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Abstract

Cancer is one of the major causes of death that is still being eradicated on a global scale.
Multi-drug resistance (MDR) is a significant issue with the available therapeutic alternatives.
It is now generally accepted that a variety of herbal dietary supplements may act as anti-cancer
agents against common cancer types. A variety of biological and pharmacological properties,
including anti-pyretic, anti-metastatic, antidepressant, anti-apoptotic, and anti-cancer
activity, are shown by the alkaloid piperine. In this review, online literature, including books
on phytochemistry and the electronic search engine, was studied to investigate the impact of
piperine on anticancer research related to its mechanism of action and its capacity to regulate
cancer-related gene action, such as oncogenic and tumour suppressor gene activity in cycle
and apoptosis, as well as its therapeutic perspectives on oral cancer (PubMed, the Web of
Science, SCI, Scopus, Google Scholar, ResearchGate, etc.). Numerous studies have looked at
how piperine affects the apoptosis pathway via caspase signalling, where piperine inhibits cell
growth and triggers apoptosis. Piperine may stop the cell cycle in the G2/M phase, activate
the caspase-3 and caspase-9 cascades, which have been shown to have selective cytotoxicity,
downregulate cyclin B1, and increase the phosphorylation of CDK1 and checkpoint kinase 2
in the cell cycle. Additionally, it prevents P-glycoprotein (P-GP) and CYP3A4 from doing their
jobs, which not only changes how drugs are metabolised but also makes MDR cancer cells
more susceptible to other drugs. The G-quadruplex structure generated at the c-myc promoter
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region is stabilised by piperine's anti-proliferative and pro-apoptotic properties, which also
suppress the production of c-myc in cancer cells. The potential to cure oral cancer is based on
piperine's utility for the aforementioned molecular process linked to other cancers because
there is very little research on the condition. This shows the effectiveness of piperine in the
fight against oral cancer. For the development of anticancer drugs for the treatment of oral
cancer, it is necessary to further investigate the anticancer efficacy of piperine in vivo and in
clinical studies.

Keywords: - Anticancer Activities, Piperine, Mouth Cancer, Caspases, Apoptosis.
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Introduction

Cancer, the leading cause of morbidity and mortality worldwide, is emerging as a major global
problem, characterised by the uncontrolled growth and spread of abnormal cells. Statistics
indicate that 18.1 million new cancer cases and 9.6 million cancer deaths occurred globally in
2018[1]. The etiological factors include cigarette smoking, environmental carcinogens,
ultraviolet (UV) exposure, inheritance, stress, obesity, and physical inactivity, in which an
unhealthy diet plays a huge role in the development of cancer. As in all cancer-related deaths,
30-35% are linked to diet, almost 25-30% are due to tobacco, about 15-20% are due to
infections, and only 5-10% are due to genetic defects (mutations) that are inherited from a
parent[2]. Therefore, since cancer continues to be a worldwide eradicator, it is essential to
search for naturally occurring drugs to minimise health problems. The studies indicate that
many herbal dietary products are available as chemoprotective agents against commonly
occurring cancer types[3]. The development of novel anticancer agents is contingent on
alternation in the cell cycle, regulation of apoptotic cascades at the molecular level, and
oncogene regulation. Piperine, an alkaloid and hydrophobic amide, is a major constituent of
Piper nigrum (black pepper) and Piper longum of the Piperaceae family[4]. Traditionally,
pepper has been used for many ailments, such as stomach upset, bronchitis, malaria, cholera,
and cancer. Piperine has a diverse set of biological and pharmacological properties, including
anti-pyretic, anti-metastatic, antidepressant, anti-apoptotic efficacy, and potent
immunomodulatory and anti-tumor activity[5]. In this review, we mainly focus on the piperine
anticancer research related to their mechanism of action and the guidelines in place for their
regulations. Piperine's anticancer activity has been linked to its ability to induce apoptosis,
inhibit cell proliferation, activate the immune system, and reduce metastasis, as well as its
ability to interact with and modulate multiple molecular pathways involved in cancer
progression[6]. As a result, piperine has the potential to become a powerful anti-cancer agent,
though more research is needed in order to fully understand its anti-cancer properties and how
it can be used effectively as part of cancer treatments. Piperine has been linked to anti-
apoptotic, anti-metastatic, and immunomodulatory effects, suggesting that it has great potential
in helping to treat a variety of cancers[7]. In addition, the exact mechanism of piperine's anti-
cancer effects and its potential side effects must be better understood in order to develop more
effective and safe therapies. Currently, piperine is being studied for its potential use in the
treatment of cancer and other diseases[8]. As more studies are conducted, it is hoped that
piperine can be used as an effective component of cancer treatments, improving the survival
rate and quality of life for those with cancer as well as having antioxidative, anti-inflammatory,
and antiproliferative properties[9]. As piperine has been shown to have several different
potential therapeutic applications in the treatment of cancer, more research needs to be done to
fully understand its effects and its possible side effects in order to develop safer and more
effective treatments[10]. Additionally, a better understanding of the pharmacokinetic profile of
piperine is essential to the successful use of piperine in cancer therapies. Further studies should
be conducted to understand the exact mechanisms of action that piperine has on the body, as
well as explore more uses for piperine in cancer treatments[11]. This research could potentially
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lead to piperine becoming an important part of cancer treatments, helping improve the quality
of life for those living with the disease. To summarize, piperine has the potential to be an
invaluable tool in cancer treatment if the underlying pharmacokinetic properties and
mechanisms of action are further studied[12]. As the effects of piperine on cancer cells are
promising, more research must be done in order to determine the optimal use of this compound
in cancer treatment protocols[13].

Pathogenesis and Pathophysiology of Carcinoma

Cells undergo a number of metabolic and behavioural changes throughout the multi-step
process of carcinogenesis, which causes them to proliferate excessively and prematurely,
allowing them to invade distant organs and generate metastases. These changes develop
throughout time as a result of alterations to the genetic programs that regulate cell division,
longevity, interactions with nearby cells, and immunity-evading abilities[14]. Therefore,
finding mutations in cancer cells might have a wide range of effects on both research and
treatment. The most researched cancer gene is TP53, which produces the p53 protein, a tumor
suppressor that accumulates around 24,000 mutations and is mutated in nearly half of all human
cancer cases[15]. However, in order for this cell to develop into cancer, a number of alterations
in oncogenes and tumor suppressor genes must occur, giving the cell the ability to proliferate
much beyond its usual capacity[16]. Growth factors (such as TGFA), growth factor receptors
(such as epidermal growth factor (EGF) and its close homolog, ERBB2), receptor-coupled
signal transduction molecules (specifically, several small guanosine triphosphate (GTP)-
binding proteins located on the inner face of the cell membrane, such as the various members
of the RAS family), kinases (SRC, ABL, RAF1), and regulatory subunits Since they are
produced by plants and are generally harmless in nature, apoptosis and the genes that control
it are the main mechanisms of anticancer medications in cancer treatment and have become an
effective target for the discovery and development of new anticancer agents[17]. of protein
kinases (such as PI3K and AKT) are all involved in these complex pathways and must be
identified and studied in order to effectively treat cancer. These pathways and genes must be
thoroughly understood in order to effectively treat cancer and take advantage of the body’s
natural defences against it[18]. The various components that make up the complex network of
pathways, genes, and proteins that control apoptosis play a crucial role in cancer treatment and
must be properly identified and studied in order to maximize the effectiveness of anticancer
agents. Thus, apoptosis and its underlying genes are a key focus in cancer research, as they
offer insight into the body's natural defenses against the disease[19]. Apoptosis, or programmed
cell death, is an integral component of the body's natural defense system against cancer. In
order to properly exploit the body's natural defenses against cancer, researchers must
thoroughly understand the underlying mechanisms of apoptosis and identify the genes,
proteins, and pathways involved in the process[20]. In order to do this, researchers are utilizing
the latest technologies to identify the genetic and molecular networks associated with apoptosis
and to determine how they can be manipulated in order to effectively combat cancer. This
knowledge can be used to create more effective treatments for cancer by targeting genes and
proteins that are essential for apoptosis and preventing the tumor cells from escaping apoptosis,
as well as by developing drugs that promote apoptosis in cancer cells[21]. These drugs can be
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used to Kill cancer cells more efficiently as well as reduce the toxicity of traditional
chemotherapeutic treatments. In addition, the use of bioinformatics and systems biology
techniques can provide insight into how genetic mutations contribute to cancer development
and progression, improving our understanding of the underlying biology that drives tumor
formation[22]. This improved understanding will enable researchers to design more effective
treatments tailored to individual patients, leading to increased survival rates and an improved
quality of life for those living with cancer[23]. Furthermore, understanding the underlying
mechanisms of tumor formation can also provide insight into potential targets for cancer
prevention strategies, providing an additional avenue for reducing the impact of this
devastating disease[24].

Piperine’s involvement in the caspases-mediated apoptosis pathway

The apoptosis receptor (extrinsic) and mitochondrial-mediated (intrinsic) signalling pathways
are the two primary signalling routes that largely induce apoptosis. The deregulation of
caspases (a family of proteases specialised for the amino acid cysteine) during apoptosis may
result in a number of illnesses in humans, including cancer and inflammatory conditions[25].
Caspase signalling was divided into initiator (caspases-8, -9, and 10) and effector (caspases-3,
-6, and -7), where activation of caspases-3 and -7 is necessary for causing downstream DNA
cleavage molecules, which are associated with both extrinsic and intrinsic apoptotic cell
death[26]. Numerous studies have looked at how piperine affects the caspases' signalling
pathway that leads to apoptosis. Through the cleavage of PARP-1, inhibition of phosphorylated
STAT-3 (transcription proteins), and inhibition of NF-kB expression, piperine effectively
reduced the proliferation of prostate cancer cells and induced apoptosis in these cells[27]. This
may be the molecular mechanism by which piperine inhibits cell proliferation and triggers
apoptosis in prostate cancer cells. Piperine, which has been discovered to cause apoptosis by
mainly targeting the stimulation of caspases 3 and 9, has also been examined by Gnanasekar et
al. Piperine has the potential to trigger cell cycle arrest in the G2/M phase and to activate the
caspase-3 and caspase-9 cascades, showing preferential cytotoxicity against the lung cancer
cell line (A549)[28]. Piperine displayed substantial potential against STAT3/NF-kB in living
people with cervical cancer and ovarian cancer, and it aided the cervix cell line in reducing cell
viability and triggering apoptosis through the JNK/p38 MAPK-mediated intrinsic apoptotic
pathway. Piperine therapy reduced proliferation and induced apoptosis in HER2-
overexpressing breast cancer cells by activating caspase-3 and cleaving PARP, according to
Do et al[29]. These investigations showed that piperine reduces tumour development by
activating caspase signaling, which causes cell death. This suggests that piperine could be a
potential therapy for cancer and that its anti-cancer properties are mediated through activating
the caspase cascade and inducing apoptosis by stimulating the caspase cascade and causing
apoptosis[30]. In conclusion, piperine has shown great promise as a potential therapeutic option
for cancer due to its ability to reduce cell viability, trigger apoptosis, and activate caspase
signalling in HER2-overexpressing breast cancer cells. Furthermore, the findings from Do et
al. also show that piperine may have the potential to be used as an adjuvant therapy to cancer
treatments, such as chemotherapy and radiation therapy, due to its ability to increase the
effectiveness of these treatments by enhancing the apoptotic process and reducing tumour
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growth[31]. As such, more research is needed to investigate the potential of piperine as a viable
therapy for cancer. Thus, it is clear that piperine holds promise for future use as a therapy for
cancer and has the potential to reduce mortality in cancer patients. In addition, further studies
should also focus on elucidating the mechanisms of piperine's effects and exploring potential
drug interactions, as well as its pharmacokinetic properties, in order to ensure that it is safe for
human use[32]. Moreover, with further research into the effects of piperine, there is hope that
it could become a viable therapy option for those suffering from cancer in the near future. With
its ability to inhibit tumour cell growth, piperine is a promising candidate for the development
of new anticancer drugs[33]. Despite this potential, there are some caveats and additional
research that must be conducted in order to fully understand the effects of piperine on the
human body before it can be considered a viable therapy option for cancer patients. For
instance, the current research has mainly focused on animals and cell lines and has not yet been
extended to clinical trials. In order to move forward with piperine as a potential therapy option,
further research is needed on the effects of piperine on human cells in both laboratory and
clinical settings[34]. Additionally, an analysis of the side effects associated with piperine must
be conducted before it can be approved for use in humans. Furthermore, it is important to
understand the pharmacokinetics of piperine and how it is metabolised in humans in order to
determine safe and effective dosages for clinical applications[35]. Such research is essential in
order to ensure that the benefits of piperine outweigh the risks associated with its use in
humans. Additionally, researchers must investigate the mechanism of action of piperine in
order to understand how it works at the molecular level and identify any potential interactions
with other drugs[36].

Effects of piperine on tumour suppressor genes and oncogenes

Gene mutations are cellular or viral (i.e., virus-inserted into the cell) genes, and when they are
expressed, neoplasms may form. Protooncogenes are normal cellular genes that may become
oncogenes by a variety of processes, including amplification or alteration. When
overexpressed, protooncogenes can either turn normal cells into cancer cells or, conversely, act
as tumour suppressor genes[37]. Several proteins, including cyclin D, cyclin E1, CDK2,
CDK4, CDKG®6, c-myc, tumour necrosis factor-alpha, interleukin-1 (IL-1), IL-6, IL-8, VEGF,
and MMP-940, are induced by transcription factors in cancer cells that control proliferation,
inflammation, angiogenesis, invasiveness, and apoptosis resistance. Activated transcription
factor 2 (ATF-2) and cAMP response element-binding (CREB), among others, are all potently
inhibited by piperine[38]. Through the suppression of PKC/ERK1/2 and decreased activation
of NF-B and AP-1, it prevents PMA from increasing MMP-9 production. Surprisingly, piperine
also interferes with P-glycoprotein (P-gp) and CYP3A4 activities, which have an impact on
drug metabolism and re-sensitise multidrug-resistant (MDR) cancer cells. Piperine
supplementation significantly decreased DNA damage and DNA-protein crosslinks in the
experimental lung cancer caused by benzo(a)pyrene[39]. With the strongest affinity for the G-
quadruplex structure generated in the c-myc promoter region, piperine's chemo preventive
selectivity for G-quadruplex DNA seems to outweigh that for double-stranded DNA. When G-
quartets are arranged in a square planar layout during DNA metabolism, four-stranded DNA
structures called G-quadruplexes are created[40]. These structures are essential for controlling
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cellular activities that may promote the growth of cancer. Piperine exhibits concentration-
dependent cytotoxicity in HeLa, PC3, HepG2, and MCF-7 cell lines, and the c-myc gene is
down-regulated in comparison to a ubiquitously expressed housekeeping gene, -actin[41]. The
G-quadruplex structure formed by piperine on the c-myc promoter region DNA sequence
(Pu24T) exhibits the maximum affinity. One theory for how piperine exerts its anti-cancer
function is by stabilising the G-quadruplex structure produced at the c-myc promoter region
and decreasing its expression in cancer cells. Piperine is anti-proliferative and pro-
apoptotic[42].

Piperine Activates Checkpoint Kinase-1 to Stimulate G1 Phase Apoptosis and the Cell
Cycle Arrest in Carcinoma Cells

The proliferation of SK-MEL-28 and B16-FO0 cells was reduced by piperine administration in
a dose- and time-dependent manner. The cell cycle arrest of both cell lines in the G1 phase was
the mechanism via which piperine's growth-inhibitory effects were mediated. Piperine's G1
arrest was accompanied by the down-regulation of cyclin D1 and the activation of p21[43].
Furthermore, phosphorylation of H2AX at Ser139, activation of ataxia telangiectasia, rad3-
related protein (ATR), and checkpoint kinase 1 showed that this growth arrest caused by
piperine therapy was linked to DNA damage (Chk1). Pre-treatment with the Chk1l inhibitor
AZD 7762 prevented both piperine-mediated G1 arrest and Chk1 activation[44]. Similar to
this, cells transfected with Chkl siRNA were totally shielded against piperine-induced G1
arrest. E2F1 was downregulated, and the retinoblastoma protein was phosphorylated after
piperine therapy (Rb). Piperine-induced apoptosis was linked to down-regulation of XIAP, Bid
(full length), Caspase-3 cleavage, and PARP[45]. Additionally, our findings demonstrated that
piperine administration produced ROS in carcinoma cells. Iron's ability to inhibit ROS shielded
the cells from apoptosis and cell cycle arrest caused by piperine. These findings imply that
DNA damage, Chk1 activation, G1 cell cycle arrest, and apoptosis were all caused by piperine-
mediated ROS[46].

Piperine involvement in cell cycle arrest

The main regulators of cell cycle progression are cyclins, their related kinases, and their
inhibitors. Cancer may be seen as the result of progressive genetic instability and a lack of cell
cycle regulation. The cell cycle is significantly regulated by proteins that belong to the cyclin
family. To regulate cell cycle progression, cyclins bind to and activate enzymes of the cyclin-
dependent kinase (Cdk) family[47]. Cyclins D1, D2, and D3 and cyclin E form complexes with
cdk4 or cdk6, respectively, to regulate the expression of proliferative genes during the G1
phase. During the S phase, cyclin A connects with cdk2, and at the S-G2 border and throughout
the G2 phase, it associates with cdc2 (cdk1)[48]. Further, cdc2 complex formation with cyclins
B1 and B2 is necessary for progression through G2, which results in mitosis. In 4T1 cells,
piperine administration reduced cyclin B1 expression in a dose-dependent manner. Through
the downregulation of cyclin B1 and increased phosphorylation of cyclin-dependent kinase-1
(CDK1) and checkpoint kinase 2, piperine arrests osteosarcoma cells in the G2/M phase of the
cell cycle (Chk2). Piperine may stop the development of tumours by causing a halt in the cell
cycle[49].
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Pharmacology Studies in Piperine as a Prospective Anti-Cancer Agent

Piperine, a potent alkaloid present in black pepper and certain other Piper species, has recently
been shown in many studies to have anticancer properties. We made an effort to synthesise the
information we had collected to support this natural agent's anticancer potential. It has been
noted that piperine possesses potent chemo preventive properties[50]. It has been shown to
have an impact on a number of modes of action, namely improving the antioxidant system,
raising the amount and activity of detoxifying enzymes, and inhibiting stem cell self-renewal.
Additionally, it has been shown that piperine inhibits the growth and survival of many
malignant cell lines by altering the cell cycle and showing anti-apoptotic activity,
respectively[51]. It has been shown that this substance alters the activity of several enzymes
and transcription factors to prevent invasion, metastasis, and angiogenesis. It's interesting to
note that piperine possesses antimutagenic properties and inhibits the production and activity
of multidrug-resistant transporters, including P-gp and MRP-1. Additionally, almost all of the
studies that were examined revealed that piperine had a selective cytotoxic effect on malignant
cells as opposed to normal cells[52]. Overall, the investigations highlight piperine's favourable
potential for future development. The supported modes of action of piperine include its anti-
inflammatory, immunomodulatory, anti-mutagenic, and anti-cancer properties, as well as its
capacity to disrupt a number of molecular signalling pathways. Piperine's pro-apoptotic and
anti-proliferative properties hold promise as a cancer chemo preventive drug through
controlling the apoptotic pathway and cell cycle arrest[53]. Further research should be done,
particularly in the form of clinical trials on humans, to better understand its anticancer potential,
which was established by its induction of apoptosis in various cancer types. However, such
information is scarce[54].

Piperine potential for preventing oral cancer

Approximately 2% to 4% of cancer cases worldwide are oral cancer cases. A type of neoplasm
known as oral cancer may affect the salivary glands, oral cavity, or pharynx. Oral squamous
cell carcinoma (OSCC) is the most common oral cancer, according to 50 studies. The
probability for malignant development varies among the most prevalent premalignant lesions,
including leukoplakia, erythroplakia, oral lichen planus, and oral submucous fibrosis[55].
Patients with oral cancer are now receiving targeted molecular treatment, such as gene therapy
and monoclonal antibody therapy. Contrary to surgery, chemotherapy, and radiation, this kind
of treatment has little or no adverse effects on the body's healthy cells[56]. Epidermal growth
factor receptor (EGFR), cyclooxygenase-2 (COX-2), peroxisome proliferator-activated
receptor (PPAR), and progesterone receptor are the four molecules that have received the
majority of attention in targeted molecular treatment[57]. These chemicals are linked to the
OSCC's differentiation and proliferative growth. Although piperine has the potential to cure
oral cancer due to its efficacy for the aforementioned molecular process linked to other cancers,
there is no data supporting either its prevention or therapy[58]. This serves as a poster about
piperine's role in the prevention of mouth cancer. Siddiqui et al. discovered that piperine
induces the production of ROS in human oral squamous cells, which in turn causes MMP to
dissipate, caspases to activate, and cell cycle arrest. However, there is little data to support this
claim. Piperine induced MMP loss and caspase-3 activation, which induced cell death[59].
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Piperine lowered the DNA quantity and halted cells in the G2/M phase, according to cell cycle
research. The effectiveness of piperine in the investigation of oral cancer is suggested by this
study[60].

Conclusion

oral cancer is one of the major causes of death that is still being eradicated on a global scale.
Multi-drug resistance (MDR) is a significant issue with the available therapeutic alternatives.
Piperine may stop the cell cycle in the G2/M phase, which has selective cytotoxicity and
downregulates cyclin B1. For the development of anticancer drugs for the treatment of oral
cancer, it is necessary to further investigate the anticancer efficacy of piperine.
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