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Background: High level of blood cholesterol can cause diseases such as
atherosclerosis, high blood pressure, cardiovascular diseases, and increase the
chance of apoplexy and fatty liver. Unsaturated fatty acids play important roles in
preventing cardiovascular diseases because they decrease total cholesterols and
LDL-C in the blood. Objective: The study investigates some sterol compounds
of Iranian pomegranate seed oil and their effects on decreasing the level of
cholesterol in hypercholesterolaemia rabbits. Methods: Three different varieties
of pomegranate were selected and oil extraction was done from powdered tissue
by Soxhlet extractor. Then, the extract was transfused into GC-MS for
Identification Sterol Compounds. Qil extracted from pomegranate was taken into
the diets of hypercholesterolemia rabbits. Results: The results showed that the
major phytosterols in pomegranate seed and skin tissues were stigmasterols, A5-
avenasterols, campsterols and beta-sitosterols, among which the [-sitosterols
most dominant phytosterols. Studying the influence of oil extracted on decreasing
cholesterol in hypercholesterolemic rabbits show that using 5 and 10 g/kg
extracted oil from pomegranate seeds in the diet of hypercholesterolemic rabbits
(tested with cholesterol 1%) can decrease significantly total cholesterol,
triglyceride and LDL-C of hyperlipidemia against neutral sample and it can
increase significantly HDL-C. Conclusion: The role of the pomegranate seed oil
in improving the lipid profile of the plasma and reducing undesirable fats may be
can have a considerable effect on human health and lowering blood lipids and
lowering the risk of cardiovascular disease. Increasing awareness of the potential
capacity of this valuable fruit can help to play a better role in the various
industries.

Abbreviations: LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; RSQ, Red
Skin of Qom; WSR, White Skin of Rijab; BSY, Black Skin of Yazd; GC/MS, Gas Chromatography/Mass
Spectrometry; TG, total triglyceride; TC, total cholesterol.
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1. Introduction

Today's high-polluted industrialized world
has led to emerging diseases. One of them is
blood cholesterol, which involved not only older
people, but also most of the young people as
well as the teens. Sometimes, high level of
cholesterol doesn't show any signs, although it
can lead to such diseases as atherosclerosis,
high blood pressure, cardiovascular diseases,
higher chance of apoplexy, fatty liver and so on
[1]. Cholesterol level management is a process
that should be observed continuously. The first
approach to control cholesterol is to modify the
diet. Decreasing meat and rice and increasing
vegetables in daily diet are the most important
points to be satisfied [2]. Phytosterols, including
plant sterols and stanols, are steroidal
compounds with chemical structures and
biological functions like cholesterol. Using one
or more mechanisms, phytosterols compete with
the absorption of cholesterol in the intestines
and decrease blood cholesterol level [3] and also
they decrease the influence of triglyceride by
decreasing the density of lipoprotein particles
full of triglycerides that are produced by the
liver [4]. The richest natural sources of
phytosterols are herbal oils and the products
made of them [5]. European Food and Drug
Administration (FDA) confirms the roles of
foods consisting of phytosterols and the diets
including low levels of saturated fats in
decreasing the risk of affliction to
cardiovascular ~ diseases  [6].  Steroidal
compounds are synthesized in the plants,
whereas animals get the compounds by their
diets [7]. Pomegranate (Punica granatum L.) is
a beautiful shrub with fallen succulent leaves.
Planting pomegranate and utilization of it has
had a great history [8, 9]. Pharmaceutical use of
the fruit is an ancient activity so that
pomegranate had been a symbol of life,
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longevity, health, and immortality [10]. Several
compounds of different tissues of pomegranate
had been purified that have variant treatment,
dietary, cosmetic, sanitary and industrial
utilizations [8]. It was proofed that there are
phytosterols specially p-Sitosterol in such
tissues of the fruit as leaf, stem, seed and flower
[11, 12]. In ancient medical texts, there were
some believes about the influences of the fruit's
compounds on decreasing the amount of
cholesterol [13]. The studies show that daily
drinking the pomegranate juice causes to
decrease the level of bad cholesterol such as low
density of lipoprotein (LDL-C) and triglyceride
and to increase of good cholesterol such as high
density of lipoprotein (HDL-C) [14].
Pomegranate seed oil includes considerable
amounts of steroidal compounds which have
great roles in decreasing the level of cholesterol
[15]. The study investigates some sterol
compounds of Iranian pomegranate seed oil
using the approach of GC-Mass and their effects
on decreasing the level of cholesterol in
hypercholesterolemia rabbits. Since studies have
been done to reduce the effect of pomegranates on
reducing  blood cholesterol on Iranian
pomegranates fruit juice, the present study aimed
to investigate the effect of pomegranate seed oil
on cholesterol level, and could be offered a new
strategy for the use of pomegranate seed waste in
Iranian cultivars in reducing cholesterol blood.

2. Materials and Methods
2.1. Providing herbal samples

In order to extract the oil from seeds and skin
tissues of pomegranate, samples from
pomegranate collections were prepared by the
Agricultural and Natural Resources Research
Centre of Isfahan Province. Based on the skin
colour of the fruits (white, red and black) and
the  coincidence  of  growth  periods,
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threevarieties, Red Skin of Qom (RSQ), Sour
White Skin of Rijab (WSR), and Sweet Black
Skin of Yazd (BSY) were selected and then skin
and seeds of fruits were sampled.

2.2. Extracting oil

To dry the seed and skin tissues of
pomegranates, 100 g of each were placed in glass
containers for 8 hours in an electrical oven at
65°C. They were pulverized, using an electrical
mill. Then the powder was protected in aluminium
foils of -20°C for utilization in the next stages.
Extracting oil from powdered tissues was done by
using Soxhlet extractor by standard methods for 8
hours with N-hexane [16].

2.3. ldentification sterol compounds

Herbal sterols are groups of steroid alcohols that
form the main part of the unsaponifiable phase
of the herbal oils. Measuring phytosterols of the
herbal oils are a main indicator to identify the
oils in order to qualify [17]. Therefore, five
fruits of each cultivars of pomegranates were
selected with a sufficient factor of cassation and
three oil extractions were done from each fruit
using Soxhlet method. The extracted oils related
to each tissue were combined together and then
were solved in methanol. Then, the mixture was
transfused into GC-MS 6100 with column of
DB-5 (length 30 m, internal diameter 0.25 mm).
The process of calibration was done by using
perflouro-3-butylamine. In this test, the GC
method, ESS was selected and in considered
method for Mass, the mass range was in 40-300,
because there is not peak in range lower than
40. Method of EIl was used in order to gain the
mass spectrum. Helium was used as a bearer in
the column of the device. Transfusion of oil and
methanol mixture took 70 minutes. After
transfusing the samples into the column,
sufficient temperature table was programmed in
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the device (begin the program with 150°C for 2
minutes, then scale up the temperature with the
ratio of 5°C/min until reaching to 320°C and
finally fix in 320°C for 5 minutes). Analyses of
mass spectrums written by the device were
compared with mass spectrums of the device's
library. In order to decrease the volume of
information and to facilitate analyses of the
results, device data only were compared to
sterols library. Purity is the main factor to
accept the candidates that its maximum is 1000
and it shows a 100% matching. Purity equalled
800 is an accepting factor that shows a 80%
matching and three first candidates are more
important [18].

2.4. Investigating the influences of oil extracted
from tissues on decreasing cholesterol

In  order to investigate phytosterols'
performances in decreasing cholesterols, oil
extracted from pomegranate was taken into the
diets of hypercholesterolemia rabbits. So, 20
New-Zealand matured rabbits weighted 1700-
2000 g were prepared from the Institute of Razi.
In order to adjust to the environment, the rabbits
were kept for two weeks under a basic diet and
standard circumstances of light (12 hours
lightening), temperature (23-25 °C) and
humidity (40-70%). The rabbits were fed with a
standard diet provided from the Institute of
Pasteur. Before beginning the diet, 5 ml blood
was cupped from a pestle vein before breakfast
in order to determine the plasma level of
cholesterol, triglyceride, LDL-C and HDL-C for
confirming low level of lipid. One percent
EDTA was used in order to prevent clotting. To
provide full-cholesterol diet, cholesterol powder
of MERCK (Germany) in 100 g boxes and olive
oil were used so that 1 g of cholesterol powder
was solved in 4 g olive oil and then after heating
and homogenizing, was used to lubricate 100 g
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food (1 g cholesterol, 4 ml olive oil and 95 ¢
food). Every day, the plate was full of food and
the rabbits accessed to water. The rabbits were
divided to 4 groups with 5 members. For 20
days, the first group was fed with standard diet
and other groups were fed with full cholesterol
diet (1%). At the end of the period, the process of
cupping was done again from pestle vein and then
plasma level of total cholesterol, triglyceride,
LDL-C and HDL-C were identified. Feeding the
groups continued for 25 days for the next stage,
but 5 g/kg and 10 g/kg extracted oil of
pomegranate seed (Soxhlet method) were added
respectively to the diets of groups 3 and 4. After
that, the process of cupping was done from pestle
vein and plasma levels of total cholesterol,
triglyceride, LDL-C and HDL-C were determined.

2.5. Lipid profile

The prepared blood samples placed at room
temperature for 45 minutes to clot, then the
blood tubes were centrifuged at 2000 g for 25
minutes at 4°C temperature and the separated
serum was transferred to new sterilized tubes
and then stored at -20°C until analysis was
performed. The amount of triglyceride (TG),
total cholesterol (TC) and high-density
lipoprotein cholesterol (HDL-C) of serum were
determined by using biochemistry enzyme Kits
(Pars Azmon, Tehran, Iran) according to the
manufacturer's instructions and measured by
automated chemistry analyser (Hitachi Automatic
Analyser 902, Roch, Basel, Switzerland). In order
to determine low-density lipoprotein cholesterol
(LDL-C), the following equation was used [19]:

LDL-C = TC-(TG/5)-(HDL-C)

2.6. Statistical analysis
Experiments were conducted in a completely
randomized design. Analysis of variance of the
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data was performed using one-way ANOVA
method and comparison of mean of data was done
by the LSD method using SPSS version 16
software.

3. Results
3.1. Studying sterol compounds

The results of this study showed that the main
phytosterols  included  stigmasterols,  AS-
avenasterols, campsterols and beta-sitosterols. The
total amount of sterol varied from 639.88 mg to
427.39 mg in 100 g oil. The most abundant
observed from two tissues of three cultivars of
pomegranate is [3-sitosterol and formed 65%-74%
of all sterols (Table 1). Between tissues of seed
and skin of the fruits, seed tissue has the
maximum amount of phytosterols. The difference
between phytosterols tissues of seed and skin was
significant (P < 0.05). Between cultivars of
pomegranate, BSY had the maximum amount of
phytosterols. But, the difference between
phytosterols of different cultivars wasn't
significant (P > 0.05) neither for extracted samples
of seed nor for ones extracted from skin. Fig. 1
shows phytosterols of skin and seed tissues related
to three cultivars of pomegranate.

3.2. Studying Influence of Oil Extracted from
Tissues of Pomegranate on Decreasing
Cholesterol

Competing to abstract cholesterol from the
intestine, phytosterols cause to decrease of
cholesterol level of the blood [3]. Table 2 shows
the results of phytosterols’ performances to
decrease cholesterols. After the test, for all
groups other than group 1, total cholesterol
increased significantly (P < 0.05) compared
with before the test. Results of the study show a
significant (P < 0.05) difference between total
cholesterol of group 1 and other groups and also
between group 2 and other groups. In groups 3
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and 4 total cholesterol decreases after the test
compared with group 2. In contrast, there wasn't
significant (P > 0.05) difference between groups
3 and 4 despite the decrease in cholesterol in
group 4 compared to the group 3. The results
show that there is a significant (P < 0.05)
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difference of triglyceride between group 1 and
other groups. In addition, difference of
triglyceride between group 2 and groups 3 and 4
was significant (P < 0.05).

Table 1. Results of the studying sterol compounds in three cultivars of pomegranate

Sterol Compound SkinRSQ  SkinWSR  SkinBSY  Seed RSQ  Seed WSR  Seed BSY
Cholesterol 0.96 0.89 1.02 131 1.56 1.07
Brassicasterol 0.71 0.68 0.65 111 1.24 0.83
Choloresterol 3.84 3.98 4.12 5.23 4.96 4.24
Campesterol 41.21 43.33 38.45 49.87 56.28 51.14
Stigmasterol 23.57 21.66 25.31 30.33 31.45 29.31
Beta-Sitosterol 327.39 308.53 316.76 465.88 489.29 448.67
A-5-Avenasterol 32.38 35.86 31.48 42.27 38.16 40.32
A-2,23-Stigmastadiano 5.89 6.23 6.12 6.77 8.84 7.61
A-7-Stigmasterol 2.98 2.34 2.88 3.96 4.23 3.53
A-7-Avenasterol 3.48 3.89 4.11 5.35 3.87 4.65
Total 442.41 427.39 430.90 612.08 639.88 591.37
phytosterols
700 - a
600 - a i
= 500 - b b b
> 300 -
S mBSY
200 -
100 -
0
Seed Skin
Type of tissue

Fig. 1. Phytosterols of skin and seed tissues related to three cultivars of pomegranate.
RSQ: Red Skin of Qom, WSR: White Skin of Rijab, BSY: Black Skin of Yazd. Different letters indicate statistically
significant differences (P < 0.05).
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Despite of more decrease of triglyceride in
group 4 against group 3, but the difference
wasn't significant (P > 0.05). In all groups other
than group 1, LDL-C increased significantly
(P < 0.05) after the test against before that. The
results of the study show that LDL-C of group 2
is significantly (P < 0.05) more than that for
other groups. In groups 3 and 4, LDL-C
decreases significantly (P < 0.05) against group
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2, but there isn't significant (P > 0.05) difference
between groups 3 and 4. The results did not
show a significant (P > 0.05) difference of
HDL-C between groups 1 and 2. HDL-C of
groups 3 and 4 increased significantly (P < 0.05)
against group 2. Despite of increasing HDL-C
in group 4 against group 3, there wasn't
significant (P > 0.05) difference.

Table 2. The results of phytosterols' performances to decrease cholesterols

Diet Treatment HDL-C LDL-C Total cholesterol Triglyceride

Standard (Group 1) 26.3+6.2° 20.3+£5.34° 48.3+£6.2° 78.3+£4.78°
Fatty (Group 2) 35.2+6.63"  541.7 +21.58° 1703.2 + 82.4° 330.8 + 18.36°
Fatty (Group 3) 5 g/kg oil 69.4 £ 5.432 378.5+41.2° 1295.6 + 96.4° 211.2 + 47.04°
Fatty (Group 4) 10 g/kg oil 75.8 £9.212 335.3 + 85.76" 1182.7 +88.3" 195.8 + 16.9°

The concentrations of all variables were calculated as mg/dl. Group 1: feeding with standard diet, Group 2: feeding with full
cholesterol diet, Group 3: feeding with full cholesterol diet and 5 g/kg pomegranate’s oil, Group 4: feeding with full cholesterol diet
and 10 g/kg pomegranate's oil. Different study indicate statistically significant differences (P < 0.05).

4. Discussion
The results of the study showed that main

phytosterols, on the base of increase abundance,
included stigmasterols, A5-avenasterols,
campsterols  and beta-sitosterols. The
compounds are the most current natural
phytosterols and their qualitative characteristics
were same. It seems that such characteristics
follow a usual pattern for sterols in herbal oils.
Pande & Akoh [20] in a study on six Georgian
pomegranate cultivars, indicated that the major
phytosterols of these six cultivars were
brassicasterol, campesterol, stigmasterol and f-
sitosterol, and that the levels of these
phytosterols in the seed tissue were much higher
than the pomegranate fruit, while the most
abundant compound was f-sitosterol [20].
Caligiani et al [21] also in a study of
pomegranate oil compounds, showed that this
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tissue had high content of phytosterol
compounds, and the [-sitosterol (up to 8069
mg/kg) had the highest rates [21]. In this study,
the total amount of sterol varied from 639.88
mg to 427.39 mg in 100 g oil. These data are
consistent with the results reported by Caligiani
et al [21]. Among the above mentioned sterols,
sitosterols form 65-74% of all sterols and
according to Caligiani et al [21] and Pande &
Akoh [20], sitosterols are the most common
phytosterols of the samples. Sitosterol contents
reported in the study, were almost as same as
reported amounts of them for wheat germ [21]
and they were 2.5 to 12.3 times more for such
oils as walnut, hazelnut, almond and peanut [22]
and 2-32 times more for such herbal oils as
corn, coffee, rice and specially olive oil, that are
famous as the richest comestible oils [23]. The
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total amount of sterol, as well as Indicative
sterols such as compressor, beta-sitosterol and
stigmasterol, were considerable in the seeds of
the examined specimens and so they can be
used as complement sources of sterols in food
and pharmaceutical industries. Sterols are fat-
like parts of a membrane and they play basic
roles in fluidity; so, they are necessary for
different cell performances [24]. The
compounds have such extensive environmental
activities as anti-inflammatory, anti-cancer,
antioxidation and antibacterial activities. On the
other hand, the metabolites cause decreasing the
cholesterols of blood serum [25-27]; therefore,
as rich sources of pharmaceutical sterols, using
pomegranate's seeds can be considered as a
sufficient replacement for cholesterols of diets.
Recently, effectiveness of herbal sterols to
improve characteristics of cholesterols has been
confirmed by European Administration of Food
Safety [6].

Metabolic  disorders and decrease of
antioxidant power of blood in patients with high
cholesterol cause increasing the production of
free radicals and to decrease their ejection.
Oxygen radicals and their combinational
tendency to organic molecules and such
different compounds as LDL-C cause to
oxidation of them. Reaction of oxide form of
LDL-C with oil layers of the cells' membrane
cause to produce lipid oxide in them; These
disorders cause to intensify arthrosclerosis and
cardiovascular disease of the aorta in patients
with high blood lipids [28]. Nowadays, it
cleared that unsaturated fatty acids play
important roles in preventing cardiovascular
diseases because they decrease total cholesterols
and LDL-C in the blood [29]. Antioxidant
influences of pomegranate's seed oil and juice
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against lipid oxidation, particularly LDL-C,
sweeping capacity of oxygen radicals and their
influences on aggregation and activity of
plackets were investigated in several researches
[10, 30, 31]. Esmaillzadeh et al [13] investigates
the influences of concentrated juice of
pomegranate on cholesterol profiles of
hyperlipidemic patients with diabetes II. They
show that daily consuming 40 g pomegranate
for 8 weeks can significantly effect on
decreasing LDL-C, total cholesterol, LDL-
C/HDL-C and total cholesterol/HDL-C.
Investigating influence of pomegranate juice on
patients with diabetes [13]. Rosenblat et al [35]
show that daily consuming 50 ml for 3 month
decreases significantly lipid level of serum
peroxides, cell peroxides and abstraction
oxidized cell of LDL-C and it significantly
increases peroxonaze activity in the blood; the
above-mentioned factors prevent
Arthrosclerosis [35]. Results of the study show
that using 5 and 10 g/kg extracted oil from
pomegranate fruit in the diet of hyperlipidemic
rabbits (tested with cholesterol 1%) can
decrease  significantly  total  cholesterol,
triglyceride and LDL-C of hyperlipidemic
against neutral sample and also it can increase
significantly HDL-C. Aviram et al [31]
examined the effects of pomegranate juice
consumption on the lipid peroxidation in whole
the plasma and changes in LDL and HDL
lipoproteins in humans and mice. The results of
their studies showed that pomegranate juice
consumption reduced LDL accumulation and
increased serum HDL levels by up to 20% in
humans, and LDL levels decreased by 90% in
mice. In treated mice, the size of atherosclerotic
lesions decreased by 44% [31]. Sharifiyan et al
[32] investigated the effect of extract of
pomegranate  fruit peel on diet of
hypercholesterolemic rabbits. They showed that
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the use of pomegranate peel extract, despite a
significant increase in serum antioxidant
capacity of hypercholesterolemic rabbits, cannot
improve the plasma lipid profile of the rabbits,
and have no significant effect on levels of
cholesterol, triglyceride and LDL-C compared
to control group [32]. Al-Moraie et al [33]
evaluated the effect of pomegranate juice
consumption on three different dosage (1, 3 and
5 ml/kkg b. wt) in the diet of
hypercholesterolemic rats over a period of 28

days. The results showed that oral
administration of pomegranate juice
significantly  reduced  total  cholesterol,
triglyceride, LDL-C, VLDL-C, and liver

enzymes compared to control group, and the
level of HDL-C and antioxidant enzymes
increased significantly [33]. Bagri et al [11]
examined the effect of pomegranate extract on
diabetic rats. Their studies showed that the
consumption of pomegranate extract at different
dosage (250 and 500 mg/kg) for 21 days,
significantly reduced the levels of fasting blood
sugar, total cholesterol, triglyceride, LDL-C,
VLDL-C and tissue fatty acid peroxidation
levels, and significantly increased HDL-C
levels, glutathione content and antioxidant
enzymes compared to the diabetic control group
[11]. Elbandy & Ashoush [34] in studying the
effect of pomegranate seed oil, residues of seeds
and their mixture on hypercholesterolemic rats,
showed that rats fed with all three groups of
pomegranate compounds improved the lipid
profile of the plasma compared to the control
group, and a significant decrease in total
cholesterol, triglyceride, LDL-C [34]. The
results of this study are in accordance with
studies by Aviram et al [31], Esmaillzadeh et al
[13], Rosenblat et al [35], Bagri et al [11], Al-
Moraie et al [33] and Elbandy & Ashoush [34],
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but did not conform to study of Sharifiyan et al
[32].

5. Conclusion

Pomegranate seed oil containing the
considerable content of different phytosterols,
has a high potential for cosmetic, nutritional,
and health applications. Considering that the
pomegranate seeds are part of the waste of the
preparation of pomegranate juice processing,
recycling these remaining seeds can be
beneficial in many industries. Potential capacity
of pomegranate seeds can have an impressive
presence on nutrition and especially on the
health processes. The role of the pomegranate
seed oil in improving the lipid profile of the
plasma and reducing undesirable fats may be
can have a significant effect on human health
and lowering blood lipids and lowering the risk
of cardiovascular disease. Increasing awareness
of the potential capacity of this valuable fruit
can help to play a better role in the various
industries. The study of pomegranate seed
compounds in different cultivars and in different
growth stages can help to clarify the hidden
mystery of this valuable fruit and help to
improve its nutritional and health habits.
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