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ABSTRACT

Pomegranate, containing in high concentration anthocyanins,
anthocyanidins, flavones, flavanones, flavanols, flavonols, hydrolysable
and non-hydrolysable tannins and alkaloids possesses very strong anti-
oxidant, anti-inflammatory and antimicrobial properties. Researches
have shown that the expression of pro-inflammatory cytokines IL-6, IL-5,
IL-8, IL-10, IL-1B, IL-18, TNFa and IFN-y and also levels of COX, NF-kB,
MPO, NO and MMPs are remarkably downregulated by pomegranate
extracts or isolated phytochemicals reducing thus the risk of chronic
inflammation, autoimmune and autoinflammatory diseases, tissue
damage, eosinophil mediated inflammation, infections and pathogenic
processes such as cancer. Certain types of inflammation are caused
by free radicals and the antioxidant pomegranate is very effective in
eliminating oxidative stress that leads to chronic inflammation and
several diseases. Due to antimicrobial properties of pomegranate’s
phytochemicals, it’s found to be beneficial in inflammations where
microbes are involved. As pomegranate contains phytochemicals
with more than one bioactivity, it can affect more than one of the
factors involved in inflammatory incident and process, facilitating the
healing process. It is important to be mentioned that pomegranate gave
comparable results with commercial drugs in doses used, without side
effects and also showed beneficial activity where commercial drugs
were harmful, indicating that pomegranate could possibly provide
alternative, very effective anti-inflammatory medicines.
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Introduction

plays important role in healing but chronic inflammation
can create several diseases and physical disfunctions.>>3#

Inflammation is a complex defense mechanism of the
body, where leucocytes migrate to damaged tissues from
the vasculature, in order to destroy the agents that could
possibly cause tissue injury.! Acute inflammation is a
response to infection agents as pathogens (bacteria, fungi,
viruses), effects of chemicals, radiation, external injuries,
wounds, damage through foreign objects. Inflammation

Persistent acute inflammation, long term and low-level
exposure to anirritant, or genetic factors is possible to lead
to chronic inflammation. Chronic inflammation is a threat
factor for cancer progression as the release of inflammatory
molecules generates highly favorable microenvironment
for tumorigenesis, cancer progression and metastasis.®
Inflammation can also be involved in other chronic diseases
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and disfunctions as allergies, obesity, atherosclerosis,
periodontitis, hay fever, insulin resistance, diabetes type-
2, pulmonary and neurodegenerative diseases (Alzheimer’s
Disease).®

Fruits rich in polyphenols and especially ellagic acid
and ellagitannins possess strong antioxidant and anti-
inflammatory properties showing several medicinal
activities related to their antioxidant and anti-inflammatory
properties.® Fruits containing tannins in high concentration
have been found to be a good alternative strategy in order
to prevent cancer and this is due to their anti-inflammatory
activity.” Pomegranate is very rich in polyphenolic
compounds and contains in its’ juice, pericarp, seeds,
leaves, flowers, bark and roots several phytochemicals in
different concentrations, making each plant part proper
to treat a wide range of different diseases. Its’ anti-
inflammatory properties were known and used in traditional
medicine since ancient years in several countries to treat
inflammation, pain, fevers, parasite infections, diarrhea,
ulcerative colitis, diabetes and other health issues.®*°

Researches have shown that pomegranate can treat
efficiently Chronic Inflammatory Diseases (CID) where
inflammations can be in joints, skin, lungs and intestinal
mucosa, asthma, rheumatoid arthritis, Inflammatory Bowel
Disease (IBD), psoriasis, Chronic Obstructive Pulmonary
Disease (COBD) and also metabolic and cardiovascular
problems.®

Pomegranate phytochemicals

Pomegranate contains several bioactive compound
categories such as flavonoids (flavonols, flavanols, flavones,
flavanones, anthocyanins, anthocyanidins), tannins
(hydrolysable and non-hydrolysable), lipids, simple organic
acids and alkaloids.

Flavonoids (flavonols, flavanols, flavones, flavanones,
anthocyanins), are present in the plant generally as
glycosylated forms!! and they possess strong antioxidant
and anti-inflammatory properties.? Anthocyanins are
the most important and the largest group of flavonoids
that exist in pomegranate juice. These compounds and
hydrolysable tannins are the most bioactive compounds.
Anthocyanins existing in the pomegranate are delphinidin-
3-glucoside, delphinidin 3,5-diglucoside, cyanidin 3
rutinoside, cyanidin 3,5-diglucoside, cyanidin 3-hexoside,
pelargonidin 3,5-diglucoside, pelargonidin 3-glucoside Some
anthocyanidins or aglycones are delphinidin, cyanidin,
peonidin, pelargonidin and petunidin. Other flavonoids
found in the pomegranate are rutin, kaempferol, kaempferol
3-O-glucoside, kaempferol 3-0 rhamnoglycoside, quercetin,
dihydrokaempferol-hexoside, catechin, epigallocatechin-
3-gallate, epicatechin, apigenin, luteolin, luteolin
7-0-glucoside, naringenin 7-O-rutinoside. 1314

Important hydrolysable tannins existing in the pomegranate
are gallic acid, ellagic acid, gallagic acid, brevifolin carboxylic
acid, ellagic acid pentoside, ellagic acid hexoside, ellagic
acid deoxy hexoside, granatin A, granatin B, peduncilagin
I, pedunculagin Il, punicalin a, punicalin B, punicalagin
a, punicalagin B, digalloyl-gallagylhexoside, gallagyl
hexoside, pomegraniin A, pomegraniin B, punicacortein
C, galloyl-HHDP-glucuronide, galloyl-HHDP-hexoside. Non
hydrolysable tannins are the catechin and epicatechin
polymers, 1516

Some of the lipids pomegranate contains are punicic acid
which is consisting over 60% of the fatty acids, palmitic acid,
arachidic acid, a-eleosteric acid, B-eleosteric acid, oleic acid,
linolenic acid, linolelaidic acid, myristic acid, campesterol,
estradiol, estrone, B- sitosterol, estriol, testosterone, Asiatic
acid, ursolic acid and punicanolic acid.*

Important simple organic acids that can be found in
pomegranate are citric, ascorbic, chlorogenic, oxalic, tartaric
and succinic acids.?>7:18

Alcaloids existing in pomegranate plant are
hydrine, norhygrine, sedridine, pelletierine and
N-methylpelletierine.'

Pomegranate contains also minerals such as K, Na, Mg,
Mn, Cu, Fe and Zn.

Different plant varieties and also different climate, mature
and storage conditions of even the same variety plants can
lead to different constituents’ concentrations.?

Anti-inflammatory properties

The main compounds that have anti-inflammatory properties
in the pomegranate are urolithins. Urolithins are created by
ellagitannins and ellagic acid while they are metabolized
by gut microbiota. Ellagitannins and ellagic acid are in
very high concentrations in the pomegranate extract.%?°
Pharmacokinetic studies showed that the flavonoids
procyanidin which is found in the juice, kaempferol and
luteolinin the peel and aperigin in the leaves possess strong
anti-inflammatory properties. The tannins that are found
to show anti-inflammatory properties are gallic acid, found
in flowers, juice, leaves and peel, granatin B and gallagyl-
dilacton both existing in the peel. Melatonin is an alkaloid
in the pomegranate juice which has anti-inflammatory
properties.?!

Several in vitro and in vivo researches have shown that
pomegranate plant parts’ extracts show remarkable anti-
inflammatory properties in the gastrointestinal tract.
Diarrhea that mainly is caused by inflammation was found
to be diminished after 100-400 mg/kg aqueous peel extract
injection in rat models. Oral administration of 200-400 mg/
kg pomegranate rind methanolic extract reduced diarrhea
symptoms in the rat models.?
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The anti-inflammatory activity of pomegranate peel extracts
has been evaluated in vitro on Caco-2 (heterogenous human
epithelial colorectal adenocarcinoma) cells and ex-vivo on
porcine colonic tissue explants. Both tissues were stimulated
in order to be inflamed and then were treated with 0, 1.0,
2.5,5.0,10 and 25 mg/ml peel extract. The results showed
that the 5mg/ml extract consistently shows strong anti-
inflammatory activity.?

Inflammatory Bowel Disease (IBD), a chronic disease
characterized by recurrent intestinal inflammation episodes
is linked with an autoimmune reaction to environmental
and genetic factors. In research, two groups of IBD patients
with high risk of clinical relapse which were in stable therapy
for at least 3 months, were administrated twice daily for 12
weeks with 125 ml pomegranate juice and 125 ml of placebo
drink. The results showed that there was difference among
the two groups in the surrogate mucosal improvement
marker fecal neutrophil-derived protein calprotectin with
the pomegranate group to show improvement. Besides,
after 12-week pomegranate juice consumption there was
beneficial change on local and systemic inflammatory
markers.?*

Gastritis is an inflammation of gastric mucosa which can
be caused by endogenous or exogenous factors such as
microbes, stress, pepsin, acidity, alcohol and non-steroidal
anti-inflammatory drugs (NSAIDs).?? Helicobacter pylori
is a bacterium that can cause gastritis and also other
problems such as peptic ulcer disease and gastric cancer®.
Flavonoids, tannins and alkaloids that are contained in
pomegranate possess strong antimicrobial activity.?627,2829
In vitro studies showed that pomegranate extracts show
significant anti- H. pylori activity. Methanolic peel extract
was found to have comparable activity with metronidazole,
a commercial antibiotic. Another research showed that
methanolic rind extract had the highest anti- H. pylori
activity than other plant extracts. Ethanolic pericarp extract
showed very strong anti-H. pylori activity too.?

In a research, nociceptive mice were administrated with
10, 30 and 100 mg/kg of HPLC characterized pomegranate
extract and the results were compared with those of two
NSAIDs: diclofenac, which is the most commonly used NSAID
and indomethacin that shows gastrointestinal toxicity.
Diclofenac is also causing gastric damage as indomethacin
but the ulcer depths are shallow and the gastric damage
less severe. The inflammatory phase inhibition has been
observed from 10 mg/kg pomegranate extract and there
was no gastric damage with the systemic administration
of pomegranate compared with indomethacin. The extract
not only did not cause damage as the above medicines and
other NSAIDs but gastroprotective activity has been also
observed. In the inflammatory phase, pomegranate showed
remarkable ceiling effect in comparation with diclofenac. The

pomegranate extract, was found to be rich in hydrolysable
tannins and anthocyanins with main phenolics to be ellagic
acid free form and glucoside derivatives followed by
punicalagin derivatives. The ellagitannin content was 8-fold
higher than anthocyanin content. Cyanidin glucosides were
the 71% of total anthocyanidins. In the extract there were
alsoin traces other phenolic compounds too as flavan-3-ols
and phenolic acids.® The pomegranate’s gastroprotective
activity is attributed to bioactive compounds such as tannins,
flavonoids and saponin. It is referred that the tannins,
forming complexes with proteins and polysaccharides
are creating a layer on the epithelial tissues that acts
protectively as it prevents the bleeding and accelerates
the healing process.* Administration of Wistar rats with 490
and 980 mg/kg pomegranate aqueous methanolic extract
containing saponin, tannins and flavonoids was found to
decrease remarkably at both doses the ulcer lesion created
by indomethacin and aspirin.3!

In another study has been seen that pomegranate peel
extract possess strong anti-inflammatory and anti-gastric
ulcerogenic activity. Its” anti-inflammatory properties were
found to be comparable or even better than these of the
commercial drug indomethacin but in contrast with this drug
which shows gastrointestinal toxicity and creates ulcers, the
extract did not cause any ulcers and additionally showed
strong gastroprotective and anti- ulcerogenic activity.>?

Proinflammatory cytokines are signaling proteins secreted
by immune cells such as macrophages and promote
inflammation. Chronic overproduction of cytokines leads
to inflammatory diseases.?* Mitogen-Activated Protein
kinases (MAPKs) play important regulatory role in the
pro-inflammatory cytokines production and are involved
in signaling events leading to inflammation.3* Researches
showed that pomegranate peel polyphenols and also
isolated ellagic acid and punicalagin are regulating the
MAPKs pathway and thus pro-inflammatory cytokines and
inflammatory mediators are decreased.®

Pomegranate beverage administration in colitis rats
model reduced the pro-inflammatory cytokines in serum
and mucosa levels and intestinal inflammation has been
decreased. Mammalian Target of Rapamycin (mTOR) is
a protein kinase, regulating protein synthesis and cell
growth in response to nutrients, energy levels, growth
factors and stress.?® It reconfigures cellular metabolism,
cytokine responses, macrophage polarization, antigen
presentation and cell migration.?” Deregulated mTOR
signaling is involved in inflammation, diabetes and cancer
progression.?® Pomegranate polyphenols were found to
downregulate the mTOR downstream pathway.’

Nitric Oxide (NO) acts as a mediator and also a regulator in
inflammations. It has cytotoxic activity against pathogenic
microbes and parasites, yet it also can cause damages
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on host tissues. inducible Nitric Oxide Synthase (iNOS)
generates NO. The dysfunctional induction of the iNOS
expression can cause several human diseases.39%
Pomegranate shows potential NO inhibition in RAW 264.7
macrophages. Administration of pomegranate, 100 mg/kg
on mice with paw edema decreased remarkably the edema.
The isolated active anti-inflammatory hydrolysable tannins
punicalin, punicalagin, strictinin A and granatin B were found
to inhibit the NO production and iNOS expression in the
cells RAW 264.7.* Cycloxigenase (COX) is the prostaglandin
endoperoxide synthase, an isoenzyme responsible for
the prostanoids’ formation. COX is one of the various
inflammation mediators involved in pathological process
related with cancer. COX inhibition provides relief from
inflammation and pain.® Granatin B had the best inhibitory
effect on COX-2 and iNOS and also inhibited more efficiently
the paw swelling than the other isolated compounds.*

Ulcerative colitis, a subtype of inflammatory bowel
disease is an inflammatory disease that occur in the colon
mucosal. Using a chronic inflammation mice model the
anti-inflammatory activity of ethanolic pomegranate peel
extract has been evaluated. 6 groups of Swiss Webster mice
were administrated daily with aspirin 43 mg/kg, ellagic
acid 26 mg/kg, dextran sodium sulfate 2% b/v, ethanolic
pomegranate peel extract 240 mg/kg and 480 mg/kg.
In all above groups dextran sodium sulfate 2% has been
administrated over 3 cycles except the normal group. The
results showed that both the 240 mg/kg and 480 mg/kg
ethanolic pomegranate extract doses decreased the colon
inflammation. Besides the COX-2 and iNOS expressions
were remarkably reduced. The results among the ethanolic
pomegranate extracts, pure ellagic and aspirin groups were
comparable® and this indicates that the pomegranate
peel extract could be used as an alternative treatment
for ulcerative colitis, especially because there are no side
effects in contrast with the ani-inflammatory medicines
that are used.*1041,4243,44

In a research on colon inflammation, the effects of
pomegranate extract and of the gut microbiota derived
metabolite Urolithin A have been evaluated. Fisher rats
were daily orally administrated by 250 mg/kg pomegranate
extract or 15 mg/kg for 25 days. 5% Dextran sodium
sulphate that causes inflammatory bowel disease has
been administrated for the last 5 days. The results showed
that the inflammatory markers cyclooxygenase-2, iNOS
and prostaglandin E synthase were reduced in the colonic
mucosa by both administrations of pomegranate extract
and Urolithin A. Both administrations were found to be
beneficial for the gut microbiota too. In the Urolithin A
administrated group were observed several downregulated
pathways including this of inflammatory response. In the
pomegranate extract group but not in the Urolithin A group
has been observed decrease of oxidative stress in colon

and plasma mucosa. Only Urolithin A preserved the colonic
architecture. In health subjects with normal metabolism,
Urolithin A is the main effective compound that comes
from pomegranate consumption. In inflamed colon as
in inflammatory bowel disease, the anti-inflammatory
activity is because of the synergic action of ellagic acid and
ellagitannin fraction with Urolithin A in minor amount.*

Oral administration of pomegranate extract and ellagitannin
and ellagic acid enriched pomegranate extract reduced
significantly the over-expression of iNOS and COX-2 in
murine chronic model of Cronh’s disease.*®

In a study, the anti-inflammatory activity of pomegranate
peel extract rich in hydrolysable tannins as a- and B-
punicallin, a- and B- punicalagin and also granatin-B,
ellagic acid, gallic acid and their derivatives has been
evaluated on bovine mammary epithelial cells BME-UV1.
The peel extract at the dosage of 10 mg/ml showed good
anti-inflammatory activity decreasing pro-inflammatory
cytokine expressions.*” Tumor Necrosis Factor (TNF) is a
cytokine that helps a healthy body to fight off infections,
but is also involved in inflammatory diseases and other
pathological processes. High levels of TNF indicate or
can cause inflammation. In order to treat inflammatory
disorders anti-TNF drugs have been developed, yet has
been found that they are not effective always and even
is possible to cause aggravation of the disease in some
rare cases. 48 hours treatment of the BME-UV1 with the
pomegranate peel extract caused remarkable decrease in
comparation with the control group.#”*® Interleukin 1 beta
(IL-1B), a pro-inflammatory cytokine that is involved in
inflammation, pain and autoimmune conditions was also
decreased after the pomegranate treatment.*”* Interleukin
(IL-10) is an anti-inflammatory cytokine that plays important
role inimmune mediated damage prevention. If the immune
system is irregulated, the activity of IL-10 can lead to chronic
infections. After the pomegranate treatment of BME-UV1,
the IL-10 levels were also reduced.**°

Interleukin (IL-6) is a prototypical cytokine that maintains
homeostasis and it is TNF produced immediately when
homeostasis is disturbed by tissue injury or infections in
order to defense against the emergent stress. Dysregulated
expression and synthesis of IL-6 dictates the transition from
acute to chronic inflammation that is related with many
diseases, so inhibition of it is very important™Y. Interleukin
IL-1PB is protecting the host against infections but if it is
dysregulated it is associated with inflammatory damages
and auto-inflammatory diseases.> The anthocyanin
delphinidin was found to eliminate inflammatory inhibiting
significantly the IL-1B, IL-6 and COX-2 expression.>*>*

Adipocytes and macrophages secrete pro-inflammatory
markers and cause systemic inflammation that leads to
metabolic complications. The anti-inflammatory properties
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of pomegranate peel extract and also the isolated phenolics
ellagic acid and punicalagin were evaluated on an in vitro
coculture system of RAW 264,7 macrophages and 3T3-L1
murine adipocytes and also on the separated cells. The
results showed that the pomegranate peel extract showed
strong anti-inflammatory activity on the independently
cultivated inflamed cells, as CCL-2 secretion decrease has
been observed in all cell types. The macrophage TNFa
secretion was also decreased and expression and secretion
of adipocyte IL-6 were reduced too. Despite the anti-
inflammatory activity of the extract on the separated
cells, it didn’t show the same activity in the coculture.
The isolated phytochemicals punicalagin and ellagic acid on
the other hand, showed good anti-inflammatory properties
on coculture. Punicalagin used in same concentration as
it existed in the extract showed good anti-inflammatory
activity as it was found to reduce remarkably the IL-6
secretion. Ellagic acid too, reduced CCL-2 adipocyte
secretion and CCL-2 and TNFa macrophage secretion.
Besides, the IL-6 secretion and expression decreased in
the coculture.®

In research was found that pomegranate leaf extract
can decrease lung inflammation in mice. Ethyl acetate
fraction obtained from hydroalcoholic leaves extract was
administrated on male Swiss mice with lipopolysaccharide
induced acute lung injury, before the lipopolysaccharide
installation. The results showed decreased TNF-a and IL-1B
expression compared with the control group. In the research
was also examined the extracts’ effect on NO and cytokine
production by lipopolysaccharide stimulated macrophages
RAW 264.7 and was found that the pretreatment with 100
mg/kg extract decreased the NO production and cytokine
gene expression. The results were similar with those of
mice that were administrated with kaempferol, a very
strong anti-inflammatory compound and this indicates that
the prophylactic treatment with the extract reduces acute
lung inflammation. In another research has been found
that pomegranate leaves hydroalcoholic extract showed
anti-inflammatory activity in rats with acute peritonitis.>®

Nuclear Factor-kB (NF-kB) is a transcription factor that acts
as a main mediator of inflammatory responses by regulating
multiple adaptive immune functions. It participates in
inflammasome regulation and plays important role in
activation, differentiation and survival of inflammatory T
cells and innate immune cells. Dysregulated NF-kB activation
leads to inflammatory diseases.5” Research showed that
pomegranate juice, extract and also the isolated bioactive
compounds delphinidin and penicillin reduced the NF-
KB activation in different cells. It was found that with
the pomegranate the IL-6, IL-8 and NF-kB target genes
expression were inhibited at intestinal cells that have been
exposed in pro-inflammatory stimuli.®

The pomegranate polyphenols’ anti-inflammatory
properties have been evaluated on Sprague-Dawley rats
with colitis induced by dextran sodium sulphate. The mice
were first administrated with pomegranate beverage rich
in ellagitannins and ellagic acid and after that colitis was
induced by 3 cycles of 3% dextran sodium sulphate exposure
followed by recovery period of 2 weeks. It was found that
the pomegranate protected against the inflammatory
by 50% and ulceration by 66.7% respectively compared
with the control group. Besides the expression of the
pro-inflammatory cytokines TNF-a and IL-1B has been
markedly decreased. COX-2 and iNOS were also significantly
reduced.>®

In a study on murine model of asthma has been found
that biodegradable microparticles that were formed
by Polylactic-co-Glycolic acid (PLGA) with encapsulate
pomegranate extract could be used as supplementary or
even alternative therapy due to the pomegranate’s anti-
inflammatory properties. It was found that the cytokines IL-
5, associated with eosinophil mediated inflammation and IL-
1B were decreased and thus the recruitment of leucocytes
and especially of the eosinophils to bronchoalveolar fluid
has been inhibited.%5!

Interferon gamma (IFN-y) is a cytokine that plays important
role in innate and adaptive immunity.®? Overactivity of IFN-y
causes tissue damage, necrosis and inflammation that can
lead to pathogenesis and to chronic diseases.® Interleukin
IL-18 is a pleiotropic immune regulator. Uncontrolled IL-
18 plays important pro-inflammatory role as it induces
IFN-y, which when it is overactive it leads to inflammation.
IL-18 is involved in inflammation and in various diseases’
pathogenesis.®* Sprague-Dawley rats were administrated
daily with pomegranate juice (400 mg/kg) or isolated
punicalagin (4 mg/kg) or 5-ASA drug (100 mg/kg). On 11t
day colitis was induced and on 18t day TNF-a, IL-1pB, IL-18
and NF-kB were determined and compared with the control
group. The results showed that the pretreatment with juice
and purified punicalagin reduced the disease severity and
extent. All of 5-ASA, pomegranate juice, isolated punicalagin
decreased remarkably the neutrophil infiltration giving
comparable results. In gene expression studies was found
that in both pomegranate juice and purified punicalagin
groups the levels of IL-18, IL-1B and TNF-a were reduced.
The NF-kB levels were decreased by 84% with pomegranate
juice and by 64% by purified punicalagin. These results
indicate that the juice is biologically more active than the
isolated punicalagin and it could probably be used for
inflammatory bowel disease treatment.®

In research on acute and chronic colitis the anti-inflammatory
properties of ellagic acid have been evaluated measuring the
inflammatory mediators TNF-a, IL-6 and INF-y. In the acute
colitis model mice were treated for 7 days with 5% dextran
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sulfate sodium in order to induce colitis and same time they
were administrated with supplement of ellagic acid (2%).
Results showed decrease of the disease severity. Reduce
of the TNF-a, IL-6 and IFN-y has been observed. In the
chronic colitis model, colitis has been caused with repeated
dextran sulfate sodium (1%) administration of 2 cycles of
7-days. This administration has ben interrupted by 7 days
periods. Ellagic acid (0.5%) has also been administrated in
the mice. Ellagic acid inhibited the disease’s progression
decreasing the intestinal inflammation and downregulation
NOS, COX-2 and the signaling pathways NF-kB, STAT 3 and
p38 MAPK.

In a research, pomegranate extract has been administrated
in mice that were sensitive in arthritis. Arthritis has been
induced by collagen. The mice were administrated with
the pomegranate extract before and after the collagen
immunization and the results showed delay of the onset
and decrease of the incidence of the arthritis. The severity
of arthritis was also lower in the extract administrated mice.
Decreased joint infiltration by the inflammation cells, less
cartilage and bone damage and remarkable decrease of the
IL-6 levels in the joints have been observed. It has also been
seen in mouse macrophages that with the pomegranate,
downstream mediators multiple and signal transduction
pathways that are involved in the rheumatoid arthritis
pathogenesis have been cancelled.’

Mast cells and basophils, multifunctional effector cells, are
involved in various inflammatory and immune events and
they produce a wide range of mediators and cytokines.
In a study on human basophilic cell line KU812, the cells
were stimulated in order to cause inflammation and then
was measured pomegranate powder extract’s inhibitory
effect on the pro-inflammatory cytokine gene expression
and production by the stimulated cells. It was found
that the pomegranate extract decreased remarkably the
inflammatory gene expression and production of IL-8 and
IL-6 by the stimulated KU812 cells. Besides, decrease of the
NF-kB activation has been observed. The powder extract
that was used had 86.0% ellagitannins, 3.2 sugars, 1.9%
organic acids, 0.8% nitrogen, 2.5% ash and 1.2% moisture.
The polyphenols’ percentage in the extract was 77% ellagic
acid, gallic acid and glucose oligomers of 2-10 units in
different combinations, 19% ellagitannins and 4% free
ellagic acid.%®

Matrix Metalloproteinases (MMPs) are enzymes that
are found in every inflamed human tissue and they are
serving several functions in injury, defense, inflammation
and repair. MMP 1,3 and 13 are classical inflammation
and cartilage degradation markers in arthritic joints. In
a research, human osteoarthritis cartilages were treated
with pomegranate fruit extract and was found that the
IL-1B induced expression of MMP 1,3 and 13 has been

inhibited. It is important to be told that the pomegranate
fruit extract is not toxic for the human cartilage cells.®®7971

Certain types of inflammation is referred to be mediated
by reactive oxygen metabolites that can create or amplify
the already existed inflammation.”? Free radicals as the
Reactive Nitrogen Species (RNS) and the Reactive Oxygen
Species (ROS) are created in the body by several endogenous
systems, pathological states and exposure to harmful
conditions. ROS overproduction leads to oxidative stress.
It is referred that continued oxidative stress can lead to
chronicinflammation.” Achieving a good antioxidant status
can be protective against cellular injury and disfunction that
are observed in inflammatory disorders.”> Pomegranate
is potent antioxidant as it contains in high concentration
several phytochemicals that in mixture as they exist in the
juice and in the plant parts extracts or isolated show strong
antioxidant properties. The flavonoids luteolin, kaempferol,
luteolin-7-0O-glucoside, kaempferol 3-O-glucoside,
prodelfinidin, procyanidin, cyanidin, cyanidin-3,5-di-O-
glucoside, cyanidin-3-O-glucoside, catechin, apigenin and
quercetin are found to possess very strong antioxidant
properties. Tannins with potent antioxidant activity are
gallic acid, ellagic acid, ellagitannins, 3,3’-di-O-methyl
ellagic acid, 3,3’-4tri-O-methyl ellagic acid, punicalin,
punicalagin, punigluconin and pedunculagin. Besides, the
alkaloids melatonin and serotonin have strong antioxidant
properties.®?!

Due to its’ antioxidant properties, pomegranate intake
improves the plasma antioxidant capacity and has been
found that the prevalence of the oxidatively damaged
molecules is reduced and same time, increase in the
antioxidant-dependent immune responses in patients
with chronic inflammatory diseases are observed.®

Research on 30 Sprague- Dawley rats with acute
inflammation showed that Reactive-Oxygen Species (ROS)
levels were remarkably reduced with 100 Ml pomegranate
extract per day which has been given to the rats 1 day
before and 2 after the surgery.?

Paraoxonase 1 (PON-1) is a hydrolytic enzyme that is
associated with high density lipoprotein and possesses
antioxidant and anti-inflammatory properties. Deficiency of
PON-1 leads to oxidative stress and to inflammation, while
increase of the PON-1 activity can be beneficial.”* Research
showed that daily administration of 10 ml pomegranate
extract in rheumatoid arthritis patients for 12 weeks
decreased the Disease Activity Index (DAS28) by 17% and
this could be linked to the remarkable decrease in serum
oxidative status and to the significant increase of PON-1
activity. It was also found that pomegranate extract addition
to serum of rheumatoid arthritis patients decreased the
lipid peroxidation that is caused by free radicals by 25%.”
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Psoriasis is a chronic inflammatory autosomal dermatitis.
Pomegranate rind extract and also isolated compounds
were found acting by different ways and affecting different
parameters to show anti-inflammatory and anti-psoriatic
activity. The flavonol kaempferol was found able to block
the TNF-induced IL-8 activation in keratinocytes. Besides,
kaempferol reduces the TNF generated ROS without affecting
the viability of cells, suggesting that this phytochemical can
probably be useful in diseases as psoriasis where TNF plays
important role. The flavonoid luteolin possesses strong
anti-inflammatory properties in keratinocytes as it was
found to inhibit the production of the IL-8, IL-6 and Vascular
Endothelial Growth Factor (VEGF). VEGF, is an important
angiogenesis inducer. In inflammatory diseases as psoriasis
and also in various cancers, blocking angiogenesis is possible
to lead to treatment, thus VEGF inhibitory is beneficial in
those cases.”®”” Thymidine phosphorylase is an angiogenic
enzyme. It is referred that exists in high levels in psoriatic
lesions. The isolated phytochemicals punicalin, punicalagin
and 2,3(S)-hexahydroxydiphenoyl-D-glucose were found in
research to show very strong anti-psoriatic activity as they
inhibit the thymidine phosphorylase activity at a range of
89-95%. The pomegranate rind extract in acetone/water
(75%) inhibited the activity of the enzyme by 87% as well.”®

In a study on mouse model of contact dermatitis, topical
application of standardized rind extracts on the mouse ear
edema at dosages of 5, 2.5 and 1 mg/ear and also ellagic
acid at dosages of 0.65, 0.325 and 0.13 mg/ear, equivalent
to the extract’s ellagic acid content, decreased significantly
and dose dependently the ear edema. The rind extract
gave maximal inhibition by 79.12% and the ellagic acid by
73.63%. In the same research, diclofenac at dosage of 1mg/
ear and triamcinolone at dosage of 0.1 mg/ear inhibited the
edema by 37.91% and 73.63% respectively.” In the dosages
used, pomegranate gave comparable or even better results
than the commercial medicines. Myeloperoxidase (MPO)
is a toxic enzyme existing in the neutrophils’ azurophilic
granules and its’ function is to use H,0, and generate HCIO
and other reactive moieties in order to kill pathogens
during infections. In sterile inflammation, MPO and the
oxidants derived by MPO are pathogenic as they promote
inflammation, lead to tissue damages and limit the immune
responses. High levels and activity of MPO are observed in
autoimmune diseases and decreasing them is beneficial &
In the research above, the rind extract decreased the MPO
activity by up to 69.68% and ellagic acid by up to 68.79%.
Diclofenac and triamcinolone reduced the MPO activity by
80.14% and 76.66% respectively. These all above results
show that the topical application of pomegranate rind
extract and ellagic acid could be considerate as promising
alternative treatment of inflammatory skin disorders.”

In a study SKU-1064 human skin fibroblast cells were
exposed to UVA and UVB radiation and then the protective

and anti-inflammatory effect of pomegranate fruit extract
has been evaluated. The activation of the pro-inflammatory
transcription factor NF-kB was suppressed and this is
probably one of the reasons that the pomegranate extract
was found to protect efficiently the fibroblast cells SKU-
1064 from cell death.®

In a research, pomegranate ointment standardized with 40%
ellagic acid was applied on wound and the results showed
lower number of inflammatory cells in comparation with
the control group.®

Neutrophils play important role in inflammation. They
release big amounts of ROS which is produced by
Myeloperoxidase (MPO) and NADPH-oxidase. Regulation
of neutrophils isimportant for the inflammatory treatment.
In a research on colon inflammation the anti-inflammatory
activity of punicic acid, a pomegranate seed oil constituent
has been evaluated. In an in vitro study has been found
that punicic acid inhibited the priming of ROS production
that is induced by TNF-a. Punicic acid also showed strong
anti-inflammatory activity my MPO release inhibition. In
vivo studies showed that the intake of punicic acid and
of seed oil reduced the activation of neutrophils and the
tissue damage caused by MPO and ROS.#

Herpes Simplex Virus (HSV) infections are associated with
topical infection and pain. It is referred that pomegranate
rind extract and zinc (ll) when they are co-administrated
to show a strong antiviral activity against HSV. Topical
application on ex vivo porcine skin of pomegranate rind
extract and total pomegranate tannins with and also without
zinc, showed remarkable anti-inflammatory properties
downregulating the Cyclooxygenase (COX-2) expression
(marker for modulation of arachidonic acid inflammatory
pathway), with the rind extract to give better results than
the total tannins, indicating that probably it’s not the tannins
alone responsible for the anti-inflammatory activity of the
rind extract. The fact that topical application of both total
pomegranate tannins and rind extract gave good anti-
inflammatory results, means that they penetrated the skin
and regulated the COX-2 expression.®

Diabetic patients have increased concentration of circulatory
cytokines due to inflammation. Daily consumption of 250
ml pomegranate juice by patients with type 2 diabetes for
12 weeks resulted in significant decrease of IL-6 compared
with the control group.

One of the reasons that causes inflammation is protein
denaturation. Pomegranate extract was found to inhibit
protein denaturation in various concentrations with
maximum inhibition (70.12+1.12%) to be observed at
500ug/ml and the half maximal inhibitory concentration
(1C50) to be 105.35+1.99 pg/ml. Aspirin which has been
used as control, showed maximum inhibition (77.12+1.42%)
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at 200 pg/ml. The protein used was albumin that was
heated in order to study and compare pomegranate’s and
aspirin’s denaturation inhibitory activities.®

Cigarette smoke causes and increases oxidative stress in
the lungs. The effect of the antioxidant pomegranate juice
on mice exposed acutely and chronically in cigarette smoke
has been evaluated. 4 groups of C57BL/6J mice, the control,
cigarette smoke, cigarette smoke and pomegranate juice
and pomegranate juice group were used. Acute exposure
to smoke was done in 3 days and chronic exposure results
were achieved by 5 times per week exposure for 1 and 3
months. The pomegranate juice groups were administrated
with 80 umol/kg juice daily and other groups were receiving
distillated water. The results showed that the acute exposure
in cigarette smoke increased remarkably the expression of
TNF-a, IL-1B, IL-6 in comparation with the control group.
The oxidative stress and apoptosis were also increased
markedly. The chronic exposure to cigarette smoke resulted
in TNF-a expression increase and to emphysematous
changes in lung sessions compared with the control group.
The pomegranate juice administration normalized the lung
architecture and was found to attenuate the increase of
TNF-a expression. In an invitro research on cultured human
alveolar cells (A549), the ability of pomegranate juice to
reduce smoke damaging effect has been evaluated. The
cells after a 48 hours pretreatment with pomegranate juice
(0.5uM) or vehicle, were exposed to cigarette smoke which
had be extracted from filters and then the cell viability has
been assessed. It was found that the cigarette smoke extract
decreased the cells’ proliferation and also triggered the
dearth of cells. With the pomegranate juice pretreatment,
attenuation of the harmful cigarette smoke extract’s effects
has been observed.®”

The pomegranate leaves’ hydralcoholic extract is mentioned
to have anti-inflammatory properties. In research, male
BALB/c mice were administrated with galloyl-hexahydroxy-
diphenoyl (HHDP)- glucose, a compound isolated from
pomegranate leaves which was found to have very good
activity against Acute Lung Injury (ALl), a disorder of acute
inflammation, indicating that it could probably be a good
alternative way to treat ALl and also other inflammations.2®

In research were evaluated the oral anti-inflammatory
activities of the fruit, rind, leaves and flower aqueous-
ethanolic 50% extracts at doses of 150, 250 and 500 mg/
kg body weight of Wistar albino rats. Was found that in oral
pretreatment with dried extracts there was remarkable
and dose dependent inhibition of edema in comparison
with control groups. The rind extract showed the best
activity with dosage 500 mg/kg as it inhibited by 82.14% the
inflammation. The 50% aqueous-ethanolic flower extract
inhibited inflammation by 71.42% and the leaf extract

by 67.85%, both in 500 mg/kg too. That means that the
pomegranate is a potent anti-inflammatory agent.®

Oral administration of 250 and 500 mg/kg aqueous and
methanolic pomegranate peel extracts on mice with paw
edema resulted in remarkable inhibition of the edema, dose
dependently. At dose of 500 mg/kg the methanolic extract
inhibited by 80.72% the edema and the aqueous extract by
51.94% in comparation with the control group, with this
significant anti-inflammatory activity to be explained by
the phenolic compounds’ high concentration. The edema
inhibition ability of the 500 mg/kg methanolic extract
was comparable with diclofenac’s (50 mg/kg) ability.®®
Administration of 200 mg/kg of pomegranate aqueous-
methanolic rind extract in mice with inflammation and
algesia induced by hot plate, reduced the inflammation
and pain, downregulating oxidative stress markers, NF-kB,
IL-6, IL-13 and TNF-a. Besides, markedly decrease in paw
swelling has been observed.*!

Pomegranate Safety

It has been seen in experiments of pomegranate’s anti-
inflammatory properties evaluation and also in experiments
on pomegranate’s safety, that the pomegranate extracts
and juice are safe. Administration of 1420 mg/day fruit
extract tablets in humans did not cause any side effects.
Research showed pomegranate fruit extract 600 mg/Kg
body weight daily which is more than the doses used
in experiments that were carried out to evaluate the
pomegranate’s anti-inflammatory properties, did not cause
adverse effects. 84142929394

Discussion

Inflammation is a complex defense mechanism of the
body that can be caused by several parameters such as
pathogens, trauma, continuous oxidative stress, expose to
harmful or irritant agents, protein denaturation and other.
Upon exposure to irritant agents, the immune cells such
as macrophages are secreting proinflammatory cytokines,
signaling proteins that promote inflammation. Chronic
overproduction of these cytokines leads to inflammatory
diseases and for this reason it is important to be
downregulated. Pomegranate contains phytochemicals such
as flavonols, flavones, flavanols, flavanones, anthocyanidins,
anthocyanins, hydrolysable and non-hydrolysable tannins,
simple organic acids and alkaloids that as a mixture in the
juice or extracts where synergic action may occur and also
as isolated compounds, show very strong anti-oxidant and
anti-inflammatory properties. Ellagitannins metabolized
by gut microbiota create urolithins, that also possess very
strong anti-inflammatory properties. In vivo, in vitro and ex
vivo researches showed that the pomegranate possesses
significant anti-inflammatory activity.
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Pomegranate extracts and isolated phytochemicals were
found to inhibit the expression of the cytokines IL-6, IL-
10, 1L-5, IL-8, IL-1B, IL-18, TNFa, IFN-y that if they are
overexpressed there is high risk of chronic inflammation and
infection, auto-inflammatory and autoimmune diseases,
eosinophil mediated inflammation, tissue damage and
pathogenic processes such as cancer. Besides pomegranate
reduces NF-kB that if is unregulated it leads to inflammatory
diseases and inhibits MMPs, classical inflammation marker in
arthritic joints, Nitric Oxide (NO) a mediator and regulator in
inflammatory that can cause tissue damages. Pomegranate
also reduces MPO which in high levels limits the immune
responses and causes inflammation, tissue damages and
autoimmune diseases. COX, inflammatory mediator related
with cancer is also decreased by pomegranate. There
are certain types of inflammation which are caused due
to free radicals such as ROS and RNS. The polyphenol
rich pomegranate is potent antioxidant and reduces
significantly free radicals improving the antioxidant status
and eliminating oxidative stress that can lead to chronic
inflammation and to several diseases. Besides, pomegranate
increases the anti-oxidant dependent-immune responses.
Various pomegranate constituents as flavonoids, tannins
and alkaloids have antimicrobial properties and for this
reason pomegranate can be beneficial in infections where
the inflammation is caused or aggregated by microbes, such
as gastritis. One of the reasons inflammation is caused, is
proteins’ denaturation that was found to be sufficiently
inhibited by pomegranate.

In the doses used in each experiment pomegranate
gave comparable and in some cases even better results
than commercial anti-inflammatory medicines and it is
very important to be mentioned that the pomegranate
in contrast with the drugs did not have side effects and
also in some cases was beneficial and protective where
the medicines were harmful. For example, NSAIDs show
gastrotoxicity while pomegranate is gastroprotective
due to tannins, saponin and flavonoids that it contains.
Anti-TNF medicines in some cases aggregate than inhibit
the disease while pomegranate is without side effects
reducing sufficiently the TNF levels. Pomegranate, affects
several times more than one of the inflammatory-involved
factors and shows remarkable anti-inflammatory activity in
treating various diseases as asthma, arthritis, rheumatoid
arthritis, psoriasis, contact dermatitis, lung inflammation,
edema, diabetes, acute and chronic colitis, ulcerative colitis,
gastritis, diarrhea, Inflammatory Bowel Disease and Cronh’s
disease. Besides pomegranate was found very effective in
treating the inflammation due to UVA and UVB radiation,
decreasing cigarette smoke effects and also in wound and
ulcers healing reducing the infection.

Has been observed that in some cases better results are
given by extracts (mixture of phytochemicals) and in others
by isolated compounds. Further clinical studies can give
more information about the isolated compounds or mixture
of them, the synergic action if it occurs and the biochemical
pathways the phytochemicals are involved to achieve anti-
inflammatory activity.

Conclusion

Pomegranate contains many phytochemicals, each one
with different bioactivities. As there are compounds with
more than one of antioxidant, antimicrobial and anti-
inflammatory properties, treatment with such mixture of
bioactive compounds is approaching the health issue overall,
affecting more than one parameter that affect or create the
problem. That’s an advantage compared with commercial
drugs which approach mostly unilaterally the problem
and also have side effects while pomegranate not only is
safe but also may be beneficial to issues that commercial
medicine is harmful. This indicates that pomegranate could
be considered as a very promising alternative treatment
for inflammatory diseases.
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