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ABSTRACT

The positional and geometric isomers of octadecatrienoic acid also known as Punicic acid (C18:3) with conjugated
double bonds are collectively referred to as conjugated -linolenic acids (CLnAs). Conjugated fatty acids have garnered
a lot of attention recently due to reports of their health benefits in a variety of models of metabolic diseases and
chronic inflammatory diseases, but some work is controversial and there is still no consensus in the literature
regarding their effects on animal and human organisms. This article provides a review of pomegranate seed oil and the
potential health effects of conjugated -linolenic acid. Nutraceuticals and plant extracts are the oldest and most popular
kind of medicine used by the general public. According to current research, pomegranate components such as
ellagitannins, anthocyanins, anthocyanidins, flavonoids, estrogenic flavanols, and flavones are the most medicinally
helpful. Additionally, 64-83%PUA of pomegranate seed, snake gourd which contains 32-40%PUA and Trichosanthes
Kirilowii seeds contains 32-40%PUA. Thus, punicic acid's effects especially those that have been documented, like its
anti-inflammatory, anti-carcinogenic, antioxidant, and antidiabetic properties were the main focus of this review.
Given that nutraceuticals seem to be important for preventing a number of illnesses, punicic acid may significant and
phytoconstituent in these substances. Most people agree that using nutraceuticals is safe and has fewer negative
effects.

Keywords: Punicic Acid, Pomegranate Seed Qil (Punica Granatum L), Trichosanthes Kirilowii Seeds, Conjugated
Fatty Acid, Therapeutic Uses.

1. INTRODUCTION

Pomegranate (Punica granatum L.) is a unique fruit due to its many reported functional properties [1], such as its high
antioxidant activity and its juice, which have been shown to have positive health effects and have prompted more
research into its nutraceutical potential and its uses in the food industry [2]. Its plentiful seeds, which are typically
waste products from pomegranate processing, are also of great interest once their oil has a particularly rich
composition [3].

When Melo [4] examined the composition of pomegranate seed oil, he found a significant concentration of
phytosterols, tocopherols, and a distinct fatty acid composition, primarily punicic acid (55%). An omega-5 long chain
polyunsaturated fatty acid, punicic acid (also called trichosanic acid) is an isomer of conjugated a-linolenic acid
(CLnA) and shares structural similarities with both a-linolenic acid (LnA) and conjugated linoleic acid (CLA) [5],
including carbon composition, atomic arrangement, and the number of carbon double bonds. Because of their
numerous possible health advantages, these conjugated fatty acids have drawn more and more attention from
scientists. [6] The possible health effects of conjugated a-linolenic acid are reviewed in this article under the heading
of pomegranate seed oil, along with their antioxidant, anticancer, immunomodulatory, anti-atherosclerotic, and serum
lipid-lowering properties. [7]

In addition to polyphenols, pomegranate seeds contain a variety of other components that may contribute to their
beneficial effects [8]. Pomegranate seed oil (PSO), which makes up 12-20% of the whole seed mass, has recently
drawn a lot of dietary attention. Its main bioactive constituent, PA, a conjugated linolenic acid (CLA), which made up
64-83% of PSO [9], [10], has been linked to the oil's potential benefits. Conjugated fatty acid (CFA), a general term
for positional and geometric isomers of polyunsaturated fatty acids with conjugated double bonds, has been shown to
have anti-inflammatory, anti-atherosclerotic, anti-obesity, anti-tumor, and antihypertensive effects [11], [12].

Punicic Acid (PA):

Pomegranate juice, peel, and seed's antioxidative qualities have been investigated for their therapeutic potential, which
has led nutritionists to further explore their nutraceutical and industrial application [2]. Pomegranate seed and peel,
which are typically regarded as agro-waste obtained during industrial processing of pomegranate juice, are gaining
attention from researchers these days due to the presence of numerous nutraceutics in them. Pomegranate seed is
abundant and of great interest to scientists due to its rich oil compaosition [3].
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This review summarizes PA and its role as a nutraceutical health substance. According to Melo [4], pomegranate seed
oil has a rich composition of polyunsaturated fatty acids, with punicic acid (~55%) making up the majority. PA is also
known as "Trichosanic acid," with a molecular formula of C18H3002, a molar mass of 278.43 g/mol, and a melting
point of 44-45 degrees Celsius. Punicic acid is an isomer of conjugated a-linolenic acid and an -5 polyunsaturated
fatty acid that share structural similarities.

According to Melo [4], pomegranate seed oil has a rich composition of polyunsaturated fatty acids, with punicic acid
making up the majority (around 55%). PA's function as a nutraceutical health substance is summed up in this review.
With the chemical formula C18H3002, PA is also known as "trichosanic acid." Its molar mass is 278.43 g/mol, and its
melting point is between 44 and 45 oC. Punicic acid is a structurally similar isomer of conjugated a-linolenic acid and
an ®-5 polyunsaturated fatty acid.

for example, the number of double bonds and atomic arrangement with conjugated a-linolenic and linoleic acid.
Scientists are very interested in investigating the functional and nutraceutical qualities of punicic acid against different
metabolic disorders because of the health benefits linked to these fatty acids [13], [14].

Based on its three double bonds (cis9, trans11, and cis13), the International Union of Pure and Applied Chemistry
(IUPAC) assigned its nomenclature as 97, 11E, 13Z-octadeca-9,11, and 13-trienoic acid. It is primarily an isomer of
conjugated linoleic acid (c9t11), distinguished by the presence of a double bond on its tail side. Catalpic acid (trans9,
trans1l, cis13), alpha-eleostearic acid (cis9, trans11, trans13), calendic acid (trans8, trans10, cis12), and jacaric acid
(cis8, trans10, cis12) are additional isomers of lenolic acid.

Pomegranate seed oil (PSO) is the most abundant source of PA among all the sources, with the remaining sources
being snake gourd seed oil [15] and Trichosanthes kirilowii Maxim (TK) seeds Table 1, which contain 32 to 40% PA
out of total seed weight [50: 9: 32]. The fatty acid profile of PSO contains conjugated linoleic acid up to 74-85% PA
[16], with the remaining 14-25% being its isomers [17]. PA can be chemically synthesized by dehydration and
isomerization of secondary oxidation products of linoleic and alpha-linolenic acids [18], [19].

Since lipolytic enzymes deactivate during heat processing, the lipid portion of pomegranate seeds (the main by-
product) was investigated after juice extraction because PA is primarily effective against conditions like obesity,
diabetes, inflammation, and metabolic syndromes in a variety of in vivo experiments Table 2 [20].
Metabolism of Punicic acid:
The way that punicic acid breaks down Animals have been the subject of numerous pharmacokinetic studies to
evaluate PA's metabolism and bioavailability, effectiveness trial results provided strong evidence that PA is easily
converted to circulating conjugated linoleic acid (c9t11) [21], [22].

Table 1: Sources of Punicic acid

Sources of punicic acid (PA) Authors
Pomegranate (Seed oil) [23]
Saturated 10%

Mono-unsaturated 10%

Di-unsaturated 10%

Punicic acid and isomer (C18: 3-9¢,11t,13c)| 70%

Trichosanthes kirilowii (seed oil) [24]
Saturated 7.50%
Mono-unsaturated 22.91%
Di-unsaturated 32.70%
Punicic acid and isomer (C18: 3-9¢,11t,13c)  35.89%
Table 2: Summary of health effects of punicic acid (PA) on animal and human model

Level of PA Study model Mechanism of activity Outcomes Author
system s
59 punicic acid ICR CD-1 mice CPTI activi Decreased perirenal and | .,
°p f y epididymal fat
5% pomegranate seed (punicic | OLEFT rats | A9 desaturase activity Adipose tissues weight | [26]
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acid) reduction
1% punicic acid C57BI/J6 mice - Adipose tlssu'e s weight [16]
reduction

10-100 uM mixture of CLnA
isomers (cis-9, trans- 11, cis-15, | 3T3-L1cells |1 HSL and ATGL gene expression [Decreased triglyceride content| [5]
and cis-9, trans-13, cis-15)

10 and 50 png/mL pomegranate
seed (punicic acid)

Decreased adipogenesis and

3T3-L1 cells | PPARy and C/EBP;| FAS preadipocyte differentiation

[27]

Punicic acid C57BI/I6 mice i Insulin sen.smwty enhanced in [28]
peripheral area

L T3-L1 cell . I I I
Punicic acid STo-Llce S and PPARa and PPAR activation m.prov.edg ucgse tolerance, [29]
obese mice with diabetes improvement
| Plasma triacyl glycerides.
L Bl ion. Inhibition of
Punicic acid HepG2 cells | apoB100 secretion. Inhibition o Upgraded saturated/ | 30p
stearoyl CoA desaturase monounsaturated fatty acid
ratio
Catalpic acid, jacaric acid, calendic | Microsomes | Inhibition of cyclooxygenase
acid, eleostearic acid and punicic | from sheep activity (inhibition of Anti-inflammatory activity | [31]

acid, vesicular glands prostaglandin synthesis)

Inhibit cyclooxygenase and

Punicic acid Sheep lipoxygenase activity

Anti-inflammatory activity | [32]

PPARY receptor activator and
3T3-L1 cells | agonist (inhibit NF-kp expression,
declined serum IL-6 and TNF-a)

Decreased chronic
inflammation

Pomegranate extract (punicic

acid) [29]

Inhibit NF-f expression. Declined

Alpha-Eleostearic and punicic acid| Diabetic rats serum 1L-6 and TNE-q.

Anti-inflammatory activity | [33]

L . r i
Punicic acid (70% pomegranate Decreased expression PPARy and _Supp es_se_s ad poc;_/tt?
. - . differentiation and lipid | [27]
seed oil) C/EBPs, and fatty acid synthase .
accumulation

Down-regulate the expression of

. . Improved bone mineral
osteoclast differentiation markers

Punicic acid Ovarlectom!zed and RANK-RANKL downstream density and prgvented [34]
(OVX) mice | .~ . . . trabecular micro-
signaling targets in osteoclast-like architecture impairment
cells (RAW264.7) P
Dietary mono-conjugated alpha-| pig - Safe for animals [35]
linolenic acid isomers
Pomegranate seed oil Rats - Improved insulin secretion | [36]

There have been more reports on PA recently.

In fact, our group found a novel impact: PA had a vasodilatory effect in the rat's aortic arteries that was mediated by
nitric oxide [37]. As a result, we discuss the effects of PA in this review, specifically its anti-inflammatory, anti-
carcinogenic, antioxidant, and antidiabetic activities Error! Reference source not found.

PA's anti-inflammatory and antioxidant properties:

It is commonly known that oxidative stress contributes significantly to the aetiology of a number of illnesses. The
antioxidant effect of PA has been the subject of numerous experimental and clinical investigations. PSO and fermented
pomegranate juice have been shown to have antioxidant properties by Schubert et al. [38]. According to Saha et al., PA
had hydroxyl radical scavenging activity, reducing qualities, and metal chelation, which was especially evident in the
trans isomer of the CLA compounds. Additionally, they noted that PA was a strong antioxidant that reduced lipid
peroxidation and scavenged free radicals in toxicity caused by arsenic [33].
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Figure 1: Effects of punicic acid

According to Saha et al., PA's high cis components may be the reason for its greater hypocholesterolaemia and anti-
inflammatory effects [39]. Furthermore, urolithins, which are metabolites of PA, were found to have a notable
antioxidant effect and to promote the proliferation of human gut flora by Bialonska et al.[40] . Additionally, because of
its antioxidant properties, Binyamin et al. suggested in an experimental animal investigation that PSO in nano-drop
form might be taken into consideration for the treatment of demyelinating illnesses [41]. It has been suggested that
people in Asia and the Middle East who consume big amounts of CFA seem to have a decreased incidence of illnesses
that are inflammatory [42]. According to recent research, PA reduces colitis in an experimental rat model and has a
potent anti-inflammatory impact by blocking the increase of nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase brought on by tissue necrosis factor a (TNF-a). By modifying T-cell and macrophage activity via peroxisome
proliferator activated receptors (PPAR-y) and &-dependent processes, PA also improved experimental inflammatory
bowel illness, according to in vivo molecular evidence presented by Bassaganya Riera et al. [5]. In dextran sodium
sulphate colitis, intestinal inflammation was recognized to be strongly inhibited by PPAR-y and & [43]. PA was shown
to reduce spontaneous pan enteritis and inflammatory colitis brought on by dextran sodium sulphate in interleukin-10
(IL-10) knockout mice.

The primary cause of newborn mortality and morbidity is necrotizing enterocolitis, whose pathogenesis is unknown.
In a rat model of necrotizing enterocolitis, it was shown that administering PA reduced intestinal damage [44].
Additionally, Caplan et al. showed that PA decreased the rat's incidence of inflammatory intestinal disorders and
necrotizing enterocolitis [45]. A recent study also demonstrated that PSO provided protection against necrotizing
enterocolitis in this model. It was proposed that PSO's anti-inflammatory properties and restoration of epithelial
homeostasis through a reduction in TNF-a, IL-6, and IL-8 levels may be the cause of this effect. Furthermore, they
hypothesized that PA significantly improves the integrity of the gastrointestinal mucosa. According to this study, PA is
a crucial dietary component for the future [46].

Pomegranate (Punica granatum L.) seed oil:

Since ancient times, pomegranates (Punica granatum L.) have been utilized medicinally due to their strong
antioxidant potential [47]. Their possible antiproliferative, anti-invasive, and pro-apoptotic properties against several
human cancer cell lineages and in animal models were examined by Syed et al. [47]. More than 50 compounds with
phytoestrogenic and antioxidant properties have so far been identified in the fruit's seeds, juice, and peel, as well as in
the tree's leaves and flowers. The dried peel of ripe pomegranates has been shown to be useful in avoiding
lipoperoxidation and is used to cure stomach aches. Fruit extracts have been successful in preventing influenza and
herpes viruses from spreading, as well as in reducing the growth of human breast and prostate cancer cells. decreases
in the degree of depression and bone degradation in Following the administration of pomegranate juice concentrate
and a seed extract, ovariectomized rats were seen [2], [48]. Products made from pomegranates have also been shown
to have anti-inflammatory, antibacterial, and immunosuppressive properties, as well as protective benefits on lipid and
glucose metabolism and liver function [49], [50]. Pomegranate juice or extracts taken regularly as supplements may
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help prevent or even treat obesity, diabetes, and cardiovascular problems, claim Al-Muammar and Khan [51].
According to their review, reducing energy intake, oxidative stress and inflammation, and intestinal absorption of
dietary lipids by blocking pancreatic lipase may all be significant pathways for the anti-obesity effects of pomegranate
foods in general [51] Error! Reference source not found. was shown.
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Figure 2: Pomegranate seed

Three components make up the fruit: the seeds, which make up around 3% of the total weight and contain 20% oil; the
juice, which makes up about 30% of the whole weight; and the pericarp, which includes the skin and inner membrane
walls and makes up around 67% of the entire weight [1]. Typically, pomegranate seeds are leftovers from fruit
preparation. fruit weight, which varies by cultivar [3]. The seeds are rich in carbohydrates, polyunsaturated fatty
acids, vitamins, polysaccharides, polyphenols, and minerals, and they have a notable antioxidant capacity [1].
Pomegranate seeds cultivated in Brazil had an average carbohydrate content of 43.97%, followed by moisture content
of 38.03% and high lipid content of 14.06% [52].

Punicic acid O

OH

CHs
Characteristics that prevent diabetes:

Experimental research has thus far produced conflicting findings about the impact of PA on insulin resistance, glucose
metabolism, and serum lipid levels. The administration of a diet containing 1% o-ESA and/or PA for six weeks
produced non-significant results for both body and tissue weight [33]. When the mice were fed a diet containing
0.12% and 1.2% PSO for three weeks, similar outcomes were observed [53]. Rats fed a diet consisting of 1% PSO and
9% safflower oil for two weeks showed non-significant weights of abdominal white adipose tissue [26]. In another
study, hamsters were fed a diet consisting of PA and a-ESA for six weeks, and while there was a decrease in the TG
levels in their liver tissue, there was no discernible Serum TC findings were discovered [54]. The outcomes of a few
other experimental investigations, however, contradicted the aforementioned conclusions [28], [55], [56]. Researchers
discovered that PA significantly decreased the levels of TC, apoB-100, and TG in liver tissue.

In comparison to the control group, rats fed PSO exhibited increased serum levels of insulin and glutathione
peroxidase (GOP) activity, but there was no discernible change in blood glucose levels [36]. Glycosylated total blood
cholesterol (TC), triglycerides (TG), and glycosylated haemoglobin (HbA1C) levels were reduced in mice treated with
peony seed oil high in PA, whereas weight growth, high density lipoprotein cholesterol (HDL-C), serum insulin, and
liver glycogen levels were increased [57].

Another study found that giving rats PSO for 21 days raised their serum levels of phospholipids and total
triacylglycerol (TAG), but did not significantly raise their levels of TC [56]. The levels of PA in the liver, serum,
epididymal, and peri-renal adipose tissues rise in tandem with the dietary intake of PSO. In comparison to the same
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amount of PA extracted directly from pomegranates, mice fed with dietary genetically modified rapeseed oil (GMRO)
at 0.25% weight of the entire diet showed improvements in hepatic lipid metabolism and a decrease in the body lipid
ratio.

PSO consistently significantly decreased liver TG levels, but no discernible changes were seen in serum TG, TC, LDL-
C, or HDL-C levels [4]. Serum TNF-a levels dropped from 15 to 13.08 pg/ml in the PSO group after four weeks of
PSO administration for dyslipidaemia individuals [58]. When PSO was administered to high-fat induced patients for
four (04) weeks, a similar situation occurred. The concentrations of serum TC, LDL-C, glucose, and body composition
factors remained unchanged [59]. It was discovered that giving hyper lipidemic patients PSO supplements for a month
showed encouraging results on their lipid profiles, particularly TAG and the TAG: HDL-C ratio. In contrast, the
Trichosanthes kirilowii Maxim did not significantly alter fasting serum glucose, insulin, or sensitivity levels.

Homeostasis model assessment-insulin resistance (HOMA-IR) was used to examine diet supplements [60]. However,
compared to a glucose tolerance test, rats with diet-induced obesity showed improvements in plasma glucose and
insulin levels as well as glucose-normalizing capacity when PA was administered [61]. Consuming PSO (av. 61
mg/day) improved insulin sensitivity in CD-1 mice, suggesting that the risk of developing type-Il diabetes may be
reduced [62]. Furthermore, it was observed that PSO ingestion increases mice's insulin and glucose sensitivity as well
as obesity brought on by a fat diet.

For three months, taking PA (1% PSO) as a supplement caused lipids to drop, which was followed by a decrease in
body weight, which in turn caused a decrease in total body mass [63]. enhanced peripheral insulin sensitivity while
leaving liver insulin sensitivity unaffected. Therefore, regardless of changes in food consumption or energy
expenditure, dietary supplementation of PA is beneficial in relation to insulin resistance and fat-induced obesity in
mice. The precursor of PA is xanthogens, a bioactive substance obtained from pomegranates that is well known for its
ability to decrease cholesterol in both humans and animals, though its exact mode of action is still unknown. When
compared to its separate constituents, fucoxanthin and PSO, xanthogens significantly and dose-dependently inhibited
the production of lipid droplets in adipocytes [64].

Xanthogens can be used as a potential treatment for diabetes patients by overwhelming the accretion of triacyl
glycerides and adipocyte differentiation through a variety of ways. Mice were given a mixture of PA, xanthogens, and
fucoxanthin acid (70% in PSO) to examine any potential inhibitory effects on 3T3-L1 pre-adipocyte development. In
3T3-L1 pre-adipocytes treated with punicic acid, a reduction in the expression of the gene that controls the
differentiation process that increases TG accumulation was noted [65].

Trichosanthes Kirilowii seeds:

Numerous bioactive substances found in the medicinal plant Trichosanthes kirilowii have been studied. Its connection
to punicic acid, a bioactive substance mostly present in pomegranates (Punica granatum) but also discovered in T.
kirilowii, is one topic of investigation. The conjugated linolenic acid (CLnA) structure of punicic acid gives it a
number of pharmacological characteristics, such as anti-inflammatory, antioxidant, and anticancer actions.

: J

Figure 3: Trichosanthes kirilowii seeds

Punicic acid and T. kirilowii are related. Studies on T. kirilowii have revealed that its extracts might include substances
that work with or enhance punicic acid's action. The bioactive elements of the plant, such as flavonoids and saponins,
may improve punicic acid's medicinal effects, especially when it comes to lowering oxidative stress and regulating
immunological responses. Benefits of Pharmacology Antioxidant and Anti-Inflammatory Properties Punicic acid is
commonly used in acknowledged for its capacity to lessen oxidative damage and inflammation, which makes it
beneficial in diseases like cancer and cardiovascular disease. With its active ingredients, T. kirilowii may enhance
these benefits in concert. Anticancer Characteristics Punicic acid and T. kirilowii have both demonstrated promise in
cancer studies, with punicic acid potentially inducing apoptosis and preventing tumour growth. It may increase

@International Journal Of Progressive Research In Engineering Management And Science 430



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com \ol. 05, Issue 09, September 2025, pp : 425-438 7.001

antitumor activity when combined with T. kirilowii extracts. expansion. When coupled with extracts from T. Kirilowii,
it may enhance anticancer activity.

T. kirilowii's chemicals have the potential to work in concert with punicic acid, particularly in terms of anti-
inflammatory, antioxidant, and anticancer properties, but further research is needed to determine how the two
substances interact directly. This interaction has to be investigated further in order to validate their combined
therapeutic potential.

Cancer and Punicic acid:

Over the past ten years, the use of nutraceuticals in the treatment of cancer has increased. There are studies on the
usage of PA in cancer. Early research looked on the anticancer properties of chemicals found in pomegranate juice.
Pomegranate juice's antiproliferative and apoptotic properties in breast cancer were demonstrated by Dikmen et al.
[66], [67]. Numerous fatty acid types exist, including long-chain polyunsaturated fatty acids, which may have
anticancer properties [68], [69]. One excellent example of this class of fatty acids is PA, which is being researched for
use in the treatment of cancer. According to a study, PA's lipid peroxidation has prevented the growth of breast cancer
cells.

characteristics as well as through influencing the protein kinase C pathway [6]. Pomegranate components, such as PA,
have been shown by Rocha et al. to suppress the release of proinflammatory cytokines and the growth of cell lines
[70]. PSO has been shown to prevent various human cancer cell lines from invading and proliferating. For instance, it
has recently been discovered that pomegranate CLA has cytotoxic effects on MCF 7 mammary cancer cells and
increases apoptosis in MDA-MB-435 human breast cancer cells [71].

Grossmann et al. looked into how PA affected the oestrogen-sensitive (MDA-ERa7) and insensitive (MDA-MB-231)
breast cancer cell lines. In comparison to control cells, they discovered that PA decreased the proliferation of MDA -
ERa7 and MDA-MB-231 cells by 96% and 92%, respectively. Additionally, PA decreased the mitochondrial
membrane potential of cells and had an apoptotic effect on both cell lines. Lipid peroxidation and the protein kinase C
pathway are linked to PA's breast cancer inhibitory properties [6].

According to Costantini et al., PA significantly reduced cell viability in two distinct breast cell lines (MCF-7 and
MDA-MB-231) but not in liver and colon cancer cell lines [72]. PSO and fermented juice polyphenols have been
demonstrated by Toi et al. to inhibit the growth and invasion of breast cancer cells, increase apoptosis in breast cancer
cells, and delay oxidation and prostaglandin generation. Additionally, they initially demonstrated that pomegranate
fractions had antiangiogenic properties [73]. By blocking the enzyme ornithine decarboxylase, which is active in
mouse skin cancer cell lines, PA reduced tumour activity in mouse skin cancer cells and served as a preventive
measure [74].

Prostate and colon cancers have also been researched in relation to PA.

Not dosage dependently, PA reduced the expression of PPARc in the colon mucosa and the incidence of chemically
induced colon carcinogenesis in F344 rats [75]. Prostate cancer is considered to be the second leading cause of cancer-
related fatalities among men. In order to cure prostate cancer, less harmful yet more potent therapeutic molecules must
be discovered. Prostate-specific antigen expression, steroid 5R-reductase type, and dihydrotestosterone-induced
androgen receptor nuclear accumulation are all inhibited by a variety of oil acids, including PA. Additionally, they
demonstrated that PA stimulated intrinsic apoptotic activity and DNA fragmentation via a caspase-dependent
mechanism [76].

The search for natural treatments, such pomegranate extract, to combat prostate cancer has recently redoubled [77]. It
was demonstrated that pomegranate extracts stimulate apoptosis and cell cycle arrest, which results in pro-apoptotic
and antiproliferative actions [78], [79]. Pomegranate extracts may inhibit the growth of human prostate cancer cell
lines in vitro, according to a substantial body of research. In vitro studies have shown that pomegranate extracts have a
beneficial effect on all of the various prostate cancer cell lines. Numerous investigations demonstrated that
pomegranate extracts cause LNCaP, PC3, and DU145 prostate cancer cells to undergo apoptosis and decrease their
ability to proliferate and invade Matrigel [80].

Pomegranate extracts have more recently been demonstrated to suppress the levels of testosterone and
dihydrotestosterone in prostate cancer cell lines (22RV1) and LNCaP [81]. Additionally, in vivo research demonstrated
that pomegranate extracts prevent the onset and spread of prostate cancer, potentially via inhibiting the
PI3K/Akt/mTOR signalling pathways in a transgenic mice model of the disease [82]. By obstructing the arachidonic
acid metabolism pathway in metastatic cell lines, PA may also inhibit the invasion of prostate cancer cells [83].

PSO's antiangiogenic actions and suppression of prostaglandin synthesis may be linked to its anticarcinogenic
qualities. Additionally, it has been demonstrated that dietary PSO dramatically lowers the invasiveness of the PC-3 cell

@International Journal Of Progressive Research In Engineering Management And Science 431



gIIPREMS%

WWW.ijprems.com
editor@ijprems.com

INTERNATIONAL JOURNAL OF PROGRESSIVE
RESEARCH IN ENGINEERING MANAGEMENT

AND SCIENCE (IJPREMS)
(Int Peer Reviewed Journal)

\ol. 05, Issue 09, September 2025, pp : 425-438

e-1SSN :
2583-1062

Impact
Factor :
7.001

line and inhibits the growth of human prostate cancer LNCaP and DU 145 cells [80]. According to Wang et al.,
pomegranate extracts, such as PA, prevent the spread of prostate cancer by focusing on the CXCL12/CXCR4/AKT
signalling axis [77]. Pomegranate extracts, such as luteolin, ellagic acid, and PA, have been shown to have enhanced
anticancer action when administered together in recent years. Error! Reference source not found. By reducing cell
migration and CXCL12 chemotaxis, enhancing cell adhesion, blocking the epithelial-mesenchymal transition, and
preventing angiogenesis and proliferation, PA has anticancer action [77]. Consuming pomegranate juice normalized
prostate-specific antigen in a two-year phase Il clinical trial involving patients with prostate cancer [84]. PA has been
shown to have beneficial benefits on patients with prostate cancer in a more recent phase 11 clinical trial [85].
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The function of PA in metastatic prostate cancer has also been studied. By enhancing cell adherence and reducing cell
migration, pomegranates stop metastases. Figure 1

However, PA exhibits its antimetastatic properties through various routes. The stroma of a solid tumour contains the
majority of hyaluronan, which promotes tumour invasion. metastasis and cell migration [87]. By specifically targeting
the hyaluronan signalling pathways in prostate cancer cells, PA and pomegranate extract have an antimetastatic
impact. Among other potential processes, cytokines and chemokines can be mentioned. PA has beneficial effects and
blocks this route [70], [77].Based on the data presented above, it can be said that nutraceuticals play a big part in
preventing a number of illnesses, and PA in particular is a crucial component with a lot of promise. These substances
have a low frequency of adverse effects and are safe to use. To fully realize their potential, more clinical research is
needed.

2. CONCLUSION

Punicic acid, a major bioactive compound found in pomegranate (Punica granatum L) seed oil, Trichosanthes
Kirilowii seeds has demonstrated significant therapeutic potential due to its various biological activities. These include
antioxidant, anti-inflammatory, anti-cancer, anti-diabetic, and cardiovascular protective effects, making it an attractive
candidate for natural therapeutic interventions. Its ability to modulate key biological pathways, such as those involved
in oxidative stress, inflammation, and lipid metabolism, underpins its wide range of health benefits. Additionally, the
potential synergy between punicic acid and other phytochemicals in pomegranate suggests that whole plant extracts
could offer enhanced therapeutic effects. However, while promising results from in vitro and animal studies are
reported, clinical evidence in humans remains limited. More rigorous clinical trials are needed to establish its safety,
efficacy, and optimal dosage for various treatments. Nonetheless, the growing body of evidence suggests that punicic
acid could play a crucial role in the development of novel, natural therapeutic agents for managing chronic diseases,
particularly those associated with inflammation and metabolic disorders. In conclusion, punicic acid presents a
promising avenue for research and potential therapeutic use, but further studies are necessary to confirm its benefits in
human health and treatment.

3. REFERENCES

[1] E. P. Lansky and R. A. Newman, “Punica granatum (pomegranate) and its potential for prevention and
treatment of inflammation and cancer,” J Ethnopharmacol, vol. 109, no. 2, pp. 177-206, Jan. 2007, doi:
10.1016/J.JEP.2006.09.006.

[21  S. D. Johanningsmeier and G. K. Harris, “Pomegranate as a functional food and nutraceutical source,” Annu
Rev Food Sci Technol, vol. 2, pp. 181-201, 2011, doi: 10.1146/ANNUREV-FOOD-030810-153709.

[31 M. Kyralan, M. Goéliikcii, and H. Tokgdz, “Oil and Conjugated Linolenic Acid Contents of Seeds from
Important Pomegranate Cultivars (Punica granatum L.) Grown in Turkey,” J Am Oil Chem Soc, vol. 86, no. 10,
pp. 985-990, Oct. 2009, doi: 10.1007/S11746-009-1436-X.

[4] I. L. P. Melo, E. B. T. de, Carvalho, and J. Mancini-Filho, “Pomegranate Seed Oil ( Punica Granatum L. ): A
Source of Punicic Acid ( Conjugated a-Linolenic Acid ),” 2014.

[5] M. Viladomiu, R. Hontecillas, L. Yuan, P. Lu, and J. Bassaganya-Riera, “Nutritional protective mechanisms
against gut inflammation,” J Nutr Biochem, vol. 24, no. 6, pp. 929-939, Jun. 2013,
doi: 10.1016/J.JNUTBI10.2013.01.006.

[6] M. E. Grossmann, N. K. Mizuno, M. L. Dammen, T. Schuster, A. Ray, and M. P. Cleary, “Eleostearic acid
inhibits breast cancer proliferation by means of an oxidation-dependent mechanism,” Cancer Prevention
Research, vol. 2, no. 10, pp. 879-886, Oct. 2009, doi: 10.1158/1940-6207.CAPR-09-0088.

[71  “Chemical and physiological aspects of isomers of c... - BV FAPESP.” Accessed: Feb. 26, 2025. [Online].
Available: https://bv.fapesp.br/en/publicacao/33886/chemical-and-physiological-aspects-of-isomers-of-
conjugated/

[81 R. P. Singh, K. N. Chidambara Murthy, and G. K. Jayaprakasha, “Studies on the antioxidant activity of
pomegranate (Punica granatum) peel and seed extracts using in vitro models,” J Agric Food Chem, vol. 50, no.
1, pp. 81-86, 2002, doi: 10.1021/JF010865B.

[91 M. Kaufman and Z. Wiesman, “Pomegranate Oil Analysis with Emphasis on MALDI-TOF/MS Triacylglycerol
Fingerprinting,” J Agric Food Chem, vol. 55, no. 25, pp. 10405-10413, Dec. 2007, doi: 10.1021/JF072741Q.

@International Journal Of Progressive Research In Engineering Management And Science 433



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com \ol. 05, Issue 09, September 2025, pp : 425-438 7.001

[10] R. Suzuki, R. Noguchi, T. Ota, M. Abe, K. Miyashita, and T. Kawada, “Cytotoxic effect of conjugated trienoic
fatty acids on mouse tumor and human monocytic leukemia cells,” Lipids, vol. 36, no. 5, pp. 477-482, 2001,
doi: 10.1007/S11745-001-0746-0.

[11] K. N. Lee, D. Kritchevsky, and M. W. Parizaa, “Conjugated linoleic acid and atherosclerosis in rabbits,”
Atherosclerosis, vol. 108, no. 1, pp. 19-25, 1994, doi: 10.1016/0021-9150(94)90034-5.

[12] Y. Park, K. J. Albright, J. M. Storkson, W. Liu, M. E. Cook, and M. W. Pariza, “Changes in body composition
in mice during feeding and withdrawal of conjugated linoleic acid,” Lipids, vol. 34, no. 3, pp. 243-248, 1999,
doi: 10.1007/S11745-999-0359-7.

[13] P. Aruna, D. Venkataramanamma, A. K. Singh, and R. P. Singh, “Health Benefits of Punicic Acid: A Review,”
Compr Rev Food Sci Food Saf, vol. 15, no. 1, pp. 16-27, Jan. 2016, doi: 10.1111/1541-4337.12171.

[14] I. L. P. De Melo, A. M. De Oliveira E Silva, E. B. T. De Carvalho, L. T. Yoshime, J. A. G. Sattler, and J.
Mancini-Filho, “Incorporation and effects of punicic acid on muscle and adipose tissues of rats,” Lipids Health
Dis, vol. 15, no. 1, p. 40, Feb. 2016, doi: 10.1186/S12944-016-0214-7.

[15] A. A. Hennessy, R. P. Ross, R. Devery, and C. Stanton, “The Health Promoting Properties of the Conjugated
Isomers of a-Linolenic Acid,” Lipids, vol. 46, no. 2, pp. 105-119, Feb. 2011, doi: 10.1007/S11745-010-3501-5.

[16] I. O. C. M. Vroegrijk et al., “Pomegranate seed oil, a rich source of punicic acid, prevents diet-induced obesity
and insulin resistance in mice,” Food Chem Toxicol, vol. 49, no. 6, pp. 1426-1430, Jun. 2011, doi:
10.1016/J.FCT.2011.03.037.

[17] M. Abidov, Z. Ramazanov, R. Seifulla, and S. Grachev, “The effects of Xanthigen in the weight management of
obese premenopausal women with non-alcoholic fatty liver disease and normal liver fat,” Diabetes Obes
Metab, vol. 12, no. 1, pp. 72-81, 2010, doi: 10.1111/J.1463-1326.2009.01132.X.

[18] T. Kinami et al., “Occurrence of conjugated linolenic acids in purified soybean oil,” JAOCS, Journal of the
American Oil Chemists’ Society, vol. 84, no. 1, pp. 23-29, Jan. 2007, doi: 10.1007/S11746-006-1005-
5/METRICS.

[19] Y. Cao, J. Chen, L. Yang, and Z. Y. Chen, “Differential incorporation of dietary conjugated linolenic and
linoleic acids into milk lipids and liver phospholipids in lactating and suckling rats.,” Journal of Nutritional
Biochemistry, vol. 20, no. 9, pp. 685-693, Sep. 2009, doi: 10.1016/J.JNUTBI10.2008.06.011.

[20] V. Verardo, P. Garcia-Salas, E. Baldi, A. Segura-Carretero, A. Fernandez-Gutierrez, and M. F. Caboni,
“Pomegranate seeds as a source of nutraceutical oil naturally rich in bioactive lipids,” Food Research
International, vol. 65, no. PC, pp. 445-452, 2014, doi: 10.1016/J.FOODRES.2014.04.044.

[21] P. Lucci, D. Pacetti, M. R. Loizzo, and N. G. Frega, “Punica granatum cv. Dente di Cavallo seed ethanolic
extract: antioxidant and antiproliferative activities,” Food Chem, vol. 167, pp. 475483, Jan. 2015, doi:
10.1016/J.FOODCHEM.2014.06.123.

[22] L. Xu et al., “Novel bitter melon extracts highly yielded from supercritical extraction reduce the adiposity
through the enhanced lipid metabolism in mice fed a high fat diet,” J Nutr Intermed Metab, vol. 6, pp. 26-32,
Dec. 2016, doi: 10.1016/J.JNIM.2016.04.002.

[23] M. Spilmont et al., “Pomegranate seed oil prevents bone loss in a mice model of osteoporosis, through
osteoblastic stimulation, osteoclastic inhibition and decreased inflammatory status,” J Nutr Biochem, vol. 24,
no. 11, pp. 1840-1848, Nov. 2013, doi: 10.1016/J.JNUTBI0.2013.04.005.

[24] M. Yamasaki et al., “Dietary effect of pomegranate seed oil on immune function and lipid metabolism in mice,”
Nutrition, vol. 22, no. 1, pp. 54-59, Jan. 2006, doi: 10.1016/J.NUT.2005.03.009.

[25] W. N. Liu and K. N. Leung, “The Immunomodulatory Activity of Jacaric Acid, a Conjugated Linolenic Acid
Isomer, on Murine Peritoneal Macrophages,” PL0S One, vol. 10, no. 12, p. e0143684, Dec. 2015, doi:
10.1371/journal.pone.0143684.

[26] E.J. Tassone et al., “Low dose of acetylsalicylic acid and oxidative stress-mediated endothelial dysfunction in
diabetes: a short-term evaluation,” Acta Diabetol, vol. 52, no. 2, pp. 249-256, Aug. 2015, doi: 10.1007/S00592-
014-0629-4.

[27] P. Mirmiran, M. R. Fazeli, G. Asghari, A. Shafice, and F. Azizi, “Effect of pomegranate seed oil on
hyperlipidaemic subjects: a double-blind placebo-controlled clinical trial,” British Journal of Nutrition, vol.
104, pp. 402-406, 2010, doi: 10.1017/S0007114510000504.

@International Journal Of Progressive Research In Engineering Management And Science 434



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com \ol. 05, Issue 09, September 2025, pp : 425-438 7.001

[28] W. N. Liu and K. N. Leung, “The Immunomodulatory Activity of Jacaric Acid, a Conjugated Linolenic Acid
Isomer, on Murine Peritoneal Macrophages,” PL0oS One, vol. 10, no. 12, Dec. 2015, doi:
10.1371/JOURNAL.PONE.0143684.

[29] L. Wang et al., “Luteolin, ellagic acid and punicic acid are natural products that inhibit prostate cancer
metastasis,” Carcinogenesis, vol. 35, no. 10, pp. 2321-2330, Oct. 2014, doi: 10.1093/CARCIN/BGU145.

[30] K. Arao et al., “Dietary effect of pomegranate seed oil rich in 9cis, 11trans, 13cis conjugated linolenic acid on
lipid metabolism in obese, hyperlipidemic OLETF Rats,” Lipids Health Dis, vol. 3, Nov. 2004, doi:
10.1186/1476-511X-3-24.

[31] I.A. T. M. Meerts et al., “Toxicological evaluation of pomegranate seed oil,” Food Chem Toxicol, vol. 47, no.
6, pp. 1085-1092, Jun. 2009, doi: 10.1016/J.FCT.2009.01.031.

[32] C. A. Castellano, M. Plourde, S. I. Briand, P. Angers, A. Giguére, and J. J. Matte, “Safety of dietary conjugated
a-linolenic acid (CLNA) in a neonatal pig model.,” Food and Chemical Toxicology, vol. 64, pp. 119-125, 2014,
doi: 10.1016/J.FCT.2013.11.025.

[33] S. S. Saha and M. Ghosh, “Antioxidant effect of vegetable oils containing conjugated linolenic acid isomers
against induced tissue lipid peroxidation and inflammation in rat model,” Chem Biol Interact, vol. 190, no. 2-3,
pp. 109-120, Apr. 2011, doi: 10.1016/J.CBI.2011.02.030.

[34] J. Rodriguez et al., “Pomegranate and green tea extracts protect against ER stress induced by a high-fat diet in
skeletal muscle of mice,” Eur J Nutr, vol. 54, no. 3, pp. 377-389, Apr. 2015, doi: 10.1007/S00394-014-0717-
9/METRICS.

[35] A. Thakur, S. C. Mandal, and S. Banerjee, “Compounds of Natural Origin and Acupuncture for the Treatment
of Diseases Caused by Estrogen Deficiency,” J Acupunct Meridian Stud, vol. 9, no. 3, pp. 109-117, Jun. 2016,
doi: 10.1016/J.JAMS.2016.01.016.

[36] L. Yang, Y. Cao, J. N. Chen, and Z. Y. Chen, “Oxidative stability of conjugated linolenic acids,” J Agric Food
Chem, vol. 57, no. 10, pp. 4212-4217, May 2009, doi: 10.1021/JF900657F.

[37] C. usta, B. Yilmaz, A. Tasatargil, and S. Ozdemir, “Pomegranate seed oil, a rich source of punicic acid, induces
endothelium-dependent vasorelaxation in rat thoracic aortic rings,” Atherosclerosis, vol. 235, no. 2, pp. e123—
€124, Aug. 2014, doi: 10.1016/j.atherosclerosis.2014.05.341.

[38] S. Y. Schubert, E. P. Lansky, and 1. Neeman, “Antioxidant and eicosanoid enzyme inhibition properties of
pomegranate seed oil and fermented juice flavonoids,” J Ethnopharmacol, vol. 66, no. 1, pp. 11-17, Jul. 1999,
doi: 10.1016/S0378-8741(98)00222-0.

[39] S. S. Saha, P. Dasgupta, S. Sengupta, and M. Ghosh, “Synergistic effect of conjugated linolenic acid isomers
against induced oxidative stress, inflammation and erythrocyte membrane disintegrity in rat model,” Biochim
Biophys Acta, vol. 1820, no. 12, pp. 1951-1970, Dec. 2012, doi: 10.1016/J.BBAGEN.2012.08.021.

[40] D. Bialonska, S. G. Kasimsetty, K. K. Schrader, and D. Ferreira, “The effect of pomegranate (Punica granatum
L.) byproducts and ellagitannins on the growth of human gut bacteria,” J Agric Food Chem, vol. 57, no. 18, pp.
8344-8349, Sep. 2009, doi: 10.1021/JF901931B.

[41] O. Binyamin et al., “Treatment of a multiple sclerosis animal model by a novel nanodrop formulation of a
natural antioxidant,” Int J Nanomedicine, vol. 10, pp. 7165-7174, Nov. 2015, doi: 10.2147/1IN.S92704.

[42] T. Boussetta et al., “Punicic acid a conjugated linolenic acid inhibits TNFalpha-induced neutrophil

hyperactivation and protects from experimental colon inflammation in rats,” PL0oS One, vol. 4, no. 7, Jul. 2009,
doi: 10.1371/JOURNAL.PONE.0006458.

[43] A. Nakajima et al., “Gene expression profile after peroxisome proliferator activator receptor-y ligand
administration in dextran sodium sulfate mice,” J Gastroenterol, vol. 37, no. SUPPL. 14, pp. 62—66, Nov. 2002,
doi: 10.1007/BF03326416.

[44] M. Akisu, M. Baka, I. Coker, N. Kilttrsay, and A. Hiseyinov, “Effect of dietary n-3 fatty acids on hypoxia-
induced necrotizing enterocolitis in young mice. n-3 fatty acids alter platelet-activating factor and leukotriene
B4 production in the intestine,” Biol Neonate, vol. 74, no. 1, pp. 31-38, Jul. 1998, doi: 10.1159/000014008.

[45] M. S. Caplan, T. Russell, Y. Xiao, M. Amer, S. Kaup, and T. Jilling, “Effect of polyunsaturated fatty acid
(PUFA) supplementation on intestinal inflammation and necrotizing enterocolitis (NEC) in a neonatal rat
model,” Pediatr Res, vol. 49, no. 5, pp. 647-652, 2001, doi: 10.1203/00006450-200105000-00007.

@International Journal Of Progressive Research In Engineering Management And Science 435



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMS) Impact
WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 05, Issue 09, September 2025, pp : 425-438 7.001

[46] C. F. Coursodon-Boyiddle et al., “Pomegranate seed oil reduces intestinal damage in a rat model of necrotizing
enterocolitis,” Am J Physiol Gastrointest Liver Physiol, vol. 303, no. 6, p. G744, Sep. 2012, doi:
10.1152/AJPGI.00248.2012.

[47] D. N. Syed, F. Afaq, and H. Mukhtar, “Pomegranate derived products for cancer chemoprevention,” Semin
Cancer Biol, vol. 17, no. 5, pp. 377-385, Oct. 2007, doi: 10.1016/J.SEMCANCER.2007.05.004.

[48] H. N. A. Tran et al., “Pomegranate (Punica granatum) seed linolenic acid isomers: Concentration-dependent
modulation of estrogen receptor activity,” Endocr Res, vol. 35, no. 1, pp. 1-16, Feb. 2010, doi:
10.3109/07435800903524161.

[49] “(PDF) Pomegranate (Punica granatum L.): A medicinal plant with myriad biologic properties: A short review.”
Accessed: Feb. 27, 2025. [Online]. Available:
https://www.researchgate.net/publication/228966344_Pomegranate_Punica_granatum_L_A_medicinal_plant_
with_myriad_biologic_properties_A_short_review

[50] S. Medjakovic and A. Jungbauer, “Pomegranate: a fruit that ameliorates metabolic syndrome,” Food Funct, vol.
4, no. 1, pp. 19-39, Jan. 2013, doi: 10.1039/C2FO30034F.

[51] M. N. Al-Muammar and F. Khan, “Obesity: the preventive role of the pomegranate (Punica granatum),”
Nutrition, vol. 28, no. 6, pp. 595-604, Jun. 2012, doi: 10.1016/J.NUT.2011.11.013.

[52] M.-F. ], “Evaluation of the Participation of Phenolic Compounds Naturally Present in Food in Stimulating the
Health of the Organism,” Bioequivalence & Bioavailability International Journal, vol. 7, no. 1, pp. 1-3, Jan.
2023, doi: 10.23880/BEBA-16000187.

[53] Y. Yoshida, A. Umeno, Y. Akazawa, M. Shichiri, K. Murotomi, and M. Horie, “Chemistry of lipid peroxidation
products and their use as biomarkers in early detection of diseases,” J Oleo Sci, vol. 64, no. 4, pp. 347-356,
Mar. 2015, doi: 10.5650/J0S.ESS14281.

[54] M. Boroushaki and H. Mollazadeh, “POMEGRANATE SEED OIL: A COMPREHENSIVE REVIEW ON ITS
THERAPEUTIC EFFECTS,” 2016.

[55] A. Zarfeshany, S. Asgary, and S. Javanmard, “Potent health effects of pomegranate,” Adv Biomed Res, vol. 3,
no. 1, p. 100, 2014, doi: 10.4103/2277-9175.129371.

[56] K. Arao et al., “Dietary effect of pomegranate seed oil rich in 9cis, 11trans, 13cis conjugated linolenic acid on
lipid metabolism in obese, hyperlipidemic OLETF Rats,” Lipids Health Dis, vol. 3, no. 1, pp. 1-7, Nov. 2004,
doi: 10.1186/1476-511X-3-24/TABLES/2.

[57] K. Koba and T. Yanagita, “Health benefits of conjugated linoleic acid (CLA),” Obes Res Clin Pract, vol. 8, no.
6, pp. €525-e532, Nov. 2014, doi: 10.1016/J.0RCP.2013.10.001.

[58] A. Nekooeian, M. Eftekhari, S. Adibi, and A. Rajaeifard, “Effects of Pomegranate Seed Oil on Insulin Release
in Rats with Type 2 Diabetes,” Iran J Med Sci, 2014.

[59] J. Suetal., “Anti-diabetic activity of peony seed oil, a new resource food in STZ-induced diabetic mice,” Food
Funct, vol. 6, no. 9, pp. 2930-2938, Sep. 2015, doi: 10.1039/C5FO00507H.

[60] M. Yamasaki et al., “Dietary effect of pomegranate seed oil on immune function and lipid metabolism in mice,”
Nutrition, vol. 22, no. 1, pp. 54-59, Jan. 2006, doi: 10.1016/J.NUT.2005.03.009.

[61] N. Tandon, M. Roy, S. Roy, and N. Gupta, “Protective Effect of Psidium guajava in Arsenic-induced Oxidative
Stress and Cytological Damage in Rats,” Toxicol Int, vol. 19, no. 3, p. 245, Sep. 2012, doi: 10.4103/0971-
6580.103658.

[62] G F. Yuan, A. J. Sinclair, H. Y. Sun, and D. Li, “Fatty acid composition in tissues of mice fed diets containing
conjugated linolenic acid and conjugated linoleic acid,” Journal of Food Lipids, vol. 16, no. 2, pp. 148-163,
May 2009, doi: 10.1111/J.1745-4522.2009.01138.X.

[63] I. O.C. M. Vroegrijk et al., “Pomegranate seed oil, a rich source of punicic acid, prevents diet-induced obesity
and insulin resistance in mice,” Food Chem Toxicol, vol. 49, no. 6, pp. 1426-1430, Jun. 2011, doi:
10.1016/J.FCT.2011.03.037.

[64] G. Asghari et al., “Effect of pomegranate seed oil on serum TNF-a level in dyslipidemic patients,” Int J Food
Sci Nutr, vol. 63, no. 3, pp. 368-371, May 2012, doi: 10.3109/09637486.2011.631521.

[65] P. Mirmiran, M. R. Fazeli, G. Asghari, A. Shafiee, and F. Azizi, “Effect of pomegranate seed oil on

hyperlipidaemic subjects: a double-blind placebo-controlled clinical trial,” British Journal of Nutrition, vol.
104, pp. 402-406, 2010, doi: 10.1017/S0007114510000504.

@International Journal Of Progressive Research In Engineering Management And Science 436



INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
———

AND SCIENCE (IJPREMS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com \ol. 05, Issue 09, September 2025, pp : 425-438 7.001

[66] M. Dikmen, N. Ozturk, and Y. Ozturk, “The antioxidant potency of Punica granatum L. Fruit peel reduces cell
proliferation and induces apoptosis on breast cancer,” J Med Food, vol. 14, no. 12, pp. 1638-1646, Dec. 2011,
doi: 10.1089/JMF.2011.0062.

[67] T. Ozbay and R. Nahta, “Delphinidin Inhibits HER2 and Erk1/2 Signaling and Suppresses Growth of HER2-
Overexpressing and Triple Negative Breast Cancer Cell Lines,” Breast Cancer (Auckl), vol. 5, no. 1, pp. 143—
154, 2011, doi: 10.4137/BCBCR.S7156.

[68] M. A. Belury, “Inhibition of carcinogenesis by conjugated linoleic acid: potential mechanisms of action,” J
Nutr, vol. 132, no. 10, pp. 2995-2998, Oct. 2002, doi: 10.1093/JN/131.10.2995.

[69] J. Dyerberg, H. O. Bang, and N. Hjorne, “Fatty acid composition of the plasma lipids in Greenland Eskimos,”
Am J Clin Nutr, vol. 28, no. 9, pp. 958-966, 1975, doi: 10.1093/AJCN/28.9.958.

[70] A. Rocha, L. Wang, M. Penichet, and M. Martins-Green, ‘“Pomegranate juice and specific components inhibit
cell and molecular processes critical for metastasis of breast cancer,” Breast Cancer Res Treat, vol. 136, no. 3,
pp. 647-658, Dec. 2012, doi: 10.1007/S10549-012-2264-5.

[71] N. D. Kim et al., “Chemopreventive and adjuvant therapeutic potential of pomegranate (Punica granatum) for
human breast cancer,” Breast Cancer Res Treat, vol. 71, no. 3, pp. 203-217, 2002, doi:
10.1023/A:1014405730585.

[72] S. Costantini et al., “Potential anti-inflammatory effects of the hydrophilic fraction of pomegranate (Punica
granatum L.) seed oil on breast cancer cell lines,” Molecules, vol. 19, no. 6, pp. 8644-8660, 2014, doi:
10.3390/MOLECULES19068644.

[73] M. Toi et al., “Preliminary studies on the anti-angiogenic potential of pomegranate fractions in vitro and in
vivo,” Angiogenesis, vol. 6, no. 2, pp. 121-128, 2003, doi: 10.1023/B:AGEN.0000011802.81320.E4.

[74] J.J. Hora, E. R. Maydew, E. P. Lansky, and C. Dwivedi, “Chemopreventive effects of pomegranate seed oil on
skin tumor development in CD1 mice,” J Med Food, vol. 6, no. 3, pp. 157-161, 2003, doi:
10.1089/10966200360716553.

[75] H. Kohno, R. Suzuki, Y. Yasui, M. Hosokawa, K. Miyashita, and T. Tanaka, “Pomegranate seed oil rich in
conjugated linolenic acid suppresses chemically induced colon carcinogenesis in rats,” Cancer Sci, vol. 95, no.
6, pp. 481-486, Jun. 2004, doi: 10.1111/J.1349-7006.2004.TB03236.X.

[76] J. Gasmi and J. T. Sanderson, “Growth inhibitory, antiandrogenic, and pro-apoptotic effects of punicic acid in
LNCaP human prostate cancer cells,” J Agric Food Chem, vol. 58, no. 23, pp. 12149-12156, Dec. 2010, doi:
10.1021/JF103306K.

[77] L. Wang and M. Martins-Green, “Pomegranate and its components as alternative treatment for prostate cancer,”
Int J Mol Sci, vol. 15, no. 9, pp. 14949-14966, Aug. 2014, doi: 10.3390/IIMS150914949.

[78] A. Malik, F. Afag, S. Sarfaraz, V. M. Adhami, D. N. Syed, and H. Mukhtar, “Pomegranate fruit juice for
chemoprevention and chemotherapy of prostate cancer,” Proc Natl Acad Sci U S A, vol. 102, no. 41, pp.
14813-14818, Oct. 2005, doi: 10.1073/pnas.0505870102.

[79] T. Oltersdorf et al., “An inhibitor of Bcl-2 family proteins induces regression of solid tumours,” Nature, vol.
435, no. 7042, pp. 677-681, Jun. 2005, doi: 10.1038/NATURE03579.

[80] M. Albrecht et al., “Pomegranate extracts potently suppress proliferation, xenograft growth, and invasion of
human prostate cancer cells,” J Med Food, vol. 7, no. 3, pp. 274-283, Sep. 2004, doi: 10.1089/jmf.2004.7.274.

[81] D. S. Ming et al., “Pomegranate extracts impact the androgen biosynthesis pathways in prostate cancer models
in vitro and in vivo,” J Steroid Biochem Mol Biol, vol. 143, pp. 19-28, 2014, doi:
10.1016/J.JSBMB.2014.02.006.

[82] V. M. Adhami, I. A. Siddiqui, D. N. Syed, R. K. Lall, and H. Mukhtar, “Oral infusion of pomegranate fruit
extract inhibits prostate carcinogenesis in the TRAMP model,” Carcinogenesis, vol. 33, no. 3, pp. 644-651,
Mar. 2012, doi: 10.1093/CARCIN/BGR308.

[83] E. P. Lansky and R. A. Newman, “Punica granatum (pomegranate) and its potential for prevention and
treatment of inflammation and cancer,” J Ethnopharmacol, vol. 109, no. 2, pp. 177-206, Jan. 2007, doi:
10.1016/J.JEP.2006.09.006.

[84] A. J. Pantuck et al., “Phase II study of pomegranate juice for men with rising prostate-specific antigen

following surgery or radiation for prostate cancer,” Clin Cancer Res, vol. 12, no. 13, pp. 4018-4026, Jul. 2006,
doi: 10.1158/1078-0432.CCR-05-2290.

@International Journal Of Progressive Research In Engineering Management And Science 437



INTERNATIONAL JOURNAL OF PROGRESSIVE e-1SSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062

AND SCIENCE (IJPREMS) Impact
Www.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com \ol. 05, Issue 09, September 2025, pp : 425-438 7.001

[85] C. J. Paller et al., “A randomized phase II study of pomegranate extract for men with rising PSA following
initial therapy for localized prostate cancer,” Prostate Cancer Prostatic Dis, vol. 16, no. 1, p. 50, Mar. 2012, doi:
10.1038/PCAN.2012.20.

[86] “Bioactive compounds present in different compartments of pomegranate... | Download Scientific Diagram.”
Accessed: Feb. 27, 2025. [Online]. Available: https://www.researchgate.net/figure/Bioactive-compounds-
present-in-different-compartments-of-pomegranate-and-their-effect-on_tbl1_350148423/actions#reference

[87] E.A. Turley, “Hyaluronan and cell locomotion,” Cancer and Metastasis Review, vol. 11, no. 1, pp. 21-30, Mar.
1992, doi: 10.1007/BF00047600/METRICS.

@International Journal Of Progressive Research In Engineering Management And Science 438



