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Abstract

Background: Oral squamous cell carcinoma is ranked as the predominant type of head and neck squamous cell
carcinoma, comprising roughly 90% of all oral cancer cases. Natural products have proven to be highly valuable as
complementary, or adjunctive in the treatment of cancer. Piperine, a natural compound derived from Piper nigrum,
demonstrates anti-proliferative and anti-neoplastic effects across various types of cancer. This study focused on assessing
the cytotoxic effect of piperine in conjunction with cisplatin within the OSCC cell line. Methods: In this in-vitro study,
cultured OSCC cells were divided into four groups: a control group (untreated), a group exposed solely to piperine, a
group exposed solely to cisplatin, and a group receiving both piperine and cisplatin. Cell viability was determined by
the 3-[4,5-dimethylthiazol-2-y1]-2,5 diphenyltetrazolium bromide (MTT) assay technique. Additionally, flow cytometric
analysis was employed to examine cell cycle progression and apoptosis. Assessment of reactive oxygen species
activity, morphological changes, and nuclear area factor measurements were carried out. Expression of the apoptotic
regulator Bax was assessed through western blotting analysis. Results: Piperine has cytotoxic and apoptotic effects in
a concentration-dependent manner. Piperine in combination with cisplatin exhibited a synergistic effect, resulting in
more pronounced inhibition of cell viability in OSCC cells compared to using piperine and cisplatin alone. Piperine
and cisplatin for 24 h induced apoptosis strongly by increasing Bax protein and ROS activity. Conclusion: Combining
piperine with cisplatin demonstrated a greater effectiveness in triggering apoptosis in OSCC cells compared to using
cisplatin alone, allowing for a reduction.
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Introduction

Oral cancer commonly manifests as oral squamous
cell carcinoma (OSCC), which is linked to a significantly
high mortality rate [1, 2]. Unfortunately, conventional
cancer treatments like radiotherapy and chemotherapy
have been linked to substantial morbidity due to their
impact on vital structures, severe adverse reactions, and
the emergence of therapeutic resistance. Hence, there is a
critical demand for innovative alternative treatments for
combating this disease [3]. Conventional chemotherapy
is the standard approach for treating oral squamous cell
carcinoma (OSCC). Platinum-based drugs, like cisplatin,
have consistently been established as the primary gold
standard systemic agent [4].

Cisplatin functions by disrupting the process of
DNA replication, restraining the proliferation of cancer
cells, and also interfering with DNA repair mechanisms,
which results in DNA damage and triggering apoptosis in

cancerous cells [5].

Despite the initial therapeutic effectiveness of
cisplatin, its use can often be constrained by its toxicity to
healthy cells and the development of resistance in tumor
cells, ultimately leading to therapeutic failure. Cisplatin
overdose is associated with several significant toxicities,
including kidney damage (nephrotoxicity), nerve damage
(neuropathy), suppression of bone marrow function, and
hearing impairment (ototoxicity) [6].

Hence, considering the potential adverse side effects
of conventional treatments such as cisplatin, exploring
herbal medicine as an alternative and complementary
approach in cancer treatment could be beneficial [7, §].
Piperine, the primary phenolic compound extracted from
Piper nigrum and Piper longum, has been extensively
utilized as both a food enhancer and traditional remedy
across Asian countries for many centuries [9]. Piperine
is characterized by its simplicity, crystalline structure,
yellow color, lack of odor, and pungent taste. It can be
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extracted from various plants within the Piperaceae family.
It stands out as the most common dietary amide alkaloid,
with recognized properties such as anti-inflammatory,
immunosuppressive, anti-neoplastic, neuroprotective, and
antioxidant properties [7, 10].

The effects of piperine have been reported in various
cancer types, encompassing osteosarcoma [11], lung
cancer [12], cervical cancer [13], breast cancer cell lines
[9], adenocarcinoma [14] and melanoma [15], showing
its promise as an anticancer treatment [7]. The potential
of piperine to combat tumors are believed to be linked
to its impact on the signaling pathways responsible for
triggering the apoptosis of cancer cells. Regarding the
anti-cancer drugs, apoptosis is mainly initiated through the
mitochondrial pathway [16]. This pathway is activated by
a series of intracellular events, which are finely regulated
by the interplay between anti-apoptotic factors like Bel-2
and pro-apoptotic factors like Bax [9].

Piperine inhibited tumor growth through multiple
mechanisms, including the stimulation of reactive oxygen
species (ROS) production, the initiation of apoptosis, and
the arrest of the cell cycle [17]. The synergistic effect
when combining cisplatin with piperine in various cancer
types has been demonstrated in previous studies. This
combination has been shown to enhance the bioavailability
of cisplatin, allowing for a reduction in drug dosage and
associated side effects [9].

In this paper, we evaluated piperine potential as an
anticancer agent for oral squamous cell carcinoma by
assessing apoptosis and expression of Bax protein. The
antioxidant properties of piperine on oral squamous cell
carcinoma by measuring ROS levels were evaluated.
Furthermore, we investigated the potential synergistic
outcomes of combining cisplatin with piperine on OSCC.

Materials and Methods

Material

Piperine (> 97% purity) and cisplatin were purchased
from Sigma-Aldrich, USA. Dimethyl sulfoxide (DMSO),
3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium
bromide (MTT) assay kit, and Horseradish peroxidase
(HRP)-conjugated secondary antibody were also procured
from Sigma (Saint Louis, Missouri, USA). Piperine
(C17H19NO3 with molecular weight of 285.34 g/
mol) was dissolved in DMSO. Additionally, antibiotics
(penicillin and streptomycin), Fetal bovine serum (FBS)
and Dulbecco Modified Eagle Medium (DMEM) were
used. Primary antibodies for anti-Bax and -actin were
obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, U.S.A). Human Reactive oxygen species (ROS)
ELISA Kit from BIOVISION, California, USA, was used
in the study.

Cell line and cell culture

Tongue carcinoma cell line (HNO-97) was acquired
from NAWAH scientific, Cairo, Egypt. Tongue carcinoma
cells were sourced in frozen vials from the “American
Type Culture Collection”.

Cell line was cultured in Dulbeco’s Modified Eagle’s
Medium (DMEM) from Sigma-Aldrich with a pH=7.2
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containing 10% fetal bovine serum (FBS), 2mM glutamine
and sodium bicarbonate from Invitrogen, USA. Cells were
seeded into either 6-well or 96-well plates for subsequent
experiments.

Cell treatment

Tongue carcinoma cells were divided into four groups:

» Group I was control group (untreated group).

» Group II was exposed to various concentrations of
piperine.

» Group IIT was exposed to various concentrations of
cisplatin.

* Group IV was exposed to a mixture of varying
concentrations of piperine and cisplatin.

Cell viability by MTT assay

Tongue carcinoma cells were first seeded in 96-well
culture plates and exposed to varying concentrations
of piperine (0.24-500 pM), cisplatin (0.24-500 uM),
and combination of both for 24 hours. Following this
incubation period, 10 pL of MTT solution (0.5 mg/ml)
was introduced into each well and left to incubate at 37°C
for 4 hours. Subsequently, the medium was carefully
aspirated, and 100 pL of DMSO was gently introduced to
dissolve the purple Formazan crystals. Spectrophotometric
absorbance was quantified using Master Plex Reader
spectrophotometer (Molecular Devices, Sunnyvale, CA,
USA) at a wavelength of 430 nm, with 630 nm as the
reference wavelength.

Flow cytometric analysis
a. Cell Cycle Analysis

Tongue carcinoma cells were initially cultured in 25
cm2 cell culture flasks and subjected to IC concentrations
of piperine (45.25 uM), cisplatin (0.43 uM) and their
combination within a DMEM-based medium for 24
hours. The cells were detached through trypsinization,
centrifuged at 2000 rpm for 10 minutes at 4°C, and
subsequently rinsed twice with ice-cold PBS. Finally, they
were treated with Annexin V-FITC and PI dye for 10 min
in the absence of light at room temperature.

b. Assessment of Apoptosis using propidium iodide
staining and Annexin V-FITC

After culturing with piperine, cisplatin and their
combination for a 24-hours period, tongue carcinoma cells
were harvested, centrifuged, rinsed, and then exposed to
Annexin V-FITC and PI dye for 10 minutes in a dark room
at room temperature. The differentiation between viable
and apoptotic cells was subsequently assessed through
flow cytometry.

Western blotting analysis

As mentioned before, tongue carcinoma cells exposed
to cisplatin, piperine and their combination with the same
concentrations, for 24 hours. Subsequently, the cells
were gathered and lysed using a lysis buffer. The protein
concentrations within the lysed samples were determined
using the Bradford assay technique [18].

Proteins (50 pg/well) were isolated using 10%
SDS-polyacrylamide gel electrophoresis. Following the



separation process, the proteins were transferred from the
gel onto a polyvinylidene difluoride (PVDF) membrane
through a process called electroblotting. To prevent
nonspecific binding of antibodies, an immunoblot was
treated by incubating the PVDF membrane with 5%
non-fat milk, which served as a blocking buffer, at room
temperature for 1 hour. Following the blocking process,
the PVDF membrane was subjected to an incubation
with specific primary antibodies targeting Bax and
B-actin at 4 °C for overnight at a dilution of 1:1000.
Protein bands were identified by utilizing an enhanced
chemiluminescence (ECL) detection kit provided by
Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A).
Quantification of the protein bands was carried out using
image J software provided by Bio-Rad (Hercules, CA,
USA).

Reactive oxygen species (ROS) analysis

The assessment of ROS was conducted using Human
ROS ELISA following the guidelines provided by the
manufacturer.

The plates underwent two washing cycles before
introducing the standard sample into the designated wells.
Subsequently, 100 uL of standard sample was placed into
each well and then allowed to incubate at 37°C for 90
minutes. Following this, 100 pL of a solution containing
biotin-detection antibody was applied to each well and
left to incubate at 37°C for 60 minutes. The solution
was then removed, and the wells underwent three wash
cycles. Additionally, 100 pL of a solution containing
HRP-streptavidin conjugate (SABC) was introduced to
each well and subjected to an incubation period of 30
minutes at 37°C. Following aspirating the solution, the
wells were rinsed five times.

Subsequently, 90 pL of TMB substrate was placed
in the wells and incubated at 37°C for 15-30 minutes.
Subsequently, 50 pL of stop solution was introduced,
and immediately reading the absorbance at 450 nm. For
result determination, a standard curve was constructed
by graphing the relative optical density (OD450) values
(Y) of each standard solution against their corresponding
concentrations (X). Lastly, the human ROS concentration
of the samples was droven by extrapolating from the
standard curve.

Microscopic Examination
a) Slide Preparation

Cells were initially seeded in 6 well plate for 24 h
then treated with the IC,, doses of piperine, cisplatin,
and their combination for 24 h. Subsequently, the cells
were detached using trypsin, centrifuged and formed
into a pellet. Cells from each treatment group were then
transferred onto a glass slide and immobilized by fixing
them with 10% methanol.

The treated cells were subsequently stained using
Hematoxylin and Eosin (H & E) staining.
b) Photomicrography and Cytological Evaluation

For each group’s ten microscopic fields were observed,
examined, and captured in photomicrographs at a
magnification of X1000 (oil immersion) using a digital
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video camera (C5060, Olympus, Japan) attached to a light
microscope (BX60, Olympus, Japan). The selection of the
fields was based on where the greatest number of apoptotic
cells were present.

Concerning post treatment with various concentrations
of combination of piperine and cisplatin, the apoptotic
features such as shrunken apoptotic cells with condensed
nuclei, blebbing of cell membrane, peripheral condensation
of chromatin and the formation of apoptotic bodies were
seen. Additionally, necrotic debris were also detected.

Nuclear Morphometric Analysis

The fields captured in the photomicrographs underwent
analysis using image analysis software (Image J, 1.27z,
NIH, USA).

The captured photomicrographs were subjected to
automatic corrections for brightness and contrast and were
subsequently converted into 8-bit grayscale images. A
threshold was then utilized to identify the OSCC nuclei.
From these thresholded images, Image] software was
used to measure the surface area and circularity of these
nuclei. The resulting data were organized in a Microsoft
Excel sheet (Microsoft Office 365). The Nuclear Area
Factor (NAF) was computed using the formula: NAF =
Circularity x Surface area.

Statistical Analysis

The mean NAF values of tongue carcinoma cells
exposed to piperine, cisplatin, and their combination in
relation to the control cells were statistically assessed
using the Statistical Package for Social Sciences (SPSS
version 20).

Statistical significance among groups was assessed
through a one-way ANOVA followed by post hoc Tukey
B tests. Graphical representations were created using
Microsoft Excel from Microsoft Office 365. The results
were regarded as significant if the P-value was <0.05 and
denoted by an asterisk (*).

Results

Cell viability by MTT assay

Treatment with combination of piperine and cisplatin
revealed cytotoxic effects on tongue carcinoma cell line
in a dose-dependent manner (Figure 1). The combined
use of piperine and cisplatin demonstrated the highest
cytotoxic impact on cell viability compared to piperine
and cisplatin alone.

Flow cytometric analysis
a. Cell Cycle Analysis

Regarding the control group, the cancer cells exhibited
a high percentage of DNA content in both the G1 and
S phases, reaching 46.37 % and 32.51%, respectively.
Subsequently, there was a decline in the observed
percentage in the G2-M phase, reaching 21.12%.

On the contrary, a reduction in the DNA content of
cancer cells progressing through the cell cycle was noted
in the piperine and cisplatin-treated group, particularly in
the G1 phase (42.39%). In S phase, there was a rise in the
number of cells compared to the control group (Figure 2).
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Figure 1. (A) Graph showing the viability percentage of tongue carcinoma cells exposed to various concentrations
of piperine, cisplatin, and their combination for 24 hours. (B) Bar chart showing comparison between the viability
percentage of tongue carcinoma cells exposed to IC, with piperine, cisplatin, and their combination.

b. Apoptosis using propidium iodide staining and Annexin
V-FITC

Concerning control cells, the highest fraction of cells
is living cell (located in the lower left quadrant) with only
few apoptotic cells (early apoptotic cells in the lower
right quadrant and late apoptotic cells in the upper right
quadrant). Additionally, there are necrotic cells present in
the upper left quadrant.

In tongue carcinoma cells exposed to the combination
of piperine and cisplatin, the early apoptosis rate was
8.43%, while the late apoptosis rate was 25.31%. Tongue
carcinoma cells exposed to combination of piperine
and cisplatin showing decrease in the number of living
cells, and increase apoptotic and necrotic cells (39.56%)
(Figure 3).
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Western blotting analysis

Decreased expression of Bax protein in the control
group was observed. Our study demonstrated that piperine,
cisplatin and their combination increased levels of Bax
expression in comparison to the control group (Figure 4).

Reactive oxygen species (ROS) analysis

The findings showed that the level of ROS in tongue
carcinoma cells increased following 48 hours of exposure
to the combination of piperine and cisplatin in comparison
to untreated control cells.

The concentration of ROS after treatment with piperine
was 343.4 pg/ml, after treatment with cisplatin was 512.9
pg/ml, their combination was 490.1 pg/ml and 134.7 pg/
ml in untreated control cells (Figure 5).
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Figure 2. (A) DNA histogram of control group showing the highest peak of cells (46.37%) in the G1 phase, (B) DNA
histogram of tongue carcinoma cells treated with piperine showing the highest peak of cells (48.29%) in the G1 phase,
(C) DNA histogram of tongue carcinoma cells treated with cisplatin showing the highest peak of cells (38.33%) in the
G1 phase, (D) DNA histogram of tongue carcinoma cells treated with combination of piperine and cisplatin showing

the highest peak of cells (42.39%) in the G1 phase.

Microscopic Examination
Nuclear Morphometric Analysis

The tongue carcinoma cells treated with varying
concentrations of piperine and cisplatin for 24 hours
showed a noticeable decrease in both the average surface
area and circularity of their nuclei compared to the control
cells. Consequently, there was a significant reduction
in NAF (nuclear area factor). These findings provide
supporting evidence for the presence of apoptotic and
secondary necrotic alterations, as observed in cytological
analysis (Figure 6,7 and 8).

The ANOVA test showed a statistically significant
difference between the mean values of NAF of tongue
carcinoma cells exposed to cisplatin, piperine, and their
combination and the control cells (P value < 0.0001)
(Table 1).

The post hoc multiple comparisons test (Bonferroni)
indicated no statistically significant difference among the
mean NAF values of tongue carcinoma cells exposed to

various concentrations of cisplatin, piperine, and their
combination. Nevertheless, a significant difference was
noted in the mean NAF values of these treated cells
in comparison to the control cells after 24 hours. The
combination group demonstrated the highest mean NAF
value (4538.30) which is statistically significant (Table 2).

Discussion

Despite the favorable outcomes observed in OSCC
treatment with cisplatin, a significant challenge arises
from cancer cells developing resistance to this compound,
coupled with its harmful impact on healthy cells,
particularly the kidneys, leading to dosage restrictions
[19].

Hence, the exploration of alternative approaches to
reduce the adverse impacts of cisplatin and other anti-
cancer medications becomes imperative in combating
OSCC. Natural compounds in conjunction with synthetic

Table 1. ANOVA test for the Mean Values of NAF =+ stranded deviation of Control and Tongue Carcinoma Cells
Exposed to Cisplatin, Piperine, and Their Combination after 24 hours.

Group Number NAF F P-value
Mean+SD Standard error

Control 100 9883.40+6415.99 641.59 42913 <0.0001

Cisplatin 32 738.38+976.62 172.64

Piperine 33 1712.42+1394.08 242.67

Mixed 31 4538.30+3644.35 654.54
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Figure 3. Dot Plots Illustrating that the Majority of Cells are Viable in All Groups (Control, Piperine, Cisplatin and
Their Combination). There was an elevation in the percentage of cells in early apoptotic phase in piperine, cisplatin
and the combined groups. Late apoptotic phase has showed higher increase in percentage of cells in combined group

followed by cisplatin group.

anti-cancer medications, like cisplatin, emerge as
promising candidates for cancer treatment. This is
attributed to their potential to enhance drug effectiveness
while concurrently reducing undesirable side effects
associated with chemotherapy [17].

In the current study, various assessments were
conducted to elucidate the potential mechanisms behind
the cytotoxic effects, growth inhibition, and induction
of apoptosis by the examined drugs. These assessments
included cell viability and cytotoxicity, morphological
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changes, NAF, cell cycle analysis, apoptosis, expression
of Bax protein by western blotting, and ROS activity.
Piperine, a bioactive component found in black pepper,
holds a place in traditional medicine and has garnered
attention for its noted anti-proliferative and anti-cancer
attributes against various human cancer cells, such as
ovarian cancer, breast cancer and OSCC with minimal
adverse effects [20, 21]. The current study used piperine
due to its cytotoxic and anti-tumorigenic properties and
the studies evaluating the combination of piperine and
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Figure 4. (A) Bar Chart Showing the Effect of Piperine, Cisplatin and Their Combined Treatment on Bax Protein
Expression Relative to the Control Group, (B) The effect of piperine, cisplatin and their combined treatment on Bax
protein expression in comparison to the control group. B-actin was served as a gel loading control.
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Figure 5. Bar Chart Showing Comparison of ROS
Expression Values of Piperine, Cisplatin and Combination
of Both Compared with Control Cells.

cisplatin effect on OSCC are so deficient.

The current study’s findings suggested a potential
cytotoxic impact of piperine on OSCC cell lines, which
appears to occur in a dose-dependent fashion. Piperine
demonstrated a reduction in the percentage of viable
and proliferating cells with increasing doses, while
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Figure 6. A Photomicrograph of Tongue Carcinoma
Cells (Control Cells) Showing Pleomorphic Cells with
Pleomorphic and Hyperchromatic Nuclei and Abnormal
Mitotic Figures (H&E x 1000 oil).

simultaneously elevating the percentage of apoptotic
cells. This observed effect could be attributed to its known
anti-proliferative, anti-inflammatory, and antioxidant
properties. These findings were convergent with the
research done by Siddiqui et al [22], who demonstrated the
antineoplastic effect of piperine on human oral squamous
carcinoma cell line, showing a concentration-dependent
decrease in cell growth and viability.
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Figure 7. (A) A photomicrograph of tongue carcinoma cells after 24-hour treatment with piperine featuring apoptotic
cells with apoptotic nuclei (black arrows), apoptotic body (green arrow) and peripheral condensation of chromatin (blue
arrow), (B) A photomicrograph of tongue carcinoma cells after 24-hour treatment with cisplatin showing apoptotic
cells (black arrows) with peripheral condensation of chromatin (blue arrow) , nuclear fragmentation (orange arrow)
and apoptotic body (green arrow) and necrotic cell (red arrow), (C) (D) A photomicrograph of tongue carcinoma
cells after 24-hour treatment with combination of piperine and cisplatin showing apoptotic cells with apoptotic nuclei
(black arrows), apoptotic bodies (green arrows), membrane blebbing (yellow arrow) and necrotic debris (red arrow)

(H & E, x1000 oil).
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Table 2. Comparison of Mean Difference NAF + Standard Error of Different Groups 24 hours Post Treatment (Post

Hoc Multiple Comparisons Rest (Bonferroni)).

Group Mean Difference Std. Error Sig. 95% Confidence Interval
Lower Bound Upper Bound
Control Cisplatin 9145.02%* 990.39 0.0001* 6504.76 11785.27
Piperine 8170.98* 978.95 0.0001* 5561.2 10780.75
Combination 5345.09* 1002.42 0.0001* 2672.77 8017.41
Cisplatin Piperine -974.03 1209.81 1 -4199.25 2251.17
Combination -3799.92%* 1228.87 0.014* -7075.96 -523.89
Piperine Combination -2825.88 1219.68 0.129 -6077.4 425.63

*, The mean difference is significant at the 0.05 level.
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Figure 8. Error Bars of mean = Stranded Deviation NAF
of Control and Tongue Carcinoma Cells Treated by
Cisplatin, Piperine, and Their Mix for 24 hours.

Anitha et al. [11] concluded that piperine has a
significant anti-proliferative activity on osteosarcoma
cell line compared to the synthetic drug methotrexate.
Moreover, they found that piperine inhibits the metastasis
of osteosarcoma by suppressing the expression of
Matrix metallo proteinases (MMP-2 and 9) [11]. To our
knowledge, there haven’t been any previous investigations
into how the combination of piperine and cisplatin affects
the inhibition of the growth of cancer cells in OSCC. This
study marks the first instance of using this combination.
Therefore, the in vitro results from our current research
aligned with and are consistent with studies conducted on
various other types of cancer cells.

We demonstrated that the average of viability
percentages decreased as the drug concentration of
piperine, cisplatin, and their combination increased. The
combination of piperine with cisplatin was more effective
in decreasing tongue carcinoma cells viability (99.72%)
compared to piperine (97.12%) or cisplatin (61.8%) alone.
This observation matched with Anitha et al (2023) on
osteosarcoma [11], Ahmadi et al (2023) on breast cancer
[23] and Fattah et al. [9] study on breast cancer [9].
Furthermore, Siddiqui et al. [22] found that exposure to
varying concentrations (25-300 uM) of piperine resulted
in decreased cell viability in OSCC cells [22].

FCM and Annexin-V/PI staining assays were utilized
to confirm the presence of apoptosis. Analyzing cell cycle
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distribution and proliferation is of paramount importance
in the examination of cell growth, differentiation and
apoptosis. These assessments are crucial for investigating
and assessing the therapeutic effectiveness of anticancer
agents [24].

Piperine causes damage to cancer cells by triggering
apoptosis [25]. In the current work, there was increased
in the total cell death (apoptosis and necrosis) as the
concentrations of piperine, cisplatin, and their combination
increased to 29.27%, 44.39%, 39.56 % respectively
when compared with untreated control cells 3.28%.
These findings were also agreed with the research done
by Siddiqui et al. [22], which suggested piperine ‘s
effectiveness in inducing cell death by reducing ROS
release, leading to caspase-3 activation and cell cycle
arres. This in contrast to study done by Fattah et al. [9]
who found that the highest apoptotic rate on breast cancer
cells treated with the combination of piperine and cisplatin
[9]. This disparity could be attributed to differences in
tumor types.

Consistent with our findings, Singh et al. [26], Dixit
et al. [27], and Chaudhari et al. [28], demonstrated
that the anticancer properties of piperine appear to be
primarily linked to triggering of apoptosis in OSCC. Our
western blot analysis findings demonstrated that piperine
and cisplatin elevated the levels of Bax expression in
comparison to the control group. This suggested that
piperine induces apoptosis by activating Bax proteins,
consistent with previous research showing piperine’s
ability to induce apoptosis through Bax activation [9].
However, cisplatin raised the protein expression of Bax
more than piperine alone or their combination. Meanwhile,
it is against a study done by Fattah et al. [9] which found
that the combination of piperine with cisplatin elevated
the protein expression of Bax in comparison to either
compound alone.

Concerning ROS, they play complex and multifaceted
roles as a diverse biochemical entity in the progression of
cancer. Hence, modulating intracellular ROS levels, either
by reducing them through antioxidation or increasing
them, could represent a potential strategy for cancer
prevention or treatment [29]. Piperine, as a polyphenol,
has the potential to disrupt normal energy metabolism and
resulting in the accumulation of reactive oxygen species
(ROS) in cells [22]. Consequently, our findings exhibited
a significant increase in ROS production in cells exposed
to piperine, cisplatin, and their combination compared



to control cells. This observation is consistent with our
finding that cells exposed to piperine, cisplatin, and
their combination showed reduced viability compared to
control cells. This in agreement with the research done by
Siddiqui et al. [22], who reported that piperine induced a
dose-dependent elevation in ROS production and nuclear
condensation.

There exist a variety of biochemical and image-based
assays for detecting apoptosis that vary significantly in
terms of their complexity, precision, and expense [30].

The determination of NAF is a relatively simple
process and can be readily employed alongside a nuclear
dye like hematoxylin, as utilized in this study, which can
serve as a marker for apoptosis [30, 31]. In the current
research, the mean values of NAF of tongue carcinoma
treated cells with piperine, cisplatin, and their combination
exhibited a significant decrease compared to untreated
control cells. This was further corroborated by the presence
of apoptotic changes and subsequent necrotic alterations
observed during cytological analysis, indicating that
apoptosis rather than necrosis is the primary mechanism
of cell death. Evaluating the morphology of treated cells
can offer a qualitative assessment of apoptotic cells [30].

Piperine has cytotoxic effects, and its combination
with cisplatin demonstrates synergistic effects that are
more potent in reducing cell viability in the OSCC cell
line than piperine or cisplatin alone. The combination of
piperine and cisplatin cause oxidative stress by triggering
ROS-controlled activation, subsequently initiating both
intrinsic and extrinsic apoptotic signaling pathways within
OSCC cells. This study suggested that combining piperine
with cisplatin may offer a more efficient, potent, and
lower-dose anticancer treatment option for cancer therapy.
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