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Review

Multi-targeted therapy by curcumin: how spicy is it?
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Although traditional medicines have been used for thousands of years, for most such medicines neither
the active component nor their molecular targets have been very well identified. Curcumin, a yellow
component of turmeric or curry powder, however, is an exception. Although inhibitors of cyclooxyge-
nase-2, HER2, tumor necrosis factor, EGFR, Bcr-abl, proteosome, and vascular endothelial cell growth
factor have been approved for human use by the United States Food and Drug Administration (FDA),
curcumin as a single agent can down-regulate all these targets. Curcumin can also activate apoptosis,
down-regulate cell survival gene products, and up-regulate p53, p21, and p27. Although curcumin is
poorly absorbed after ingestion, multiple studies have suggested that even low levels of physiologically
achievable concentrations of curcumin may be sufficient for its chemopreventive and chemotherapeutic
activity. Thus, curcumin regulates multiple targets (multitargeted therapy), which is needed for treat-
ment of most diseases, and it is inexpensive and has been found to be safe in human clinical trials. The
present article reviews the key molecular mechanisms of curcumin action and compares this to some of
the single-targeted therapies currently available for human cancer.
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1 Introduction

How often are we told, “this or that compound is not spe-
cific” (in terms of its target)? That a given disease or illness
is caused by dysregulation of multiple molecular targets
raises the question of whether we are looking for specific
disease targets or specific molecular targets as therapeutics.
One of the ironies of the modern system of medicine is that,
although current clinical therapeutic regimens ordinarily
use a combination of drugs that target multiple pathways,
most synthetic drug discovery efforts are focused on identi-
fication of single biological targets. This paradigm is fast
changing, however, and drugs that target multiple pathways
are becoming common. It is now becoming increasingly

apparent that the underlying molecular bases for most com-
mon human diseases are far more complex and frequently
involve both genetic as well as environmental factors [1–
3]. If such is the case, it argues against the usefulness of cur-
rent drug discovery approaches that are centered on single-
target or single-drug approaches. It would seem that even
though such an approach is of a limited benefit in some spe-
cific cases, it is highly likely that such a specific drug will
often be inadequate to regulate the various molecular tar-
gets that must be affected for a drug to show its best effi-
cacy.

Highlighting these limitations of the current drug-discov-
ery approach, in the past decade we have had very limited
success with the development of new effective drugs for
various human ailments, in spite of increasing levels of
investments made by the pharmaceutical industry [4]. As
inadequate as it may seem now, the rationale for single-tar-
get-based drug discovery paradigm was perfectly legitimate
until recently, since it allowed an increased screening ability
and an overall productivity for drug design [5, 6]. However,
with the completion of the human genome project and with
our advancing knowledge about the function of individual
genes and the different signaling pathways they regulate, it
has become imperative to adopt a multi-target-based drug
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development paradigm for the treatment of complex human
diseases [7]. Even though several single-target-based drugs
have been developed in the past few years for the manage-
ment of various human cancers, only recently has it become
clear that several of these drugs have multiple side effects
limiting their usefulness. In addition, the treatment costs
associated with such drugs are beyond the reach of a large
segment of the population, even in most developed nations
in the world. Therefore, there is a clear need for the identifi-
cation of safe, less expensive, and multi-targeted therapeu-
tic regimens. One of the candidate approaches would be to
exploit natural compounds (or “nutraceuticals”) that have
traditionally been used for centuries in various parts of the
world to treat different ailments.

The current review explores the use of curcumin as one
of the natural compounds known to interact with multiple
targets and which has been used for centuries to treat a large
number of disease situations [8]. We will here focus on the
effects of curcumin on the selected molecular targets that
have been exploited for anti-cancer therapeutic drug devel-
opment.

Curcumin was first isolated in 1815. The first modern
citation on the subject appeared in the Pub Med database in
1959, with only 3 citations appearing up to 1970 and 70
until 1990. By 2007, there were 1979 citations, illustrating
the extent of the growing interest in this molecule. Tur-
meric, from which curcumin is derived, was first cited in
1950 by Chaudhuri et al. as “Turmeric, haldi or haridra, in
eye disease,” in an article published in Antiseptic [9].

2 Bioavailability of curcumin

Some of the issues that are often considered central to the
efficacy and usefulness of adopting a regimen are its
absorption, metabolism, and eventual bioavailability in the
target organs within the body. It is perhaps not always possi-
ble to have the detailed understanding of the pharmacoki-
netics, pharmacodynamics, biodistribution, and metabo-
lism of most compounds in the early stages of their develop-
ment. However, due to the immense interest in curcumin
over the past decade, enough data have been accumulated
on these parameters from both animal studies and from sev-
eral studies performed on human subjects.

Wahlstrom and Blennow in 1978 [10] performed the first
study where they orally administered 1 g/kg curcumin to
rats and determined that as much as 75% of curcumin was
excreted in the feces, with negligible amounts appearing in
the urine. Measurements of blood plasma levels and biliary
excretion showed that curcumin was poorly absorbed from
the gut. No apparent toxic effects were seen after doses of
up to 5 g/kg. When intravenously injected, curcumin was
actively transported into bile. The major part of the drug
was metabolized, however, thus suggesting poor absorption
and rapid metabolism. Because curcumin at even very high

doses was found to be safe, subsequent studies attempted
using higher amounts of curcumin, hoping to get around its
poor absorption issues, but the percentage of curcumin
absorbed remained constant (60–66% of the given dose),
regardless of the dose administered [11, 12], suggesting
that administration of more curcumin does not result in
higher absorption. Pan et al. [13] investigated the pharma-
cokinetic properties of intraperitoneal injections of curcu-
min in mice, and it was observed that 1 h after administra-
tion, the levels of curcumin in the intestines, spleen, liver,
and kidneys were 177.04, 26.06, 26.90, and 7.51 lg/g,
respectively. Oral dosing of 1 g/kg curcumin resulted in a
peak serum plasma concentration of 0.5 lM. The liver was
found to be the major organ responsible for metabolism of
curcumin [10, 14, 15]. Perkins and coworkers [16] exam-
ined the pharmacokinetics of curcumin in the Min/+ mouse
model of familial adenomatous polyposis (FAP) using
either dietary curcumin or a single dose of labeled curcu-
min. Traces of curcumin were detected in the plasma. Its
concentration in the small intestinal mucosa was between
39 and 240 nmol/g of tissue. It was suggested that a daily
dose of 1.6 g of curcumin is required for efficacy in
humans. In contrast to findings in rodents, neither curcumin
nor its metabolites were found in blood or urine when 15
patients received oral dosing between 36 and 180 mg of
curcumin daily for up to 4 months, but curcumin was recov-
ered from feces [17].

Many of these studies indicated that curcumin has a poor
bioavailability once ingested. In an attempt to enhance bio-
availability, Shoba et al. [18] combined curcumin with
piperine, a known inhibitor of hepatic and intestinal glucur-
onidation, and examined the serum levels of curcumin in
rats and healthy human volunteers. When curcumin was
given alone to rats, at a dose of 2 g, moderate serum concen-
trations were achieved over a period of 4 h. Simultaneous
administration of piperine (20 mg) resulted in a significant
increase in the serum curcumin concentrations, while elimi-
nation half-life and the bioavailability of curcumin was
increased by 154%. On the other hand, serum levels in
humans were either undetectable or very low after a dose of
2 g/kg curcumin alone. Concomitant administration of
piperine 20 mg/kg produced much higher concentrations,
and the increase in bioavailability was 2000%. Thus, piper-
ine enhances the serum concentration and the extent of
absorption and bioavailability of curcumin in both rats and
humans.

It is unclear whether curcumin metabolites are as active
as curcumin itself, since most studies indicate that curcu-
min glucuronides are less active than curcumin [19, 20]
whereas other studies suggest that they may be more active
than curcumin [21–26].

The average daily intake of turmeric in the diet in India is
approximately 2–2.5 g for a 60-kg individual. This roughly
corresponds to an intake of 60–100 mg of curcumin daily
[27]. Assuming that curcumin-associated dietary habits
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partly are responsible for the lower cancer incidence in the
Indian population, the bioavailability of such low concen-
trations of curcumin should not be a concern in a chemopre-
ventive or chemotherapeutic setting using curcumin.

3 Animal studies

Curcumin is notable for the diversity of its biological activ-
ities in preclinical models of tumorigenesis at a very wide
range of physiologically attainable doses. Emerging evi-
dence suggests that curcumin may have not only chemopre-
ventive but also therapeutic effects. In addition to the exten-
sive in vitro experiments performed to evaluate the efficacy
of curcumin in various cancer cell lines, a large number of
animal studies have now been completed supporting and
highlighting the potential role of curcumin as a chemopre-
ventive and therapeutic compound.

Anticancer activity of curcumin was first demonstrated in
a model of Dalton's lymphoma cells grown as ascites, in
which curcumin inhibited the cell growth in Chinese hamster
ovary (CHO) cells at a concentration of 0.4 mg/mL and cur-
cumin was able to reduce the development of animal tumors
[28]. Huang et al. [29] showed growth-inhibitory effects of
topical curcumin treatment on the tumor promotion in mouse
skin. Similar effects of curcumin were subsequently noted in
other animal studies in which skin tumors were induced by
chemical carcinogens [30–33]. Odot et al. [34] studied the
anti-tumoral effect of curcumin against melanoma cells in
vivo. Menon et al. [35] reported curcumin-induced inhibition
of B16F10 melanoma lung metastasis in mice.

In several reports, curcumin has been shown to prevent
cancer in the colon, skin, stomach, liver, lung, duodenum,
soft palate, and breast of rodents following oral administra-
tion. The effects of dietary curcumin on colon carcinogene-
sis in particular have been demonstrated in both chemical
and genetic animal models [36, 37]. Curcumin has been
shown to be protective in inhibiting tumorigenesis both in
the initiation phase of chemical models [38] as well as in
genetic models of multiple intestinal neoplasia that permit
the study of inhibition of the promotion phase of carcino-
genesis [16, 39, 40].

The effects of curcumin on tumor angiogenesis and the
biomarkers cyclooxygenase (COX)-2, and vascular endo-
thelial growth factor (VEGF) were investigated in hepato-
cellular carcinoma cells implanted in nude mice [41]. Bus-
quets et al. [42] demonstrated that systemic administration
of curcumin for 6 consecutive days to rats bearing the
highly cachectic ascites hepatoma resulted in significant
inhibition of tumor growth. Another study showed that cur-
cumin suppresses the growth of head and neck carcinoma
[43]. Multiple studies have shown that curcumin can modu-
late the growth of prostate cancer in rodents [44, 45]. In
another study, curcumin inhibited the growth of human pan-
creatic cancer in nude mice, in part through the suppression

of angiogenesis and induction of apoptosis [46]. Singletary
et al. [47, 48] showed protective effects of curcumin on
chemical-induced breast cancer in rats.

Our laboratory recently investigated the effect of curcu-
min in combination with paclitaxel as a chemosensitizer of
breast cancer metastases to the lung [49]. More recently,
Bachmeier et al. [50] examined the effects of curcumin on
the human breast cancer cell line MDA-MB-231 in a mouse
metastasis model. The investigators observed that curcumin
significantly decreased the number of lung metastases in
immunodeficient mice after intercardiac injection of cancer
cells implying that dietary chemoprevention of metastases
holds promise with curcumin treatment [50].

Sivalingam et al. [51] evaluated the effect of curcumin in
indomethacin-induced small intestinal damage in rats and
found that curcumin was very effective in reducing the non-
steroidal anti-inflammatory drugs (NSAID)-induced small
intestinal damage. Jiang et al. [52] determined whether cur-
cumin prevents cerebral ischemia/reperfusion injury in rats.
The authors reported that a single injection of curcumin (1
and 2 mg/kg, i.v.) 30 min after focal cerebral ischemia/
reperfusion in rats significantly diminished infarct volume,
improved neurological deficit, decreased mortality, and
reduced the water content of the brain [52]. Similarly, in
another recent study, curcumin significantly inhibited
heavy metal-induced neurotoxicity in rats [53].

Shpitz et al. [54] recently investigated the chemopreven-
tive effects of celecoxib and curcumin alone and in combina-
tion using the 1,2-dimethylhydrazine (DMH) rat model and
concluded that curcumin augments the growth inhibitory
effect of celecoxib. Our group also recently demonstrated
the combined effect of curcumin and gemcitabine against
pancreatic cancer. We found that curcumin in combination
with gemcitabine inhibited pancreatic cancer growth in nude
mice through the inhibition of NF-jB-regulated gene
expression, cell proliferation, and angiogenesis [55]. We
have also shown the efficacy of curcumin combined with
docetaxel against human ovarian cancer in nude mice [56].
The ability of curcumin to suppress the growth of human
glioblastoma in rodent models was also recently shown by
our group [57]. Studies also showed that curcumin sensitizes
oxaliplatin to inhibit colon cancer growth in nude mice [58].
Recent studies showed that curcumin acts as a chemosensi-
tizer as well as a radiosensitizer for prostate cancer by down-
regulating the MDM2 oncogene [59]. Collectively, these
studies clearly indicate that curcumin is a promising anti-
cancer agent, either alone or in combination with currently
employed chemotherapeutic agents or radiation.

4 Regulation of molecular targets by
curcumin

Curcumin has been shown to regulate the expression and
activity of a wide variety of molecules that play central roles
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in various diseases. Below is a description of some of these
targets.

4.1 Tumor necrosis factor

Tumor necrosis factor a (TNF-a) belongs to the TNF super-
family of pro-inflammatory cytokines and is an important
mediator for inflammatory tissue damage and has other
immune-regulatory functions [60]. Given the importance of
TNF-a in inflammation-mediated human diseases, the past
years have witnessed an increasing interest in the develop-
ment of TNF-a antagonists as effective therapies for rheu-
matoid arthritis, inflammatory bowel disease, and various
human cancers. There is convincing evidence that under
specific conditions TNF-a is a tumor promoter, and several
trials have investigated the role of TNF-a antagonists in
cancer. Since the initial cloning of the TNF-a gene, multi-
ple studies that have attempted TNF-a therapy have shown
little promise due to minimal tumor-specific response and
side effects associated with such treatments [61].

Curcumin treatment has profound effects on modulation
of TNF-induced signaling and has been consistently shown
to inhibit the expression of TNF-a [62–64]. Curcumin has
been shown to inhibit LPS or phorbol 12-myristate-13 ace-
tate (PMA)-induced TNF-a in dendritic cells, macro-
phages, monocytes, alveolar macrophages, and endothelial
and bone marrow cells [65–67]. Similar observations were
made in rats, in which curcumin treatment attenuated TNF-
a in sodium taurocholate-induced acute pancreatitis [68].

Our group was the first to report that curcumin can sup-
press the TNF signaling pathway [69]. In our more recent
study, we showed that curcumin completely blocks TNF-
induced NF-jB activation through inhibition of phosphory-
lation of NF-jB that leads to suppression of cell survival
and proliferation [70]. In another study, curcumin was
examined for its efficacy in TNF-a-induced NF-jB activa-
tion in human breast cancer MCF-7 cells; that study found,
in agreement with our study, that curcumin significantly
blocked the TNF-a-induced NF-jB activation and inhibited
the proteasomal activity of MCF-7 cells [71].

A recent study investigated the effect of curcumin treat-
ment on the expression of proinflammatory cytokines and
cyclin E in TNF-a-treated HaCaT cells [72]. Curcumin
inhibited the expression of TNF-a-induced IL1b, IL6, and
TNF-a in these cells. In addition, curcumin inhibited the
activation of MAPK (JNK, p38 MAPK, and ERK) and NF-
jB in TNF-a-treated HaCaT cells [72]. In another study,
curcumin treatment blocked the expression of TNF-a
mRNA in a rat model of hemorrhage and resuscitation [73].
Studies by Siddiqui et al. [74] on rats with sepsis found that
curcumin treatment both before and after the onset of sepsis
could reduce tissue injury, reduce mortality, and decrease
TNF-a expression. The analysis of molecular pathways
indicated that curcumin restores PPAR-c expression in the
liver of rats with sepsis within 20 h. Similar results were

obtained in endotoxin-treated cultured RAW 264.7 cells, in
which curcumin suppressed endotoxin-induced TNF-a
expression and markedly elevated PPAR-c expression [74].

Studies performed in cultured HT29 intestinal epithelial
cells stimulated with TNF-a and IL1ß showed that curcu-
min could block the binding of Shiga-like toxins (Stx) to
intestinal epithelial cells by inhibiting Gb3 synthase
(GalT6) mRNA expression [67]. In another set of experi-
ments, three major active principles isolated from the crude
methanol extract of the rhizomes of Curcuma zedoaria
[1,7-bis (4-hydroxyphenyl)-1,4,6-heptatrien-3-one, procur-
cumenol, and epiprocurcumenol] were reported to suppress
the production of TNF-a in LPS-stimulated macrophages
[75]. These studies suggest that the anti-inflammatory
activity of curcumin could well be correlated with its ability
to inhibit inflammatory cytokines at the protein level as
well as the mRNA level.

4.2 Cyclooxygenase-2

COX are the key enzymes that catalyze the conversion of
arachidonic acid to prostaglandins and thromboxanes [76].
COX consist of two different isoforms, COX-1 and COX-2.
COX-1 is a constitutive isoform present in most human tis-
sues [77, 78]. It is believed that COX-1 inhibition results in
serious side effects such as peptic ulceration or impairment
of renal blood flow. On the other hand, COX-2 is constitu-
tively expressed only in brain and spinal cord tissues but
was shown to be inducible in cells that were genetically
transformed with the oncogene v-src or treated with phor-
bol esters [79, 80]. COX-2 can also be induced by a variety
of growth factors and proinflammatory cytokines under a
number of pathophysiological conditions [78]. COX-2
overexpression has been implicated in the cancers of the
colon, rectum, breast, head and neck, lung, pancreas, stom-
ach and prostate [81, 82].

COX-2 inhibition became an issue in drug-development
due to reports that showed that patients treated with aspirin
or other NSAID demonstrated a 40–50% reduced mortality
risk from colorectal cancer [83–85]. These observations
became the basis for the development of COX-2-specific
inhibitors (or Coxibs), which were subsequently shown to
reduce the incidence of intestinal polyps in patients with
FAP and prevent the recurrence of colorectal adenomas and
cancers, as well as regulate angiogenesis [86–88]. How-
ever, recent concerns over the toxicity of systemic selective
COX-2 inhibition and the risks for cardiovascular and renal
toxicity have dampened the enthusiasm for the use of Cox-
ibs and have cast serious doubts on COX-2 inhibition as a
safe and effective chemoprevention strategy [89–92].

Huang and his coworkers [93] showed for the first time
that curcumin could inhibit in vitro lipoxygenase (LPO) and
COX activities in mouse epidermis. Ireson et al [19]
showed that curcumin at a concentration of 20 lM success-
fully inhibited chemically induced PGE2 production in
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colon cancer cells. Similarly, in another study, curcumin
inhibited HT-29 colon cancer-cell growth in a concentra-
tion- and time-dependent manner, as well as inhibited the
mRNA and protein expression of COX-2 but not COX-1
[94]. Analogous observations were made in a more recent
study in which curcumin treatment inhibited COX-2 protein
activity and expression but increased the incidence of apop-
totic cell death in a dose-dependent manner [95]. Although
the precise mechanisms behind such effects are still
unclear, it is believed that this effect may be mediated via
inhibition of the IKK-signaling complex, which is responsi-
ble for the phosphorylation of IjB [96].

In an in vitro model of osteoarthritis, curcumin treatment
down-regulated COX-2 and MMP-9 [97]. Similar results
were obtained in chondrocytes stimulated with TNF-a. Cur-
cumin also reversed the IL1b-induced down-regulation of
collagen type II and b1-integrin receptor expression [98].
In another study, curcumin significantly decreased COX-2,
EGFR, and p-Erk1/2 expressions in a dose-dependent man-
ner in p34 and PC-14 lung and pancreatic cancer cells [99].

In a recent animal model study of experimental colitis,
curcumin treatment (50–100 mg/kg per day) significantly
attenuated the overall colonic nitrite levels, down-regulated
COX-2 and iNOS expression, and reduced the activation of
p38 MAPK [100]. In support of these observations, another
independent study showed that curcumin improved overall
survival rate and histological alterations, reduced the
expression of COX-2 and inflammatory cytokines, and
increased the PGE2 levels in a rat model of experimental
colitis [101].

4.3 Human epidermal growth factor receptor
(EGFR1/HER1) and HER2/neu receptor
signaling

The epidermal growth factor receptor (EGFR1or HER1)
and HER2 belong to the HER family of receptors. Both
EGFR1 and HER2 are expressed in a variety of nonmalig-
nant tissues as well as in a variety of human cancers includ-
ing those of the colorectum, stomach, head and neck,
breast, and lung [102–104]. Both EGFR and HER2 play an
important role in cancer development and progression that
includes regulation of cell proliferation, apoptosis, angio-
genesis, and metastasis [102]. Increased EGFR and HER2
expression correlates with poor response to chemotherapy,
increased disease progression, and poor survival [105]. The
precise mechanisms responsible for tumorigenic activity
arising from these receptors in different types of cancer are
not fully understood. However, the crucial role that EGFR1
and HER2 play in human cancers has led to an extensive
search for selective inhibitors of their signaling pathway. A
large body of preclinical studies and clinical trials thus far
has suggested that targeting these receptors may be benefi-
cial for cancer therapy. Although a variety of different
approaches are currently being used to target these recep-

tors, the most promising strategies in clinical development
include use of monoclonal antibodies or small molecule
inhibitors that prevent ligand binding or blocking tyrosine
kinase enzymatic activity. Several blocking mAb against
the EGFR1 have been developed, including Erbitux (cetux-
imab) and the tyrosine kinase inhibitors (TKI) gefitinib and
erlotinib. Erbitux is a HER1/EGFR-targeted mAb that is
currently in clinical development, whereas the HER2-spe-
cific trastuzumab (Herceptin) was among the first such
agents that was approved and licensed. Phase I trial results
in patients with advanced breast and ovarian cancers have
shown HER2 down-regulation, increased apoptosis, and
reduced proliferation [106]. In spite of the fact that anti-
EGFR/HER1 and anti-HER2 therapeutic molecules have
shown some benefit in phase I and II clinical studies for
cancer management, the treatment costs with these agents
are exorbitant, and treatment is associated with some
adverse effects [107]. It has been shown that inhibiting
EGFR causes skin and gastrointestinal abnormalities
including diarrhea, nausea, and vomiting [107]. There is
evidence that anti-EGFR therapy does not associate with
any appreciable degree of myelosuppression, as would be
anticipated from such agents [108–111].

It was reported that short-term treatment of cells with
curcumin inhibited EGF-induced tyrosine phosphorylation
of EGFR in A431 cells [112, 113] and depleted cells of
HER2/neu protein [114]. However, unlike glendamycin,
curcumin was reported to be a much more potent inhibitor
of intracellular HER2 and to have efficacy in reducing tyro-
sine kinase activity [115]. Curcumin also interrupts plate-
let-derived growth factor receptor (PDGF) and EGF signal-
ing by inhibiting tyrosine phosphorylation of PDGF-betaR
and EGFR in hepatic stellate cells [116]. Cells treated with
curcumin showed reduced levels of phosphorylated phos-
phatidylinositol-3 kinase (PI-3K/AKT), extracellular sig-
nal-regulated kinase (ERK), and the Jun N-terminal kinase
(JNK) [116]. Curcumin treatment of P34 lung cancer cells
and PC-14 pancreatic cancer cells decreased COX-2,
EGFR, and p-Erk1/2 expressions in a dose-dependent man-
ner [99].

Curcumin treatment of the human colon cancer-cell lines
HT-29 and Caco2 inhibited EGFR-mediated cell growth ,
and it was suggested that such reduced EGFR activity was a
consequence of trans-activation of the early growth factor-1
(Egr-1) gene [117]. Another study proposed that curcumin
may also activate PPAR-c, and this may serve as yet another
alternative explanation for the molecular mechanism that
forms the basis of EGFR down-regulation [118].

4.4 Vascular endothelial growth factor

VEGF is principally known to be an active mediator of
angiogenesis [119–121]. VEGF expression is frequently
elevated in several human cancers [122, 123]. Increased
VEGF expression correlates with enhanced microvessel
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density and metastatic spread in some tumors. Owing to the
key role of VEGF in tumor angiogenesis, VEGF has
emerged as one of the most promising therapeutic target for
cancer therapy. In terms of designing anti-VEGF therapy,
the common approaches usually involve either targeting
VEGF directly or its cell surface receptors indirectly.
Receptor-targeted molecules primarily utilize monoclonal
antibodies, and direct mediators of VEGF activity are com-
monly composed of receptor tyrosine kinase inhibitors. A
disadvantage of receptor-targeted approaches is that the
VEGF receptors (VEGF receptors 1 and 2) lack specificity
and may bind to other members of the VEGF superfamily
that regulate other regulatory functions [124, 125]. There-
fore, the best-studied and most advanced approach to
VEGF inhibition is the development of the humanized mAb
bevacizumab (Avastin), which is the only anti-angiogenic
agent approved by the FDA for the treatment of cancer. In a
large randomized controlled trial [126], the addition of bev-
acizumab to standard chemotherapy for patients with previ-
ously untreated metastatic colorectal cancer increased
median survival by 30%.

Modulation of pathological angiogenesis by curcumin is
one of its key activities. The first evidence for such effects
was observed when curcumin effectively inhibited endothe-
lial cell proliferation in a dose-dependent manner [127].
Curcumin and its derivatives demonstrated significant
inhibition of basic fibroblast growth factor (b-FGF)-medi-
ated corneal neovascularization in mice [127]. In subse-
quent studies, curcumin effectively decreased the formation
of ascites fluid in mice following intraperitoneal injection
and reduced the number of EAT cells and human umbilical
vein endothelial cells (HUVEC) in vitro [128]. Such effects
of curcumin are attributed to its ability to induce apoptosis
in these cells. In vitro studies clearly indicated a time-
dependent response of curcumin in VEGF inhibition and
angiopoietin 1 and 2 gene expression in EAT cells, VEGF
and angiopoietin 1 gene expression in NIH3T3 cells, and
KDR gene expression in HUVEC [128]. Similarly, curcu-
min inhibited the transcript levels of VEGF and b-FGF in
estrogen receptor-negative MDA-MB-231 breast-cancer
cells [129].

4.5 Proteasome

The proteasome is a large enzyme complex with multiple
catalytic-binding sites and is responsible for the degrada-
tion of several intracellular proteins [130, 131]. The ubiqui-
tin-proteasome pathway causes degradation of numerous
intracellular proteins that mediate cellular transcription;
stress responses, cell cycle regulation, and various cellular
DNA repair mechanisms [132]. The proteasome degrada-
tion capacity for tumor-suppressor and proapoptotic protein
targets is known to be dysregulated in many human malig-
nancies and thus provides the optimal rationale for its selec-
tion for cancer therapy. Recent preclinical studies have indi-

cated that proteasome inhibition decreases proliferation,
induces apoptosis, enhances the activity of chemotherapy
and radiation, and reverses chemoresistance in a variety of
hematologic and solid malignancy models in vitro and in
vivo [93–97].

Bortezomib is the first proteasome inhibitor investigated
in clinical trials. Two Phase II trials have shown that treat-
ment with bortezomib, alone or in combination with dexa-
methasone, showed survival benefits in patients with recur-
rent and/or refractory multiple myeloma [133, 134]. Borte-
zomib has also shown some benefit in preclinical studies of
a variety of solid tumors, such as non-small lung cancer and
cancers of the breast, gastric, colon, and pancreas. However,
a growing understanding on the mechanisms of action of
proteasome inhibitors has led to their incorporation into
combination regimens with both standard chemotherapeu-
tics and novel agents. Taken together, these studies demon-
strate the power of rational drug design and development to
provide novel effective therapies for patients with hemato-
logical and solid malignancies.

Interest in curcumin's role as a proteasome inhibitor were
initiated when it was reported that curcumin-induced apop-
tosis is mediated through the impairment of the ubiquitin-
proteasome system (UPS) in the mouse neuro 2a cells
[135]. In this study, curcumin treatment resulted in a dose-
dependent decrease in proteasome activity and an increase
in ubiquitinated proteins [135]. In their follow-up studies,
these authors demonstrated that curcumin disrupts UPS
function by directly inhibiting the enzyme activity of the
proteasome's 20S core catalytic component [136, 137].
Similar to other proteasome inhibitors, curcumin exposure
induced neurite outgrowth and the stress response, as was
evident from the induction of various cytosolic and endo-
plasmic reticulum chaperones as well as induction of the
transcription factor CHOP/GADD153. The direct inhibi-
tion of proteasome activity also caused an increase in the
half-life of IjB-alpha that ultimately led to the down-regu-
lation of NF-jB activation [136].

In more recent studies, curcumin-induced down-regula-
tion of cyclin E was reversed by the proteasome inhibitors
lactacystin and N-acetyl-L-leucyl-L-leucyl-L-norleucinal,
suggesting the role of ubiquitin-dependent proteasomal
pathway [138]. In this study, curcumin enhanced the expres-
sion of tumor cyclin-dependent kinase (CDK) inhibitors
p21 and p27 as well as tumor-suppressor protein p53 but
suppressed the expression of retinoblastoma (Rb) protein,
suggesting that proteasome-mediated down-regulation of
cyclin E and up-regulation of CDK inhibitors may contrib-
ute to the antiproliferative effects of curcumin against vari-
ous tumors [138].

4.6 BCR-ABL

The BCR-ABL oncogene codes for a chimeric BCR-ABL
protein that has constitutively activated ABL tyrosine kin-
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ase activity and has been suggested to be the underlying
cause of chronic myeloid leukemia (CML) [139, 140].
BCR-ABL activates multiple signal transduction pathways,
including Ras-Raf-mitogen-activated protein kinase
(MAPK), phosphatidylinositol-3-kinase (PI-3K), STAT-5/
Janus kinase, and Myc oncogenes. Increased BCR-ABL
activity has been shown to result in uncontrolled cell prolif-
eration and reduced apoptosis, thus allowing the malignant
expansion of pluripotent stem cells in the bone marrow
[141].

Imatinib mesylate (Gleevac) is an oral, small-molecule
tyrosine kinase inhibitor (TKI) that has been developed as a
specific BCR-ABL-inhibitor [142]. Imatinib has also been
shown to inhibit other signaling proteins, including PDGF
receptor (PDGFR) and c-Kit [143]. Imatinib acts by binding
to the inactive form of BCR-ABL and thereafter limiting its
ability to switch to an active form, and thus eventually
resulting in blocking the associated signal transduction
pathway [143].

The efficacy of imatinib was demonstrated in a phase III
clinical trial at a dose of 400 mg daily to patients with newly
diagnosed CML. Imatinib significantly improved the hema-
tologic and major cytogenetic response of these patients
after 19 months of treatment [144]. Although not clinically
significant, imatinib therapy has been associated with few
adverse events, including symptoms of superficial edema,
nausea, muscle cramps, and rashes. However, more
recently, imatinib was reported to be associated with cardio-
toxicity and congestive heart failure [145].

There is evidence now to suggest that curcumin also regu-
lates BCR-ABL activity. K562 cells or HL-60 cells treated
with curcumin showed both concentration- and time-
dependent growth inhibition, as well as down-regulation of
p210bcr/abl, MEK-1, and c-JUN proteins [146]. It was sug-
gested that such effects of curcumin in down-regulating
p210bcr/abl might ultimately lead to retardation of the Ras
signal transduction pathway in human cancers and thus pro-
vide an attractive target for prevention of neoplasia. A mech-
anistic explanation for these findings was provided in a sub-
sequent study in which it was shown that down-regulation of
p210(bcr/abl) by curcumin involves dissociation of the bind-
ing of p210(bcr/abl) with Hsp90/p23 complex [147].

4.7 Topoisomerase

Topoisomerases are essential enzymes required for DNA
metabolism, in which they act to adjust DNA supercoiling,
which is a key requirement in the cellular processes of tran-
scription and replication. Their enzymatic mechanism cre-
ates transient nicks or breaks in the double-stranded DNA,
allowing DNA to be converted between topological iso-
mers. Humans possess two types of topoisomerase
enzymes, type I and type II topoisomerases, and both have
been identified as clinically important targets for cancer
chemotherapy [148]. Camptothecin derivatives interact

with topoisomerase-I, whereas actinomycin D and anthra-
cycline derivatives interact with topoisomerase-II [149].
Still, the camptothecins are by far the most promising anti-
tumor agents due to their ability to regulate cellular func-
tions such as DNA replication, transcription and recombi-
nation [150]. Camptothecin induced topoisomerase cleav-
age complexes can be readily converted into replication
double strand breaks causing DNA damage and inhibition
of DNA synthesis [151]. At least two mechanisms that
result in DNA synthesis inhibition following topoisomerase
inhibition include direct block of replication forks that have
collided with the topoisomerase cleavage complexes, and
secondly indirect replication arrest by S-phase checkpoint
activation [152]. Because of the pharmacological interest of
camptothecins in cancer chemotherapy, novel camptothecin
analogues have been developed in the last three decades for
clinical evaluation against several human cancers. Despite
some promise shown by these compounds, a major limita-
tion to the clinical efficacy of camptothecin-containing
therapies is the drug resistance associated with these agents
[150]. Efforts are currently underway to better understand
the mechanisms of cell resistance to camptothecins and
accordingly devise approaches to overcome specific mech-
anisms, either by chemical modifications or by combina-
tion with modulating agents.

Curcumin has been shown to be an inhibitor of topoiso-
merase enzyme, and these effects were first appreciated
when curcumin and its analogues were reported to have top-
oisomerase I and II enzyme inhibition activity at low con-
centrations [153]. Similar effects were observed when the
effects of curcumin on the human cancer cell lines TK-10,
MCF-7, and UACC-62 were assessed using the IC50 dose
levels [154]. It was demonstrated that 50 lM curcumin
inhibited topoisomerase II, and such effects were compara-
ble to those of the antineoplastic agent etoposide [154].
These results suggested that DNA damage induced by top-
oisomerase II poisoning is a possible mechanism by which
curcumin initiates apoptosis and increased the evidence
suggesting its possible use in cancer therapy.

4.8 Tubulin

Microtubules are essential components of the cell cytoske-
leton and are critical for the appropriate segregation of
organelles during cell division. Drugs that interfere with
microtubule function lead to failure of alignment of the
daughter chromosomes, and these cells fail to pass through
various cell cycle checkpoints and ultimately succumb to
apoptotic death [155]. Improvements in anti-tumor activity
using anti-tubulin therapy may be achieved by selectively
increasing the delivery of these drugs to the tumor cells,
using either immuno-conjugates or novel delivery systems.
The majority of the currently approved drugs bind to
b-tubulin; however, the newer compounds are targeted to
bind a-tubulin [156]. Tubulin-binding drugs can be classi-
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fied according to the site on tubulin these drugs bind to.
Most of these agents target the taxane-binding site and
include the taxanes, the epothilones, discodermolide, eleu-
therobin, and launilamide. The other two sites currently tar-
geted therapeutically are the vinca binding site, by agents
including dolastatins, maytansinoid immunoconjugates,
vinflunine and halichondrin B analogues, and the colchi-
cine-binding site, by combretastatin A4 and its analogues.
Drugs that bind to the colchicine domain have been
reported to show promise as vascular-targeting agents
[157]. With the advent of such drugs, some improvements
in tumor response rates have been seen, but randomized tri-
als need to be completed before the safety and efficacy of
specific novel tubulin-binding agents can be established.

Curcumin-induced G2/M arrest in MCF-7 breast-cancer
cells is due to the assembly of aberrant, monopolar mitotic
spindles that are impaired in their ability to segregate chro-
mosomes [158]. The production of cells with extensive
micronucleation after curcumin treatment suggests that
some of curcumin's effects are due to its ability to disrupt
normal mitosis and promote genetic instability [158]. In sup-
port of this, analyses of the gene expression profiles of curcu-
min treated HT-29 and Caco-2 colon-cancer cells revealed
that curcumin down-regulates expression of metallothionein
genes, tubulin genes, p53, and several other genes involved
in colon carcinogenesis [159]. A more recent study showed
that curcumin also induces significant depolymerization of
interphase microtubules, disrupts microtubule assembly in
vitro, reduces GTPase activity, and induces tubulin aggrega-
tion in HeLa and MCF-7 cells [160].

4.9 Apoptosis inducer

Apoptosis is an essential process for cell selection and sur-
vival, and resistance to apoptosis can promote malignant
transformation of otherwise normal eukaryotic cells. Pro-
teins that regulate apoptosis are thus integral to the develop-
ment of human cancers [161]. A delicate balance between
pro- and antiapoptotic mechanisms determines whether a
cell death signal can activate the execution of the apoptotic
cell death program. In this regard, the family of inhibitor of
apoptosis (IAP) proteins has been recently identified and is
categorized as a novel category of apoptosis-regulatory pro-
teins [162, 163]. IAP are considered a class of caspase
inhibitors that selectively bind and inhibit caspases-3, -7,
and -9, and novel therapeutic drugs that target IAP have the-
oretically the required potential for the treatment of human
cancers [164]. The discovery of caspase inhibitors has
revealed the existence of alternative backup cell death pro-
grams for apoptosis. The broad-spectrum caspase inhibitor
zVAD-fmk modulates the three major types of cell death
including apoptotic cell death, necrotic cell death, and auto-
phagic cell death [165].

Curcumin modulates apoptotic cell machinery through
activation of caspases-3 and -8 but not caspase-9 in mela-

noma cells [166]. Curcumin also induces Fas receptor
aggregation in a FasL-independent manner, and expression
of dominant negative FADD significantly inhibited curcu-
min-induced cell death [166]. Curcumin prevents UV irra-
diation-induced and photosensitization-related apoptotic
changes, including c-Jun N-terminal kinase (JNK) activa-
tion, loss of mitochondrial membrane potential (MMP),
mitochondrial release of cytochrome C, caspase-3 activa-
tion, and cleavage/activation of PAK2 in human epidermoid
carcinoma A431 cells [167, 168].

The role of the NF-jB signaling pathway in curcumin-
mediated apoptosis has been clearly elucidated in multiple
studies in head and neck squamous cell carcinoma
(HNSCC) (169], mantle cell lymphoma [170], lung cancer
[171], melanoma cells [172], cardiomyocytes [173, 174],
liver cancer [175], and T-cell lymphoma [176]. Similar
observations were made in animal model systems in which
curcumin was found to have both proapoptotic and anti-
angiogenic effects, suggesting its usefulness as a promising
chemotherapeutic agent [177]. Additional mechanisms of
curcumin-mediated apoptotic effects were observed in T-
cell acute lymphoblastic leukemia malignant cells in which
curcumin suppressed constitutively activated targets of
PI39-kinase (AKT, FOXO and GSK3), leading to the inhibi-
tion of proliferation and induction of caspase-dependent
apoptosis [178]. Most recent studies have indicated that
curcumin is an effective therapeutic agent for suppression
of anti-apoptotic factors and activation of calpain and cas-
pase proteolytic cascades for apoptosis in human malignant
glioblastoma cells [179, 180].

P53 protein plays an important role in mediating apopto-
sis through transcriptional activation of pro-apoptotic pro-
teins usually categorized into two groups including the
death-receptor pathway and the mitochondrial apoptotic
pathway [181]. Caspases are the key proteins that modulate
the apoptotic response and among these, caspase-3 is a key
executioner of apoptosis, which in turn is activated by cas-
pase-9. Multiple studies have shown that curcumin down-
regulates both pro-caspase-9 and pro-caspase-3 expression
in a time-dependent manner in colon cancer cells [166, 182,
183]. In addition, it has been shown that curcumin up-regu-
lated the serine phosphorylation of p53 in a time- and con-
centration-dependent manner [183, 184].

Collectively, all these studies suggest that curcumin
mediates its effects through a wide variety of growth regula-
tory mechanisms in tumor cells, and thus curcumin has a
legitimate potential to be used a multi-targeted drug of
choice in the management of human cancers and various
other diseases.

5 Studies of curcumin in human subjects

The past decade has witnessed an increased interest in vali-
dating and reconfirming the in vitro and in vivo evidence
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for the chemopreventive potential of curcumin in human
subjects. The initial studies were primarily focused on
determining the safety profile of curcumin, while more-
recent studies are exploiting the potential chemotherapeutic
role of curcumin in treating various human cancers. The
data obtained thus far have surpassed the expectations of
most investigators, and it is probably just a matter of time
before we can clearly appreciate the true potential of curcu-
min as a “magic bullet” for the management of various
human diseases. This Section will briefly list various
important studies performed in human subjects to support
the role of curcumin as a “multi-targeted” therapeutic drug
of choice in the coming years.

Several studies over the years have investigated the phar-
macokinetics, toxicity, and tolerance for curcumin in
humans. Based on multiple studies and different phase I
clinical trials, it has been shown that curcumin when taken
as high as 12 g/day is well tolerated [18, 185, 186]. In this
context, even the most recent trial, which investigated a
dose-escalation regimen to determine the maximum toler-
ated dose and safety of a single dose of standardized powder
extract, reported no serious side effects and concluded that
curcumin is well tolerated even at high doses up to 8000 mg
[185].

The first study of the clinical efficacy of curcumin was a
short-term, double blind, crossover study in 18 patients (22
to 48 years old) with rheumatoid arthritis [187]. In this study,
1200 mg curcumin/day was administered for a total of
2 weeks, and it was concluded that curcumin was well toler-
ated, had no side effects, and showed anti-rheumatic activity
comparable to that of phenylbutazone. Similar anti-inflam-
matory effects of curcumin were noticed in another study
with 46 male patients having inguinal hernia and/or hydro-
coele treated with either 400 mg of curcumin or placebo or
phenylbutazone [188]. Similar to the results of the previous
study, curcumin was found to be quite safe, and phenylbuta-
zone and curcumin produced a better anti-inflammatory
response than did placebo. Anti-inflammatory effects of cur-
cumin were reinforced in two other clinical studies involving
the rare inflammatory diseases of chronic anterior uveitis
and idiopathic inflammatory orbital pseudotumors [189,
190]. In both of these trials, the efficacy of curcumin and
recurrences following treatment were comparable to those
for corticosteroid therapy, which is at present considered the
only available standard treatment for this disease.

In light of multiple animal studies showing protective
effects of curcumin in skin cancers, Kuttan et al. [191] suc-
cessfully demonstrated the protective effects of curcumin,
on symptomatic relief in patients with external cancerous
lesions. Subsequently, these researchers performed a clini-
cal trial to monitor the effect of curcumin administration in
reducing the serum levels of cholesterol and lipid peroxides
in ten healthy human volunteers who received 500 mg of
curcumin per day for 7 days [192]. The authors reported a
marked decrease in the level of serum lipid peroxides

(33%), an increase in HDL cholesterol (29%), and a
decrease in total serum cholesterol (11.63%) following cur-
cumin supplementation, suggesting the chemopreventive
role of this compound for treating arterial diseases [192].
Analogous observations were made in another study in
which curcumin lowered LDL and increased HDL in athe-
rosclerosis patients [193]. Rasyid et al. [194] showed the
protective effects of 20 mg of curcumin in improving gall-
bladder function and reducing gallstone formation. Another
trial investigated the effects of curcumin on phosphorylase
kinase (PhK) activity in patients with psoriasis [195]. The
trial found that curcumin is a potent inhibitor for PhK and
has potential beneficial effects in subjects with psoriatic
disease.

In a phase I prospective trial, Chen et al. [196] examined
the toxicology, pharmacokinetics, and biologically effective
dose of curcumin in humans with one of the following five
high-risk conditions: (i) recently resected urinary bladder
cancer; (ii) arsenic Bowen's disease of the skin; (iii) uterine
cervical intraepithelial neoplasm (CIN); (iv) oral leucopla-
kia; and (v) intestinal metaplasia of the stomach. Curcumin
(500–12 000 mg) was taken orally for 3 months. The study
reported no treatment-related toxicity for doses up to
8000 mg/day. Most subjects in this trial showed marked
improved in their disease symptoms, and this study clearly
showed that curcumin is not toxic at doses up to 8000 mg/
day and that it has biologic relevance for the chemopreven-
tion of cancer [196].

In a similar study, Sharma et al. [17] examined the phar-
macodynamics and pharmacokinetics of curcumin in
humans in a dose-escalation pilot study using a novel tur-
meric preparation that contained 36–180 mg of curcumin.
Fifteen patients with advanced colorectal cancer refractory
to standard chemotherapies received curcumin for up to
4 months. Radiologically stable disease was demonstrated
in five patients following 2 to 4 months of treatment. This
was followed by another study by these investigators, in
which a daily dose of 3.6 g of curcumin resulted in 62 and
57% decreases in inducible PGE2 production in blood sam-
ples taken 1 h after the dose on days 1 and 29, respectively
[197]. Based on these studies, they recommended a daily
oral dose of 3.6 g of curcumin for phase II evaluation in the
prevention or treatment of cancers outside the gastrointesti-
nal tract. Bundy et al. [198] assessed the effects of curcumin
on inflammatory bowel syndrome symptomology in healthy
adults. This study was a partially blinded, randomized, two-
dose, pilot study. Two hundred and seven suitable volun-
teers were randomized, and significant improvements in
symptoms after curcumin were observed at the end of the
treatment period, suggesting that curcumin may help reduce
inflammatory bowel syndrome symptomology. In another
study, Shoskes et al. [199] found that curcumin therapy
improved early graft function and improved early outcomes
in cadaveric renal transplantation patients. Durgaprasad et
al. [200] in their pilot study found that oral curcumin when
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Figure 1. Curcumin-based products from around the World. Colorant- produces clean and bright hues used by the food industry in
an endless variety of applications. China: Dairy- goat milk with curcumin. Turkey: Henna- natural hair henna set (red) contains ingre-
dients to vary hair color. Each package includes henna (120 g/4.2 oz), curcumin – turmeric (15 g/0.5 oz), Juglans Frustus Ortex
(80 g/2.8 oz), Foliuk Lauri (20 g/0.7 oz), Rastik Natural Point (35 g/1.2 oz). United Kingdom: Desserts include Lemmon Sponge Pud-
ding, Alpro Vanilla Flavoured Soya Dessert, and Alpro Custard; Dairy-Longley Farm Vanilla Yogurt and Bute Island Food Sheese
(Cheese). United States: Colorant-natural green color is made from vegetable juice and turmeric (curcumin) extract.
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Table 1. A List of Curcumin Products from Around the World

Company/Brand Website

Asia
Bangladesh
Hasan Agro (TF) tradekey.com/ks-curcumin

China
Biopharm Co. (P) www.ecplaza.net/tradeleads/seller/4324626/curcumin.html
Changsha Active Ingredients (E) www.aigi-herb.com
Chemblink (P) www.chemblink.com
Deray Biological Industry (E) www.tradekey.com/ks-curcumin
Edison Trading Co. (E) ecplaza.net/tradeleads/seller/3926784/sell_curcumin.html
Future Pharmaceutical (E) plantextract.51.net/pe.htm
GreenSky Biological (E) www.ecplaza.net/tradeleads/seller/1911272/offer_plant_extracts.html
Guangxi Changzhou Natural Products Development
(P)

ecplaza.net/tradeleads/seller/2835559/curcumin_95.html

Healing Herbs (G) www.alibaba.com/catalog/11354367/Herbal_Cosmetics.html
HeBei Food Additive (CO) http://pigment100.en.ec21.com/company_info.jsp
HeBei Food Additive (P) www.tradekey.com/ks-curcumin
Herbal Trading Co. (E) www.xafeida.cn
Huakang Biotech (E) www.huakangsw.com
Italmatch International (E) kelvinmiao.en.ec21.com
Jiang Su Sainty Corp. (E) www.ecplaza.net/tradeleads/seller/4185036/curcumin_95.html
Kairun Co. (CO) www.ecplaza.net/tradeleads/seller/2136634/curcumin_turmeric_pigment.html
Nanjing Qingze Medical Technology
Development (E)

ecplaza.net/ecmarket/list.asp?cmd=search&keywords=curcumin

Nanjing Sulang Medical Technology
Development (E)

www.qzmed.com

NingboTaipioBio-tech (P) www.tradekey.com/ks-curcumin
Nuchem Source (E) www.nuchemsource.com
Organic Herb (E) www.organic-herb.com
Pengyuan Natural Pigment Research Institute
(WS,CO)

http://yanger222.en.ec21.com/company_info.jsp

Qingdao Peng Yuan Natural Pigment
Research Institute (WS,CO)

http://winner1568.en.ec21.com/company_info.jsp

Qingdao Pengyuan Natural Pigment Research Insti-
tute (CO)

www.ecplaza.net/ecmarket/list.asp?cmd=search&keywords=curcumin

Qingdao Winhealth (E) http://superzdc.en.ec21.com
Research Institute www.tradekey.com/ks-curcumin
Sciphar (E) www.sciphar.com/
Shaanxi Sciphar Biotechnology (E) www.ecplaza.net/tradeleads/seller/3608990/curcumin.html
Shanghai Richem International (E) http://srichem.en.alibaba.com
Sichuan Xiangzhen Enterprise (R) www.alibaba.com/catalog/11086811/Organic_Turmeric.html
Trademax Phamaceutial & Chemicals (E) www.trademaxchem.com
Wuhan Yuancheng Technology
Development (E, WS)

www.ecplaza.net/tradeleads/seller/4327063/monocurcumin_95.html

Wuhu Haozhan Trading (P) www.alibaba.com/catalog/10124094/Curcumin.html
Xi'an Erica Botanical Product (E) www.plant-extract.com
Xi'an Tianxingjian Natural Bio-products (P) www.txjherb.com/doce/jj.htm

India
Adani Pharmachem (OL, P) www. catalogs.indiamart.com
Advance Chemical Processor (E) www.ecplaza.net/tradeleads/seller/3975297/sell_curcumin_95_extract.html
Advance Chemical Processor (E) www.tradekey.com/ks-curcumin
Alchem International (THC) http://www.ecplaza.net/tradeleads/seller/3897369/tetra_hydro_curcumin.html
Apna Agro Products (P) www.alibaba.com/catalog/11820469/Turmeric_Powder.html
Aseptik (CR) www.alibaba.com/catalog/11121534/Aseptik.html
Asian Herbex (CR, P) www.asianherbex.biz/curcumin.htm
Chemiphar (E) www.tradekey.com/ks-curcumin
Deepak Engg (E) www.tradekey.com/buyoffer_view/id/125993.htm
Elango Extraction (E) www.tradekey.com/ks-curcumin
Enorbis (E) www.ecplaza.net/tradeleads/seller/1023843/bulk_suppliers_of_annatto.html
Extract Tech Co. (P) www.alibaba.com/catalog/12011995/Curcumin.html
Fancy India Corp. (E) ecplaza.net/ecmarket/list.asp?cmd=search&keywords=curcumin
Garuda Exports (E) www.ecplaza.net/tradeleads/seller/4520473/curcumin95.html
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Table 1. Continued

Company/Brand Website

H. Bilal & Co. (E) www.alibaba.com/catalog/10990947/Turmeric.html
Harley Carmbel (P) www.harleycarmbel.com
HR Consultant (E) www.tradekey.com/buyoffer_view/id/37405.htm
INDSAFF (C) www.tradekey.com
Jabalpur Motors (E) www.tradekey.com/ks-curcumin
Jai Radhe Sales (O, R) www.pharmaceuticaldrugsmanufacturer.com
JaiRamdass Khushiram (E, P) www.tradekey.com/ks-curcumin
Kancor Ingredients (P) www.kancor.in
Konark Herbal (O, E, WS, OL) www.ecplaza.net/tradeleads/seller/4648335/curcumin.html
Krish Enterprises (E) http://srinivas45.en.ec21.com/
M.S.Drugs ImpEx (E) www.ecplaza.net/tradeleads/seller/4089411/curcumin.html
Malhar Udyog (E) tradekey.com/ks-curcumin
Meghalaya Natural Products (CO) ecplaza.net/tradeleads/seller/510607/birds_eye_chillies.html
Natural Remedies (P) www.naturalremedy.com
Naturnutra Inc. (E) ecplaza.net/tradeleads/seller/1735227/herbal_extracts.html
Navshakti Herbal Labs (E) www.tradekey.com/ks-curcumin
Organic.co.in (P, TF, C) http://organic.co.in
Phytolipids (E) ecplaza.net/tradeleads/seller/4396071/curcumin_95.html
Phytopharma (P, TA) www.alibaba.com
Prakruti Products (P) www.ecplaza.net/tradeleads/seller/1937068/garciniaglucosaminecurcuminsen-

nasalacia.html
Prmc Ltd. (T, F, P) http://prmcltd.en.ecplaza.net
Protek India Herbals (WS) www.tradekey.com/ks-curcumin
S.S. Herbals (P) www.alibaba.com
Sai Lalith Fragrances (E) www.tradekey.com/buyoffer_view/id/64526.htm
Sears Phytochem (E, O, R) www.searsphytochem.com
Sami Labs Ltd. www.samilabs.com
Shinago Exim (P) www.tradekey.com/ks-curcumin
Shivom Plantation (R) www.alibaba.com/catalog/11566696/Fresh_Turmeric.html
Sipindia Exports (E, TF, P) http://sipindia-exports.tradenote.net
Sri Dhanalakshmi Industries (E) www.evergreen-sdi.com
Synthite www.synthite.com
Tricon Enterprises (CO) www.ecplaza.net/tradeleads/seller/878140/curcuminbeet_root_annato.html
UNICO Pharmaceuticals (C) tradeindia.com
Veekay International (P) www.alibaba.com/catalog/10881731/Turmeric.html
Vision India Technology (P) http://www.ecplaza.net/tradeleads/seller/4389650/curcumin_95_hplc_in_-

bulk.html
Bazaar of India (C, P, T) www.bazaarofindia.com

Japan
Biofirm (DR, TA) www.rbr.co.jp
Ottogi (C) www.ottogi.co.kr
Suplinx (O) www.suplinx.jp/biyou-diet/curcumin-oil.html
Taikokushuzo (DR) www.okinawab2b.sakura.ne.jp
Yakuryouken (C) http://curcumin.client.jp

Korea
M.E.C.O (D) http://meco.co.kr/meco/nglish/product/eproductlist.aspx
Taeyoung E&T Co. (F) http://tyent.en.ec21.com
Singapore
Gen-Gap Bio Sciences (E) www.gengapbiosciences.com

Thailand
Beauty by Herb (CR) www.beautybyherb.com
DHYA (L) www.ldirectgroup.com
Herbcare (CR) www.herbalfantasy.net
Thai Tambon (CR) www.thaitambon.com
Wandee Osot LP (B) http://thailandbalms.trustpass.alibaba.com

Vietnam
Chau Giang Co. (E) http://www.ecplaza.net/tradeleads/seller/3914286/artemisinin_essential.html
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Table 1. Continued

Company/Brand Website

Europe
Cayman Europe (C) www.caymaneurope.com

France
Extrasynthese (P) www.extrasynthese.com/codeart.asp

Germany
Spirulife (C) www.spirulife.de/kurkuma-extrakt-curcuma.php

Spain
ASAC Pharma www.asac.net/asac/portada.asp

Switzerland
Fluka (P) www.sigmaaldrich.com

United Kingdom
Bursting With Health (C) www.burstingwithhealth.co.uk
CBS Formula Tea (P) www.pavilionhealth.co.uk
Curcumin 98 (C) www.yourhealthfoodstore.co.uk
Health Aid (E) www.worldwideshoppingmall.co.uk
Himalaya (C) www.himalayadirect.com
Lichtwer Pharma Cynara (TA) www.yourhealthfoodstore.co.uk
Solgar (C) www.yourhealthfoodstore.co.uk
Viridian Organic Tumeric (C) www.yourhealthfoodstore.co.uk

North America
Canada
AOR (C) http://aor.ca
Hallelujah Acres (C) www.hacres.ca
Organika (C) www.healthmart2000.com

United States
95% Curcumin (C) www.turmeric-curcumin.com
Ageless Cures (C) www.agelesscures.com
Alfa Chem (E) www.alfachem1.com
Amazon (C) www.curmax.com
American Color Research Center(CO) www.acrccolors.com
America's Finest (C) www.afisupplements.com
America's Finest Super Curcumin(TA) www.afisupplements.com
Ancient Way Acupuncture/Herbs (P) www.ancientway.com
Ayur-Curcumin (C) www.nynaturalhealthcenter.com
Better Health International (C) www.betterhealthinternational.com
Brain Therapeutics (E) www.tradekey.com/buyoffer_view/id/146343.htm
Cardiovascular Resarch (C) www.thenaturalonline.com/
Chong's Health Care Enterprise (C) www.cljhealth.com
Curcumin Pro (C) www.naturalhealthconsult.com
CureCumin (NS) www.bioponic.com/press/press_releases/
Doctor's Best (C) www.vitacost.com/DoctorsBestBestCurcumin
Doctor's Purest Curcumin (C) www.agelesscures.com
Doctor's Trust (C) www.doctorstrust.com
Dr. Donsbach's Let's Talk Health (C) www.letstalkhealth.com
Eclectic Institute Tumeric (C) www.eclecticherb.com
Federal Laboratories Corp. (P) www.federalabs.com
Food Science Of Vermont (C) www.fslabs.com
GFS Chemicals Inc. www.gfschemicals.com
Herbal Descriptions (LSE) www.health-marketplace.com
Herbal Fields Supplements (C) www.herbalfields.com/curm.html
Herbals (C) www.qcinutritionals.com
*Himani Gold Turmeric (CR, E) www.naturalplaza.com
Home Cure (C) www.homecure.com/newproducts.html
Jarrow Formulas (C) www.jarrow.com
Life Extension (C) www.lef.org/newshop/items/item00912.htm
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given in conjunction with piperine reversed lipid peroxida-
tion in patients with tropical pancreatitis.

A recent clinical study reported the protective efficacy of
curcumin in patients with ulcerative proctitis and Crohn's
disease, who were otherwise refractory to conventional 5-
aminosalicyclic acid (5ASA) or corticosteroid therapies.
Recent study from Hanai et al. [201] supported these data:
curcumin was again found to be a promising and safe medi-
cation for maintaining remission in patients with quiescent
ulcerative colitis. In another interesting study, the combina-
tion of 480 mg of curcumin and 20 mg of quercetin orally
three times a day reduced the number and size of ileal and
rectal adenomas in patients with FAP [202].

In addition to the published evidence for the chemopre-
ventive effects of curcumin in humans, several clinical trials

are currently underway in the United States and other parts
of the world. These clinical trials aim to further investigate
the effects of curcumin in phase I and II randomized or non-
randomized studies using curcumin alone or in conjunction
with other natural substances or NSAID in human malig-
nancies, including colorectal cancer, aberrant crypt foci,
FAP, pancreatic cancer, multiple myeloma, Alzheimer's dis-
ease, myelodysplastic syndrome, and psoriasis. On the basis
of the existing information and the anticipated outcome of
ongoing clinical trials, we anticipate that chemoprevention
and therapeutic studies will remain popular not only from
the standpoints of efficacy and safety but also from a finan-
cial standpoint, compared with the conventional chemopre-
ventive or chemotherapeutic regimens adopted to treat
these deadly diseases.
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Table 1. Continued

Company/Brand Website

Life One Formulas (E) www.lifeonesales.com/lifeone.htm
MSM Glucosamine Curcumin (CR) www.drsupply.com
Nature's Way (C) www.swansonvitamins.com
NatXtra (C) www.indogen.net/
New Chapter (C) www.Whole-Food-Vitamins.net
Now Foods (C) www.nowfoods.com
NSI (C) www.vitacost.com/AlanJamesOptiFormSAMe
Nutriteam (C) www.nutriteam.com
Paradise Herbs (C) www.paradiseherbs.com
Physician Formulas (C) www.physicianformula.com
Pionair (C) www.pionair.net
Planetary Herbals (C) www.planetaryherbals.com
Psoria-Gold (CR) www.psoriagold.com
Pure Encapsulations (C) www.organicpharmacy.org
Pure Prescriptions (C) www.pureprescriptions.com
Puritan's Pride (C) puritan.com/pages/Categories.asp?xs=&CID=212&Page=0
Sabinsa (E) www.curcuminoids.com
Simply Organic (P) www.simplyorganic.com
Solaray (C) www.nutraceutical.com/about/solaray.cfm
Source Naturals (C) www.sourcenaturals.com
Spectrum Chemical (P) www.spectrumchemical.com
Springboard (CR) www.springboard4health.com
Tattva's Herbs (C) www.tattvasherbs.com
Tropilab (TI, P) www.tropilab.com/tumulawaktincture.html
Tumeric (E) www.herbalremedies.com
United Food Ingredients www.ufi-vitamin.com
Viable Herbal Soltions (C) www.viable-herbal.com
Vibrant Health (C) www.vitaminlife.com
Vital Nutrients (C) www.vitalnutrients.net
Vitamin Research Products (C) www.vrp.com
Wild Flavors (CO) www.wildflavors.com

South America
Peru
Conaisa Eirl (E) http://www.alibaba.com/catalog/11537368/Turmeric.html

Worldwide
Sigma (P) http://www.sigmaaldrich.com

* Offices also in Singapore, China, Hong Kong and India (Tablet and capsule concentrations range from 300-500 mg) B-Balm,
C-Capsule, CO-Colorant, CR-Cream, D-Dairy, DR-Drink, E-Extract, F-Fermented, G-Gel, L-Lotion, LSE-Liquid Seed Extract,
NS-Nasal Spray, O-Oil, OL- Oleroresin, P-Powder, R-Root, T-Tea, TA-Tablet, TF-Turmeric Finger, TI-Tincture, WS-Water Solu-
ble
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6 Current clinical trials of curcumin

Due to the growing literature on curcumin's efficacy to pre-
vent and treat multiple cancers, several human trials investi-
gating chemopreventive effects of curcumin have been
completed in the recent years. However, many more similar
trials are in progress, and at least 12 such studies are under-
way in the United States as well as other parts of the world.
In majority of these trials, curcumin is being investigated
alone, or in conjunction with other compounds including
quercetin or sulindac. Some of these clinical studies are cur-
rently underway in Japan (colon cancer, gastric cancer and
liver cancer), and the details of these are not readily avail-
able. However, information regarding various randomized
and nonrandomized phase I and II trials on curcumin in the
United States can be obtained at www.ClinicalTrials.gov.
These clinical trials interrogate curcumin's effects in a vari-
ety of human cancers including colon cancer, aberrant crypt
foci (ACF), FAP, pancreatic cancer, multiple myeloma
(MM), Alzheimer's disease, myelodysplastic syndrome
(MDS), hepatocellular cancer, gastric cancer and psoriasis.

In addition to investigating curcumin together with quer-
cetin and sulindac, an Israeli study is interrogating the effects
of combined curcumin and gemcitabine in patients with
metastatic pancreatic cancers. Similarly, another study is
exploring the clinical efficacy of curcumin alone or in com-
bination with coenzyme Q10 in patients with MDS. In yet
another trial, curcumin is being investigated in conjunction
with bioprine (that increases its bioavailability) in patients
with asymptomatic multiple myeloma. Considering the
promise curcumin holds in the prevention and treatment of
wide variety of human cancers, it is anticipated that comple-
tion of these clinical trials will lend further credence to the
already established effects of curcumin as a multi-targeted
therapeutic regimen for the management of human cancer.

7 Sources and uses of curcumin

Based on all studies performed on curcumin, the FDA has
approved curcumin as “generally regarded as safe”, and it is
being used in the United States in mustard sauce, cheese,
butter, chips, and other as both a preservative and a coloring
agent. The safety of curcumin, combined with its efficacy
and lower cost, makes it an ideal chemopreventative or che-
motherapeutic agent. Various countries are already selling
curcumin-based products (see Fig. 1); and it is also exten-
sively being sold as food supplement, in cream and other
forms (see Table 1).

8 Conclusions

All the studies described above demonstrate that traditional
medicines such as turmeric from which curcumin is derived

have multiple targets that could explain its role in the treat-
ment of various diseases. This also validates the epidemio-
logical evidences that why certain diseases have lower inci-
dence in countries where agents such as curcumin are con-
sumed more frequently and on a regular basis. This is in
agreement with Hippocrates, who stated almost 25 centu-
ries ago, “Let food be thy medicine and medicine be thy
food.” More studies are needed to validate agents such as
curcumin as a therapeutic agent for multiple diseases.

Dr. Aggarwal is the Ransom Horne, Jr., Professor of Cancer
Research. This work was supported by a grant from the
Clayton Foundation for Research (to B. B. A.) and by a Can-
cer Center Core grant from National Institutes of Health.
We would like to thank Ginny Norris for her helpful com-
ments.

The authors have declared no conflict of interest.

9 References

[1] Reich, D. E., Lander, E. S., On the allelic spectrum of human
disease. Trends Genet. 2001, 17, 502 –510.

[2] Loktionov, A., Common gene polymorphisms and nutrition:
emerging links with pathogenesis of multifactorial chronic
diseases (review). J. Nutr. Biochem. 2003, 14, 426 –451.

[3] Kaplan, J. C., Junien, C., Genomics and medicine: an antici-
pation. From Boolean Mendelian genetics to multifactorial
molecular medicine. C.R. Acad. Sci. III 2000, 323, 1167 –
1174.

[4] Sams-Dodd, F., Target-based drug discovery: is something
wrong? Drug Discov. Today 2005, 10, 139–147.

[5] Drews, J., Genomic sciences and the medicine of tomorrow.
Nat. Biotechnol. 1996, 14, 1516 –1518.

[6] Martin, E. J., Blaney, J. M., Siani, M. A., Spellmeyer, D. C., et
al., Measuring diversity: experimental design of combinato-
rial libraries for drug discovery. J. Med. Chem. 1995, 38,
1431–1436.

[7] Keith, C. T., Borisy, A. A., Stockwell, B. R., Multicomponent
therapeutics for networked systems. Nat. Rev. Drug Discov.
2005, 4, 71–78.

[8] Aggarwal, B. B., Sundaram, C., Malani, N., Ichikawa, H.,
Curcumin: the Indian solid gold. Adv. Exp. Med. Biol. 2007,
595, 1–75.

[9] Chaudhri, K. R., Turmeric, haldi or haridra, in eye disease.
Antiseptic 1950, 47, 67.

[10] Wahlstrom, B., Blennow, G., A study on the fate of curcumin
in the rat. Acta Pharmacol. Toxicol. (Copenh.) 1978, 43, 86–
92.

[11] Ravindranath, V., Chandrasekhara, N., Absorption and tissue
distribution of curcumin in rats. Toxicology 1980, 16, 259 –
265.

[12] Ravindranath, V., Chandrasekhara, N., Metabolism of curcu-
min–studies with [3H]curcumin. Toxicology 1981, 22, 337 –
344.

[13] Pan, M. H., Huang, T. M., Lin, J. K., Biotransformation of
curcumin through reduction and glucuronidation in mice.
Drug Metab. Dispos. 1999, 27, 486–494.

15

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



A. Goel et al. Mol. Nutr. Food Res. 2008, 52, 000 –000

[14] Garcea, G., Jones, D. J., Singh, R., Dennison, A. R., et al.,
Detection of curcumin and its metabolites in hepatic tissue
and portal blood of patients following oral administration. Br.
J. Cancer 2004, 90, 1011 –1015.

[15] Hoehle, S. I., Pfeiffer, E., Solyom, A. M., Metzler, M., Metab-
olism of curcuminoids in tissue slices and subcellular frac-
tions from rat liver. J. Agric. Food Chem. 2006, 54, 756–764.

[16] Perkins, S., Verschoyle, R. D., Hill, K., Parveen, I., et al.,
Chemopreventive efficacy and pharmacokinetics of curcu-
min in the min/+ mouse, a model of familial adenomatous
polyposis. Cancer Epidemiol. Biomarkers Prev. 2002, 11,
535–540.

[17] Sharma, R. A., McLelland, H. R., Hill, K. A., Ireson, C. R., et
al., Pharmacodynamic and pharmacokinetic study of oral
Curcuma extract in patients with colorectal cancer. Clin. Can-
cer Res. 2001, 7, 1894–1900.

[18] Shoba, G., Joy, D., Joseph, T., Majeed, M., et al., Influence of
piperine on the pharmacokinetics of curcumin in animals and
human volunteers. Planta Med. 1998, 64, 353–356.

[19] Ireson, C., Orr, S., Jones, D. J., Verschoyle, R., et al., Charac-
terization of metabolites of the chemopreventive agent curcu-
min in human and rat hepatocytes and in the rat in vivo, and
evaluation of their ability to inhibit phorbol ester-induced
prostaglandin E2 production. Cancer Res. 2001, 61, 1058 –
1064.

[20] Sandur, S. K., Pandey, M. K., Sung, B., Ahn, K. S., et al., Cur-
cumin, demethoxycurcumin, bisdemothoxycurcumin, tetra-
hydrocurcumin, and turmerones differentially regulate anti-
inflammatory and antiproliferative responses through a ROS-
independent mechanism. Carcinogenesis 2007, 28, 1765 –
1773.

[21] Pfeiffer, E., Hoehle, S. I., Walch, S. G., Reiss, A., et al., Cur-
cuminoids form reactive glucuronides in vitro. J. Agric. Food
Chem. 2007, 55, 538–544.

[22] Sugiyama, Y., Kawakishi, S., Osawa, T., Involvement of the
beta-diketone moiety in the antioxidative mechanism of tetra-
hydrocurcumin. Biochem. Pharmacol. 1996, 52, 519–525.

[23] Okada, K., Wangpoengtrakul, C., Tanaka, T., Toyokuni, S., et
al., Curcumin and especially tetrahydrocurcumin ameliorate
oxidative stress-induced renal injury in mice. J. Nutr. 2001,
131, 2090–2095.

[24] Naito, M., Wu, X., Nomura, H., Kodama, M., et al., The pro-
tective effects of tetrahydrocurcumin on oxidative stress in
cholesterol-fed rabbits. J. Atheroscler. Thromb. 2002, 9, 243 –
250.

[25] Pari, L., Amali, D. R., Protective role of tetrahydrocurcumin
(THC) an active principle of turmeric on chloroquine induced
hepatotoxicity in rats. J. Pharm. Pharm. Sci. 2005, 8, 115–
123.

[26] Murugan, P., Pari, L., Effect of tetrahydrocurcumin on plasma
antioxidants in streptozotocin-nicotinamide experimental
diabetes. J. Basic Clin. Physiol. Pharmacol. 2006, 17, 231 –
244.

[27] Shah, B. H., Nawaz, Z., Pertani, S. A., Roomi, A., et al.,
Inhibitory effect of curcumin, a food spice from turmeric, on
platelet-activating factor- and arachidonic acid-mediated pla-
telet aggregation through inhibition of thromboxane forma-
tion and Ca2+ signaling. Biochem. Pharmacol. 1999, 58,
1167–1172.

[28] Kuttan, R., Bhanumathy, P., Nirmala, K., George, M. C.,
Potential anticancer activity of turmeric (Curcuma longa).
Cancer Lett. 1985, 29, 197–202.

[29] Huang, M. T., Smart, R. C., Wong, C. Q., Conney, A. H.,
Inhibitory effect of curcumin, chlorogenic acid, caffeic acid,
and ferulic acid on tumor promotion in mouse skin by 12-O-
tetradecanoylphorbol-13-acetate. Cancer Res. 1988, 48,
5941–5946.

[30] Azuine, M A., Bhide, S.. V., Chemopreventive effect of tur-
meric against stomach and skin tumors induced by chemical
carcinogens in Swiss mice. Nutr. Cancer 1992, 17, 77–83.

[31] Azuine, M. A., Bhide, S. V., Adjuvant chemoprevention of
experimental cancer, catechin and dietary turmeric in forest-
omach and oral cancer models. J. Ethnopharmacol. 1994, 44,
211–217.

[32] Azuine, M. A., Kayal, J. J., Bhide, S. V., Protective role of
aqueous turmeric extract against mutagenicity of direct-act-
ing carcinogens as well as benzo[a]pyrene-induced genotox-
icity and carcinogenicity. J. Cancer Res. Clin. Oncol. 1992,
118, 447–452.

[33] Conney, A. H., Lysz, T., Ferraro, T., Abidi, T. F., et al., Inhib-
itory effect of curcumin and some related dietary compounds
on tumor promotion and arachidonic acid metabolism in
mouse skin. Adv. Enzyme Regul. 1991, 31, 385 –396.

[34] Odot, J., Albert, P., Carlier, A., Tarpin, M., et al., In vitro and
in vivo anti-tumoral effect of curcumin against melanoma
cells. Int. J. Cancer 2004, 111, 381–387.

[35] Menon, L. G., Kuttan, R., Kuttan, G., Inhibition of lung meta-
stasis in mice induced by B16F10 melanoma cells by poly-
phenolic compounds. Cancer Lett. 1995, 95, 221–225.

[36] Rao, C. V., Rivenson, A., Simi, B., Reddy, B. S., Chemopre-
vention of colon cancer by dietary curcumin. Ann. NY Acad.
Sci. 1995, 768, 201–204.

[37] Rao, C. V., Rivenson, A., Simi, B., Reddy, B. S., Chemopre-
vention of colon carcinogenesis by dietary curcumin, a natu-
rally occurring plant phenolic compound. Cancer Res. 1995,
55, 259–266.

[38] Kawamori, T., Lubet, R., Steele, V. E., Kelloff, G. J., et al.,
Chemopreventive effect of curcumin, a naturally occurring
anti-inflammatory agent, during the promotion/progression
stages of colon cancer. Cancer Res. 1999, 59, 597 –601.

[39] Perkins, S., Clarke, A. R., Steward, W., Gescher, A., Age-
related difference in susceptibility of Apc(Min/+) mice
towards the chemopreventive efficacy of dietary aspirin and
curcumin. Br. J. Cancer 2003, 88, 1480–1483.

[40] Mahmoud, N. N., Carothers, A. M., Grunberger, D., Bilinski,
R. T. et al., Plant phenolics decrease intestinal tumors in an
animal model of familial adenomatous polyposis. Carcino-
genesis 2000, 21, 921 –927.

[41] Yoysungnoen, P., Wirachwong, P., Bhattarakosol, P., Nimmi,
H., Patumraj, S., Effects of curcumin on tumor angiogenesis
and biomarkers, COX-2 and VEGF, in hepatocellular carci-
noma cell-implanted nude mice. Clin. Hemorheol. Microcirc.
2006, 34, 109–115.

[42] Busquets, S., Carbo, N., Almendro, V., Quiles, M. T., et al.,
Curcumin, a natural product present in turmeric, decreases
tumor growth but does not behave as an anticachectic com-
pound in a rat model. Cancer Lett. 2001, 167, 33–38.

[43] LoTempio, M. M., Veena, M. S., Steele, H. L., Ramamurthy,
B., et al., Curcumin suppresses growth of head and neck squ-
amous cell carcinoma. Clin. Cancer Res. 2005, 11, 6994 –
7002.

[44] Dorai, T., Cao, Y. C., Dorai, B., Buttyan, R., Katz, A. E.,
Therapeutic potential of curcumin in human prostate cancer.
III. Curcumin inhibits proliferation, induces apoptosis, and
inhibits angiogenesis of LNCaP prostate cancer cells in vivo.
Prostate 2001, 47, 293 –303.

16

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



Mol. Nutr. Food Res. 2008, 52, 000 –000

[45] Hong, J. H., Ahn, K. S., Bae, E., Jeon, S. S., Choi, H. Y., The
effects of curcumin on the invasiveness of prostate cancer in
vitro and in vivo. Prostate Cancer Prostatic Dis. 2006, 9,
147–152.

[46] Li, L., Braiteh, F. S., Kurzrock, R., Liposome-encapsulated
curcumin: in vitro and in vivo effects on proliferation, apopto-
sis, signaling, and angiogenesis. Cancer 2005, 104, 1322–
1331.

[47] Singletary, K., MacDonald, C., Iovinelli, M., Fisher, C.,
Wallig, M., Effect of the beta-diketones diferuloylmethane
(curcumin) and dibenzoylmethane on rat mammary DNA
adducts and tumors induced by 7,12-dimethylbenz[a]anthra-
cene. Carcinogenesis 1998, 19, 1039–1043.

[48] Singletary, K., MacDonald, C., Wallig, M., Fisher, C., Inhibi-
tion of 7,12-dimethylbenz[a]anthracene (DMBA)-induced
mammary tumorigenesis and DMBA-DNA adduct formation
by curcumin. Cancer Lett. 1996, 103, 137 –141.

[49] Aggarwal, B. B., Shishodia, S., Takada, Y., Banerjee, S., et
al., Curcumin suppresses the paclitaxel-induced nuclear fac-
tor-kappaB pathway in breast cancer cells and inhibits lung
metastasis of human breast cancer in nude mice. Clin. Cancer
Res. 2005, 11, 7490 –7498.

[50] Bachmeier, B., Nerlich, A. G., Iancu, C. M., Cilli, M., et al.,
The chemopreventive polyphenol Curcumin prevents hema-
togenous breast cancer metastases in immunodeficient mice.
Cell Physiol. Biochem. 2007, 19, 137–152.

[51] Sivalingam, N., Hanumantharaya, R., Faith, M., Basivireddy,
J. et al., Curcumin reduces indomethacin-induced damage in
the rat small intestine. J. Appl. Toxicol. 2007, 27, 551–560.

[52] Jiang, J., Wang, W., Sun, Y. J., Hu, M., et al., Neuroprotective
effect of curcumin on focal cerebral ischemic rats by prevent-
ing blood-brain barrier damage. Eur. J. Pharmacol. 2007,
561, 54–62.

[53] Dairam, A., Limson, J. L., Watkins, G. M., Antunes, E.,
Daya, S., Curcuminoids, curcumin, and demethoxycurcumin
reduce lead-induced memory deficits in male Wistar rats. J.
Agric. Food Chem. 2007, 55, 1039–1044.

[54] Shpitz, B., Giladi, N., Sagiv, E., Lev-Ari, S., et al., Celecoxib
and curcumin additively inhibit the growth of colorectal can-
cer in a rat model. Digestion 2006, 74, 140–144.

[55] Kunnumakkara, A. B., Guha, S., Krishnan, S., Diagaradjane,
P. et al., Curcumin potentiates antitumor activity of gemcita-
bine in an orthotopic model of pancreatic cancer through sup-
pression of proliferation, angiogenesis, and inhibition of
nuclear factor-kappaB-regulated gene products. Cancer Res.
2007, 67, 3853 –3861.

[56] Lin, Y. G., Kunnumakkara, A. B., Nair, A., Merritt, W. M., et
al., Curcumin inhibits tumor growth and angiogenesis in
ovarian carcinoma by targeting the nuclear factor-kappaB
pathway. Clin. Cancer Res. 2007, 13, 3423 –3430.

[57] Aoki, H., Takada, Y., Kondo, S., Sawaya, R., et al., Evidence
that curcumin suppresses the growth of malignant gliomas in
vitro and in vivo through induction of autophagy: role of Akt
and ERK signaling pathways. Mol. Pharmacol. 2007, 72,
29–39.

[58] Li, L., Ahmed, B., Mehta, K., Kurzrock, R., Liposomal curcu-
min with and without oxaliplatin: effects on cell growth,
apoptosis, and angiogenesis in colorectal cancer. Mol. Cancer
Ther. 2007, 6, 1276 –1282.

[59] Li, M., Zhang, Z., Hill, D. L., Wang, H., Zhang, R., Curcu-
min, a dietary component, has anticancer, chemosensitiza-
tion, and radiosensitization effects by down-regulating the
MDM2 oncogene through the PI3K/mTOR/ETS2 pathway.
Cancer Res. 2007, 67, 1988–1996.

[60] Locksley, R. M., Killeen, N., Lenardo, M. J., The TNF and
TNF receptor superfamilies: integrating mammalian biology.
Cell 2001, 104, 487 –501.

[61] Lejeune, F. J., Ruegg, C., Lienard, D., Clinical applications of
TNF-alpha in cancer. Curr. Opin. Immunol. 1998, 10, 573 –
580.

[62] Chan, M. M., Inhibition of tumor necrosis factor by curcu-
min, a phytochemical. Biochem. Pharmacol. 1995, 49,
1551–1556.

[63] Lantz, R. C., Chen, G. J., Solyom, A. M., Jolad, S. D., Tim-
mermann, B. N., The effect of turmeric extracts on inflamma-
tory mediator production. Phytomedicine 2005, 12, 445 –
452.

[64] Jin, B., Li, Y. P., Curcumin prevents lipopolysaccharide-
induced atrogin-1/MAFbx upregulation and muscle mass
loss. J. Cell. Biochem. 2007, 100, 960 –969.

[65] Kim, G. Y., Kim, K. H., Lee, S. H., Yoon, M. S., et al., Curcu-
min inhibits immunostimulatory function of dendritic cells:
MAPKs and translocation of NF-kappa B as potential targets.
J. Immunol. 2005, 174, 8116 –8124.

[66] Abe, Y., Hashimoto, S., Horie, T., Curcumin inhibition of
inflammatory cytokine production by human peripheral
blood monocytes and alveolar macrophages. Pharmacol.
Res. 1999, 39, 41 –47.

[67] Moon, D. O., Jin, C. Y., Lee, J. D., Choi, Y. H., et al., Curcu-
min decreases binding of Shiga-like toxin-1B on human
intestinal epithelial cell line HT29 stimulated with TNF-
alpha and IL-1beta: suppression of p38, JNK and NF-kappaB
p65 as potential targets. Biol. Pharm. Bull. 2006, 29, 1470 –
1475.

[68] Gulcubuk, A., Altunatmaz, K., Sonmez, K., Haktanir-Yatkin,
D., et al., Effects of curcumin on tumour necrosis factor-alpha
and interleukin-6 in the late phase of experimental acute pan-
creatitis. J. Vet. Med. A Physiol. Pathol. Clin. Med. 2006, 53,
49–54.

[69] Singh, S., Aggarwal, B. B., Activation of transcription factor
NF-kappa B is suppressed by curcumin (diferuloylmethane)
[corrected]. J. Biol. Chem. 1995, 270, 24995 –25000.

[70] Aggarwal, S., Ichikawa, H., Takada, Y., Sandur, S. K., et al.,
Curcumin (diferuloylmethane) down-regulates expression of
cell proliferation and antiapoptotic and metastatic gene prod-
ucts through suppression of IkappaBalpha kinase and Akt
activation. Mol. Pharmacol. 2006, 69, 195 –206.

[71] Yoon, H., Liu, R. H., Effect of selected phytochemicals and
apple extracts on NF-kappaB activation in human breast can-
cer MCF-7 cells. J. Agric. Food Chem. 2007, 55, 3167–3173.

[72] Cho, J. W., Lee, K. S., Kim, C. W., Curcumin attenuates the
expression of IL-1beta, IL-6, and TNF-alpha as well as cyclin
E in TNF-alpha-treated HaCaT cells; NF-kappaB and
MAPKs as potential upstream targets. Int. J. Mol. Med. 2007,
19, 469–474.

[73] Gaddipati, J. P., Sundar, S. V., Calemine, J., Seth, P., et al., Dif-
ferential regulation of cytokines and transcription factors in
liver by curcumin following hemorrhage/resuscitation. Shock
2003, 19, 150–156.

[74] Siddiqui, A. M., Cui, X., Wu, R., Dong, W., et al., The anti-
inflammatory effect of curcumin in an experimental model of
sepsis is mediated by up-regulation of peroxisome prolifera-
tor-activated receptor-gamma. Crit. Care Med. 2006, 34,
1874–1882.

[75] Jang, M. K., Sohn, D. H., Ryu, J. H., A curcuminoid and ses-
quiterpenes as inhibitors of macrophage TNF-alpha release
from Curcuma zedoaria. Planta Med. 2001, 67, 550–552.

17

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



A. Goel et al. Mol. Nutr. Food Res. 2008, 52, 000 –000

[76] Gupta, R. A., Dubois, R. N., Colorectal cancer prevention
and treatment by inhibition of cyclooxygenase-2. Nat. Rev.
Cancer 2001, 1, 11–21.

[77] Miyamoto, T., Ogino, N., Yamamoto, S., Hayaishi, O., Purifi-
cation of prostaglandin endoperoxide synthetase from bovine
vesicular gland microsomes. J. Biol. Chem. 1976, 251,
2629–2636.

[78] Williams, C. S., Smalley, W., Dubois, R. N., Aspirin use and
potential mechanisms for colorectal cancer prevention. J.
Clin. Invest. 1997, 100, 1325 –1329.

[79] Kujubu, D. A., Fletcher, B. S., Varnum, B. C., Lim, R. W.,
Herschman, H. R., TIS10, a phorbol ester tumor promoter-
inducible mRNA from Swiss 3T3 cells, encodes a novel pros-
taglandin synthase/cyclooxygenase homologue. J. Biol.
Chem. 1991, 266, 12866–12872.

[80] Xie, W. L., Chipman, J. G., Robertson, D. L., Erikson, R. L.,
Simmons, D. L., Expression of a mitogen-responsive gene
encoding prostaglandin synthase is regulated by mRNA splic-
ing. Proc. Natl. Acad. Sci. USA 1991, 88, 2692 –2696.

[81] Dannenberg, A. J., Altorki, N. K., Boyle, J. O., Dang, C., et
al., Cyclo-oxygenase 2: a pharmacological target for the pre-
vention of cancer. Lancet Oncol. 2001, 2, 544 –551.

[82] Dannenberg, A. J., Subbaramaiah, K., Targeting cyclooxyge-
nase-2 in human neoplasia: rationale and promise. Cancer
Cell 2003, 4, 431–436.

[83] Giovannucci, E., Rimm, E. B., Stampfer, M. J., Colditz, G.
A., et al., Aspirin use and the risk for colorectal cancer and
adenoma in male health professionals. Ann. Intern. Med.
1994, 121, 241 –246.

[84] Giovannucci, E., Egan, K. M., Hunter, D. J., Stampfer, M. J.,
et al., Aspirin and the risk of colorectal cancer in women. N.
Engl. J. Med. 1995, 333, 609–614.

[85] Thun, M. J., Namboodiri, M. M., Heath, C. W., Jr., Aspirin
use and reduced risk of fatal colon cancer. N. Engl. J. Med.
1991, 325, 1593 –1596.

[86] Fenwick, S. W., Toogood, G. J., Lodge, J. P., Hull, M. A., The
effect of the selective cyclooxygenase-2 inhibitor rofecoxib
on human colorectal cancer liver metastases. Gastroenterol-
ogy 2003, 125, 716 –729.

[87] Rahme, E., Barkun, A. N., Toubouti, Y., Bardou, M., The
cyclooxygenase-2-selective inhibitors rofecoxib and cele-
coxib prevent colorectal neoplasia occurrence and recur-
rence. Gastroenterology 2003, 125, 404 –412.

[88] Steinbach, G., Lynch, P. M., Phillips, R. K., Wallace, M. H.,
et al., The effect of celecoxib, a cyclooxygenase-2 inhibitor,
in familial adenomatous polyposis. N. Engl. J. Med. 2000,
342, 1946–1952.

[89] Arber, N., Eagle, C. J., Spicak, J., Racz, I. et al., Celecoxib for
the prevention of colorectal adenomatous polyps. N. Engl. J.
Med. 2006, 355, 885–895.

[90] Solomon, S. D., McMurray, J. J., Pfeffer, M. A., Wittes, J., et
al., Cardiovascular risk associated with celecoxib in a clinical
trial for colorectal adenoma prevention. N. Engl. J. Med.
2005, 352, 1071 –1080.

[91] Baron, J. A., Sandler, R. S., Bresalier, R. S., Quan, H., et al.,
A randomized trial of rofecoxib for the chemoprevention of
colorectal adenomas. Gastroenterology 2006, 131, 1674–
1682.

[92] Bresalier, R. S., Sandler, R. S., Quan, H., Bolognese, J. A., et
al., Cardiovascular events associated with rofecoxib in a col-
orectal adenoma chemoprevention trial. N. Engl. J. Med.
2005, 352, 1092 –1102.

[93] Huang, M. T., Lysz, T., Ferraro, T., Abidi, T. F., et al., Inhibi-
tory effects of curcumin on in vitro lipoxygenase and cyclo-
oxygenase activities in mouse epidermis. Cancer Res. 1991,
51, 813–819.

[94] Goel, A., Boland, C. R., Chauhan, D. P., Specific inhibition of
cyclooxygenase-2 (COX-2) expression by dietary curcumin
in HT-29 human colon cancer cells. Cancer Lett. 2001, 172,
111–118.

[95] Lev-Ari, S., Maimon, Y., Strier, L., Kazanov, D., Arber, N.,
Down-regulation of prostaglandin E2 by curcumin is corre-
lated with inhibition of cell growth and induction of apoptosis
in human colon carcinoma cell lines. J. Soc. Integr. Oncol.
2006, 4, 21–26.

[96] Plummer, S. M., Holloway, K. A., Manson, M. M., Munks, R.
J., et al., Inhibition of cyclo-oxygenase 2 expression in colon
cells by the chemopreventive agent curcumin involves inhibi-
tion of NF-kappaB activation via the NIK/IKK signalling
complex. Oncogene 1999, 18, 6013 –6020.

[97] Shakibaei, M., John, T., Schulze-Tanzil, G., et al., Suppres-
sion of NF-kappaB activation by curcumin leads to inhibition
of expression of cyclo-oxygenase-2 and matrix metallopro-
teinase-9 in human articular chondrocytes: Implications for
the treatment of osteoarthritis. Biochem. Pharmacol. 2007,
73, 1434–1445.

[98] Shakibaei, M., Schulze-Tanzil, G., John, T., Lehmann, I.,
Mobasheri, A., Curcumin protects human chondrocytes from
IL-l1beta-induced inhibition of collagen type II and beta1-
integrin expression and activation of caspase-3: an immuno-
morphological study. Ann. Anat. 2005, 187, 487–497.

[99] Lev-Ari, S., Starr, A., Vexler, A., Karaush, V., et al., Inhibi-
tion of pancreatic and lung adenocarcinoma cell survival by
curcumin is associated with increased apoptosis, down-regu-
lation of COX-2 and EGFR and inhibition of Erk1/2 activity.
Anticancer Res. 2006, 26, 4423 –4430.

[100] Camacho-Barquero, L., Villegas, I., Sanchez-Calvo, J. M.,
Talero, E. et al., Curcumin, a Curcuma longa constituent,
acts on MAPK p38 pathway modulating COX-2 and iNOS
expression in chronic experimental colitis. Int. Immuno-
pharmacol. 2007, 7, 333–342.

[101] Jiang, H., Deng, C. S., Zhang, M., Xia, J., Curcumin-attenu-
ated trinitrobenzene sulphonic acid induces chronic colitis
by inhibiting expression of cyclooxygenase-2. World J. Gas-
troenterol. 2006, 12, 3848–3853.

[102] Herbst, R. S., Shin, D. M., Monoclonal antibodies to target
epidermal growth factor receptor-positive tumors: a new
paradigm for cancer therapy. Cancer 2002, 94, 1593–1611.

[103] Schlessinger, J., Cell signaling by receptor tyrosine kinases.
Cell 2000, 103, 211–225.

[104] Moyer, J. D., Barbacci, E. G., Iwata, K. K., Arnold, L., et al.,
Induction of apoptosis and cell cycle arrest by CP-358,774,
an inhibitor of epidermal growth factor receptor tyrosine
kinase. Cancer Res. 1997, 57, 4838 –4848.

[105] Brabender, J., Danenberg, K. D., Metzger, R., Schneider, P.
M., et al., Epidermal growth factor receptor and HER2-neu
mRNA expression in non-small cell lung cancer is corre-
lated with survival. Clin. Cancer Res. 2001, 7, 1850–1855.

[106] Hortobagyi, G. N., Ueno, N. T., Xia, W., Zhang, S., et al.,
Cationic liposome-mediated E1A gene transfer to human
breast and ovarian cancer cells and its biologic effects: a
phase I clinical trial. J. Clin. Oncol. 2001, 19, 3422–3433.

[107] Yano, S., Kondo, K., Yamaguchi, M., Richmond, G., et al.,
Distribution and function of EGFR in human tissue and the
effect of EGFR tyrosine kinase inhibition. Anticancer Res.
2003, 23, 3639–3650.

18

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



Mol. Nutr. Food Res. 2008, 52, 000 –000

[108] Saltz, L. B., Meropol, N. J., Loehrer, P. J., Sr., Needle, M. N.,
et al., Phase II trial of cetuximab in patients with refractory
colorectal cancer that expresses the epidermal growth factor
receptor. J. Clin. Oncol. 2004, 22, 1201–1208.

[109] Soulieres, D., Senzer, N. N., Vokes, E. E., Hidalgo, M., et al.,
Multicenter phase II study of erlotinib, an oral epidermal
growth factor receptor tyrosine kinase inhibitor, in patients
with recurrent or metastatic squamous cell cancer of the
head and neck. J. Clin. Oncol. 2004, 22, 77–85.

[110] Cunningham, D., Humblet, Y., Siena, S., Khayat, D., et al.,
Cetuximab monotherapy and cetuximab plus irinotecan in
irinotecan-refractory metastatic colorectal cancer. N. Engl.
J. Med. 2004, 351, 337 –345.

[111] Kris, M. G., Natale, R. B., Herbst, R. S., Lynch, T. J., Jr., et
al., Efficacy of gefitinib, an inhibitor of the epidermal
growth factor receptor tyrosine kinase, in symptomatic
patients with non-small cell lung cancer: a randomized trial.
JAMA 2003, 290, 2149–2158.

[112] Korutla, L., Cheung, J. Y., Mendelsohn, J., Kumar, R., Inhib-
ition of ligand-induced activation of epidermal growth factor
receptor tyrosine phosphorylation by curcumin. Carcino-
genesis 1995, 16, 1741–1745.

[113] Korutla, L., Kumar, R., Inhibitory effect of curcumin on epi-
dermal growth factor receptor kinase activity in A431 cells.
Biochim. Biophys. Acta 1994, 1224, 597–600.

[114] Hong, R. L., Spohn, W. H., Hung, M. C., Curcumin inhibits
tyrosine kinase activity of p185neu and also depletes
p185neu. Clin. Cancer Res. 1999, 5, 1884–1891.

[115] Tikhomirov, O., Carpenter, G., Identification of ErbB-2 kin-
ase domain motifs required for geldanamycin-induced deg-
radation. Cancer Res. 2003, 63, 39–43.

[116] Zhou, Y., Zheng, S., Lin, J., Zhang, Q. J., Chen, A., The inter-
ruption of the PDGF and EGF signaling pathways by curcu-
min stimulates gene expression of PPARgamma in rat acti-
vated hepatic stellate cell in vitro. Lab. Invest. 2007, 87,
488–498.

[117] Chen, A., Xu, J., Johnson, A. C., Curcumin inhibits human
colon cancer cell growth by suppressing gene expression of
epidermal growth factor receptor through reducing the activ-
ity of the transcription factor Egr-1. Oncogene 2006, 25,
278–287.

[118] Chen, A., Xu, J., Activation of PPAR{gamma} by curcumin
inhibits Moser cell growth and mediates suppression of gene
expression of cyclin D1 and EGFR. Am. J. Physiol. Gastro-
intest. Liver Physiol. 2005, 288, G447–G456.

[119] Ferrara, N., Henzel, W. J., Pituitary follicular cells secrete a
novel heparin-binding growth factor specific for vascular
endothelial cells. Biochem. Biophys. Res. Commun. 1989,
161, 851 –858.

[120] Ferrara, N., Gerber, H. P., LeCouter, J., The biology of
VEGF and its receptors. Nat. Med. 2003, 9, 669–676.

[121] Leung, D. W., Cachianes, G., Kuang, W. J., Goeddel, D. V.,
Ferrara, N., Vascular endothelial growth factor is a secreted
angiogenic mitogen. Science 1989, 246, 1306–1309.

[122] List, A. F., Vascular endothelial growth factor signaling
pathway as an emerging target in hematologic malignancies.
Oncologist 2001, 6 (Suppl 5), 24–31.

[123] Lee, J. C., Chow, N. H., Wang, S. T., Huang, S. M., Prognos-
tic value of vascular endothelial growth factor expression in
colorectal cancer patients. Eur. J. Cancer 2000, 36, 748–
753.

[124] Olofsson, B., Korpelainen, E., Pepper, M. S., Mandriota, S.
J., et al., Vascular endothelial growth factor B (VEGF-B)
binds to VEGF receptor-1 and regulates plasminogen activa-
tor activity in endothelial cells. Proc. Natl. Acad. Sci. USA
1998, 95, 11709–11714.

[125] Park, J. E., Chen, H. H., Winer, J., Houck, K. A., Ferrara, N.,
Placenta growth factor. Potentiation of vascular endothelial
growth factor bioactivity, in vitro and in vivo, and high affin-
ity binding to Flt-1 but not to Flk-1/KDR. J. Biol. Chem.
1994, 269, 25646–25654.

[126] Hurwitz, H., Fehrenbacher, L., Novotny, W., Cartwright, T.,
et al., Bevacizumab plus irinotecan, fluorouracil, and leuco-
vorin for metastatic colorectal cancer. N. Engl. J. Med. 2004,
350, 2335 –2342.

[127] Arbiser, J. L., Klauber, N., Rohan, R., van Leeuwen, R., et
al., Curcumin is an in vivo inhibitor of angiogenesis. Mol.
Med. 1998, 4, 376–383.

[128] Gururaj, A. E., Belakavadi, M., Venkatesh, D. A., Marme,
D., Salimath, B. P., Molecular mechanisms of anti-angio-
genic effect of curcumin. Biochem. Biophys. Res. Commun.
2002, 297, 934–942.

[129] Shao, Z. M., Shen, Z. Z., Liu, C. H., Sartippour, M. R., et al.,
Curcumin exerts multiple suppressive effects on human
breast carcinoma cells. Int. J. Cancer 2002, 98, 234 –240.

[130] Glickman, M. H., Ciechanover, A., The ubiquitin-protea-
some proteolytic pathway: destruction for the sake of con-
struction. Physiol. Rev. 2002, 82, 373–428.

[131] Adams, J., The proteasome: structure, function, and role in
the cell. Cancer Treat. Rev. 2003, 29 (Suppl 1), 3–9.

[132] Ciechanover, A., The ubiquitin-proteasome pathway: on
protein death and cell life. EMBO J. 1998, 17, 7151–7160.

[133] Jagannath, S., Barlogie, B., Berenson, J., Siegel, D., et al., A
phase 2 study of two doses of bortezomib in relapsed or
refractory myeloma. Br. J. Haematol. 2004, 127, 165–172.

[134] Richardson, P. G., Barlogie, B., Berenson, J., Singhal, S., et
al., A phase 2 study of bortezomib in relapsed, refractory
myeloma. N. Engl. J. Med. 2003, 348, 2609–2617.

[135] Jana, N. R., Dikshit, P., Goswami, A., Nukina, N., Inhibition
of proteasomal function by curcumin induces apoptosis
through mitochondrial pathway. J. Biol. Chem. 2004, 279,
11680 –11685.

[136] Dikshit, P., Goswami, A., Mishra, A., Chatterjee, M., Jana,
N. R., Curcumin induces stress response, neurite outgrowth
and prevent NF-kappaB activation by inhibiting the protea-
some function. Neurotox. Res. 2006, 9, 29–37.

[137] Dikshit, P., Goswami, A., Mishra, A., Nukina, N., Jana, N.
R., Curcumin enhances the polyglutamine-expanded trun-
cated N-terminal huntingtin-induced cell death by promot-
ing proteasomal malfunction. Biochem. Biophys. Res. Com-
mun. 2006, 342, 1323–1328.

[138] Aggarwal, B. B., Banerjee, S., Bharadwaj, U., Sung, B., et
al., Curcumin induces the degradation of cyclin E expres-
sion through ubiquitin-dependent pathway and up-regulates
cyclin-dependent kinase inhibitors p21 and p27 in multiple
human tumor cell lines. Biochem. Pharmacol. 2007, 73,
1024 –1032.

[139] Bartram, C. R., de Klein, A., Hagemeijer, A., van Agthoven,
T., et al., Translocation of c-ab1 oncogene correlates with
the presence of a Philadelphia chromosome in chronic mye-
locytic leukaemia. Nature 1983, 306, 277 –280.

[140] Lugo, T. G., Pendergast, A. M., Muller, A. J., Witte, O. N.,
Tyrosine kinase activity and transformation potency of bcr-
abl oncogene products. Science 1990, 247, 1079 –1082.

19

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



A. Goel et al. Mol. Nutr. Food Res. 2008, 52, 000 –000

[141] Jabbour, E., Cortes, J. E., Giles, F. J., O'Brien, S., Kantarjian,
H. M., Current and emerging treatment options in chronic
myeloid leukemia. Cancer 2007, 109, 2171 –2181.

[142] Deininger, M., Buchdunger, E., Druker, B. J., The develop-
ment of imatinib as a therapeutic agent for chronic myeloid
leukemia. Blood 2005, 105, 2640 –2653.

[143] Buchdunger, E., Cioffi, C. L., Law, N., Stover, D., et al., Abl
protein-tyrosine kinase inhibitor STI571 inhibits in vitro sig-
nal transduction mediated by c-kit and platelet-derived
growth factor receptors. J. Pharmacol. Exp. Ther. 2000, 295,
139–145.

[144] O’Brien, S. G., Guilhot, F., Larson, R. A., Gathmann, I., et
al., Imatinib compared with interferon and low-dose cytara-
bine for newly diagnosed chronic-phase chronic myeloid
leukemia. N. Engl. J. Med. 2003, 348, 994–1004.

[145] Kerkela, R., Grazette, L., Yacobi, R., Iliescu, C., et al., Car-
diotoxicity of the cancer therapeutic agent imatinib mesy-
late. Nat. Med. 2006, 12, 908 –916.

[146] Wu, L. X., Xu, J. H., Wu, G. H., Chen, Y. Z., Inhibitory effect
of curcumin on proliferation of K562 cells involves down-
regulation of p210(bcr/abl) initiated Ras signal transduction
pathway. Acta Pharmacol. Sin. 2003, 24, 1155–1160.

[147] Wu, L. X., Xu, J. H., Huang, X. W., Zhang, K. Z., et al.,
Down-regulation of p210(bcr/abl) by curcumin involves dis-
rupting molecular chaperone functions of Hsp90. Acta Phar-
macol. Sin. 2006, 27, 694–699.

[148] Giles, G. I., Sharma, R. P., Topoisomerase enzymes as thera-
peutic targets for cancer chemotherapy. Med. Chem. 2005, 1,
383–394.

[149] Malonne, H., Atassi, G., DNA topoisomerase targeting
drugs: mechanisms of action and perspectives. Anticancer
Drugs 1997, 8, 811–822.

[150] Beretta, G. L., Perego, P., Zunino, F., Mechanisms of cellular
resistance to camptothecins. Curr. Med. Chem. 2006, 13,
3291 –3305.

[151] Strumberg, D., Pilon, A. A., Smith, M., Hickey, R., et al.,
Conversion of topoisomerase I cleavage complexes on the
leading strand of ribosomal DNA into 59-phosphorylated
DNA double-strand breaks by replication runoff. Mol. Cell.
Biol. 2000, 20, 3977 –3987.

[152] Shao, R. G., Cao, C. X., Shimizu, T., O'Connor, P. M., et al.,
Abrogation of an S-phase checkpoint and potentiation of
camptothecin cytotoxicity by 7-hydroxystaurosporine
(UCN-01) in human cancer cell lines, possibly influenced by
p53 function. Cancer Res. 1997, 57, 4029 –4035.

[153] Roth, G. N., Chandra, A., Nair, M. G., Novel bioactivities of
Curcuma longa constituents. J. Nat. Prod. 1998, 61, 542–
545.

[154] Martin-Cordero, C., Lopez-Lazaro, M., Galvez, M., Ayuso,
M. J., Curcumin as a DNA topoisomerase II poison. J.
Enzyme Inhib. Med. Chem. 2003, 18, 505–509.

[155] Jordan, M. A., Wendell, K., Gardiner, S., Derry, W. B., et al.,
Mitotic block induced in HeLa cells by low concentrations
of paclitaxel (Taxol) results in abnormal mitotic exit and
apoptotic cell death. Cancer Res. 1996, 56, 816–825.

[156] Uckun, F. M., Mao, C., Jan, S. T., Huang, H., et al., SPIKET
and COBRA compounds as novel tubulin modulators with
potent anticancer activity. Curr. Opin. Investig. Drugs 2000,
1, 252–256.

[157] Attard, G., Greystoke, A., Kaye, S., De Bono, J., Update on
tubulin-binding agents. Pathol. Biol. (Paris) 2006, 54, 72 –
84.

[158] Holy, J. M., Curcumin disrupts mitotic spindle structure and
induces micronucleation in MCF-7 breast cancer cells.
Mutat. Res. 2002, 518, 71–84.

[159] van Erk, M. J., Teuling, E., Staal, Y. C., Huybers, S., et al.,
Time- and dose-dependent effects of curcumin on gene
expression in human colon cancer cells. J. Carcinog. 2004,
3, 8.

[160] Gupta, K. K., Bharne, S. S., Rathinasamy, K., Naik, N. R.,
Panda, D., Dietary antioxidant curcumin inhibits microtu-
bule assembly through tubulin binding. FEBS J. 2006, 273,
5320 –5332.

[161] de Graaf, A. O., de Witte, T., Jansen, J. H., Inhibitor of apop-
tosis proteins: new therapeutic targets in hematological can-
cer? Leukemia 2004, 18, 1751–1759.

[162] Birnbaum, M. J., Clem, R. J., Miller, L. K., An apoptosis-
inhibiting gene from a nuclear polyhedrosis virus encoding
a polypeptide with Cys/His sequence motifs. J. Virol. 1994,
68, 2521 –2528.

[163] Crook, N. E., Clem, R. J., Miller, L. K., An apoptosis-inhib-
iting baculovirus gene with a zinc finger-like motif. J. Virol.
1993, 67, 2168–2174.

[164] Dean, E. J., Ranson, M., Blackhall, F., Holt, S. V., Dive, C.,
Novel therapeutic targets in lung cancer: Inhibitor of apopto-
sis proteins from laboratory to clinic. Cancer Trea. Rev.
2007, 33, 203–212.

[165] Vandenabeele, P., Vanden, B. T., Festjens, N., Caspase inhib-
itors promote alternative cell death pathways. Sci. STKE
2006, 2006, pe44.

[166] Bush, J. A., Cheung, K. J., Jr., Li, G., Curcumin induces
apoptosis in human melanoma cells through a Fas receptor/
caspase-8 pathway independent of p53. Exp. Cell Res. 2001,
271, 305 –314.

[167] Chan, W. H., Wu, H. J., Anti-apoptotic effects of curcumin
on photosensitized human epidermal carcinoma A431 cells.
J. Cell. Biochem. 2004, 92, 200 –212.

[168] Chan, W. H., Wu, C. C., Yu, J. S., Curcumin inhibits UV irra-
diation-induced oxidative stress and apoptotic biochemical
changes in human epidermoid carcinoma A431 cells. J. Cell.
Biochem. 2003, 90, 327 –338.

[169] Aggarwal, S., Takada, Y., Singh, S., Myers, J. N., Aggarwal,
B. B., Inhibition of growth and survival of human head and
neck squamous cell carcinoma cells by curcumin via modu-
lation of nuclear factor-kappaB signaling. Int. J. Cancer
2004, 111, 679–692.

[170] Shishodia, S., Amin, H. M., Lai, R., Aggarwal, B. B., Curcu-
min (diferuloylmethane) inhibits constitutive NF-kappaB
activation, induces G1/S arrest, suppresses proliferation,
and induces apoptosis in mantle cell lymphoma. Biochem.
Pharmacol. 2005, 70, 700–713.

[171] Shishodia, S., Potdar, P., Gairola, C. G., Aggarwal, B. B.,
Curcumin (diferuloylmethane) down-regulates cigarette
smoke-induced NF-kappaB activation through inhibition of
IkappaBalpha kinase in human lung epithelial cells: correla-
tion with suppression of COX-2, MMP-9 and cyclin D1.
Carcinogenesis 2003, 24, 1269 –1279.

[172] Siwak, D. R., Shishodia, S., Aggarwal, B. B., Kurzrock, R.,
Curcumin-induced antiproliferative and proapoptotic effects
in melanoma cells are associated with suppression of Ikap-
paB kinase and nuclear factor kappaB activity and are inde-
pendent of the B-Raf/mitogen-activated/extracellular sig-
nal-regulated protein kinase pathway and the Akt pathway.
Cancer 2005, 104, 879–890.

20

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



Mol. Nutr. Food Res. 2008, 52, 000 –000

[173] Yeh, C. H., Chen, T. P., Wu, Y. C., Lin, Y. M., Jing Lin, P.,
Inhibition of NFkappaB activation with curcumin attenuates
plasma inflammatory cytokines surge and cardiomyocytic
apoptosis following cardiac ischemia/reperfusion. J. Surg.
Res. 2005, 125, 109–116.

[174] Yeh, C. H., Lin, Y. M., Wu, Y. C., Lin, P. J., Inhibition of NF-
kappa B activation can attenuate ischemia/reperfusion-
induced contractility impairment via decreasing cardiomyo-
cytic proinflammatory gene up-regulation and matrix metal-
loproteinase expression. J. Cardiovasc. Pharmacol. 2005,
45, 301–309.

[175] Notarbartolo, M., Poma, P., Perri, D., Dusonchet, L., et al.,
Antitumor effects of curcumin, alone or in combination with
cisplatin or doxorubicin, on human hepatic cancer cells.
Analysis of their possible relationship to changes in NF-kB
activation levels and in IAP gene expression. Cancer Lett.
2005, 224, 53–65.

[176] Kim, K., Ryu, K., Ko, Y., Park, C., Effects of nuclear factor-
kappaB inhibitors and its implication on natural killer T-cell
lymphoma cells. Br. J. Haematol. 2005, 131, 59–66.

[177] Belakavadi, M., Salimath, B. P., Mechanism of inhibition of
ascites tumor growth in mice by curcumin is mediated by
NF-kB and caspase activated DNase. Mol. Cell. Biochem.
2005, 273, 57–67.

[178] Hussain, A. R., Al-Rasheed, M., Manogaran, P. S., Al-Hus-
sein, K. A., et al., Curcumin induces apoptosis via inhibition
of PI3'-kinase/AKT pathway in acute T cell leukemias.
Apoptosis 2006, 11, 245 –254.

[179] Karmakar, S., Banik, N. L., Patel, S. J., Ray, S. K., Curcumin
activated both receptor-mediated and mitochondria-medi-
ated proteolytic pathways for apoptosis in human glioblas-
toma T98G cells. Neurosci. Lett. 2006, 407, 53 –58.

[180] Karmakar, S., Banik, N. L., Ray, S. K., Curcumin suppressed
anti-apoptotic signals and activated cysteine proteases for
apoptosis in human malignant glioblastoma U87MG cells.
Neurochem. Res. 2007, 32, 2103–2113.

[181] Agarwal, M. L., Taylor, W. R., Chernov, M. V., Chernova, O.
B., Stark, G. R., The p53 network. J. Biol. Chem. 1998, 273,
1–4.

[182] Khar, A., Ali, A. M., Pardhasaradhi, B. V., Begum, Z.,
Anjum, R., Antitumor activity of curcumin is mediated
through the induction of apoptosis in AK-5 tumor cells.
FEBS Lett. 1999, 445, 165–168.

[183] Song, G., Mao, Y. B., Cai, Q. F., Yao, L. M., et al., Curcumin
induces human HT-29 colon adenocarcinoma cell apoptosis
by activating p53 and regulating apoptosis-related protein
expression. Braz. J. Med. Biol. Res. 2005, 38, 1791 –1798.

[184] Tsvetkov, P., Asher, G., Reiss, V., Shaul, Y., et al., Inhibition
of NAD(P)H:quinone oxidoreductase 1 activity and induc-
tion of p53 degradation by the natural phenolic compound
curcumin. Proc. Natl. Acad. Sci. USA 2005, 102, 5535–
5540.

[185] Lao, C. D., Ruffin, M. T., Normolle, D., Heath, D. D., et al.,
Dose escalation of a curcuminoid formulation. BMC Com-
plement. Altern. Med. 2006, 6, 10.

[186] Cheng, A. L., Hsu, C. H., Lin, J. K., Hsu, M. M., et al., Phase
I clinical trial of curcumin, a chemopreventive agent, in
patients with high-risk or pre-malignant lesions. Anticancer
Res. 2001, 21, 2895–2900.

[187] Deodhar, S. D., Sethi, R., Srimal, R. C., Preliminary study
on antirheumatic activity of curcumin (diferuloyl methane).
Indian J. Med. Res. 1980, 71, 632–634.

[188] Satoskar, R. R., Shah, S. J., Shenoy, S. G., Evaluation of
anti-inflammatory property of curcumin (diferuloyl meth-
ane) in patients with postoperative inflammation. Int. J.
Clin. Pharmacol. Ther. Toxicol. 1986, 24, 651 –654.

[189] Lal, B., Kapoor, A. K., Agrawal, P. K., Asthana, O. P., Sri-
mal, R. C., Role of curcumin in idiopathic inflammatory
orbital pseudotumours. Phytother. Res. 2000, 14, 443–447.

[190] Lal, B., Kapoor, A. K., Asthana, O. P., Agrawal, P. K., et al.,
Efficacy of curcumin in the management of chronic anterior
uveitis. Phytother. Res. 1999, 13, 318 –322.

[191] Kuttan, R., Sudheeran, P. C., Josph, C. D., Turmeric and cur-
cumin as topical agents in cancer therapy. Tumori 1987, 73,
29–31.

[192] Soni, K. B., Kuttan, R., Effect of oral curcumin administra-
tion on serum peroxides and cholesterol levels in human vol-
unteers. Indian J. Physiol. Pharmacol. 1992, 36, 273 –275.

[193] Ramirez, B. A., Soler, A., Carrion-Gutierrez, M. A., Diaz-
Alperi, J., et al., An hydroalcoholic extract of Curcuma
longa lowers the abnormally high values of human-plasma
fibrinogen. Mech. Ageing Dev. 2000, 114, 207–210.

[194] Rasyid, A., Rahman, A. R., Jaalam, K., Lelo, A., Effect of
different curcumin dosages on human gall bladder. Asia Pac.
J. Clin. Nutr. 2002, 11, 314–318.

[195] Heng, M. C., Song, M. K., Harker, J., Heng, M. K., Drug-
induced suppression of phosphorylase kinase activity corre-
lates with resolution of psoriasis as assessed by clinical, his-
tological and immunohistochemical parameters. Br. J. Der-
matol. 2000, 143, 937 –949.

[196] Chen, Y. C., Tsai, S. H., Shen, S. C., Lin, J. K., Lee, W. R.,
Alternative activation of extracellular signal-regulated pro-
tein kinases in curcumin and arsenite-induced HSP70 gene
expression in human colorectal carcinoma cells. Eur. J. Cell.
Biol. 2001, 80, 213 –221.

[197] Sharma, R. A., Euden, S. A., Platton, S. L., Cooke, D. N., et
al., Phase I clinical trial of oral curcumin: biomarkers of sys-
temic activity and compliance. Clin. Cancer Res. 2004, 10,
6847 –6854.

[198] Bundy, R., Walker, A. F., Middleton, R. W., Booth, J., Tur-
meric extract may improve irritable bowel syndrome symp-
tomology in otherwise healthy adults: a pilot study. J. Altern.
Complement. Med. 2004, 10, 1015 –1018.

[199] Shoskes, D., Lapierre, C., Cruz-Correa, M., Muruve, N., et
al., Beneficial effects of the bioflavonoids curcumin and
quercetin on early function in cadaveric renal transplanta-
tion: a randomized placebo controlled trial. Transplantation
2005, 80, 1556–1559.

[200] Durgaprasad, S., Pai, C. G., Vasanthkumar, Alvres, J. F.,
Namitha, S., A pilot study of the antioxidant effect of curcu-
min in tropical pancreatitis. Indian J. Med. Res. 2005, 122,
315–318.

[201] Hanai, H., Iida, T., Takeuchi, K., Watanabe, F., et al., Curcu-
min maintenance therapy for ulcerative colitis: randomized,
multicenter, double-blind, placebo-controlled trial. Clin.
Gastroenterol. Hepatol. 2006, 4, 1502 –1506.

[202] Cruz-Correa, M., Shoskes, D. A., Sanchez, P., Zhao, R., et
al., Combination treatment with curcumin and quercetin of
adenomas in familial adenomatous polyposis. Clin. Gastro-
enterol. Hepatol. 2006, 4, 1035–1038.

21

i 2008 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com


