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Abstract

Background: The induction of the inflammatory cascade results in the production of a number of inflammatory
mediators, including prostaglandin E2 (PGEZ2), nitric oxide (NO), and proinflammatory cytokines like TNF-, IL-,
and IL-06. This study examined the cytotoxicity and anti-inflammatory properties of a methanolic crude extract of
Punica granatum L. pee/ (PPM) on monocytic leukaemia cell line (THP-1).

Materials and methods: The PPM along with Quercetin as reference was used to assess the cytotoxic effect on
THP-1 cells and describe its effect on pro-inflammatory cytokines such as COX-2, TNF-«, IL-6 against cancer
cell line by flow cytometry.

Results: The percentage of viable cells significantly decreased which correlates to non-toxicity whereas quercetin
was found to be highly toxic, the IC50 could not be calculated because of drug precipitation. There was a signif-
icant decrease in the expressions of inflaimmatory cytokines upon pre-treatment of the cells with PPM prior to
LPS stimulation.

Conclusion: Our findings indicate that no cytotoxicity was observed after the treatment of THP-1 cells with
PPM (25-400 pg/ml), but at higher concentration (400ug/ml), the cell viability decreased to 84% and attenuated
the expression level of inflammatory cytokines. The inhibitory effect of the extract on pro-inflammatory factors
production may provide a theoretical source on upcoming treatment of inflammation.
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Introduction

Pomegranate (Punica granatum 1..), is a deciduous thera-
peutic plant since old times, and is likewise considered
as a mysterious plant'. It is fruit-bearing shrub which
originates from Middle East and India Traditional-
ly, pomegranate has all around reported appreciation
in many cultures as an image of longevity and well
being®. All parts of the tree, including peel, have spe-
cific applications in traditional medicinal systems such
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as Chinese, Ayurvedic and Unani®. For instance, it is
used as a solution for different neurotic conditions such
as malaria, dental plaque, diabetes, dysentery and intes-
tinal infections™®. The fruit rind and the bark of the
pomegranate tree have been utilized for the treatment
of dysentery, digestive parasites and diarrhea. Scientific
information reveals that antioxidant, anti-inflammato-
ry and anti-cancer activity of pomegranate can be to a
great extent ascribed to its high substance of polyphe-
nols. Pomegranate peel (PP) is significant natural source
of phenolics such as flavonoids, proanthocyanidins and
ellagitannins’.

Lansky and Newman® concluded that the extracts of
pomegranate shows medical applications in various
diseases where inflammation is believed to play a fun-
damental etiology, such as cancer. Inflammation rep-
resents the first defensive barrier and occurs through
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two steps, acute and chronic’. Chronic inflammation
is concerned with the beginning of few provocative
problems and inflammatory disorders such as inflam-
matory bowel disease, rheumatoid arthritis and chronic
obstructive pulmonary disease'’. Pomegranate and its
significant parts have been generally shown to have an-
ti-inflammatory properties. For example, cold pressed
PG seed oil has been known to possess anti-inflamma-
tory activity since it repressed in vitro both cyclooxy-
genase and lipoxygenase enzymes. As per the literature
data, few examinations explored the effects of differ-
ent fractions extracted from pomegranate on various
malignant cell lines. It has been shown that PP extract
reduces proliferation and prompts apoptosis in MCF-
7 cells depending on concentration applied and incu-
bation time''. It was demonstrated that pomegranate
peel extract reduced the production of reactive oxygen
species (ROS), inflammatory cytokines expression and
prevented other inflammatory events due to particulate
matter'”. Study demonstrated that using higher concen-
tration of pomegranate peel extract, anti-inflammato-
ry effects were strongly exhibited in both in vivo and
ex vivo models by the repression of CXCL8 concen-
trations in cell and tissue supernatants, respectively’.
Research studies demonstrated that the treatment with
pomegranate polyphenols significantly diminished the
release of two inflammatory promoting compounds
such as nitric oxide (iINOS) and cyclooxygenase (COX-
2), that play a very vital role in inflammation'*.

Recently, Pepe et al.,(2020)" evaluated that the antiox-
idant and anti-inflammatory capacity of pomegranate
extract reduced the oxidative stress and increase in the
levels of cytoprotective enzymes, such as heme oxygen-
ase 1 (HO-1) and NAD(P)H dehydrogenase quinone 1
(NQO-1), and tight junction proteins. The nuclear fac-
tor-kappa B (NF-xB) pathway has been identified as a
key mediator of inflammation and serves as an import-
ant target for drug development'®. ROS is thought to be
involved in inflammatory gene expression through the
redox-based activation of the NF-xB signaling pathway.
It has been shown that many antioxidants inhibited in-
flammatory gene expression and NO production by
suppressing NF-xB activation through the removal of
ROS. Pomegranate peel has been reported in the past
by our lab for its anti-diabetic properties’. We also se-
quenced and annotated the genome of the superfood
Indian Punica granatum to explore the PPP pathway®.
Pomegranate peel polyphenols and their components
have been shown to significantly inhibit the expres-
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sion of pro-inflammatory mediators and the molec-
ular mechanism was associated with the inhibition of
MAPKSs activation'” '®. The aim of this work was to
examine the cytotoxicity and inflammatory effects of
pomegranate peel extract (PPM) on Leukemia mono-
cytic cell line.

Materials and methods

Chemicals

The quercetin reference standard, RPMI-1640 medium,
Foetal Bovine Serum, penicillin was purchased from
Sigma-Aldrich (USA). The cell lines (THP-1) were pur-
chased from NCL, Pune.

Collection and preparation of P. granatum peels extract
Fruits of Punica granatum were purchased from the local
markets of Bengaluru, India. The fruits were cleaned
under running tap water, and the fruit peels were gently
removed and allowed to dry in shade. The dried mate-
rial was finely powdered using a mixer grinder. 50g of
the powdered pomegranate peel was weighed extract-
ed thrice using the Soxhlet apparatus at 40-60°C, us-
ing 70% methanol. After three cycles, the filtrate was
collected and dried at 55°C using water bath' *. The
pomegranate peel crude methanolic extract PPM pre-
pared was used for further investigations.

Cell culture

Using Roswell Park Memorial Institute (RPMI-1640)
medium supplemented with 10% Foetal Bovine Serum
(FBS), 100 U/ml of penicillin, and at 37°C in a humid-
ified atmosphere with 5% CO2, THP-1 a monocytic
leukemia cell line, as grown in T-25 flasks.

Measurement of Cytotoxicity of PPM

Cells cultured in T-25 flasks were aspirated into a 5ml.
centrifuge tube and centrifuged at 300*g. The cell count
of the obtained pellet was adjusted, using DMEM HG
medium, such that 50pl of suspension contained ap-
proximately 10,000 cells. Followed by it 50pl of the
cell suspension was added to each well of the 96 well
microtitre plate, and was incubated at 37°C and 5% CO,
atmosphere for 24 h. 50pl different concentrations of
of PPM (25, 50, 100, 200, 400ug/ml) quercetin (25, 50,
100, 200, 400ug/ml) and Cisplatin (6.25,12.5,25,50 and
100 pg/ml), were added to the respective wells. The plate
was then incubated at 37°C and 5% CO, atmosphere for
24 h. 100pl of medium containing MTT reagent was
then added to each well to get a final concentration of
0.5mg/mlL and the plate was incubated at 37°C and 5%
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CO, atmosphere for 3 h. 100ul of Dimethyl sulfoxide
(DMSO) was added to the wells to dissolve the gener-
ated formazan. The absorbance was measured using an
ELISA microplate photometer (Multiskan™ FC, Ther-
mo Scientific™), at 570 and 630nm. After removing the
background and the blank, the percentage of growth
inhibition (IC50) was computed, and the dose-response
curve for the cell line was used to generate the concen-

tration of PPM required to inhibit cell growth by 50%.

Measurement of COX-2, IL-6 and TNF-a production
THP-1 cells were cultured in 6-well plate at a density
of 3 x 10° cells/2 ml and incubated in a CO, incu-
bator overnight at 37°C for 24 hours for studying the
expression of COX-2, TNF- o and IL-6. The cells
were treated with PPM(25ug/ml), quercetin (12.5 pg/
ml) and incubated for 24 hours at 37°C. The cells
were stimulated with LPS (2 nug/ml) leaving the un-
treated cells.1ul of protein transport inhibitor (BD
GolgiStopTM) was added to each well that aids in the
accumulation of expressed cytokines within the cells.
After 24 hours’ treatment, the cells were harvested and
centrifuged for 5 minutes at 300%g at 25°C and washed
twice with PBS. 0.5ml of 2% paraformaldehyde solu-
tion was added and incubated for 20 minutes. Followed
by it a wash with 0.5% bovine serum albumin(BSA) was
carried out. 0.1% Triton-X 100 in 0.5% BSA solution
was added and incubated for 10 minutes and washed
again with 0.5% BSA in 1X PBS solution.

PE Anti-Human IL-6 monoclonal antibody(Catalog
No. 12-7069-81Thermofisher, USA), FITC Mouse
Anti-Human TNEF, Catalog No. 562082, PE Mouse
Anti-Human COX-2, Catalog No. 565125, BD Biosci-
ences was added to a final volume of 100ul. of cell
suspension in three different plates respectively and in-
cubated for 30 minutes in the dark after at room tem-
perature . Again, the cells washed with 0.5% BSA. Fi-
nally, 0.5ml of PBS was added and the changes in I1.-6,
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TNF and COX2 expression was detected by measuring
the cells positive in PE fluorescence in FL.2 detector
using a 575nm band pass filter, FITC fluorescence in
FLL1 detector using a 525nm band pass filter of cytom-
ics FC500, Beckman coulter, USA.

Statistical analysis

All experiments were carried out in triplicates and the
results are presented as mean¥ standard deviation. The
statistical analysis of variance (ANOVA) was carried
out using Microsoft office Excel 10 and all the graphs
were plotted using the same. p< 0.05 was considered as
statistical significance

Results and discussion

In this study, we examined the cytotoxicity and proin-
flammatory effect of PPM. Figure 1(a)shows the per-
centage of cell viability of cells treated with cisplatin.
The number of viable cells decreased from 0.5%-
74.5%-0.05% with an increase in cisplatin concentra-
tion from 6.25 to 100 ug/ml. The cell viability in PPM
treatment also significantly decreased, however the
percentage viability is slightly higher than the untreat-
ed cells in cells treated with 25 to 100 pg/ml of PPM,
which correlates to non-toxicity (Figure 1(C)). MTT
assay results for quercetin were found to be highly tox-
ic, not proportional to the concentration (Figure 1(b))
and the IC50 could not be calculated due to high absor-
bance. The high absorbance can be attributed to drug
precipitation on the plate at higher concentrations as
shown in Fig 2(D). Figure 2 represents the morpho-
logical changes noted in THP-1 cells, after 24 hours of
treatment. It is noted that the morphology was similar
in both untreated and cells treated with PPM indicat-
ing no toxicity of PPM (Figure 2a and C). Less viable
cells can be clearly noted in cells treated with cisplatin.
Many dead cells with precipitation of quercetin is seen
cells treated with quercetin. The IC50 of Cisplatin was
found to be 9.46%3.49 ug/ml and PPM was found to

be non-toxic to cells.
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Figure 1: Cytotoxic activity of different concentration of PPM in THP-1 cells as determined by
MTT reduction assay. Cell viabilities are presented as percentages of viable cells per total cells
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Figure 2: Morphological changes of THP-1 cells after 24hrs of treatment with Cisplatin, PPM and Quercetin during MTT Assay

COX-2 Expression

The expression of COX2 in THP-1 cells in each group
was tested. COX2 expression increased after the cells
were stimulated with LPS. The percentage of cells with
low COX2 and high levels of COX2 was found to be
78.8%11.36and 21.20%4.53respectively and geometric
mean fluorescence intensity (MFI) of PE COX-2 was
found to be 5258 * 18.93 in untreated/control cells..
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A decrease in COX-2 expression was observed upon
pre-treatment of the cells with sample PPM prior to
LPS treatment as compared to LPS induced control
cells whereas, significant decrease was seen in the mean
fluorescence intensity of PE fluorochrome and COX-
2 high cells (Figure 3). Decrease in the expression of
COX-2 was not observed upon pre-treatment with
quercetin (Table 2).
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Fig 3: DOT PLOT showing Methanol extract of pomegranate peel (PPM) inhibits the expression of inflammatory cytokine COX2.
(a) Untreated THP-1 cells (b) LPS induced THP-1 cells (c) THP-1 cells treated with quercetin (d) THP-1 cells treated with PPM

TNF-a Expression

The expression of pro-infammatory cytokine TNF-a
was analysed by Flow cytometric method. The results
show significant decrease in TNFa expression in the
cells pretreated with PPM before LPS stimulation as
compared to LPS induced control cells (Figure 4). quer-
cetin (27241+17.93) and PPM (1597%10.64) significant-
ly decreased the production of TNFa, observed as a
decrease in the mean fluorescence intensity of FITC
fluorochrome compared to 3129+18.74 MIF of LPS
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treated cells and decrease in the percentage of TNF«
high cells as shown in Table 3 and Figure 4.

IL-6 Expression

A decrease in 1L-6 expression was observed upon
pre-treatment of the cells with sample PPM and quer-
cetin prior to LPS stimulation as compared to LPS
induced control cells where significant decrease was
seen in the percentage of IL-6 high cells (Table 4). The
changes in IL-6 expression were detected by measuring
the cells positive in PE (yellow) fluorescence in the FL.2
detector (Figure 5).
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Discussion

Inflammation is related with the pathophysiology of
different medical conditions for example, joint inflam-
mation and osteoarthritis. Non-steroidal anti-inflamma-
tory drugs (NSAIDs) is one of the most well-known
medications used wotldwide*'. The use of plants that
have anti-inflammatory effects without side effects can
be a good substitute for this drug because, in addition to
their excellent anti-inflammatory properties, NSAIDs
also have serious adverse effects such as perforation, GI
ulcers, bleeding, and blockage®?*. In order to evaluate
the anti-inflammatory potential of pomegranate peel
extract, which is used in Indian traditional medicine, the
current study was conducted.

Pomegranates, which were first grown in the Middle
East, are today cultivated and grown all over the world.
Currently, as a type of fruit high in polyphenols, it pos-
sesses anti-inflammatory, anti-diabetic, anti-microbial,
anti-obesity, anti-cancer, and hypolipidemic effects®?’.
Phenolic compounds are the extraordinary and signifi-
cant components of pomegranate fruits, especially rich
in the peel®?.

Inflammatory response plays an important role in both
normal physiology and pathology®. Various inflam-
matory mediators such as prostaglandin E2 (PGE2),
nitric oxide (NO) and proinflammatory cytokines like
TNF-a, IL-3 and IL-6 are produced by the activation of
the inflammatory cascade. One of the most important
features in the inflammatory process is the production
of free radicles such as reactive oxygen species (ROS)
derived by phagocytic leucocytes. These free radicles
produced as by products have the potential to cause ox-
idative stress in the cells leading to inflammatory and
deleterious events. Studies have shown that phenolic
antioxidants are able to prevent the induction of in-
flammatory cytokines by preventing NF-kB activation®
¥ and the production of intracellular free radical species
(ROS genration)*. The nuclear factor-kappa B (NF-kB)
pathway has been identified as the target in inhibition
of inflammation and serves as an important target drug
development™.

In this study, the anti-inflammatory effects of Pome-
granate peel extracts (PPM) were investigated using
THP-1 cells stimulated with LPS. The cytotoxic effects
of PPM on THP-1 cells are presented in figure 1. No
cytotoxic effects were observed in THP-1 cells treated
for 24hrs with PPM. The maximum reduction in cell
viability was seen at a concentration of 400ug/ml.
Studies showed that ethanolic and methanolic extracts
of Pomegranate aril have good capacity for anti-inflam-
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matory activity™

. The synthesis of macrophage nitric
oxide synthase enzyme which generates nitric oxide is
harmful to the affected tissue and many lead to acute or
chronic inflammation”. Although several studies have
been published on the pomegranate fruit peel waste®*,
there are still little published data on the effects of PPM
n inflammation.

COX-2 is an enzyme that produces prostaglandins
and is activated by LPS and other activators, including
proinflammatory cytokines®. Our study showed that
PPM suppresses the levels of COX-2 production in
THP-1 cells but decrease in the expression of COX-2
was not observed upon pre-treatment with Quercetin.
Findings have reported that pomegranate peel extract
mediated suppression of COX-2 in chemically induced
mammary carcinogenesis in rats. Several pomegranate
constituents, example- ellagic acid, gallic acid and pu-
nicalagin A and B, inhibited lipopolysaccharide induced
PGE2, nitric oxide and I1.-6 production™.

Research studies stated that COX and lipoxygenase
(LOX) which are key enzymes in the conversion of ar-
achidonic acid to prostaglandins and leukotrienes (im-
portant inflammatory mediators), are inhibited by Puni-
ca granatum™-*'.

TNF is an efficient juxtracrine, paracrine and endocrine
mediator of inflammatory and immune functions. It
regulates the growth and differentiation of a variety of
cell types*™. Blocking NF-kb, inflammatory cell signal-
ling pathways that produces various destructive factors
may be a potential strategy to prevent inflammation.Our
study did confirm that TNF-a expression of LPS-in-
duced cells was affected after treatment with methano-
lic extract of pomegranate peel (PPM) and Quercetin.
A decrease in TNF-a production was seen. I1.-6 is one
of the important pro-inflammatory factors, especial-
ly in early phage of inflammation. As shown in Table
4, decrease in the production of 1L.-6 was seen upon
pre-treatment of the cells with the pomegranate peel
extract. Research data suggested that quercetin might
exert its anti-inflammatory effect through negative-
ly modulating pro-inflammatory factors, such as IL-6.
The inhibitory effect of the extract on pro-inflammato-
ry factors production may provide a theoretical source
on upcoming treatment of inflammation®.

Finally, our findings indicate that no cytotoxicity was
observed after the treatment of THP-1 cells with
pomegranate peel extract (25-400 pug/ml), but at higher
concentration of 400 pug/ml, the cell viability decreased
to 84% and attenuated the expression level of inflam-
matory cytokines COX-2 and TNF-a.

African Health Sciences, Vol 24 Issue 3, September, 2024



Acknowledgements

Authors would like to acknowledge REVA University
for providing the laboratory support to conduct ana-
Iytical experiments to generate research data. We are
obliged to DST-FIST for PG Level O (SR/FST/COL-
LEGE-/2018/404).

Conflict of interest statement
Nil.

References

1. Jurenka]S. Therapeutic applications of pome-
granate (Punica granatum 1.): a review.Altern Med Rev.
2008; 13(2):128-44.

2. Basiri S. Evaluation of antioxidant and antiradi-
cal properties of Pomegranate (Punica granatum 1..) seed
and defatted seed extracts. ] Food Sci Technol. 2015;
52(2):1117-23. doi: 10.1007/s13197-013-1102-z.

3. LangleyP. Why a pomegranate? British med-
ical journal. 2000; 321(7269): 1153-4. doi: 10.1136/
bm;j.321.7269.1153.

4, Ravinath R, Das AJ, Usha T. et al. Targeted
metagenome sequencing reveals the abundance of
Planctomycetes and Bacteroidetes in the rhizosphere
of pomegranate. Arch Microbiol 2022; 204: 481.

5. Ismail T, Sestili P, Akhtar S. Pomegranate peel
and fruit extracts: a review of potential anti-inflamma-
tory and anti-infective effects. | Ethnopharmacol. 2012;
143(2):397-405. doi: 10.1016/j.jep.2012.07.004.

6. Usha T, Middha SK, Babu D, et al. Hybrid As-
sembly and Annotation of the Genome of the Indi-
an Punica granatum, a Superfood. Frontiers in Genet-
ics. 2022;13:786825. doi: 10.3389/fgene.2022.786825.
PMID: 35646087.

7. Middha, S., Usha, T., & Pande, V. (2013). HPLC
evaluation of phenolic profilenutritive content and an-
tioxidant capacity of extracts obtained from Punicagra-
natum fruit peel. Advances in Pharmacological Scienc-
es, 2013. 6 pages. ArticleID 296236.

8. Lansky EP, Newman RA. Punica granatum (pome-
granate) and its potential for prevention and treatment
of inflammation and cancer. | Ethnopharmacol. 2007;
109(2):177-206. doi: 10.1016/j.jep.2006.09.006.

9. Dikmen M, Ozturk N, Ozturk Y. The antiox-
idant potency of Punica granatum 1.. Fruit peel reduc-
es cell proliferation and induces apoptosis on breast
cancer. | Med Food. 2011; (12):1638-46. doi: 10.1089/
jmf£.2011.0062.

10. Lin Y, Jiang M, Chen W, Zhao T, Wei Y. Can-
cer and ER stress: Mutual crosstalk between autopha-

African Health Sciences, Vol 24 Issue 3, September, 2024

gy, oxidative stress and inflammatory response. Biomed
Pharmacother. 2019; 118:109249. doi: 10.1016/j.bio-
pha.2019.109249.

11. Nasef NA, Mehta S, Ferguson LR. Susceptibil-
ity to chronic inflammation: an update. Arch Toxicol.
2017; 91(3):1131-1141. doi: 10.1007/s00204-016-1914-
5.

12. Park S, Seok JK, Kwak JY, Suh HJ, Kim YM,
Boo YC. Anti-Inflammatory Effects of Pomegranate
Peel Extract in THP-1 Cells Exposed to Particulate
Matter PM10. Evid Based Complement Alternat Med.
2016; 2016:6836080. doi: 10.1155/2016/6836080.

13. Mastrogiovanni I, Mukhopadhya A, Lacetera
N, Ryan MT, Romani A, Bernini R, Sweeney T. Anti-In-
flammatory Effects of Pomegranate Peel Extracts on
In Vitro Human Intestinal Caco-2 Cells and Ex Vivo
Porcine Colonic Tissue Explants. Nutrients. 2019;
11(3):548. doi: 10.3390/nu11030548.

14, DuL, Li], Zhang X, Wang I, Zhang W, Yang M,
Hou C. Pomegranate peel polyphenols inhibits inflam-
mation in LPS-induced RAW264.7 macrophages via the
suppression of TLR4/NF-xB pathway activation. Food
Nutr Res. 2019; 63. doi: 10.29219/fnr.v63.3392.

15. Pepe G, Rapa SE, Salviati E, Bertamino A, Au-
riemma G, Cascioferro S, Autore G, Quaroni A, Campi-
glia P, Marzocco S. Bioactive Polyphenols from Pome-
granate Juice Reduce 5-Fluorouracil-Induced Intestinal
Mucositis in Intestinal Epithelial Cells. Antioxidants
(Basel). 2020; 9(8):699. doi: 10.3390/antiox9080699.
16. Zhang]X, Xing ]G, Wang LL, Jiang HI., Guo SL,
Liu R. Luteolin Inhibits Fibrillary B-Amyloid1-40-In-
duced Inflammation in a Human Blood-Brain Barrier
Model by Suppressing the p38 MAPK-Mediated NF-
#B Signaling Pathways. Molecules. 2017; 22(3):334. doi:
10.3390/molecules22030334.

17. DuL, Li], Zhang X, Wang I, Zhang W, Yang M,
Hou C. Pomegranate peel polyphenols inhibits inflam-
mation in LPS-induced RAW264.7 macrophages via the
suppression of TLR4/NF-xB pathway activation. Food
Nutr Res. 2019; 63. doi: 10.29219/fnr.v63.3392.

18. Kim HG, Yoon DH, LLee WH, Han SK, Shres-
tha B, Kim CH, Lim MH, Chang W, Lim §, Choi S,
Song WO, Sung JM, Hwang KC, Kim TW. Phellinus
linteus inhibits inflammatory mediators by suppressing
redox-based NF-kappaB and MAPKSs activation in li-
popolysaccharide-induced RAW 264.7 macrophage. |
Ethnopharmacol. 2007; 114(3):307-15. doi: 10.1016/j.
jep.2007.08.011.

19. AnyasorNG, Ogunwenmo KO, A Oyelana OA
and E Akpofunure BE. Phytochemical constituents and

135



antioxidant activities of aqueous and methanol stem ex-
tracts of Costus afer Ker Gawl. (Costaceae). African
journal of biotechnology. 2010; 9(31): 4880-84.

20. Subramanian SS. and Nagarajan S. Flavonoids
of the seeds of Crotalaria retusa and C. striata. Current
Science. 1969; 38: 65-68.

21. Wallace JL, Ferraz JG. New pharmacolog-
ic therapies in gastrointestinal disease. Gastroenter-
ol Clin North Am. 2010; (3):709-20. doi: 10.1016/j.
¢tc.2010.08.020.

22. Vonkeman HE, van de Laar MA. Nonsteroidal
anti-inflammatory drugs: adverse effects and their pre-
vention. Semin Arthritis Rheum. 2010; 39(4):294-312.
doi: 10.1016/j.semarthrit.2008.08.001.

23. Garcia Rodriguez LA, Tacconelli S, Patrignani
P. Role of dose potency in the prediction of risk of
myocardial infarction associated with nonsteroidal an-
ti-inflammatory drugs in the general population. ] Am
Coll Cardiol. 2008: 52(20):1628-1636.

24. Lansky EP, Newman RA. Punica granatum
(pomegranate) and its potential for prevention and treat-
ment of inflammation and cancer. ] Ethnopharmacol.
2007; 109(2):177-206. doi: 10.1016/}.jep.2006.09.006.
25. Shukla M, Gupta K, Rasheed Z, Khan KA,
Haqqi TM. Consumption of hydrolyzable tannins-rich
pomegranate extract suppresses inflammation and joint
damage in rheumatoid arthritis. Nutrition. 2008; 24(7-
8):733-43. doi: 10.1016/j.nut.2008.03.013.

26. LeeCJ, Chen LG, Liang WL, Wang CC. Anti-in-
flammatory effects of Punica granatum Linne in vitro
and in vivo. Food Chemistry. 2010. 118(2): 315-22.

27. Ismail T, Sestili P, Akhtar S. Pomegranate peel
and fruit extracts: a review of potential anti-inflamma-
tory and anti-infective effects. | Ethnopharmacol. 2012;
143(2):397-405. doi: 10.1016/j.jep.2012.07.004.

28. WuD, Ma XF, Tian W. Pomegranate husk ex-
tract, punicalagin and ellagic acid inhibit fatty acid syn-
thase and adipogenesis of 3T3-L1 adipocyte. Journal of
Functional Foods. 2013; 5(2): 633-41.

29. Al-Muammar MN, Khan F. Obesity: the preven-
tive role of the pomegranate (Punica granatum). Nutri-
tion. 2012; (6):595-604. doi: 10.1016/j.0ut.2011.11.013.
30. Gonzalez-TrujanoME, Pellicer T, Mena P,
Moreno DA, Garcra-Viguera C. Antinociceptive and
anti-inflammatory activities of a pomegranate (Punica
granatum 1) extract rich in ellagitannins. Internation-
al journal of food sciences and nutrition. 2015; 66(4):
395-9.

31. LiJ,He X, LiM, Zhao W, Liu L, Kong X. Chem-
ical fingerprint and quantitative analysis for quality con-

136

trol of polyphenols extracted from pomegranate peel
by HPLC. Food Chem. 2015; 176:7-11. doi: 10.1016/j.
foodchem.2014.12.040.

32. Lee SH, Kwak CH, Lee SK, Ha SH, Park |,
Chung TW, Ha KT, Suh §J, Chang YC, Chang HW,
Lee YC, Kang BS, Magae J, Kim CH. Anti-Inflamma-
tory Effect of Ascochlorin in LPS-Stimulated RAW
264.7 Macrophage Cells Is Accompanied With the
Down-Regulation of iNOS, COX-2 and Proinflam-
matory Cytokines Through NF-xB, ERK1/2, and p38
Signaling Pathway. ] Cell Biochem. 2016; 117(4):978-87.
doi: 10.1002/jcb.25383.

33. Park HH, Kim M]J, Li Y, Park YN, Lee ], Lee
Y], Kim SG, Park HJ, Son JK, Chang HW, Lee E. Bri-
tanin suppresses LPS-induced nitric oxide, PGE2 and
cytokine production via NF-xB and MAPK inactiva-
tion in RAW 264.7 cells. Int Immunopharmacol. 2013;
15(2):296-302. doi: 10.1016/j.intimp.2012.12.005.

34, Bai SK, Lee SJ, Na HJ, Ha KS, Han JA, Lee
H, Kwon YG, Chung CK, Kim YM. beta-Carotene
inhibits inflammatory gene expression in lipopolysac-
charide-stimulated macrophages by suppressing re-
dox-based NF-kappaB activation. Exp Mol Med. 2005;
37(4):323-34. doi: 10.1038/emm.2005.42.

35. SuhSJ, Chung TW, Son M]J, Kim SH, Moon
TC, Son KH, Kim HP. Chang HW, Kim CH. The nat-
urally occurring bioflavonoid, ochnaflavone, inhibits
LPS-induced Inos EXPRESSION, which is mediated
by ERK1/2 via NF-KB regulation, in RAM 264.7 cells.
Archives of biochemistry and biophysics. 2006; 447(2):
136-46

306. Olivera A, Moore TW, Hu E Brown AP, Sun
A, Liotta DC, Snyder JP, Yoon Y, Shim H, Marcus Al,
Miller AH, Pace TW. Inhibition of the NF-«B signaling
pathway by the curcumin analog, 3, 5-Bis(2-pyridinyl-
methylidene)-4-piperidone (EF31): anti-inflammato-
ry and anti-cancer properties. Int Immunopharmacol.
2012; 12(2):368-77. doi: 10.1016/}.intimp.2011.12.009.

37. Waghulde S, Bhopi S, Ghude T, Gotarane R,
and Kale M. Comparitive Anti-inflammatory activity
of aril extracts of Punica granatum fruits. MDPI. 2018;
9(1):60.

38. KimAR, Cho JY, Zou Y, Choi JS, Chung HY.
Flavonoids differentially modulate nitric oxide produc-
tion pathways in lipopolysaccharide activated RAW?264.7
cells. Archives of pharmacal research. 2005; 28:297-304
39. BenSaad LA, Kim KH, Quah CC, Kim WR,
Shahimi M. Anti-inflammatory potential of ellagic acid,
gallic acid and punicalagin A&B isolated from Puni-
ca granatum. BMC Complement Altern Med. 2017;
17(1):47. doi: 10.1186/s12906-017-1555-0.

African Health Sciences, Vol 24 Issue 3, September, 2024



40. Schubert SY, Lansky EP, Neeman I. Antioxi-
dant and eicosanoid enzyme inhibition properties of
pomegranate seed oil and fermented juice flavonoids.
| Ethnopharmacol. 1999; 66(1):11-7. doi: 10.1016/s0378-
8741(98)00222-0.

41. Rahimi HR, Arastoo M, Ostad SN. A Comprehen-
sive Review of Punica granatum (Pomegranate) Prop-
erties in Toxicological, Pharmacological, Cellular and
Molecular Biology Researches. Iran | Pharm Res. 2012
Spring;11(2):385-400.

African Health Sciences, Vol 24 Issue 3, September, 2024

42. Middha SK, Usha T, Pande V. A Review on An-
tihyperglycemic and Antihepatoprotective Activity of
Eco-Friendly Punica granatum Peel Waste. Evidance Based
Comlementry and Alternative Medicine. 2013; 2013: Article
1D 656172.

43. Liu |, Li X, Yue Y, Li ], He T, He Y. The inhibitory
effect of quercetin on IL.-6 production by LPS-stimu-
lated neutrophils. Cel/ Mol Immunol. 2005; 2(6):455-60.

137



