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Abstract: This study was carried out to investigate that the effect of grape seed oil (GSO) on Hypercholesterolemia in rats.
Thirty-five rats were divided into 5 groups, group 1 was given the basal diet as a negative control group (-ve), group 2 was
given the basal diet with GSO instead of soybean oil as a negative control for GSO. Groups (3, 4 and 5) were fed on high
cholesterol diet (HCD) (1% cholesterol powder and 0.5% bile salt for 8 weeks), Group 3 was +ve control, group 4 and 5 were
treatment groups which received GSO 2% and 4% daily with HCD. The results of this study indicated that the GSO caused an
improvement in the blood lipids especially 4% GSO. The 4% GSO decreased serum TC, TG, LDL-c and VLDL significantly
(P <0.05), and caused a significant increase in HDL-C level. Also, 2% GSO decreased TG, LDL-C and VLDL significantly (P
< 0.05), whereas the level of HDL-C showed significant increases. Subsequently, GSO enhanced the lipid ratios: atherogenic
coefficient (AC), cardiac risk ratio (CRR), LDL-c to HDL-c ratio and atherogenic index of plasma (AIP). Moreover, the serum,
liver function (AST, ALT and ALP) levels also, enhanced in the GSO groups. However, 4% GSO led to significant decrease in
serum MDA and elevated serum GST. Otherwise, histopathological examination showed enhanced in the heart and aorta of rats
compared with the +ve control group. This study indicates that GSO effective in lowering total cholesterol, triglyceride and
LDL-c and increasing HDL-c. Therefore, GSO have hypocholesterolemic effect and might be effective to protect against the
risk of CVD.
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Dietary fats and oils are known to affect plasma lipid
profile and play a vital role in the development of
atherosclerosis, heart disease and cancer which are the main
causes of death. Several studies have shown that saturated
fats increase total cholesterol (TC) and LDL-c levels in
plasma, but, the dietary PUFA decrease them [6]. Grape
seed oil (GSO) and its extract have been recently shown to
have many health properties due to its contents of important
bioactive compounds including polyphenols, flavonoids,
procyanidins, proanthocyanidins, minerals and vitamins [7].
In addition, GSO contains high levels of UFA and low
levels of SFA, as well as, high percentage of linoleic acid.
It also not contains cholesterol or trans-fatty acids. Thence,
it has been reported in many studies as hypocholesterolemic
agent [8].

On the other hand, GSO is a good source of important
bioactive components including: catechin, epicatechein,

1. Introduction

Grapes are one of the most fruits consumed widely
worldwide and have considerable importance for their
medicinal and nutritive value for thousands of years [1].
Grape seed oil (GSO) is a vegetable oil extracts from grape
seeds, which contains about 7-20% oil [2]. GSO has a
slightly taste also its often used with salads, frying and
mayonnaise. Grape seed oil has high levels of unsaturated
fatty acids (UFA) approximately 85 to 90% particularly
linoleic acid (C18:2) [3], oleic acid (C18:1) and a little
amount of linolenic acid (C18:3) and palmitoleic acid
(C16:1) [4]. Moreover, linoleic acid is the main component in
the GSO with more than 70% and oleic acid about 15% in the
oil. On the other hand, the saturated fatty acids consist of
10%, which are mainly palmitic (16:0) and stearic (18:0) [5].
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gallic acid and procyanidins. As well as, its contains
tocopherols and tocotrienols which protect the body cells
against free-radical damage. The phenolic compounds and
antioxidants in the GSO act to decrease oxidative stress that
contributes to the pathogenesis of hepatotoxicity [9].
Furthermore, GSO contains a high percentage of
proanthocyanidins, which are natural antioxidants with
strong antiradical activity [10]. Moreover, GSO may improve
inflammatory status and insulin resistance in human [11]. It
can act as effective alternative medicine to protect against
diabetes [12]. Grape seed oil also has been reported to
decrease plasma triglycerides, cholesterol, and LDL-c levels
[13]. So, the aim of the present study was to investigate the
effect of grape seed oil on hypercholesterolemia in rats fed
on high cholesterol diet.

2. Material and Methods
2.1. Materials

2.1.1. Animals

Thirty-five male albino rats weighing approximately 100-
120g were obtained from the animal house colony of
Vacsera, Helwan, Egypt and were housed in well aerated
cages under hygienic condition.

2.1.2. Chemicals

Casein, all vitamins, minerals, cellulose and cholesterol
powder were purchased from El-Gomhoria Pharmaceutical
Company, Cairo, Egypt.

2.1.3. Grape Seeds
Grape seeds were obtained from Agricultural Research
Center Giza, Egypt.

2.1.4. Kits
Kits required for biochemical analysis were purchased
from Gamma Trade Company for Pharmaceutical.

2.2. Methods

2.2.1. Extraction of Grape Seed Oil (GSO)

Approximately 10 g of grape seed were extracted in a
Soxhlet Apparatus for 20 h with hexane, according to Gémez
et al.,, (1996) [14]. The obtained oil was dried in an
anhydrous sodium sulfate column and pre-concentrated under
reduced pressure to remove all the solvent.

2.2.2. Determination of Phenolic Compounds

The phenolic compounds were analyzed using HPLC
equipped with a UV detector and an C18 column (250 mm x
4.6 mm) with particle size of 100A. The eluting system
consisted of 2.0% (v/v) acetic acid as solvent A and
acetonitrile as solvent B (A:B = 90:10) in isocratic condition.
The solutions of the standards and the extract phenolics were
filtered through a 0.45 um syringe filter. The operating
conditions were: column temperature, 25°C; injection
volume, 10 pL; detection wavelength, 280 nm and 1.2
mL/min of flow rate. The identification and peak assignment

of the phenolics were based on comparison of retention times
and spectral data with those of the standards. The identified
phenolics were quantified according to respective standard
calibration curves [15].

2.2.3. Determination of Fatty Acid Composition

Fatty acids methyl-esters (FAME) were prepared using
methanolic KOH, according to the standard method ISO
5509, (2000) [16] from the oil obtained after extraction. The
fatty acid profile was determined by gas chromatographic
separation of their methyl esters [17] on a capillary column.
The temperature of the injector and detector was set at
250°C. The initial oven temperature was 170°C. This
temperature was maintained for 8 min, and then increased at
a rate of 2°C min-1 to 190°C, which was held for 7 min.
Helium was used as the carrier gas at a flow rate of 0.87 mL
min-1 and injection volume was 0.3 pL. The fatty acid
composition is expressed as weight percentage of total
(internal normalization method).

2.2.4. Preparation of Basal Diet
The used basal diet consisted of the following components
of AIN-93M diet according to Reeves et al., (1993) [18].

2.2.5. Induction of Hypercholesterolemia

Hypercholesterolemia was Induced by adding 1%
cholesterol powder with 0.5% bile salt to the diet for 8
weeks [19].

2.3. Biological Study

Animals (n=35) were fed on basal diet for one week for
adaptation. After this week animals were divided into 5
groups and 7 rats in each group. Group 1 was fed on basal
diet as a negative (- ve) control, group 2 was fed on basal diet
with 4% GSO instead of soy oil as -ve control of (GSO),
group 3 was fed on high cholesterol diet (HCD) as a positive
(+ ve) control, group 4 (2% GSO) was fed on high
cholesterol diet (HCD) with 2% GSO and group 5 (4% GSO)
was fed on high cholesterol diet (HCD) with 4% GSO.

During the experimental period, water and diet were
introduced Ad-Libitum. At the end of experiment (8 weeks),
rats were fasted over night before scarifying. Blood were
collected then centrifuged to obtain serum for biochemical
analysis. Heart, liver and aorta were removed from each rat
to histopathological examination.

2.4. Biochemical Analysis

Determination of serum cholesterol according to the
method of Naito, (1984,) [20], serum Triglyceride according
to the method of Fossati and Prencipe, (1982) [21]. Serum
HDL-C was determined by the method of Grove, (1979)
[22]; Naito, (1984;) [23]. LDL-cholesterol was calculated by
Friedewald et al., (1972) [24] formula as following: LDL-C =
Total cholesterol — HDL-C - (TG/5). Serum VLDL-
cholesterol was calculated according to Friedewald et al.,
(1972) [24] equation: VLDL-C concentration (mg/dl) =
(Triglyceride/5). Determination of aspartate aminotransferase
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(AST) by IFCC, (1976) [25] method. Determination of
Alanine Aminotransferase (ALT) according to (IFCC, 1980)
[26] method. Alkaline Phosphatase (ALP) GSCC, (1972)
[27] method. Determination of Malondialdehyde (MDA)
according to Satoh, (1978) [28]; and Ohkawa et al., (1979)
[29]. Glutathione S-transferases (GST) according to Habig et
al., (1974) [30]; Mannervik et al., (1988) [31].

2.5. The Atherogenic Indices Were Calculated as Follows

* Cardiac Risk Ratio (CRR) = TC/HDL-C

* LDL-C to HDL-C ratio = LDL/HDL

* Atherogenic Coefficient (AC) = (TC- HDLC)/HDL-C

¢ Atherogenic Index of Plasma (AIP) = log (TG/HDL-C)
[32].

2.6. Histopathological Examination

Autopsy samples were taken from the liver, heart and aorta
of rats in different groups and fixed in 10% formal saline for
twenty-four hours. Washing was done in tap water then serial
dilutions of alcohol (methyl, ethyl and absolute ethyl) were
used for dehydration. Specimens were cleared in xylene and
embedded in paraffin at 56° in hot air oven for twenty-four
hours. Paraffin bees wax tissue blocks were prepared for
sectioning at 4 microns’ thickness by sledge microtome. The
obtained tissue sections were collected on glass slides,
deparaffinized, and stained by hematoxylin and eosin stain
for examination through the light electric microscope [33].

2.7. Statistical Analysis

Statistical analysis was carried out using analysis of
variance (ANOVA) test with the statistical analysis system,
[34]. Results were expressed as mean = SD at P < 0.05
significance.

3. Results

Table 1 shows Phenolic compounds in grape seed oil. A
total of 25 phenolic compounds identified in GSO. The
analysis of phenolic acids (p/100g) of GSO showed that the
benzoic acid, e-vanillic acid, iso-ferulic, P-OH-benzoic,
protocatchuic, caffeine, vanillic acid, epicatechein and
catechol were the major phenolic acid in GSO. Also, GSO
showed high content of 3-hydroxy tyrosol, Pyrogallol,
Salicylic, Catechein, cinnamic acid, caffeic acid and
chlorogenic acid. While, coumarin 28.73 mg/100g, 3, 4, 5-
methoxy-cinnamic 23.57 mg/100g, gallic 10.65 mg/100g, 4-
amino-benzoic 10.09 mg/100g and Resveratrol 4.67 mg/100g
were found to be the lowest phenolic compound
concentration.

Table 1. Phenolic compounds of grape seed oil (GSO).

Phenolic compounds n/100g
Chlorogenic 40.24
Catechol 95.12
Epicatechin 98.55
Catechin 61.54
Caffeine 127.13
3, 4, 5-methoxy-cinnamic 23.57
Coumarin 28.73
Salicylic 81.88
P-OH-benzoic 228.43
Caffeic 51.38
Vanillic 115.04
Ferulic 31.46
Iso-ferulic 254.94
e- vanillic 544.44
Resveratrol 4.67
Ellagic 46.29
Alpha-coumaric 30.06
Benzoic 717.33
p-coumaric 37.94
Cinnamic 52.16

Table 2 shows the fatty acid compositions of grape seed
oil. The fatty acids composition in GSO demonstrated that
the saturated fatty acids SFA was 16.24%. Palmitic acid
(C16:0) 10.86% and Stearic acid (C18:0) 4.5% were the main
fatty acids of the total SFA. Oleic acid (C18:1) was the major
component of monounsaturated fatty acid MUFA by 22.12%
of total 23.50% MUFA. However, polyunsaturated fatty acid
PUFA was the major content of the total fatty acids of GSO
consist of 60.54% and represented in Linoleic acid (C18:2)
53.12, a-Linolenic acid (C18:3n3) 6.37 and linoelaidic acid
(C18:3n6) 1.05%.

Table 2. Fatty acid compositions of grape seed oil (GSO).

Fatty acids %
C16:0 10.86
Cl6:1 0.12
C17:0 0.12
C17:1 0.06
C18:0 4.5
C18:1 22.12
C18:2 53.12
C18:3n6 1.05
C18:3n3 6.37
C20:0 0.34
C20:1 0.2
C22:0 0.33
C24:0 0.09

Phenolic compounds n/100g
Gallic 10.65
Pyrogallol 88.62
3-hydroxy tyrosol 91.04
4-Amino-benzoic 10.09

Protocatchuic 214.17

3.1. Effect of Grape Seed Oil on Blood Lipids

The effect of grape seed oil (GSO) on serum total
cholesterol (TC), triglyceride (TG), HDL-cholesterol, LDL-
cholesterol and VLDL of rats was illustrated in table 3.
Regarding to the results of serum total cholesterol indicated
significant increase in the +ve control group compared with -
ve control group 168.04+20.98 and 114.06+6.38 mg/dl,
respectively. Whilst, significant improvement was recorded
in the level of TC of 4% GSO group which decreased to be
141.46+12.30 mg/dl. But, the TC level of 2% GSO group
decreased with non-significant difference. However, non-
significant difference was recorded in the GSO (-ve)
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compared with -ve control. However, the level of serum
triglyceride of +ve control group showed significant increase
compared with -ve control group with the mean values of
235.22422.25 and 153.10+7.01 mg/dl, respectively.
However, the level of TG in 2% GSO and 4% GSO
decreased significantly to be 196.95+11.35mg/dl, and
205.70+8.66 mg/dl respectively Table 3.

In the case of high density lipoprotein (HDL); the level of
serum HDL in the +ve control group decreased significantly
(P < 0.05) compared with -ve control. While, consuming of
2% and 4% GSO with HCD led to significant increase (P <
0.05) in HDL level compared with +ve control group
58.284+10.29 and 70.94+12.25 mg/dl, respectively. However,
the level of HDL of GSO (-ve) showed significant increase
compared with -ve control. Concerning with LDL level the
mean value of +ve control group increased significantly to be

81.16+16.77 mg/dl, compared with -ve control group
33.224+5.31 mg/dl. However, great improvement in the LDL
level was recorded in 4% GSO which decreased significantly
compared with +ve control 31.77+£6.82 mg/dl. Furthermore,
LDL level of 2% GSO decreased significantly compared with
+ve control groups with the mean values of 48.71+8.49
mg/dl. Otherwise, the level of LDL of GSO (-ve) group
decreased significantly compared with -ve control. In relation
of serum very low density lipoprotein (VLDL) level, similar
findings of triglyceride result fundamentally recorded in
VLDL results. Subsequently, the level of VLDL of +ve
control group increased significantly compared with -ve
control group. While, the level of VLDL of 2% and 4% GSO
group decreased significantly compared with +ve control
group Table 3.

Table 3. Effect of grape seed oil (GSO) on serum total cholesterol (TC), triglyceride (TG), HDL-cholesterol, LDL-cholesterol and VLDL of rats.

Total Cholesterol (TC) Triglyceride (TG) HDL-C LDL-C VLDL
Groups (mg/dl)
-ve 114.06+6.38° 153.10£7.01° 50.24+5.70° 33.2245.31° 30.60+1.40°
GSO (-ve) 121.48+7.35° 146.39+9.87° 69.16+10.45° 23.04+4 43¢ 29.28+1.97°
+ve 168.04+20.98" 235.22422.25° 39.85+3.87° 81.16+16.77° 47.04+4 45
2% GSO 151.14+13.16™ 196.95+11.35" 63.04+5.80" 48.71+8.49" 39.38+2.27°
4% GSO 141.46+12.30° 205.70+8.66" 68.55+11.02° 31.7746.82° 41.14+1.73°

All values represented as mean + SD.
Means with different superscript are significantly different (P < 0.05).

3.2. Effect of Grape Seed Oil on Lipid Ratios

Table 4 shows the results of atherogenic coefficient (AC);
the AC of +ve control group showed significant increase (P
< 0.05) compared with -ve control group. While, significant
decreased (P < 0.05) was found in all other groups
compared with +ve control group. Meanwhile, GSO (-ve)
decreased significantly compared with -ve control group.
Similarly, to atherogenic coefficient (AC), the results of
cardiac risk ratio (CRR) showed significant increase (P <
0.05) in +ve control group compared with -ve control group.
Furthermore, the CRR of 2% and 4% GSO groups
decreased significantly (P < 0.05) compared with +ve
control. Also, the CRR of GSO (-ve) decreased
significantly compared with -ve control.

Table 4. Effect of grape seed oil (GSO) on lipid ratios: atherogenic
coefficient (AC), cardiac risk ratio (CRR), LDL-c to HDL-c ratio and
atherogenic index of plasma (AIP) of rats.

Lipid ratios

Groups

AC CRR LDL/HDL AIP
-ve 1294027  2.29+0.27*  0.70£0.20°  0.50+0.02°
GSO (-ve) 0.78£0.24°  1.78+0.23°  0.35+0.18°  0.33+0.08°
+ve 3.23£0.68°  4.23+0.68*  2.05£0.39°  0.74+0.06"
2% GSO 1.41£0.36°  2.41£0.35°  0.76£0.07°  0.47+0.07°
4% GSO 1.09+0.25"  2.09+0.25™  0.48+0.18"  0.48+0.06"

All values represented as mean + SD.
Means with different superscript are significantly different (P < 0.05).

Regarding to the results of LDL-c to HDL-c ratio, +ve
control group significantly higher (P < 0.05) than -ve
control group. However, the mean values of all other groups
decreased significantly compared with +ve control group.
Moreover, the GSO (-ve) showed significant decrease
compared with -ve control group. In concerning with, the
results of atherogenic index of plasma (AIP), the +ve
control showed significantly higher than -ve control group
0.7440.06 and 0.50+0.02, respectively. Whereas, the AIP
ratio of 2% and 4% GSO decreased significantly compared
with +ve control group. Also, the AIP ratio of GSO (-ve)
(0.33£0.08) reduced significantly than -ve control as
indicated in Table 4.

3.3. Effect of Grape Seed Oil on Liver Function

The level of serum aspartate amino transferase (AST) of the
+ve control group increased significantly compared with the —
ve control group 129.26+£19.59 and 187.68+20.53 UJ/L,
respectively. However, 4% GSO caused significant decrease
(P<0.05) in serum AST compared with +ve control, whereas,
the AST level of 2% GSO decreased without significant
difference. However, AST level of GSO (-ve) group showed
non-significant difference compared with -ve control.
Regarding to the results of serum ALT, high cholesterol diet
caused significant increase (P<0.05) in the +ve control
compared with —ve control. Whilst, the serum ALT of 2% and
4% GSO group decreased significantly compared with +ve
control group. However, the ALT level of GSO (-ve) showed
non-significant difference compared with -ve control group
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16.5244.94 U/L. In concerning with serum alkaline
phosphatase (ALP) the results showed significant increase
(P<0.05) in the +ve control group compared with all other
groups. Meanwhile, GSO 2% and 4% reduced the ALP level.
Also, non-significant difference was recorded in the GSO (-ve)
compared with -ve control group as indicated in Table 5.

Table 5. Effect of grape seed oil (GSO) on serum aspartate amino

transferase  (AST), alanine amino transferase (ALT) and alkaline
phosphatase (ALP) of rats.
AST ALT ALP
Groups
(U/L)
-ve 129.26+19.59" 13.60+2.58° 341.62+23.00°
GSO (-ve) 131.22+8.04° 16.52+4.94" 316.58+30.50°
+ve 187.68+20.53° 29.37+6.79* 684.94+63.52°
2% GSO 148.30+5.74% 22.18+2.49° 463.70+29.73°
4% GSO 142.52+12.14° 17.12:1.92% 447.14+34.69°

All values represented as mean + SD.
Means with different superscript are significantly different (P < 0.05).

3.4. Effect of Grape Seed Oil on Oxidation and Antioxidant
Biomarkers

Table 6. Effect of grape seed oil (GSO) on serum malondialdehyde (MDA)
and serum glutathione transferase (GST) of rats.

G Malondialdehyde Glutathione-S-
(nmol/ml) Transferase (mg/dl)

-ve 3.56+£0.41™ 203.27+14.09°

GSO (-ve) 2.95+0.37° 253.83+21.64"

+ve 4.07+0.16" 114.28+17.07°

2% GSO 3.63+0.60" 171.34+16.48°

4% GSO 3.2340.23" 206.95+20.73°

All values represented as mean + SD.
Means with different superscript are significantly different (P < 0.05).

Regrading to serum MDA, the 4% GSO decreased the
MDA level significantly compared with +ve control group,

while, the 2% GSO decrease slightly. However, the level of
serum MDA of GSO (-ve) decreased significantly compared
with -ve control group. In relation to serum glutathione-s-
transferase (GST), the 4% GSO caused significant increase in
the GST level to be 206.95+20.73mg/dl compared with the
+ve control group 114.28+17.07 mg/dl. Also, the level of
serum GST of the 2% GSO increased significantly compared
with +ve control group. While, the highest level of serum GST
was recorded in GSO (-ve) 253.83+21.64 mg/dl Table 6.

4. Histopathological Examination

Histopathological examination of the liver of rats from (-
ve) control group showed no histopathological changes of the
hepatocytes and central vein as shown in (Fig. 1). However,
liver of rat from GSO (-ve) group revealed normal
histopathological structure (Fig. 2). Meanwhile, the liver of
rat from +ve control group revealed a severe fatty change
represents all over the hepatocytes (Fig. 3). Whereas, liver of
rat from 2% GSO group revealed a severe fatty change in
diffuse manner all over the hepatocytes as shown in (Fig. 4).
Meanwhile, liver of rat from 4% GSO group showed
moderate steatosis in hepatocytes adjacent the hepatic central
vein (Fig. 5).

Regarding to histopathological examination of heart, the
results revealed that a normal histopathological structure in
the heart of rat from -ve control group as shown in (Fig. 6).
Whereas, heart of rat from +ve control group showed sever
focal inflammatory cells infiltration in the degenerated
myocardial bundles (Fig. 7). However, heart of rat from all
other groups revealed no histopathological alteration in
myocardium as shown in (Figs. 8 — 10). Histopathological
examination of the aorta of rat from -ve control group
showed no histopathological alteration in the tunica intima,
media and adventitia (Fig. 11). Also, aorta of rat from RBO
and GSO (-ve) groups showed normal histopathological
structure (Fig. 12). while, aorta of rat from +ve control group
revealed a sever vacuolization in the tunica media (Fig. 13).
However, aorta of rat from 2% and 4% GSO groups showed
mild vacuolization in the tunica media as shown in (Figs. 14
and 15).

Table 7. Effect of grape seed oil (GSO) on the histopathological alteration of the liver, heart and aorta of rats.

Organs Liver

Heart Aorta

Histopathological Alterations Fatty change in hepatocytes

Degeneration and inflammatory

R . Vacuolization in tunica media
reaction in myocardial

-ve -

GSO (-ve) -
+ve +++
2% GSO +++
4% GSO ++

—=nil + = mild ++ = moderate +++ = severe
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Fig. 1. Liver of rat from -ve
control group showing no
histopathological change in
the central vein and
surrounding hepatocytes.
Heart

Fig. 2. Liver of rat from
GSO (-ve) group showing
no histopathological
alteration.

Fig. 7. Heart of rat from
GSO (-ve) group showing
no histopathological
alteration.

Fig. 6. Heart of rat from -ve
control group showing no
histopathological alteration.

Fig. 3. Liver of rat from +ve
control group showing severe
fatty change represents all
over the hepatocytes.

Fig. 8. Heart of rat from +ve
control group showing sever
focal inflammatory cells
infiltration in the degenerated

Fig. 5.
GSO group showing
moderate steatosis in
hepatocytes adjacent the
hepatic central vein.

Fig. 4. Liver of rat from 2%
GSO group showing severe
fatty change in diffuse manner
all over the hepatocytes.

Fig. 9. Heart of rat from 2%
GSO group showing no
histopathological alteration.

4% GSO group showing no
histopathological changes.

myocardial bundles.

Aorta

Fig. 11. Aorta of rat from -ve
control group showing no
histopathological alteration in no histopathological

Fig. 12. Aorta of rat from
GSO (-ve) group showing

the tunica intima, media and  alternation. media.

adventitia.

5. Discussion

Hypercholesterolemia is associated with the oxidative
stress which induced by the production of reactive oxygen
species and/or decreased the antioxidant system causing
several diseases, including coronary heart disease and
atherosclerosis. Researchers have identified risk factors that
are highly correlated to the development of CVD [35].
Moreover, the common type of hypercholesterolemia is
familial hypercholesterolemia, which occurs in about 1 of
500 people [36]. Familial hypercholesterolemia (FH) is a
genetic disease leading to elevated the level of LDL-
cholesterol and increased the risk of premature myocardial

Fig. 13. Aorta of rat from +ve
control group showing sever
vacuolization in the tunica

Fig. 14. Aorta of rat from 2%  Fig. 15. Aorta of rat from

GSO group showing mild 4% GSO group showing
vacuolization in the tunica mild vacuolization in the
media. tunica media.

infarction (MI). Therefore, FH may explain about 20% of
familial cases with premature coronary heart disease (CHD)
[37]. FH is caused by deficient of low-density lipoprotein
(LDL) receptors, leading to a reduced in LDL uptake
cholesterol by the liver. So, cases with FH have a high risk of
102 cardiovascular disease (CVD), especially coronary heart
disease [38].

The results of the present indicated that the diet containing
GSO decreased significantly (P < 0.05) Serum TC, TG, LDL-
C levels and increased serum HDL-C (P < 0.05). This results
compatible with the results of Chung et al., (2003) [39], who
reported that GSO and/or isoflavone have important role for
improvement of serum lipid profile. Moreover, the study of
Nash, (2004) [40], reported that 45g of grape seed oil per day
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may increase HDL-cholesterol and reduce LDL-cholesterol,
thus it helping to prevent heart disease. Furthermore, GSO
improve the lipid ratios: atherogenic coefficient (AC),
cardiac risk ratio (CRR), LDL-c to HDL-c ratio and
atherogenic index of plasma (AIP) compared with the +ve
control group. This results confirmed with Kim et al., (2010)
[6], who reported that the GSO decreased serum TC, LDL-c
significantly. Also, atherogenic index and HDL:TC ratio
were enhanced significantly. Also, GSO play an important
role in lipid metabolism [41], besides enhancing oxidative
stress and improving serum lipid profile [7].

The results of the present study showed that the HCD
caused significant increase (P<0.05) in the liver enzymes
level AST, ALT and ALP. However, GSO caused significant
decrease (P<0.05) in serum AST, ALT and ALP as shown in
Table 5. The GSO reduced liver enzymes because its
antioxidant properties. Several studies suggested the grape
seed oil has hepatoprotective properties as the study of
Maheswari and Rao, (2005) [42], who reported that the GSO
decreased liver enzymes. Also, the results of the study of
Khudair and Aldabaj, (2015) [43], found that the oral
administration of GSO with sodium fluoride water showed
significant reduction in serum AST and ALP.

The results of this study showed that the GSO caused
significant decrease (P<0.05) in the serum MDA Ilevel
compared with +ve control group, in addition to significant
increase in the GST level. This results due in part to the
antioxidant activity of GSO. GSO is a good source of
important bioactive components such as phenolics and
antioxidants, which decrease oxidative stress that contributes
to the hepatotoxicity [9]. These results agree with Maheswari
and Rao, (2005) [42], who found significant decreased in
MDA and significant improvement in liver glutathione,
superoxide dismutase by oral administration of GSO for 7
days. Also, Ismail et al., (2015) [44], reported that the GSO
act as a potent antioxidant its act to scavenge the free
radicals, improve the antioxidant and suppress the
inflammatory responses enzymes activity.

The histopathological examination of liver showed fatty
liver in all rats fed a high-cholesterol diet, the abnormalities
fatty changes in the liver due to the daily accumulation of
cholesterol in the liver. Kwok et al., (2010) [45], reported
that the development of fatty liver, an increased nitric oxide
synthase (NOS) activity and an elevated oxidative stress (as
estimated by the attenuated levels of anti-oxidant enzymes)
associated with HCD. Our results indicated that the 4% GSO
decreased the fatty changes slightly. However, the results of
histopathological examination of heart and aorta showed the
ability of GSO to protect heart and liver against
hypercholesterolemia. This study suggests that the GSO able
to protect against the risk of CVD.

6. Conclusion

In conclusion, this study demonstrated that the grape seed
improved blood lipids and atherogenic lipid profile in
hypercholesterolemic rats. This effect may be attributed to

the high percentage of free fatty acids and anti-oxidant
activity of GSO. Therefore, the GSO effective to decrease
cardiovascular risk.
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