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Piper nigrum is broadly acted as a herbal medicine and anticancer activity as well. Previously, we reported
that Piper nigrum extract caused induction of breast cancer cells death and reduction of cell migration
in in vitro study. In this present study, we need to explore the anticancer effects of Piper nigrum on the
human HeLa cervical cancer cells and underlying mechanism. Sulforhodamine B, colony formation, cell
cycle arrest, acridine orange/ethidium bromide staining was performed to analyze cytotoxic effects on
the cells. Tetraethylbenzimidazolylcarbocyanine iodide staining, dichlorodihydrofluorescein diacetate
staining was used to study apoptotic effects and followed by wound healing method, investigated the cells
migration. This Piper nigrum crude extract represented cytotoxic effect against HeLa cervical cancer
cells by dose- and time-dependent manner with the half-maximal inhibitory concentration values was
48.59+5.37, 36.49+4.34, 22.71+2.12 pg/ml for 24 h, 48 h and 72 h, respectively. Further, these extract caused
reduction of cell viability by examining the acridine orange/ethidium bromide staining and decreased the
colony formation by dose-dependent manner as well. Next, HeLa cervical cancer cells were significantly
arrested in the resting/growth 1 phase and further reported with attenuating mitochondrial function
at 24 h incubation, especially at the dose of 100 pg/ml of extract. Then, the molecular mechanisms of
Piper nigrum extract were evaluated for reactive oxygen species formation, and data showed that these
extracts increased reactive oxygen species production by a dose-dependent amount. On the other hand,
the cancer cells migration was suppressed by Piper nigrum extract at 48 h observation time. These results
indicated that Piper nigrum extract inhibited HeLa cervical cancer cells through the down-regulation of
cell proliferation, induction of apoptosis and attenuation of cell migration. Piper nigrum may be used as
anticancer agent for preventing/treating cervical cancer.
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Piper nigrum (PN) belongs to family Piperaceae and
can be used as herbal medicines in many diseases
including anti-bacterial, anti-fungal, anti-diarrhoeal,
anti-inflammatory, anti-mutagenic, anti-metastatic,
antioxidative and anti-tumor activities!!. Several
compounds have been isolated from PN are aromatic
essential oils, alkaloids, amides, prophenylphenols,
lignans, terpenes, flavones, phenolics, flavonoids,
terpenes and steroids as well as piperine, pipernonaline
and purpurogallin!'?. Interestingly, PN and active
compounds are focusing in anticancer action in several
studies such as colon, breast, bile duct, ovary, melanoma
and osteosarcomal?®l. For example, ethanolic crude
extract of PN consists of high total phenol content
which shows antioxidant and anti-inflammation, as
well as cytotoxic property against colorectal carcinoma
cell linesPl.
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Based on the data of PN and its active compounds
indicated that these extract caused suppression of
cancer cells proliferation, induction of apoptosis and
attenuation of migration as well. PN crude extracts
exhibits cytotoxicity against Michigan Cancer
Foundation-7 (MCF-7) breast cancer cells with median
half-maximal Inhibitory Concentration (IC,) of
14.40+3.30 pg/ml and represents tumor inhibitory effect
in mammary adenocarcinoma mouse®®. Consistency
with our previous report reported that PN enhanced
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MCF-7 breast cancer cells death with low IC, values
42.2+5.8 and 15.6+£2.1 pug/ml for 24 h to 48 hi*. PN
was highly powerful against several types of cancer
cells in in vitro and in vivo studies by which decreasing
cyclooxygenase-2, Nuclear Factor Kappa B (NF-xB)
along with inducing cyclin-dependent kinase inhibitor
1 protein®’. Moreover, PN extract can activate cancer
cells apoptosis by increasing tumor protein-p53 and
B-cell lymphoma-2 associated X protein levels!.

From migration studies found that, Piperine Free
PN Extract (PFPE) strongly inhibited MCF-7 breast
cancer cells migration by reducing E-cadherin, Matrix
Metalloproteinase-9 (MMP-9), MMP-2, cellular
Myelocytomatosis oncogene (c-Myc) and Vascular
Endothelial Growth Factor (VEGF) in the in vitro and
in vivol', However, the effects of PN extract against
HeLa cervical cancer cells are still unclear. The purpose
of this research was to explore the anticancer actions
of young fruit of PN extract on human HeLa cervical
cancer cell proliferation, apoptosis and migration,
explore the possible underlying molecular mechanisms
through Reactive Oxygen Species (ROS) formation and
mitochondrial function, in order to examine whether PN
may be useful as a possible drug for treating cervical
cancetr.

MATERIALS AND METHODS

Plant extract:

Young fruit of PN was used in our previous study
(MSUT-72344)1. Percentage yield of the extracts are
5.27 % per dry weight of PN, standardized by phenolic
and flavonoid contents with gallic acid and rutin in
crude extract and the gallic acid was 154.96+22.66
mg/g and rutin was 62.39+11.21 pg/g.

High-Performance
(HPLC) method:

Liquid Chromatography

HPLC assay was used to measure the piperine of the
PN extracts. The 100 pg/ml PN extract was loaded
onto a InertSustain® C, column (250 mmx4.6 mm
i.d., 5 um, GL Sciences Inc., Tokyo, Japan). Mobile
phase consisted of purified water with acetic acid (pH
2.74) (solvent A) and acetonitrile (solvent B) at a flow
rate of 1.5 ml/min. Gradient elution was performed as
follows: from 0 to 5 min, linear gradient from 5 % to 9
% solvent B; from 5 to 15 min, 9 % solvent B; from 15
to 22 min, linear gradient from 9 % to 11 % solvent B;
from 22 to 38 min, linear gradient from 11 % to 18 %
solvent B; from 38 to 43 min, gradient from 18 % to 23
% solvent B; from 43 to 44 min, gradient from 23 % to
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90 % solvent B; from 44 to 45 min, linear gradient from
90 % to 80 % solvent B; from 45 to 55 min, isocratic at
80 % solvent B; from 55 to 60 min, linear gradient from
80 % to 5 % solvent B and a re-equilibration period of 5
min with 5 % solvent B used between individual runs.
Operating conditions were as; column temperature 38°,
injection volume 20 pl and Ultraviolet (UV)-diode
array detection at 280 nm for piperine. Spectra were
recorded from 200 to 600 nm. Piperine was identified
by comparing their relative retention times and UV
spectra with those of authentic compounds and were
detected using an external standard method.

Cell culture and cytotoxicity methods:

HelLa, Human cervical cancer cell line was obtained
from American Type Culture Collection (ATCC)
and cells were grown in 10 % Fetal Bovine Serum in
Dulbecco's Modified Eagle Medium (DMEM) with
antibiotic  solution (penicillin/streptomycin). For
testing the PN effect on Human cervical cancer HeLa
cells viability and Sulforhodamin B (SRB) method
was performed. Cells were seeded onto 96-well culture
plates (1x10* cells/well) for overnight and then the
different PN concentrations (0-250 pg/ml) were added
into each well for three time points, 24 h to 72 h. After
discarding the medium, the cells were treated with
10 % trichloroacetic acid, incubated for 1 h at room
temperature with 0.4 % SRB and pipetted up and down
with 10 mM Tris-base buffer. Read the optical density
at 540 nm by spectrophotometer and calculated the cell
viability compared with control groups.

Colony formation method:

For testing the PN effect on colony forming activity and
colony formation method was performed. Cells were
seeded onto 6-well culture plates (500 cells/well) for
overnight and then the different PN concentrations (0-
250 pg/ml) were added into each well for 24 h. Next,
medium was discarded and the cells were changed to
new complete DMEM medium, every 2 d for further
10 d. Afterwards, cells were stained with 0.5 % crystal
violets, counted and calculated the colonies compared
with control groups.

Cell cycle arrest method:

For testing the PN effect on cell cycle arrest and
Propidium lodide (PI) staining by flow cytometric
method was performed. HeLa cells (2x10° cells/well)
were exposed to different doses of PN extract (0-
100 pg/ml) for 24 h. After incubation, the cells were
trypsinized, centrifuged and also exposed to 70 % cold
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ethanol at 20° for 24 h. Consequently, the cells were
washed two times with cold Phosphate-Buffered Saline
(PBS) buffer and added PI solution (Cat No. 550825,
BD Biosciences, California, United States of America)
at 4° in the dark for 30 min. After that, the analysis
of cell cycle distribution was determined using flow
cytometric method and then calculated the percentages
of arresting of cells cycle at Resting/Growth 1 (G0/G1),
Synthesis (S) and Growth 2/Mitotic (G2/M) phases by
BD Accuri™ C6 Plus flow cytometer.

Acridine
staining:

Orange/Ethidium Bromide (AO/EB)

For testing the PN effect on cell proliferation, AO/EB
staining method was performed. HeLa cells (1x10*
cells/well) were exposed to different doses of PN
extract (0-100 pg/ml) for 24 h. Next, the cancer cells
were gently washed with PBS buffer for two times and
also added a dye solution composing AO and EB (final
concentration 1 pg/ml of each dye) stained cells were
directly captured under a fluorescence microscope (20x
magnification, CKX53 Olympus).

Tetraethylbenzimidazolylcarbocyanine Iodide (JC-
1) staining method:

For testing the PN effect on mitochondrial function
and JC-1 staining by flow cytometry was performed.
HeLa cells (2.5x10° cells/well) were exposed to
different doses of PN extract (0-100 pg/ml) for 24 h.
After treatment, the cancer cells were washed with PBS
buffer and then incubated with 5 ul JC-1 dye (Cat. No.
1-800-346-9897, Cayman Chemical, Michigan, United
States of America) at 37° in dark for 30 min. Finally,
the samples were mixed and ready for flow cytometric
analysis and percentage of mitochondrial function with
depolarized (unhealthy cells) or non-depolarized cells
(healthy cells) were examined by BD Accuri™ C6 Plus
flow cytometer with an excitation wavelength at 488
nm (FL1 channels) and emission wavelength at 525-
530 nm (FL2 channels).

ROS formation method:

For testing the PN effect on ROS formation and
Dichlorodihydrofluorescein ~ Diacetate  (DCF-DA)
staining by flow cytometry was performed. HeLa cells
(2x10° cells/well) were exposed to different doses of
PN extract (0-100 pg/ml) for 24 h. After treatment,
cells were resuspended in PBS and mixed with DCF-
DA (Cat.no. D6883, Sigma Merck KGaA, Darmstadt,
Germany) at a final concentration of 25 uM for 30 min
at 37° in dark. The ROS formation was performed by
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BD Accuri™ C6 Plus flow cytometer. The data was
represented as the percentage of the mean fluorescence
intensity.

Wound healing scratch method:

For testing the PN effect on cell migration activity and
in vitro wound healing scratch method was performed.
HelLa cells (2x10° cells/well) were grown to confluence
on 24-well culture plates, then cells were made a wound
using 0.2 ml sterile pipette tip and added to the new
medium containing the PN extract (0-100 pg/ml) for
48 h. After that, images of the wounds were captured
and measured the length of nude area for comparison
between 0 h and 48 h of each groups. The results were
calculated between the control and treatment groups.

Statistical analysis:

The difference between control and PN treatment
groups was statistically compared by one-way Analysis
of Variance (ANOVA), followed by Tukey's post-hoc
test and p<0.05.

RESULTS AND DISCUSSION

Piperine is the most abundant alkaloid in PN and it
is the active anti-cancer compound. To examine the
piperine content in the PN extract, we used the HPLC
method. The data revealed the presence of piperine in
the PN extract, as shown in fig. 1, to be 63.68+0.13 pg/
ml of piperine/dry weight extract.

The data of the SRB method indicated that the cancer
cell growth of Hela cervical cells in the PN treatment
was significantly different when compared with the
untreated control group (fig. 2A). Moreover, the
inhibitory effect was increased progressively with
increasing PN in a dose- and time-dependent manner
(p<0.05). The inhibitory rates of cell proliferation were
high in PN treatment group and the IC, values were
48.59+5.37, 36.49+4.34, 22.7142.12 pg/ml for 24 h,
48 h and 72 h, respectively. PN extract significantly
suppressed the growth of Hela cells.

Following staining with AO/EB, the morphology
of treated-cells in each group was slightly altered;
however, the viable cell number was suppressed by PN
extract in a dose-dependent manner. At the dose of 100
mg/ml extract showed that HeLa cells became smaller
and more rounded when compared with cells in the
control group (fig. 2B). These data were consistent with
the SRB results, in that PN extract inhibited growth
of HeLa cells and its effect was comparable to that of
the control group. Consequently, the colony formation
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assay was performed to examine the long-term anti-
growth activity of PN extract in HeLa cells. The results
showed that the colony formation in the case of cells
treated with various concentrations of PN extract was
significantly suppressed compared to untreated control
cells (fig. 3A).

To understand the mechanism through which PN extract
attenuated cancer cell growth, we explored the action of
these extract on the distribution of cancer cell cycle in
HeLa cells. The data indicated that the extract showed a
significant arrest in the cell cycle and stopped at the G0/
G1 phase and started at the dose of 25 pg/ml extract.
The highest level of cell cycle arrest indicated in the
dose of 100 mg/ml of extract was approximately 69.10
% of G0/G1 phase when compared with the control
group, which was 62.33 % (fig. 3B).

Since PN extract inhibited the viability of HeLa cells,
the effect of PN on mitochondrial function and ROS
levels in cancer cells was further examined. At 25 pg/
ml, PN extract increased the number of HeLa cells with
depolarized MMP (JCl-monomers, unhealthy cells)
by approximately 10.4%, and then gradually increased
MMP in a dose-dependent manner, by approximately

A

28.5 % and 30.8 % at 50 and 100 pg/ml, respectively
(p<0.05) (fig. 4A-fig. 4C). Statistical analysis also
revealed that healthy cells (JC-1 aggregates) were
decreased in a dose-dependent manner as well.

Since PN inhibited the viability and mitochondrial
function of HeLa cells, the effect of PN on ROS levels
was determined. The results are represented in fig. SA
and fig. 5B. In the following PN treatment groups, the
ROS level in HeLa cells was significantly induced,
especially at the dose of 50-100 pug/ml extract, reaching
30 % of that of the control group (p<0.05). PN extract
induces HeLa cell death through ROS production and
decreased mitochondrial function.

The cancer cell migration was performed using a wound
migration assay. HeLa cells were incubated with 10-
100 pg/ml PN extract, with purpose to identify whether
the migratory activity of HeLa cells were significantly
reduced at all doses of PN extract. The data from the
wound healing method demonstrated that cancer cells
incubated with PN extract showed decreased wound
closure (fig. 6). The data showed that PN extract may
stimulate significant inhibition on the migratory activity
of HeLa cells in a dose-dependent manner.
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Fig. 1: HPLC chromatogram of piperine in PN extracts, (a): Piperine standard and (b): Piperine in PN
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Fig. 2: PN extract on HeLa cells proliferation, (A): The cancer cells were treated with PN extract (0-250 pg/ml) for 24 h to 72 h and mea-
sured the cell viability using SRB method and (B) After cancer cells were exposed to PN (0-100 pg/ml) extract for 24 h, cells were stained
with AO/EB dye for 15 min and the image was captured by inverted fluorescent microscope (20x magnification)

Note: Data was represented as mean+SE (n=3), *p<0.05 vs. control; **p<0.05 vs. 10 pg/ml; ***p<0.05 vs. 25 pg/ml; #p<0.05 vs. 50 pg/ml
and @p<0.05 vs. 100 pg/ml
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Fig. 3: PN extract on colony formation and cell cycle arrest, (A): After seeded the cancer cells in 6-well plates (500 cells/well), then PN
extract (0-250 pg/ml) was added for 24 h and changed to the new DMEM medium for next further 10 d. Colonies were stained, captured
and counted and (B): Cancer cells were seeded in 6-well plates (2x10° cells/well) and then exposed to PN (0-100 ng/ml) extract for 24 h,
stained with PI solution for 30 min, measured cell cycle arrest by flow cytometry

Note: Data was represented from independent three experiments and showed in mean+SE, *p<0.05 vs. control; **p<0.05 vs. 10 pg/ml;
#¥%p<(.05 vs. 25 pg/ml and #p<0.05 vs. 50 pg/ml
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Fig. 4: PN extract on mitochondrial function, (A-C): Cancer cells were seeded in 6-well plates (2x10° cells/well) and then exposed to PN
(0-100 pg/ml) extract for 24 h, stained with JC-1 dye for 30 min and measured mitochondrial membrane potential by flow cytometry
Note: Data was represented from independent three experiments and showed in mean=SE, *p<0.05 vs. control and **p<0.05 vs. 25 pg/ml
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Fig. 5: PN extract on ROS formation, (A and B): Cancer cells were seeded in 6-well plates (2x10° cells/well) and then exposed to PN (0-100
pg/ml) extract for 24 h, stained with DCF-DA solution for 30 min and measured ROS formation by flow cytometry

Note: Data was represented from independent three experiments and showed in mean+SE, *p<0.05 vs. control; **p<0.05 vs. 25 pg/ml and
##%p<0.05 vs. 50 pg/ml
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Numerous natural sources have been used to discover
for anticancer agents. Previous studies have discovered
that young fruit of PN crude extract was extracted in
95 % ethanol had more efficacies to suppress MCF-7
breast cancer cells proliferation and migration through
reducing mevalonate pathway, both in Ras-related C3
botulinum toxin substrate 1 (Racl) and Ras homolog
family member A (RhoA) levels!*. However, the actions
of the PN extract on human cervical cancer HeLa cells
are still understood in their underlying mechanism of
action. Based on the results obtained, we estimated
the active compound of PN, piperine, using the HPLC
method and then, we found that the PN extract had
the highest levels of piperine. The results illustrated
that PN extract had the greatest effects on cancer cells
via reducing cell proliferation, arresting the cell cycle
at GO/G1 phase, inhibiting mitochondrial function,
increasing ROS formation and suppressing migration
of HeLa cells. The data indicated that PN extract could
be an anticancer agent for cervical cancer.

Presently, cervical cancer is the fourth most common
cancer in women worldwide and Asian country. From
diagnostic data, it was found that the incidence rates
about 500 000 women each year are diagnosed with
cervical cancer and developing countries was reported
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more prevalent!!, Presently, therapeutic treatments
have been established for cure of cervical cancer.
Nevertheless, its management remains a key challenge.
Suppression of cancer cells via the stimulation of cancer
cells death and apoptosis are main therapeutic methods
in the treatment of various cancers!'”. Presently,
the natural compounds are still focusing on cancer
treatment because it has high efficacy and low toxicity.
Interestingly, PN is the best choice for studying with
anticancer effects on several cancer cell types. Our
previous study showed that PN extract had high levels
of piperine and then inhibited breast cancer cells via
inhibiting protein-related cell growth such as cyclin
D1 and NF-kB as well as inducing protein-associated
cell apoptosis such as caspase-3 expression!*. Similarly
with Tedasen et al., demonstrated that PN extract may
induce cholangiocarcinoma cell death by reduction of
NF-kB and further induction of p218..

Importantly, ROS plays a major role in apoptosis
regulation and the aim of anticancer agent approaches
is to modulate the oxidative species and antioxidant
status imbalance by stimulating ROS generation in
tumour cells, which may be activated to tumour cell
apoptosis!!®l. The overproduction of ROS level reduces
the mitochondrial function'"¥. Mitochondrion is the
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key of intracellular organelles that generate Adenosine
Triphosphate (ATP) for producing human body.
Normal function of mitochondrial key was oxidative
phosphorylation and ATP production, and a decreased
mitochondrial function is a hallmark of various early
apoptotic pathways!'*!. In this study, HeLa cells were
exposed to PN and generated more ROS than control
cells, which was dose-dependent and experienced more
apoptosis as well as a mitochondrial function decrease.
Our results suggest that the mechanism of actions of PN
extract on the growth inhibitory effect may be through
producing ROS generation, suppressing mitochondrial
function and also trigger apoptosis induction in cervical
cancer cells.

The metastasis of cancer cells is a basic mechanism
of cancer cells to migrate to distant organs!'®. Truly,
a herbal medicine with the capability to inhibit the
metastasis could be a potential candidate for preventing
and treating cancer. These studies indicated that PN
extracts suppressed the basal activity of migration
of HeLa cells through inhibiting wound healing, as
our previous work indicated that PN extract caused
migratory inhibition on breast MCF-7 cancer cells
with down-regulation of metastasis-associated gene
expression, including MMP 2, MMP 9, VEGF and
Intracellular Adhesion Molecule-1 (ICAM-1). It
should be noted that the anti-metastatic effect of PN
extract was discovered at lower concentrations than
growth inhibition, which minimally decreased cell
migration. Our results indicate that the PN extract may
be used as anti-cervical cancer and further study will be
examined in deep with mechanism of actions. The data
demonstrated that young fruit of PN extract suppressed
growth, accelerated the apoptosis and suppressed
migration of human HeLa cervical cells, which may be
related to the production of ROS levels and activated
the abnormal mitochondrial membrane potential.
Moreover, PN extract may exert its antitumor effects
through ROS production pathway.
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