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Abstract: The present study was carried out to investigate the effects of oral administration of Pomegranate
Juice (PJ) by which contain of active compounds that stimulate the necessary enzyme and antioxidants
production to reduce the effect of added cholesterol to male white New Zealand rabbits diet to initiate and
development of atherosclerosis, twenty male white New Zealand rabbits aged 9-11 months, 1500-2000 g had
been divided randomly in to four groups (5rabbits/ group), all groups had been given a standard ration with free
water, first group had been orally drenched normal saline and considered as a control group, while the second
group drenched 6ml Pomegranate juice(PJ) / kg b. wt., third group 0.26 % cholesterol added to rabbit's diet to
initiate atherosclerosis, fourth group 0.26 % cholesterol added to rabbit's diet and drenched 6 ml PJ, the
treatment for all groups continuous for two months. The results showed positive effects as a significant increase
(P< 0.0001) in Paraoxonasel enzyme (PONL1), Total antioxidant capacity (TAC), HDL-c, in rabbits serum that
drenched 6 ml PJ / kg b.wt. in contrast showed a negative effects as a significant decrease in PON1, TAC, and
HDL-c in rabbits that given cholesterol while the results tend in rabbits that given cholesterol and drenched é6ml
PJ to be in near with normal concentration in control group, C-reactive protein (CRP), TG, TC, LDL-c and
VLDL-c significantly decreased (P< 0.0001) in rabbit's serum that drenched 6ml PJ and these parameters
significantly increased in rabbit's serum that given cholesterol with diet, while the results tend in rabbit's serum
that given cholesterol with diet and drenched 6ml PJ to be in near with normal concentration in control group.

INTRODUCTION

Atherosclerosis, a major degenerative disease of arteries involves a series of inflammatory and oxidative modification
within the atrial wall [1], emerging researches shows that obesity, hypertension, diabetes mellitus, dyslipidemia,
smoking, aging, diets rich in saturated fats, and reduced activity are the established risk factors for atherosclerosis[2]-

[3].

Oxidative stress is a state in which oxidation exceeds the antioxidant systems in the body, it is arises from an imbalance
between the production of reactive oxygen species (ROS) and the body’s antioxidant defenses against them, which
intensifies cellular damage. The antioxidant defenses enable the body system to remove ROS, restore the prevailing
reducing environment and repair the tissue damage[4]. Oxidative stress plays an important role in the etiology and
pathogenesis of many chronic diseases such as atherosclerosis, hypertension diabetes mellitus, and cancers[5]. Dietary
intake of antioxidants can inhibit or delay the oxidation of susceptible cellular substrates so prevent oxidative stress.
Therefore, it is important to enrich our diet with antioxidants to protect against many chronic diseases. Antioxidants
also play an important role in food quality preservation due to their ability to prevent oxidative deterioration of lipids

[6].

The Pomegranate tree, which is believed to be Flourished in the Garden of Eden [7], this tree belonging to the
Punicaceae family, Pomegranate juice has become increasingly popular because of its important biological actions [8],
most of these effects were attributed to its high phenolic content [9], (such as flavonoids, phenolic acids, diterpenes,
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saponins and tannins) have received much attention for their high antioxidative activity by scavenging free radicals
which cause oxidative stress that can lead to cellular damage and many degenerative disorders[10].Flavonoid
significantly reduce oxidative stress by inhibiting formation of LDL lipoproteins and macrophage lipid peroxidation,
and in this mechanism atherosclerosis is reduced [11], also PJ decreased LDL susceptibility to aggregation and
retention, increased total antioxidant status[12] and increased serum PONL1 activity, a HDL associated esterase that can
protect against lipid peroxidation by 20%, and suppressed oxidized LDL degradation and cholesterol biosynthesis in
macrophage that can lead to reduced cellular cholesterol accumulation and foam cell formation[13]. Paraoxonase-1is a
protein of 354 amino acids with a molecular mass of 43 kDa [14]. In serum, it is almost exclusively located on HDL. It
is highly conserved in mammals but is absent in fish, birds, and invertebrates, such as arthropods. PON1 has recently
emerged as the component of HDL most likely to explain its ability to metabolize lipid peroxides and to protect against
their accumulation on LDL. The present review will consider first the antioxidant role of HDL in the context of its
other potential antiatherogenic actions and then the evidence that PONL1 is indeed responsible for the capacity of HDL
to metabolize lipid peroxides before finally discussing the evidence that PON1 is linked with clinically evident
atherosclerosis [15].

The Aim of Study

The present study was performed to investigate the effect of oral administration of Pomegranate juice at dosage 6ml /
kg body weight (b.w.) on rabbit's serum concentrations of PON1,TAC, CRP, TG, TC, HDL-c, LDL-c and VLDL-c to
avoid the initiation and development of experimental atherosclerosis by added cholesterol (0.26%) in rabbit's diet.

MATERIAL AND METHODS
Cholesterol: Cholesterol was purchased from France (BDH) company, in the form of white crystalline powder.

Rabbits: A total number of twenty adult males white New Zealand rabbits aged 9-11 months, and weighed 1500-2000
grams were used in this study. The rabbits were obtained from College of Veterinary Medicine, Mosul University.

Standard ration: The basal diet for rabbits was prepared according to National Research Council [16].

Kits for Biochemical Analysis:

Commercial diagnostic kits for estimating serum PON1 and TAC were obtained from MyBioSource company, U.S.A,,
and the kit for estimating CRP were obtained from AccuBind company depended on ELISA. TG, TC, HDL-c kits were
obtained from refletron company, Germany, while VLDL-c and LDL-c obtained from the mathematical equations :

VLDL-c = TG/5
]TG/5— HDL-c — [TC=LDL-c

Pomegranate: Ripe Pomegranate fruits used in this study were purchased from a local market, washed and manually
peeled without separating the seeds, pomegranate juice was obtained using a commercial blender, filtrated with a
Buchner funnel [17]

Statistical analysis

Statistical analysis were done using one way ANOVA analysis of variance using the General Linear Model, SAS
software [18] .Duncan, was used to separate the means when significant differences exist. Means and standard
deviations were calculated for all parameter. Difference were considered significant at P< 0.0001.

RESULTS

Figure (1) demonstrates a significant increase (P< 0.0001) in PONlenzyme in a group of rabbits that drenched PJ in
dosage 6ml/ kg b.wt. than control group as was the mean of this group (62.6+3.64) ng/ml, this figure also shows a
significant decrease in PONlenzyme in a group of rabbits that given cholesterol with diet by 0.26% compared with
control group, as was the mean of control group (28.2+1.78) ng/ml, while the mean of this group was (17+2.54) ng/ml,
also this figure explains a significant relative increase in concentration of this enzyme in group of rabbits that given
cholesterol with diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group
was (29.8+3.11) ng/ml.
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Fig. (1): The effect of treatment by PJ and Cholesterol on the concentration of PON1 enzyme

Figure (2) demonstrates a significant increase (P< 0.0001) in TAC in a group of rabbits that drenched PJ in dosage éml/
kg b.wt. than control group as was the mean of this group (90.8+1.64) ng/ml, this figure also shows a significant
decrease in TAC in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was
the mean of control group (65.1£2.74) ng/ml, while the mean of this group was (43.4+2.7) ng/ml, also this figure
explains a significant relative increase in concentration of this parameter in group of rabbits that given cholesterol with
diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group was
(58.4+2.88)ng/ml.
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Fig. (2): The effect of treatment by PJ and Cholesterol on the concentration of TAC

Figure (3) demonstrates a significant decrease (P< 0.0001) in CRP in a group of rabbits that drenched PJ in dosage éml/
kg b.wt. than control group as was the mean of this group (0.2+ 0.02) mg/L, this figure also shows a significant
increase in CRP in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was
the mean of control group (0.54+ 0.08) mg/L, while the mean of this group was (2.73+ 0.52) mg/L, also this figure
explains a significant relative decrease in concentration of this protein in group of rabbits that given cholesterol with
diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group was
(0.8940.14)mg/L.
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Fig. (3): The effect of treatment by PJ and Cholesterol on the concentration of CRP

Figure (4) demonstrates a significant increase (P< 0.0001) in TC in a group of rabbits that drenched PJ in dosage 6ml/
kg b.wt. than control group as was the mean of this group (91.15+5.73) mg/dl, this figure also shows a significant
decrease in TC in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was the
mean of control group (119.97+11. 94) mg/dl, while the mean of this group was (149.25+25.97) mg/dl, this figure also
explains a decrease not significant in concentration of this parameter in group of rabbits that given cholesterol with diet
and drenched PJ to be in near with normal concentrations in control group, the mean of this group was (123.56+1.1)
mg/dl.
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Fig. (4): The effect of treatment by PJ and Cholesterol on the concentration of TC

Figure (5) demonstrates a significant decrease (P< 0.0001) in TG in a group of rabbits that drenched PJ in dosage 6ml/
kg b.wt. than control group as was the mean of this group (84.96+1.03) mg/dl, this figure also shows a significant
increase in TG in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was the
mean of control group (127.24+0.66) mg/dl, while the mean of this group was (186.11+6.66) mg/dl, this figure also
explains a decrease not significant in concentration of this lipoprotein in group of rabbits that given cholesterol with
diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group was
(129.942.17) mg/dl.
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Fig. (5): The effect of treatment by PJ and Cholesterol on the concentration of TG

Figure (6) demonstrates a significant increase (P< 0.0001) in HDL-c in a group of rabbits that drenched PJ in dosage
6ml/ kg b.wt. than control group as was the mean of this group (38.04+1.2) mg/d|, this figure also shows a significant
decrease in HDL-c in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was
the mean of control group (24.54+1.79) mg/dl, while the mean of this group was (13.54+1.09) mg/dl, also this figure
explains a significant relative increase in concentration of this lipoprotein in group of rabbits that given cholesterol with
diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group was
(21.42+1.33) mg/dl.
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Fig.(6): The effect of treatment by PJ and Cholesterol on the concentration of HDL-c

Figure (7) demonstrates a significant decrease (P< 0.0001) in LDL-c in a group of rabbits that drenched PJ in dosage
6ml/ kg b.wt. than control group as was the mean of this group (36.12+6.22) mg/dl, this figure also shows a significant
increase in LDL-c in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as was
the mean of control group (69.98+11.5) mg/dl, while the mean of this group was (98.48+26.33) mg/dl, this figure also
explains a decrease not significant in concentration of this lipoprotein in group of rabbits that given cholesterol with
diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group was
(76.15+2.22) mg/dl.
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Fig. (7): The effect of treatment by PJ and Cholesterol on the concentration of LDL-c

Figure (8) demonstrates a significant decrease (P< 0.0001) in VLDL-c in a group of rabbits that drenched PJ in dosage
6ml/ kg b.wt. than control group as was the mean of this group (16.98+0.2) mg/dl, this figure also shows a significant
increase in VLDL-c in a group of rabbits that given cholesterol with diet by 0.26% compared with control group, as
was the mean of control group(25.44+0.13) mg/dl, while the mean of this group was (37.22+1.33) mg/dl, also this
figure explains a significant relative decrease in concentration of this lipoprotein in group of rabbits that given
cholesterol with diet and drenched PJ to be in near with normal concentrations in control group, the mean of this group
was (25.97%0.43) mg/dl.
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Fig. (8): The effect of treatment by PJ and Cholesterol on the concentration of VLDL-c

Discussion

Most studies considered a major role for anti atherogenic enzyme PONL1 in cardiovascular diseases [19] and suggested
that this effect is due to the decrease oxidative stress [20], the present study showed the effect of PJ to increase the
concentration of PON1 may related to PJ contains polymolecular ellagitannin compounds such as punicalagin which
are a potent antioxidant [8]-[21], and PON1 expression and activity can be modulated by dietary polyphenols i.e. LDL
receptor deficient mice supplemented with quercitine (a polyphenol contained in PJ) and moderate ethanol inhibited the
progression of atherosclerosis by up regulating the hepatic expression with concomitant increased serum PON1 activity
[22], also Pomegranate polyphenols seem to have a specific transcriptional role in hepatocyte PON1 expression up
regulation[23]. And decreased oxidative stress in serum and macrophage [24], also contributed to PON1 stabilization,
increased PON1 association with HDL, and stimulated enzyme catalytic activities, in addition the present study showed
a significant decrease in PON1 concentration in rabbit's serum that given cholesterol by diet, Fan and Watanabe,
(2003b) [25] showed that rabbits are excellent models for atherosclerosis because they are sensitive to cholesterol diet
and rapidly develop atherosclerosis. Pezeshkian et al. (2011) [26], showed that cholesterol rich diet decreased serum
PON1 concentration which in turn led to a reduction in formation and progression of atheroma, and the level of PON1
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was significant reduced in sixtieth day as expected atherogenic diet as an accelerating factor of progression of atheroma
lead to this condition in 80% rabbits.

Several enzymes such as (super oxide dismutase SOD, Catalase CTA, Glutathione peroxidase GPXx), vitamins such as(
vitamin E, and C), and R carotene comprise the complex antioxidants system within the blood, these substances work in
concert to protect the body from the harmful effect of ROS [27]. Because of the difficulty in measuring each
component of the antioxidants system separately, methods have been developed to assess the total antioxidant capacity
of the serum [28].

The antioxidant activity of Pomegranate components has been the subject of many studies [29], most conducted in vitro
and in vivo. All these activities may be related to the diverse phenolic compounds present in Pomegranate, including
punicalagin isomers, and anthocyanins (delphinidin, cyaniding, pelargonidin 3- glucosides, and 3, 5-diglucosides).
These compounds are known for their properties to scavenging free radicals, decreasing macrophage oxidative stress
and preventing lipid peroxidation in animals as well as increasing plasma antioxidant capacity in elderly humans [30].

Aviram et al. (2004) [12] showed that serum total antioxidant status (TAS) was increased by 130% after one year of PJ
consumption also Guo et al. (2008) [30], found that consumption of 250 mL Pomegranate pulp juice daily for four
weeks by healthy elderly subjects resulted in increased plasma antioxidant capacity, while subjects consuming apple
juice experienced no significant increase. Flavonoids also make a great contribution to the antioxidant activity of
Pomegranate due to their effect on free radicals elimination [31]. The principal antioxidant polyphenols in PJ include
the ellagitannins and anthocyanins which have been shown to be the antioxidant responsible for the free radicals
scavenging ability of PJ [8]. Chidambara et al. (2002) [32] concluded that Pomegranate extract has also been shown to
protect the antioxidant enzymes CAT, GPx and SODfrom the effects of toxic chemicals. Turk et al. (2008) [33],
reported that there was a significant decrease in malondialdehyde (MDA) level and marked increases in reduced
glutathione (GSH), GPx and CAT activities, and vitamin C level were observed in rats treated with different doses of
PJ. The improvement of CAT, SOD and GPx enzyme activities could be possibly explained by antioxidant properties
of PJ due to presence of bioactive polyphenolic compounds which play a role in scavenging free radicals and also
prevent DNA damage [34]. Valadares et al. (2010) [35] confirmed the ability of Pomegranate extract to protect DNA
and preventing chromosomal damage in mice. In addition, Kaur et al. (2006) [36] demonstrated that Pomegranate
extract afforded up to 60 % protection against hepatic lipid peroxidation due to maintenance of the GSH and serum
levels and activities of CAT, GPx and glutathione reductase (GR) enzymes.

CRP, a marker of inflammation, has been recognized as an indicator of atherosclerotic and cardiovascular risk [37],
synthesized by the liver, mostly under the regulation of the pro-inflammatory cytokines such as IL-6, IL-1, and TNF-a
[38]. The present study showed a significant decrease in serum CRP concentration, (Esmaillzadeh et al.,2006) [39]
showed that a higher consumption of fruits and vegetables is associated with lower CRP. Melo et al. (2014) [40] and
De Clerq et al.( 2012) [41], demonstrated that a-linolic acid one of the pomegranate’s fatty acid, it is reduces CVD risk
and CRP a strong associations of athero-thrombotic disease [42], also there is a genetic basis for different CRP
responses to diet because recent studies showed that CRP gene polymorphism influences CRP level [43]. Other studies
reported that changes in CRP were inversely correlated with changes in HDL-c [44], and positively correlated with
serum TG [45].

The present study showed positive relationship between PJ and serum HDL-c concentration and negative relationship
between PJ and TG, TC, LDL-c and VLDL-c, this results may be related to PJ content of polyphenol, ingestion of
polyphenol decrease the level of total cholesterol, LDL-Cholesterol, apolipoprotein B, or an increase of the level of
high-density lipoprotein (HDL)-cholesterol and apolipoprotein A-I [46], also as mentioned Ohtsuki and Kondo (2003)
[47] glycosides have the ability to decreased TC, TG, LDL-c, VLDL-c and atherogenic index in addition to its active
role in reduced the vascular diameter and media -intimal cross- sectional area of the aorta. Pomegranate is an important
source of phenols and flavonoids such as anthocyanins, hydrolysable tannins punicalagin and punicalin [48], ellagic
and gallic acids [9], Pomegranate also contains vitamin C [33],that have capability in scavenging free radicals and
inhibiting LDL-c oxidation in vitro and in vivo [49]. Aviram et al. (2000) [11] reported that PJ consumption by
atherosclerotic mice significantly reduced cholesterol accumulation and foam cell formation in heart tissues, also PJ
treatment significantly and substantially inhibited the progression of atherosclerotic lesions by inhibition of atherogenic
modifications of LDL-c, including its retention, oxidation, and aggregation. In addition Rosenblat and Aviram (2006)
[50] demonstrated that Pomegranate juice can inhibit LDL-c oxidation in 3 ways:

1. Pomegranate juice polyphenols inhibit copper ion-induced LDL-c oxidation, and thus reduce the oxidized
LDL (ox-LDL) content.

2. Pomegranate juice polyphenoals also increase the activity of serum HDL-c associated (PON1).

3. (PON1) can in turn hydrolyze lipid peroxides in ox-LDL and convert them to a less atherogenic LDL-c thus
causing further reduction in ox-LDL content.

Results of the present study revealed that feeding of rabbits on cholesterol diet resulted in significant increases in serum
levels of TC, TG, LDL-c and VLDL-c accompanied with a significant decrease in HDL-c level as compared to the
control group, Moghadasiam (2000) [51], demonstrated that added cholesterol to diet increase the enzymes activities
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which have an important role in lipoproteins synthesis such as Cholesterol acyl COA Carboxylase and reduced the
activity of Cholesterol Acyl transferase and Lecithin and inhibiting the activity of lipoprotein lipase and liver lipase
activity that led to increased synthesis of VLDL-c and decreased the concentration of HDL-c, Frantz et al.(2012) [52],
who demonstrated that lipid metabolism in rats fed fat diet presented disorders and levels of serum TC and TG
increased significantly, compared with the negative control group. These results could be explained on the basis that
feeding of rats on atherogenic diet leads to increase in cholesterol absorption and hence serum cholesterol increment.
Shanmugasundaram et al. (1986) [53] reported that the increment of plasma LDL-c level after cholesterol consumption
could be explained via involvement of two enzymes namely cholesterol ester hydrolase (CEH) and cholesterol ester
synthetase (CES). These enzymes balance the cholesterol levels in the blood. Hence, it is logical to assume that the
elevation in plasma cholesterol is mediated through increased cholesterol turnover and influenced by the relative
balance between CEH and CES activity, with increased estrifying activity (when CEH: CES is lowered) cholesterol
will be predominantly in its ester form (as in LDL-c) and can lead to the development and progression of
atherosclerosis.

REFERENCES

[1]. Fan J, Watanabe T.(2003a). Transgenic rabbits as therapeutic protein bioreactors and human disease models. Pharmacol
Ther., 99:261-282.

[2]. Wiersma, J. ; Meuwese, M. and VanMeret, J. (2008). Diabetes mellitus type 2 is associated with higher levels of
myeloperoxidase. Med. Sci. Monit. 14:406-4.

[3]. Singh, U. and Jialal, 1.(2006)Oxidative stress and atherosclerosis. Pathophysiology. 13:129-142.

[4]. Halliwell, B. and Gutteridge, J.(1999). Free Radicals in Biology and Medicine,The 3rd Edited by: Oxford University Press,
Oxford.

[5]. Krajcovicova-Kudlackova, M.; Valachovicova, M.; Mislanova, C. and Pribiojova, J. (2012). Antioxidative vitamins and
oxidative lipid and DNA damage in relation to nutrition. Oxidants and Antioxidants in Medical Science. 1(2): 147-51.

[6]. Erukainure, O. L.; Oke, O. V.; Owolabi, F. O.; Kayode, F. O.;Umanhonlen, E. and Aliyu, M. (2012). Chemical properties of
Monodora myristica and its protective potentials against free radicals in vitro. Oxidants and Antioxidants in Medical
Science.1(2): 127- 32.

[7].  Langley, P. (2000). Why a Pomegranate. Br Med J, 321: 1153-1154.

[8]. Gil, M. ;Tomas, F. and Hess, B.(2000). Antioxidant Activity of Pomegranate Juice and its Relationship with Phenolic
Composition and Processing. J. Agric. Food Chem. 10: 4581-4589.

[9]. Lansky, E. P. and Newman, R. A. (2007). Punica granatum (Pomegranate) and its potential for prevention and treatment of
inflammation and cancer. Journal of Ethnopharmacology, 109(2):177-206.

[10]. Boyer, J. and Liu, R. H. (2004). Apple phytochemicals and their health benefits. Nutrition Journal, 12(3):5.

[11]. Aviram, M.;Dornfeld, L.; Rosenblat, M.; Volkova, N.; Kaplan, M.; Coleman, R.; Hayek, T.; Presser, D. and Fuhrman, B.
(2000).Pomegranate juice consumption reduces oxidative stress, atherogenic modifications to LDL, and platelet aggregation:
studies in humans and in atherosclerotic apolipoprotein E-deficient mice. The American Journal of Clinical
Nutrition,71(5):1062—76.

[12]. Aviram, M.; Gaitini, D.; Hoffman, A. and Volkova, N. (2004). Pomegranate juice consumption for 3 years by patients with
caroted artery stenosis reduces common caroted intima-media thickness, blood pressure and LDL oxidation. Clin. Nutr.,
23(3): 423-433.

[13]. Fuhrman, B.; Volkova, N and Aviran, M. (2005). Pomegranate juice inhibits oxidized LDL uptake and cholesterol
biosynthesis in macrophages. The Journal of Nutritional Biochemistry, 16(9) :570 — 6.

[14]. Primo-Parma, SL.; Sorenson, RC.; Teiber,J. and La Du, BN.(1996). The human serum paraoxonase/arylesterase gene
(PONZ1) is one member of a multi-gene family. Genomics,33:498 —5009.

[15]. Durrington, P.; Mackness, B. and Mackness, M.(2001). Paraoxonase and Atherosclerosis. Arterioscler Thromb Vasc
Biol.21:473-480.

[16]. National Research Council. (1994). Nutrient requirement of poultry. 9th ed. Revised national academy press, Washington
D.C.

[17]. Faria,A.;Monteiro,R.;Mateus,N.;Azevedo,l. and Calhau, C. (2007). Effect of pomegranate (Punica granatum) juice intake on
hepatic oxidative stress. European Journal of Nutrition. 46(5): 271-8.

[18]. SAS Institute. SAS User’s Guide: Statistics. Cary (NC): SAS Institute Inc. 2004.

[19]. Auzarsiz, E.; Kayikcioglu, M.; Payzin S. and S6zmen E.(2003). PON1 activities and oxidative markers of LDL in patients
with angiographically proven coronary artery disease. Int J of Cardiol,l 91: 43-51.

[20]. Getz, GS. and Reardon CA.(2004). Paraoxonase, a cardioprotective enzyme: continuing issues. Curr Opin Lipidol, 15: 261-
267.

[21]. Tzulker, R.; Glazer, I.; Bar-llan, I.; Holland, D.; Aviram, M. and Amir R. (2007). Antioxidantactivity, polyphenol content,
and related compounds in different fruit juices and homogenates prepared from 29 different pomegranate accessions. J Agric
Food Chem,55:9559-70.

[22]. Leckey, L. ; Garige, M.; Varatharajalu, R.; Gong, M.; Nagata, T. and Spurney, C.(2010). Quercetin and ethanol attenuate the
progression of atherosclerotic plaques with concomitant up regulation of paraoxonasel (PON1) gene expression and PON1
activity in LDLR-/- mice. Alcoholism: Clinical and Experimental Research, 34, 1535—1542.

[23]. Khateeb, J.; Gantman, A.; Kreitenberg, A. J.; Aviram, M. and Fuhrman, B. (2010). Paraoxonase 1 (PON1) expression in
hepatocytes is upregulated by pomegranate polyphenols: a role for PPAR-gamma pathway. Atherosclerosis, 208, 119-125.

Page | 249



International Journal of Enhanced Research in Science Technology & Engineering, ISSN: 2319-7463
Vol. 3 Issue 5, May-2014, pp: (242-250), Impact Factor: 1.252, Available online at: www.erpublications.com

[24].
[25].

[26].

[27].
[28].
[29].
[30].
[31].
[32].

[33].

[34].
[35].
[36].
[37].
[38].
[39].
[40].
[41].

[42].
[43].

[44].

[45].

[46].
[47].

[48].

[49].
[50].
[51].

[52].

[53].

Rosenblat, M.; Hayek, T.; and Aviram M.(2006).Anti-oxidative effects of pomegranate juice (PJ) consumption by diabetic
patients on serum and on macrophages. Atherosclerosis,187:363-71.

Fan, J.; Watanabe, T. (2003b). Inflammatory reactions in the pathogenesis of atherosclerosis. J. Atheroscler. Thromb. 10:63-
71.

Pezeshkian, M.; Darbin, A.;, Rashidi, M.; Vatankhah, A.; Golmohammadi,Z.; Afrasiabi, A. and Nouri, M.(2011). The effect
of atherogenic diet with or without enzyme inhibitors on the incidence and progress of atherosclerosis in rabbits. J
Cardiovasc. Thorac. Res., 3(1): 7- 10.

Manach,C.; Mazur, A. and Scalbert, A. (2005). Polyphenols and prevention of cardiovascular diseases. Current Opinion in
Lipidology, 16:1-8.

Elliot, R.(2011). The relationship between oxidized low density lipoprotein and paraoxonase 1 following acute
exercise.Ph.D. Thesis. University of North Caroleina, USA.

Cam, M.; Hisil, Y. and Durmaz, G. (2009).Classification of eight pomegranate juices based on antioxidant capacity measured
by four methods. Food Chemistry,112(3):721-6.

Guo, C. ; Wei, J.; Yang, J.; Xu, J.;Pang, W. and Jiang Y. (2008) Pomegranate juice is potentially better than apple juice in
improving antioxidant function in elderly subjects. Nutrition Research, 28(2):72-7.

Suo, J. L.; Peng, Y.; Zhang, Z. Y. and Wang, M. L. (2009) Studies on the optimum extraction and antioxidative activity of
total flavonoids from punica granaturn leaves.Biotechnology, 19: 63-65.

Chidambara, M. K. N.; Jayaprakasha, G. K and Singh, R. P. (2002) Studies on antioxidant activity of pomegranate (Punica
granatum) peel extract using in vivo models.Journal of Agricultural and Food Chemistry, 50(17): 4791-5.

Turk, G.; Sonmez, M.; Aydin, M.;Yuce, A.; Gur, S.; Yuksel, M.; Aksu, E. H. and Aksoy, H.(2008) Effects of pomegranate
juice consumption on sperm quality, spermatogenic cell density, antioxidant activity and testosterone level in male
rats.Clinical Nutrition, 27(2):289-96.

Fyiad, A. A.; Abd El-Kader, M. A. and Abd El-Haleem, A. H. (2012) Modulatory Effects of Pomegranate Juice on Nucleic
Acids Alterations and Oxidative Stress in Experimentaly Hepatitis Rats.Life Science Journal, 9(3):676-82.

Valadares, M. C.;Pereira, E. R. T.; Benfica, P. L. and Paula, J. R. (2010) Assessment of mutagenic and antimutagenic effects
of Punica granatum in mice. Brazilian Journal of Pharmaceutical Sciences, 46(1): 121-7.

Kaur, G.; Jabbar, Z.; Athar, M. and Alam, M. S. (2006) Punica granatum (pomegranate) flower extract possesses potent
antioxidant activity and abrogates Fe-NTA induced hepatotoxicity in mice. Food and Chemical Toxicology, 44(7):984-93.
Ridker, P.(2003).Clinical application of C-reactive protein for cardiovascular disease detection and prevention. Circulation,
107(3): 363-3609.

Castell, J. V. ;Gomez-Lechon, M. J. ; David, M.; Fabra, R.; Trullenque, R. and Heinrich,P.( 1990) “Acute-phase response of
human hepatocytes: regulation of acute-phase protein synthesis by interleukin-6. Hepatology,12, no. 5, pp. 1179-1186.
Esmaillzadeh,A.; Kimiagar,M.; Mehrabi,M.; Azadbakht,L.; Hu,B. and Willett, W.(2006) Fruit and vegetable intakes, C-
reactive protein, and the metabolic syndrome. Am J Clin Nutr., 84:1489 —-97.

Melo, I.; Carvalho, E. and Mancini-Filhom J.(2014). Pomegranate Seed Oil (Punica granatum L.): A Source of Punicic Acid
(Conjugated a-Linolenic Acid). J Hum Nutr Food Sci., 2(1): 1024.

De Clerg, V.; Taylor,C.; WigleJ. etal.(2012).Conjugated linoleic acid improves blood pressure by increasing
adiponectin and endothelial nitric oxide synthase activity.j.Nutr.Biochem.,23(5):487-493.

Libby, P.; Ridker, P. M. and Maseri, A. (2002) Inflammation and atherosclerosis. Circulation 105: 1135-1143.

Livak, KJ. and Schmittgen, TD.(2001). Analysis of relative gene expression data using real-time quantitative PCR and the 2(-
delta delta C(T)) method. Methods, 25:402-408.

Trion, A.; de Maat, MP.; Jukema, JW.; van der Laarse, A.; Maas, MC.; Offerman, EH.; Havekes, LM.; Szalai, AJ.;
Princen,HM. and Emeis, JJ.(2005). No effect of C-reactive protein on early atherosclerosis development in apolipoprotein
E*3-leiden/human C-reactive protein transgenic mice. Arterioscler Thromb Vasc Biol, 25:1635-1640.

Reifenberg, K.; Lehr, HA.; Baskal, D,.;Wiese, E.; Schaefer, SC.; Black, S.; Samols, D.; Torzewski, M.; Lackner, KJ.;
Husmann, M.; Blettner, M. and Bhakdi, S.(2005). Role of C-reactive protein in atherogenesis: can the apolipoprotein E
knockout mouse provide the answer?. Arterioscler Thromb Vasc Biol, 25:1641-1646.

Weggemans, RM. and Trautwein, EA.(2003). Relation between soy-associated isoflavones and LDL and HDL cholesterol
concentrations in humans: a metaanalysis. Eur J Clin Nutr,57:940-946.

Ohtsuki, k; Abd, A. and Kondo, Y.(2003).Glucosyl hespirid is improves serum cholesterol composition and inhibit
hypertrophy in vasculature. J.Biochem. 270(17): 3572-3582.

Afaq, F., Saleem, M., Krueger, C. G., Reed, J. D. and Mukhtar, H. (2005). Anthocyanin and hydrolyzable tannin-rich
pomegranate fruit extract modulates MAPK and NF-kappa B pathways and inhibits skin tumorigenesis in CD-1 mice.
International Journal of Cancer, 113(3):423-33.

Noda, Y.; Kaneyuka, T.; Mori, A. and Packer, L. (2002).Antioxidant activities of pomegranate fruit extract and its
anthocyanidins: delphinidin, cyanidin, and pelargonidin. Journal of Agricultural and Food Chemistry, 50(1):166-71.
Rosenblat, M. and Aviram, M. (2006).Anti-oxidative properties of pomegranate: In vitro studies, Edited by: Seeram, N.P.,
Heber, D. Pomegranates: ancient roots to modern medicine, New York: Taylor and Francis Group.

Moghadasian, M.H. (2000). Pharmacological properties of plant sterols in vivo and invitro observation. Life Sci., 67(6): 605-
615.

Frantz, E.; Menezes, H. S.; Lange, K. C.; Abegg, M. P.; Correa, C. A.; Zangalli, L.; Vieira, J. L.; and Zettler, C. G. (2012).
The effect of maternal hypercholesterolemia on the placenta and fetal arteries in rabbits. Acta Cirurgica Brasileira, 27(1):7-
12.

Shanmugasundaram, K. R.; Visvanathan, A.; Dhandapani, K.; Srinivasan, N.; Rasappan, P.; Gilbert, R.; Alladi, S
Kancharla, S.; and Vasanthi, N. (1986). Effect of high-fat diet on cholesterol distribution in plasma lipoproteins, cholesterol
esterifying activity in leucocytes, and erythrocyte membrane components studied: importance of body weight. The American
Journal of Clinical Nutrition, 44(6):805-15.

Page | 250



