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Abstract: Pepper is amongst the most widely consumed spicései world. However, what few people know, is ttie
pungent substance responsible for its blazing clteniatic has many other biological properties, arglgesic, antiinflammatory,
antitumor and even carcinogenic. Several studiee liscussed the antitumor and carcinogenic peteatithis secondary
metabolite. Nevertheless, the literature still mekcomprehensive study relating the biologicadaff of capsaicin with the
consumed dose, for both pharmacological and tosgioal mechanisms. To solve this deficiency, thme af this study was to
discuss in details all the points mentioned aboverder to clarify the major questions about thbject.

Keywords: Capsaicin, Cancer, Antitumor, Carcinogenic, Mechandf Action

. the biological effects generated from the receptoere are
1. Introduction other mediators that should receive special atiante.qg.

Peppers, which belong to the plant genus Capsicuen, ianamma’Fory mediators, reactive oxygen species $Rénd
among the most frequently consumed seasoningsghrout transcription factors. Here,_V\_/e will discuss abthﬂ_ actual
the world, mainly in countries with high consume tog Knowledge about capsaicin pharmacology in  cancer
same, e.g. India and Mexico. Their principal purigerd€velopmentand as a therapeutic combat.
ingredient is capsaicin (8-methyl-N-vanillyl-6-navanide),

a phenolic substance with variable and contradictor2. Activation of TRPV1 by Capsaicin
bio-logical properties. Under determinate physialay _ _
conditions, this metabolite can cause antagonisffects TRP channels represent a large and diverse faniily o
such as neurogenic inflammation or anti-inflammpatand ~Non-selective cation channels which respond to mple
analgesic, or even, antitumor or carcinogenic [Ip 'ange of physical and chemical stimuli [6]. Vanilo
understand these opposite effects, it became regess Channels have an oligomeric structure formed bysits,
know what are the biological targets and the chanige VWhich have six transmembrane segments with a pomeadh
homeostasis, caused by the capsaicin. These eftgets formed by the fifth and sixth transmembrane regiand by
mostly caused by a transient receptor potentiallleihtype, ~ the intracellular N--and C-termini [7]. Among thix §RPV

1 ion channel (TRPV1), which with the cloning ingro Members (TRPV1-6), the vanilloid receptor subtypest
represented an important step for the understandingre | R V1, has been gaining increased interest as acwlar
molecular mechanisms underlying the transduction dptegrator of physical and chemical noxious stimdlhe
thermal and noxious chemical stimuli by the periphe |RPV1receptor can be activate by many differengexous
nociceptors [2-3]. Since then, it became clear APVl  factors, §uch as toxins (vanillotoxins) [8], heathgve 42C),
plays a pivotal role in the development of varioud®ns (N&, Mg™ and C&) [9], acid and basic pH [10] and

physiological and pathological processes [3-5fduition to ~ Membrane depolarization [11]. _
The expression of the vanilloid TRPV1 receptor & n
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restricted to sensory neurons. TRPV1 has also fmen in
various peripheral non-neuronal tissues of rodeaitsl
humans, e.g. kidney [12], gastrointestinal tra®][Lrinary
tract [14], epidermal keratinocytes [15] and vasioother
tissues [16, 17]. The discovery of non-neuronabuis
expressing the vanilloid TRPV1 receptor suggestd the
role of this channel is not limited just to the gegption of
noxious stimuli [18].

Some techniques are used to solve the three-diomaisi
structure of biological targets, such as for thePVR
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the lower gate to 7.6 and 9.3 A, respectively [21].

It justifies the better agonist activity of DkTx eh
comparing to the capsaicin. Nevertheless, we should
high-light that the efficacy and affinity of capsai on
TRPV1 slightly varies depending on the species and
expression system [24].

The activation of TRPV1 results in a non-seleciivibux
of divalent (Ca2+ and Mg2+) and monovalent (Na+)ores
through the ionic pore on the receptor [25]. Inilde
membranes such as neurons, the activation of TRPV1

receptor, amongst the most commonly used techniques induces cell depolarization, therefore enablinggbeeration

the: NMR, x-ray crystallography, and recently,
single-particle electron cryomicroscopy (cryo-ENlhe main
advantage of cryo-EM over X-ray crystallographythat it
obtains a three-dimensional structure of the rexeploser
to the native conformation. It occurs because
crystallization is not required in cryo-EM approafif].

thBepending on

theand propagation of action potentials, such as paiourning

sensations for example. However, the initial efectre
followed by a refractory state in which the sendifi to
capsaicin will be inhibited (nociceptor desenstiiza).
the vanilloid, dose, concentration and
administration site, nociceptor refractoriness nhast from

With this technique it became possible to resolbe t minutes to months, suggesting the contribution ifeiént

complete structure of TRPV1 (Fig. 1), PDB code&@J20],
3J5R [21] and 3J5P [21]. TRPV1 channels

homotetramers which the three-dimensional (3D)cttine
resembles that of voltage-gated ion channels (V5 Osese
two channel families share a similar tetramerihaecture in
which subunits are arranged in four-fold symmetiguad a
central ion on the permeation path. Each subumisists of

six transmembranei-helices (S1-S6) that span the lipid

bilayer, plus a re-entrant loop with a pore helocdted

between S5 and S6, which together assume an ‘sdert

teepee’ arrangement, resembling that of VGICs. Tidre

permeation pathway is formed by the transmembran:

segments 5 and 6 (S5 and S6) and by the interveagign
of the pore loop (S5-P-S6) [20, 21]. Cao et alglwated
which conformational changes may occur when twiediht
vanilloid agonists, capsaicin and vanillotoxin (edl
double-knot toxin DkTx), bind to the TRPV1 recepf®hree
models were used to evaluate the conformationatgdsin
the receptor (Apo, Capsaicin and RTX/ DkTx-bounBPV1
structures). The binding site is similar betweepseécin and
DkTx. Both were found in a
membrane-embedded cavity formed by the helicesn8354
and the S4 - S5 linker of a subunit, as well asheyhelices

S5 and S6 of the adjacent subunit [22]. Howeveremwh

TRPV1 is analyzed from the extracellular side, ecdomes
possible to identity that the capsaicin binding sits roughly
below the DkTx-active site. Jung et al., localizéiie
pharmacophoric
capsaicin, in the C- and N-cytosolic tails, respety [23].
Other important point in the activation of the nete is that
the steric bulk of DkTx causes a larger openingrBPV1

hydrophobic

residues (Glu-761 and Arg-114) for

cellular mechanisms. So, it can explain the paradosge of

areapsaicin as an analgesic agent to treat differmain

disorders [26].

Figure 1. (a) The electrostatic map of TRPV1 receptor shows the electronic

outer pore when compared to capsaicin. Thus, it watfiferences between the S5-pore-S6 region (hydrophobic, blue surface) and

concluded that the capsaicin~-TRPV1 complex reptesan
partially activated state of the receptor and tbé be
explained by the conformational change of 1679 & Ehis
residue forms a hydrophobic seal sufficiently neri(@.3A,
in Apo state) to block permeation by hydrated iavisen
TRPVL1 is in its closed conformation. Capsaicin dvidrx
can alter the position of 1679 with consequent aggn of

the central pore (negative, red surface). (b) This figure on spacefill allows
viewing the homotetramer complex. (c) Bottom view highlighted the central
pore (white circle), Sb-pore-6 (also called pore module, yellow circle) and
S1-$4 domains seconded by arrows.

It was also observed that capsaicin can lead tte kells
to death and induce DNA fragmentation in a
concen-tration-dependent manner [12, 27, 28]. S¢ver
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mechanisms can explain this cytotoxic response h&f t cells-lacking TRPV1

capsaicin, but, first we will introduce the role TRPV1. The
binding of capsaicin to TRPV1 induces an openinthefion
channel, allowing extensive input of Ca2+. The icaic
(Ca2+) ion, as a ubiquitous intracellular messemggulates
many different cellular functions, including corttian,
secretion, metabolism, gene expression, cell sarvand
induction of apoptotic or necrotic cell death, eveall
migration (metastasis) [29-31]. Several molecukEnsto be
involved in the modulation of TRPV1 activity based the
Ca2+ influx, e.g. calmodulin (CaM) and ATP. Calmbau

which binds four Ca2+ by Ca2+-CaM complexes, haanbe sequence. TRPV1-expressing cells showed

involved in the process of Ca2+- dependent deseasitn,
which reduces responses of TRPV1 on its activa@sson
the capsaicin. On the other hand, if ATP is conmgetor the

Can Capsaicin Present in Food Act as CarcinogAnitumor or Both

receptor that were treated with
capsaicin  showed upregulation of pro-angiogenic
(angiopoietin 1, angiopoietin 2 and vascular eneligh
growth factor), pro-invasive and pro-metastatic egen
(MMP1, MMP9, TIMP1, TIMP3, granzyme A (GZMA),
NM23A and S100A) with a down-regulation of apoptoti
genes (Fas/CD95 and tumor necrosis factor receptor,
superfamily member 1A). In order to evaluate thiatien
between lack of TRPV1 expression and increased
capsaicin-induced invasiveness, Caprodossi etaabfected
5637 cells with the TRPV1 complementary DNA (cDNA)
increase in
calcium level, growth inhibition and apoptosis. Mover, the

cell migration and MMP9 activation were reverted,
suggesting an inhibitory of TRPV1 in the urothel@ncer

same binding site as CaM, it can generate an ofgposcell invasion and metastasis [40].

response, i.e. ATP binding prevents desensitizatidrese
observations have proposed that this effect is atediby
modulating the channels sensitivity to calcium filltions
and possibly to the metabolic state [31]

Calcium is an important regulator of a variety eflalar
processes, many of which are dysregulated in careis,
such as proliferation, migration and cell death,[32]. In
several cancer types occurs an increase in theessipn of
specific calcium permeable ion channels [33] whactables
an increase in the intracellular calcium concergrat

In spite of some clinical observations about theeptor,
there is a question that still needs to be answesethere a
dose-dependent relation between capsaicin andffiést?
Trying to answer this question, Sanches et al.lyaed the
increase in intracellular calcium concentration different
capsaicin concentrations [41]. The vanilloid TRPteptor
agonist capsaicin induced a dose-dependent incréase
[Ca2+]i with apparent full effect occurring at albbduuM in
androgen-sensitive human prostate, adenocarcinoglia ¢
(LNCaP cells). Doses as low as 5 nM of capsaicirevedle

([Ca2+]i). In some cases, the Ca2+ overload is nofteto increase the [Ca2+]i from 22 to 90 nM, whereagM

associated to the cleavage and inactivation ofial@fflux
transporters located on the plasma membrane [34,T8&

capsaicin increased it to 190 nM. After this doBeapsaicin,
the response was stabilized with a slight declinethe

consequence of this attenuation of the Ca2+ effluroncentration of intracellular calcium, but thieet could be

mechanism is the elevation in ([Ca2+]i and promoté cell
death pathways modulated by Ca2+, such as thogteof
mitochondria [35]. These observations explain thepaotic
response overexpression of TRPV1 after capsaitinagion
lung [36], glioma [37], urothelial
(epidermal carcinoma) [39, 40].TRPV1 was functibnal
implicated in these events as they were markediipited by
the TRPV1 antagonist, the capsazepine. Howeverz&es
et al., investigated the mechanisms of vanilloitbtoxicity
and its anti-tumor effects in oral squamous cetcicmma

blocked (capsazepinepM inhibit the binding of capsaicin 5
uM) [41]. Other two agonists (resiniferatoxin and
(R)-methanandamide), at high doses, were neithtr tab
induce an increase in [Ca2+]i, suggesting thanhtlkehanism

[38]Jand KB cells of cell death probably occurs via TRPV1 [42].

What was observed during the refractory period is a
pharmacological mechanism generated by persistiemilss
(chemical or physical), which attenuates the nqative
sensory neuron excitability, making nociceptorstiply or
totally refractory to subsequent stimuli. It camga from

(OSCC) and showed that OSCC cell lines treated witminutes (acute desensitization) and hours (downlagign)

capsaicin  had significantly reduced cell viabilitjput
pre-treatment with capsazepine failed to reversseteffects.
Moreover, capsazepine alone was significantly oxict to
tumor cells, suggesting that the mechanism of aci®
independent of TRPV1 activation, which was confidniey
calcium imaging, indicating that TRPV1 channels event
functional in the tested cell lines. In order toamene
whether the observed cytotoxicity was due to theegggion
of ROS and subsequent apoptosis,
cytometry and co-treatment with the
N-acetyl-cysteine (NAC). The two analyses confirmée

up to days (defunctionalization). Based on its igbito
desensitize nociceptors, the irritant vanilloid sapin is
therapeutically used in the treatment of posthépet
neuralgia [43, 44], diabetic neuropathy [45] antkoarthritic
pain [46]. Through these observations, it was fouhalt
prolonged agonist exposure mediates TRPV1 interauidin,
however the endocytosis pathways are still to laifiEd.
Another issue that needs to be addressed is tleet eff

it was used floicreased [Ca2+]i, which can induce death and/ompte
antioxidantproliferation

and metastasis of cancer cells. The

understanding about concentration and exposure wihieh

hypothesis, namely the apoptosis was produced by R@an induce these effects, may be the answer tithénapeutic

induction [39].

and carcinogenic potentials of capsaicin. As meetibabove,

Despite some studies underestimated the role of thike continuous use of capsaicin reduces its seitgitd the

TRPV1 receptor in cancer cell development, evidsriwee
shown an important function on cancer control. Fast5637

receptor, therefore decreasing the influx of cailtiu
Nevertheless, it is possible that different cellsynalso have
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different reactions to the exposure of this metiddolA
higher expression of the specific calcium permeable
channels occurs in a variety of cancer types [B8]breast
cancers, for example, increased levels of the tedec
calcium channel TRPV6 [47] is associated to poogposis,
and normally occur the basal subtype [48]. ElevatB®V1
expression occurs in colon [49], pancreatic [50] arnostate
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expression is a precursor to cell death or simplyearly

marker of cell death. However, at the same time the

excessive influx of calcium causes cell death azd also
deregulate some cytosolic homeostasis processes Th
intricacy in signaling of calcium means that themgulation
of the calcium signal can be a feature of certaithglogical
states, including neurodegenerative diseases amterca

[41, 51] cancer cells. Numerous studies have alsa n [68-70], or even acts as anti-tumor drug by indreas

identified that silencing and/or
inhibition of overexpressed calcium ion channelscamcer

cells may attenuate key aspects of cancer progressi

including proliferation and metastasis [52-55].

An alternative approach that has been proposedI¢sat
studied) is the activation of an overexpressed iwac
permeable ion channel to induce cancer cell deztih $6].
Activation of overexpressed ion channels, such R®W1
has caused apoptosis of lung cancer cell lines [G&lcium
is a critical regulator of cell death, with sustinand high

the pharmacolobicaoxidative stress.

3. Reactive Oxygen Species, Oxidative
Stress and Capsaicin

Normal cell functions such as cellular proliferatiqggene
expression, cell death [71] and defense againstiioh [72],
may be generated by low concentration of reactixygen
species (ROS) in the cytoplasm. The cellular peddifion

(>1 uM) increases in intracellular free Ca2+ ([Ca2+]i),0CCUrs py rgversible pxi_dation (direct action opsaicin) of
associated to the induction of apoptotic or necretil death active sites in transcription factors, such asrthelear factor

[29]. The inactivation or cleavage of calcium efflu
transporters on plasma membrane is one of the patgn
recent studies to promote cell death by pathwaydutated
by [Ca2+]i, such as those of the mitochondria [38, 58].
However, both increase in the transient cytosoldciam

concentration and in [Ca2+]i play major role in Ice

proliferation, growth and division [59]. MoreoveQne
limitation of activating overexpressed TRPV1 agdipeutic
approach against cancer, is the risk of the agof@si.
capsaicin) to produce levels of cytosolic
concentration, which are not satisfactory to indoek death,
but can support proliferation, metastasis and eweluce
cancer. It is believed that concentration of agoarsl level

of calcium channel over-expression may influence t

sensitivity of cancer cells to death or to probficon. Wu et
al., investigated these issues using MCF-7 bresastar cells
with inducible TRPV1 over-expression [60]. This dyu
found that concentration of capsaicin and levelT&PV1
expression influence both cell death (by inducttémecrotic
cell death) and capsaicin-mediated increases a24{{L.aOn
the other hand, no cell proliferation was obserbgdany
concentration of capsaicin at any level of receptqression,
including those associated with increases in [Ca2r]this
way, targeting TRPV1 receptor with capsaicin mgyesent

kappa B (NF-kB) and activator protein-1 (AP-1),indirect
induction of mitogen activated protein kinases (M.
ROS and the consequent cellular oxidative stress hang
been associated with cancer. This association ikera
complex because at the same time that it may indinee

| disease, excessive oxidative stress may cause cemuif

tumor cells, noticeable effect of the mechanisnactfon of
many chemotherapeutic agents [73]. Some evidengggest
that ROS positively contribute to proliferation atal other

calciunfVents required for tumor progression [74, 75]. ta other

hand, this confers an elevated state of basal tixiatress
in tumor cells, which points toward the necessityhe cells
to defend themselves from oxidative damage in ortder

psurvive (e.g. over-expression of antioxidant enzs)me6,

77]. In this regard, it is noted that tumor cellaymdie by the

same systems they require to emerge and develop. Th

guantitative difference between oxidative stressaincer and
normal cells was related to liver cells [78], lenka cells
[79], breast cells [80] and gastrointestinal carj8ét.

Wu et al. investigated the administration of cagigabn
human esophagus epidermoid carcinoma CE 81T/VGH cel
[82]. They observed that capsaicin induced cellecyarrest
and apoptosis through the elevation of intracealluéactive
oxygen species. During 2h, CE 81T/VGH cells weeattd

a way to induce death of breast cancer cells witholith different concentrations of capsaicin (0, 500, 150, 200

promotion of cellular proliferation. One possibbgpkanation
for the observed responses is the c-Fos expressimmh may
be controlled through rapid increases in [Ca2+]i,[62]. The
c-Fos protein can be influenced by several fagtesalting in
apoptotic or cell proliferation processes [63, 64].was
observed that pre-neoplastic, lymphoid cell lings, [66] and
tamoxifen induced cell death in SK-BR-3 breast earells
are closely related to a rapid induction of c-Fgpression
and consequently cell death [67]. In the study af &/ al.,
the peak of c-Fos expression was reported at h BRPV1
activation with capsaicin and this expression desed when
the cell died (approximately at 6 h). This indicateat c-Fos

uM) and the respective ROS productions were analyged
flow of cytometric methods, which reveal that cagisa
stimulated the activation of caspase-3 in a dogewtent
manner. It is worth mentioning that elevated levaisROS
cause dual response, inducing cell death or DNAaggnand
genomic instability [83, 84], which may lead to mgenesis.
In another study conducted by Yang et al, in varditumor
activity of capsaicin in colon cancer cells (Col6B2M and
LoVo cells — models) was also observed [85]. Cajpsavas
shown to induce fragmentation and decrease of Ddidents,
as well as phosphatidylserine translocation, whish a
characteristic of apoptosis. Once again the apEptass
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associated with an increase in ROS production asidader
of the mitochondrial transmembrane potential. Basedhe
changes described in the mitochondrial
previous conclusions [86], caspase 3 is considrdihve a
key role in capsaicin-induced apoptosis.

However, there are still contradictory results abthe
mechanism of action of capsaicin. The apoptoticlraaism

Can Capsaicin Present in Food Act as CarcinogAnitumor or Both

to act as suicide inhibitor, can bind covalentlthvDNA,
RNA, proteins and CYPEZ21, altering the metabolisih o

membrane amthemical carcinogens [93, 94]. These results sugdehat

reactive intermediates were produced during catakytrn
over, however, the metabolism of capsaicin by P4E®D
represents a detoxification mechanism [95]. Thessfat
seems that capsaicin may present opposing acsivitie one

may not be only due to caspase 3. Some recentestudhand enzymes that assist in the elimination of mt@tk

demonstrated that cells, which do not express saspde.g.
MCF-7 cells), induced apoptosis by caspase-indeg@ndr
non-caspase-3-dependent mechanisms, due to thatasti
of other effective caspases or the nuclear traasitmt of the
apoptosis-inducing factor (AIF) [87, 88]. Chou dt, also
noted that capsaicin induced a reduction of ROMIGF-7
cells, instead of the increase mentioned by otbsearches,
in which the generation of ROS was believed to ésessary
for the antitumor and inhibitory effects of cap#ai89, 90].

4. Other Possible Mechanisms

Table 1. Toxicity studies of capsaicin using different routes of administration.

. Via of
Specie Sex admnistration. DL50 (mg/Kg)
Swiss albino mice M Intraperitoneal 7.65
Swiss albino mice M Intravenous 0.56
Swiss albino mice M Intramuscular 7.80
Swiss albino mice M Intragastric 190
Swiss albino mice M Subcutaneous 9.00
Swiss albino mice M Dermal > 512
Swiss albino mice M Intrarectal > 218
Rabbit M, F  Intraperitoneal > 50
Albino guinea pig M Intraperitoneal 1.10
Rat F Intraperitoneal 9.50 — 13.20
Syrian golden hamsters M Intraperitoneal > 120
Mouse M, F  Intraperitoneal 7,65 — 6,50

The LD50 values to acute toxicity of capsaicin haeen
determinate in some animal species (Table 1).
Observation that capsaicin is a highly toxic commbwhen
the route of administration does not undergo fiass effects
(i.e. injectable
gastrointestinal enzyme activity which may hydrelyi.
However, high rectal and dermal doses (218 andmsd/Kg,
respectively) do not cause death or serious tagiesswhen
administered in mice, characterizing them as roofelw
toxicity to capsaicin. Nevertheless, as capsaisirusually

consumed as seasoning and, depending on the cuturel2]

country it may be used daily in meals, further Etacabout
subchronic and chronic effects should be perform@de
pharmacokinetic step that deserves special attensiacthe
metabolism. Capsaicin becomes more toxic (mutagenic
carcinogenic forms) through metabolism [92], whictiuces
production of an electrophilic epoxide and a subset
phenoxy radical, or carry out O-demethylation araiation
to produce semiquinone and quinone
respectivaly [92]. It is believed that phenoxy cadj formed

from cytochrome P450 E21 (CYPE21) and carboxyestésra [5

are related to the mutagenicity and carcinogeniaty
capsaicin. This electrophilic intermediate, whishréported

carcinogens, and on the other hand dimerizing Vige
radicals reducing toxicity.

Although capsaicin might be a potential drug tduehce
inflammation, the mechanism is still unclear. Itbislieved
that NFxB and AP-1, which have been implicated in many
inflammatory diseases, were demonstrated to béiteki by
capsaicin

5. Conclusion

Despite capsaicin is being used for long time as@gings
in culinary, there were few studies discussing plossible
biological effects on the development and treatnoértancer.
Our study concluded that capsaicin has great tbatap
potential as antitumor drug. Its action mechanism induce
cell death through excessive influx of calcium,réase of
ROS and inhibition of proliferative transcripticactor (NF«B
and AP-1). Nevertheless, more studies are neceabany the
chronic effects on the metabolism, ROS productiwh iaflux
of calcium in normal cells. Although capsaicin laagioxidant
activity, its metabolites (for example phenoxy cad) can bind
covalently with key macromolecules, including th¥RE21
and DNA, thus altering the metabolism of chemical
carcinogens and causing damage to DNA, respectiVdig
antitumor potential of capsaicin should be explaredn acute
form, in order to reduce the risk of damaging ndreedls. The
development of new drug forms, such as nanopasticieuld

[91increase the specificity of capsaicin on tumors;ekducing

the toxic risk of the substance.

derivatives,

routes) seemed to be associateth wi
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