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Abstract

The effect of milk in low and high cholesterol diets were investigated on serum cholesterol esterification.
Weanling male Sprague-Dawley rats were divided into low (0.01% w/w) and high (1.01% w/w) cholesterol-
diets groups. Both low and high cholesterol groups were consisted of three groups : control, LM (low heat milk),
and HM (high heat milk) groups. After feeding these experimental diets for six weeks, serum cholesterol {free
cholesterol and cholesteryl ester) concentration and activity of lecithin : cholesterol acyltransferase (LCAT)
were measured, and serum lipoprotein profile was examined using gel column chromatography. According to
the result, activity of LCAT was elevated independently by intakes of high cholesterol and milk, which resulted
in the increase of daily turnover of serum cholesteryl ester. However, the turnover of HDL-cholesteryl ester
increased enly by milk. LCAT activity was moderately correlated with levels of total- and HDE-free cholesterol.
Ht is concluded from the present study that mitk had the cholesterol-lowering effect which partly appears to be

mediated through facilitated reverse cholesterol transport.
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INTRODUCTION

Hypercholesterolemia is a major risk factor of coro-
nary heart disease {CHD), the leading cause of death
in the many countries. An increased concentration of
high density lipoprotein (HDL) cholesterol exerts a pr-
otective role in the pathogenesis of atherosclerosis,
whereas low density lipoprotein (LDL) cholesterol is
associated with development of atherosclerotic le-
sions'™.

The reverse cholestrol transport which is instru-
mental in protecting the cardiovascular systern against
atherosclerosis in human and animal, comparises a
series of reactions by which peripheral cell chole-
sterol is returned to the liver®®. In this transport system
HDL is the initial acceptor of cellular cholesterol and
the enzyme LCAT contributes to reverse cholesterol
transport by converting the free cholesterol (FC) on
the surface of the circulating HDLs to cholesteryl es-
ter (CE). In reverse cholesterol transport of rats, exces-
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sive cholesterol in peripheral tissue is removed main-
ly by HDL action in conjuction with LCAT, which pr-
ovides the deriving force for net cholesterol remo-
val”, Petersburg and Ellefson® showed that esterified
lipoprotein cholesterol is cleared from rat plasma
much faster than free cholesterol.

LCAT activities can be altered by various factors.
Liu et al” reported that plasma LCAT activities were
significantly lower than normal in hyperlipidemic {ty-
pe |la) patients with coronary heart disease. An age
related decrease was observed in the fractional rate
of plasma cholesterol esterification. Lacko et al"™
reported that LCAT activities were associated with
hypercholesterolemia and premature atherosclerosis
and these activities also can be influenced by types
of fats'*". Yashiro and Kimura' showed an increase
in LCAT activities with an increase in dietary protein
and in exercise levels in rats. And disminished plasma
LCAT activities were observed in rats fed animal pro-
tein™ and iron-deficient rats'®. Among dietary factors
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which influence on lipid metabolism, dairy products
have recently received much attention regarding their
possible effects on plasma cholesterol metabolism.
They contain lipids including saturated fatty acids and
cholesterol which are able to change serum choleste-
rol levels. Feeding whole milk or skim milk to experi-
mental animals reduced serum cholesterol”*" and
activity of the rate-limiting enzyme, hydroxymethyf-
glutary! coenzyme A reductase’. The human studies
have produced some conflicting results which have
shown a decrease or no changes in plasma lipids with
consumption of various milk products®*%, but this
can be partly due to different experimental conditions
used. Although significant amounts of informatian
have accumulated on these topics, the reasons for pi-

" asma cholestero! changes upon feeding milk are pre-
sently unknown. It is of our interest to investigate
how the supplementation of cow’s milk alters regula-
tion of cholesteral metabolism. The dbjective of this
study was to determine the effects of cow’s miik on
serum cholesterol metabolism via LCAT reactions in
rats fed two different ievels of cholesterol. Cow’s milk
used for this study was two types which are commer-
cially processed at different temperatures.

MATERIALS AND METHODS

Animal experiment

whole milk was fed to rats using liquid diet botti-
es, The two different whole milk used were sterilized
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at 65°C for 30min and 140° C for 2 min respectively.
Experimental diets used were three low cholesterot
diets ((.01% cholesterol} and three high cholesterol
diets (1.01% cholesterol). In each level of cholestero!
a control diet was given without milk supplementati-
on as shown in Table 1. Low cholesterol diets (LC) w-
ere a cholesterol added (0.01%,) basal diet (LC-Con-
wol) with water, a basal diet with high heated milk
(LC-HM) and a basai diet with low heated milk {LC-
LM). High cholesterol diets (HC) were a cholesterol
added (1.01%) basal diet with water (HC-Control), a
cholesterol added(1.0%) basal diet with high heated
mitk (HC-HM) and a cholesterol added (1.0%) basal
diet with low heated milk (HC-LM). Cholesterol and
Na-taurocholate were added to the high cholesteroi
diet to elevate serum cholesterol sufficient to induce
experimental hypercholesterolemia™. The compositi-
ons of six experimental diets are shown in Tahle 2.
Each group of Sprague Dawley rats (animal breeding
labs, Taejor, Korea) was fed one of experimental diets
for 6wk following 5 days of adjusting period. Animals
were housed in temperature (21~23°C) and light con-
trolied rooms with a 12-h light-dark cycle beginning
at 0800h and at ambient humidity (3¢ ~60 %). Pricr
to sacrificing animals, food was removed from their
cages for about 16h. Each rat was anesthetized with
ether, and bilood was removed from inferior vena
cave puncture intoe syringes containing a final con-
centration of 4mM DTNB {5,5-dithicbis-2-benzoic
acid) to inactivate LCAT.

Tabie 1. Six dietary groups with two levels of cholesterol and two types of milk in diets

Cholesterol levels

Milk types
LC (Low cholestrol) HC (High cholestrol®}
Basal diet Basal diet
Control +0.01% Chol. +1.01% Chol.+0.3% Cholate
+Water {n=8) +Water {n=7)
HM Basal diet Basal diet
(High heat milk) +Mili + 1% Chot.+0.3% Cholate
(n=7) + Mitk {n=8)
LM Basal diet Basal diet
{Low Heat Milk} +Milk +1% Chol.+0.3% Cholate
{n=8) + Milk (n=8)

“In the preliminary experiment, cholesterol intake by milk supplementation was about 0.01% (g/g diet} in milk fed rats
Therefore, the same amount of cholesterol was added to the basal diet in control diet of LC groups

b Additiona! 1% cholesterol (g/g diet) was inclulded in the solid diets. Control diet for HC include 0.01% (g/g diet) more
cholesterol than milk groups due 1o the same reason described above®

< AIN-76 semipurified diet
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Serum cholesterol measurements and lipoprotein
profile

The blood was centrifuged at 1,200 X g for 20min
at 4° C to separate serum. A sample of serum was im-
mediately frozen until analyzed for LCAT activity and
cholesterol concentrations. HDL was separated using
heparin-MnCiz precipitation method® and total ser-
um- and HDL-cholestero! were measured for total
and free cholesterol using Asanset cholesterol kit.
The concentration of esterified cholesterol were calc-
ulated as the difference of free cholesterol concent-
ration from total cholesterol concentration. For isol-
ation of serum lipoproteins, densities of pooled ser-
um (7ml} which obtained from each diet group were
adjusted to 1.225g/m! with solid KBr and these sam-
ples were overlayed with a d=1.225g/mi KBr solut-
jon in cellulose-nitrate tubes(12m capacity)®®. Ulira-
centrifugation was carried out by using a Ti 70.1 rotor
at 38,000rpm for 4C hours at 10°C in & Beckman L5-
50 ultracentrifuge (Beckman, Fullerton, CA, USA).
Lipoproteins isolated in the d<(1.225g/m! supernata-
nt(the upper 1~2m! of the tubes) were obtained by
pipette with careful handling. Aliquots of the concen-

Table 2. Compositions of solid diet for six dietary groups

% LC HC
HM, LM Control  HM, EM

Ingredients Control
—— g/ 100g diet —-

Casein 20.0 20,0 200 20.0
D,L-methionine 0.3 0.3 0.3 0.3
Corn starch 15.0 15.0 15.0 15.0
Sucrose 50.0 50.0 48.7 48.0
Cellulose powder 5.0 5.0 5.0 5.0
Mineral mixture 3.5 3.5 3.5 35
Vitamin mixture® 1.0 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 0.2 0.2
Corn oil 4.99 5.0 4.99 5.0
Cholesterof 0.01 0.0 1.01 1.0
Na-taurocholate 0.0 0.0 0.3 0.3

Control @ water, HM : high heat milk, LM : low heat milk

*AIN-76 mix used at this {evel in 100mg diet provided the fol-
lowing amounts of each mineral : Ca, 520mg ; P 400mg ; K,
360mg ; Na, 102mg ; Cl, 157mg; 5, 337mg ; |, 0.02mg ; Fe,
3.5mg ; Mg, 50.6mg ; Zn, 3mg ; Cu, 0.6mg ; Mn, 5.9mg

b AIN~76 mix used at this level in 100mg diet provided the foll-
owing amounts of each vitamins : thiamin, 0.33mg ; ribof-
lavin, 0.53mg ; pyridoxine HCI, 0.7mg 5 niacin, 3.0mg ; cal-
cium pantothenate, 1.6mg ; folic acid, 0.02mg ; vitamin Biz,
1.0mg 5 vitamin A, 120R.E. ; vitamin E, 3.9T.E. ; vitamir D3,
100U ; menadolin sodium hisudfite, 0.15mg

trated lipoprotein samples for each group were incu-
bated for 30 minutes at room temperature with a trace
amount of PHicholesterol as a marker. A column(1.5
% 100cm) packed with Bio-Gel A-5M (Bio~Rad Lab-
oratories, Richmond, CA, USA) was used to separate
the serum [ipoproteins as described previously™. The
system was operated under gravity with a flow rate of
10ml/h. The column was equilibrated with 0.15M
NaCl, 0.01% EDTA, pH 7.4 for 24 hours before use.

Radioactivities of fractions containing lipoproteins
were counted with 20ul aliquots in scintiliation vials
and plotted in a chromatogram.

LCAT enzyme assay

LCAT activity was assaved essentially by the met-
hod of Stokke and Norum™ as modified by Lacko et
al*" wherein the substrate and enzyme were from the
same serum whose LCAT was inactivated prior to ser-
um separation. 7-[*H]cholesterol (specific activity 23.
0uCi/mmol) was obtained from New England Nucle-
ar Corp. (Boston, MA, USA} and diluted with acetone
to a final concentration of 100uCi/ml. The emulsion
of PHicholesterol-albumin was prepared as descri-
bed following. Briefty 250uCi of ["H]cholesterol in ac-
etone was slowly added to 5ml of human albumin so-
lution (250mg of human albumin dissolved in 0.2M
phosphate buffer, pH 7.4) with nitrogen pudding. This
solution was then pfaced under nitrogen until it was
free of acetone. The emulsion was found to be stable
for 4 weeks at 4”C. Rat serum (42Qul) were incubated
with 105ul of [PHicholestrol-albumin emulsion (5g—
Ci/mil), the enzyme was then reactivated with 70ul of
0.1M mercaptoethanol and further incubated. When
the activation of LCAT occurred by adding mercapto-
ethanol, aliquots (123 ul) of samples were remaoved at
5 minute intervals over a 20 minute period and the
reaction was stopped by the addition of chloroform/
methanol (2 : 1, vAv) immediately after removal from
incubation. The lipid residue was extracted with 6m}
of chloroform/methanol{2 : 1, v/v), filtered under
vacuo, and evaporated to dryness. it was then transf-
erred to thin layer plates of silical gels (Whatman,
Inc., Clifton, NJ, USA) in a small volume of hexane.
The plates were developed in petroleumn ether/diet-
hyl ether/acetic acid (90 : 10 : 1, v/v/v) and identif-
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Fig. 1. Comparison of the distribution of radiolabeled cholesterol among serum lipoproteins in rats fed six experimental diets.
Serurn lipoprotein from LC and HC groups were labeled with PH]cholesterol and chromatographed on a Bio-Gel A 5M
column (1.5 x 100cm). Fractions (2ml) were coliected and analyzed for radivactivity as described under methods. The
elution volumes of standard rat lipoprotein are indicated by arrows. Distribution of HDL-cholesterol and {(LOL+ VLDL)
cholesterol among fractionated lipoproteins are shown for LC {upper panef) and HC (lower panel) groups.
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ied in iodine vapor. The areas containing free cholest-
erol and cholesteryl ester were scraped into liquid sci-
ntillation counting vials and counted using 7ml of PC-
S liguid scintillation fluid (Amersham /Searle, Arlingt-
on Height, IL, USA). Total activity is expressed as frac-
tional rate of esterification (FR, % cholesterol esterifi-
ed/h) which was calculated from the slope of the line
by least square analysis, and molar rate of esterificat-
ion {(nmoles/ml serum/h) was also calculated. The
net turnover rate (NR) of serum CE was calculated as
a product of the serum FC pool (mg} and the FR. The
serum FC pool was obtained as the product of total
serum cholesterol concentration (mg/ml) and the ser-
um volume {mi), which was assurmed to be 4% of the
body weight*®,

Statistical analyses

Mean and standard error were computed by SPSS
statistical package. Comparison among diet groups
was made using one-way analysis of variance, and
effects of cholesteroi and milk were analyzed by two-
way analysis of variance. Correlation coefficients we-
re computed to find any correlation between dietary
treatment and LCAT activities.

RESULTS

Serum cholesterol and lipeprotein profile

All diet groups showed similar nutrient consumpt-
ion patterns and weight gains (data not shown here),
Daily milk intakes were 21.14+0.3g, and 22.1+0.7g
for HM- and LM-group of low cholesterol-fed ani-
mals, and 26,1+£0.9g and 24.7 +1.4g for HM- and
LM-~group in high cholesterol-fed groups, respective-
ly. Serum lipoprotein profile which was obtained from
the distribution of radioactivity on gel column chro-
matography clearly shows only 2 major peaks, HDL
and apo-B containing lipoproteins, as shown Fig. 1.
Effects of cholesterol and milk intake were observed
in the profile of this chromatogram showing that the
radioactivities of HDl.—cholesterol decreased by high
cholesterol feeding and those of lower density lipopr-
otein cholesterol by mitk supplementation. As shown
Fig. 1, the radioactivities of HDL in LC groups were
higher than those of HC groups. Milk fed groups in
both LC and HC groups showed the radioactivities of
HDL-cholesterol higher than that of their controf (LC
-Control or HC~-Control). Data pertaining to the effe-
cts of dietary cholesterol and milk in serum and lip-
oprotein cholesterol are shown in Table 3 where ch-
olesterol concentrations are expressed as free and es-
terified content respectively. In HC groups, both typ-
es of cholesteral were significantly lower (p<0.001)
in HDL fractions but higher (p<<0.001) in serum and
lower density lipoprotein than those of LC groups
(cholesterol effect). Milk effects appeared in serum

Table 3. Contents of serum free and esterified cholesterol in rats fed two types of milk and different level of cholesterol in diets for

six weeks’
Total cholesteral HDL cholesterol EDL+VLDL
Cholesterol level Milk types .
FC CE FC CE FC CE
—mg/dl —

Control 24.142.0M 69.84£2.0¢ 13.141.0™ 50.8+1.6™ 11.1+0.8° 18.9+2.6°

LC HM 19.2+0.9 61.1+1.6" 11.5+1.0 52.5+1.8 7.7+0.5" 8.8+1.2"
LM 21.4+0.8 569+3.2° 13.1x0.6 49.6+3.2 8.3£1.4" 74£0.7°

Cantrol 31.241.8™ 86.314.7™ 7.5+1.7% 27.441.7% 22.0+1.2%  £2.4+55

HC HM 30422 771x1.8 8.2+0.8 28.9+3.2 22122 48.3+3.3°
Livt 33.123.2 86.3+2.8 8.0x0.7 32,9420 24.3x1.2 53.4x2.5®

Cholesterol effect* p<0.001 p<0.001 p<0.00! p<0.001 p<<0.001 p<0.001
Milk effect* p<0.01 p<0.01 NS NS p<0.001  p<0.001

Controi ; water, HM ; high heat milk, LM ; low heat milk

' Values without common superscript letters denote significant differences between diets within same cholesterol level at p<0.05
*Denotes significant differences between three low and three high cholestercl levels or between four milk fed groups and tw:

control groups
™ Not significant
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Fig. 2. Linear regression of LCAT activity with serum free ch-
clesterol.
Upper and lower panel represent low cholesterol {LC)
and high cholesterol (HC) groups, respectively.

total (p<0.01) and lower density lipoprotein fractio-
ns {p<0.001) showing a decrease of FC and CE by
milk supplementation, and there was no significant
differences between HM and LM group in both LC
and HC groups. Within LC, the level of CE in lower
density lipoprotein was higher (p<{0.05) in contro!
group than milk fed groups while the level of CE in
same lipoprotein fraction was higher in control group
than HM group within HC groups.

LCAT activities and cholesterol turnover

When LCAT activity was expressed as nmole/ml/
h, these activities were positively correlated with se-
rum FC concentrations in both LC (r=0.51, p<0.005)
and HC{r=0.54, p<0.004) groups{Fig. 2) and with
HDL-FC concentrations{data not shown here, LC :
=047, p<0.012, HC : r=0.35, p<0.042). The data
regarding the FR of LCAT activity and the NE of total
{serum)- and HDL-CF as well as that regarding the
FC pool size are given Table 4. FR and NR of tota!l ser-
um-CE in HC groups were significantly higher (p<G.
007) than those of LC groups, but not for HDL-CE.
The milk supplementation significantly increased the
NR of total-CE and HDL-CE at p<<0.05 and p<_ 0.
005 respeciively, as well as FR at p<<0.001. When
comparisons are’ made within HC or LC groups, the
NR of HDL-CE in LC groups was higher in LM group
than the other two groups and the NR of total-CE in
HC groups was higher in HM group than control gro-

Table 4. Effects of dietary cholesterol and milk supplementation on serum cholestryl ester turnover determined in vitre

) FC~poal LCAT activity Net turnover rate
Cholesterol level Milk types  Final weight - — - — =
Tota! LDL ractional rate  Total-CE LDL-CE
g -—mg — —%/h— —— mg/day ~—
Control 316 6™ 3.04+0.11" 1.64£0.12% 8.4.£0.7 6.0-+0.6™ 3.28+0.34°
LC HM 342415 2.65+0.20 1.59x0.19 $5.5+0.4 6.0:-0.5 3.58+0.41°
LM 36611 3.1440.20 193013 9.5+0.4 RESVRS) 437045
Control 325412™ 4,05£0.27™ 0.97+0.06™ 14.3+1.8™ 14.0+1.8° 3.4340.50°
HC HM 356111 4.35+0.39 1154012 18.5+0.8 19.5+1.8" 5.20x0.62"
Lt 33147 4.41=0.32 1.07+0.12 18304 18.3£7.4™ 4.48+0.58
Cholestero! effect* NS p<0.001 p<C0.001 p<0.001 P<0.001 NS
Milk effect* NS N3 p<0.05 p<0.001 p<0.05 p< 0,005

Control ; water, HM 3 high heat milk, LM ; fow heat milk

Values without common superscrint letters denote significant differences between diets within same cholesterol level at p<C0.05
*Denotes significant differences between three low and three high cholesterol levels or between four milk fed groups and two

control groups -
N Not significant
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up. No significant differences were existed between
two types milks in NR or CE concentrations.

DISCUSSION

These studies were designed to study how cow’s
milk alters serum cholesterol metabolism. There are
many dietary factors which influence the concentrat-
ion of serum cholesterol. A good correlation is kno-
wn to exist between dietary saturated fat or cholest-
erol intake and serum cholesterol levels™. And plant
proteins are generatly known to be less atherogenic
than animal protein®. But whole milk is usually res-
tricted to hypercholesterclemic patient since it con-
tains 110mg of cholesterol per liter and about 3.5%
fat. In 1974, however, Mann and Spoerry** discover-
ed that farge consumption of fermented milk actually
lowered the serum choleserol level of Masat tribesm-
en. Since then many investigators-have reported that
whole milk, skim milk, yogurt, or other milk products
have a hypocholesterolemic effect in man and anim-
als” 2 Thakur and Jha™ suggested the possibility
that yogurt prevented the development of atheroscl-
erosis in cholesterol-fed rats. In our results the in-
creased levels of serum cholesterol in cholesterol fed
animals are predominantly due to the increased levels
in VLDL and LDL fractions. Milk effect was clear in to-
tal serum- and (L DL+VLDL)-fractions as shown in Ta-
ble 3. These data are in agreement with the suggest-
ion that the supplementation of cow’s milk are norm-
ocholesterolemic or hypocholesterolemic™*2".

The effectiveness of LCAT in the serum has been
assessed by either measuring its ability to esterify
endogenous serum cholesterol” > or by the esterifi-
cation of exogenous cholesterol in artifically prepa-
red substrate®®. Although the levels of circulating LC-
AT activity measured with an exogenous substrate
have been generally found to be normal, lower and
higher rates of endogenous cholesterol esterification
have been reported for a number of pathclogical sta-
tes" . Qur findings regarding the molar rate of cho-
lesterol esterification are also in agreement with
earlier studies in which LCAT activity was positively
correlated with its substrate concentration in serum™.
The in vitro NR of esterification of total serum-FC

was higher (p<{0.001) in cholesterol fed animals due
to an increase (p<<0.001} in the total FC pool size (Ta-
ble 4). But the increase in NR was abolished in HDL
fractions since the decrease of HDL-FC pool was acc-
ompanied with an increase of the fractional LCAT act-
ivity in high cholesterol fed grotips. Milk supplement-
ation increased not only HDL-FC pool size but also
NR of total- and HDL-CE in both LC and HC. in oth-
er studies it has been suggested that the MR when
estimated by measuring plasma LCAT activily in vitro
may be indicative of the turnover of CE in HDL or the
input of free cholesterol in HDL, since the values for
NR obtained by the in vitro method were similar to
those obtained for HDL-CE turnover by in vive meth-
ods®™*. Qur data on NR of CE would then suggest
that the milk supplementation does affect the input of
FC in serum HDL and its conversior to HDL-CE whe-
reas the high cholesterol feeding increased total ser-
um-~ and HDL-FC pool and total-CE turnover, but not
HDL-CE turnover. There were no differences between
HM and LM group in both iow- and high-cholesterot
fed animals throughout result which may suggests
that heat treatment at 60° C or 140°C does not affect
the cholesterol-lowering factors in cow’s milk.

The increased LCAT activittes in high cholesterol
fed rats contribute to esterify FC on HDL more rapi-
dly than normal rate, but may not be effective for FC
on lower density lipoproteins in serum. It can be sup-
posed that this consequence may result in accumu-
lation of LDL- and VLDEL-cholesterol due to their
delayed clearence in serum (Table 3). Milk supple-
mentation seemed 1o be effective not only for increa-
sing LCAT activity but for increasing HDL-cholest-
erol [evels which is one of protective factor for CHD.

Further investigation involving the quantitative rela-
tionship between the rate of hepatic and extrahepatic
synthesis of cholesterol, the excretion and reabsor-
ption, and the tissue lipoprotein receptor activity ne-
eds to be performed in order to gain a clearer under-
standing of the mechanism of milk induced or diet-
ary cholesterol related changes in serum and tissue
cholesterol tevels.
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