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Pomegranate (Punica granatum L.) is a rich source of polyphenols, including ellagitannins and ellagic acid. The
plant is used in traditional medicine, and its purified components can provide anti-inflammatory and antioxidant
activity and support of host defenses during viral infection and recovery from disease. Pomegranate extracts,
ellagitannins and ellagic acid are promising agents to target the SARS-CoV-2 virus and to restrict the host
inflammatory response to viral infections, as well as to supplement the depleted host antioxidant levels during the
stage of recovery from COVID-19.
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1. Antioxidant and Anti-Inflammatory Activity of
Pomegranate Extract

The anti-inflammatory and antioxidant properties of pomegranate are attributed predominantly to the polyphenolic
substances present in both the edible and non-edible parts of the plant. These polyphenols are mainly
anthocyanins, condensed tannins that give the fruit its brilliant red color and hydrolysable ellagitannins (ETs) &,
The ETs are regarded as the main contributors to the antioxidant effects of pomegranate extracts, and their
concentration is much higher in pomegranate plants compared to other plants [ZEl[4] ETs consist of one or multiple
units of EA attached to a sugar or a sugar alcohol core. In pomegranate extract, numerous ET compounds have
been identified, the punicalagins (PUN) being the most abundant, and a smaller portion is contributed by their
hydrolysis products, punicalin and free EA B8, pyrified ETs, as well as the pomegranate polyphenol extract
itself, have shown good antioxidant and anti-inflammatory activity in a range of experimental systems. Numerous
articles have examined their effect on chronic inflammatory conditions, including autoimmune disorders,
neurodegenerative conditions, respiratory distress and viral infection. The studies show a general trend of
decrease in the levels of pro-inflammatory markers after treatment with plant polyphenol-rich extracts or with their
purified components and downstream metabolites [EIIINILAA3IIA] The data show that pre-treatment with
pomegranate extracts, ETs (corilagin or punicalagin) and urolithin A are associated with anti-inflammatory effects in
various tissues 151161,
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2. Antioxidant and Anti-Inflammatory Effects of EA and Its
Metabolites

ETs undergo hydrolysis during fruit processing or after ingestion. Therefore, ET-rich plants or plant extracts can be
a nutritional source of EA. The resultant EA is further converted to urolithins by the gut flora 7. The urolithins
and their conjugates show higher bioavailability compared to the EA precursor and thus can be expected to exert
systemic effects 2813 However, the human population can be divided into three different metabotypes according
to the urolithin profile measured after ingestion of ET-containing foods or extracts, which may result in a high

variability of the effects associated with urolithin treatment in vivo [18I[19](201[21]

Chronic inflammatory conditions are associated with immune cell invasion of the tissues and often lead to tissue
damage, including fibrosis. The ET corilagin and EA have been shown to be able to interfere with hypertrophic scar
formation and lung fibrosis by regulating levels of TGF-B1 via activity of lysyl oxidase homolog 2 enzyme (LOXL2)
and the remodeling of the extracellular matrix by matrix metalloproteinases (MMPs) [22l23] EA supports endothelial
function not only by directly reducing oxidative stress but also by decreasing the TNF-a-induced endothelial
expression of vascular cell adhesion molecule 1 (VCAM1) and intracellular adhesion molecule 1 (ICAM1) [24123] A
reduction in immune cell invasion was achieved by using pomegranate extract, PUN or urolithin A in the lungs,
CNS and other inflammation sites in a variety of rodent model systems. The positive effects of ETs and related
metabolites on inhibiting the invasion of CNS tissues with immune cells and the decreased activation of resident
immune cells (e.g., microglia) points to the potential benefits of using plant polyphenolic extracts as part of

supportive treatment for neuro-inflammation after COVID-19, a serious and long-term complication [28127],

In addition to infiltrating the inflamed tissues, activated immune cells release pro-inflammatory cytokines (including
TNF-qa, IL-1B and IL-6) and pro-inflammatory molecules, such as NO, which can also influence chemotaxis. Viral
infections are also able to induce the secretion of these molecules [2I28129]130] The SARS-CoV-2 proteins nsp9 and
nsp10 may stimulate chemotaxis via IL-6 and IL-8 by interfering with NFkB signaling 21132,

The nuclear factor NFKB has been described as a “matchmaker between inflammation, inflammatory bowel
disease, cancer and diabetes” 13 and it is under its regulation that IL-6, TNF-a and IL-1pB levels increase in
chronic diseases. Viral infection can also be an activator for NFkB. It appears that pomegranate polyphenolic
extracts and their components restrict the secretion of pro-inflammatory molecules listed above by reducing NFkB
activity BIE3IB4IE] A comparative study testing three ETs (urolithin A, iso-urolithin A and urolithin B), along with
their respective glucuronides, on lipopolysaccharide (LPS)-induced inflammation in vitro showed that urolithin A

was the most effective in reducing the levels of TNF-alpha, while its glucuronide conjugate did not have any effect
[15),

The ability of ETs and EA to regulate cytokine levels may be beneficial to counteract the deregulation of immunity
induced by SARS-CoV-2.
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The studies demonstrating the antioxidant and anti-inflammatory properties of plant extracts containing

ellagitannins or of purified ellagitannins and downstream metabolites (ellagic acid or urolithins) are listed in Table

1.

Table 1. Antioxidant and anti-inflammatory properties of in vitro and in vivo application of plant extracts containing

ellagitannins or application of purified ellagitannins and downstream metabolites (ellagic acid or urolithins). 1:

increased; !: decreased; x: counteracted.

Compound
Tested

pomegranate
extract

pomegranate
flower extract

pomegranate
juice

pomegranate
leaf
ethanolic extract

pomegranate
peel extract

walnut
methanolic
extract

corilagin

Experimental System

human consumption
of capsules

Alzheimer’s disease
transgenic R1.40 mice
model

Zucker diabetic fatty rat

hyperoxia rat model

intranasal application in
asthma mouse model

neutrophil culture and LPS-
stimulated mice

LPS-induced RAW264.7
macrophages

human aorta endothelial
cells (HAEC)

KS483 osteoblastic cells line

HSV-1 infected MV-2
microglia cells

HSV-1 infected mice

Findings

1 antioxidant capacity of plasma (ORAC)
within 30 min

non-significant | TNFa, IL-1 and COX2

| interstitial and perivascular collagen
accumulation in heart, expression of collagen
I, collagen lll, fibronectin, ET1, ETA, ETB,
x NFkB activity

| neutrophil infiltration, albumin leak, ROS,
apoptotic bodies in lungs, IL-1(, IL-6

L IL-1B, IL-5, inflammatory cell infiltration in
lung,
mucous glycoprotein secretion

X MPO activity in neutrophils,
I lung invasion of inflammatory cells

| TLR4 expression, | IL-1f, IL-6, TNFa, NO,
PGE2, ROS production,
X nuclear translocation of NFKB nuclear
translocation

I TNFa-induced VCAML1 and ICAM1
expression

nodule formation induced

| secretion of NO, TNFa, IL-10, 1 secretion of
IL-10,
cytochrome c, caspase-3, -8, -9 and -12

I numbers of inflammatory cells in the brain,
| neuronal degeneration and interstitial
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Compound

Tested Experimental System

acute respiratory distress
mouse model

punicalagin
Jurkat cells

activated CD4+ murine
splenic lymphocytes

PMA-induced ear edema in

mice

LPS-induced RAW264.7
macrophages

human aorta endothelial

ellagic acid cells (HAEC)

KS483 osteoblastic cells line

mice on high fat diet

human umbilical vein
endothelial cells (HUVEC)

human Caco-2 intestinal
cells

in combination with
oseltamivir and isoprinosine
in influenza A infected mice

LPS-induced RAW264.7
macrophages

Caco-2 and HT-29/B6
intestinal cells

Findings

edema

| inflammatory cell lung invasion, alveolar
wall
thickening, pulmonary congestion, | TNFa,
IL-1B, and IL-6 levels, MPO activity, TLR4
expression,
x phosphorylation of IkBa and NFkB p65

T cell activation by NFAT

1 IL-2 mRNA and protein

| hyperplasia and inflammatory cell infiltration

| TLR4 expression, { IL-1p3, IL-6, TNFa, NO,
PGE2, ROS production,
X nuclear translocation of NFKB nuclear
translocation

I TNFa-induced VCAM1 and ICAM1
expression

nodule formation induced

| aortic lesions, plasma cholesterol and
triglyceride, 1sSICAM1 and E-selectin
expression, 1 Nrf2, HO-1
protein and aortic NOS activity

Nrf2-mediated cytoprotection, 1+ HO-1 protein

| NFKB activation after LPS stimulation, 1
IKB-a phosphorylation and IL-8 secretion after
IL-1p stimulation

1 glutathione reductase activity, | TBARS in
blood plasma and lungs during infection

| TLR4 expression, | IL-1f, IL-6, TNFa, NO,
PGE2, ROS production,
X nuclear translocation of NFKB nuclear
translocation

1 transepithelial resistance,
| caludin-4, -7, -15 expression
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Compound . -
Tested Experimental System Findings References
| demyelination and inflammatory infiltrating
. experimental autoimmune cells, [12]
urolithin A . ) i -
encephalomyelitis reduce severity of disease, | activation of
dendritic cells and CNS microglia
bone marrow-derived
dendritic cells and SIM-A9 L IL-1B, IL-6, TNFa, t I1L-10
microglia
ts
LIkB-a phosphorylation, IL-1f3, IL-2, IL-6, IL-
inflammatory bowel disease 12, TNFa, NOS2, double-stranded DNA
model LPS-stimulated breaks, superoxide [L3]
BMDM production, MAPK and PI3K activation, medicinal
proinflammatory g5 s 5)(461(4748][49][50](51][52](53][54](55]
(56] Caco-2 and HT-29/B6 x TNF-a induced drop in transepithelial [44] ured cells
intestinal cells resistance .
ompanied
. LRg-stimulated BV2 I NO, TNFa and IL-6, improved SH-SY5Y 7 1egranate
urolithins . . S
microglia neuronal cell viability in HoO» ared to its

constituent punicalin (ICso of 0.06 mg/mL), suggesting synergism with other components in the plant extract 48],

Pomegranate leaf ethanolic extract showed antiviral activity against Zika virus and herpes simplex virus type 2
(HSV-2) ¥4 while a pomegranate phenolic extract showed inhibitory activity against influenza 2, and extracts from
the fruit (juice and peel) were active against hepatitis C virus (HCV) and SARS-CoV-2 4448l Similarly, promising
results against a range of viruses were obtained with purified components of these extracts, the dominant
pomegranate ET punicalagin/punicalin fraction and the ET hydrolysis product EA (Table 2). Chebulagic acid,
another ET from the Japanese medicinal plant Geranium thunbergii, also exerts broad antiviral activity with effects
similar to punicalagin BAB8IE These ETs both seemingly interact with viral glycoproteins and glycosaminoglycan

molecules on the host cell surface, which assist the entry into host cells for a range of viruses 28159,

The antiviral effect of purified EA against viruses such as Zika, HRV-2, HRV-3, HRV-4 and influenza has been
suggested to occur by disrupting the virus’s interaction with the host cell surface BIB4ES EA may also be the
dominant antiviral substance in pomegranate leaf extract, according to Acquadro et al. B3, as punicalagins and

punicalins are not present in detectable concentrations in the leaves of the plant.

The effects of EA on the virus may extend to other mechanisms, as in human immunodeficiency virus-1 (HIV-1)
infection, this phytochemical restricted viral replication by inhibition of the viral integrase, but not protease 22, In
hepatitis B virus (HBV) infection, on the other hand, EA restricted viral proliferation by preventing hepatitis Be

antigen (HBeAg) secretion [28],

Table 2. Antiviral properties of plant extracts containing ellagitannins or of purified ellagitannins and downstream

metabolites (ellagic acid or urolithins). DENV: Dengue virus; HBV: Hepatitis B virus; HCMV: Human
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cytomegalovirus; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HRV: Human rhinovirus; HSV:

Herpes simplex virus; MV: Measles virus; RSV: Respiratory syncytial virus.

Compound Tested Viral Target
ellagic acid influenza A
pomegranate polyphenol influenza A
extract, punicalagin influenza B
pomegranate leaf ethanolic HSV-2
extract Zika
pomegranatel pegl extract and HCV
fruit juice
pomegranate peel extract, SARS-
punicalin CoV-2
Rhodiola rosea extract Ebola
: . SARS-
punicalagin and Zn(ll) CoV-2
chebulagic acid, SARS-
punicalagin CoV-2
HSV-1
HCMV
HCV
DENV
MV
RSV
eraniin SARS-
9 CoV-2
corilagin SARS-
g CoV-2
SARS-
CoV-2

Molecular Mechanism
synergistic effect on antioxidant defenses with
oseltamivir and isoprinosine

synergistic effect on viral proliferation inhibition
with oseltamivir

reduces viral proliferation in cells

inhibition of NS3/4A protease activity

binds to SARS-CoV-2 S-glycoprotein and
inhibits
binding to ACE2

inhibits viral entry in cells

inhibition of 3CL protease, synergistic effect with
Zn(ll)

non-competitive inhibition of 3CL protease

inhibits viral entry in cells and cell-to-cell spread
via
viral glycoprotein and host glucosaminoglycans
interaction

inhibits viral attachment to cells

binds SARS-CoV-2 S-glycoprotein receptor
binding
domain

binds to SARS-CoV-2 S-glycoprotein and
inhibits
binding to ACE2

inhibits activity of RNA-dependent RNA
polymerase nspl12
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Compound Tested Viral Target Molecular Mechanism References

hypothetical interaction with cell surface to
ellagic acid Zika prevent 23]
viral infection

HIV-1 blocks viral integrase but not protease (58]
HRV2 ) . Lo 34]
HRV3 reduces viral proliferation in cells

HBV blocks HBeAg secretion from cells 28]
Ebola inhibits viral entry in cells [43]

Functional Food Pomegranate (Punica granatum). Molecules 2017, 22, 1606.

2. Benchagra, L.; Berrougui, H.; Islam, M.O.; Ramchoun, M.; Boulbaroud, S.; Hajjaji, A.; Fulop, T.;
Ferretti, G.; Khalil, A. Antioxidant effect of moroccan pomegranate (Punica granatum L. sefri
variety) extracts rich in punicalagin against the oxidative stress process. Foods 2021, 10, 2219.

3. Tzulker, R.; Glazer, I.; Bar-llan, I.; Holland, D.; Aviram, M.; Amir, R. Antioxidant activity, polyphenol
content, and related compounds in different fruit juices and homogenates prepared from 29
different pomegranate accessions. J. Agric. Food Chem. 2007, 55, 9559-9570.

4. Braidy, N.; Selvaraju, S.; Essa, M.M.; Vaishnay, R.; Al-Adawi, S.; Al-Asmi, A.; Al-Senawi, H.; Abd
Alrahman Alobaidy, A.; Lakhtakia, R.; Guillemin, G.J. Neuroprotective effects of a variety of
pomegranate juice extracts against MPTP-induced cytotoxicity and oxidative stress in human
primary neurons. Oxid. Med. Cell Longev. 2013, 2013, 685909.

5. Haidari, M.; Ali, M.; Ward Casscells, S.; Madjid, M. Pomegranate (Punica granatum) purified
polyphenol extract inhibits influenza virus and has a synergistic effect with oseltamivir.
Phytomedicine 2009, 16, 1127-1136.

6. Saeed, M.; Naveed, M.; BiBi, J.; Kamboh, A.A.; Arain, M.A.; Shah, Q.A.; Alagawany, M.; El-Hack,
M.E.A.; Abdel-Latif, M.A.; Yatoo, M.I.; et al. The Promising Pharmacological Effects and
Therapeutic/Medicinal Applications of Punica Granatum L. (Pomegranate) as a Functional Food in
Humans and Animals. Recent Pat. Inflamm. Allergy Drug Discov. 2018, 12, 24-38.

7. DaSilva, N.A.; Nahar, P.P.; Ma, H.; Eid, A.; Wei, Z.; Meschwitz, S.; Zawia, N.H.; Slitt, A.L.;
Seeram, N.P. Pomegranate ellagitannin-gut microbial-derived metabolites, urolithins, inhibit
neuroinflammation in vitro. Nutr. Neurosci. 2019, 22, 185-195.

8. De Oliveira, J.F.F.; Garreto, D.V.; Da Silva, M.C.P.; Fortes, T.S.; De Oliveira, R.B.; Nascimento,
F.R.F.; Da Costa, F.B.; Grisotto, M.A.G.; Nicolete, R. Therapeutic potential of biodegradable
microparticles containing Punica granatum L. (pomegranate) in murine model of asthma. Inflamm.
Res. 2013, 62, 971-980.

https://encyclopedia.pub/entry/44198 7/12



Ellagic Acid and Polyphenols of Punica granatum L. | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Guo, Y.J.; Zhao, L.; Li, X.F.; Mei, Y.W.; Zhang, S.L.; Tao, J.Y.; Zhou, Y.; Dong, J.H. Effect of

Corilagin on anti-inflammation in HSV-1 encephalitis and HSV-1 infected microglias. Eur. J.
Pharmacol. 2010, 635, 79-86.

Husari, A.; Khayat, A.; Bitar, H.; Hashem, Y.; Rizkallah, A.; Zaatari, G.; El Sabban, M. Antioxidant
activity of pomegranate juice reduces acute lung injury secondary to hyperoxia in an animal
model. BMC Res. Notes 2014, 7, 664.

Peng, J.; Wei, D.; Fu, Z.; Li, D.; Tan, Y.; Xu, T.; Zhou, J.; Zhang, T. Punicalagin Ameliorates
Lipopolysaccharide-Induced Acute Respiratory Distress Syndrome in Mice. Inflammation 2015,
38, 493-499.

Shen, P.X.; Li, X.; Deng, S.Y.; Zhao, L.; Zhang, Y.Y.; Deng, X.; Han, B.; Yu, J.; Li, Y.; Wang, Z.Z.;
et al. Urolithin A ameliorates experimental autoimmune encephalomyelitis by targeting aryl
hydrocarbon receptor. EBioMedicine 2021, 64, 103227.

Abdelazeem, K.N.M.; Kalo, M.Z.; Beer-Hammer, S.; Lang, F. The gut microbiota metabolite
urolithin A inhibits NF-kB activation in LPS stimulated BMDMs. Sci. Rep. 2021, 11, 7117.

Du, L.; Li, J.; Zhang, X.; Wang, L.; Zhang, W.; Yang, M.; Hou, C. Pomegranate peel polyphenols
inhibits inflammation in LPS-induced RAW264.7 macrophages via the suppression of TLR4/NF-
KB pathway activation. Food Nutr. Res. 2019, 63, 3392.

Bobowska, A.; Granica, S.; Filipek, A.; Melzig, M.F.; Moeslinger, T.; Zentek, J.; Kruk, A.;
Piwowarski, J.P. Comparative studies of urolithins and their phase Il metabolites on macrophage
and neutrophil functions. Eur. J. Nutr. 2021, 60, 1957-1972.

Busto, R.; Serna, J.; Perianes-Cachero, A.; Quintana-Portillo, R.; Garcia-Seisdedos, D.; Canfran-
Duque, A.; Paino, C.L.; Lerma, M.; Casado, M.E.; Martin-Hidalgo, A.; et al. Ellagic acid protects
from myelin-associated sphingolipid loss in experimental autoimmune encephalomyelitis.
Biochim. Biophys. Acta. Mol. Cell Biol. Lipids 2018, 1863, 958-967.

Esselun, C.; Theyssen, E.; Eckert, G.P. Effects of Urolithin A on Mitochondrial Parameters in a
Cellular Model of Early Alzheimer Disease. Int. J. Mol. Sci. 2021, 22, 8333.

Alfei, S.; Marengo, B.; Zuccari, G. Oxidative stress, antioxidant capabilities, and bioavailability:
Ellagic acid or urolithins? Antioxidants 2020, 9, 707.

Cortés-Martin, A.; Selma, M.V.; Tomas-Barberan, F.A.; Gonzalez-Sarrias, A.; Espin, J.C. Where to
Look into the Puzzle of Polyphenols and Health? The Postbiotics and Gut Microbiota Associated
with Human Metabotypes. Mol. Nutr. Food Res. 2020, 64, e1900952.

Cortés-Martin, A.; Garcia-Villalba, R.; Gonzalez-Sarrias, A.; Romo-Vaquero, M.; Loria-Kohen, V.;
Ramirez-De-Molina, A.; Tomas-Barberan, F.A.; Selma, M.V.; Espin, J.C. The gut microbiota
urolithin metabotypes revisited: The human metabolism of ellagic acid is mainly determined by
aging. Food Funct. 2018, 9, 4100-4106.

https://encyclopedia.pub/entry/44198 8/12



Ellagic Acid and Polyphenols of Punica granatum L. | Encyclopedia.pub

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Selma, M.V.; Gonzélez-Sarrias, A.; Salas-Salvado, J.; Andrés-Lacueva, C.; Alasalvar, C.; Orem,
A.; Tomas-Barberan, F.A.; Espin, J.C. The gut microbiota metabolism of pomegranate or walnut
ellagitannins yields two urolithin-metabotypes that correlate with cardiometabolic risk biomarkers:
Comparison between normoweight, overweight-obesity and metabolic syndrome. Clin. Nutr. 2018,
37, 897-905.

Li, Y.; Yu, Z.; Zhao, D.; Han, D. Corilagin alleviates hypertrophic scars via inhibiting the
transforming growth factor (TGF)-3/Smad signal pathway. Life Sci. 2021, 277, 119483.

Wei, Y.; Kim, T.J.; Peng, D.H.; Duan, D.; Gibbons, D.L.; Yamauchi, M.; Jackson, J.R.; Le Saux,
C.J.; Calhoun, C.; Peters, J.; et al. Fibroblast-specific inhibition of TGF-B1 signaling attenuates
lung and tumor fibrosis. J. Clin. Investig. 2017, 127, 3675-3688.

Papoutsi, Z.; Kassi, E.; Chinou, I.; Halabalaki, M.; Skaltsounis, L.A.; Moutsatsou, P. Walnut extract
(Juglans regia L.) and its component ellagic acid exhibit anti-inflammatory activity in human aorta
endothelial cells and osteoblastic activity in the cell line KS483. Br. J. Nutr. 2008, 99, 715-722.

Ding, Y.; Zhang, B.; Zhou, K.; Chen, M.; Wang, M.; Jia, Y.; Song, Y.; Li, Y.; Wen, A. Dietary ellagic
acid improves oxidant-induced endothelial dysfunction and atherosclerosis: Role of Nrf2
activation. Int. J. Cardiol. 2014, 175, 508-514.

Raman, B.; Cassar, M.P.; Tunnicliffe, E.M.; Filippini, N.; Griffanti, L.; Alfaro-Almagro, F.; Okell, T.;
Sheerin, F.; Xie, C.; Mahmod, M.; et al. Medium-term effects of SARS-CoV-2 infection on multiple
vital organs, exercise capacity, cognition, quality of life and mental health, post-hospital discharge.
EClinicalMedicine 2021, 31, 100683.

Tancheva, L.; Petralia, M.C.; Miteva, S.; Dragomanova, S.; Solak, A.; Kalfin, R.; Lazarova, M.;
Yarkov, D.; Ciurleo, R.; Cavalli, E.; et al. Emerging neurological and psychobiological aspects of
COVID-19 infection. Brain Sci. 2020, 10, 852.

Khomich, O.A.; Kochetkov, S.N.; Bartosch, B.; Ilvanov, A.V. Redox biology of respiratory viral
infections. Viruses 2018, 10, 392.

Checconi, P.; De Angelis, M.; Marcocci, M.E.; Fraternale, A.; Magnani, M.; Palamara, A.T.;
Nencioni, L. Redox-modulating agents in the treatment of viral infections. Int. J. Mol. Sci. 2020,
21, 4084.

Ganji, R.; Reddy, P.H. Impact of COVID-19 on Mitochondrial-Based Immunity in Aging and Age-
Related Diseases. Front. Aging Neurosci. 2021, 12, 614650.

Li, J.; Guo, M.; Tian, X.; Liu, C.; Wang, X.; Yang, X.; Wu, P.; Xiao, Z.; Qu, Y.; Yin, Y.; et al. Virus-
host interactome and proteomic survey of PMBCs from COVID-19 patients reveal potential
virulence factors influencing SARS-CoV-2 pathogenesis. bioRxiv 2020, 2, 99-112.e7.

Anderson, M.; Turchi, J. Targeting of Non-Structural Protein 9 as a Novel Therapeutic Target for
the Treatment of SARS-CoV-2. Proc. IMPRS 2020, 3, 24502.

https://encyclopedia.pub/entry/44198 9/12



Ellagic Acid and Polyphenols of Punica granatum L. | Encyclopedia.pub

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pavlova, E.L.; Simeonova, L.S.; Gegova, G.A. Combined efficacy of oseltamivir, isoprinosine and
ellagic acid in influenza A(H3N2)-infected mice. Biomed. Pharmacother. 2018, 98, 29-35.

Park, S.W.; Kwon, M.J.; Yoo, J.Y.; Choi, H.J.; Ahn, Y.J. Antiviral activity and possible mode of
action of ellagic acid identified in Lagerstroemia speciosa leaves toward human rhinoviruses.
BMC Complement. Altern. Med. 2014, 14, 171.

Acquadro, S.; Civra, A.; Cagliero, C.; Marengo, A.; Ritta, M.; Francese, R.; Sanna, C.; Bertea, C.;
Sgorbini, B.; Lembo, D.; et al. Punica granatum Leaf Ethanolic Extract and Ellagic Acid as
Inhibitors of Zika Virus Infection. Planta Med. 2020, 86, 1363—-1374.

Mertens-Talcott, S.U.; Jilma-Stohlawetz, P.; Rios, J.; Hingorani, L.; Derendorf, H. Absorption,
metabolism, and antioxidant effects of pomegranate (Punica granatum L.) polyphenols after
ingestion of a standardized extract in healthy human volunteers. J. Agric. Food Chem. 2006, 54,
8956-8961.

Yuan, T.; Ma, H.; Liu, W.; Niesen, D.B.; Shah, N.; Crews, R.; Rose, K.N.; Vattem, D.A.; Seeram,
N.P. Pomegranate’s Neuroprotective Effects against Alzheimer’s Disease Are Mediated by
Urolithins, Its Ellagitannin-Gut Microbial Derived Metabolites. ACS Chem Neurosci. 2016, 7, 26—
33.

Huang, T.H.; Yang, Q.; Harada, M.; Li, G.Q.; Yamahara, J.; Roufogalis, B.D.; Li, Y. Pomegranate
flower extract diminishes cardiac fibrosis in Zucker diabetic fatty rats: Modulation of cardiac
endothelin-1 and nuclear factor-kappaB pathways. J. Cardiovasc. Pharmacol. 2005, 46, 856—862.

Tancheva, L.P.; Lazarova, M.l.; Alexandrova, A.V.; Dragomanova, S.T.; Nicoletti, F.; Tzvetanova,
E.R.; Hodzhey, Y.K.; Kalfin, R.E.; Miteva, S.A.; Mazzon, E.; et al. Neuroprotective Mechanisms of
Three Natural Antioxidants on a Rat Model of Parkinson’s Disease: A Comparative Study.
Antioxidants 2020, 9, 49.

Bachoual, R.; Talmoudi, W.; Boussetta, T.; Braut, F.; EI-Benna, J. An aqueous pomegranate peel
extract inhibits neutrophil myeloperoxidase in vitro and attenuates lung inflammation in mice.
Food Chem. Toxicol. 2011, 49, 1224-1228.

Lee, S.I.; Kim, B.S.; Kim, K.S.; Lee, S.; Shin, K.S.; Lim, J.S. Immune-suppressive activity of
punicalagin via inhibition of NFAT activation. Biochem. Biophys. Res. Commun. 2008, 371, 799—
803.

Romier, B.; Van De Walle, J.; During, A.; Larondelle, Y.; Schneider, Y.J. Modulation of signalling
nuclear factor-kB activation pathway by polyphenols in human intestinal Caco-2 cells. Br. J. Nutr.
2008, 100, 542-551.

Singh, R.; Chandrashekharappa, S.; Bodduluri, S.R.; Baby, B.V.; Hegde, B.; Kotla, N.G.; Hiwale,
A.A.; Saiyed, T.; Patel, P.; Vijay-Kumar, M.; et al. Enhancement of the gut barrier integrity by a
microbial metabolite through the Nrf2 pathway. Nat. Commun. 2019, 10, 89.

https://encyclopedia.pub/entry/44198 10/12



Ellagic Acid and Polyphenols of Punica granatum L. | Encyclopedia.pub

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Moreno Fernandez-Ayala, D.J.; Navas, P.; Lopez-Lluch, G. Age-related mitochondrial dysfunction
as a key factor in COVID-19 disease. Exp. Gerontol. 2020, 142, 111147.

Cui, Q.; Du, R.; Anantpadma, M.; Schafer, A.; Hou, L.; Tian, J.; Davey, R.A.; Cheng, H.; Rong, L.
Identification of ellagic acid from plant rhodiola rosea |. as an anti-ebola virus entry inhibitor.
Viruses 2018, 10, 152.

Lin, L.T.; Chen, T.Y.; Chung, C.Y.; Noyce, R.S.; Grindley, T.B.; McCormick, C.; Lin, T.C.; Wang,
G.H.; Lin, C.C.; Richardson, C.D. Hydrolyzable Tannins (Chebulagic Acid and Punicalagin) Target
Viral Glycoprotein-Glycosaminoglycan Interactions to Inhibit Herpes Simplex Virus 1 Entry and
Cell-to-Cell Spread. J. Virol. 2011, 85, 4386—4398.

Reddy, B.U.; Mullick, R.; Kumar, A.; Sudha, G.; Srinivasan, N.; Das, S. Small molecule inhibitors
of HCV replication from Pomegranate. Sci. Rep. 2014, 4, 5411.

Surugi¢, R.; Travar, M.; Petkovi¢, M.; Tubié¢, B.; Stojiljkovi¢, M.P.; Grabez, M.; Savikin, K.; Zduni¢,
G.; Skrbi¢, R. Pomegranate peel extract polyphenols attenuate the SARS-CoV-2 S-glycoprotein
binding ability to ACE2 Receptor: In silico and in vitro studies. Bioorganic. Chem. 2021, 114,
105145.

Saadh, M.J.; Almaaytah, A.M.; Alaraj, M.; Dababneh, M.F.; Sa’adeh, I.; Aldalaen, S.M.; Kharshid,
A.M.; Alboghdadly, A.; Hailat, M.; Khaleel, A.; et al. Punicalagin and zinc (ll) ions inhibit the activity
of SARS-CoV-2 3CL-protease in vitro. Eur. Rev. Med. Pharmacol. Sci. 2021, 25, 3908-3913.

Du, R.; Cooper, L.; Chen, Z.; Lee, H.; Rong, L.; Cui, Q. Discovery of chebulagic acid and
punicalagin as novel allosteric inhibitors of SARS-CoV-2 3CLpro. Antivir. Res. 2021, 190, 105075.

Lin, L.T.; Chen, T.Y.; Lin, S.C.; Chung, C.Y.; Lin, T.C.; Wang, G.H.; Anderson, R.; Lin, C.C.;
Richardson, C.D. Broad-spectrum antiviral activity of chebulagic acid and punicalagin against
viruses that use glycosaminoglycans for entry. BMC Microbiol. 2013, 13, 187.

Kim, Y.S.; Chung, H.S.; Noh, S.G.; Lee, B.; Chung, H.Y.; Choi, J.G. Geraniin inhibits the entry of
SARS-CoV-2 by blocking the interaction between spike protein RBD and human ACE2 receptor.
Int. J. Mol. Sci. 2021, 22, 8604.

Yang, L.J.; Chen, R.H.; Hamdoun, S.; Coghi, P.; Ng, J.P.L.; Zhang, D.W.; Guo, X.; Xia, C.; Law,
B.Y.K.; Wong, V.K.W. Corilagin prevents SARS-CoV-2 infection by targeting RBD-ACE2 binding.
Phytomedicine 2021, 87, 153591.

Li, Q.; Yi, D.; Lei, X.; Zhao, J.; Zhang, Y.; Cui, X.; Xiao, X.; Jiao, T.; Dong, X.; Zhao, X.; et al.
Corilagin inhibits SARS-CoV-2 replication by targeting viral RNA-dependent RNA polymerase.
Acta Pharm. Sin. B 2021, 11, 1555-1567.

Promsong, A.; Chuenchitra, T.; Saipin, K.; Tewtrakul, S.; Panichayupakaranant, P.; Satthakarn, S.;
Nittayananta, W. Ellagic acid inhibits HIV-1 infection in vitro: Potential role as a novel microbicide.
Oral Dis. 2018, 24, 249-252.

https://encyclopedia.pub/entry/44198 11/12



Ellagic Acid and Polyphenols of Punica granatum L. | Encyclopedia.pub

56. Shin, M.S.; Kang, E.H.; Lee, Y.I. A flavonoid from medicinal plants blocks hepatitis B virus-e
antigen secretion in HBV-infected hepatocytes. Antivir. Res. 2005, 67, 163—-168.

57. Giordano, D.; Facchiano, A.; Carbone, V. Food Plant Secondary Metabolites Antiviral Activity and
Their Possible Roles in SARS-CoV-2 Treatment: An Overview. Molecules 2023, 8, 2470.

58. Antoine, T.E.; Park, P.J.; Shukla, D. Glycoprotein targeted therapeutics: A new era of anti-herpes
simplex virus-1 therapeutics. Rev. Med. Virol. 2013, 23, 194-208.

59. Roa-Linares, V.C.; Escudero-Florez, M.; Vicente-Manzanares, M.; Gallego-Gémez, J.C. Host Cell
Targets for Unconventional Antivirals against RNA Viruses. Viruses 2023, 15, 776.

Retrieved from https://encyclopedia.pub/entry/history/show/100040

https://encyclopedia.pub/entry/44198 12/12



