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Abstract

Background: Vitis vinifera is universally appreciated herb (especially fruit) for their delicacy, nutrition and conventional as functional food. In the
present study, we evaluated anti-hypercholesterolemic potential of Vitis vinifera red leaves extract in experimental wistar male rats.
Material and methods: Qualitative and quantitative phytochemical screening of vitis vinifera methanolic extract (VVME) and vitis vinifera aqueous
extract aqueous (VVAE) extract was carried out to identify the phytoconstituents. The anti-hypercholesterolemic activity was evaluated by inducing
hypercholesterolemia with high cholesterol diet for 21 days in experimental animals. During the experimental periods parameters like lipid profile,
liver function test, atherogenic index and histopathological studies were analysed.
Results: Total tannins, total flavonoids and total phenolic contents were found in major amount in VVME. The lipid levels were significantly
attenuated by different doses of VVME and VVAE. Moreover, VVME was found more effective than VVAE and histopathological results confirmed
the effectiveness of VVME.
Conclusion: It can be concluded that anti-hypercholesterolemic efficacy of Vitis vinifera might be due to presence of active phytoconstituents and
its antioxidant efficacy.
© 2017 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In food and pharmaceutical science, functional food is a
growing field for the betterment of health. Functional foods
are well-known to have positive effects on human health and
helpful in prevent various disorders such as CVD, cancer, dia-
betes, cholesterol risk or other metabolic disorders. In addition,
commercial and research activities on functional food/or their
ingredients are in great stipulate. Grapes seed, fruit and their
extract are already used as functional food [1]. It is well known
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that Vitis vinifera leaves are edible and used for cooking. Young
leaves wrapped around other foods and then baked, they impart
a pleasant flavor and taste. Leaves consumed in traditional foods
(Dolmathes) and used for diarrhoea, vomiting and varicose
treatment [2]. The leaves (especially red lecccaves) have anti-
inflammatory and astringent properties. Leaves decoction used
as a wash for mouth ulcers and as douche for treating vagi-
nal discharge. Red grape leaves are also helpful in treatment of
varicose veins, haemorrhoids and capillary fragility [3]. Vari-
ous pharmacological activities like antioxidant, antidiabetic [4],
hepatoprotective (leaves extract) [5], anti-atherosclerotic, anti-
tumor, antioxidant, collagen stabilization, cytoprotective, hair
growth, anti-ischemic (seed extract) were reported in experi-
mental animals [6–8]. Functional ingredients of grape include
several flavonoids with a phenolic nature such as monomeric
flavanols, dimeric, trimeric and polymeric procyanidins, and
phenolic acids [1]. Various reports indicated that extract of Vitis
vinifera leaves have strong antioxidant activity due to presence
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of active phytoconstituents such as, phenolic, flavonoids, tannins
etc [4]. According to literature, in medicinal plants presences of
flavonoids are responsible for antihyperlipidemic, tannins and
saponins cause the inhibition of lipid absorption. So, the study
was designed to evaluate the anti-hypercholesterolemic poten-
tial of Vitis vinifera red leaves extract. Further, positive results
can promote uses of grape leaves as functional food.

2. Material and methods

2.1. Chemical used

Gallic acid, Methanol (Nice chemicals), Cholesterol (Hi
Media), Cholic acid (Hi Media), Simvastatin (sample from Beta
Drugs Pvt. Ltd) and spectrophotmetric analysis was carried
out by using UV spectrophotometer (Shimadzu). Erba diagnos-
tic kits (Transasia, Mumbai) were used for estimation of total
cholesterol, total triglyceride and HDL levels in serum.

2.2. Plant material

Fresh red leaves of Vitis vinifera was collected on April
2013 from the Tau Devilal National herbal park, Khizrabad,
Haryana, India and authenticated by Dr. Shiddamallayya N.,
National Ayurveda Dietetics Research Institute, Banglore, India
(specimen number RRCBI-MUS-125).

2.3. Preparation of extract

Leaves of Vitis vinifera was washed in water, shade dried and
grinded into coarse powder. Then, weighed plant material was
packed into soxhlet and extraction was carried for 72 h using
methanol and water. The extract was concentrated using vac-
uum rotary evaporator at 40 ◦C, dried, weighed and stored in
a refrigerator at 4 ◦C throughout the duration of study. The %
extraction yields of both extracts were calculated using formula
[9]:

% extraction yield = Weight ofthe dried extract

weightof the originalsample
× 100

2.4. Qualitative estimation of phytoconstituents

The qualitative phytochemical screening of VVME and
VVAE was carried out to determine phytoconstituents present
by using standard test [10,11].

2.5. Quantitative estimation of phytoconstituents

The quantitative amount of total phenolic content (mg/g of
gallic acid equivalent dry weight) [12], total flavonoids content
(rutin equivalents (mg/g)) [13], total tannin content (rutin equiv-
alents (mg/g)) [14], total alkaloids content (mg of atropine/g
of extract) [15], total saponin content (diosgenin equivalents
(mg/g)) [16], total steroid content (cycloartenol equivalents
(mg/g)) [16] and total terpenoids content [15] were estimated
using standard procedure.

2.6. Animals

Wistar male rats were used in the study and experimen-
tal protocol was duly approved by Institutional Animal Ethics
Committee (MMCP/IAEC/13/36). Animals were kept as per the
guidelines of committee for the purpose of control and supervi-
sion of experiments on animals (CPCSEA) in Department of
Pharmaceutical Sciences, Maharishi Markandeshwar Univer-
sity, Ambala, India. Animals were fed normal chow diet and
ad libitum under controlled environmental condition of tem-
perature (24–28 ◦C), relative humidity 60%–70 % and natural
light/dark cycle (12:12).

2.7. Induction of hypercholesterolemia with cholesterol diet

Wistar male rats (220–250 g) were procured under con-
trolled environmental conditions. Atherosclerosis was induced
by administration of cholesterol diet (cholesterol 2% w/w and
cholic acid 0.5% w/w along with basal diet) for 21 days. Sim-
vastatin (dose 10 mg/kg), VVME and VVAE (dose 100 mg/kg,
200 mg/kg and 400 mg/kg) were administered for 21 days
[17,18].

2.7.1. Changes in body weight
The change in the body weights was recorded weekly and%

change in body weights was calculated using formula [19]:

% changein weight = finalweight − initialweight

initial weight
× 100

2.7.2. Biochemical estimations
Blood was collected via retro-orbital plexus on 21st day and

centrifuged at 3000 rpm for 10 min and serum was separated.
The serum glucose, triglycerides, total cholesterol and HDL
level was measured using enzymatic kits. The levels of LDL
and VLDL were calculated using Friedewald equation [17].

LDL = total cholesterol − HDL −
(

triglyceride

5

)

VLDL = triglyceride

5

2.7.3. Liver functions test
The levels of SGOT and SGPT were also analysed in the

blood samples at the end of study using enzymatic kits.

2.7.4. Histopathological studies
Then, animals were sacrificed and heart was isolated for

histopathology. A portion of heart tissue was dissected out and
fixed in 10% formalin solution and histopathological studies
were carried out.
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2.7.5. Atherogenic index
Atherogenic index and % protection was also calculated at

the end of study using formulas [20]:

artherogenicindex = log
(

totaltriglyceride

total HDL cholesterol

)

protection (%)

= atherogenicindex of control − atherogenic index of treated

atherogenic index of control
× 100

2.8. Statistical analysis

All the data were shown mean values and represented as
mean ± SEM. Statistical analysis was done with Dunnett’s mul-
tiple comparison tests using Graph pad Instat Demo software
(version 3.10). In statistical analysis, p < 0.05 was considered to
be significant; b = vs cholesterol control; c = vs 100 mg/kg dose;
d = vs 200 mg/kg dose; p< 0.05 = *; p< 0.01 = ˆ; p< 0.001 = #.

3. Results and discussion

3.1. Qualitative and quantitative estimation of
phytoconstituents

The% extraction yield of VVME and VVAE was found as
9.2% and 11.5% w/w, respectively. VVME and VVAE revealed
that flavonoids, phenolic, tannins, saponins, steroids and ter-
penoids present. Moreover, alkaloids present in VVAE only. In
VVME, total tannins content, total flavonoids content and total
phenolic content was found in major amount (Table 1).

3.2. Change in body weight of experimental animals

The weight gain in the rats was found significant with admin-
istration of cholesterol diet during the experimentation. The%
change in body weight of VVME 100 mg/kg, 200 mg/kg and
400 mg/kg group animals were found 13.5%, 11.8% and 11.7%,
respectively. The% change in body weight of VVAE 100 mg/kg,
200 mg/kg and 400 mg/kg groups were found 22.2%, 23.6%
and 17.6% respectively. Excessive cholesterol feeding leads to
susceptibility to hypercholesterolemia and arteriosclerosis and
further promotes the development of obesity and dyslipidemia in
both humans and rodents by altering the plasma cholesterol and
triglyceride levels [15]. According to literature, hypercholes-
terolemic animals are used to study the cholesterol homeostasis
as convenient models. As well as, this model is obliging to under-
stand the association between cholesterol metabolism disorders,
atherogenesis or possible treatments to reduce lipid levels in drug
trials [21].

3.3. Effect of VVME and VVAE on glucose level

Different doses of VVME and VVAE statistically lowered
the glucose level as compared to cholesterol control. (Table 2)

3.4. Effect of VVME and VVAE on lipids level

The lipids level except HDL level was found to be signifi-
cantly elevated in experimental animals and different doses of
VVME and VVAE produced a significant attenuation in lipid
level. Whereas, HDL level was found to be decreased in choles-
terol control animals and administration of VVME and VVAE
significantly elevated (p < 0.05) the HDL level after 21 days
treatment. (Table 2)

High cholesterol diets acts as extrinsic inducer and signif-
icantly increase the cholesterol, triglyceride, LDL levels and
decrease HDL level. Increase in LDL has been indicated one
of the risk factors in development of atherosclerosis and other
related cardiovascular disorders [22]. High triglyceride levels
also a marker and important risk factor that influences lipid depo-
sition and clotting mechanisms. Numerous experimental reports
showed that cholesterol and high dietary fat induce hyperc-
holesterolemia in animal models [23]. Similar results were also
observed with the high cholesterol diet animals have increase
lipid status and increased lipid level act as indicator of establish-
ment of hypercholesterolemia in animal models [24]. Moreover,
HDL is inversely associated with total cholesterol and several
evidences are accessible regarding this fact. A reduction in HDL
level may impair the clearance of cholesterol from the arterial
wall and speed up the development of atherosclerosis that further
lead to ischemic heart diseases [25].

3.5. Effect of VVME and VVAE on SGOT and SGPT level

Administration of cholesterol diet resulted in elevation of
SGOT and SGPT levels in cholesterol control animals as com-
pared to normal control after 21 days. Different doses of extracts
significantly attenuated the elevated SGOT and SGPT levels.
(Fig. 1) The elevated level in cholesterol control animals may
be due to leakage of the enzymes into the serum and damage
the integrity of the heart and liver. Also, increased level of these
enzymes is reported as indicators of deliberate risk of cardiovas-
cular disease [26]. In case of severe hepatocellular injury, SGOT
and SGPT are released into serum. In the absence of viral hepati-
tis and alcoholism, increased SGPT level can lead to a higher risk
of cardiovascular disease with more risk in women. Also a high
SGOT content is found in heart which becomes more elevated in
myocardial infarction case [27]. Also, increased level of SGOT
and SGPT level in cholesterol control animals were supported
by histology results that showed the disruption of endothelial
lining in aorta, presence of foamy macrophage, increase thick-
ness of lining and cardiovascular distress in cholesterol control
animals.

3.6. Histopathology of blood vessels

The histology of blood vessels (tunica intima + media thick-
ness) in cholesterol control showed disruption of the endothelial
lining. Within the tunica intima and media were seen lipids
containing elongated smooth muscle cells in single and aggre-
gates of foamy macrophages and thickness was found to be
53.2 �m. In VVAE 400 mg/kg section, layers of artery appeared
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Table 1
Quantitative estimation of phytoconstituents in VVME and VVAE.

Chemical constituent Linear equation VVME VVAE Standard mg/g Equivalent

Total Phenolic y = 0.0023x + 0.1659; R2 = 0.9988 22.27 ± 1.69 27.43 ± 2.42 Gallic acid
Total Flavonoid y = 0.0114x + 0.0062; R2 = 0.9949 29.45 ± 0.31 34.10 ± 0.26 Rutin
Total Tannin y = 0.01 x − 0.0277; R2 = 0.9973 36.37 ± 0.51 33.27 ± 0.32 Rutin
Total Alkaloid y = 0.0043x + 0.0858; R2 = 0.9003 – – Atropine
Total Saponin y = 0.0067x + 0.1768; R2 = 0.9161 0.77 ± 0.61 – Diosgenin
Total Steroid y = 0.0038x + 0.1034; R2 = 0.9286 4.89 ± 2.59 3.31 ± 1.36 Cycloartenol
Total Terpenoids – 5.97 ± 1.67 5.47 ± 1.21 –

Table 2
Effect of VVME and VVAE on glucose and lipid levels in cholesterol induced hypercholesterolemia.

Groups/treatment 21st day Glucose level (mg/dl) Cholesterol level (mg/dl) Triglyceride level HDL (mg/dl) LDL (mg/dl) VLDL (mg/dl)

Normal control 85.8 ± 2.50 96.2 ± 1.52 75.2 ± 2.31 41.6 ± 1.12 36.7 ± 2.31 14.8 ± 0.45
Cholesterol control 148.8 ± 3.50a# 178.9 ± 5.42 a# 137.9 ± 5.87 a# 22.8 ± 2.43 a# 127.5 ± 2.75 a# 28.2 ± 0.39 a#

Simvastatin 73.0 ± 2.14*** 88.8 ± 2.03 b# 83.0 ± 2.93 b# 38.6 ± 1.69bˆ 34.8 ± 1.19 b# 16.9 ± 0.80 bˆ

VVME 100 mg/kg 129.7 ± 4.29 160.2 ± 5.09 127.1 ± 5.08 31.5 ± 4.49 b* 103.8 ± 4.65 bˆ 25.3 ± 1.05
VVME 200 mg/kg 125.2 ± 5.91* 149.7 ± 6.15 b* 120.5 ± 4.18 b* 37.5 ± 3.85 bˆ 88.5 ± 5.02 bˆ 23.9 ± 0.88
VVME 400 mg/kg 120.5 ± 5.18* 141.5 ± 5.43 bˆ 115.5 ± 4.78 bˆ 38.2 ± 3.65 bˆ 79.9 ± 4.15 b#c* 23.2 ± 1.14 b*

VVAE 100 mg/kg 150.5 ± 6.09 170.5 ± 6.54 124.5 ± 5.05 b* 30.5 ± 2.75 b* 114.5 ± 5.08 b* 25.1 ± 1.54
VVAE 200 mg/kg 140.5 ± 5.78 140.2 ± 5.87 bˆc* 122.4 ± 3.87 b* 33.6 ± 4.12 b* 83.9 ± 4.14 b#c* 24.5 ± 1.18
VVAE 400 mg/kg 131.6 ± 4.35 141.5 ± 5.53 bˆc* 121.6 ± 6.21 bˆ 33.5 ± 3.18 b* 84.1 ± 4.76 b#c* 24.1 ± 0.96

Values are represented as mean ± SEM, n = 6. In statistical analysis, p < 0.05 was considered to be significant; a = vs normal control; b = vs cholesterol control; c = vs
100 mg/kg dose; p < 0.05 = *; p < 0.01 = ˆ; p < 0.001 = #.

Fig. 1. Effect of VVME and VVAE on SGOT and SGPT level in cholesterol induced hypercholesterolemia. Values are represented as mean ± SEM, n=6. In statistical
analysis, p < 0.05 was considered to be significant; a = vs normal control; b = vs cholesterol control; p < 0.05 = *; p < 0.01 = ˆ; p < 0.001 = #.

intact except for disruption of the endothelial lining. Within
tunica intima and media were seen lipids containing smooth
muscle cells in single and aggregates of foamy macrophages.
The thickness of tunica intima + media was found 45.25 �m. In
VVME 400 mg/kg section, the layers of artery appeared intact
and few areas appeared disrupted. There were seen few scat-
tered lipid containing spindle cells between the tunica intima
and tunica media and thickness was found to be 45.0 �m
(Fig. 2).

3.7. Effect on atherogenic index and % protection

The cholesterol control have significant atherogenic index
as compared to normal control (0.422 − high risk). In VVME
400 mg/kg found lowest atherogenic index (0.120) and maxi-
mum% protection as compared to other experimental groups.
(Table 3) In VVME 400 mg/kg group, atherogenic index and
lipid profile were significantly improved with an improvement in
the thickening of aortic walls. Also, it can be state that decreased
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Fig. 2. Histology of blood vessels (Tunica intima + media thickness) of different groups.

Table 3
Effect on atherogenic index and % protection in cholesterol induced
hypercholesterolemia.

Groups Atherogenic index % protection Inference

Normal control Below 0 (−0.10) 124.6 –
Cholesterol control 0.422 – –
Simvastatin Below 0 (−0.02) 104.7 Low risk
VVME 100 mg/kg 0.244 42.1 Increased risk
VVME 200 mg/kg 0.147 65.1 Intermediate risk
VVME 400 mg/kg 0.120 71.5 Intermediate risk
VVAE 100 mg/kg 0.251 40.5 Increased risk
VVAE 200 mg/kg 0.203 51.8 Increased risk
VVAE 400 mg/kg 0.200 52.6 Intermediate risk

Atherogenic index (<0.11) low risk; (0.11–0.21) intermediate risk and (>0.21)
increased risk.

lipid levels might be an experimental tool to determine anti-
atherogenicity of plant extract or other metabolites [28].

4. Conclusion

Vitis vinifera extracts were found effective in reducing choles-
terol level and improved HDL level in experimentally induced
atherosclerosis in rats. Also, the administration of extract
decreases the disruption of endothelial lining and thickness of
blood vessel lining in experimental animals. The effectiveness
of Vitis vinifera extract as anti-hypercholesterolemic agent due
to presence of active phytoconstituents and antioxidative con-
stituents. Further, active phytoconstituents Resveratrol isolated
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from VVME and its anti-atherosclerosis and anti-dyslipidemic
activities in process.
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