a l s  we re  f o u n d  to h a v e  e l e v a t e d  
cho le s t e ro l  c o n c e n t r a t i o n s  c o m p a r e d  to  t h e  SS d i e t - f ed  
g roup .  A c a r b o h y d r a t e  effect  was  a l so  n o t e d  r e s u l t i n g  
in  i n c r e a s e d  I D L  c h o l e s t e r o l  in  t h o s e  r a b b i t s  fed c a s e i n  
w h e n  suc rose  was  p r e s e n t .  S i g n i f i c a n t  d i e t a r y  i n t e r a c -  
t i o n s  b e t w e e n  p r o t e i n  a n d  c a r b o h y d r a t e  sou rces  occur-  
r e d  in  b o t h  t h e  p h o s p h o l i p i d  a n d  p r o t e i n  c o n c e n t r a t i o n s  
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of the IDL. Pronounced increases in these components 
were seen in the CS diet-fed group compared with the 
other purified diet-fed animals. Serum LDL (Table 5) 
and HDL (Table 6) of rabbits fed either casein-contain- 
ing diet showed increased cholesterol and protein con- 
centrations compared to their  soy protein pairs. Addi- 
tionally, carbohydrate effects were noted in HDL phos- 
pholipid fractions. When sucrose was fed, regardless of 
protein source, significant increases in HDL phos- 
pholipid content resulted. Similar findings were seen 
regarding HDL protein concentrations. Significantly 
increased HDL protein was also noted when casein was 
fed compared to soy protein in the dextrose-containing 
diets. 

The free cholesterol content of rabbit lipoproteins 
can be seen in Table 7. Casein feeding resulted in in- 
creased lipoprotein-free cholesterol in all fractions 
analyzed compared to the soy protein-fed animals. In 
the CS diet-fed case, these increases were statistically 
significant only in the IDL and LDL fractions, however. 
In addition, a significant carbohydrate effect was seen 
in the VLDL of rabbits fed the SS diet with elevated 
free cholesterol concentrations observed compared to 
the SD case. 

Increases in total lipoprotein mass were observed 
when casein-containing diets were fed compared to 
their  respective soy protein diet pairs (Table 8). Eleva- 
tions in HDL mass were seen with casein feeding, how- 
ever, only when sucrose was also present (CS vs SS 
groups). A carbohydrate effect resulting in increased 
total HDL was also found when sucrose diets were fed. 
Lastly, interactions between carbohydrate and protein 
were observed to affect IDL concentrations in the CS 
diet-fed case, resulting in a marked elevation in this 
lipoprotein class. A similar interaction was seen when 
total lipoprotein mass was analyzed by the 2 × 2 
ANOVA used in this study. 

Densitometric evaluations of the lipoproteins after 
agarose gel electrophoresis are indicated in Figure 2 
and Table 9. Figure 2 depicts individual scans of serum 
lipoproteins of representative animals from each diet- 
ary group, whereas Table 9 shows the combined means 
_+ SEM of the relative percentage lipoprotein composi- 
tion of all animals fed their  respective diets. Qualita- 
tively, casein feeding appeared to cause a relative shift 
in the ~-lipoprotein band with a concomitant decrease 
in the ~ band. Soy protein, on the other hand, appar- 
ently resulted in an increased pre-~ fraction. Statisti- 
cally, an increase in ~ and decrease in pre-~ lipoprotein 
fractions were observed when the CS diet was fed, com- 
pared with the SS case. In addition, changes in the 
relative amount of ~ lipoprotein content in the CS diet- 
fed group were observed as a result  of dietary interac- 
tions between casein and sucrose as determined by 
ANOVA. 

Lipoprotein size (Tables 10 and 11) was estimated 
from mean compositional analysis and, in the case of 
VLDL, also by electron microscopy (Fig. 3). Due to the 
hetereogeneity (18) of VLDL molecular weights, actual 
measurements of particle diameters were made on this 
fraction in addition to their  calculation from composi- 
tional data. Calculated mean VLDL particle diameters 
were similar overall to those obtained by electron 
microscopy (375 /~ vs 333/~). Furthermore, no differ- 
ences among any of the lipoprotein fraction diameters 

were found as the result of dietary influences (Table 11). 

DISCUSSION 

Earlier, we reported that  rabbits fed casein-containing 
semi-purified diets for 84 days became hypercholes- 
terolemic (20). In that  study, changes in the distribution 

origin p pre.B a 

C S  

origin B pre.~ a 

SS 

origin B pre-B a 

C D  

origin B pre,~ 

$D 

J 
origin ~ pre.~ 

FIG. 2. S c a n n i n g  d e n s i t o m e t r y  o f  rabbi t  s e r u m  l ipoprote ins  
on  1% a g a r o s e  ge l  e l e c t r o p h o r e s i s .  For a b b r e v i a t i o n s  u s e d  see  
text .  
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TABLE 10 

Molecules of  Core Components  per Particle Calculated From Compositional Data a 

t189 

Particles 

Dietary VLDL IDL LDL HDL 
Group TG CE TG CE TG CE TG CE 

CD 5790 8590 650 1730 270 1100 20 70 
SD 9940 2900 1200 660 650 660 40 50 
CS 5400 8410 570 1290 300 930 20 50 
SS 11140 3740 1320 630 640 570 30 40 
C 12590 3080 1340 850 310 730 30 50 

aFor dietary group and lipoprotein abbreviations used see text. TG, triglyceride; CE, cholesteryl ester. 
Molecules per particle were calculated from molecular weight and mean weight percentage composition, 
assuming no structural water. Lipoprotein particle molecular weights used were as follows: VLDL, 19.6 x 
10s; IDL, 3.0 x 106; LDL, 2.1 x 106; HDL, 0.27 x 106, and are based on data of Lindgren (IDL, LDL) (32) 
and Shen (VLDL, HDL) (33). Other molecular weights used were: triglyceride, 850; cholesteryl ester, 650. 

of cholesterol among  l ipoprotein f ract ions  were ob- 
served when  casein diets were fed. In  the  presen t  work, 
we have observed t h a t  ma in  effects of d ie ta ry  prote in  
and, to some extent ,  ca rbohydra te  source can influence 
l ipoprotein composi t ion but  not par t ic le  size. 

While  the  effects of casein feeding on VLDL and IDL 
composi t ion were var iable ,  these  l ipoprote ins  were ob- 
served to be cholesterol  rich and t r ig lycer ide  poor in 
rabb i t s  fed this  pro te in  source, as has  been  repor ted 
previously  (6,21-25). Additionally, casein  feeding was 
observed to increase  LDL and HDL free and  tota l  choles- 
terol  and  prote in  concent ra t ions  independen t  of car- 
bohydra te  source used in th is  study. Terps t ra  et  al. (22) 
observed s imi la r  changes  in the i r  s tudies  on the  t ime  
course of  the  hypercholes te ro lemia  in rabb i t s  fed simi-  
l a r  case in-conta in ing  diets  which were  also h igher  in 
fa t  content .  Main  effects of d ie ta ry  ca rbohydra te  source 
seen in th is  s tudy included a m a r k e d  increase  in IDL 
cholesterol content  when  the  CS diet  was  fed, compared  
wi th  CD diet feeding. Additionally,  increased HDL 
phosphol ipid  and pro te in  concent ra t ions  were observed 
wi th  sucrose feeding, especial ly  when  CS and SS diets  
were compared  wi th  the  SD group. Changes  in IDL 
cholesterol content  may  be the resu l t  of the more  
l ipogenic na tu re  of sucrose (26,27). Fur the rmore ,  when  
sucrose is fed, not only does l ipoprotein cholesterol con- 
t en t  increase (26) bu t  increased VLDL product ion may  
also occur (8,27-29), thereby con t r ibu t ing  to the  overall  
l ipoprotein flux in the  c i rculat ion due to VLDL tri-  
glyceride hydrolysis  and lipid and  pro te in  t r ans fe r  
mechanisms .  

In  a n u m b e r  of instances ,  d ie ta ry  in te rac t ions  be- 
tween prote in  and ca rbohydra te  sources also have been 
noted. The feeding of casein in conjunct ion wi th  sucrose 
appea red  to have the  most  m a rked  effect on l ipoprote in  
composi t ion in th is  study. This  in te rac t ion  is especia l ly  
evident  as mani fes ted  by elevat ions in IDL phosphol ipid  
and  pro te in  concent ra t ions  and  by increased  to ta l  lipo- 
pro te in  mass .  I t  should be ment ioned  t h a t  decreased 
l ipoprote in  content  de te rmined  by agarose  gel elec- 
t rophores is  was also observed in s e r u m  of rabb i t s  fed 
the  CS diet, appa ren t l y  as the  r e su l t  of a protein-car-  
bohydra te  interact ion.  This  d iscrepancy wi th  to ta l  
l ipoprote in  mass  da ta  migh t  best  be explained,  in part ,  

TABLE 11 

LipoproteinParticle  Size a 

Diameter (A) 

Dietary 
group VLDL IDL LDL HDL 

CD 367 218 186 98 
SD 370 212 189 102 
CS 362 204 182 95 
SS 385 214 186 96 
C 393 220 175 98 

aparticle diameters (d) were calculated according to Shen (33) using 
the following equation: d = 2{[1556ntg + 1068nd(4/3)]1/3 + 20.5}, 
where ntg = molecules of triglyceride/particle and n~ = molecules 
of cholesteryl ester/particle from Table 10. 

by the  repor ted  lower aff ini ty of fat  red 7B for cholesterol  
and i ts  es ters  compared  wi th  o ther  l ipids (30). Con- 
sequently,  l ipoprotein t r iglycer ide and  phosphol ip id  
may  be s ta ined  most  intensely.  A large a m o u n t  of [~ 
m i g r a t i n g  l ipoprote in  wi th  an  increased lipid mass  
(especially t r ig lycer ide  and  phospholipid,  see Table 5) 
may  therefore  be re la t ive ly  more  in tense ly  s ta ined  t h a n  
the  a (or HDL) l ipoproteins.  Also, in view of the  finding 
t h a t  t h e  composi t ion of CS diet-fed rabb i t  HDL was not 
as m a r k e d l y  different in i ts  re la t ive  concent ra t ions  of  
t r iglycer ide and  phosphol ipid  from t h a t  of an ima l s  fed 
the o ther  purif ied diets,  re la t ive ly  less s t a in ing  in ten-  
s i ty of  a l ipoprote ins  may  have resul ted.  This  explana-  
tion, however, is pure ly  speculat ive.  Direct  compar i sons  
of  e lect rophoret ic  and  m a s s  l ipoprote in  da t a  should 
most  l ikely  be avoided due to the  l imi ta t ions  of  un i form 
s ta in ing  of l ipoprote in  part ic les .  

In  spi te  of  composi t ional  differences of  l ipoprote ins  
of  r abb i t s  fed the  purif ied diets,  the  sum of core 
molecules  per  par t ic le  was cons tan t  (Table 10). As a 
resul t ,  in those ins tances  where  cholesterol  e n r i c h m e n t  
occurred, t r iglycer ide deple t ion was also present .  This  
corre la t ion suggests  t h a t  the  physical  forces which gov- 
ern  the  s t ruc tu ra l  o rganiza t ion  of l ipoprote ins  are  cap- 
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FIG. 3. Electron m i c r o s c o p y  of serum VLDL of rabbits  fed the  diets  for 84 days .  112,000 x magnif i -  
cat ion.  For abbrev iat ions  used  see text. 

ab le  of  m a i n t a i n i n g  pa r t i c l e  size in  sp i te  of  composi -  
t i ona l  v a r i a t i o n s  w i t h i n  a g iven  class .  

C o m p a r i s o n s  of  l i pop ro t e in  s ize a m o n g  r a b b i t s  fed 
t he  v a r i o u s  semi -pu r i f i ed  d ie ts  in t h i s  s t u d y  a re  a lso  of  
in t e res t .  I t  was  found  t h a t  c a l c u l a t e d  l i popro te in  pa r t i -  
cle d i a m e t e r s  we re  s i m i l a r  for  each  l i pop ro t e in  c lass  
a n a l y z e d ,  i n d e p e n d e n t  of  t h e  d i e t s  used.  T h e s e  v a l u e s  
a r e  va l id ,  however ,  on ly  to t he  e x t e n t  t h a t  t h e  a s s u m e d  
m o l e c u l a r  w e i g h t s  of  t h e  l i p o p r o t e i n  f r ac t ions  u sed  in  
t he  c a l c u l a t i o n  a r e  r e a s o n a b l e  (31,32), and  t h a t  l ipopro-  
r e in  s t r u c t u r e  is g e n e r a l l y  c o n s i s t e n t  w i t h  a mode l  in 

wh ich  a hyd rophob ic  core of  t r i g l y c e r i d e s  and  choles-  
t e ry l  e s t e r s  is s u r r o u n d e d  by a 20.5-A t h i c k  m o n o l a y e r  
of  f ree  choles tero l ,  phospho l ip id  a n d  p ro t e in  c lose ly  
packed  on the  su r f ace  of  t he  core (33). U s i n g  th i s  ap-  
p roach ,  c a l c u l a t e d  V L D L  d i a m e t e r s  wou ld  p e r h a p s  b e  
sub jec t  to  t he  g r e a t e s t  a m o u n t  of  v a r i a b i l i t y  due  to t h e  
h e t e r o g e n o u s  m o l e c u l a r  s ize w i t h i n  t h e  d < l . 0 0 6  g / m l  
c lass  (33). I t  was  found,  however ,  t h a t  c o m p a r i s o n s  o f  
a c t u a l  m e a s u r e d  V L D L  d i a m e t e r s  a f t e r  e l ec t ron  mic ros -  
copy w i t h  c a l c u l a t e d  v a l u e s  f rom m e a n  c o m p o s i t i o n a l  
a n a l y s i s  r evea l ed  V L D L  pa r t i c l e s  of  s i m i l a r  size. T h e r e -  
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fore, compar isons  of calcula ted l ipoprotein d iamete r s  
as a funct ion of prote in  and  carbohydra te  type deter-  
mined  in th is  s tudy appea r  valid. The increase  in par-  
t icle mass  per  volume is consis tent  wi th  an increase  in 
par t ic le  number.  

Evidence t h a t  casein feeding causes  increased lipo- 
prote in  par t ic le  n u m b e r  was thus  obta ined  in th is  study. 
Ca lcu la ted  amoun t s  of indiv idual  l ipoprotein f ract ions 
indicated t h a t  the  consumpt ion  of e i ther  the  CS or CD 
diet  s ignif icant ly  increased both  IDL and LDL tota l  
mass  and  par t ic le  n u m b e r  as  well  as t he i r  cholesterol  
content .  Total  n u m b e r  of HDL par t ic les  were also in- 
creased in rabb i t s  fed th is  diet. Fu r the rmore ,  in terac-  
t ions be tween  casein and  sucrose were observed to affect 
IDL par t ic le  n u m b e r  as well as to ta l  s e rum l ipoprotein 
number.  

I t  is t e m p t i n g  to specula te  abou t  possible 
mechan i sms  involved in the  product ion of cholesterol- 
r ich low dens i ty  l ipoprote in  wi th  casein feeding. By 
comparison,  when  the  r abb i t  is fed cholesterol,  a large 
port ion of it  is carr ied in so-called ~-VLDL par t ic les  
(34,35). I t  ha s  been sugges ted  t h a t  the  or igin  of these  
par t ic les  m a y  be e i ther  secret ion as such by the  l iver  
(34) or the  resu l t  of l ipoprote in  l ipase  ac t ing  on 
chylomicrons produced in the  in tes t ina l  mucosa  (35). 
In  the  casein-fed rabbi t ,  resu l t s  of the  p resen t  s tudy 
and  others  (36) indicate  t h a t  observed cholesterol-rich 
VLDL and/or IDL is s imi l a r  in m a n y  respects  to this  
~-VLDL. I t  is uncer ta in ,  based  on the  presen t  work, 
whe the r  the  VLDL of casein  feeding are due to intest i -  
nal  or hepat ic  synthes is  or whe the r  they are metabol ic  
r e m n a n t s  of hepat ic  or in tes t ina l  l ipoproteins  contain-  
ing endogenous  cholesterol.  In any  event,  the  sub- 
sequent  act ion of a normal  funct ioning t r iacylglycerol  
hydrolase  sys tem would resu l t  in the  conversion of these  
VLDL to cholesterol-rich IDL and LDL par t ic les  (37). 
Increases  in any  of these  se rum fractions,  especial ly  if  
cholesterol enriched,  may  then  cont r ibute  to the  down 
regu la t ion  of hepat ic  receptors  leading to the  e levat ions  
among  these  l ipoproteins  in the c i rculat ion (38-40) and 
subsequen t  a therogenic  r isk.  

In  the  p resen t  work, increases  in VLDL cholesterol 
were not s ta t i s t ica l ly  s ignif icant  when  casein  was fed 
compared  wi th  the  soy prote in  diets.  Nonetheless ,  a 
tendency toward cholesterol  en r i chment  of VLDL was 
observed wi th  casein feeding. Reasons for th is  f inding 
migh t  best  be expla ined  due to the  existence of both  
hyper-  and  hyporesponder  r abb i t s  among  those used in 
th is  study. Differences in suscept ib i l i ty  to hypercholes-  
t e ro lemia  wi th in  the New Zea land  whi te  s t ra in  have 
been repor ted  previously  due to d ie ta ry  modificat ion 
including casein  feeding (41,42). Indeed,  wi th in  the  CS 
diet-fed a n i m a l s  in the  p resen t  exper iment ,  l ipoprote in  
cholesterol content  was qui te  va r iab le  as evidenced by 
re la t ive ly  la rge  s t anda rd  errors  of  m e a n s  observed. 
While  th is  va r i a t ion  has  been  repor ted  previously  
(20,22,24,43)(29-32), reasons  for i t  are  unclear.  I t  may  
be t h a t  in te rac t ions  be tween  any  one of a n u m b e r  of 
d ie ta ry  cons t i tuen ts  m i g h t  cont r ibu te  to th is  effect. The 
presence  of dextrose as ca rbohydra te  source when  ca- 
se in-conta in ing  diets  are  used may  thus  he lp  min imize  
these  wi th in-group  differences. The  exclusive use  of 
e i ther  hyper-  or hyporesponder  an i m a l s  a f te r  a pre l imi-  
n a r y  screening may  also be w a r r a n t e d  in s tudies  involv- 
ing casein  diet  feeding. 

The a s se s smen t  of VLDL par t ic le  d iamete r s  based 
on both electron microscopy and composi t ional  ana lys i s  
revealed few differences among  rabb i t s  fed the  var ious  
diets  in th is  study. Shore et al. (34) have repor ted  t h a t  
VLDL par t ic le  size of cholesterol-fed rabb i t s  were l a rger  
t h a n  normal  VLDL of rabbi t s  fed commerc ia l  chow 
diets.  The possibi l i ty  of cholesterol  fed r abb i t  VLDL 
be ing  a r e m n a n t  of t r iglyceride-r ich,  in tes t ina l  l ipopro- 
te ins  conta in ing  d ie ta ry  cholesterol  may  help  reconcile 
th is  difference (36). More recently,  however, Kroon et  
al. have  shown t h a t  the  p -mig ra t i ng  VLDL of choles- 
terol  fed r abb i t  is of hepa t ic  or igin  (42). A s imi l a r  
m e c h a n i s m  may  exist  wi th  casein  feeding, in which 
case the  product ion of cholesterol-r ich VLDL m a y  be a 
p r i m a r y  source of s e rum cholesterol.  The  ex ten t  of th is  
response,  however, may  not  be as great .  The  feeding of 
1% cholesterol as used by Shore et  al. (34) resu l ted  in 
e levat ions  of  s e rum to ta l  cholesterol  of  f rom 1300 to 
2000 mg/dl  a f ter  10 days, whi le  the  endogenous  hyper-  
choles terolemia  of casein feeding in the  p resen t  s tudy 
resu l ted  in only a modera t e  hypercholes tero lemia .  
Studies  on the product ion and  tu rnove r  of these  lipopro- 
te ins  and  the i r  apopro te in  composi t ion will  provide evi- 
dence to be t t e r  define ac tua l  m e c h a n i s m s  responsible  
for the  changes  observed in th is  exper iment .  

ACKNOWLEDGMENTS 

The author is grateful to Brian J. Hatch for technical assistance, 
Wendie Smith for help in preparing the electron micrographs, 
and D. Elizabeth Watson for drafting the figures. This work was 
supported by Grant HL28106 from the National Heart, Blood and 
Lung Institute. This is Agricultural Experiment Station Journal 
Series No. 5826. 

REFERENCES 

1. Lambert, G.E, J.P. Miller, R.T. Olsen and D.V. Frost, Proc. 
Soc. Exp. Biol. Med. 97:544 (1958). 

2. Wigand, G., Acta Med. Scand. 166:Supple. 351, 1 (1959). 
3. Malmros, H., and G. Wigand, Lancet 2:749 (1959). 
4. Kinsel, L.W., Prog. Chem. Fats 6:137 (1963). 
5. Kritchevsky, D., and S.A. Tepper, J. Atheroscler. Res. 8:357 

(1968). 
6. Terpstra, A.H.M., R.J.J. Hermus and C.E. West, Wld. Rev. 

Nutr. Diet. 42:1 (1983). 
7. Terpstra, A.H.M., R.J.J. Hermus and C.E. West, in Animal 

and Vegetable Proteins in Lipid Metabolism and 
Atherosclerosis, edited by M.J. Gibney and D. Kritchevsky, 
Alan R. Liss, Inc., 1983, pp. 19-49. 

8. Kritchevsky, D., L.M. Davidson, I.L. Shapiro, H.K. Kim, M. 
Kitagawa, S. Malhorta, P.R Nair, T.B. Clarkson, I. Bersohn 
and P.A.D. Winter, Am. J. Clin. Nutr. 33:1869 (1980). 

9. Kritchevsky, D., S.A. Tepper and M. Kitagawa, Nutr. Rep. 
Int. 1:193 (1973). 

10. Kritehevsky, D., L.M. Davidson, I.L. Shapiro, H.K. Kim, M. 
Kitagawa, S. Malhorta, P.R Nair, T.B. Clarkson, I. Bersohn 
and RA.D. Winter, Am. J. Clin. Nutr. 27:29 (1974). 

11. Winitz, M., J. Graft and D.A. Seedman, Arch. Biochem. 
Biophys. 108:576 (1964). 

12. Mann, J.I., and A.S. Trusswell, Br. J. Nutr. 27:395 (1972). 
13. Lindgren, ET., in Analysis of Lipids and Lipoproteins, edited 

by E.G. Perkins, American Oil Chemists' Society, Cham- 
paign, IL, 1975, pp. 204-224. 

14. Meusing, R.A., and T. Nishida, Biochem. I0:2952 (1971). 
15. Bartlett, G.R., J. Biol. Chem. 234:466 (1959). 
16. Lowry, D.H., N.J. Rosenbrough and A.L. Farr, J. Biol. Chem. 

193:265 (1951). 
17. Bauer, J.E., and W.D. Ransone, Lipids 18:397 (1983). 
18. Stange, E., B. Agostini and J. Papenburg, Atheroscterosis 

22:125 (1975). 

JAOCS, Vol. 64, no, 8 (August 1987) 



1192 

J.E. BAUER 

19. Anonymous, Nutritional Requirements of Rabbits, 2nd Edn., 
National Research Council, National Academy of Sciences, 
Washington, D.C., (1975). 

20. Eisenberg, S., and R.I. Levy, Adv. Lipid Res. 13:1 (1975). 
21. Bauer, J.E., and S.J. Covert, Lipids 19:844 (1984). 
22. Lacombe, C., and M. Nibbelink, Artery 6:280 (1980). 
23. Terpstra, A.H.M., and F.J. Sanchez-Muniz, Atherosclerosis 

39:217 (1981). 
24. Huff, M.W., D.C.K. Roberts and K.K. Carroll, Ibid. 41:327 

(1982). 
25. Roberts, D.C.K., M.W. Huff and K.K. Carroll, Lipids 14:566 

(1979). 
26. Terpstra, A.H.M., L. Harkes and F.H. Van der Veen, Ibid. 

16:114 (1981). 
27. Vrana, A., and P. Fabray, Med. Rev. Nutr. Diet. 42:56 (1983). 
28. Reiser, S., J. Hallfrisch, O.E. Michaelis IV, F.L. Lazar, R.E. 

Martin and E.S. Prather, Am. J. Clin. Nutr. 32:1659 (1978). 
29. Shift, T.S., P.S. Roheim and H.A. Eder, J. Lipid Res. 12:596 

(1971). 
30. Kelley, T.J., P.R. Holt and A.L. Wu, Am. J. Clin. Nutr. 33:1033 

(1980). 
31. Strauss, R., and M. Wurm, Am. J. Clin. Path. 29:581 (1958). 

32. Scanu, A.M., Biochim. Biophys. Acta 265:471 (1972). 
33. Lindgren, ET., L.C. Jensen, R.D. Wills and G.R. Stevens, 

Lipids 7:194 (1972). 
34. Shen, B.W., A.M. Scanu and F. Kezdy, Proc. Natl. Acad. Sci. 

USA 74:837 (1977). 
35. Shore,V.G., B. Shore and R.G. Hart, Biochem. 13:1579 (1974). 
36. Ross, A.C., and D.B. Zilversmit, J. Lipid Res. 18:169 (1977). 
37. Ross, A.C., C.R. Minick and D.B. Zilversmit, Atherosclerosis 

29:301 (1978). 
38. Eisenberg, S., in Atherosclerosis Reviews, Vol. 1, edited by R. 

Paoletti and A.W. Gatto Jr., Rosen Press, New York, 1976, 
pp. 23-60. 

39. Sirtori, C.R., G. Galli, M.R. Lovatti, P. Carrara, E. Bosisio 
and M.G. Kienle, J. Nutr. 114:1493 (1984). 

40. Kovaner, P.T., M.S. Brown, S.K. Basu, D.W. Bilheimer and 
J.L. Goldstein, Proc. Natl. Acad. Sci. 78:1396 (1981). 

41. Chao, Y-S., P.A. Kroon, T-T Yamin, G.M. Thompson and A.W. 
Alberts, Biochim. Biophys. Acta 754:134 (1983). 

42. Kroon, P.A., G.M. Thompson and Y-S Chao, Atherosclerosis 
56:323 (1985). 

[Received J a n u a r y  24, 1986] 

JAOCS, Vol. 64, no. 8 (August 1987) 


