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ABSTRACT

Background: Oral cancer is one of the most aggressive and invasive cancers with high metastatic potential. Oral cancer
is cancer with the 11th highest number of cases in the world. Oral cancer is treated with chemotherapy and radiotherapy.
However, this therapy causes side effects in the form of damage to normal cells in the surrounding tissue. Pomegranate
extract contains polyphenols which may be great for inhibiting the development of oral cancer. Purpose: This article
presents a systematic and comprehensive review of the potential of pomegranate extract as a natural product to inhibit the
development of oral cancer. Review: Pomegranate extract was obtained by ethanol extraction using maceration method.
The main content of pomegranate is polyphenolic compounds such as punicalagin, tannins, flavonoids, and ellagic acid.
This compound reduces ATP formation, shortens the subG1 phase, and increases apoptosis. At the microcellular level,
pomegranate extract can inhibit the activity of MMP-2 or MMP-9 to produce anti-proliferative, anti-angiogenesis and
pro-apoptotic processes of cancer cells at concentrations of 25 and 50 pg/ml. Anti-proliferative and pro-apoptotic effects
are produced through mitochondrial damage mechanisms. Exposure after 72 hours can reduce oral cell viability greater
than exposure after 24 hours. Conclusion: Pomegranate extract is likely has four mechanisms to oral cancer: inhibiting
the invasion, migration and growth of oral cancer cells, increasing oral cancer cell apoptosis and regulating antioxidant

genes. So that this material can be used as a candidate for oral cancer therapy.

Keywords: Pomegranate, oral cancer, pro-apoptotic, anti-proliferative, natural product

Correspondence: Meircurius Dwi Condro Surboyo, Department of Oral Medicine, Faculty of Dental Medicine, Universitas Airlangga.

J1. Mayjen Prof. Dr. Moestopo 47 Surabaya, 60132 Indonesia. Email: meircurius@fkg.unair.ac.id

INTRODUCTION

Oral cancer is a pathological condition of oral epithelial
cells that are atypical and differentiate into malignancy
and continue to metastasize, which often gives clinical
conditions such as ulcers that do not heal and recur.! Oral
cancer is one of the most aggressive and invasive types
of cancer and has very high metastases with the number
of cases reaching 377,000 cases and 177,000 deaths.?
According to data released by the Ministry of Health of
the Republic of Indonesia in 2019, oral cancer occupies
the third-highest position in the category of cancer with
the highest prevalence.?

Generally, the therapy given is radiotherapy and tissue
excision. This therapy has several drawbacks from the
patient’s side, including side effects of radiation exposure
caused by periodic radiotherapy treatments, a broad
spectrum of treatment so that it has side effects of systemic
disorders in patients such as xerostomia. Radiation exposure
affects and damages healthy cells and tissues in a broad

spectrum of treatments. Due to these side effects, alternative
therapy with the natural product is needed because it has
minimal side effects.? The author is interested in exploring
and analyzing the potential of natural products in Indonesia
to be candidates for oral cancer curative therapy.

One of the natural products is pomegranate (Punica
granatum L.). The pomegranate, both fruit, seed and skin
showed a potential for anti-cancer. In many references
it has been showing anti-cancer to prostate cancer,’”’
breast cancer,'®!! liver cancer,'?> colon cancer,'*!4, bladder
cancer,” and cervix cancer.!® In addition to considering
the weaknesses of previous therapies, the selection of
natural ingredients is also based on the lack of literature
reviews that discuss the potential for active compounds
contained in natural ingredients. So, in the future, this
literature can be used as the basis for further research in
the development of oral cancer therapy innovations based
on natural product and herbal medicine resources. This
will encourage the development of innovation through
both researches and writing about the potential of natural
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ingredients that are growing rapidly in Indonesia, such as
the red pomegranate (Punica granatum L.) as a candidate
for oral cancer therapy.

REVIEW

Oral Cancer

Oral cancer is a pathological condition of oral epithelial
cells that are atypical and differentiate into malignancy and
continue to metastasize, which often gives clinical conditions
such as ulcers that do not heal and recur.! According to data
released by the Ministry of Health on the Infodatin page
in 2019, oral cancer occupies the third highest position
in the category of cancer with the highest prevalence.’ In
quantitative epidemiology, WHO explains that in the world
there are 377,000 positive patients diagnosed with oral
cancer and 177,000 deaths due to oral cancer.?

Etiology of Oral Cancer

Oral cancer can be triggered by several trigger factors.
However, the causative factors of oral cancer are not known
with certainty. This happens because cancer occurs due to
multifactorial and complex factors. However, a number of
studies state that several trigger factors can influence the
occurrence of oral cancer, such as local factors, exogenous
factors, and host factors. Local factors that can trigger oral
cancer include poor oral hygiene index (OHI) and chronic
irritation from restorations. Apart from local factors, there
are several exogenous factors that can trigger malignancy
in the oral cavity, including smoking habits, alcoholism
behavior, betel nut behavior (consuming betel), and viral
infections (e.g., Human Papillomavirus). As for the host
factor, it is influenced by several things, including age,
gender, immunological conditions, and genetics.!”

Pathogenesis of Oral Cancer
Oral cancer occurs after undergoing several stages, including
mild dysplasia, moderate dysplasia, severe dysplasia,
carcinoma in situ, and invasive cancer. Mild dysplasia
or low-grade intraepithelial lesions are characterized
by precancerous neoplastic processes that may affect
squamous, glandular, or transitional epithelial cells without
evidence of invasion. It is characterized by the presence of
mild epithelial dysplasia with an enlarged nucleus of less
than 50% of the cells themselves. The next stage after mild
dysplasia is moderate dysplasia. Moderate dysplasia was
defined as a morphological finding indicating moderate
dysplastic cellular changes and architectural changes in the
epithelial cells of the oral mucosa. In moderate dysplasia,
no invasion or metastasis was found.'s

The third stage is the stage of severe dysplasia. Severe
dysplastic conditions are characterized by a spectrum of
changes, including augmentation of immature epithelial
cells, which occupy the lower half or more of the epithelial
thickness. Severe dysplastic conditions were also considered
a potentially premalignant lesion, with 12% of patients
subsequently developing malignancy. After the cancer cells

enter the stage of severe dysplasia, the cancer cells will be
able to continue to develop into the condition of carcinoma
in situ. Carcinoma in situ or Ca in situ is a condition in which
the cancer is only present in the cells where it started and
has not spread to nearby tissues. Carcinoma in situ is an
early stage of cancer and is considered non-invasive. Cancer
that has entered the carcinoma in situ stage can develop into
invasive cancer and has the ability to metastasize to tissues
located far from the site of the original lesion."

Treatment

Controlling primary cancer is the main goal of oral cancer
treatment. Oral cancer treatment is generally done with
chemotherapy and radiotherapy.?® However, chemotherapy
and radiotherapy cause side effects such as damage to
normal cell tissue. The dose of radiation needed to kill
the tumor can cause temporary or permanent side effects.
Temporary side effects of the radiation dose include skin
erythema, mucosal ulceration, pain, candidiasis, alopecia,
dermatitis, and dysgeusia. Skin telangiectasia, xerostomia
with cervical caries, permanent alopecia, oral mucosa,
skin atrophy, and osteoradionecrosis are all long-term side
effects. Another dangerous side effect of chemotherapy and
radiotherapy is causing damage to cells, interfering with
cell survival and reproduction. If there are enough cells in
the organ or tissue that are damaged and do not function
normally, it will have an impact on the loss of function of
the organ or cell tissue.”!

Pomegranate as Drug Natural Resource

Pomegranate (Punica granatum L.) is a fruit plant that can
grow up to 5-8 m. This plant is thought to have originated
from Iran, but has long been bred in the Mediterranean
region. This plant is also found in South China and Southeast
Asia. Pomegranate (Punica granatum L.) is one of the most
abundant fruits in Southeast Asia, including Indonesia.?
Pomegranate (Punica granatum L.) has been widely used as
herbal medicine to prevent various diseases. Pomegranate
can be used to prevent cancer, cardiovascular-related
diseases, and diseases of the oral cavity.”

Pomegranate contains several compounds that have
the potential to be used as natural products in the field
of dentistry. The main compounds contained in the skin
of the pomegranate include tannin acid, catechin, and
gallocatechin (Figure 1).** Pomegranate seeds contain
sufficient punicic acid. In addition, there are also other fatty
acids contained such as stearic acid, linoleic acid, oleic acid,
and palmitic acid, each of which has a concentration ranging
from 3 to 7% (Figure 1). While the fruit of the pomegranate
plant contains ellagic acid, ellagitannins, gallic acid, and
punicalagin.” (Figure 1)

Tannins contained in pomegranate are hydrolyzed
tannins consisting of 3 compounds: ellagitannins,
gallotannins, hydroxy benzoic acid, and hydroxy cinnamic
acid. The first compound is ellagitannin. Ellagitannin is
responsible for the antioxidant activity of the pomegranate.
The main ellagitannin compound in pomegranate fruit
is punicalagin (2,3-hexahydroxydiphenoyl-4,6-gallagyl
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Figure 1. Graph of identification of antioxidant compounds
contained in pomegranate.?

glucoside). In addition to punicalagin, pomegranate also
contains punicalin A and B as well as several pedunculagin
compounds. Gallotannin compounds can be found in several
parts of the pomegranate. This compound contains a galloyl
monomer and a dimer linked to a hexose. However, so
far only two of the gallotannin-type compounds, namely
galloyl-hexoside and mono galloyl-hexoside, have
been found in pomegranates. The last of the tannins are
hydroxycinnamic acid and hydroxybenzoic acid. Generally,
phenolic acids can be found in pomegranates, especially
cinnamic acid and benzoic acid.?

Pomegranate also contains citric acid and L-malic
acid as the main organic acids. In addition, there are also
ascorbic acid, fumaric acid, oxalic acid, kinic acid, succinic
acid, and tartaric acid as additional organic acids that
can be found in the leaves, fruit skin, and seed tissue of
pomegranate. pomegranate. Physiologically, pomegranate
is rich in unsaturated fatty acids that have good benefits.*
The distinctive fatty acids in pomegranate are punicic acid
and conjugated linoleic acid which are considered beneficial
in treating various metabolic and chronic inflammatory
diseases.”’

DISCUSSION

The pomegranates have showed anti-cancer properties
to various cancer. The possible mechanism to prevent
and treat the oral cancer was visualized in (Figure 2).
Pomegranate extract administration exhibited inhibiting
the invasion, migration and growth of oral cancer cells,
increasing cell apoptosis, regulating antioxidant genes and
tumor growth.
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Figure 2. Concept map of the mechanism of pomegranate
extract as an inhibitor of the development of oral
cancer cells.

The possible mechanism of pomegranate extract in
inhibiting the invasion and migration of oral cancer
cells
MMP-2/-9 is an enzyme required for cell migration and
invasion and has an important function in the metastasis
(migration and invasion) of cancer cells. Inhibition of MMP-
2/-9 by siRNA suppresses migration in retinoblastoma cells.
B-mangosteen downregulates MMP-2/-9 protein expression
and this way can inhibit the invasion of liver cancer cells.
The same thing happened to the pomegranate. Research
conducted by Peng in 2020 found that pomegranate extract
suppressed MMP-2/-9 activity and expression in HSC-3
and Ca9-22 oral cancer cells. Thus, the migration of the
inhibited pomegranate extract in oral cancer cells could
be mediated by the inactivation of MMP-2/-9.2% This
mechanism was also found similar in gastric and ovarian
cell cancer, in which the pomegranate extract inhibits the
MMP-2/-9 expression and further inhibits the proliferation
and migration of cancer.”-*°

At low concentrations, pomegranate extract inhibited
wound healing migratory ability, downregulated epithelial-
mesenchymal transition (EMT) signaling genes, Twist
mRNA expression, and inhibited mamosphere formation.
Consistently, studies from Peng et al have shown
that pomegranate downregulates mRNA levels of
FAK, transcription factors EMT (Slug and Twist), and
mesenchymal markers (vimentin and N-cadherin). In the
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same study, mRNA levels of epithelial markers (E-cadherin)
upregulated in HSC-3 cells showed that the EMT process
was suppressed by pomegranate extract in oral cancer cells,
thereby inhibiting migration and invasion of oral cancer
cells. In addition, EMT-associated signalling proteins in
oral cancer cells HSC-3 and Ca9-2 were downregulated by
pomegranate extract.?®

Several other studies on pomegranate extracts have
focused on MAPK expression and apoptosis without
considering their migratory effects. MAPK protein families
(such as ERKs, JNKs and p38) regulate diverse cellular
functions such as proliferation, migration, invasion,
and apoptosis. Peng et al’s 2020 study only focused on
apoptosis and tumor inhibitory effects at high cytotoxic
concentrations of the pomegranate extract without
investigating its migratory effect, which was only effective
at lower concentrations. Low cytotoxic concentrations (25
and 50 g/mL; cell viability of 86% and 80%, respectively)
of the pomegranate extract induced ERK phosphorylation
but inhibited JNK and p38 phosphorylation in HSC-3 oral
cancer cells at 24 h. In addition, MAPK regulates MMP-
2/-9 activation, which regulates cancer cell migration
and invasion. The results study showed that the effect of
pomegranate extracts upregulated ERK1/2 phosphorylation,
but this was in contrast to the regulation of JNK and
p38 phosphorylation. ERK1/2 inhibitors restored the
pomegranate extract-induced inhibition of transwell
migration and MMP-2/-9 activation. Peng et al’s 2020 study
concluded that pomegranate extract inhibited MMP-2/-9
activation, cell migration, and invasion through activation
of ERK1/2 signaling in oral cancer cells.?®

Possible mechanism of pomegranate extract in increasing
oral cancer cell apoptosis

Increased mtDNA copy number can inhibit apoptosis. In
contrast, a reduced copy number of mtDNA was shown to
induce ROS generation and apoptosis in oral cancer cells.
Similarly, administration of pomegranate extract after 24 and
72 h could increase oxidative stress and decrease mtDNA
copy number in oral cancer cells, leading to apoptosis. Single
or double-strand cleavage in mtDNA can induce apoptosis. In
addition, mtDNA damage induces the detection of MitoSOX
generation and subsequent apoptosis. Similarly, the treatment
of24 and 72 h pomegranate extract caused mtDNA damage,
MitoSOX, and apoptosis. In addition, oxidative stress also
induces oxidative DNA damage. These findings support
this because pomegranate extract causes DNA double-
stranded (YH2AX) damage in oral cancer cells.’! In other
research, shows that the induced ROS generation is caused
by mobilizing intracellular copper ions.*?

Changes in mitochondrial biogenesis regulate apoptosis.
Biogenesis can increase mitochondrial mass and DNA
copy number and is associated with apoptosis. Similarly,
after administration of the pomegranate extract 24 and 72
hours, it was able to inhibit the expression of mRNA and
protein for mitochondrial biogenesis of gene expression
in oral cancer cells. These findings support the idea that
downregulation of mitochondrial biogenesis is capable of

reducing mitochondrial mass. In addition, overexpression
of mitochondrial fission factor (MFF) in breast cancer
cells decreases mitochondrial mass and activity. This is
because pomegranate extract is able to suppress and reduce
mitochondrial biogenesis and mass, it is possible that
administration of pomegranate extract causes mitochondrial
fusion and causes apoptosis of oral cancer cells. This
warrants a detailed investigation of the role of mitochondrial
fission in the delivery of pomegranate extract to oral cancer
cells in the future.’' To induce the apoptosis, in the other
hands, pomegranate mediated through regulating miR-21,*
NF-kB,*37and p38 MAPK,* cleavings Caspase-3,** tumour
PPAR-v,* increasing the Bax/Bcl-2 ratio and the annexin
V expression.?!

The ability of pomegranate extract to regulate
antioxidant genes

When the cellular pro-oxidant level is higher than the
antioxidant level, oxidative stress will be generated
cellularly. Antioxidant gene expression is also affected by
mitochondrial damage. Late glycation end products are
reported to inhibit cellular antioxidant systems and trigger
oxidative stress.”® The pomegranates regulated oxidative
stress,* through the regulation of antioxidant properties by
an increase in Nrf-2,337 superoxide dismutase (SOD) and
catalase activities, and decrease a MDA .*°

This is similar to a study conducted by Peng et al in
2021 which showed that mRNA expression for several
antioxidant genes including NFE2L2, GCLC, TXN, CAT,
SOD1, HMOXI1, and NQO1 was downregulated at 24
hours after administration of pomegranate extract against
three types of oral cancer cell test groups namely Ca9-22,
HSC-3, and OC-2 cells. In addition, protein expression for
this antioxidant gene was also downregulated at 72 h post-
administration of pomegranate extract for oral cancer cells
(HSC-3 and OC-2) but had a slight downregulation effect
for the oral cancer cell Ca9-22 assay group.?

These results suggest that mRNA and protein expression
for antioxidant signaling may be differentially regulated
between different test oral cancer cell types. Under
this differential regulation mode, oxidative stress such
as MitoMP depletion and MitoSOX generation were
upregulated at 12, 24, and 72 h post administration of the
pomegranate extract against three assay oral cancer cells
Ca9-22, HSC-3, and OC-2 cells. Therefore, the antioxidant
signaling pathway plays a vital function in the oxidative
stress induced by the pomegranate extract.?®

Possible mechanism of pomegranate extract as an
inhibitor of oral cancer cell growth

Pomegranate extract is one of the fruits that are rich in
antioxidant compounds. According to data in a journal
written by Peng, et al in 2021, it showed that pomegranate
extract had antiproliferative activity on Ca9-22, HSC-3,
and OC-2 test cancer cells, respectively at IC50 doses
of 80.53, 100.34, and 108.12 g/mL when the ATP assay
was performed after 24 hours of administration of the
pomegranate extract.’!
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Not only works as an antiproliferative against all target
cells, but pomegranate extract also has antiproliferative
selectivity only for cancer cells. The selective antiproliferative
ability of pomegranate extract has been well observed in
several existing studies. For example, normal human
prostate epithelial PrEC cells showed no cytotoxicity (95%
viability) to the pomegranate extract. In the MTT test on
objects that have been given pomegranate extract for 72
hours, it was found that the pomegranate extract with
levels of 50-150 g/mL showed anti-proliferation against
lung cancer cells with 53% viability but no cytotoxic effect
on normal bronchial epithelial cells with 90% viability. In
another study, pomegranate extract showed antiproliferation
and apoptosis in prostate cancer cells but no cytotoxicity
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