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ABSTRACT —This study was performed to investigate the inhibitory effect of bovine milk
on the atherosclerotic rats. Eighty male rats of 5-weeks of age were divided into 4 groups,
control, active treatment control fed the atherogenic feed, and skim milk and whole milk
groups fed powdered skim or whole milk mixed with the atherogenic feed and observed
for 13 weeks. Growth, clinical and pathological changes of the rats were examined. Rats
of the 4 groups did not show significant difference of feed intake and weight gain. The
level of serum cholesterol, high density lipoprotein cholesterol (HDL-cholesterol) fraction,
and inorganics between skim milk and whole milk groups were not significantly different
though significant difference was shown between active treatment control and milk groups.
Milder calcification and necrosis in aorta, heart and kidney and fat degeneration in liver
were seen in the milk groups than were in active treatment control. Marked difference,
however, was not found between the skim milk and whole milk groups. Both powdered
skim and whole milks could have a helpful effect of vitamin Dj;-and-cholesterol-induced athe-
rosclerosis in rats.
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It has been of great importance to find ways to
lower blood cholesterol levels in man. A report
from the Lipid Research Clinics Program® included
results from a 7-year study indicating that reduc-
tion of total plasma cholesterol can lower the inci-
dence of coronary heart disease in the population
suffering from primary hypercholesterolemia. Much
effort also has been made to reduce the blood cho-
lesterol levels of hypercholesterolemic patients by
drugs or diets to prevent the development of athe-
rosclerosis.

Many investigators have attempted to explain the

t To whom correspondence shouid be addressed.
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hypocholesterolemic effect of fermented and unfer-
mented milks in man and animals since the existe-
nce of a hypocholesterolemic milk factor was first
proposed by Mann and Spoerry'® in 1974. Subse-
quent studies have confirmed that supplementing
yogurt produced a decline in blood cholesterol le-
vels.*1Y The cholesterolemic response by consu-
ming milk, however, has been more variable ¥

#619 no change®'? or an eleva-

producing a decline,
tion' in blood cholesterol levels. Keim et al.® poin-
ted that the variability in cholesterol response of
man and animals consuming milk could be due to
several differences in experimental design of condi-

tion. Recently, Naito*® performed randomized cont-
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rolled studies and concluded that neither regular
whole milk or skim milk decrease serum choleste-
rol level in human, suggesting that cholesterol lo-
wering factors might not exist in milk. More studies
need to be conducted along this line.

This study was, therefore, performed to examine

whether milk affects the development of atherosc-
lerosis as well as hypercholesterolemia. Thakur and
Jha'? and Kiyosawa et al.” suggested the possibility
that yogurt and milk prevented the development
of atherosclerosis in rabbits by the degree of suda-
nophilia. However little or no information has been
reported on the histopathological changes in animal.
This study reports the effect on serum and histopa-
thological findings in rats fed skim or whole milks
mixed with cholesterol and vitamin D,.

Materials and Methods

A total of 80 male Sprague-Dawley rats of 5-
weeks of age were used in the experiment. The
animals were assigned to 4 groups according to
diet; the first group served as control group fed
the basic ration of a commercial rodent chow which
contains approximately 22.1% protein, 3.5% fat, 5.0%
fiber, 8.0% ash, 0.6% calcium, 0.4% phosphorous
and 60.4% nitrogen-free-extract (by difference) by
the manufacturer’s analysis. The second, active
treatment group, was fed the atherogenic feed, ba-
sic ration containing 1.0% of cholesterol and 50,000
1U/100 g of vitamin D,. The concentrations of cho-
lesterol and vitamin D in feed for the induction
of atherosclerosis was followed by Lee ef al.® The
other two groups, skim milk group and whole milk
goup received the basic ration containing 1.0% of
cholesterol and 50,000 IU/100 g of vitamin D; and
powdered skim milk or whole milk of recommen-
ded daily allowance. All feed was made into pellet
form.

All animals were housed in cages for rats and
allowed to have feed and water at libitum throu-
ghout the study. Room conditions were maintained
at 22+ 2T with a light-dark cycle. Body weight and
feed intake were measured and recorded.

After 13 weeks, rats were fasted 12~14 hours
and sacrificed by exsanguination through cardiac
puncture for the collection of blood. Serum samples
were obtained by centrifugation of the blood. Im-
mediately after exsauguination, selected organs
were collected and fixed with 10% neutral buffered
formalin solution for histopathological examination.
Paraffin sections were made and stained with he-
matoxylin and eosin (HE) and examined by micros-
cope.

Serum samples were tested by a biochemical
analyzer (Ciba Corning Diagnostics, Express 550,
U.S.A). Total cholesterol by enzyme method, high-
density lipoprotein cholesterol (HDL-cholesterol) by
Finley method, triglyceride by enzyme method, cal-
cium by o-cresolphthalein complexone (OCPC) me-
thod, inorganic phosphorous by modified Daly and
Ertingshausen’s method were determined. Data
were analyzed by Duncan’s Multiple Range Tests
following Analysis of Variance procedures.

Results

No animals had any clinical sign throughout the
experimental period, showing almost an equal level
of final body weight. The growth responses, weight
gain and feed efficiency ratio were not significantly
different among groups (Table 1). However the re-
lative liver weight of the control group was signifi-
cantly lower than that of the other groups (Table
2).

Milk groups did not show lower cholesterol level
than did the control group although no significant
difference between the two milk groups was obser-
ved. However the rats in both skim milk and whole
milk groups had significantly lower cholesterol level
and higher HDL-cholesterol fraction than did the
rats in the active treatment group (p<0.05) (Table
3). Calcium and inorganic phosphorous concentra-
tions in serum in active treatment group and milk
groups were significantly higher than in control
group (p<0.05) (Table 4).

The histopathological findings of aorta and or-
gans, kidney, liver, stomach and adrenal, were ob-
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Table 1. Growth responses of rats fed milk with cholesterol and vitamin D, for 13 weeks

Group Dose levels in feed Body weight (g Feed
efficiency

classification Cholesterol Vitamin D, MilkV Initial Final ratio

(/100 g (I1U/100 g)

Control 0 0 0 163.50+ 23.18 452.00+48.79 0.13+£0.01
Active treatment control 10 50,000 0 166.25+ 20.83 46250+ 47.00 0.13%0.01
Skim milk group 1.0 50,000 RDA? 154.75+£ 16.18 469.75+ 36.04 0.13+ 0.02
Whole milk group 1.0 50,000 RDA 184.25+ 1173 44150+ 2487 0.14+0.01

U Powdered milk, ? Recommended daily allowance.

Table 2. Relative organ weight of rats fed milk with cholesterol and vitamin D, for 13 weeks (g/100 g body weight)

Group Organ
classification Liver Heart Kidney Spleen Stomach
Control 3.09+0.21° 0.35% 0.10 0.38+ 0.08 0.25+ 0.08 0.46% 0.08
Active treatment control 3.71% 049 031+ 0.09 0.37+ 0.08 0.23%+0.08 0.44+ 0.07
Skim milk group 3.68+% 0.60¢ 0.29% 0.07 0.35+ 0.04 0.20% 0.06 0.39+ 0.07
Whole milk group 3.83+0.57% 0.30% 0.07 0.38%+ 0.07 0.23+ 0.06 0.42% 0.09

All values represent means* S.D.
Significance between means in the same organ is indicated with different superscript (p<0.05).

Table 3. Content of lipid in serum of rats fed milk with cholesterol and vitamin D, for 13 weeks

Group Total-cholesterol HDL-cholesterol HDL-cholesterol % Triglyceride
classification (mg/di) (mg/dl) Total-cholesterol 0 (mg/dl)
Control 454+ 3.7 34.0+ 26 751+ 5.1¢ 354% 65
Active treatment control 80.3+ 11.8* 36.3+ 7.7 456+ 99 56.0+ 11.4%
Skim milk group 742+ 9.0 469+ 8.5° 63.7+ 10.5* 60.8+ 10.0¢
Whole milk group 73.0+ 9.3 389+ 5.7 536t 74° 474+ 86"

All values represent means* S.D. ‘
Significance between means in the same item is indicated with different superscript (p<0.05).

Table 4. Content of inorganics in serum of rats fed milk served. Aorta showed irregular appearance of the
with cholesterol and vitamin D, for 13 weeks intima with swelling, necrosis and calcification of

Group Calcium  Inorganic phos- the endothelial cell in active treatment control
classification (mg/d)  phorous (mg/dl) (Photo 1), but no significant histopathological view
Control 9.6+ 107 63+ 1.1° was observed in control and milk fed groups. Coro-
Active treatment control 11.3+1.1° 7.1+ 107 nary artery of the heart showed necrosis and calci-
Skim milk group 113+ 1.4° 77+ 107 fication in active treatment control (Photo 2), but
Whole milk group 11.8+ 1.3 7.2+ 0.8° no significant histopathological view was observed

in control and milk fed groups. Kidney showed mo-
derate tubular calcification in the medulla and papi-

All values represent means* S.D.

Significance between means in the same item is indicated
with different superscript (p<0.05). lla in active treatment control (Photo 3), showed
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2.

3.

4.

Swelling of endothelium in aorta of rat fed 1.0% cholesterol and 50,000 IU/100 g feed of vitamin D, for 13
weeks (X200).

L: Lumen

Calcification and necrosis of coronary artery in heart of rat fed 1.0% cholesterol and 50,000 IU/100 g feed
of vitamin D, for 13 weeks (X200).

Moderate tubular calcification in kidney of rat fed 1.0% cholesterol and 50,000 IU/100 g feed of vitamin D,
for 13 weeks (X 100).

Severe fat change in liver of rat fed 1.0% cholesterol and 50,000 IU/100 g feed of vitamin D, for 13 weeks
(X 200).

PV: Portal vein

. Mild tubular calcification in kidney of rat fed powdered skim milk with 1.0% cholesterol and 50,000 TU/100

g feed of vitamin D, for 13 weeks (X 100).
Pa: Papilla

. Mild tubular calcification in kidney of rat fed powdered whole milk with 1.0% cholesterol and 50,000 1U/100

g feed of vitamin D, for 13 weeks (X200).

. Moderate fat change in liver of rat fed powdered skim milk with 1.0% cholesterol and 50,000 1U/100 g feed

of vitamin D, for 13 weeks (X200).
CV: Central vein, PV: Portal vein

. Moderate fat change in liver of rat fed powdered whole milk with 1.0% cholesterol and 50,000 1U/100 g feed

of vitamin D, for 13 weeks (<200).
PV: Portal vein
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mild tubular calcification in the medulla in skim
milk group and showed mild tubular calcification
in the medulla and papilla in whole milk group
(Photo 5~86). Liver showed severe fat change with
swelling and microvesicular fat droplet in active
treatment control (Photo 4), showed moderate fat
change with swelling and fat droplet around portal
triad in skim milk group (Photo 7), and showed
moderate fat change with swelling and fat droplet
around portal triad and midzonal region in whole
milk group (Photo 8). Stomach and adrenal showed
no significant histopathological view in all groups.

Discussion

We did not observe any significant differences
among groups in body weight in spite of the excess
intake of calories corresponding to whole milk. It
is very difficult for us to explain this result. Naito™
also observed this phenomena.

The findings of our study that both skim milk
and whole milk-fed rats had lower serum choleste-
rol levels than did the atherogenic diet-fed rats is
in agreement with data from other studies.”” Ho-
wever they compared the influence of fermented
milk to that of skim milk or whole milk and the
comparision of the effect of skim milk and whole
milk on the atherogenic rats had not been previou-

sly tested. We could not find that the cholesterol
level in milk groups was lower than that in control
group which was observed by Thakur and Jha'”
We could explain it by the difference of cholesterol
intake of experimental animals. Cholesterol intake
of rats in our study (1.0 g/100 g feed) was higher
level than that of rabbits in their study (0.1 g/kg
body weight).

Many studies of vitamin D status have included
measurement of calcium and phosphorous concent-
ration in serum and/or urine as a biochemical para-
meters.? The elevation of these two inorganics in
serum in our study provides the evidence for hype-
rvitaminosis D.

The histopathological findings of organs of rats
in 13 weeks showed no or milder changes in aorta,
heart, kidney, and liver in milk groups while severe
changes in active treatment group. We could not
find marked difference between the skim milk and
whole milk groups. Whole milk has been considered
to be related to a coronary health hazard because
of its fat content.® However our data of growth,
clinical and pathological findings showed benefits
of both skim milk and whole milks in rats fed vita-
min D, and cholesterol. This study, therefore sug-
gests that supplementing milks could have a helpful
effect on the development of atherosclerosis.

=g

B o7 987 229 SRS Sl v)Ae AE RB5r] S5t SRS
A% 522 9] Sprague-Dawleydl 837 +7 80vlel & NTF(HET, AL H2T, SAH/T,
A F) 02 o] 1357F vl A A ALRAFF ¥ AFTL £ HolE el
spoir). ¥4 F 2TYAHE, HDL-Zd2ug 28 2% 2§ o AxAFTitl o7
apol2 wolA skot MAAHUNETH $HFAdlE AL Folg RAUrHp<0.05). 7
7)o g Welz et A Az e, AR, A 9 gkl A 2Ae) Hshrt fEE e
A3 AR A S0 Ax P 2upAA 7o) A hzFol visted $FellA sl
S &7 AAGTZ A ol gE Ao A=At WA Fot EAfE T F
Aol 9o} TAIAHET vl DA APAeR g FuAsSel JAH A% ¥ -

olen 1 &Eaks Wy Ao FriEo

Journal of Food Hygiene and Safety, Vol. 9. No. 3



174

1

2.

“7.

J. G Kim Y. W. Lee and W. S. Roh

Grunewald, KK.: Serum cholesterol levels in rats fed
skim milk fermented by Lactobacillus acidophilus.
J Food Sci, 47, 2078-2079 (1982).

Gibson, R.S.: Principles of nutritional assessment. Ox-
ford University Press, Oxford, 389-397 (1990).

. Hepner, G., R. Fried, S.St. Jeor, L. Fusetti and R.

Morin: Hypocholesterolemic effect of yogurt and milk.
Am. J. Clin. Nutr. 32, 19-24 (1979).

. Howard, AN. and J. Marks: Hypocholesterolemic ef-

fect of milk. The lancet, 2, 255-256 (1977).

. Keim, N.L., J.A. Marlett, C.H. Amundson and D. Ha-

gemann: Variability in cholesterolemic response of
rats consuming skim milk. /. Food Prot, 45, 541-546
(1982).

. Kritchevsky, D., S.A. Tepper, RB. Morrissey, SK.

Czarnecki and D.M. Klurfeld: Influence of whole or
skim milk on cholesterol metabolism in rats. Am. J.
Clin. Nutr, 32, 597-600 (1979).

Kiyosawa, H., C. Sugawara, N. Sugawara and H. Miy-
ake: Effect of skim milk and yogurt on serum lipids
and development of sudanophilic lesions in choleste-
rol-fed rabbits. Am. J. Clin. Nutr, 40, 479-484 (1984).

. Lipid Research Clinics Program: The lipid research

clinics coronary primary prevention trial results. L
Reduction in incidence of coronary heart disease.

9.

10.

11.

12.

13.

14.

15.

16.

17.

J. Am. Med. Assoc, 251, 351-358 (1984).

Lee, YW., W.S. Roh and J.G. Kim: Benefits of ferme-
nted milk in rats fed by hypercholesterolemic diet.
Kor. J. Food Hygiene, 7, 123-135 (1992).

Mann, G.V. and A. Spoerry: Studies of surfactant and
cholesteremia in the Maasai. Am. J Clin. Nutr, 27,
464-469 (1974).

Mann, G.V.: A factor in yogurt which lowers choleste-
remia in man. Atherosclerosis, 26, 335-340 (1977).
Malinow, M.R. and P. McLaughlin: The effect of skim
milk on plasma Cholesterol in rats. Experientia, 31,
1012-1013 (1975).

Naito, C.: The effect of milk intake on serum choles-
terol in healthy young females-Randomized controlled
studies. Annals New York Academy of Sciences (USA)
598, 482-490 (1990).

Richardson, T.: The hypocholesterolemic effect of
milk—A review. J Food Prot, 41, 226-235 (1978).
Rossouw, J.E., EM. Burger P. VanDerVyver and J.
J. Ferreira: The effect of skim milk, yoghurt and full
cream milk on human serum lipids. Am. J. Clin. Nutr,
34, 351-356 (1981).

Segall, J.J.: Is milk a coronary health hazard ?, Bri.
Pre. Soc. Med., 31, 81-85 (1977).

Thakur, C.P. and AN. Jha: Influence of milk, yoghurt
and calcium on cholesterol-induced atherosclerosis in
rabbits. Atherosclerosis, 39, 211-215 (1981).

Journal of Food Hygiene and Safety, Vol 9. No. 3



