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ABSTRACT
The ellagic acid (EA) is the main compound associated with the beneficial effects of pomegranate. EA has a
clinical antiviral effect against the influenza virus, the herpes virus, the poxviruses, and the HIV-1 virus.
Similarly to HIV, SARS-CoV-2 is a RNA virus relying on the reverse transcriptase for its multiplication.
Recent docking simulation studies showed that EA has the second highest affinity to the ACE-2-receptors
which makes it a strong candidate for the prevention and treatment of the SARS-CoV-2 infection. EA could
be a promising agent to prevent and ameliorate the damaging effects in the infected individuals.
The pomegranate polyphenols have a potent anti-inflammatory effect which achieves decreasing of the proinflammatory cytokines and inflammatory mediators by regulating the mitogen-activated protein kinases
pathway. This effect is explained by the inhibition of some inflammatory markers such as NF-κ-B, TNFα
and COX-2.
Through its capacity to neutralize ROS, pomegranate extracts seem to be capable of directly addressing the
respiratory inflammation observed in respiratory viral infections through inhibition of neutrophil ROS and
methylperoxydase. Data from our previous studies as well as the data available from other sources is
convincing that the pomegranate extract could be used as an anti-inflammatory and antioxidant agent to
improve the host immune response and serve as a preventive agent to acquiring COVID-19.
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INTRODUCTION
The SARS-CoV-2 novel coronavirus is the
causative agent of the coronavirus disease
(COVID-19). COVID-19 poses a significant
burden due to the long recovery where
pathological changes in multiple organ systems
persist after the acute respiratory involvement
stage of the disease has passed.
Scientists are intensively looking for new
compounds with potential anti-COVID activity.
Recently published data point to the potent
activity of plant polyphenolic extracts and their
potential to become a multipronged approach in
the prevention and recovery of COVID-19.
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The ellagic acid (EA) is the main compound
associated with the beneficial effects of
pomegranate. EA has a clinical antiviral effect
against the influenza virus, the herpes virus, the
poxviruses, and the HIV-1 virus. Similarly to
HIV, SARS-CoV-2 is a RNA virus relying on the
reverse transcriptase for its multiplication. Recent
docking simulation studies showed that EA has
the second highest affinity to the ACE-2receptors which makes it a strong candidate for
the prevention and treatment of the SARS-CoV2 infection. EA could be a promising agent to
prevent and ameliorate the damaging effects in
the infected individuals.
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The pomegranate polyphenols have a potent antiinflammatory effect which achieves decreasing
of the pro-inflammatory cytokines and
inflammatory mediators by regulating the
mitogen-activated protein kinases pathway. This
effect is explained by the inhibition of some
inflammatory markers such as NF-κ-B, TNFα
and COX-2.
Through its capacity to neutralize ROS,
pomegranate extracts seem to be capable of
directly addressing the respiratory inflammation
observed in the respiratory viral infections
through inhibition of neutrophil ROS and
myeloperoxidase. Data from our previous studies
as well as the data available from other sources is
convincing that the pomegranate extract could be
used as an anti-inflammatory and antioxidant
agent to improve the host immune response and
serve as a preventive agent to acquiring COVID19 (1-6).
COVID-19 infection pathology
The disease progression is markedly different
from that caused by the related coronavirus
infections SARS-CoV-1 and MERS, even though
the SARS-CoV-2 infection also occurs mainly
through the respiratory route and viral entry into
the host cells is facilitated by binding to the ACE2
receptor (6, 7). With the unfolding of the global
COVID-19 pandemic, it has emerged that
COVID-19 is not limited to acute infection of the
respiratory tract, but is a multi-organ disease with
pathological changes lasting many months after
the acute phase (6-8).
Deregulated neutrophils in COVID-19 have been
suggested to act as disseminators of the local
inflammatory response to the rest of the body,
leading to a severe systemic disease and organ
damage. (9) Neutrophil activation and regulation
is regulated by oxidative stress levels, which in
COVID-19 appear to follow from the depletion of
host antioxidant defenses similar to other viral
diseases (9,10).
In support of this hypothesis for the involvement
of reactive oxygen species (ROS) in COVID-19
pathogenesis, the levels of superoxide dismutase
3 (SOD3) in the lungs of elderly patients and
children may be a factor for the different disease
progressions in these age groups (9). Ageing,
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preexistent
cardiovascular
pathology
or
metabolic disorders such as type II diabetes
(T2D) seem to be risk factors for a more severe
disease progression. Ageing is associated with a
decreased capacity of the cells to maintain their
redox balance and to repair subcellular
components such as mitochondria, through
autophagy. This results in chronic low-grade
inflammation, or ‘inflamm-ageing’ (6, 11).
Atherosclerosis, hypertension, obesity, T2D,
dementia and ageing itself are not only
comorbidity factors for worse SARS-CoV-2
infection outcomes, but are also emerging as
diseases with significant ROS involvement (6).
Therefore, proactive control of pro-inflammatory
conditions, or the limitation of chronic
inflammatory conditions may alleviate the
COVID-19 symptoms and aid recovery.
Antioxidant and anti-inflammatory activity of
the pomegranate extract
Pomegranate (Punica granatum) is an edible fruit
known for its antioxidant and anti-inflammatory
properties, which have been applied in traditional
medicine (12). These are due predominantly to
polyphenolic substances present in both the
edible and non-edible parts of the plant. These
polyphenols are mainly representatives of the
hydrolysable ellagitannins (ETs) group and the
anthocyanins, condensed tannins that give the
fruit its brilliant red color (12). ETs are a class of
more than 500 compounds commonly found in
many plant families, including edible berries and
nuts. They consist of multiple units of ellagic acid
(EA) attached to a sugar or a sugar alcohol core
and are hydrolyzed after ingestion. The resultant
EA is further converted to urolithins by the gut
flora (11, 13). In the pomegranate extract, tens of
ET compounds have been identified, but the
highest concentration of ETs is due to
punicalagins, and a smaller proportion is
contributed by punicalin and free EA (12, 14). All
these components, as well as the extract itself
have shown a good antioxidant and antiinflammatory activity in a range of experimental
systems.
Antioxidant and anti-inflammatory effects of
EA and its downstream metabolites
The generation of reactive oxygen species is
important in promoting inflammation, therefore,
the compounds with antioxidant activity are often
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anti-inflammatory as well. Numerous studies
have tested pomegranate extracts, purified ETs,
EA and urolithins for improvement of chronic
inflammatory conditions, including autoimmune

ALEKSANDROVA S., et al.
disorders,
neurodegenerative
conditions,
respiratory distress and viral infection and their
outcomes are summarized 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)
Compound tested
pomegranate extract
pomegranate extract

pomegranate flower
extract

Experimental system
human consumption of
capsules
Alzheimer's disease
transgenic R1.40 mice
model
Zucker diabetic fatty rat

pomegranate juice

hyperoxia rat model

pomegranate leaf
ethanolic extract
pomegranate peel
extract
pomegranate peel
extract

intranasal application in
asthma mouse model
neutrophil culture and LPSstimulated mice
LPS-induced RAW264.7
macrophages

walnut methanolic
extract
walnut methanolic
extract
corilagin

human aorta endothelial
cells (HAEC)
KS483 osteoblastic cells
line
HSV-1 infected MV-2
microglia cells

corilagin

HSV-1 infected mice

punicalagin

acute respiratory distress
mouse model

punicalagin
punicalagin

Jurkat cells
activated CD4+ murine
splenic lymphocytes
PMA-induced ear edema in
mice
LPS-induced RAW264.7
macrophages

punicalagin
punicalagin

ellagic acid

40

human aorta endothelial
cells (HAEC)

Findings
↑ antioxidant capacity of plasma (ORAC)
within 30 min
non-significant ↓ TNFα, IL-1 and COX2

Reference
(35)

↓ interstitial and perivascular collagen
accumulation in heart, expression of
collagen I, collagen III, fibronectin, ET1,
ETA, ETB,
x NFκB activity
↓ neutrophil infiltration, albumin leak, ROS,
apoptotic bodies in lungs, IL-1β, IL-6
↓ IL-1β, IL-5, inflammatory cell infiltration
in lung, mucous glycoprotein secretion
x MPO activity in neutrophils,
↓ lung invasion of inflammatory cells
↓ TLR4 expression, ↓ IL-1β, IL-6, TNFα,
NO, PGE2, ROS production,
x nuclear translocation of NFκB nuclear
translocation
↓TNFα-induced VCAM1 and ICAM1
expression
nodule formation induced

(33)

↓ secretion of NO, TNFα, IL-1β, ↑ secretion
of IL-10, cytochrome c, caspase-3, -8, -9
and -12
↓ numbers of inflammatory cells in the
brain, ↓ neuronal degeneration and
interstitial edema
↓ inflammatory cell lung invasion, alveolar
wall thickening, pulmonary congestion, ↓
TNFα, IL-1β, and IL-6 levels, MPO
activity, TLR4 expression,
x phosphorylation of IκBα and NFκB p65
x T cell activation by NFAT
↓ IL-2 mRNA and protein

(24)

↓ hyperplasia and inflammatory cell
infiltration
↓ TLR4 expression, ↓ IL-1β, IL-6, TNFα,
NO, PGE2, ROS production,
x nuclear translocation of NFκB nuclear
translocation
↓TNFα-induced VCAM1 and ICAM1
expression

(26)
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(13)

(20)
(18)
(17)
(32)

(15)
(15)

(24)

(27)

(26)
(26)

(32)

(15)
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ellagic acid
ellagic acid

ellagic acid
ellagic acid

ellagic acid

ellagic acid

ellagic acid
urolithin A

urolithin A

urolithin A

urolithin A
urolithins

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
experimental autoimmune
encephalomyelitis

bone marrow-derived
dendritic cells and SIM-A9
microglia
inflammatory bowel disease
model LPS-stimulated
BMDM
Caco-2 and HT-29/B6
intestinal cells
LPS-stimulated BV2
microglia

The chronic inflammatory conditions are
associated with immune cell invasion of the
tissues and often lead to tissue damage, including
fibrosis. EA supports the endothelial function not
only by reducing the oxidative stress but also by
decreasing the TNF-α induced endothelial
expression of VCAM1 and ICAM1 (15, 16).
These molecules serve to increase the ‘stickiness’
of the blood vessel endothelium to the circulating
monocytes in the early steps of inflammation and
atherosclerosis, therefore, lowering their
expression will reduce the entry of the
inflammatory cells in tissues. A reduction in
immune cell invasion was achieved by using
pomegranate extract, punicalagin or urolithin A
in the lungs, CNS and other inflammation sites in
a variety of rodent model systems. (Table 1) (1728).

nodule formation induced

(15)

↓ aortic lesions, plasma cholesterol and
triglyceride, ↓sICAM1 and E-selectin
expression, ↑Nrf2, HO-1 protein and aortic
NOS activity
Nrf2-mediated cytoprotection, ↑HO-1
protein
↓NFκB activation after LPS stimulation,
↑IκB-α phosphorylation and IL-8 secretion
after IL-1β stimulation
↑ glutathione reductase activity, ↓ TBARS
in blood plasma and lungs during infection

(16)

↓ TLR4 expression, ↓ IL-1β, IL-6, TNFα,
NO, PGE2, ROS production,
x nuclear translocation of NFκB nuclear
translocation
↑ transepithelial resistance, ↓ caludin-4, -7, 15 expression
↓ demyelination and inflammatory
infiltrating cells, reduce severity of disease,
↓ activation of dendritic cells and CNS
microglia
↓ IL-1β, IL-6, TNFα, ↑ IL-10

(32)

↓IκB-α phosphorylation, IL-1β, IL-2, IL-6,
IL-12, TNFα, NOS2, double-stranded DNA
breaks, superoxide production, MAPK and
PI3K activation, proinflammatory miRNAs
x TNF-α induced drop in transepithelial
resistance
↓ NO, TNFα and IL-6, improved SH-SY5Y
neuronal cell viability in H2O2

(31)

(16)
(34)

(36)

(50)
(28)

(28)

(50)
(13)

In addition to infiltrating the inflamed tissues,
activated immune cells release pro-inflammatory
cytokines (including TNF-α, IL-1β and IL-6) and
pro-inflammatory molecules such as NO. The
viral infections are also able to induce the
secretion of these molecules (10, 24, 29, 30). The
studies presented in Table 1 show a general trend
of decrease in the levels of these proinflammatory markers as a result of treatment
with plant polyphenol-rich extracts or with their
purified
components
and
downstream
metabolites (13, 18, 24, 25, 27, 28, 31, 32). These
results were achieved in various tissues subject to
inflammatory stimuli and pretreated with
pomegranate extracts, ETs (corilagin or
punicalagin) and urolithin A.
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The nuclear factor NFκB has been described as a
“matchmaker between inflammation, IBD,
cancer and diabetes” (21) and it is under its
regulation that IL-6, TNF-α and IL-1beta levels
increase in a chronic disease. It appears that the
pomegranate polyphenolic extracts and their
components restrict the secretion of the proinflammatory molecules listed above by reducing
NFκB activity (21-24). The details of the
interaction between plant ETs and the regulatory
components of NFκB remain to be established.
Being potent antioxidants, the plant extracts and
their components were also able to restrict the
generation of reactive oxygen and nitrogen
species (ROS and NOS), and to increase the
overall tissue antioxidant capacity in a multitude
of experimental settings. (Table 1) (13, 16, 17,
19, 20, 21, 22, 23, 24, 25, 27, 31, 32, 35, 36)
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) point to the potential benefits of using
plant polyphenolic extracts as part of the
supportive treatment for neuro-inflammation
after COVID-19, a serious and long-term
complication (7, 8).
CONCLUSIONS
The pomegranate extracts, containing a multitude
of EA-derivatives, appear to act through different
mechanisms to maintain endothelia integrity, to
restrict inflammatory cell activation and tissue
invasion and to supplement the antioxidant
systems in the body. Supplementation with these
bioactive compounds may therefore be especially
beneficial to individuals with high risk factors for
severe COVID-19 progression, e.g. ageing, T2D,
cardiovascular
pathology,
atherosclerosis,
neurodegenerative diseases, etc.
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