High cholesterol diet supplemented
with sunflower seed oil but not olive
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To determine the effect of a high cholesterol diet supplemented with sunflower seed oil or olive oil on plasma,
liver, and aorta lipid peroxidation, rats were fed a basal diet, a high cholesterol diet (basal diet containing 2%
cholesterol and 0.5% cholic acid), or a high cholesterol diet supplemented with 10% (wt/wt} sunflower seed oil
or 10% (wtiwt) olive oil for 4 months. In rats fed the high cholesterol diet supplemented with sunflower seed oil,
plasma, liver, and aorta lipid peroxide levels and the aorta cholesterol to phospholipid ratio were greater than
in rats fed the high cholesterol diet. In contrast, no change was observed in plasma, liver, and aorta lipid
peroxidation and the cholesterol to phospholipid ratio in rats fed the high cholesterol diet containing olive oil as
compared with the high cholesterol diet. In addition, atherosclerotic lesions were not detected in the aorta of all
groups. We concluded that a high cholesterol diet supplemented with polyunsaturated fats, but not with mo-
nounsaturated fats, seems to have a tendency to exaggerate lipid peroxidation. (J. Nutr. Biochem. 6:547-550

1995.)
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Introduction

Free radical-induced lipid peroxidation has been proposed
as an etiological factor in atherosclerosis.'™ A direct cor-
relation between lipid peroxidation in the aorta and the se-
verity of atherosclerotic lesions has been detected in hu-
mans* and experimental animals.>®

Polyunsaturated fats have been widely used to lower se-
rum cholesterol levels and thus to prevent the development
of atherosclerosis.” However, polyunsaturated fatty acids
(PUFAGs) are easily susceptible to peroxidation, and a high
intake of dietary PUFA might overwhelm the normal an-
tioxidant defences of the organism.*™!! On the other hand,
monounsaturated fatty acids (MUFAs) have been recently
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reported to lower serum cholesterol levels. 1213 1 addition,
it has been suggested that MUFAs have a protective effect
against lipid peroxidation.®'%:14

In this study we have examined the effects of a high-
cholesterol diet supplemented with sunflower seed oil (rich
in PUFAS) or olive oil (rich in MUFAS) on lipid peroxida-
tion and cholesterol deposition in rats’ liver and aorta as
well as histopathology.

Methods and materials

Male Wistar rats (160 to 180 g) were obtained from the Experi-
mental and Medical Research Center, University of Istanbul, Tur-
key. The animals were maintained on a basal diet (control), a high
cholesterol diet (HC), a high cholesterol diet supplemented with
sunflower seed oil (HC + SO), and a high cholesterol diet sup-
plemented with olive oil (HC + OO). The basal diet contained
11% moisture, 10% crude ash, 15% protein, 3.5% crude fat, 47%
carbohydrate, and 7.5% cellulose (wt/wt). The high cholesterol
diet consisted of the basal diet supplemented with 2% (wt/wt)
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Table 1 Fatty acid and vitamin E amounts

Sunflower seed oil Olive ail
Substance (g/100 g) (g/100 g)
*SFA 85 14.3
MUFA 105 78.5
PUFA 81.0 71
Vitamin E 0.042 0.008

*Saturated fatty acid.

cholesterol and 0.5% (wt/wt) cholic acid. The HC + SO and HC
+ OO groups were fed by a high cholesterol diet supplemented
with 10% (wt/wt) sunflower seed oil or 10% (wt/wt) olive oil,
respectively, for 4 months. Sunflower seed oil and olive oil were
supplied by Komili Co. (Ayvalik, Turkey), and their fatty acid and
vitamin E contents are given in Table 1.

The diets were prepared weekly and stored at 4°C. The animals
were allowed free access to food and sterile water and were kept
in wire-bottemed stainless steel cages. At the end of the feeding
period, the animals were anesthetized with diethyl ether, and
blood was collected in heparinized syringes. Plasma lipid peroxide
levels were determined according to the method of Yagi et al.'®
Plasma cholesterol, phospholipid, and triglyceride levels were
measured with the kits from Biotrol Diagnostic (France).

The livers were rapidly removed, washed in 9 g/L of NaCl and
kept in ice. Liver portions were homogenized in ice-cold 0.15
mol/L. (10%, wt/vol). Lipids were extracted with chloroform:
methanol (2:1)'® for determination of hepatic cholesterol, phos-
pholipid, and triglyceride levels. Hepatic cholesterol and triglyc-
eride levels were measured again with the Biotrol Diagnostic Kits,
and phospholipid levels were determined according to the Gomori
procedure.” The degree of lipid peroxidation was assessed by two
different methods in the liver. First, the level of malondialdehyde
(MDA) was measured by the thiobarbituric acid test according to
the method of Ohkawa et al.!® The breakdown product of 1,1,3,3-
tetracthoxypropane was used as a standard. Second, diene conju-
gate formation was determined spectrophotometrically at 233 nm
by the method of Buege and Aust'® using the original 10% ho-
mogenate. The approximate amounts of hydroperoxides were cal-
culated using a molar extinction coefficient of 2,52 X 10* (moV/
Ly 'em™1

Liver glutathione levels were measured with 5,5'-dithiobis-(2-

nitrobenzoate) at 412 nm according to Ellman’s method.?® The
protein concentration of liver homogenates was determined by the
method of Lowry et al.?’

The aorta, from the aortic valve to the renal artery, was quickly
removed, rinsed, cut into small segments, and aorta lipids were
extracted with chloroform:methanol (2:1). Aortic cholesterol,
phospholipid, and diene conjugate levels were determined in this
lipid extract as described for the liver. Histopathologic examina-
tions of liver and aortic segments were also performed.

The results were expressed as Mean + SD. Statistical analysis
was performed using one-factor analysis of variance, and the
Tukey test for multiple comparison. Differences with p < 0.05
were considered statistically significant.

Results

Plasma, liver, and aorta lipids are shown in Table 2. Plasma
and liver cholesterol levels were found to increase in the
HC, HC + SO, and HC + OO groups. The highest in-
creases in cholesterol levels were observed in the HC + OO
group. Liver phospholipids remained unchanged but liver
triglyceride levels significantly increased in all groups com-
pared with controls.

When aorta cholesterol levels were compared by one-
factor analysis of variance, the differences among groups
were found to be significant (P < 0.05). However, when
they were analyzed by a multiple comparison method, the
differences were not significant. Aorta phospholipids did
not differ among all groups. The cholesterol to phospholipid
ratio in aorta was elevated in the HC + SO and HC + OO
groups compared with controls. On the other hand, this
ratio was greater only in the HC + SO group when the
comparison was done with the HC group.

Table 3 shows the plasma, liver, and aorta lipid peroxide
levels. Plasma and liver malondialdehyde levels increased
in the HC + SO group compared with the control, HC, and
HC + OO groups. Liver diene conjugate levels were also
elevated in the HC + SO group compared with the HC and
HC + OO groups. Aorta diene conjugates were also in-
creased in the HC + SO group compared with controls.

Liver glutathione levels were decreased only in the HC
+ SO group when compared with all other groups (Table 3).

Table 2 Plasma, liver, and aorta lipid concentrations in rats fed high cholesterol diets supplemented with sunflower seed oil or olive oil

Parameter Control HC HC + SO HC + OO0
Plasma

Cholesterol (mmol/L) 1.93 = 0.30° 3.54 + 0.87° 492 = 0.89° 6.38 = 1.149
Phospholipid (mmol/L) 1.49 = 0.10% 2.03 = 0.36° 1.72 = 0.18%° 1.97 = 0.38°
Triglyceride (mmol/L) 0.78 = 0.112 1.00 = 0.22%° 0.94 + 0.20%° 1.15 £ 0.20°
Liver

Cholesterol (umol/g) 8.71 = 1.90¢ 86.37 = 20.63° 180.27 * 47.51° 271.61 = 70.16¢
Phospholipid (umol/g) 4113 = 564 4222 + 154 39.89 = 3.72 39.92 + 4.09
Triglyceride (wmol/g) 8.81 = 2.70° 21.37 £ 4.41° 4251 + 10.82° 38.39 + 5.38°
Aorta

Cholesterol (wmol/g) 419+ 0.92 4.92 + 0.86 556 + 1.19 558 + 1.19
Phospholipid (wmol/g) 2193 + 422 21.91 + 2.88 19.60 = 3.15 22.75 + 3.22
Cholesterol:phospholipid 0.19 = 0.032 0.22 + 0.032? 0.28 = 0.03° 0.24 + 0.045°

The results are expressed as the means = SD of eight rats in each dietary group.
ab.c.dvalues not sharing a common superscript letter are significantly different by ANOVA (Tukey test); P < .05.
HC, high cholesterol diet; HC + SO, high cholesterol diet supplemented with sunflower seed oil; HC + OO, high cholesterol diet supplemented

with olive oil.
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Table 3 Plasma, liver, and aorta lipid peroxide and liver glutathione concentrations in rats fed high cholesterol diets supplemented with

sunflower seed oil or olive oil

Parameter Controt HC HC + SO HC + 00
Plasma

Malondialdehyde (mol/L) 3.09 £ 0.447 3.64 + 0422 461 £ 0.79° 3.62 + 0.50°
Liver

Malondialdehyde (pmolimg of protein} 533.3 £ 65.3% 691.1 £ 117.9¢% 958.0 = 206.4° 693.7 = 15172
Diene conjugate (nmol hydroperoxide/mg of protein) 10.2 = 1.98° 116 = 2.14%° 14.1 = 1.70° 11.5 = 1,422
Glutathione (nmol/mg of protein) 30.1 = 2.847 304 = 4.08° 23.4 + 2552 29.9 x 2.58°
Aorta

Diene conjugate (nmol hydroperoxide/mg tissue) 1.37 = 0.34° 1.73 = 0.39%° 2.26 £ 0.51° 1.74 + 0.40%°

The results are expressed as the mean = SD of eight rats in each dietary group.
abyalyes not sharing a common superscript letter are significantly different by ANOVA (Tukey test), P < 0.05.
HC, high cholestero! diet; HC + SO, High cholesterol diet supplemented with sunflower seed oil; HC + GO, high cholesterol diet supple-

mented with olive oil.

Histopathologic examinations showed a slightly fatty infil-
tration in the liver, and no atherosclerotic changes were
detected in the aorta of the HC, HC + SO, and HC + OO
groups.

Discussion

Cholesterol feeding has often been used to elevate serum or
tissue cholesterol levels to study the etiolog2y of hypercho-
lesterolemia-related metabolic disturbances.** The rabbit is
susceptible to the development of atherosclerosis, whereas
rats and mice are considered to be resistant to induction of
hypercholesterolemia by cholesterol feeding.?? However,
hypercholesterolemia can be produced in rats by feeding
cholic acid along with a cholesterol-rich diet, but this treat-
ment does not result in atherosclerotic lesions in the rat.?

Studies in animals®*2° and humans®*-*! have shown that
there is a close relationship between lipid peroxidation and
hypercholesterolemia and/or hypercholesterolemic athero-
sclerosis. On the other hand, Yamaguchi et al.** have re-
ported the presence of atherosclerotic features and choles-
terol deposition in the aorta, as well as elevated serum lipid
peroxides, in mice fed a high cholesterol diet supplemented
with linoleic acid but not without linoleic acid. In addition
it has been reported that fish oil feeding results in an en-
hancement of cholesterol-induced atherosclerosis in rab-
bits.?% In the present study, plasma, liver, and aorta lipid
peroxidation were exaggerated, and an increased choles-
terol to phospholipid ratio in the aorta was observed in rats
fed the high cholesterol diet supplemented with sunflower
seed oil when compared with a high cholesterol group (Ta-
bles 2 and 3).

However, atherosclerotic lesions were not detected in the
aorta. We have also investigated the effects of a high cho-
lesterol diet supplemented with olive oil on plasma, liver,
and aorta lipid peroxidation and lipid levels in rats. We
found that this diet did not alter plasma, liver, and aorta
lipid peroxidation and the aorta cholesterol to phospholipid
ratio in comparison to a high cholesterol diet.

Thus, high cholesterol diets supplemented with polyun-
saturated fats, in contrast to monounsaturated fats, seem to
have a tendency to exaggerate lipid peroxidation in the or-

ganism, as well as to disturb the balance between choles-
terol and phospholipid in the aorta.

References

1 Hennig, B. and Chow, C.K. (1988). Lipid peroxidation and endo-
thelial cell injury: Implications in atherosclerosis. Free Radical Biol.
Med. 4, 99-106
2 Naito, C., Kawamura, M., and Yamamoto, Y. (1993). Lipid per-
oxides as the initiating factor of atherosclerosis. Ann. N.Y. Acad.
Sci. 676, 27-45
3 Yagi, K. (1985). Increased serum lipid peroxides initiate atherogen-
esis. BioEssays 1, 58-60
4  Piotrowski, J.J., Hunter, G.C., Eskelson, C.D., Dubick, M.A., and
Bernhard, V.M. (1990). Evidence for lipid peroxidation in athero-
sclerosis. Life Sci. 46, 715-721
5  Loeper, 1., Emerit, I., Goy, I., Rozensztajn, L., and Fragny, M.
(1984). Fatty acids and lipid peroxidation during experimental ather-
oma. Silicon’s action (in French). Path. Biol. 32, 693-697
6 Mowri, H., Chinen, K., Ohkuma, S., and Takano, T. (1986). Per-
oxidized lipids isolated by HPLC from atherosclerotic aorta. Bio-
chem. Int. 12, 347-352
7  Horrobin, D.F. (1993). Omega-6 and omega-3 essential fatty acids
in atherosclerosis. Semin, Thromb. Hemostasis 19, 129-137
8  Iritani, N., Fukuda, E., and Kitamura, Y. (1980). Effect of comn oil
feeding on lipid peroxidation in rats. J. Nwr. 110, 924-930
9 Nardini, M., Scaccini, C., D’Aquino, M., Benedetti, P.C., DiFe-
lice, M., and Tomassi, G. (1993). Lipid peroxidation in liver mi-
crosomes of rats fed soybean, olive oil and coconut oil. J. Nutr.
Biochem. 4, 39-44
10 Parthasaraty, S., Khoo, J.C., Miller, E., Bamett, J., Witztum, J.L.,
and Steinberg, D. (1990). Low density lipoprotein rich in oleic acid
is protected against oxidative modification: Implications for dietary
prevention of atherosclerosis. Proc. Natl. Acad. Sci. USA 87, 3894—
3898
11 Young, S.G. and Pathasaraty, S. (1994). Why are low-density li-
poproteins atherogenic? West J. Med. 160, 153-164
12 Brousseau, M.E., Stucchi, A.F., Vespa, D.B., Schaefer, E.J., and
Nicotosi, R.J. (1993). A diet enriched in monounsaturated fats de-
creases low density lipoprotein concentrations in cynomolgus mon-
keys by a different mechanism than does a diet enriched in polyun-
saturated fats. J. Nutr. 123, 2049-2058
13 Mattson, F.H. and Grundy, S.M. (1985). Comparison of effects of
dietary saturated, monounsaturated and polyunsaturated fatty acids
on plasma lipids and lipoproteins in man. J. Lipid Res. 26, 194202
14 Aviram, M. and Eias, K. (1993). Dietary olive oil reduces low-
density lipoprotein uptake by macrophages and decreases the sus-
ceptibility of the lipoproteins to undergo lipid peroxidation. Ann.
Nutr. Metab. 37, 75-84
15  Yagi, K., Nishigaki, 1., and Ohama, H. (1968). Measurement of
serum TBA value. Vitamins (Japan) 37, 105-112

J. Nutr. Biochem., 1995, vol. 8, October 549



Research Communications

16

17

18

19
20

21

22
23

24

25

Folch, J., Lees, M., and Stanley, G.H.S. (1957). A simple method
for the isolation and purification of total lipids from animal tissues.
J. Biol. Chem. 226, 497-509

Tietz, N.W. (1976). Determination of phospholipids by the Gomori
procedure. In Fundamentals of Clinical Chemistry, p. 518-520,
W.B. Saunders Company, Philadelphia, PA USA

Ohkawa, H., Ohishi, N., and Yagi, K. (1979). Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction. Anal.
Biochem. 95, 351-358

Buege, J.A. and Aust, S.D. (1978). Microsomal lipid peroxidation.
Meth. Enzymol. 52, 302-310

Ellman, G.L. (1959). Sulphydryl groups. Arch. Biochem. Biophys.
82, 70-77

Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J.
(1951). Protein measurement with the folin phenol reagent. J. Biol.
Chem. 193, 265-275

Stehbens, W.E. (1986). An appraisal of cholesterol feeding in ex-
perimental atherogenesis. Prog. Cardiovasc. Dis. 29, 107-128
Beynen, A.C., Danse, L.H.J.C., Van Leeuwen, F.X.R., and Spe-
ijers, G.J.A. (1986). Cholesterol metabolism and liver pathology in
inbred strains of rats fed a high-cholesterol, high-cholate diet. Nutr.
Rep. Intern. 34, 1075-1087

Del Boccio, G., Lapenna, D., Porreca, E., Pennelli, A., Savini, F.,
Feliciani, P., Ricci, G., and Cuccurullo, F. (1990). Aortic antiox-
idant defence mechanisms: Time-related changes in cholesterol-fed
rabbits. Atherosclerosis 81, 127-135

Smith, T., Toda, T., and Kummerow, F.A. (1985). Plasma lipid

550 J. Nutr. Biochem., 1995, vol. 6, October

26

27

28

29

30

31

32

peroxidation in hyperlipidemic chickens. Atherosclerosis §7, 119~
122

Thiery, J. and Seidel, D. (1987). Fish oil feeding results in enhance-
ment of cholesterol-induced atherosclerosis in rabbits. Atheroscle-
rosis 63, 53-56

Tsai, A.C. and Kelley, J.J. (1978). Effects of cholesterol feeding of
hepatic fatty acid synthesis and serum tissue enzyme activities in
rabbits. J. Nutr. 108, 226-231

Uysal, M. (1986). Effect of cholesterol feeding on plasma lipids,
lipid peroxide levels and lecithin cholesterol acyl transferase activity
in rabbits. Biochem. Arch. 2, 287-291

Uysal, M., Kutalp, G., and Seckin, S. (1988). Effect of cholesterol
feeding on plasma lipid peroxide, glutathione, glutathione peroxi-
dase and glutathione transferase in the liver of rats. Int. J. Vit. Nutr.
Res. 58, 339-342

Uzel, N., Sivas, A., Uysal, M., and Oz, H. (1985). Studies on
serum lipid peroxides in normolipidemic and hyperlipidemic indi-
viduals. IRCS Med. Sci. 13, 1039-1040

Yalcin, A.S., Sabuncu, N., Kilinc, A., Gulcan, G., and Emerk, K.
(1989). Increased plasma and erythrocyte lipid peroxidation in hy-
perlipidemic individuals. Atherosclerosis 80, 169-170

Yamaguchi, Y., Kitagawa, S., Imaizami, N., Kunitomo, M., and
Fujiwara, M. (1993). Enhancement of aortic cholesterol deposition
by dietary linoleic acid in cholesterol-fed mice: An animal model for
primary screening of antiatherosclerotic agent. J. Pharmacol. Tox-
icol. Meth. 30, 169175



