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An ethanol extract of Senduduk fruit (Melastoma malabathricum L)
inhibits the expression of vascular endothelial growth factor and
tumour necrosis factor alpha in HeLa cells
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ABSTRACT

Aim Senduduk fruit (Melastoma malabathricum L) is native to
Indomalaya and is believed to possess anticancer activity. This
study investigated antiangiogenic and anti-inflammation effects of
an ethanolic extract of Senduduk fruit (EESF) on HeLa cells.

Methods Cytotoxicity was assayed in HeLa cell cultures exposed
to a concentration series of 500-7.8 pug/mL of EESF. IC, was
determined with a methylthiazol-tetrazolium (MTT) cell viability
assay. Antiangiogenic and anti-inflammation activity was evalu-
ated by an immunocytochemical assay of vascular endothelial
growth factor (VEGF) and tumour necrosis factor alpha (TNF-a)
expression in HeLa cells cultured with 1x or 2x IC  or as a control
without EESF.

Results IC,  of the EESF was 956 pg/mL. The intensity of VEGF
staining indicated moderate expression in HeLa cells in response
to IC,,, weak expression in response to 2xIC, , and strong expre-
ssion in the absence of the EESF. While the intensity of TNF-a
staining indicated moderate expression in HeLa cells in response
to IC, and to the absence of EESF, and weak expression in res-

ponse to 2x IC,.

Conclusion Senduduk fruit extract inhibited VEGF and TNF-a
expression in HeLa cells in a concentration-dependent manner.

Key words: ethanol extract, HeLa cell, Melastoma malabathri-
cum L fruit, TNF-a, VEGF




Edianto et al. Senduduk Fruit Inhibits VEGF and TNF-a

INTRODUCTION

Noncommunicable diseases are responsible for the
majority of deaths worldwide, and cancer is a le-
ading cause (1). The reasons are complex, but re-
flect both aging and growth of the population (2,3).
According to Globocan 2018, cervical cancer is
the fourth most frequently diagnosed cancer and
the fourth leading cause of cancer deaths in wo-
men, with an estimated 570,000 cases and 311,000
deaths worldwide (4). Approximately 80% of new
cases occur in countries without effective scree-
ning programs (5). Cervical cancer is generally tre-
ated by surgery or radiation. Both have side effects
and recurrence may occur (6,7). Novel pharmaco-
logical breakthroughs are needed, such as natural
extracts that are effective with minimal toxicity (8).

The carcinogenesis of cervical cancer is a mul-
tistep process that causes a progressive transfor-
mation of normal cells into cancer cells with
disease-specific characteristics (9). Sustained
proliferative signaling, evading growth suppre-
ssors, resisting cell death, enabling replicative
immortality, inducing angiogenesis, and acti-
vation of invasive and metastatic behaviour are
key properties of cancer cells, named cancer
hallmarks (10). Angiogenesis, the initiation and
growth of new blood vessels, ensuring the supply
of oxygen and nutrients required to maintain tu-
mour growth and support metastasis (11). Vascu-
lar endothelial growth factor (VEGF) stimulates
the formation of new blood vessels (12).

In the early 19th century, it was perceived that
cancer was related to inflammation. Recent
efforts have shed new light on molecular and
cellular pathways that connect inflammation and
cancer. Inflammation is a target for pharmacolo-
gic intervention (13). One of the main chemical
mediators involved in cancer-related inflammati-
on is TNF-a (14).

Treatment failure and the high systemic toxicity
of conventional cancer therapies have prompted
a search for a novel agent with anticancer activity
and low toxicity (15). Polyphenols, alkaloids, ni-
trogen compounds, and carotenoids are bioactive
phytochemicals that can interfere with many si-
gnaling pathways that regulate cell proliferation
and tumour initiation and growth (16). Vegeta-
bles, grains, fruits, and other plant products are
rich in phytochemicals, and diets including a va-
riety of fruits and vegetables may lower the risk

of cancer (17). The chemopreventive anticancer
activities of more than 1000 phytochemicals
have been investigated (18). Bioflavonoids are
plant secondary metabolites with potential hu-
man health benefits. They are relatively abundant
in plant foods and are nontoxic (19). Polyphenols
are a class of flavonoids that have low bioava-
ilability but are rapidly metabolized (20). The
anticancer activity of polyphenols has been inve-
stigated, and a few trials in cervical cancer have
primarily involved green tea and curcumin (16).

This study investigated the anticervical cancer
activity of a Melastoma (Senduduk) fruit extract.
Ripe Senduduk fruits are purplish black, have a
sweet and sharp taste. The Melastoma plants are
native to Sumatera, Borneo, and the Malay Pe-
ninsula (21).

Melastoma malabathricum L (Figure 1) is an or-
namental plant with white or pink-purple flowers,
included in the Melastomataceae family, which
spread in Asia especially in Southeast Asia. Some
regions are approved under different names. Tra-
ditionally, it has been known to have many me-
dicinal benefits such as antibacterial, antiviral,
anti-inflammatory, anti-parasite, antioxidant, an-
ticancer, anticoagulant, platelet activating factor
inhibitor, antiulcer, antidiarrhea, antivenom, fe-
ver and wound healing (22).

Figure 1. Senduduk Plant (Melastoma malabathricum L) (Edi-
anto D, 2019)

Melastoma genus in Southeast Asia consists of
22 species, 2 subspecies, and 3 varieties. These
varieties are based on the colour of flower petals,
which are pink, white, and purple. Pink flower
petal varieties are often found in Indonesia and
Malaysia. The number of flower petals is five.
The fruit colour is deep purple, soft, and contains
many fine orange seeds (21).
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Senduduk fruit (Melastoma malabathricum L) is
known to contain anthocyanins such as cyanidin
di-hexoside, cyanidin hexoside, delphinidin hexo-
side, and pelargonidin, but the use of active ingre-
dients from this fruit has not been reported (22-25).

MATERIAL AND METHODS

Materials and study design

This study was conducted at the Faculty of Phar-
macy, Universitas Sumatera Utara, Medan and
Department Parasitology, Faculty of Medicine
Universitas Gadjah Mada, Yogyakarta, Indonesia
in the period April - May 2019.

The approval for the investigation was obtained
from the Ethics Committee of the Health Resear-
ch Ethical Committee, Faculty of Medicine Uni-
versitas Sumatera Utara Indonesia.

Whole ripe of Senduduk fruit (Melastoma mala-
bathricum L) collected from abandoned, vacant
land in Pasar Rawa Village, Gebang District,
Langkat Regency, North Sumatera Province,
Indonesia was used in this study. The extract
was made in the phytochemical laboratory of
the Faculty of Pharmacy, Universitas Sumatera
Utara, Medan, Indonesia. Prior to the extraction,
the fruit was separated from it stalk, squeezed
to obtain the pulp, and dried in a dehydrator at
40°C until it was brittle. The ethanol extract of
Senduduk fruit (EESF) was made by maceration
of the pulp in 80% ethanol. The extracts were
put in the dark red glass bottle and kept in free-
ze on refrigerator before the use. The flavonoid
components of the extract were evaluated by
spectrophotometry (PT Saraswanti Indo Gene-
tech, Bogor, Indonesia).

Methods

HeLa cells. HeLa cells were obtained from the
Laboratory of Parasitology at the Faculty of
Medicine, Universitas Gadjah Mada, Yogya-
karta, Indonesia. The cells were cultured in Ro-
swell Park Memorial Institute medium (RPMI)
(Sigma Aldrich, USA) containing 10% fetal bo-
vine serum, 0.5% fungizone (Amphotericin B)
and 2% penicillin-streptomycin and incubated
in Heraeus Hera Cell incubator (Thermo Fischer
Scientific, Waltham, MA, USA) at 37°C and 5%
CO,. They were harvested with trypsin-EDTA
(Sigma Aldrich, USA) after single layer cells

grow confluent at least 80%, which were evalu-
ated using inverted light microscope (Olympus
CKX41, Japan).

Cytotoxicity assay. HeLa cells were transferred
to 96-well plates (10* cells/well) in 100 pL cul-
ture mediums containing 500, 250, 125, 62.5,
31.25, 15.625, or 7.8125 pg/mL of senduduk
extract with six replicate wells for each concen-
tration. The control cultures included culture me-
dium without cell and cell control with no added
extract. The culture medium was discarded after
overnight incubation and replaced with 100 pL
methylthiazol-tetrazolium (MTT — Sigma Al-
drich, USA) solution and incubated for 2 hours.
The MTT reaction was stopped with 10% sodi-
um dodecyl sulfate (SDS) in 0.01 N HCI (Sigma
Aldrich,USA) after formation of formazan, the
plates were kept overnight in the dark at room
temperature, and the tetrazolium absorbance was
measured at 595 nm using a culture micro plate
reader (Bio-Rad Bechmark, (USA). Cell viability
was calculated as

€c-B

% Cell viability = FZ—p>

X 100%,

where A = cell control (cells + media), B = media
control, C = sample + media + cells. IC,  was cal-
culated with Microsoft Excel.

Vascular endothelial growth factor (VEGF)
and tumour necrosis factor alpha (TNF-a)
expression. HeLa cells were transferred to 24-
well plates at 100,000 cells/well in RPMI with
coverslip inside and incubated overnight. The
EESF was added at 1x or 2x IC,, to all but not
the control wells and reincubated overnight for
each marker. VEGF and TNF-a expression was
assayed at the coverslip after overnight reincu-
bation with a primary anti-VEGF C-1, sc-7269
antibody (Santa Cruz Biotechnology Inc, USA)
and anti-TNF-a  ab6671 antibody (Abcam,
USA), and a secondary antibody reagent univer-
sal detection kit (Paramount BGPD-0100, Bio-
Gear, USA). VEGF and TNF-a expression was
assessed at the anatomical pathology laboratory
using light microscope by two pathologists and
was graded as strong, moderate, or weak by the
intensity of brown staining.
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RESULTS

Spectrophotometry revealed that the EESF con-
tained anthocyanin, quercetin, flavone, katheci-
ne, and other components. EESF contains 115.70
mg/kg anthocyanin, and the derivatives are
delphinidin and cyanidin 3-glucoside.

In this research, HeLa cells were cultured for 24
hours in RPMI media that contain EESF in vari-
ous concentrations. Cell viability was measured
using the MTT assay. The highest concentration
starts with 500 pg/mL, half of it was diluted at the
next concentration to get IC, . And it turns out that
the highest dose only inhibits the viability of HeLa
cells by around 70%. The results of the MTT assay
of EESF cytotoxicity at 500-7.8125 pg/mL were
expressed as a percentage of viable HeLa cells
(Figure 2). IC, of the EESF calculated by extrap-
olation using Excel programme was 956 pg/mL.
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Figure 2. Methylthiazol-tetrazolium (MTT) assay of citotoxicity
as a percentage of viable HelLa cells; EESF, ethanol extract of
senduduk fruit

The presented research assessed anticancer be-
nefits, especially the anti-angiogenesis and an-
ti-inflammation effects. Because IC,  was high,
VEGF and TNF-a expression were evaluated in
HeLa cells treated with 1x and 2x IC level.

By giving these plant extracts to HeLa cell cul-
tures with concentrations of 1X and 2X IC,,
respectively, and as a control without extrac-
ting, through immunocytochemical examination
VEGF and TNF-o expression were assessed.
Two pathologist gave the same examination
results, and there was no need for Kappa test.
HeLa cells without administration of the extract
express strong VEGF, and their expression decre-
ased with increasing concentration of the extract.

VEGF expression in HeLa cell control, EESF 1x
IC,,, and 2x IC, cultures is shown in Figure 3.
VEGF expression was assessed by the intensity
of brown staining in HeLa cells. The intensity
was strong in cells from control cultures without
EESF, moderate in cultures with 1x EESF IC,,
and weak in cultures with 2x EESF IC, .

Figure 3. Vascular endothelial growth factor (VEGF) expres-
sion in HeLa cells. A) in control cultures, B) cultured with 1x
EESF IC,, C) cultured with 2x EESF IC,,

Without the administration of extracts, HeLa
cells only showed the same moderate expression
of TNF-a as if given extracts with a concentrati-
on of 1X IC, . Increasing the dose of extract tur-
ned down its expression.

TNF-a expression in HeLa cell control, EESF 1x
IC,,, and 2x IC, cultures is shown in Figure 4.
The intensity was moderate in cells control cul-
tures without EESF and also with 1x EESF IC,,
and weak in cultures with 2x EESF IC_.

50°

DISCUSSION

IC,, of 956 ng/mL was estimated in HeLa cell
cultures containing EESF at concentrations ran-
ging from 500 pg/mL to 7.8125 ug/mL obtained
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Figure 4. Tumour necrosis Factor-o. (TNF-) expression in HeLa

cells. A) in control cultures, B) cultured with 1x ethanol extract
of senduduk fruit (EESF IC,) C) cultured with 2x EESF IC,,

by serial dilution that reduced the dose by half at
each step. It was much than 1.781 + 1.2 pg/mL
reported by Alnajar et al. (26) for the inhibition of
peripheral blood mononuclear-cell proliferation.
Roslen et al. (21) found that IC, of a Senduduk
fruit extract for Artemia salina brine shrimp lar-
vae was 89.947 ppm.

Flavonoids, tanin, anthocyanin, and phenol com-
pounds are among the bioactive components of
Senduduk fruit with pharmacologic benefits (22).
Anthocyanins are water-soluble plant pigments
that are responsible for the red, blue, purple, and
black colour of fruits. They are ubiquitous in plants
and are the most abundant flavonoid constituent of
fruits (27). The study results through spectrofoto-
metry examination revealed that the Senduduk fru-

it extract contains delphinidin, cyanidin 3-glucosi-
de, quercetin, flavon, epicatechin and luteolin, and
itis in line with previous reports that plant extracts
containing phenol compounds like flavonoids and
anthocyanin have anticancer activity (22). Amatori
et al. reported that extracts of the alba variety of
strawberries that contained phenol compounds in-
hibited the growth of A17 breast cancer cells com-
pared with normal control cells (28). The extract
used in this study contained constituents other than
anthocyanin, which may contribute to its activity.

Our study showed that the greater EESF had
stronger effect on VEGF expression. Samad et al.
reported that a methanol extract of Senduduk fru-
it had antiproliferative activity against HeLa cells
but did not inhibit the proliferation of 3T3 cells,
indicating its lack of toxicity to normal cells; the
high IC, level observed will most likely to be
harmless to normal cells (29).

Angiogenesis is a hallmark cancer characteristic
and is needed for continuing tumour development
(10,30). Continuous blood vessels growth is requ-
ired to supply the oxygen and nutrient support for
increased growth of more than 1-2 mm?® in tumour
size. VEGF stimulates angiogenesis and VEGF
expression is triggered by hypoxia (31,32).
Inflammation is one of the complex biological
responses to the damages caused either by injury
or microbial infection. The role of inflammati-
on in tumorogenesis is now widely accepted. In
many cases, chronic inflammation in the micro-
environment is essential for the initiation and
progression the cancers (32). TNF-a is involved
in maintenance of the inflammation and host
defence. However, there is a ‘dark side’ to this
powerful cytokine in the pathological process
such as malignant disease (11).

A high dose of the EESF was required to inhibit
VEGF and TNF-a expression in this in vitro stu-
dy. Because the oral bioavailabilty of flavonoids is
low, it will be difficult to achieve this high dose in
an in-vivo studies. In conclusion, ethanol extract of
Senduduk fruits reduced VEGF and TNF-a expre-
ssion in HeLa cells in a dose-dependent manner.
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