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ABSTRACT

the relevant genes of cancer cells.
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Capsicum plant consists of savage and tame types, and there is a substance named the capsaicin that causes burning sensation of the bitter
peppers. Capsaicin has many effects in the body. In addition to its antioxidant and anti-inflammatory properties, it has benefits such as
cancer prevention, reducing blood pressure, having analgesic effects in the body. There are different capsaicinoids such as dihydrocapsaicin,
nordroydrocapsaicin, homocapsaicin in nature. These capsaicinoids provide anti-cancer activities by interacting with key signal molecules.
Capsaicin can suppress the growth of cancer cells by changing the expression of the relevant genes of cancer cells. In summary, the capsaicin
ensures anticancer activity by suppressing the proliferation, growth in cancer cells and to induce apoptosis which inhibit the metastasis. This
situation can provide promising new treatment approaches in common and fatal cancer species today. This article revises the relationship
between capsaicin and different types of cancer, anti cancer effect of capsaicin. Therewithal, studies examining the treatment of different
cancer cells with various doses of capsaicin are included. Capsaicin can suppress the growth of cancer cells by changing the expression of

1. INTRODUCTION

Red and hot peppers contain a bioactive phytochemical
called capsaicin (CAP). It (8-methyl-N-vanillyl-6-nonenamide)
is the basic content of the bitter peppers in the Capsicum
plant genus, and it is mainly in membrane and essence of
red peppers with red chilli. The domesticated species of the
genus Capsicum, of which there are about 25 wild species,
are C. pubescens, C. chinense, C. annuum, C. frutescens and C.
baccatum. C. Chinense is the acridest type among the species
(1,2). In addition to capsaicin, there are different capsaicinoids
in nature, including dihydrocapsaicin, nordihydrocapsaicin,
homodihydrocapsaicin, and homocapsaicin, which can cause
a burning sensation when consumed (3,4). Dihydrocapsaicin
and capsaicin are present in mature Capsicum at 1:1 and 2:1
(1,5).

Pepper has rich antioxidant features; it contains provitamin A,
vitamins C and E, and carotenoids. It has been described that
capsaicin has antioxidant and anti-inflammatory qualities,
which have a role in lowering blood pressure, supporting
weight loss, relieving pain, and preventing cancer (6). In fact,
the most widely used therapeutic property of capsicum is its
analgesic activity. For this reason, capsaicin is used topically
as an analgesic in treating inflammation and pain in various
diseases (7). It is known that transient receptor potential
vanilloid type-1 (TRPV1) channels are associated with the

sense of painandareimportantinstimulating sensory neurons
responsible for transmitting and determining pain. The active
components of chili pepper stimulate TRPV1 receptors, and
excessive exposure to these components causes channel
desensitisation (8). TRPV1 is from the transient receptor
family of cation channel receptors and mediates the analgesic
effect. As a result, desensitization of sensory neurons that
might cause analgesic effects and depletion of substance P
are triggered by the binding of TRPV1 to capsaicin. This has
also facilitated the synthesis and isolation of capsaicin-like
compounds (TRPV1 agonists) with stronger analgesic effects
than capsaicin (9). It has been attempted to show anti-cancer
activity within human cancer, mouse models and cell culture.
Synthetic and natural TRPV1 agonists could show growth
inhibitory effects similar to capsaicin, and it is stated that
capsaicin and its analogs show exactly independent anti-
cancer activity from the TRPV1 receptor. Synthetic capsaicin
mimics and natural capsaicinoids are TRPV1 ligands, but their
anti-cancer activities do not include the TRPV1 receptor (6).
It is shown that cancer-related pain was less experienced in
TRPV1 gene suppressed rats than in the control group, which
indicates that TRPV1 channels are associated with pain (10).
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Figure 1. The structure of capsaicin, whose anti-cancer activity was
investigated in cell and animal models.

It is estimated that 19.3 million cancer cases worldwide in
2020 will reach 28.4 million, with an increase of 47% in 2040
(11,12). The realization of anti-cancer activity is interceded
by the interactivity of capsaicinoids with the key signaling
molecules of the metabolic, mitochondrial and cytoplasmic
survival pathways (1,7,9,13). Although capsaicin and its
cellular pathways relating the anti-cancer mechanism are
not clearly understood, increased intracellular calcium,
suppression of mitochondrial respiration, induction of calpain
activity, formation of reactive oxygen species (ROS), inhibition
of coenzyme Q, multiple mechanisms included inhibition of
transcription factors such as nuclear factor-kB, STAT 3 (signal
transducer and transcription activator) and p53 (tumor protein
53) are included in the relevant processes (9,13-15). While the
growth of human cancer cells is suppressed by capsaicin, the
apoptic activity of cancer chemotherapy agents is supported
by multiple mechanisms (9,13,16,17). The p-glycoprotein
efflux transporters are inhibited by capsaicin in KB-C2 human
endocervical adenocarcinoma cells, and the sensitization of
cells to apoptosis and an increase in vinblastine concentration
inthe cellular microenvironment occurs as a result of treatment
of KB-C2 cells with an antimicrotubule drug in the presence of
capsaicin (18).

The improving of capsaicin, which is thought to be clinically
beneficial for cancer treatment or pain relief, can be prevented
by its side effects (9,19). Naturally, such information leads
to the pursuit for capsaicin-like compounds that exhibit
more anti-cancer activity than capsaicin, which has a fewer
side-effect profile. Obtaining compounds with enhanced
biological half-life, pharmacological activity, bioavailability,
specific therapeutic index relative to capsaicin constitutes
another method for the notion of capsaicin-based drug
candidates (9).

Related literature review was carried out from March 2020-
June 2021 through the selected websites, including World
Health Organization (WHO), PubMed, Cochrane Central,
Science Direct, Google Scholar, The MEDLINE, Web of
Science, Embase, and www.ClinicalTrials.gov. The articles
were searched using the keywords such as “capsaicin,
capsaicin and its analogs, capsaicin health benefits/effects,
apoptotic mechanisms in cancer cells, cancer and capsaicin,
capsaicin-cancer chemoprevention mechanisms, cancer
— TRPV1 - active ingredient, cancer types and apoptosis
capsaicin, cancer therapies and capsaicin, proliferation in
cancer”. Studies on cancer and capsaicin have investigated
animal, clinical human, in vivo and in vitro studies.

2. ACTIVE COMPONENTS, MECHANISMS AND ANTI-
CANCER EFFECT OF RED PEPPER

Capsaicin, the active ingredient of peppers, is said to have
significant antimutagenic and anticarcinogenic activities, and
capsaicin has an inhibitive effect on tumor growth in many
malignant cell lines. Indeed, it can repress the growth of
various cancer cells by stimulating apoptosis in many malign
cell lines (20).

When the nutrient content of 100 g of edible red pepper
is evaluated, and it is observed that it contains 8.81 g
carbohydrates; 1.87 g of protein; 88 g of water; 1.5 g of
pulp; 534 pg of beta carotene; 1.24 mg of niacin; 144 mg of
ascorbic acid; 43 mg phosphorus (21). Capsaicin, a bioactive
phytochemical ample in red and hot peppers, has been
observed to change the expression of some genes related
to cancer cell survival, metastasis, angiogenesis and growth
arrest (13). Furthermore, it has been noted that capsaicin has
anti-cancer properties in various cancer models (22).

Inhibition of the activity of TRPV1 channel, which is widely
scattered in several non-neuronal tissues and the brain,
is associated with the mechanism of action of capsaicin,
becomes an anti-cancer agent in many different cancer
types (7). Tumor progression is inhibited by capsaicin via
suppressing angiogenesis. Capsaicin disrupts the biology
of cancer stem cells, alerts non-apoptotic cell death
pathways in cancer cells, kills cancer cells resistant to pro-
apoptotic stimuli and is bioselective (23). Intraperitoneal
implementation of capsaicin has been detected to reduce
lipid peroxidation and contribute to the antitumor effect
against capsaicin BP-induced lung tumorigenesis in the
lungs of Swiss albino mice (15,24). It has been proclaimed
that pretreatment of myoblasts with capsaicin significantly
inhibits NF-jB and can alleviate LPS-induced inflammation. In
contrast, small concentration of capsaicin treatment relieves
systematic inflammatory cytokines during different stages
of sepsis in rats (25,26). Capsaicin inhibits the proliferation
of Helicobacter pylori (H. pylori) stimulated human gastric
cancer (AGS) cells, which is manifested by decreased TNF-
alpha expression and reduced infiltration of mononuclear
cells into the gastric corpus and antrum (27).
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Figure 2. Apoptosis mechanism and anticancer activity of capsaicin
(28, 34)
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Arguably, identifying molecular targets involved in tumor
development steps will ensure a promising strategy to
fight cancer (13). Apoptosis is when cells generally destroy
themselves, regulated by genes, programmed, requiring
RNA, protein synthesis and energy, and maintaining
homeostasis in the organism (30). Capsaicin, an alkaloid
derived from peppers, has conflicting effects in both
experimental and human carcinogenesis. Proposed anti-
cancer mechanisms of capsaicin stimulate an increase in
cell cycle arrest and apoptosis, howbeit the precise cellular
mechanisms are still poorly understood (31). Nevertheless,
capsaicin has been shown to target a few proteins involved
in the mitochondrial death pathway in order to promote
apoptosis in various cancer cell lines (13). CAP, a member of
the vanilloid family, is the main component of peppers. It has
been widely studied for its various pharmacological effects
and impact on cell physiology, such as apoptosis and axonal
growth of tumor cells is vital. It plays an important role in
determining the proliferation of stem cells, in particular
by modulating various signaling pathways such as CAP, C/
EBPa, PPARy and Notch signaling (32). Capsaicin shows
antioxidant and antiproliferative activities. It can stimulate
DNA fragmentation by apoptosis in human esophageal
adenocarcinoma (OE19) and human colon adenocarcinoma
(Caco-2) cell lines. Addedly, the evaluation of the selectivity
index of capsaicin, defined by testing the antiproliferative
activity of capsaicin in human fibroblasts, confirms the
higher cytotoxicity of this spicy molecule against cancer cells
within humans compared to the other cells. To examine the
differences in the mechanism of action of capsaicin between
cancer cells and other cells in humans, the emphasis must
be placed on evaluating the different expression levels of
TRPV (transient receptor potential vanilloid) receptors. These
receptors play a vital role in apoptic death, determining
the increase in intracellular Ca*? (33). Among the proposed
capsaicin anti-cancer mechanisms are cell cycle arrest
and increased apoptosis (13, 34). Capsaicin can act as a
carcinogen or co-carcinogen (35). It has been pinpointed
that capsaicin has chemosensitizing effect and anti-cancer
activity in many different human cancer types. It has
been found that capsaicin compresses progression and
tumorigenesis by specifically linking to the transient receptor
potential TRPV1 to encourage a transient Ca2+ influx and
boost Ca2+ concentration in cancer cells, suppressing
proliferation and elevation of apoptosis. Some arguments
support that capsazepine as a TRPV1 antagonist cannot
entirely inverse the inhibitive effects of capsaicin in cancer
cells. This may point to powerful mechanisms other than
the TRPV1 signaling pathway that need further investigation
(36). It was determined in a study that capsaicin and tNOX
(tumor associated NADH oxidase) interacted to trigger the
proteasomal degradation of tNOX and inhibition of NAD*
dependent SIRT1 (sirtuin 1) acetylase by capsaicin. As a
result, acetylation levels of p53 and c-Myc, which increased
cell cycle arrest and suppressed the activation of g-cyclin/
cyclin-dependent kinase complexes in cancer cells, induced
(37). In a study by Sarpras et al. C. chinense given at low
doses can show cancer chemopreventive effects, induction

of apoptosis and upregulation of proapoptotic genes in both
cancer cell lines and mouse bone marrow cells, higher C.
chinense dose can be used for targeted cancer therapy (38).
A tumor associated NADH oxidase (ENOX2, tNOX) is inhibited
by capsaicin. Thus, stimulating apoptosis reduces cancer cell
growth, and capsaicin-mediated inhibition of tNOX prolongs
the cell cycle. These molecular events have not been clarified
(37). Another study declared that overexpression of the
tribbles-related protein 3 (TRIB3) increases capsaicin-induced
apoptosis. Apoptotic cell death in cancer cells occurs by
regulating TRIB3 expression by capsaicin. Along with these,
protein stability and gene expression improvements have
also been confirmed to have a key role in capsaicin-induced
regulation of TRIB3 (39). More than half of the gradual
dissipation of the mitochondrial transmembrane potential
and fragmentation of the mitochondria, and subsequent
defective superoxide production in mitochondrial electron
transport appeared to be associated with apoptosis (1).
Cyclin-dependent kinases (CDKs), CDK inhibitors and cyclins
form the basis of the cell cycle. When activated, CDKs allow
cells to transition from one phase to another (40). It is
reported that capsaicin prevents the proliferation of 5637
bladder carcinoma cells through cycle arrest by inhibition of
CDK2, CDK4 and CDK6 (1).

Capsazepine is a synthetic analogue of capsaicin (29). It has
been enunciated that the TRPV1 antagonist capsazepine
exhibits potent anti-tumor activity in osteosarcoma cells
and human prostate cancer and shows significant anti-
proliferative effects against multiple tumor types in vitro
(29, 41). In a study, it was indicated that xenograft models
in athymic mice and growth of human oral squamous cell
carcinoma in cell culture were suppressed by capsazepine.
It has also been propounded that the apoptotic activity
of capsaicin is independent of TRPV1 (41). Endoplasmic
reticulum stress, increased ROS, and subsequently increased
intracellular calcium in a phospholipase C-independent
pathway by inducing the apoptotic activity of capsazepine.
Also, an inhibitor of JAK/STAT3 signaling in prostate cancer
cells is capsazepine (42). Nonetheless, capsazepine A549
sensitizes lung cancer cells to radiation therapy (41).
Capsazepine can exhibit various pharmacological effects by
suppressing the Ca? flow and blocking the TRPV1 channel
(43). Thereupon, although its clinical use has been hindered
due to its weak pharmacokinetic properties, it can be used
effectively in the prevention and treatment of inflammatory
conditions and various cancers (29).

3. TYPES OF CANCER AND CAPSAICIN

Recently, capsaicin has been documented to show anti-cancer
activity in a fair number of human cancer types by arresting
the cell cycle, suppressing proliferation, alerting apoptosis, and
preventing metastasis (1,13,36). In this context, the activity of
prostate cancer stem cells via Wnt/beta-Catenin was suppressed
by capsaicin. Production of ROS in colon cancer cells disrupted
the mitochondrial transmembrane potential and induced
apoptosis (36,44,45). Capsaicin is inclined to show preventive
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activity against various cancers, including the epithelial, breast,
gastric, pancreatic and colon cancers (46). These activities are
thought to result from capsaicin-induced activation of ASK-1
and p53 or from NADH oxidase, EGFR-HER2 signaling, MAPKs
signaling and Wnt signalling (47,48). It is also agreed that
capsaicin remarkably alerted apoptosis of breast cancer in vivo
and in vitro and suppresses the proliferation (36). In addition,
primary effusion lymphoma (PEL) is an aggressive lymphoma
often resistant to conventional chemotherapies. It is divulged
that capsaicin significantly inhibits the growth of Kaposi’s
sarcoma-associated herpesvirus (KSHV) latent infected PEL cells
by inhibiting ERK, p38 MAPK and expression HIL-6, which are
known to contribute to PEL survival and growth (48).

4. GASTROINTESTINAL SYSTEM CANCERS

4.1. Esophageal Cancer

In a study using the human ESCC (esophageal squamous
cell carcinoma) Ecal09 cell line, it was pronounced that
capsaicin used at different doses prevented the proliferation
of Ecal09 cells. Compared to the control groups, the protein
expression of matrix metalloproteinase-2 (MMP-2) and matrix
metalloproteinase-9 (MMP-9) was significantly decreased by
capsaicin, and capsaicin increased the protein expression of
SIRT1 in Ecal09 cells, AMPK/NF-kB p65 signaling pathway. It
has been ascertained that ESCC cells can inhibit the invasion
and migration of ESCC cells (49). In another study, capsaicin-
induced inhibition of tumor glycolysis occurred in ESCC cells.
A decrease in the expression of hexokinase-2 (HK-2) involved
in tumor glycolysis was observed as a result of capsaicin
treatment (50).

4.2. Gastric Cancer

Gastric cancer has risk factors such as smoking, low vegetable
and high salt diet, chronic gastritis with intestinal metaplasia,
EBV (Epstein-Barr virus) and H. pylori infection (51,52).
Some cancers are associated with H. pylori infection, whilst
others are associated with different causes viz. excessive
body weight, damage to gastroesophageal reflux disease
(12,53). H. pylori infection is accepted as the main cause of
non-cardiac gastric cancer (12,54). A study determined that
capsaicin is a more potent pro-apoptic agent than eugenol in
the presence of p53 (55). In another study, different doses
of capsaicin were treated for 48 hours in colon cancer SW-
480, gastric mucosal GES-1 and gastric cancer MGC-803 cells.
Cytotoxicity due to capsaicin amount was defined in all three
cell lines, 16 pg/mL capsaicin eliminated 80% of all living
cells, capsaicin-induced cytotoxicity was not solely witnessed
in cancer cells; it inhibited proliferation in cancer cells and
suppressed cell growth by shifting histone acetylation in
gastric cancer cell lines (52).

4.3. Liver Cancer

Aflatoxin, chronic infection with hepatitis B and C virus,
excessive alcohol intake, type 2 DM and smoking constitute

the main risk factors for hepatocellular carcinoma (HSC)
(12,56). In a study, one HSC cell line (PLC/PRF/5, HepG2,
HuH7), normal human liver cell line (HL-7702), capsaicin
and kinase inhibitor drug were used at different doses.
Concomitant use of capsaicin and kinase inhibitor drug
significantly induced HSC cell apoptosis and enhanced the
suppression of cell proliferation. Additionally, capsaicin
dose-dependently boosted the phosphorylated ERK levels
in PLC/PRF/5 cells, increased kinase inhibitor sensitivity, and
a synergistic suppression occurred in tumor cells (57). In
another study, male Wistar rats were fed a diet containing
0.01% and 0.02% capsaicin for 3 weeks. At the end of the
third week, 0.02% capsaicin taken with diet increased the
antioxidant glutathione system while reducing liver CD68-
positive macrophages, lipid peroxidation, serum alanine
aminotransferase levels and decreased hepatocyte necrosis
and hepatocarcinogen diethylnitrosamine (DEN)-induced
oxidative damage. In conclusion, it has been mentioned that
capsaicin may be a promising chemopreventive agent when
used in the early stages of hepatocarcinogenesis (58).

4.4. Pancreatic Cancer

The incidence of pancreatic cancer is higher in men than
in women, and dietary factors, i.e., smoking, diabetes,
increased body fat, red and processed meat consumption,
and excessive alcohol intake are known to be associated
with the disease (59,60). In a study, adding a combination
of capsaicin and resveratrol to radiotherapy caused ROS.
Capsaicin and resveratrol were found to inhibit radiotherapy-
induced DNA damage molecule answer by strongly limiting
the first steps of DNA double-strand break repair, keeping
cells in the cell cycle and stimulating exacerbated apoptosis
(61). In pancreatic cancer cells, capsaicin was found to
reduce complex-l and complex-lll activity in AsPC-1 and
BxPC-3 cells, causing ROS formation. It is articulated that
antioxidant levels in tumor cells in capsaicin-treated mice are
lower than in control, mitochondrial damage and resulting in
ROS accumulation. Thusly, it was determined that capsaicin
treatment decreased antioxidant levels in pancreatic cancer
cells by producing ROS through mitochondria and caused
mitochondrial damage and apoptosis (59,61).

4.5, Colorectal Cancer

In an in vivo study, oral gavage administration of 20 mg/
kg body weight capsaicin for four weeks reduced intestinal
polyp count and the tumor burden of APCmin/+ mice. In
the subsequent in vitro study, it was determined that
capsaicin induced the phosphorylation of cyclin D1 in
threonine 286 and decreased the expression of cyclin D1
in a dose — and time-dependent manner. Henceforth, it
has been annunciated that capsaicin may be a potential
anti-cancer agent targeting cyclin D1 degradation and
proteasome activity in colon cancer (62). In another study,
the Caco-2 colon cancer cell line was used, and different
doses of capsaicin were applied. It illustrated that increased
capsaicin dose treatment reduced the mean AgNOR
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number and TAA/NA ratio (63). After colon carcinogenesis
was onset in male Wistar rats, the animals were given 5 or
50 mg/kg of capsaicin three times a week by gavage for 24
weeks. High-dose capsaicin has been recorded to reduce
cell proliferation and the total number of preneoplastic
abnormal crypt foci (ACF) in adjacent normal-appearing
colonic crypts. It was verified that capsaicin had no effect on
total tumor incidence, diversity, cell proliferation, volume
and apoptosis in both dose interventions (31).

5. UROGENITAL SYSTEM CANCERS

5.1. Bladder Cancer

All mammalian cells are surrounded by a multifunctional
glycan layer, the glycocalyx (64,65). Between the cells
and the extracellular space is the outer glycan layer, and
controls processes such as endocytosis, cell adhesion and
intracellular signalling (65). The glycocalyx of cancer cells
depart from the healthy cells concerning the changes in
the profile of proteoglycans and glycoproteins (65-69). The
ability of the glycocalyx to bind cytokines and growth factors
is associated with its tumor-promoting effect (65,68-70). In a
study, urothelial UROtsa, human bladder cancer cell line T24,
metastatic melanoma cell lines, MV3 and BLM cells were
used and Ki-NCs have loaded with model lipophilic cytotoxic
drug capsaicin. High-dose capsaicin ingestion has been noted
to be lethal for T24 and UROtsa cells (65). In another study,
the T24 bladder cancer cell line was used. The effect on the
24-hour cell migration rate was investigated using different
doses of capseisin (control, 10, 100 and 200 uM). The usage
of 100 and 200 uM capseicin was effective in cell migration in
T24 cells, and SIRT1 expression was found to be decreased in
T24 bladder cancer cells (71).

5.2. Prostate Cancer

It has been communicated that capsaicin has anti-tumor
properties against prostate cancer, inhibits the development
of prostate cancer cells, and reduces prostate enlargement
in animal models (72,73). At the same time, capsaicin can
initiate apoptosis in human prostate carcinoma cells by
causing cell cycle arrest (73). It was observed that capsaicin
alerted prostate cell death with time and dose difference
and rised the amount of cargo protein with LC3-Il, which
is an autophagy marker. Capsaicin treatment increases
lysosomes localized with LC3 positive vesicles and inhibits
autophagolysosome degradation. In conclusion, ROS-
mediated capsaicin-induced autophagy obstruction promotes
antiproliferation in prostate cancer cells (73). In another
study, prostate cancer PC3 and LNCaP cell lines were used
to treat capsaicin with chemotherapy. It has been uttered
that there is a significant decrease in the growth of cells in
the combined use of capsaicin and chemotherapy drug (74).
Another study stated that the viability of human prostate
cancer DU145 and PC-3 cells was decreased by capsaicin, and
the Wnt/B-catenin pathway, which is the leading pathway in

regulating the activity of cancer stem cells, was inactivated
by capsaicin (45).

6. OTHER CANCERS

6.3. Breast Cancer

It is recommended to define and improve other efficient
therapeutic agents to reduce side effects and develop the
treatment efficacy of chemotherapy in breast cancer (36).
In this study, capsaicin induced apoptosis while inhibiting
proliferation in breast cancer cells. At the same time,
capsaicin inhibits proliferation and promotes apoptosis,
which is closely related to FBI-1 (for factor that binds to the
inducer of short transcripts). The primary mechanism may
be relatived to FBI-1-mediated down-regulation of the NF-kB
pathway, and linking capsaicin and FBI-1 may provide an
encouraging treatment for breast cancer patients (36).

6.4. Lung Cancer

Small cell lung cancer (SCLC) corresponds to 15-20% of lung
cancer cases. It is the most aggressive type of lung cancer (75-
77).Inastudy investigating the anti-cancer activity of the drug
and capsaicin combination, it was determined that low-dose
capsaicin synergized with the drug and induced apoptosis
at the high levels in human SCLC cells. It was reported that
human SCLC cells were sensitized to the apoptotic activity
of the drug by capsaicin (77). The combined treatment of
capsaicin with 5-FU in NSCLC (non-small cell lung cancer)
cells and its cytotoxicity were investigated. To determine the
relationship between TS expression and capsaicin, H1703 and
H520 cells were given 100 uM or different doses of capsaicin
for 4-24 hours. It has been reported that while capsaicin
decreases protein expression and TS mRNA in a time and
dose-dependent manner, it also decreases phospho-p38
MAPK expression through capsaicin (78).

6.5. Bone Cancer

The incidence varies depending on many factors such as age,
gender, race (79,80). In a study, the human osteosarcoma
cell line MG-63 was used. Using different doses of capsaicin
and cisplatin, capsaicin and cisplatin significantly inhibited
the growth of MG-63 cells in a dose-dependent manner.
Capsaicin is defined as an anti-cancer agent that can induce
immunological cell death in human osteosarcoma cells in
vitro (81). In another study, OS cell lines HOS, 143B and MG63
were used, and when capsaicin was used at different doses,
it caused a dose-dependent to reduce in cell viability in all 3
OS cell lines. High concentrations of capsaicin can activate
caspase-dependent apoptotic signaling pathways in OS cells.
Capsaicin also reduced colony formation ability in 3 OS cell
lines from 100-uM dose (82). The studies evaluating the
anti-cancer activity of capsaicin and capsazepine in different
cancer types are shown in Table 1.
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Table 1. Studies evaluating the anti-cancer activity of capsaicin and capsazepine in different cancer types

Cancer Types Study Design Intervention Effects
Breast Cancer In vitro study MTT, cell scratch analysis, cell cycle Viability and migration of MDA-MB-231 breast cancer
(83) MDA-MB-231 breast cancer | analysis, cell transfection, reverse cells were inhibited by capsaicin
cell transcription-quantitative PCR, and Capsaicin induced G2/m cell cycle arrest in MDA-MB-231
Control group MCF10A western blotting cells
healthy breast cells
Induction with capsaicin at
doses of 10, 50, 100, and
200 uM
Breast Cancer Polyethylene glycol- Synergistic anti-cancer therapy with PTX | 70.5% reduction in tumor growth in mice treated with
(84) conjugated CAP? (PEG-Fmoc- |and CAP PTX/CAP-loaded micelles
CAP;) polymeric prodrug Compared to other treatments, PTX/CAP-loaded micelle
micelle carrier designed and shows high in vivo antitumor activity in inhibiting tumor
physically encapsulated with growth.
PTX®
(PTX:paclitaxel)
Lung Cancer Small cell lung cancer cells Capsaicin and camptothecin at doses of 0, | Human small cell lung cancer cells are sensitized to the
(77) 0.01,0.1, 1.0, 10.0, 100.0 uM apoptotic activity of camptothecin by capsaicin.

Concomitant use of camptothecin and
capsaicin

Lung Cancer
(78)

Non-small cell lung cancer
cells
H520 and H1703 cells

Concomitant use of capsaicin and 5-FU¢ at
different concentrations

Concomitant use of 5-FU and capsaicin has a synergistic
cytotoxiceffect on H520 and H1703 cells.

Lung Cancer
(85)

Human lung cancer cell
line-H1299

Capsaicin at 100 and 200 uM doses

Capsaicin reduces mutant p53 levels and helps cancer
cell destruction

Reactivates wild-type p53 protein and promotes
reactivated p53 cell death

Gastric Cancer
(52)

SW-480, gastric cancer MGC-
803 and gastric mucosa GES-1
cells

Capsaicin at doses of 0, 2, 4, 8, 16 pug/mL

Inhibited proliferation in cancer cells
Suppresses cell growth by altering histone acetylation

Gastric Cancer
(55)

The human stomach cell line
AGS

Capsaicin in different doses

(50, 100, 150, 200, 250, 300, 350 uM)
Eugenol in different doses
(0.1,0.4,0.7,1.0,1.4, 1.7 mM)

Capsaicin is a more potent pro-apoptic agent than
eugenol.

Prostate Cancer
(73)

Human prostate epithelial
PC-3 and LNCaP cells

Capsaicin at 20 and 80 uM doses

Increased amount of cargo protein with autophagy
marker LC3-II

Capsaicin has an anti-proliferative effect on LNCaP and
PC-3 prostate cells.

Prostate Cancer
(74)

PC3 and LNCaP human
prostate cancer cell lines

Concomitant use of Capsaicin and
Docetaxel

Capsaicin and docetaxel inhibited the growth of prostate
cancer cells with a synergistic effect.

Prostate Cancer
(45)

Human prostate cancer PC-3
and DU145 cells

Capsaicin at doses of 1, 5, 10 uM

Dose-dependent capsaicin significantly reduced the
viability of PC-3 tumors

PC-3 and DU145 down-regulated the protein and mRNA
expression of CD133, CD44, ALDH1A1, OCT-4, Nanog and
Sox2 in cancer stem cells

Capsaicin inactivated the Wnt/B-catenin pathway

Colon Cancer
(62)

In vivo

APC™"* mice

In vitro

Human colon cancer cells
(SW480, HCT116, LoVo and
Caco-2)

In vivo

Oral gavage administration of capsaicin
at a dose of 20 mg/kg body weight for 4
weeks

In vitro

Capsaicin in different doses (0, 12.5, 25,
50 uM)

In vivo

A tendency to reduce polyp count and tumor burden in
the gut of APC™* mice was observed.

In vitro

Capsaicin induces phosphorylation of cyclin D1 at T286
and decreases cyclin D1 expression in a dose —and time-
dependent manner.

Colon Cancer
(63)

Human colon cancer Caco-2
cells

Capsaicin in different doses (25up, 50upt
and 75up)

Mean AgNOR number and TAA/NA ratio decrease with
increasing capsaicin dose therapy.

Colon Cancer

Male Wistar rats

Capsaicin 5 or 50 mg/kg 3 times a week

High-dose capsaicin induced cell proliferation in adjacent

(31) by gavage for 24 weeks normal-appearing colonic crypts and reduced total
number of preneoplastic ACFs.
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Bladder Cancer
(86)

Human bladder cancer T24
cell line

Second degree carcinoma, cat
5637 cells

Male NOD/SCID mice

Capsaicin was given at doses of 0, 50, 100,
150, 200 and 300 um.

Capsaicin inhibited cell proliferation and migration in
bladder cancer cells

Capsaicin injection suppressed tumor growth in vivo
Induces ROS production in bladder cancer cells via the
FOX03a-mediated pathway.

Triggered cell cycle arrest in GO/G1 phase

Bone Cancer
(81)

Human osteosarcoma cell
line MG-63

0.50, 100, 150 ug/ml doses of cisplatin
and 0, 100, 200, 300, 400 and 500 uM
doses of capsaicin were given.

Capsaicin and cisplatin significantly inhibited the growth
of MG-63 cells in a dose-dependent manner.
Capsaicin induces immunological cell death in OS¢ cells

Bone Cancer

0S cell lines MG63, 143B and

Capsaicin was given in doses of 50-100-

Decreased cell viability

(82) HOS 150-200-250-300 uM Inhibitory effect on cell proliferation
Activation in caspase-dependent apoptotic signaling
pathways
Bone Cancer Human osteosarcoma cell 5, 10, 20, 40 uM capsaicin was given Capsaicin induces loss of cell viability and apoptosis
(87) line MG-63 Capsaicin activates AMPK¢, p53 and JNK,

Capsaicin causes cell death by activation of TRPV12-
dependent and independent pathways in MG-63 cells.

Liver Cancer

PLC/PRF/5, HuH7, HepG2

Capsaicin (0.50,100,150,200,250 uMm),

Suppression of cell proliferation significantly increased

(57) hepatocellular carcinoma sorafenib (0-0.3-1-3-10-30 umol/L) were | Suppression of tumor growth

cell lines and human liver HL- | given

7702 cell line
Liver Cancer Male Wistar rats Diet containing 0.01% and 0.02% Decreased serum alanine aminotransferase levels, lipid
(58) capsaicin was given for 3 weeks peroxidation, liver CD68-positive macrophages

Decreased oxidative damage and hepatocyte necrosis
caused by hepatocarcinogen diethylnitrosamine

Liver Cancer
(88)

Human hepatocellular
carcinoma HepG2 cell line
and human hepatoma cell
line Huh-7

Capsaicin was given in doses of 10, 20, 40,
75 UM, sorafenib was given in doses of
0.2,04,15,2uM

The combination of capsaicin and sorafenib strongly
inhibited growth in HepG2 and Huh-7 cells

An increase in apoptosis has been observed
Capsaicin alone and in combination with sorafenib
induced AMPK activation and acetyl CoA carboxylase
phosphorylation in HCC" cells.

Pancreatic cancer
(61)

8 to 12 week old Swiss male
mice and pancreatic cancer
cell lines

When tumors reached approximately
100mm?3, mice were given resveratrol and
capsaicin in combination with gavage.

Addition of resveratrol and capsaicin combination to
radiotherapy increased ROS production
Significantly reduced tumor volume in mice

Esophageal Cancer
(49)

Human ESCC Ecal09 cell line

Capsaicin was given in different doses (0,
25,50 and 100 uM)

Inhibited proliferation in Eca109 cells
Decreased expression of MMP-9 and MMP-2

Esophageal Cancer
(50)

Esophageal squamous cell
carcinoma (ESCC) cells

Capsaicin was treated at doses of 0, 30,
60, 120 pM.

Decreased HK-2 expression
Inhibition on tumor glycolysis in ESCC' cells

CAP® = capsaicin, PTX? = paclitaxel, 5-FU° = fluorouracil, 0S = osteosarcoma, AMPK® = 5’ adenosine monophosphate-activated protein kinase,
INK' = c-Jun N-terminal kinase, TRPV19 = transient receptor potential vanilloid member 1, HCC" = hepatocellular carcinoma, ESCC = Esophageal
squamous cell carcinoma, STAT3 = signal transducer and activator of transcription 3, OSCC* = oral squamous cell carcinoma

7. CONCLUSIONS

Capsaicin is a bioactive compound that has recently attracted
scholarly attention with its applications in pharmacobiology
against cancer. Even though different Capsicum species
include high levels of capsaicin, not all of these species can
be used as capsaicin sources. More studies on anti-cancer
targets of capsaicin, the potential of new treatments in the
future, and the possible efficacy in cancer treatment and
prevention seem to be required. That said, although clinical
studies are not sufficient, it is argued that data on capsaicin
concentrations, ways of administration and long-term side
effects should be well understood prior to use.
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