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Abstract

A wide variety of phenolic substances derived from spice possess potent antimutagenic and anticarcinogenic activities. Examples
are curcumin, a yellow colouring agent, contained in turmeric (Curcuma longa L., Zingiberaceae), [6]-gingerol, a pungent ingredient

present in ginger (Zingiber officinale Roscoe, Zingiberaceae) and capsaicin, a principal pungent principle of hot chili pepper (Cap-
sicum annuum L, Solanaceae). The chemopreventive effects exerted by these phytochemicals are often associated with their anti-
oxidative and anti-inflammatory activities. Cyclo-oxygenase-2 (COX-2) has been recognized as a molecular target of many

chemopreventive as well as anti-inflammatory agents. Recent studies have shown that COX-2 is regulated by the eukaryotic tran-
scription factor NF-kB. This short review summarizes the molecular mechanisms underlying chemopreventive effects of the afore-
mentioned spice ingredients in terms of their effects on intracellular signaling cascades, particularly those involving NF-kB and
mitogen-activated protein kinases. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Carcinogenesis is a multistage process that consists of
at least three separate but closely linked processes:
initiation, promotion and progression. Initiation is
defined as irreversible modification of the target cell
DNA whereas promotion represents the expansion of
initially damaged or mutated cells to form a clone of an
actively proliferating multicellular premalignant/benign
tumor cell population, which eventually progresses to
the malignant one characterized by increased invasive-
ness and metastatic potential. Of the multistage carci-
nogenesis, promotion is closely linked to oxidative and
inflammatory tissue damage. Conversely, a substance
with pronounced anti-oxidant and anti-inflammatory
effects is anticipated to act as an anti-tumor promoter.
A wide variety of phenolic substances derived from
edible plants have been reported to retain marked
anti-oxidant and anti-inflammatory activities, which

contribute to their chemopreventive potential (Surh,
1999; Surh et al., 2001).

2. Role of oxidative and inflammatory tissue damage

in tumor promotion

Hydrogen peroxide and certain organic hydroper-
oxides (e.g. benzoyl peroxide) promote transformation
of chemically initiated mouse epidermal cells (reviewed
by Cerutti, 1985). Oxidative stress induced by reactive
oxygen intermediates (ROIs) has been linked to tumor
promotion in mouse skin and other tissues (Cerutti,
1985; Kozumbo et al., 1985; Troll and Wiesner, 1985).
When different types of tumor promoters were applied
topically to mouse skin, there was a distinct increase in
the production of hydrogen peroxide in the epidermis,
which correlated with their promoting potential (Perch-
ellet and Perchellet, 1989) Superoxide anion radicals
were also formed in keratinocytes stimulated with the
tumor promoter such as 12-O-tetradecanoylphorbol-13-
acetate (TPA) (Pence and Reiners, 1987). Further sup-
port for the association between pro-oxidant status and
tumor promotion derives from the observation that
many structurally unrelated antioxidants and radical
scavengers exert anti-promotional activity (Cerutti,
1985; Kozumbo et al., 1985). Exogenous superoxide
dismutase inhibited the promotion by TPA of JB6
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mouse epidermal cell transformation, providing addi-
tional evidence for a critical role of ROIs in tumor pro-
motion (Srinivas et al., 1982). Similarly, the lipophilic
biomimetic superoxide dismutase cupric 3,5-diidopro-
pylsalicylic acid inhibited tumor promotion in mouse
epidermis (Kensler et al., 1983). Ornithine decarbox-
ylase (ODC), a rate-limiting enzyme in polyamine bio-
synthesis, has been utilized as a biochemical marker for
tumor promotion. ODC induction was found to be
suppressed by superoxide dismutase and catalase in
murine mammary tumor cells and by butylated hydro-
xytoluene in mouse epidermal cells, suggesting the
intermediacy of ROIs in the tumor promotion (Cerutti,
1985, and see references therein).
Persistent, local inflammation has been considered to

contribute to multistage carcinogenesis. ROIs produced
during the inflammatory tissue damage can trigger a
series of reactions which are responsible for malignant
transformation, particularly in the stage of promotion
(Cerutti, 1985). There is accumulating evidence that
ROIs influence the intracellular signaling cascades
mediating cell proliferation. Activity or expression of
several protein kinases have been shown to be regulated
by the pro-oxidant state of cells. ROIs are typical by-
products of eicosanoid metabolism (Marnett, 1987).
ROIs are released from the cells of the inflammatory
skin infiltrate.
A correlation exists between the ability of a com-

pound to induce prostaglandin release in vitro and
its ability to promote papilloma formation in mouse
skin in vivo. A previous study by Verma et al. (1980)
suggests that prostaglandins play a crucial role in
the induction of ODC activity and mouse skin tumor
promotion by TPA. Both ROI generation by inflam-
matory cells and skin tumor promotion are efficiently
inhibited by protease inhibitors, indicating an inter-
relationship between the two processes (Troll and
Wiesner, 1985).

3. Cyclo-oxygenase-2 (COX-2) as a molecular target

for cancer chemoprevention

COX-2 is a key enzyme catalyzing the production of
prostaglandins in response to inflammatory stimuli.
Multiple lines of evidence support the notion that COX-
2 plays a role in the development of tumors (Prescott
and Fitzpatrick, 2000). Conversely, selective COX-2
inhibitors (e.g., celecoxib) have chemopreventive poten-
tial. One nuclear target of the intracellular signaling
pathways responsible for induction of COX-2 expres-
sion is the eukaryotic transcription factor NF-kB. Thus,
NF-kB has been shown to be a positive regulator of
COX-2 in diverse cell types (Surh et al., 2001). The 50-
promoter region of COX-2 contains two putative NF-
kB binding sites. The functionally active NF-kB exists

mainly as a heterodimer consisting of subunits of Rel
family (e.g. p65/Rel A, p50, p52, c-Rel, v-Rel and Rel
B), which is normally present in the cytoplasm as an
inactive complex with the inhibitory protein, IkB.
Exposure of cells to mitogens, inflammatory cytokines,
UV, ionizing radiation, bacterial toxins, etc. causes
rapid phosphorylation of IkB with subsequent degra-
dation by proteosomes. Dissociation of IkB from NF-
kB allows the activated free dimer to translocate to the
nucleus, where it binds to the cis-acting kB element
located in the promoter or enhancer regions of COX-2
and other genes, thereby regulating their expression.
Activation of AP-1, another important eukaryotic tran-
scription factor, is also implicated in the transcription of
COX-2 (Adderley and Fitzgerald, 1999).

4. Intracellular signaling cascades regulating COX-2

induction

The molecular signaling mechanisms that lead to the
induction of COX-2 as well as activation of NF-kB in
response to various external stimuli have not been fully
clarified (Surh et al., 2001). One of the most extensively
investigated intracellular signaling cascades involved in
pro-inflammatory responses is the mitogen-activated
protein (MAP) kinase pathway. Three distinct groups
of well characterized major MAP kinase subfamily
members include extracellular-regulated protein kinase
(ERK), c-Jun NH2-terminal kinase (JNK)/stress-activated
protein kinase and p38 MAP kinase which are serine/
threonine protein kinases. The activated form of each of
the above MAP kinases then phosphorylates and acti-
vates other kinases or transcription factors, thereby
altering the expression of the target genes. The induc-
tion of COX-2 and/or resulting prostaglandin produc-
tion were abolished by the pharmaceutical inhibition
(Niiro et al., 1998; Jaffee et al., 2000; Wang et al., 2001)
or by dominant-negative knockout of the corresponding
MAP kinases (Xie and Herschman, 1995; Guan et al.,
1998), suggesting that the MAP kinase cascades
are responsible, at least in part, for up-regulation of
COX-2. The proposed intracellular signaling cascades
leading to COX-2 induction in response to external
oxidative/inflammatory stimuli are schematically repre-
sented in Fig. 1.

5. Some examples of anti-oxidative and anti-inflammatory

spice ingredients with chemopreventive potential

Because pro-inflammatory and pro-oxidant states are
closely linked to tumor promotion, substances with
potent anti-inflammatory and/or anti-oxidant activities
are anticipated to exert chemopreventive effects on car-
cinogenesis, particularly in the stage of promotion.
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Examples of some representative chemopreventive
spice ingredients with substantial anti-oxidative and
anti-inflammatory properties are listed below. These
include, curcumin from turmeric (Curcuma longa L.,
Zingiberaceae), gingerol from ginger (Zingiber officinale
Roscoe, Zingiberaceae) and capsaicin from hot chili
pepper (Capsicum annuum L., Solanaceae). Their
chemical structures are shown in Fig. 2.

5.1. Curcumin

Curcumin, a yellow pigment present in the rhizome of
turmeric (C. longa Linn) and related species, has a wide
array of pharmacological and biological activities
(Ammon and Wahl, 1991). Anti-oxidant and anti-
inflammatory effects of this compound have been asses-
sed in various in vitro and in experimental animal sys-
tems (reviewed by Surh, 1999). Chemopreventive
properties of curcumin have been extensively investi-
gated and well documented (Nagabhushan and Bhide,
1992; Conney et al., 1997; Surh, 1999). One of the most
plausible mechanisms underlying the chemopreventive
effects of curcumin involves suppression of tumor pro-
motion. Thus, topical application of curcumin strongly
inhibited TPA-induced inflammation, hyperplasia, pro-
liferation, ODC activity, ODC mRNA expression, gen-
eration of ROIs, oxidized DNA base modification and
papilloma formation in mouse skin (Lu et al., 1993;

Conney et al., 1997; Huang et al., 1997; Nakamura et
al., 1998).
Curcumin inhibited COX-2 and lipoxygenase activ-

ities in TPA-treated mouse epidermis (Huang et al.,
1991a). Treatment of several human gastrointestinal cell
lines with curcumin suppressed expression of COX-2
protein and mRNA, prostaglandin E2 production, and
AP-1 DNA binding induced by TPA or chenodeox-
ycholate (Zhang et al., 1999). Suppression of TPA-
induced activation of c-Jun/AP-1 in cultured NIH3T3
cells has been proposed to be responsible for the anti-
tumor promoting activity curcumin retains (Huang et
al., 1991b). c-Fos is associated with c-Jun to form the
AP-1 complex. Curcumin at a topical dose of 10 mmol
almost completely inhibited TPA-induced expression of
c-fos and c-jun mRNA in mouse skin (Kakar and Roy,
1994), which may account for its antitumor promoting
activity in mouse skin carcinogenesis. Similarly, topical
application of 10 mmol curcumin together with 5 nmol
TPA once a day for 5 consecutive days strongly inhibited
hyperplasia and reduced the levels of both c-Jun and
c-Fos in CD-1 mouse skin (Lu et al., 1994). Quiescent
JB6 cells treated with TPA exhibited morphological
changes to form anchorage-independent colonies as
determined by the soft-agar assay (Lu et al., 1994).
Curcumin treatment reduced the TPA-induced foci for-
mation and c-Jun expression in these cells (Lu et al.,
1994). Besides AP-1, NF-kB appears to be a target for
pleiotropic effects of curcumin. Thus, curcumin has
been shown to reduce the TNF-a-induced expression of
the tissue factor gene in bovine aortic endothelial cells
by repressing activation of both AP-1 and NF-kB
(Bierhous et al., 1997). In this study, curcumin blocked
the degradation of IkBa and subsequent nuclear

Fig. 1. Schematic representation of intracellular signalling cascades

mediating oxidative and pro-inflammatory stimuli.

Fig. 2. Chemical structures of curcumin, [6]-gingerol and capsaicin.
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translocation of NF-kB, while it interfered with AP-1
binding to DNA by directly interacting with the latter
transcription factor (Bierhous et al., 1997). Transcrip-
tional inhibition of the tissue factor gene activation by
curcumin appeared to be mediated through suppression
of activation of NF-kB and AP-1 (Pendurthi et al.,
1997). Likewise, activation of NF-kB in cultured human
myeloid monoblastic leukemia cell line (ML-1a) stimu-
lated with TPA, TNF-a or hydrogen peroxide was sup-
pressed by curcumin treatment (Singh and Aggarwal,
1995). In this study, curcumin not only abrogated TNF-
a-induced phosphorylation and subsequent degradation
of IkB, but also inhibited nuclear translocation of p65,
the functionally active subunit of NF-kB. AP-1 binding
was also down-modulated by curcumin (Singh and
Aggarwal, 1995). Topical application of curcumin
significantly attenuated the TPA-induced activation of
NF-kB and AP-1 in mouse skin in vivo (Surh et al., 2000).
Curcumin inhibited TPA-induced activation of ERK

and p38 MAP kinases, which are upstream of NF-kB,
in mouse skin treated with TPA (Chun et al., 2001).
Blockade of one or both of these key MAP kinases
would result in inactivation of NF-kB and subsequent
inhibition of COX-2.

5.2. Gingerol

The oleoresin from rhizomes of ginger contains [6]-
gingerol (1-[40-hydroxy-30-methoxyphenyl]-5-hydroxy-3-
decanone) and its homologs as pungent ingredients that
have a wide array of pharmacological and physiological
activities (Mustafa et al., 1993; Surh et al., 1998). Gin-
gerol was reported to possess substantial antioxidant
properties as determined by inhibition of phospholipid
peroxidation induced by the FeCl3-ascorbate system
and also of the xanthine oxidase activity (Aeschbach et
al., 1994). In addition, [6]-gingerol attenuated TPA-sti-
mulated production of superoxide generation in differ-
entiated human promyelocytic leukemia (HL-60) cells
(Surh et al., 1999). Gingerol and structurally related
pungent principles of ginger including shogaol exert
inhibitory effects on biosynthesis of prostaglandins and
leukotrienes through suppression of prostaglandin syn-
thase or 5-lipoxygenase (Kiuchi et al., 1982, 1992; Flynn
and Rafferty, 1986).
When topically applied prior to each TPA treatment

during the entire period of tumor promotion after the
initiation with 7,12-dimethylbenz[a]anthracene, gingerol
strongly inhibited mouse skin tumor formation (Park et
al., 1998a). [6]-Gingerol also suppressed TPA-induced
epidermal ODC activity (Park et al., 1998a) and TNF-a
production in mouse skin. Azoxymethane-induced
intestinal tumorigenesis was ameliorated by dietary
administration of gingerol (Yoshimi et al., 1992).
Moreover, gingerol has been reported to abrogate the
pulmonary metastasis in mice implanted with B16F10

melanoma cells (Suzuki et al., 1997). Gingerol induces
apoptosis in cultured HL-60 cells (Lee and Surh, 1998).
A recent study by Bode et al. (2001) has demonstrated
that [6]-gingerol inhibits neoplastic transformation and
activation of AP-1 in mouse epidermal JB6 cells treated
with epidermal growth factor.

5.3. Capsaicin

Hot red and chili peppers are among the most heavily
and frequently consumed spices. Their principal pungent
and irritating constituent is the phenolic substance named
capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide). Cap-
saicin has been subjected to extensive experimental and
clinical investigations, due to its prominent pharmacologic
and toxicologic properties (reviewed by Surh and Lee,
1995; Szallasi and Blumberg, 1999). The role of this
pungent vanilloid in multistage carcinogenesis, particu-
larly in human cancer, is quite controversial (Surh and
Lee, 1996). Although capsaicin has been suspected as a
potential carcinogen or co-carcinogen, there has been a
substantial body of data supporting that the compound
has chemopreventive or chemoprotective effects
(reviewed by Surh et al., 1998).
Capsaicin can act as an antioxidant, as revealed by

attenuation of oxidative damage or lipid peroxidation
in various organs of experimental animals (De and
Ghosh, 1992; Toskulkao and Tekittipong, 1996). Anti-
inflammatory properties of capsaicin have also been
reported. Capsaicin was shown to antagonize the mouse
ear edema induced by croton oil (Clementi et al., 1994).
In another study, capsaicin ameliorated carrageenan-
induced inflammation in rats (Pulla Reddy and Lokesh,
1994). Moreover, capsaicin has the ability to inhibit
platelet aggregation possibly through blockade of
phospholipase A2 (Wang et al., 1984), a key enzyme
responsible for formation of arachidonic acid from the
membrane lipid. In addition, capsaicin repressed cal-
cium-ionophore stimulated pro-inflammatory responses,
such as generation of superoxide anion, phospholipase
A2 activity and membrane lipid peroxidation in macro-
phages (Savitha and Salimath, 1995). Capsaicin exerted
protective effects against ethanol-induced gastric muco-
sal injury in rats (Kang et al., 1995). Ethanol-induced
haemorrhagic erosion, lipid peroxidation and myelo-
peroxidase activity in rats were ameliorated by intra-
gastric capsaicin treatment, which was associated with
suppression of COX-2 (Park et al., 2000). In considera-
tion of the association of tumor promotion with oxida-
tive and inflammatory tissue damage, it would be
worthwhile determining whether capsaicin that has
antioxidant and anti-inflammatory activities could
inhibit tumor promotion. While lacking an intrinsic
tumor-promoting activity, capsaicin inhibited TPA-
promoted mouse skin papillomagenesis (Park and Surh,
1997; Park et al., 1998b).
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Constitutive activation of NF-kB has been associated
with proliferation and survival of certain tumor cells
(Bargou et al., 1997; Sovak et al., 1997), and also con-
fers resistance to apoptosis (Giri and Aggarwal, 1998).
Very recently, capsaicin has been reported to inhibit
constitutive activation of NF-kB mediated by ROIs
endogenously generated via the NAD(P)H:quinone
oxidoreductase system in malignant melanoma cells
(Brar et al., 2001). Topical application of capsaicin to
dorsal skin of female ICR mice strongly suppressed
TPA-stimulated activation of NF-kB by blocking
degradation of the inhibitory protein IkBa and sub-
sequent nuclear translocation of the free NF-kB dimer
(Han et al., 2001). Capsaicin also inhibited epidermal
activation of AP-1 in mice (Han et al., 2001). Similarly,
TPA-stimulated activation of NF-kB and AP-1 in cul-
tured HL-60 cells was suppressed by capsaicin (Surh et
al., 2000).

6. Concluding remarks

The antipromotional effects of curcumin, gingerol and
capsaicin appear to be associated with their anti-oxidant
and/or anti-inflammatory activities. One of the most
critical targets of these chemopreventive spice ingre-
dients involves NF-kB that regulates expression of a
whole variety of genes, including COX-2 responsible for
inflammation and malignant transformation. The inhi-
bition of NF-kB activation by curcumin, gingerol and
capsaicin is thought to be mediated through multiple
mechanisms, one of which involves the MAP kinase
cascades. While data in cultured cells and in animal
models confer enthusiasm over the aforementioned
phytochemicals and related substances, clinical or epi-
demiological data supporting their chemopreventive
potential in human populations are limited.
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