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Abstract. Curcumin (diferuloylmethane) is a polyphenol
derived from the Curcuma longa plant. Curcumin has been
used extensively in Ayurvedic medicine, as it is nontoxic and
exhibits a variety of therapeutic properties, including anti-
oxidant, analgesic, anti-inflammatory and antiseptic activities.
Recently, certain studies have indicated that carcumin may exert
anticancer effects in a variety of biological pathways involved in
mutagenesis, apoptosis, tumorigenesis, cell cycle regulation and
metastasis. The present study reviewed previous studies in the
literature, which support the therapeutic activity of curcumin
in cancer. In addition, the present study elucidated a number of
the challenges concerning the use of curcumin as an adjuvant
chemotherapeutic agent. All the studies reviewed herein suggest
that curcumin is able to exert anti-inflammatory, antiplatelet,
antioxidative, hepatoprotective and antitumor activities, particu-
larly against cancers of the liver, skin, pancreas, prostate, ovary,
lung and head neck, as well as having a positive effect in the
treatment of arthritis.
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1. Introduction

Curcumin [1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-hep
tadiene 3,5-dione] is among the most extensively studied
naturally-derived therapeutic products in recent decades, due
to its various properties. It is the primary biologically active
curcuminoid of Curcuma longa, a herbaceous perennial plant
belonging to the ginger family (Zingiberaceae) (1).

Curcuma longa, commonly known as turmeric, is native to
South Asia, India and Indonesia and is predominantly grown
in South India (2,3). The root and rhizome (underground
stem) of Curcuma longa is crushed and powdered into ground
turmeric. Ground turmeric is used worldwide as a seasoning
and as a key ingredient in curry. Curry contains ~2% curcumin,
which was first identified in 1910 by Milobedzka et al (4).
Furthermore, curcumin is responsible for the yellow color of
the spice, in addition to the majority of the therapeutic effects
attributed to turmeric (3,5). The other two curcumoids obtained
from Curcuma longa are desmethoxycurcumin (DMC) and
bis-desmethoxycurcumin (BDMC; Fig. 1). In addition, turmeric
contains a number of volatile oils (e.g. zingiberone, atlantone
and tumerone), sugars, resins and proteins. However, other than
curcumin, turmeric contains no known agents with anti-inflam-
matory and anti-proliferative activity (6).

Following its extraction and purification, curcumin is
used for its attributed medicinal properties as a natural
treatment for numerous diseases. In Ayurvedic medicine,
turmeric has been used for centuries for its medicinal
properties (7) and has been administered through various
routes, including topically, orally and by inhalation. It is well
known that the curcumin exerts certain antioxidant, anal-
gesic, anti-inflammatory and antimalarial properties (7-15).

Furthermore, curcumin is considered to be pharmacologi-
cally safe (9), and is classed as safe for human consumption by
the US Food and Drug Administration (16). It is widely
consumed as a condiment without any known side effects.
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Figure 1. Primary extracts of the Curcuma longa plant. (A) Curcumin (diferu-
loloymethane), (B) demethoxycurcumin and (C) bisdemethyoxycurcumin.

2. Chemical composition

Curcumoids consist of two methoxylated phenols connected
through two o,3-unsaturated carbonyl groups. Curcumin is rich
in terpene derivates and contains predominantly monocyclic
sesquiterpenes and oxygenated derivatives, such as turmerone
and zingibrene (17). The rhizome contains 3-5% curcuminoids
and 2-7% essential oil (18,19). Curcumin does not readily
dissolve in water, whereas it is soluble in organic solvents, such
as dimethyl sulfoxide, ethanol, methanol or acetone, and has a
melting point of 183°C. Curcumin presents a maximum spectro-
photometric absorption of 430 nm in methanol and 415-420 nm
in acetone, while a 1% solution of curcumin has 1,650 absor-
bance units (20).

3. Anti-inflammatory activity

Molecular studies have indicated that curcumin blocks the
activation of factors or enzymes present in human cells able
to trigger the inflammatory response. For instance, Surh et al
revealed that curcumin is able to inhibit the activity and induced
expression of cyclooxygenase-2 (COX-2) in various cell lines
and animal models (21,22).

Topical application of curcumin inhibits the lipopolysac-
charide (LPS)-mediated induction of COX-2 expression.
This effect, rather than the catalytic inhibition of COX, may
contribute towards the reduced formation of prostaglandin E,
(PGE,), while in macrophages not stimulated by LPS, curcumin
increases the levels of COX-2 (23). Zhang er al observed that
curcumin suppresses the expression of COX-2 protein and
mRNA, in addition to TPA- or chenodeoxycholate-induced
PGE, production (24). Furthermore, curcumin reduces the
expression levels of COX-2 and PGE, synthase 1, which act
on the PGE, formation, and prostaglandin, which serves a key
function in inflammation and tumor development. Curcumin
was also demonstrated to reversibly inhibit the conversion
of prostaglandin H, (PGH,) to PGE, by microsomal PGE,
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synthase 1 in A549 lung cancer cells stimulated with interleukin
(IL)-1pB, with a half maximal inhibitory concentration between
0.2 and 0.3 gmol-L! (25) In human whole blood stimulated with
LPS, curcumin inhibits the formation of PGE, by COX-2 from
arachidonic acid (A A), while the formation of 6-keto PGF,, and
12 (1)-hydroxy-5-cis-8,10-transeptadecatrienoico by COX-1 is
suppressed at markedly higher concentrations (26). A previous
study indicated that the deletion of microsomal PGE, synthase 1
by curcumin is crucial to its anti-inflammatory and anticancer
activities (26).

However, curcumoids exert a significant inhibitory effect
on the peroxidase activity of COX-1, but not that of COX-2. In
addition, curcumin and the curcumoids markedly inhibit the
activity of 5-lipoxygenase (5-LOX), as curcumin interferes with
the metabolism of AA by blocking cytosolic phospholipase A,
phosphorylation, and thus reducing the expression of COX-2
and inhibiting the catalytic activities of 5-LOX. These activities
may to explain the anti-inflammatory action of curcumin and
the curcumoids in general (23).

The inhibitory effects of curcumin on proinflammatory gene
expression may be associated with its inactivation of activator
protein-1 (AP-1) and nuclear factor-«B (NF-xB) (27). NF-xB
and AP-I are two transcription factor genes, which are over-
expressed in cancer cells, and are crucial to the LPS-induced
proinflammatory response. They control numerous cellular
activities: NF-kB mediates immune activity, inflammation,
collagenase and cell proliferation, while AP-1 mediates cell
proliferation (3,28). By inhibiting NF-kB, curcumin results in
the death of malignant cells and inhibits inflammation (29).

Furthermore, AP-1 is involved in the activation of the
stress-activated c-Jun N-terminal kinase (JNK), which is
markedly expressed in various types of tumors, including
head and neck, cervical and breast cancers. Curcumin is able
to inhibit AP-1 signaling that is induced by tumor promoters
by interacting with the AP-1 DNA-binding motif, in addition to
inhibiting JNK activation by carcinogens (30).

In addition, NF-xB and AP-1 mediate the expression of
inducible nitric oxide synthase (iNOS), and thus the production
of nitric oxide (NO), COX, prostaglandins and tumor necrosis
factor (TNF)-a. These proinflammatory factors, in addition to
the action of hypoxia through heterochromatin protein 1 (HF-1),
AP-1 and various other co-factors, induce the expression of
vascular endothelial growth factor (VEGF) and increase inflam-
mation (31). VEGF may subsequently cause a metabolic cascade
that leads to a degradation of the extracellular matrix (ECM),
endothelial proliferation and ultimately angiogenesis (32,33).
Activation of NF-kB is elevated in numerous types of cancer,
and is associated with various steps in the development of malig-
nancy. Curcumin may exert a scavenger action directly against
free radicals, and modulate the signaling pathways controlled
by NF-«B and mitogen-activated protein kinase (MAP). In
addition, curcumin reduces the expression of matrix metal-
loproteinases (MMPs), adhesion molecules and growth factors
that stimulate the expression of histone deacetylase oxidized
abnormally in the lung. Biswas and Rahman (34) indicated that
curcumin may be a potential antioxidant and anti-inflammatory
agent against chronic inflammatory diseases of the lung.
In addition, Yadav er al (35) demonstrated that curcumin
significantly inhibited the production of the proinflammatory
cytokine, IL-18, which induces severe inflammatory reactions.
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Curcumin significantly inhibited the production of IL-18 in
Escherichia coli LPS-stimulated murine macrophage-like
RAW?264.7 cells in a concentration-dependent manner, without
exerting a cytotoxic effect (35).

4. Effect on arthritis

In Ayurvedic medicine, curcumin is used to treat inflammatory
disorders, including arthritis, and is administered as a nutritional
supplement. Funk et al (36) documented the effectiveness of an
extract devoid of essential oils in preventing joint inflammation,
while a hydroalcoholic extract of turmeric was demonstrated to
inhibit joint inflammation and periarticular tissue destruction in
a dose-dependent manner (37).

A recent study indicated that oral administration of curcumin
was able to attenuate the neutrophil inflammatory response
against zymosan-induced arthritis in rats (38). Furthermore,
Panahi et al argued that curcuminoid treatment represents an
effective and safe alternative treatment for osteoarthritis (39).

5. Antiplatelet activity

Curcumin inhibits the production of thromboxane (TX) by
platelets in vitro and ex vivo and increases fibrinolysis. In
addition, it inhibits platelet aggregation in vitro and ex vivo
induced by ADP, collagen or norepinephrine (effective as
aspirin) without decreasing the synthesis of prostacyclin in the
epithelium aortic arch (the opposite of aspirin). With this differ-
ential action on prostacyclin, a progressive increase in doses of
curcumin protects against collagen or norepinephrine-induced
thrombosis (40).

The hydroalcoholic extract of turmeric inhibits platelet
aggregation in vitro induced by AA instead of ADP or collagen,
increases fibrinolysis, inhibits the production of TX by exog-
enous AA, and inhibits the release of AA. The cause of these
actions may involve the inhibition of TX synthase. By contrast,
the essential oil of turmeric does not exhibit any evident
anti-platelet activity (41). In addition, Liu et al observed that the
combination of curcumin and clopidogrel (antiplatelet family
of thienopyridines) had no significant effect on the maximum
platelet aggregation rate of rats compared with the use of clopi-
dogrel alone (42).

6. Antioxidant activity

The antioxidant activities of curcuminoids are a result of their
chemical composition. Curcumin inhibits lipid peroxidation
using linoleate, a polyunsaturated fatty acid that is able to
oxidize and form fatty acid radicals. Curcuminoids markedly
reduce the hemolysis and lipid peroxidation of erythrocytes
(lower vitamin E levels), and function as a scavenger of NO by
blocking the enzyme that produces it, thus exerting a promoter
activity (43). NO is a lipophilic molecule with a short half-life
that is generated from L-arginine by various NADPH-dependent
enzymes, known as NO synthases (44,45). NO is involved
physiologically in vasorelaxation, neurotransmission, inhi-
bition of platelet aggregation, immunity and intracellular
signaling (44.45).

Additional studies have evaluated the potential use of
curcumin in the prevention of neurodegenerative diseases,
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such as Alzheimer's disease. Oxidative damage and inflamma-
tory processes are known to be particularly high in the brains
of Alzheimer patients, and as the aqueous extract of turmeric
reduces and prevents oxidation, it may be used concurrently in
long-term therapy (46-49).

Motterlini et al confirmed that curcumin promotes the
increased expression of heme oxygenase-1 (HO-1), an enzyme
that catalyzes the degradation of heme and produces biliverdin,
iron and carbon monoxide and exhibits cytoprotective activity
against oxidative stress (50). Beneficial effects were also
obtained using a mixture of curcuminoids that are commonly
used as a nutritional supplement, particularly curcumin-95.
The expression of HO-1 is increased in astrocytes treated with
curcumin at 5-15 uM concentrations (51).

Recently, Miao et al described the beneficial effects of
curcumin as an antioxidant and investigated the underlying
mechanisms in diabetic rat model (52). In addition, Liu et al
demonstrated that curcumin and resveratrol were able to regu-
late drug-metabolizing enzymes in addition to antioxidative
enzymes during lung carcinogenesis in mice (53).

7. Hepatoprotective action

An in vivo study examined the protective effect of curcumin on
the hepatotoxicity induced by carbon tetrachloride (CCl,) (54).
When administered at a dose of 3 ml/kg/day for three months,
CCl, caused a marked increase in transaminases, alkaline
phosphatase and plasma levels of y-glutamyl transpeptidase
thiobarbituric acid and lipoperoxide, and a reduction in plasma
levels of glutathione, vitamins C and E. In addition, the liver
and kidneys exhibited marked increases in thiobarbituric acid
and lipoperoxide levels and an evident reduction in the levels
of glutathione, vitamin C and vitamin E. The administration
of curcumin with CCl, significantly reduced these phenomena
in the plasma, kidneys and liver (54). In addition, the authors
observed histological damage in these organs, with thickening
of the portal vessels and the deposition of fat droplets in the
vessel walls (54). An additional study indicated that curcumin
prevents CCl,-induced liver damage by inhibiting the activation
of NF-kB and exerting an antioxidative effect (55).

A previous study demonstrated that curcumin does not
alter the levels and activity of cytochrome P450 in the liver,
except at high doses of =5 g/kg/day (56). Instead, CCl, caused a
marked reduction in the activity of these isoenzymes, particu-
larly of cytochrome P450 2E1 (CYP2EI), with the formation
of high levels of free radicals. Pretreatment with curcumin at
a dose of 0.5 g/kg/day significantly reduced the effects of CCl,
on these isoenzymes, but not on CYP2EI, possibly due to its
marked antioxidative activity. Furthermore, the study indi-
cated that the protection of the liver guaranteed by curcumin
against CCl,-induced damage may depend, at least in part, on
its contrasting effects against damage caused by CCl, to cyto-
chrome P450 (56).

8. Anticancer activity

A number of activities of curcumin, which are exerted in a
chemopreventive and a directly therapeutic manner, indicate
that it may be a potential anticancer remedy. Although the
results have been obtained in animal models, curcumin has been
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demonstrated to be active in various other in vitro models, and
the dosages are comparable to those used in humans. In vitro
and in vivo studies have indicated that curcumin prevents carci-
nogenesis by affecting two primary processes: Angiogenesis
and tumor growth (57).

Turmeric and curcuminoids influence tumor angiogenesis
through multiple, interdependent processes (58): i) Action at
the level of transcription factors NF-kB, AP-1 (associated with
inflammatory processes) and early growth response protein 1,
which attenuates the expression of IL-8 in pancreatic and head
and neck cancer cell lines and prevents the induction of VEGF
synthesis; ii) inhibition of angiogenesis mediated by NO and
iNOS; iii) inhibition of COX-2 and 5-LOX; iv) action at the
level of angiogenic factors: VEGEF, the primary factor for migra-
tion, sprouting, survival and proliferation during angiogenesis,
and basic fibroblast growth factor; and v) action at the level of
stability and coherence of the ECM, including the downregula-
tion of MMP-2 and MMP-9, and upregulation of tissue inhibitor
of metalloproteinase-1. Turmeric also interferes with the release
of angiogenic factors stored in the ECM (58).

Curcumin induces cell death in numerous animal and human
cell lines, including leukemia, melanoma, and carcinomas of
the breast, lung, colon, kidney, ovaries and liver (59). It appears
to function by caspase-dependent and independent (mitochon-
drial) mechanisms, which are associated with the presence and
absence of p53. Certain data have demonstrated that curcumin
exhibits a biphasic action, which acts on the proteasome, with
an activation at lower doses and with inhibition at higher doses.
As the inhibition of the proteasome leads to apoptosis, and its
stimulation leads to cell survival, it is possible that curcumin
results in apoptosis or survival depending on the dosage used.
In addition, turmeric at different doses may also affect the type
of cell death: Low doses lead to oxidative stress and apoptosis,
while higher doses lead to reduced production of reactive
oxygen species, reduction of ATP and necrotic cell death (60).

Curcumin also appears to be able to cause cell death in
various cell lines resistant to apoptosis, possibly by activating
cell death mechanisms other than apoptosis, such as mitotic
catastrophe that is characterized by aberrant mitosis, and the
formation of multinucleated and giant cells. The mitotic catas-
trophe caused by curcumin is linked to the reduction of gene
expression of various apoptotic inhibitor proteins, in particular
survivin (61).

Furthermore, a previous study demonstrated that curcumin
administration was able to significantly reduce the levels of the
cell cycle regulators CDK4 and cylin D1, and inhibit the expres-
sion of p53, which is an upstream regulator of the CDK4-cylin D1
complex (62). Recently, Vallianou et al (63) discussed the ability
of curcumin to cause apoptosis in tumor cells by inducing severe
endoplasmic reticulum stress, which serves a crucial function
in the apoptotic process. The study suggested that curcumin
may act by suppressing specific protein 1 activation and conse-
quently was unable to prevent cancer formation, migration and
invasion (63).

9. Liver cancer
Curcumin has been demonstrated to impede the formation

of hepatic hyperplastic nodules, hypoproteinemia and body
weight loss in Wistar rats (64). In an animal experiment,
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N-nitrosodimethylamine (DENA), a powerful hepatocarci-
nogen, was injected intraperitoneally in five-week-old
C3H/HeN mice (64). One group of mice received a diet
containing 0.2% curcumin, from 4 days prior to DENA injec-
tion until the end of the study. At the age of 42 weeks, the
curcumin group exhibited an 81% reduction in the multiplicity
and a 62% reduction in the incidence of hepatocarcinoma
compared with the non-treated group (64). Busquets ef al
studied the chemopreventive potential of curcumin in rats
that were inoculated with Yoshida AH-130 ascites hepatoma,
a fast-growing tumor that results in fatality in ~10 days after
inoculation (65). Curcumin significantly decreased tumor
growth by 31% (21).

10. Skin carcinogenesis

Topical application of curcumin combined with the tumor
promoter TPA, twice per week for 20 weeks, to female CD-1
mice markedly inhibited papilloma formation (66). In an
additional study, topical application of relatively low doses of
curcumin (20 or 100 nmol) markedly abrogated TPA-induced
tumor promotion. Topical application of commercial-grade
curcumin (containing ~77% curcumin, 17% demethoxycur-
cumin and 3% bis-demethoxycurcumin), pure curcumin or
demethoxycurcumin exhibited almost equipotent inhibitory
effects on TPA-induced tumor promotion in DMBA-initiated
mouse skin carcinogenesis. Furthermore, in female Swiss
mice dietary administration of 2% turmeric significantly
inhibited DMBA and TPA-induced skin tumor formation. In
a benzo[a]pyrene-initiated and TPA-promoted two-stage skin
tumorigenesis model, curcumin reduced the number of tumors
per mouse and decreased the number of tumor-bearing mice.
In further studies, Huang ef al demonstrated that curcumin
inhibited UV-induced dermatitis in mouse skin (67-69).

Jiang et al demonstrated that curcumin is able to
induce apoptosis and inhibit the proliferation of melanoma
cells (70). In addition, curcumin treatment altered the expres-
sion levels of the apoptosis-associated proteins, NF-xB, p38
and p53 (70).

11. Pancreatic cancer

In a xenograft model study, pancreatic cancer cells were
injected subcutaneously into the side of the abdomen of
female nude mice (71). Subsequently, liposomal curcumin
was injected into these animals. This treatment reduced tumor
size and decreased the expression of CD31 in addition to
that of VEGF and IL-8, indicating that curcumin suppressed
pancreatic carcinoma growth in murine xenograft models and
inhibited tumor angiogenesis (71).

Bao et al demonstrated that the administration of
difluorinated-curcumin (CDF) inhibited tumor growth in
a manner associated with the reduced expression levels of
EZH2, Notch-1, CD44, EpCAM and NANOG and increased
expression levels of let-7, miR-26a and miR-101, which are
typically not expressed in pancreatic cancer (72).

Furthermore, Ali et al demonstrated that the administra-
tion of CDF induced the re-expression of let-7, resulting in
decreased tumor growth and Ras gene expression in pancreatic
cancer cells (73).
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12. Prostate cancer

Androgen-dependent LNCaP prostate cancer cells were injected
subcutaneously into mice fed with a 2% curcumin containing
diet for up to 6 weeks (74). Curcumin significantly increased the
extent of apoptosis, as measured by an in situ cell death assay,
and caused a reduction in cell proliferation, as measured by a
BrdU incorporation assay (74). In addition, curcumin has been
observed to induce a marked reduction in MMP-2 and MMP-9
activity in tumor-bearing sites. A previous study demonstrated
significantly fewer metastatic nodules in a curcumin-treated
group compared with the untreated group (75).

Another study employed a xenograft prostate cancer model
to evaluate the anti-tumor, radiosensitizing and chemosensi-
tizing effect of curcumin (76). Prostate cancer cells were injected
into the left inguinal area of nude mice, and curcumin was
administered by gavage, while gemcitabine was introduced by
intraperitoneal injection. Reduced expression of the Mdm?2 onco-
gene was detected in xenografts treated with curcumin alone,
in addition to those treated with combinations of curcumin and
gemcitabine or irradiation (76). Furthermore, researchers have
demonstrated that GO-Y030, a curcumin analogue, reduced the
expression of Bcl-XL in prostate cancer (77).

13. Ovarian cancer

In order to evaluate the effect of curcumin against ovarian
cancer, a group of animals were treated with curcumin alone or
in combination with docetaxel (78). Curcumin alone induced a
49-55% reduction in mean tumor growth compared with control
animals, while the combination of curcumin with docetaxel
resulted in a 77% reduction in mean tumor growth compared
with the controls. In both cases, curcumin induced a decrease of
proliferation and microvessel density and a significant increase
in tumor cell apoptosis (78). In a recent in vitro study, the authors
showed that the combination of curcumin and triptolide was
able to synergistically inhibit ovarian cancer cell growth (79).

14. Lung cancer

In an animal study the administration of curcumin decreased
the number of lung tumor nodules and inhibited lung metastasis
of melanoma (78). Therefore, it is possible to use curcumin in
order to arrest the metastatic growth of tumor cells. In addition,
exposure of lung cells to curcumin was demonstrated to inhibit
cigarette smoke-induced NF-«kB activation, which correlated
with the suppression of CS-induced cyclin D1, COX-2 and
MMP-9 expression (78). Yang et al (80) observed that curcumin
is able to inhibit cell proliferation, modifying the expres-
sion of proliferative and anti-proliferative proteins (survivin,
Bcl-XL and cyclin Bl), cell cycle, migration and invasion,
downregulating the invasive proteins VEGF, MMP-2, MMP-7
and intercellular adhesion molecule-1. Furthermore, curcumin
appeared to reduce angiogenesis through suppression of the
STAT3 signaling pathway in small cell lung cancer (80).

15. Head and neck cancer

Curcumin administration (0.5 g/kg) in male F344 rats
caused a 91% reduction in the frequency of 4-nitroquinoline
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1-oxide-induced tongue carcinoma, with a marked reduction in
the incidence of oral preneoplastic lesions (81). Azuine et al (82)
used a Syrian golden hamster model to demonstrate that
curcumin, alone or in combination with catechin, inhibited
methyl(acetoxymethyl)nitrosamine-induced oral mucosal
tumors. In addition, treatment with 10 mmol curcumin caused
reductions in the visible oral papillomas and papilloma volume
of 39.6 and 61.3%, respectively (82). Furthermore, treatment
with curcumin caused a reduction in the incidence of oral
squamous cell carcinoma (SCC), and the number of oral SCC
lesions decreased by 51.3% (30). Following curcumin treatment,
a reduction of the tumor proliferation index in hyperplasia,
dysplasia and papilloma was observed (83).

Chakravarti et al indicated that curcumin is able to suppress
the growth of immortalized oral mucosal epithelial cells and
squamous cell carcinoma cells, while exerting minimal effects
on normal oral epithelial cells (84). In SAS oral cancer cells,
curcumin induced the promoter activity of insulin-like growth
factor binding protein-5 and CCAAT/enhancer-binding
protein o, which are involved in the suppression of head and
neck cancer. Curcumin exerted an inhibitory effect on these
factors through the activation of p38, and resulted in decreased
in vivo tumorigenesis in a mouse xenograft model (85). The
activity of curcumin has been investigated in a number of
head and neck SCC (HNSCC) cell lines, including CAL27,
CCL23 (laryngeal), UM-SCC1 and UMSCCI4A (oral) (86).
The growth suppression effect was represented primarily by the
effect of curcumin on the NF-«B signaling pathway. Curcumin
caused a reduction in the expression of NF-«B and, in addition,
inhibited its nuclear localization. The activity of curcumin on
the NF-«xB in this type of tumor is due to inhibition of kB
kinase (IKK), thus blocking the phosphorylation of IkB-o and
resulting in NF-kB sequestration in the cytoplasm (87). It has
been demonstrated that the inhibition of IKK occurs via an
AKT-independent mechanism (87). AKT, also known as protein
kinase B, is involved in signal transduction from oncogenes and
growth factors. The effects of curcumin on the AKT signaling
pathway are various: In certain tumors, including malignant
gliomas and pancreatic cancer, curcumin suppresses the AKT
signaling pathway, whereas in HNSCCs and melanoma, it
has been demonstrated that curcumin functions independent
of AKT (88). The AKT signaling cascade is stimulated by
epidermal growth factor receptor (EGFR) and represents one
pathway by which NF-kB may be activated (89). EGFR is
overexpressed in numerous types of head and neck cancer,
and molecular therapies targeting the EGFR/AKT signaling
cascade the therapeutic efficacy of standard platinum-based
chemotherapy (90). In addition, the expression levels of multiple
NF-«kB-regulated gene products, including IL-6, IL-8, MMP-9,
COX-2, CCL2 and Bcl-XL, were reduced (86,91-95).

Additionally, in a study using a mouse model of SCC-1
tumors, curcumin was shown to decrease COX-2 expression and
inhibit EGFR phosphorylation (96). In other types of tumors,
including prostate, colorectal and ovarian, the use of curcumin
as a radiosensitizer has been supported in prostate, colorectal
and ovarian cancers, in addition to HNSCC (97,98).

Several studies have demonstrated the potential use of
curcumin as an adjuvant compound in combination with
standard platinum-based chemotherapy for the treatment of
head and neck tumors (96). In particular, a basic component of
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curcumin, known as FLL32, is able to increase the effective-
ness of this type of chemotherapy-regressing tumor cells by
inhibiting STAT3 phosphorylation, reducing survival signaling,
and increasing susceptibility to apoptosis and sensitization to
cisplatin (99).

The potential anti-cancer properties of curcumin have been
widely investigated; however, the spice it contained is not able
to be absorbed by the body. By contrast, FLL32 is easily assimi-
lated and able to sensitize cancer cell lines that are resistant to
platinum-based chemotherapy. In order to eliminate cancer cells
that are resistant to cisplatin, it may be necessary to increase the
dose of chemotherapy, which entails increased risk. The use of
FLL32 to sensitize such cells may reduce the required dose of
cisplatin, and therapy may therefore be conducted with reduced
toxicity and potential damage to the body (99).

Numerous studies have demonstrated that, in vivo, curcumin
exerts growth suppressive effects, using nude mouse xenograft
models (81,82,100,101). Clark et al observed an inhibited tumor
growth in mice, via the inhibition of the AKT/MTOR pathway,
following treatment with an oral curcumin solution prior to
inoculation of SCC40 tongue SCC cells (102). In addition,
Chang er al demonstrated the suppression of oral carcinogen-
esis in mice xenografts (85). Furthermore, Kumar et al (103)
developed a novel class of curcumin analogs (H-4073), based
on diarylidenylpiperidones (DAP), incorporating a piperidone
link to the p-diketone structure and fluoro-substitutions on
the phenyl groups. These authors demonstrated the potent
anti-tumor effects of H-4073, a parafluorinated variant of DAP,
using in vitro and in vivo head and neck cancer models (103).

Curcumin may also have a potential application as an
enhancer of radiation therapy. Rao et al (104) compared the
effects of curcumin and single-dose radiation alone and in
combination in the HNSCC cell lines SCC-1, SCC-9, A431 and
KB. The results demonstrated that curcumin inhibited HNSCC
cell growth and augmented the effect of radiation in vitro and
in vivo. The underlying mechanism may have involved the inhi-
bition of COX-2 expression and EGFR phosphorylation.

Inarecent study in vitro, the authors confirmed that cuarcumin
used in combination with AG490, a JAK-2 inhibitor, reduced the
expression of JAK-2/STAT-3 in laryngeal squamous cell carci-
noma. In particular, the expression of JAK-2, p-STAT3, MMP-2
and VEGF at the protein levels were decreased (P<0.01) (105).
Another study hypothesized that H-4073, an analog of curcumin,
may be useful as an anticancer agent for mitigating resistance to
chemotherapy in patients with HNSCCs (103).

16. Conclusion

Curcumin (diferuloylmethane) is a polyphenol derived from the
Curcuma longa plant that has numerous therapeutic properties,
including antioxidative, analgesic, anti-inflammatory and anti-
septic activities. Recently, a number of studies have indicated
the anticancer activities of curcumin by investigating its effect
on a variety of biological pathways involved in mutagenesis,
apoptosis, tumorigenesis, cell cycle regulation and metastasis.
The results reviewed in the current study indicated that
curcumin may exert positive effects against various types of
tumor. Notably, combination of curcumin with other nutra-
ceuticals, such as resveratrol, have been used to combat the
mechanism underlying tumorigenesis, and the prevalence of
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studies have employed curcumin analogues as effective poten-
tial treatments.

Therefore, further in vivo studies elucidating the mecha-
nisms underlying the effects of this nutraceutical may be useful
in the treatment of tumors and elimination of the use of cancer
treatments that have known side effects.
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