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Abstract

This study was conducted to examine the atherogenic effect of high cholesterol diet(experimental diet}
that influences changes of lipoprotein cholesteral metabolism and arterial wall. Seven NewZealand white
rabbits were fed control diet, and the other 7 rabbits 2% cholesterol diet for 10 weeks. Results obtained from
this study are as follows: 1) High cholesterol diet resuited in a gradual increase of plasma total cholesterol
level, reaching up to 1422mg/dl at the seventh week. 2) CETP{cholestery} ester transfer protein) activity was
significantly higher in high cholesterol group(64.9% at the 7th week) than control group(48.3% at the 7th
week) during most of the experimental period except the 6th week. 3) The cholesterol supplementation induced
fatty liver and a decrease of hepatic HMG-CoA reductase activities(2.1lnmeoles vs. (.3nmoles) compared to
control group. 4) Bands of apo B-100 and apo E in plasma lipoprotein were thicker in high cholesterol-fed
animals than control animals as visualized by SDS-PAGE. 5) Oxidizability of plasma lipoproteins measured
in vitro was greater in high cholesterel group than control group, but vitamin E level higher in contrel group.
6) The effect of cholesterol feeding for 10 weelks also led ic early fatty streaks in aortic intima. High choleserol
feeding was atherogenic to rabbits, and this seems to be mediated through elevated CETP activities that
regulate plasma HDL cholesterol level and decrease an efficiency of reverse cholestercl transport in lipo-
protein cholesterol metabolism. The enhanced oxidizability of plasma lipoproteins and lowered vitamin E level

may also conlribute to the formation of fatty streaks in aorta of choleterol-fed rabbits.
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INTRODUCTION

The relationship between dietary lipid and athero-
sclerosis has heen a subject of extensive investigation
over the last six decades. Epidemiologic studies have
demanstrated that high cholesterol diet is atherogenic
and plasma high-density lipoproteins(HDL} cholesterol
concentrations are inversely correlated with coronary
heart disease(CHD) incidence(1,2). It is very important
to elucidate the mechanism of atherogenesis by high
cholesteral diet. Concentrations of plasma HDL, which
are negatively correlated with the development of athe-
rosclerosis in both humans and some experimental ani-
mals(3,4), vary considerably among individuals. How-
ever, little is known about the regulation of plasma HDL
levels.

In seeking for a mechanism for the changes of TIDL
levels, mest attention has been directed at the role of
HDL in reverse—cholesterol transport{RCT), The pro-
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tective effect of plasma HDL is thought to be due to
its role in reverse cholestercl transport, invalving CE-
TP-mediated transfer of lecithin: cholesterol acyltran—
sferase(LCAT)—derived cholesteryl esters [rom HDL
to more rapidly metaholized lipoproteins(ie. very low
density lipoproteins{VIL.DL) and low density lipoproteins
(L.IDL)), selective hepatic uptake of HDL cholesteryl es-
ters at rates exceeding catabolism of the major HDL
apeprotein, apolipoprotein A-I{apo A-D, and uptake and
catabolism of intact HDL particles(5,6). Recently, how-
ever, the potential of HDL to retard some of the [un-
damental processes in atherogenesis has received atten-
tiom. Klimov et al.(4) reported the protective effect of
HDL against the axidative modification of LDL, which
was dependent on time of incubaticn and the concen-
tration of HDL. HDL is effective in preventing the in
vitro oxidative modification of LDL by transition metal
1ons in tissue culture. Vitamin E is also the major an-
tioxidant in LDL and is the first antioxidant to be con-
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surmed during LDL-oxidation(3.4). HDL cholesterol (ester)
is a preferential substrate for bile acid synthesis and
secretion in liver(7), which eventually contribute to re—
moval of blood cholesterol to liver.

Rabbits are good animal model for studying the ef-
fects of dietary factors on regulating plasma HDL con—
centrations(8). Since they have the high LDIL : HDL
cholesterol ratio, LCAT-catalyzed formation of cho-
lesteryl esters, and CETP-facilitated cholesteryl ester
exchange system, all these factors can constitute sig—
nificant components of HDL metabolism and the reverse
cholesterol transport process(9). Rabbit is known to
be one of the experimental animals which is highly
susceptible to atherosclerosis and its cholesterol me—
tabolism is closer to human than rats. We previously
have looked the changes of lipoprotein metabolism in
high cholesterol-fed rats{(10). Elevated plasma choles—
terol and apo B-containing lipoprotein levels were also
observed in cholesteroi-fed rats(11). But rats are gene—
rally deficient in plasma CETT activities, thus their
reverse cholesterol transport can be performed more
efficiently than in rabbits or humeans by delivering more
bload cholesterol to liver for their utilization(22). For
this reason rats are generally very resistant to the de-
velopment of atherosclerosis, We conducted an experi-
ment with rabbits to study the metaholic effects of 10
week cholesterol—feeding and to identify the mechani-
sm of atherogenesis by high cholesterol {eeding, This
repert describes the effects of dietary cholesterol in
changes of plasma lipids, lipoproteins prafile. CETP and
hepatic HMG-CoA teductase activities, oxidizability of
lipoproteins and as well as status of acrtic wall.

MATERIALS AND METHODS

Chemicals

Ketamin was purchased from Yuhan Yanghang Co.
(Korea) and Cholesterol and TG kits from Asan Co,
(Korea). 1,2*[3H]*nfcholesteryl oleate was purchased
from Amersham life science Co.{ Amersham, UK.). Egg-
yolk lecithin(100mg/ml, ethanol), HMG-CoA, NADPH,
cholesterol and cholestery] cleate were purchased from
Sigma Co.{St Louis, USA). Phenyl sepharose CL-4B.
Sephadex G-200 column media and CNBr-activated Se-
pharose—4B were purchased from Pharmacia, (Uppsala.
Sweden) and protein melecular standards from Bio-
Rad Co.(Hercules, Califormia, USA).

Animal experiment

Six—month-old male New Zealand White rabbits we-
ighing 3.2kg on arrival, obtained from Samyuk Nong-
won(Suwon, Karea), were used for these studies, The
14 rahhits were [ed a ground nonpurified diet{Purina
Rahbit Chow) for 7 days, then randomly divided into
control and experimental groups. Experimental group
was maintained 2% cholestercl Purina rabbit chow diet
for 10 weeks, and control group remained on the same
Purina lab. chow diet throughout experimental period.
Animals were housed in temperature(21 ~23°C) and li-
ght controlled room with a 12-h light—dark cycle begin-
ning at 0800h and at amhbient humidity (30 ~60%4). Food
and water were provided ad libitum. The rahbits were
weighed weekly and food intakes were measured daily.
Small armount of blood was drawn weekly after 12 hour
fasting from ear vein to examine the changes of pla-
sma lipids and CETP activity over the experimental
period. Pricr to sacrificing animals, food was removed
from their cages for abeut 16 hours. Each animal was
anesthetized with Ketamin and blood was removed
from heart puncture. Aortae were removed for Oil Red
O lipid staining and liver was removed for measurement
of HMG-CoA reductase activities.

Plasma lipids and vitamin E measurements

HDL fractions were separated using heparin-MnCls
precipitation method(12), and total plasma and HDL-
cholesterol were measured using Asan-set cholesterol
kit and plasma triglyeceride using Asan-set triglyceride
kit. Plasma vitamin E levels were measured in hexane
extract using “Desai’s improved spectrophotometric as-
say [or vitamin E"{13), Hexane extract from 2ml plasma
was dried under nitrogen gas. The dried lipid residue was
dissolved in ethanol and mixed with batho-phenanthroline
reagent. After adding FeCl: and HsPQ: solution to the
sample mixture, its absorbance was measured at 562
nrm. Plasma vitamin E concentration was calculated using
a—tocopherol as a standard.

Isolation of whole lipoprotein fraction

For isolation of plasma lipoproteins, density of pla-
sma was adjusted to 1.225g/ml with solid KBr and these
samples were overlayed with a d=1.225g/ml KBr solu-
tion in cellulose—mitrate tubes(12ml)(14). Ultracentri~
fugation was carried out using a Ti 70.1 rotor at 38.000
rpm for 40 hours at 10°C in a Beckman L5-50 ultracen—
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tmfuge(Beckman, Fullerton, CA, USA). Lipoproteins iso-
lated in the d<1.225¢/ml supematant were obtained by pi-
petting the upper 1~ 2ml of the tubes with careful handling.

SDS-PAGE analysis of plasma apolipoproteins

Electrophoresis was performed on polyacrylamide
slab gels using Laemmli’s method{15). Electrophoresis
was performed at 120v in Tris/glyeine buffer, pH 8.8,
After electropho. ~sis the gels were stained directly with
.05% Coomassie Brillant Blue(R 250) in methanol-
alacial acetic acid-water 5 : 1 2 4{v/v). The gels were
destamned for 4hr with methanol-glacial acetic acid-
water 5 1 1 ¢ 5{v/v) and then overnight with methanol-
glacial acetic acid-water 1: 1 : 8(v/v).

Measurement of oxidizability in isolated whole
lipoproteins

Lipoprotein peroxides formed in vitro were mea-
sured in oxidized lipoprotemn samples using method of
El-Saadani et al.{16). Plasma lipoproteins cbtained from
ultracentrifugation were dialyzed extensively against
degassed phosphate-buflered saline(PBS) to remove
any salts which were present throughout the prepara—
tion, Formation of lipid peroxides was measured during
copper-induced oxidation of rabbit lipoprotein. Lipo-
proteins were incubated with 5uM CuClz in phosphate—
huffered saline containing 2.50M ascorbic acid to gene-
rate the lipid peroxides. Concentrations of lipid per-
oxides were calculated with abscrbance at 36bnm. Cu-
mene hydroperoxide was used for standard.

Lipid staining of aortic tissues

At time of sacrificing animals, the aortae were re-
moved, cleaned of periadventitial tissue, and opened lon—
gitudinally. The incision was on the anterior wall of the
tharacic aorta. and on the posterior wall of the abdomi—
nal aorta, in order to avoid damaging the branch crifices.
The acrta was stained with a saturated solution ol il
Red O in 60% isopropyl aleohol for 10min, rinsed with
60%6 isopropyl alcohol to remove excess staining, and
then refumed to phosphate-buffered saline. The pressure—
fixed aorta was pinned on a cork board to expose the
intimal surface, which was photographed in color.

Assay of HMG-CoA reductase and CETP aclivities

Liver was homogenized and microsome pellets were

obtained by ultracentrifugation. Activities of HMG-CoA
reductase were measured by the method of Hulcher
and Oleson(17). The level of released coenzyme A was
measured spectrophatometrically during the reduction
of 3-hyvdroxy-3-methyl CoA to mevalonate. Plasma
CETP activities were measured using artificial HDL
as cholesteryl ester donor and artificial L)L as choles-
teryl ester(CE) acceptor which was previously described
(18). Radicactivities of CE transferred from HDL to LDL
were counted by Liguid Scintillation counter, and CETP
activities were calculated as percent of transferred
radiclabeled CE/total radiclabeled HDL-CE.

Statistic analysis

Mean and standard error were computed by SPSS
statistical package. Comparison hetween diet groups
was made using student t-test(19},

RESULTS AND DISCUSSION

Fig. 1 shows the weekly changes in plasma total cho-
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Fig. 1. Weekly changes in plasma total cholesterol
concentrations of rabbits fed confrol and high
cholesterol diet.

Values are expressed as mean=SEM. *p<0.05
—-&—: Control group, —#-: High cholesterol group
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Fig. 2. Weekly changes in plasma triglycerides con-
centrations of rabbits fed control and high cho-
lesterol diet.

Values are expressed as mean ESEM. *p<0.05
-#-. Control group, -®-: High chalestercl group

lesteral concentrations of rabhits fed normal and high-
chalesterol diet for 10 weeks. Total cholesterol level of
control group was maintained quite constantly (30mg/
dl to 5amg/dl), but that of high cholesterol group was
dropped 450.8mg/dl to 110.2mg/dl at the 3rd week for
unknown reason and sharply increased to 1422mg/dl at
the 7th week and slightly declined at the 8th and 9th
weeks, then increased back to 1431mg/dl at the 10th
week. Plasma triglyceride level, as shown in Fig. 2, in
high chalesterol-fed rabbit(220mg/dl) was significantly
(p<<0.05) higher than contro! group{40me/dl) even though
the difference between two groups was less than that
of plasma total cholestercl level. The peak of plasma
triglyceride and cholesterol concentration appeared at
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Fig. 3. Weekly changes in plasma CETP activities of
rabbits fed contrel and high cholesterol diet.
Values are expressed as mean®=SEM. *p<0.05
-#-: Control group, ~8-: High cholesteral group

slightly different period in high cholesterol group over
10 weeks, In fact, the relationship between plasma tri-
glyceride levels and dietary cholesterol levels has fail-
ed to show consistent association according to other
findings(20,21). HDL-cholestero! level was higher in
high—cholesterol group than control group. but the ratio
of HDL- C/total-C was lower in high—cholesterol group
than that of control group as shown in Table 1. When
HDI.-cholestercl level was expressed in terms of athe-
rogenic indices, it was significantly higher in high cho-
lesterol group(39.48) than comtrol group(5.08).

Fig. 3 shows the weekly changes in plasma CETP
activities of both groups. These were significantly hi-
gher in high-chalesterol group{64.9% at the 7th week)
than control group(49.3% at the 7th week) during most

Table 1. Concentration of total cholesterol, HDL—cholesterol, percentage of HDIL-cholesterol and atherogenic
index of rabhits fed control and high cholesterol diet for 10 weeks

Total-C HDL-C conc. HDL-C/Total-C Atherocenic Tndex

(mg/db) (rg/dl) (94) & e
Control group(n=7) 55501 4.1 9.1+0.8" 164%1.1° 508+02°
High cholesterol group(n=7) 14169+185 3HAL58° 25+06° 30.43+46°

Each values are expressed as a mean £ SEM. Different superserints in the same column indicate significant differences

(p<0.05) between groups
Atherogenic Index=[(Total-C-HDL-C)}/HDL-C]
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Table 2. Effects of dietary cholesterol on hepatic HMG-CoA reductase activity, oxidizability of whole lipo-
proteins and plasma vitamin E concentration

Confrol group(n=7)

High cholesterol group(n=7)

HMG-CoA reductase activities
(nmoles of CoA-SH formed/min)
Lipid peroxides conc.

(nmol/m} plasma lipoprotein)

Vit E cone.
{lg/ml}

21+06° G3t+ 01°
20.6+36° 190.4+38.2°
51+04° 33+ g4

Each values are expressed as a mean* SEM. Different superscripts in the same column indicate significant differences

{p<0.05) hetween groups

of the experimental period. The activity of HMG-CoA
reductase which regulates the rate limiting step of cho—
lestercl synthesis was measured by using liver tissues.
It was significantly decreased in high cholesterol-fed
animals(0.3nmoles) compared to control animals(2.1
nmale CoA-SH formed/min) as shown in Table 2. Oxi-
dation of isolated lipoproteins was carmed out to com-—
pare oxidizabilities of lipoprotein samples from these
two groups, which is shown in Table 2 along with pla—
sma vitamin E levels. When lipoprotein samples were
oxidized in vitre, more lipid peroxides were formed in
high—cholesterol group(190.4nmole/ml) than contrel group
{29.6nmoles/ml). But level of plasma vitamin E was
lower in high—cholesterol group than control group.
Frofiles of plasma apolipoproteins were compared
by visualized bands from SDS-PAGE as shown in Fig.
4, Apo A-T which is a major apoprotein in HDL was
thicker in control group, but apolipoprotein B which is
a major apoprotein in LDL was thicker in high—cho-

HC M

albumin

apo-E
apoA-I

apoA-1I

apo—Cs

Fig. 4. SD5-PAGE analysis of the apolipoproteins of
rabhits fed control and high chelesterol diet.
C' Control group, HC: High-cholesterol group

lestercl group accarding to the Coomassie Blue—stained
bands. Arterial intima walls were compared between
these two groups in Fig. 5. These lipid—stained acrta
displayed fatty streaks only in high-cholesterol group.
Cholesterol feeding also induced fatty livers in high-
cholesterol group as shown in Fig. 6.

In other studies, cholestercl-added diet in 2% resul-
ted in a rapid development of hypercholesterolemia and
an increase of CETP activities in hamsters(23) and men
(24). It is well known that cholesterol is generally the
strongest factor in changing blood chalesterol among
various dietary components, and it raises particulariy

Fig. 5. Lipid-stained aortas of rabbits fed control and
high cholesterol diet.
C: Control group, HC: High-cholesterol group

HC C

Fig. 6. Comparison of liver appearance of rabbits fed
control and high-cholesterol diet.
C: Control group, HC High-cholesterol group
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HDIL-chalesterol and decreases HDL-cholesterol/total
cholesterol ratio(8).

Plasma HDL level can also be regulated by CETP
activities. Reverse cholestero!l transport which is me-
diated by HDL via action of LCAT and CETP is im-
portant for removal of bloed cholesterol. For the pro—
tective role of HDL to athercsclerosis, several lines of
evidence have suggested a role for HDL in the pro-
tection of LDL against oxidative modification, LCAT
reaction can be inhibited by the presence of oxidized
LDL in plasma, which impairs HDL-mediated reverse
cholesterol transport(25). HDL also has been shown
ta be an effective scavenger of superoxide in vitro(26),
possibly indicating a direct effect of HUL as a reactive
oxvgen scavenger. Recent experimental evidences su-
gpest that products of LDL oxidation can iransfer from
rminimally oxidized LDL to HDL{27,28). Thus. it has heen
nroposed that by accepting and transporting such oxi-
dation product, HDL may protect against some of the
atherogenic effects of oxidized LDL. Other workers have
reported that HDL is the principal carrier of lipid hy-
droperoxides, and oxidized cholesteryl esters in plasma
HDL are taken up to a greater extent by liver cells than
unoxidized cholestery] esters{29).

There are more increasing evidences that the initi-
ation of atherosclerosis is related to the lipid peroxi-
dation and oxidative modification of LDL(30-33). The
propagated oxidation process includes hreakdown of
essential membrane lipids, and alse peroxidation of
unsaturated fatty acids derived from triglycerides, pho—
spholipids and cholestercl in lipoproteins{33). The resi-
stance of lipoproteins to oxidation is partly determined
by their content of antioxidants. Alpha-tocopherol is
the most active compound of vitamin E{34). Plasma le-
vel of vitamin E is the strongest predictive [actor for
cross— cultural mortality [rom ischemic heart disease
among all essential antioxidants, including vitamin A,
C, E, carotenoid and selemum(35). Vitamin E also is the
major antioxidant in LDL and is among the first anti-
oxidant to be consumed during LDL-oxidation (36,37,
In vitro, oxidation of isolated whole lipoproteins anti-
oxidents within LDL become rapidly exhausted, allowing
lipid peroxidation to proceed. This may also be the case
in vivo in case of high oxidative stress or where anti-
oxidants are deficient. Plasma vitamin E level was lower
in cholesterol-fed rabbits than cantrol rabbits in our
study, which suggests more oxidative stress was given

to this group than contral group. This can be supported
by Matz et al’s finding(38) in which reported that. the
susceptibility of rabbit B-VI.DL to oxidation was mar-
kedly decreased in the vitamin E treated animals as as-
sessed by the formation of conjugated dienes. Alpha-
tocopherol was shown o be an important antioxidant
preventing the in vitro oxidation of VLDL and LDL [r-
actions even in non-supplemented human subjects(39).
The effect of vitamin E supplementation also changes
the plasma CETF activities. In recent findings on roles
of vitarnm E in lipoprotein metabolism(40), it has been
suggested that the vitamin E supplementation may help
to ameliorate the dyslipidemnia caused hy a diet high in
cholesterol and saturated fat through its inhibitory in-
fluence on plasma CETP activities and CETP production
in adipose fissue. Therefore vitamin E may not only
protect the oxidation of plasma LDL but improve the
reverse cholesterol transport through the inhibition of
CETP in the pathway of lipoprotein metaholism.

In conclusion, hypercholesterolemia due to cholestercl
supplementation induced fatty streaks in the rabhbit ar-
terizl wall, retardation of reverse cholesterol transport
due to the decrease of CE transfer, and a marked in—
crease of the copper—mediated oxidation of rabbit li-
poprotein in vitro. These data also suggest that supple—
mentation of dietary vitamin E could be beneficial in re~
ducing the oxidative stress from the retarded process
of reverse cholestercl transport associated with hyper—
cholesterclemia.
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