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The purpose of the study was to summarize the literature on the phytochemistry of the main molecular mechanisms of
action and pharmacological properties of Punica granatum L, as well as the results of experimental and clinical studies of its use
in clinical medicine. Punica granatum L. has been used for centuries in traditional medicine in the world to prevent and treat a
wide range of health disorders. The pomegranate fruit is an important source of nutrients, including dietary fiber, polysaccharides,
vitamins, fatty acids, and polyphenols. Biologically active compounds of Punica granatum L. provide a powerful potential and a
wide spectrum of biological and pharmacological activity. The peel, seeds, and juice of pomegranate contain significant amounts
of phenolic compounds and have antioxidant activity. It was found that pomegranate extract showed significant antibacterial
(mainly bactericidal), antifungal effects and antiviral properties. Polyphenols such as punicalin, punicalagin, and ellagic acid are
just some of the many compounds responsible for the anticancer activity of pomegranate. Punica granatum L. and its derivatives,
such as ellagic acid, can regulate the expression and activity of several molecular targets related to oxidative stress, inflammation,
cell cycle, apoptosis, angiogenesis, invasion, and metastasis, which makes it promising for further research in various pathological
conditions.
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BIOJIOTTYHA AKTUBHICTbD I TEPAITIEBTUYHI BJJACTUBOCTI PUNICA GTANATUM L

Mertoro nociimkeHHs Oyino y3aralbHEHHS JITepaTypHUX HKEPE o0 BiToXiMil OCHOBHHX MOJIEKYJSPHIX MEXaHi3MiB
Il Ta papMakoIOriYHUX BiacTuBOCTel Punica granatum L, a Takok pe3ynbraTiB eKCIIEPUMEHTAIBHUX Ta KIIHIYHUX JOCTIHKEHb
HOro BUKOPHUCTAHHS y KIIIHIYHIN MequiuHi. Punica granatum L., cTONITTIME BUKOPHUCTOBYBABCS B TpaULiHHIN MEIUINHI PI3HUX
perioHiB cBiTy Ui mpo(iNakTHKU Ta JIKyBaHHS IIMPOKOTO KoJia po3JNaiiB 370poB’s. Ilmin rpaHara € BH3HAUHHAM IKEPEIOM
MOKUBHUX PEUOBUH, BKIFOUAIOYH XapUOBi BOJIOKHA, OJIiCAXapyId, BITaMiHH, XXMPHI KUCIIOTH Ta nojideHonu. bionoriyHo akTuBHI
crionyku Punica granatum oGyMOBITIOIOTE ITOTY)KHHH IOTEHIIaJI Ta IIMPOKHH CIIeKTp GiosIorivHoi Ta (hapMaKoIoriqHOT aKTUBHOCT.
[Ikipka, HACiHHA Ta CiK rpaHara MICTATh 3HA4YHY KiIbKICTh (DEHONBHHMX CIIONYK i MalOTh AHTHOKCHIAHTHY AaKTHBHICTb.
[TpoxemMoHCTPOBaHO, 1110 €KCTPAKT rpaHara MiCTHTh (eHONbHI 010aKTHBHI KOMIIOHEHTH, CHHEPIUYHa Jisl SKUX MPOTH BUTBHHX
paauKaiiB HMOBIPHO IOSCHIOE BCTAHOBJICHY aHTHOKCHIAHTHY 3/IaTHICTh CKCTPAKTy. IIpOJEMOHCTPOBAHO, IO KOKHA YACTHHA
rpaHara Punica gtanatum L. 3 Benmuue3HOIO KITBKICTIO 0i0XIMIYHHX BIACTHBOCTEH MOB'A3aHA 3 MPOTH3AMMAIbHOI aKTUBHICTIO.
BcranosneHo, mo ekCTpakT TpaHaTa BUSBHMB 3HA4Hy aHTHOAKTepiaidbHy (TepeBaXHO OaKTepHUIMIHY), NPOTHUBIPYCHY Ta
npoturpuokoBy mito. [lomidenonn, Taki sk MyHiKamiH, MyHIKaNariH Ta elxaroBa KHUCIOTA, € JIUIIE ASSKHMH 3 0ararbox CIIONYK,
BIANIOBIANBHUX 32 MPOTHPAKOBY aKTHBHICTH IpaHara. Punica granatum Ta HOro moxifgHi, Taki sSIK enaroBa KHCJIOTa, MOXYTh
pEryJIIoBaTH eKCHPECiI0 Ta aKTUBHICTH KUIBKOX MOJICKYJISIPHUX MILICHEH, MOB'SI3aHUX 3 OKCHIATHMBHHM CTPECOM, 3allaJICHHSM,
KJIITHHHUM LMKJIOM, aIlONTO30M, aHTiOrCHEe30M, IHBa3i€l0 Ta METACTa3yBaHHAM, IO POOMTH NMEPCIEKTHBHUM IPOILOBKCHHS
JOCII/DKeHb [P Pi3HUX MATOIOTIYHUX CTaHaX.

KurouoBsi cioBa: ¢itoreparis, Punica gtanatum L, aHTHOKCHAAHTHA 1isi, MPOTH3aNalbHa aKTHBHICTh, aHTUMIKpOOHA
JIist, IPOTHBIPYCHI BIACTHBOCTI, aHTHKAHIIEPOT€HHI BIIACTHBOCTI.

The work is a fragment of the research project “To determine the features of immunocytokine imbalance in comorbid
patients with hypertension and type 2 diabetes and cardiovascular and renal complications”, state registration No. 0123U101711.

The current trend is the rapid growth in the world of new infections resistant to antimicrobial drugs
[33], as well as non-communicable diseases, including arterial hypertension, diabetes mellitus [8],
bronchopulmonary pathology [49], oncological diseases [30], etc. Therefore, an important direction of
modern medicine is the search for more effective and affordable methods of treatment of both acute and
chronic diseases.

The frequency of using herbal substances as therapeutic agents for various health conditions is
increasing every year. Traditional herbal medicines have significant advantages over new chemical
compounds, as they have been used by humanity for hundreds or thousands of years. Indeed, many
Ayurvedic medicines have been traditionally used to treat type 2 diabetes, and systematic reviews have
demonstrated the efficacy and safety of certain Ayurvedic medicines [8]. Due to the long history of using
herbal ingredients, potentially toxic compounds and plant parts are well known, and important safety
concerns have come to the fore when using these medicines [47]. In recent years, significant progress has
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been made in the research and application of natural herbal ingredients for the treatment of various
pathological conditions. However, better methods are needed to prioritize herbal medicines for clinical
trials to maximize the chances of selecting effective drugs.

The pomegranate (Punica granatum L.) is a large shrub or small tree belonging to the family
Punicaceae [40]. Since ancient times, Punica granatum L. has been widely used as a folk medicine in many
cultures, as documented in the Egyptian papyrus (c. 1550 BC) [16]. Punica granatum L. has been used for
centuries in traditional medicine in China and other regions of the world to prevent and treat a wide range
of health disorders, such as inflammation, malaria, diabetes, oral diseases, etc. [26]. The pericarp of the
pomegranate fruit has been used to treat dysentery and intestinal disorders [23]. In China and Mexico, the
bark of the pomegranate has been used to treat gastrointestinal diseases, such as diarrhea, dysentery, and
abdominal pain. In India, the fruit juice is traditionally used to treat dysentery, mixed with warm water and
taken twice daily, and as a tonic for anemia [5]. In Pakistan, the fruit is used to treat iron deficiency and is
also used to treat nasal congestion [5].

It has been established that the Punica granatum L. biologically active substances have many
effects, including anti-inflammatory, antimalarial, antifibrotic, antidiabetic, antitumor, antifungal and
antibacterial properties, etc [26].

The purpose of the study was to summarize the literature on the phytochemistry of the main
molecular mechanisms of action and pharmacological properties of Punica granatum L, as well as the
results of experimental and clinical studies of its use in clinical medicine.

Chemical composition. The plant Punica granatum L. consists of sap, leaves, seeds, rind (pericarp),
bark, roots, and flowers. The pericarp (rind or peel) of the pomegranate is the hard, and when ripe, almost
dry, outer covering of the pomegranate fruit. The pericarp accounts for almost half of the fresh fruit weight;
the seeds account for 10 %, and the pericarp accounts for 40 % [11].

The pomegranate fruit is an important source of nutrients, including dietary fiber, polysaccharides,
vitamins, fatty acids, and polyphenols.

To date, active compounds have been isolated from pomegranate, namely: tannins (punicalagin
and other ellagitannins), flavonoids (flavonols, proanthocyanidins and anthocyanidins), alkaloids,
anthocyanidins, phenolic acids (gallic, ellagic, caffeic, ferulic and cinnamic acids), sterols, terpenes,
terpenoids, amino acids, carbohydrates (sucrose, fructose, glucose and maltose), xanthonoids, fatty acids,
a number of minerals (potassium, phosphorus, magnesium, iron, calcium, manganese, etc.), high content
of vitamin C, etc.

The leaves of Punica granatum L. contain tannins (punicafolin and punicalin) and flavone
glycosides (in particular, apgenin and luteolin), etc. [10].

Pomegranate seeds contain mainly water (85 %), sugars (10 %), and pectin (1.5 %), but are also a
source of phenols, flavonoids, and anthocyanins. They contain 7-27 % oil, which is a rich source of
polyunsaturated fatty acids, including linoleic and linoleic acids, as well as other lipids such as oleic,
stearic, and palmitic acids. Ellagic acid, sterols, and punicic acid have also been found in the seed oil of
Punica granatum L. [45].

The components of the peel of Punica granatum L. include gallic acid, phenolic punicalagins, rutin,
flavonols (flavonones, flavones and anthocyanidins), quercetin and fatty acids (catechin), etc. The content
of tannins ranges from 193 to 420 mg/g dry matter in pomegranate peel, while flavonoids range from 84 to
134 mg [29]. In an Italian study [36], a comparative qualitative and quantitative study of peel extracts of
eight Punica granatum cultivars obtained from different areas of Southern Italy was conducted with the
aim of evaluating them as by-products with health benefits. It was shown that all samples contained 45
ellagitannins, consisting mainly of polyhydroxyphenols; 10 flavonoids belonging to the flavonol, flavones
and catechin classes; and 2 anthocyanins.

The bark and roots of Punica gtanatum L. contain piperidine alkaloids and ellagitannins
(punicalagin and punicalin), etc. [26].

Pomegranate juice, known for its high vitamin C content, contains phenolic compounds such as
punicalagin, as well as significant amounts of potassium, calcium, and antioxidants, etc. [7]. The juice is
mainly composed of sugars, organic acids, polyphenols, and tannins, which contribute to its strong
antioxidant properties [26]. Higher levels of total tannins, phenolic compounds, and antioxidant activity
were found in pomegranate juice, while the peel had higher total flavonoids, anthocyanins, and ascorbic
acid contents [11]. Anthocyanins, tannins, fatty acids, and phytochemicals such as lignans and sterols have
been identified in pomegranate seeds [39].

Pomegranate (Punica gtanatum L.) has been shown to be rich in minerals such as sodium (3 mg/100
g), which is important for cellular homeostasis and helps maintain physiology; potassium (236 mg/100 g),
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which is responsible for fluid balance; phosphorus (70 mg/100 g), iron (3 mg/100 g), calcium (10 mg/100
g) with its numerous functions in the human body as a major component of bones and teeth; and magnesium
(12 mg/100 g), which helps maintain a steady metabolism and bone health. In addition, the fruit contains
protein (1.67 g/100 g) and fat (1.17 g/100 g). Ascorbic acid (16.0 mg) has been determined in the plant
Punica gtanatum L. The caloric value of Punica gtanatum L. is 65 mg/100 g [16].

Antioxidant effect. Numerous studies have shown that oxidative stress is a key link in the
development of cancer, inflammation, cardiovascular and neurodegenerative diseases, and aging [3]. The
toxicity of reactive oxygen species depends on the associated and sensitive biological substrates, such as
nucleic acids, proteins, and membrane lipids. Biologically significant reactive oxygen species include
superoxide anion radicals, lipid peroxides, hydrogen peroxide, and hydroxyl radicals [10].

The peel, seeds, and juice of pomegranate contain significant amounts of phenolic compounds and
have antioxidant activity. Pomegranate seed oil has been shown to contain phytoestrogenic compounds,
and the fruit is rich in phenolic compounds with strong antioxidant activity. Ellagic acid is one of the main
components of pomegranate with potent antioxidant activity [40].

It has been established that the polyphenolic complex of the peel of Punica granatum L has more
pronounced antioxidant and anti-inflammatory properties than other parts. And the most important active
components of pomegranate peel, which are found only in this plant, are punicalagin, followed by ellagic
acid and gallic acid [7]. It has been demonstrated that pomegranate extract contains phenolic bioactive
components, the synergistic action of which against free radicals probably explains the established
antioxidant capacity of the extract. One possible mode of action is related to the hydroxyl groups present
in the phenolic aromatic rings, and natural polyphenolic compounds found in pomegranate extracts
demonstrate their antioxidant properties [7]. These polyphenols demonstrate their antioxidant effect by
neutralizing free radicals, dissolving peroxides, and due to their redox properties, they serve as antioxidants
against singlet and triplet oxygen, [12]. These polyphenolic compounds of pomegranate peel are reported
to have the most pronounced therapeutic effect [39].

More than two-thirds of the antioxidant activity of pomegranate juice has been shown to be due to
its high content of punicalagin and its hydrolyzed tannins [10]. Several studies have shown the protective
effect of ellagic acid, a punicalagin, against oxidative stress damage caused by free radicals [12].

In the study of Milosevi¢ M. et al. [28], the bioactivity of different parts (juice and peel extracts)
of cultivated and wild pomegranate fruits was determined and compared. It was found that the total
phenolic content was the highest in the wild pomegranate peel extract, expressed in gallic acid equivalents
(340.92 mg/g, p<0.05), while the total flavonoid content was the highest in the cultivated pomegranate peel
extract, expressed in quercetin equivalents (31.84 mg/g, p<0.05). It was shown that the highest antioxidant
activity against free radicals DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2'-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid)) was found in the wild pomegranate peel extract. It was determined
that the peel and membrane extract of cultivated pomegranate gave almost identical and strongest effects
on hydroxyl radical suppression (41.24 and 41.23 ug/ml, respectively). It was also found that the highest
levels of DPPH and ABTS free radical scavenging activity were found in the peel, followed by the pulp,
and then the seeds [20].

According to the study by Yang Y. et al., pomegranate peel extract showed higher antioxidant
activity compared to seeds and juice. The total content of phenols, flavonoids and flavonols in pomegranate
peel was estimated to be much higher than that in seeds and juice. A significant positive correlation was
also found between antioxidant activity and total phenolic content [22].

In another study [9], unlike the juice of the peel of Punica granatum L, the extracts of the outer and
inner peel of pomegranate demonstrated significant and dose-dependent antioxidant and radical scavenging
potential in vitro. Supplementation of Punica granatum L extracts significantly extended the lifespan of C.
elegans. The protective effect of Punica granatum L. was also observed against oxidative stress in C.
elegans. Therefore, an important role of Punica granatum L, especially the outer peel extracts, in the life-
saving mechanisms of C. elegans was established due to their antioxidant activity and lifespan extension
through the daf-16-dependent insulin signaling pathway.

Compared to red wine, green tea, apple, vitamins E and C, Punica granatum L, demonstrates
significantly higher antioxidant activity, therefore, due to its antioxidant and anti-inflammatory properties,
pomegranate may help prevent or improve the course of many chronic diseases, such as cardiovascular
diseases, diabetes, neurodegenerative diseases, and cancer [24].

Morvaridzadeh M. et al. [32] conducted a meta-analysis of 11 randomized clinical trials with 484
participants, examining the effects of pomegranate on oxidative stress parameters. They found no
convincing evidence of a significant increase in the effect of pomegranate consumption on TAC (SMD:

215



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 2 (92)

0.43; 95 % CI: -0.19, 1.06), Gpx (SMD: 0.18, 95 % CI: -0.25, 0.62, p=0.4) and paraxonase (SMD: 0.36,
95 % CI: -0.50, 1.22, p=0.41), and a slight decrease in malondialdehyde (MDA) levels (SMD: -0.81, 95 %
CI: -1.79, 0.09, P=0.08).

A systematic review by Asgary S. et al. [3] evaluated the effects of pomegranate extract on reducing
oxidative stress. Pomegranate was used in some studies in capsule form (250 mg to 250 g) and in some in
liquid form (10 to 500 ml), and the duration of follow-up ranged from 3 weeks to 12 months. Pomegranate
was shown to have a positive effect on oxidative stress biomarkers and reduced oxy-LDL and POX 1.
Furthermore, the results showed that pomegranate consumption could significantly increase GPX and
TAC. The combination result on TBRAS showed a significant effect of pomegranate consumption on
reducing TBRAS. Since this review evaluated studies conducted mainly in Eastern countries, the authors
concluded that pomegranate supplementation is effective in modifying oxidative stress in Eastern countries.

A review by Lorzadeh E. et al. [24], which examined the effects of pomegranate consumption on
multiple biomarkers of oxidative stress, included 21 randomized clinical trials. It was found that
pomegranate consumption compared with the control group was associated with significant increases in
TAC [SMD = 0.72, 95 % confidence interval (CI): 0.42, 1.02, P <0.001] and SOD [SMD = 0.72, 95 % CI:
0.25, 1.19, P = 0.002] and decreases in MDA [SMD = -0.98, 95 % CI: -1.49, -0.46, P < 0.001]. No
statistically significant differences were reported in the effects of pomegranate on FRAP, GSH, GSH-Px,
ox-LDL, and PONI1 levels. Thus, pomegranate may be effective in improving some oxidative stress factors,
but well-designed randomized controlled trials are needed.

Anti-inflammatory activity. Pomegranate has been used for centuries to treat inflammation due to
its potential anti-inflammatory properties. Every part of the pomegranate, Punica granatum L., has been
shown to contain a wide range of biochemical properties associated with anti-inflammatory activity [1].
Pomegranate peel exhibits anti-inflammatory properties due to phenolic components such as ellagic acid,
punicalagin. Punicalagin is the main polyphenol of pomegranate, which is found in the fruit, leaves, and
peel, where it is particularly abundant [26].

In a study by Li H.M. et al. [22], twenty polyphenols were isolated from the peel of Punica
granatum L, nine of which were previously unknown, named punicagranins Al (1-9), along with eleven
known isolates (10-20). The anti-inflammatory activity of pomegranate polyphenols in a
lipopolysaccharide (LPS)-induced inflammatory macrophage model was demonstrated by the
enhancement of nitric oxide (NO) production in response to inflammation stimulated in RAW 264.7 cells,
which was controlled by compounds 1, 3, 5-8, 10, 11, 14 and 16-20 in a concentration-dependent manner.
Structure-activity relationship studies for tannins 6-8 and 12-20 indicated that HHDP, flavogalonil and/or
galagyl are the key groups for inhibiting NO production. Western blotting showed that compounds 6-8
could reduce the phosphorylation levels of p38 MAPK, IKKa/B, IkBa and NF-kB p65 proteins, and
suppress the levels of cytokines and mediators related to inflammation, such as IL-6, TNF-a, iNOS and
COX-2, at a concentration of 30 uM. The results obtained allowed us to conclude that polyphenols are
considered as potential anti-inflammatory active ingredients in the peel of Punica granatum, and their
molecular mechanism is likely related to the regulation of p38 MAPK and NF-«B signaling pathways.

Huang WC. et al. [17] studied the effect of punicalagin isolated from pomegranate peel (Punica
granatum L.) and its anti-inflammatory mechanisms on inflammatory processes induced by pro-
inflammatory cytokines (a mixture of tumor necrosis factor alpha, TNF-a and interferon-gamma, I[FN-vy)
on a model of human keratinocytes of the HaCaT line. It was found that punicalagin at a concentration of
<100 uM did not reduce the viability of HaCaT cells, and a PUN concentration of >3 uM reduced the
content of interleukin-6 (IL-6), IL-8, monocyte chemoattractant protein-1 (MCP-1), chemokine ligand 5
(CCLS), CCL17 and CCL20. Punicalagin concentrations >10 uM and >3 uM were shown to significantly
upregulate sirtuin 1 (SIRT1) expression and inhibit signal transducer and activator of transcription 3
(STAT3) phosphorylation, respectively. Punicalagin mediated the Nrf2/HO-1 signaling pathway in TNF-
o/IFN-y-induced HaCaT cells via SIRT1. Thus, punicalagin was found to downregulate the expression of
inflammation-related proteins cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS), and
to upregulate the expression of nuclear factor erythroid-related factor-2 (Nrf2) and heme oxygenase-1 (HO-
1). Punicalagin was found to downregulate the expression of intercellular adhesion molecule-1 (ICAM-1)
and inhibit monocyte adhesion to HaCaT cells induced by TNF-o/IFN-y. Punicalagin blocked the
STAT3/NF-kB (nuclear factor-kappa B) and MARK (mitogen-activated protein kinase) signaling
pathways in HaCaT cells induced by TNF-o/IFN-y. The results of this study confirmed that punicalagin
concentrations of 25, 50, 75, 100, and 150 uM had no cytotoxic effects on the HaCaT cell model.

In a meta-analysis conducted by Jazinaki M.S. et al. [18], which included 11 studies (696
participants), the effect of pomegranate juice consumption on C-reactive protein (CRP) levels was studied.
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It was found that pomegranate juice supplementation significantly reduced C-reactive protein levels
compared to controls (WMD: 2.55 mg/L; 95 % CI: 3.44 to 1.66 mg/L; p<0.001). Subgroup analysis
demonstrated a significant effect on C-reactive protein levels in studies that used a dose of pomegranate
juice <250 ml/day. The subgroups included individuals of both sexes or only women of the Iranian
population, individuals under 40 years of age, and patients with type 2 diabetes, polycystic ovary syndrome,
etc. Meta-regression and dose-response analyses showed a weak linear and nonlinear relationship between
intervention characteristics (duration and dose of pomegranate juice) and changes in C-reactive protein.
The meta-analysis showed that pomegranate juice consumption has a positive effect on improving C-
reactive protein levels. At the same time, the authors emphasized that it is necessary to better understand
the effect, find the optimal dose and duration of pomegranate juice intake to reduce C-reactive protein
levels in the blood, and then repeat the meta-analysis of randomized clinical trials. More detailed studies
in humans are needed to definitively confirm these effects.

Wang P. and sang [46] conducted a meta-analysis that included 16 randomized controlled trials
with 572 subjects to evaluate the effects of pomegranate juice on biomarkers of inflammation and
endothelial function. It was found that pomegranate juice consumption significantly reduced the levels of
high-sensitivity C-reactive protein (hs-CRP), IL-6, and TNF-a (weighted mean (WMD): -6.57 mg/L, 95 %
CI: -10.04 to -3.10, P=0.000; WMD: -1.68 pg/mL, 95 % CI: -3.52, 0.157, P=0.000; WMD: -2.37 pg/mL,
95 % CI: -3.67, -1.07, P=0.00, respectively), compared with placebo. There was no significant reduction
in C-reactive protein (WMD: 2.19 mg/dL, 95 % CI: -3.28, 7.67, P=0.61), E-selectin (WMD: 8.42 ng/mL,
95 % CI: -22.9, 39.8, P=0.599), ICAM (WMD=-17.38 ng/mL, 95 % CI: -53.43, 18.66, P=0.107), VCAM
(WMD=-69.32 ng/mL, 95 % CI: -229.26, 90.61, P=0.396) or MDA (WMD=0.031 umol/L, 95 % CI: -1.56,
0.218, P=0.746) levels when comparing pomegranate supplementation with with placebo.

A randomized, controlled, parallel study [14] examined the effects of pomegranate extract on
inflammatory markers and cardiometabolic risk factors in healthy adults aged 55 to 70 years. Participants
received either pomegranate extract (740 mg) or placebo capsules daily for 12 weeks. The pomegranate
extract group showed significant decreases in IL-6 (p=0.02) and IL1-p (p=0.05) and a trend toward lower
C-reactive protein and TNF-o compared with placebo. The pomegranate extract group showed a decrease
in systolic blood pressure (by 5.22+1.26 mmHg, p=0.04) and a trend toward lower diastolic blood pressure
(2.94£1.08 mmHg, p=0.3). Additionally, despite the absence of complaints or diagnosed diseases, a
significant number of participants had elevated levels of inflammatory markers and systolic blood pressure.
The authors concluded that pomegranate extract has the potential to affect inflammatory markers and blood
pressure when elevated in normal and overweight older adults. This makes pomegranate extract a cost-
effective intervention in healthy aging, but further long-term studies with larger numbers of participants
are needed.

In inflammatory bowel diseases, the anti-inflammatory, antioxidant and immunomodulatory
properties of Punica granatum L. can reduce the severity and frequency of symptoms. It has been found
that different parts of Punica granatum L. mainly suppress inflammation in the intestinal wall by regulating
key proteins of various inflammatory pathways, such as nuclear factor kappa B (NF-kB), mitogen-activated
protein kinase (MAPK) signaling pathways, etc. [26]. At the same time, they also reduce the effects of
oxidative stress on intestinal cells, maintain the integrity of its epithelial cells and the diversity of the
intestinal microbiota [21].

Antimicrobial activity. According to the study [23] of pomegranate pericarp for antibacterial
activity against diarrhea-causing microorganisms such as Staphylococcus aureus, Vibrio cholera, and
Vibrio parahaemolyticus, it was found that, with the exception of Vibrio cholera, all the bacterial pathogens
tested demonstrated inhibitory zones (6.3-14.8 mm) in response to Punica granatum L. extracts (ethanol
and water). Other studies have shown that pomegranate has bactericidal activity against pathogenic
bacteria, including Salmonella Typhi, Vibrio cholera, Yersinia enterocolitica, Shigella spp., and Listeria
monocytogenes [1, 13, 25, 27].

In a study by Abutayeh R.F. et al. [1], the antimicrobial activity of pomegranate skin extracts alone
and/or in combination with antibacterial agents against four bacterial strains was studied. It was found that
the antibacterial activity of pomegranate skin extracts varied depending on the extraction method and the
solvent used. Thus, the aqueous macerate and the extract obtained by microwave treatment showed high
efficiency and similar activity against Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) and
Pseudomonas aeruginosa (MIC 12.5 and 25 ug/ul, respectively, for both aqueous extracts). In contrast,
Proteus mirabilis was more sensitive to the inhibitory activity of organic pomegranate skin extracts with
an MIC of 25 pg/pl recorded using ethanolic solvents. Bacterial antagonistic activity was observed against
gentamicin-resistant Pseudomonas aeruginosa, especially when lower concentrations (3.125; 1.562; 0.781
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and 0.39 pg/ul) of aqueous pomegranate skin extracts were evaluated in combination with different
concentrations of gentamicin. Thus, the antimicrobial potential of pomegranate skin extracts was
demonstrated, and the combination of the latter with antibiotics is a promising direction for the prevention
of antibiotic resistance and highlights their potential role in the treatment of infectious diseases.

Farhat G. et al. [13] studied the antibacterial and antifungal effects of standardized pomegranate
and lemon extracts on various types of gram-negative and gram-positive bacteria, as well as two types of
yeast. In addition, the antimicrobial activity of common antibiotics (ciprofloxacin, imipenem, gentamicin
and ceftazidime), both individually and in combination with pomegranate and lemon extracts against S.
aureus and E. coli, was evaluated. It was found that pomegranate extract showed significant antibacterial
(mainly bactericidal) and antifungal effects against most pathogenic microorganisms, while lemon extract
showed antibacterial (mainly bacteriostatic) and antifungal properties to a lesser extent. When comparing
the effects with antibiotics, it was found that pomegranate extract showed a larger zone of inhibition than
ciprofloxacin and ceftazidime (p<0.01), and a comparable zone of inhibition with gentamicin (p=0.4)
against S. aureus. However, combinations of pomegranate and lemon extracts with antibiotics had either
neutral or antagonistic effects on antibiotic activity against S. aureus and E. Coli.

A Brazilian study [25] investigated the antibacterial activity of Punica granatum L. peel extract
against the enterobacteria Escherichia coli (E. coli), Salmonella Typhimurium (S. Typhimurium) and
Shigella Dysenteriae (S. Dysenteriae) and the Gram-positive bacteria Staphylococcus aureus (S. aureus).
It was found that the methanolic peel extract (50 ml) of yellow Punica granatum L. showed 26, 10, 10 and
9 mm zones of inhibition (IZ) against S. aureus, S. Typhimurium, S. Dysenteriae and E. coli, respectively.
It was found that the methanolic extract of red Punica granatum L. (100 ml) showed 27, 8, 12 and 15 mm
zones of inhibition (IZ) against S. aureus, S. Typhimurium, S. Dysenteriae and E. coli, respectively. It was
also found that methanolic extract of peel (50 ml) of yellow Punica granatum L. showed 26, 10, 10 and 9
mm zones of inhibition (ZI) against S. aureus, S. Typhimurium, S. Dysenteriae and E. coli, respectively.
Furthermore, methanolic extract of red Punica granatum L. (100 ml) showed 27, 8, 12 and 15 mm IZ against
S. aureus, S. Typhimurium, S. Dysenteriae and E. coli, respectively. The highest IZ was observed against
Staphylococcus aureus. The authors of the study emphasized that many of the bacteria studied are capable
of causing serious gastrointestinal infections that can lead to hemorrhagic diarrhea in children. These
infections can be life-threatening for young children and the elderly. There is an incentive to find alternative
control measures such as plant and herbal extracts, especially in less developed countries where traditional
antibiotics may not be available.

Another study [19] investigated the effect of bioactive polyphenols from Punica granatum against
enterobacteria and the effects of polyphenols in combination with antibiotics against clinical isolates of
Enterobacteriaceae, mainly prevalent in South Asian countries. Extracts of Kandhari Punica granatum (of
Pakistani origin) were tested for antienterobacterial activity using agar diffusion assay against MDR
Salmonella enterica serovar Typhi, serovar Typhimurium and E. coli. It was found that methanolic extract
of Punica granatum showed the largest zones of inhibition of 25, 22 and 19 pm and minimum inhibitory
concentrations (MICs) of 3.9, 7.8 and 7.8 mg/mL for S. typhi, S. typhimurium and E. coli, respectively.
Punicalagin and ellagic acid were identified as the dominant compounds by mass spectrometry. In the plate
test, punicalagin (10 mg/ml) was shown to be active with vague zones of inhibition of 17, 14 and 13 mm
against S. typhi, S. typhimurium and E. coli, respectively. However, in the broth dilution assay, punicalagin
did not show MIC up to 10 mg/ml. The synergistic effect of punicalagin in combination with antimicrobial
drugs — aminoglycoside, B-lactam and fluoroquinolone against multi-resistant strains was established. It
was demonstrated that the percentage increase in the zone of inhibition varied from 3.4 +2.7 % to 73.8 +
8.4 %. The authors concluded that the methanolic extract of Punica granatum peel exhibits antimicrobial
activity against pathogenic microorganisms of the Enterobacteriaceae family. The bacteriostatic flavonoid
punicalagin acts as a concentration-dependent agent that enhances the effect of antimicrobial drugs against
enterobacteria.

The antidiarrheal effects of the aqueous extract of Punica granatum were evaluated in a rat
experiment under conditions of castor oil-induced diarrhea [35]. A dose-dependent inhibition of
spontaneous motility of the isolated rat ileum and attenuation of acetylcholine-induced contractions were
found. The extract (100, 200, 300 and 400 mg/kg) also caused a dose-dependent decrease in gastrointestinal
transit and significantly protected rats from castor oil-induced diarrhea. Preliminary phytochemical
screening of the aqueous extract of Punica granatum peel gave positive results for tannins, flavonoids and
alkaloids. The results obtained showed that the aqueous extract of Punica granatum peel contains some
biologically active elements effective against diarrhea. This may be the basis for its traditional use in
gastrointestinal disorders. Therefore, pomegranate peel is used in the phytotherapeutic treatment of
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diarrhea due to the tannins it contains. The antimicrobial and anti-inflammatory properties of pomegranate
peel can help reduce intestinal infections and inflammation. In addition, the tannins of Punica granatum L.
inhibit the motility of the digestive tract and increase the density of intestinal contents.

Fungal infections, especially those caused by Candida species, represent a significant global health
problem, exacerbated by the increasing resistance to antifungal drugs [35]. This reduces the treatment
options for fungal infections, increasing the risk of mortality and increasing the cost of treatment.
Therefore, the search for biologically active compounds with therapeutic potential for the treatment of
candidiasis continues [34].

In a study by Ferreira N.S. et al. [15], the efficacy of dry extract of Punica granatum peel as an
antifungal agent against Candida infections (C. albicans, C. parapsilosis, C. krusei and C. glabrata) and its
effect on fungal growth, disruption of biofilms and integrity of fungal cell membranes was studied, and its
safety against hemolysis was assessed at different concentrations. Dry extract of Punica granatum peel
demonstrated inhibitory activity against all tested Candida strains with a minimum inhibitory concentration
(MIC) of 1 % (10 mg/ml). The authors attributed the obtained effect to the phenolic composition of the
peel extract, namely the content of gallic acid, punicalagin A, punicalagin B and ellagic acid. It was shown
that dry extract of pomegranate peel disrupted Candida biofilms and demonstrated safety against hemolysis
at concentrations up to 60 mg/ml. However, no evidence of direct interaction with the fungal cell wall or
ergosterol of the fungal membrane was found.

Punica granatum L. polyphenols (caffeic and ellagic acids, luteolin and punicalagin) have also been
found to have antiviral properties [41]. In vitro, pomegranate extracts and ellagitannins interact and inhibit
the infectivity of a number of viruses, including SARS-CoV-2. In silico studies show that ellagitannins
bind to several proteins of human SARS-CoV-2, including a number of proteases. This warrants further
investigation of polyphenol-virus and polyphenol-host interactions in vitro and in vivo studies [41].
Recently, an in silico molecular docking study demonstrated that Punica granatum L. extract is a potential
inhibitor of the SARS-CoV-2 fusion protein and the angiotensin-converting enzyme 2 (ACE2) receptor
[4]. Pomegranate extracts, ellagitannins, and ellagic acid are promising agents for combating the SARS-
CoV-2 virus, limiting the body's inflammatory responses to viral infections, and also replenishing the
body's depleted antioxidant levels during the recovery stage from COVID-19 [2].

A randomized, double-blind, placebo-controlled trial [44] examined the effects of pomegranate
juice on inflammatory status and complete blood count in hospitalized COVID-19 patients. The duration
of the study was 14 days. It was found that additional pomegranate juice consumption resulted in significant
reductions in IL-6 (5.24; 95 % CI: 0.87-9.61), C-reactive protein (23.19; 95 % CI: 11.93-34.44), and
erythrocyte sedimentation rate [10.52; 95 % CI: 1.54—19.50) compared to baseline. Also, in the group that
was additionally administered pomegranate juice, significant changes were noted in neutrophils,
lymphocytes, platelets, platelet to lymphocyte ratio, and neutrophil to lymphocyte ratio (p<0.05) compared
to baseline values. It was demonstrated that changes in IL-6 [7.09 (1.96-12.21)], leukocytes [3.09 (0.05—
6.14)], neutrophils [9.12 (0.15-18.08)], lymphocytes [7.05 (0.17-13.92)], platelets [94.54 (49.75-139.33)],
platelet-to-lymphocyte ratio [15.99 (2.67-29.31)], blood oxygen saturation [1.75 (0.13-3.37)], and MCV
[0.31 (0.25-0.88)] significantly differed between groups. The authors concluded that supplemental
pomegranate juice consumption may improve inflammatory status and complete blood count results in
patients with COVID-19.

A systematic review [6] found that pomegranate juice may be beneficial in SARS-CoV-2 infection,
especially for patients with a history of chronic diseases such as hypertension, cardiovascular disease,
diabetes, and cancer.

Anticarcinogenic properties. Punica granatum L. is a rich source of polyphenols, including
flavonoids and ellagitannins, and numerous other biologically active compounds. Polyphenols such as
punicalin, punicalagin, and ellagic acid are just some of the many compounds responsible for the anticancer
activity of pomegranate. Many pomegranate preparations such as pomegranate juice, pomegranate seed
oil, pomegranate peel extract, etc. have been used in various clinical studies. These polyphenols exhibit
anticancer activity, either by arresting the cell cycle in the G2/M phase, inducing apoptosis, or damaging
the DNA of tumor cells [37]. This makes the use of various extracts of Punica granatum L. very attractive
for the prevention and treatment of cancer.

A systematic review by Wong T.L et al. [48] presents an analysis of preclinical (in vitro, ex vivo
and in vivo) and clinical studies of the anticancer effects of phytochemicals and molecular targets of Punica
granatum L. in numerous types of cancer, such as breast cancer, gastrointestinal (oral cavity, colon, liver
and pancreas), gynecological (uterine and ovarian), hematological (lymphoma, leukemia and myeloma),
lung, neurological (glioma), urogenital (bladder and prostate) cancer.
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Polyphenols and flavonoids in pomegranate juice may be important components responsible for
the antitumor activity in hepatocellular carcinoma [50]. It has been experimentally shown that serum
containing pomegranate juice inhibits the migration of hepatocellular carcinoma cells by regulating the
balance of TIMP2/MMP2 and the expression of MMP9, and also promotes the apoptosis of hepatocellular
carcinoma cells by inducing mitochondrial dysfunction and triggering the caspase cascade [50].

Polyphenols isolated from Punica granatum L. have demonstrated anticancer activity. In a review
by Teniente S.L. et al. [42], studies investigating the anticancer activity of polyphenolic compounds from
the peel of Punica granatum L. in cervical cancer were summarized. Biologically active compounds from
the peel of Punica granatum L. have been shown to have anticancer activity in in vitro studies against
cervical cancer [31], lung cancer [30], and colon cancer [42].

In a study by Teniente S.L. et al. [43], the antiproliferative and cytotoxic activities of pomegranate
peel polyphenols, coffee pulp polyphenols, and a 50-50 % mixture of both substances were studied on
HeLa, A549, MDA-MB, and Hek-293 cell lines. The antiproliferative and cytotoxic effects of pomegranate
peel polyphenols and coffee pulp polyphenols were established when administered at different
concentrations or mixtures on Hela, A549, and MDA-MB cell lines. However, no significant
antiproliferative effect was found on Hek-293 cells treated under similar conditions. The authors concluded
that the results obtained indicate the potential of pomegranate peel polyphenols and coffee pulp
polyphenols, individually or in combination, to modulate biological mechanisms that operate in cervical,
breast, and lung cancer.

Punic acid is a long-chain omega-5 polyunsaturated fatty acid that constitutes approximately 65-
80 % of pomegranate seed oil and has been shown to have anticancer activity in various types of cancer.
A study by Quitmeyer B. et al. [37] examined the effects of punic acid on both the human breast cancer
cell line MCF-7 and the non-cancerous breast epithelial cell line MCF-10A. According to the protocol,
both cell types were treated with different concentrations of punicic acid and viable cell density,
cytotoxicity and apoptosis, and expression of the antioxidant peroxiredoxin (Prdx) were measured. It
was found that punicic acid exhibited cytotoxic effects for both lines, but the levels of cytotoxicity and
sensitivity to MCF-10A cells were higher at lower concentrations. This indicated that cytotoxicity was
associated with apoptosis in both cell lines. Using real-time PCR, the authors demonstrated induction of
all six Prdx mRNAs in MCF-7 cells, ranging from a 1.4-fold increase at 2 pg/ml to a more than 5-fold
increase at 10 pg/ml. The scientists showed that in the MCF-10A cell line model, significantly higher
induction of all six Prdx mRNAs was detected at 10 pg/ml, exceeding the 30-fold induction of Prdxl1,
Prdx2, and Prdx5. Thus, the use of punicic acid demonstrated different cytotoxicity and regulation of
Prdx in MCF-7 and MCF-10A cell lines, which allows to clarify the cell-specific mechanisms of its
action in breast cancer.

However, it should be noted that the use of juice and extracts from various parts of Punica granatum
L. may cause side effects [38]. According to a systematic review (2016), the most common side effects
were gastrointestinal problems, flu-like symptoms, and urinary problems. In case studies, the most
significant side effect reported was allergic reaction.

Further research into the health-promoting properties of Punica granatum L. will enable the
effective use of this cost-effective remedy in healthy aging, prevention of infectious diseases, and cancer
control. Planned randomized controlled long-term studies with a larger number of participants are needed
to definitively confirm the therapeutic effects of Punica granatum L.

Conclusions

1. Punica granatum L. has been used for centuries in traditional medicine in the world to prevent
and treat a wide range of health disorders. The pomegranate fruit is an important source of nutrients,
including dietary fiber, polysaccharides, vitamins, fatty acids, and polyphenols. Biologically active
compounds of Punica granatum L. provide a powerful potential and a wide spectrum of biological and
pharmacological activity.

2. The peel, seeds, and juice of pomegranate contain significant amounts of phenolic compounds
and have antioxidant activity. It was found that pomegranate extract showed significant antibacterial
(mainly bactericidal), antifungal effects and antiviral properties. Polyphenols such as punicalin,
punicalagin, and ellagic acid are just some of the many compounds responsible for the anticancer activity
of pomegranate.

3. Punica granatum L. and its derivatives, such as ellagic acid, can regulate the expression and
activity of several molecular targets related to oxidative stress, inflammation, cell cycle, apoptosis,
angiogenesis, invasion, and metastasis, which makes it promising for further research in various
pathological conditions.
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