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Role of curcumin in health and disease

LEELAVINOTHAN PARI1, DANIEL TEWAS2, & JUERGEN ECKEL2

1Department of Biochemistry and Biotechnology, Faculty of Science, Annamalai University, Annamalainagar, Tamil Nadu,

India, and 2Institute of Clinical Biochemistry and Pathobiochemistry, German Diabetes Center, Düsseldorf, Germany

Abstract
Curcumin (diferuloylmethane) is an orange-yellow component of turmeric (Curcuma longa), a spice often found in curry
powder. In recent years, considerable interest has been focused on curcumin due to its use to treat a wide variety of disorders
without any side effects. It is one of the major curcuminoids of turmeric, which impart its characteristic yellow colour. It was
used in ancient times on the Indian subcontinent to treat various illnesses such as rheumatism, bodyache, skin diseases,
intestinal worms, diarrhoea, intermittent fevers, hepatic disorders, biliousness, urinary discharges, dyspepsia, inflammations,
constipation, leukoderma, amenorrhea, and colic. Curcumin has the potential to treat a wide variety of inflammatory diseases
including cancer, diabetes, cardiovascular diseases, arthritis, Alzheimer’s disease, psoriasis, etc, through modulation of
numerous molecular targets. This article reviews the use of curcumin for the chemoprevention and treatment of various
diseases.
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Introduction

Turmeric

Turmeric is an ancient spice and a traditional remedy

that has been used as a medicine, condiment and

flavouring in records dating back to 600 BC. Marco

Polo, writing of his travels in China, described

turmeric in the 13th century. The turmeric (Curcuma

longa) plant, is a member of the Curcuma botanical

group, which is part of the ginger family of herbs, the

Zingiberaceae, and is cultivated extensively in south

and south-east tropical Asia. The root and rhizome

(underground stem) (Figure 1) of the Curcuma

longa plant is crushed and powdered into ground

turmeric.

The most active component of turmeric is curcu-

min, which makes up 2 to 5% of the spice. The

characteristic yellow colour of turmeric is due to the

curcuminoids. Turmeric is widely consumed in the

Indian subcontinent, south Asia, and Japan (Brouk,

1975).

Turmeric is widely used in traditional Indian

medicine to cure biliary disorders, anorexia, cough,

diabetic wounds, hepatic disorders, rheumatism, and

sinusitis. Turmeric paste in slaked lime is a popular

home remedy for the treatment of inflammation and

wounds.

Today, turmeric is considered potentially benefi-

cial for use in connection with symptoms associated

with a variety of health conditions due to its

purported anti-oxidant, anti-tumour, anti-inflamma-

tory and anti-bacterial effects.

Turmeric has been used in connection with the

following conditions and symptoms:

. Digestive disorders. Curcumin, one of the active

ingredients in turmeric, induces the flow of bile,

which breaks down fats. Extracts of turmeric root

inhibited gastric secretion and protected against

injuries caused by medications such as indo-

methacin and reserpine in an animal study.

Further studies are needed to confirm these

effects in humans.

. Arthritis. Curcumin is an anti-inflammatory agent

that relieves the aches and pains associated with

arthritis.

. Cardiovascular conditions.

. Cancer. Turmeric has shown to decrease symp-

toms of skin cancers and reduced the incidence of

chemically caused breast cancer in lab animals.
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. Bacterial infection. The herb’s volatile oil functions

as an external anti-biotic, preventing bacterial

infection in wounds.

Chemical composition of turmeric

The dried rhizome of C. longa is a rich source of

phenolic compounds, the curcuminoids. Three main

chemically related curcuminoids were isolated from

turmeric: curcumin, demethoxycurcumin (curcumin

II), and bisdemethoxy curcumin (curcumin III) and

the recently identified cyclocurcumin (Kiuchi et al.,

1993). Commercial curcumin contains about

77% curcumin, 17% demethoxycurcumin, and 3%

bisdemethoxycurcumin as its major components.

In addition to curcuminoids, turmeric contains

protein, fat, minerals, carbohydrates, and essential

oils (Govindarajan, 1980; Krishnaswamy &

Raghuramulu, 1998).

Curcumin is an orange/yellow crystalline powder

practically insoluble in water and ether but soluble in

ethanol, dimethylsulfoxide, and acetone. Curcumin

was first isolated in 1815 by Vogel (Vogel and

Pelletier, 1815); in 1870 it was isolated in crystalline

form and identified as 1,6-heptadiene-3,5-dione-1,7-

bis(4-hydroxy-3-methoxyphenyl)-(1E,6E) or diferu-

loylmethane (Daube, 1870). The feruloylmethane

skeleton of curcumin was confirmed in 1910 by the

initial work and synthesis by Lampe (Lampe, 1910,

1913). Curcumin has a melting point of 1838C; its

molecular formula is C21H20O6 and molecular

weight 368.37. Besides curcumin, turmeric contains

other chemical constituents known as the ‘‘curcumi-

noids’’ (Srinivasan, 1952). The curcuminoids impart

the characteristic yellow colour to turmeric.

Spectrophotometrically, curcumin has a maximum

absorption (lmax) in methanol at 430 nm, with a

Beer’s law range from 0.5 to 5 mg/mL (Prasad, 1997).

In addition, curcumin was observed to produce sin-

glet oxygen upon irradiation (lmax4 400 nm) in

toluene or acetonitrile (phi¼ 0.11 for 50 mM curcu-

min). Curcumin quenched singlet oxygen in acet-

onitrile (Chignell et al., 1994).

Many reports concluded that at low super-

oxide concentrations, curcumin effectively causes

superoxide dismutation without itself undergoing

any chemical change, but at higher concentrations of

superoxide, curcumin inhibits superoxide activity by

reacting with it (Iwunze & McEwan, 2004; Mishra

et al., 2004).

The free radical-scavenging mechanism of curcu-

min has been examined by Ohara and co-workers

who reported that the enol structure with the intra-

molecular hydrogen bond of curcumin (Figure 2)

strongly enhances its radical-scavenging activity

(Ohara et al., 2005). Priyadarsini and co-workers

conducted studies to evaluate the relative importance

of the phenolic hydrogens and the -CH2 hydrogens

on the anti-oxidant activity and free radical reactions

of curcumin and dimethoxycurcumin (Priyadarsini

et al., 2003). They showed that at equal concentra-

tions, the efficiency to inhibit lipid peroxidation

(LPO) changed from 82% with curcumin to 24%

with dimethoxycurcumin and the phenolic hydrogen

is essential for both anti-oxidant activity and free

radical kinetics. Therefore, based on experimental

results, this report showed that the phenolic hydro-

gens play a major role in the anti-oxidant activity of

curcumin.

The stability of curcumin in aqueous media

improved at high pH values (411.7) (Bernabe-

Pineda et al., 2004). Although the curcuminoid

pigments were sensitive to light, the combined effects

of air and light were the most deleterious (Souza

et al., 1997).

Tonnesen and co-workers concluded the photo-

toxicity makes curcumin a potential photosensitizing

drug that might find application in the phototherapy

of psoriasis, cancer, and bacterial and viral diseases

(Tonnesen et al., 1987). Curcumin was more stable

in cell culture medium containing 10% fetal calf

serum (FCS) and in human blood; less than 20% of

curcumin decomposed within 1 hour, and after

incubation for 8 hours, about 50% of curcumin still

remained. Trans-6-(40-hydroxy-30-methoxyphenyl)-

2,4-dioxo-5-hexenal was predicted as the major

degradation product and vanillin, ferulic acid,

and feruloyl methane were identified as minor

degradation products of curcumin (Wang et al.,

1997).

Figure 1. Root and rhizome – Curcuma longa (turmeric).
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Medicinal and beneficial role of curcumin

Ground turmeric is used worldwide as a seasoning,

the main ingredient in curry, and as a source for

curcumin. It is used as a dietary spice, colouring

agent in foods and textiles, and a treatment for a wide

variety of ailments (Figure 1). Curcumin is used in

Indian traditional medicine for various ailments and

through different routes of administration, including

topical, oral, and by inhalation (Chainani-Wu,

2003). In India it is one of the extensively consumed

spices. In the United States, curcumin is used as a

colouring agent in cheese, spices, mustard, cereals,

pickles, potato flakes, soups, ice cream, and yogurt.

Over 1700 papers on curcumin have been

published over the last 50 years. Extensive investiga-

tion over the last five decades has indicated that

curcumin reduces blood cholesterol (Rao et al.,

1970; Patil & Srinivasan, 1971; Keshavarz, 1976;

Soudamini et al., 1992; Soni & Kuttan, 1992;

Hussain & Chandrasekhara, 1992; Asai & Miyazawa,

2001) and prevents LDL oxidation (Ramirez-

Tortosa et al., 1999; Naidu & Thippeswamy, 2002;

Patro et al., 2002).

The curcumin (Figure 3) inhibits platelet aggrega-

tion (Srivastava et al., 1986, 1995), suppresses

thrombosis (Srivastava et al., 1985) and myocardial

infarction (MI) (Dikshit et al., 1995; Nirmala &

Puvanakrishnan, 1996; Venkatesan, 1998), sup-

presses symptoms associated with type II diabetes

(Srinivasan, 1972; Babu & Srinivasan, 1995, 1997;

Arun & Nalini, 2002), rheumatoid arthritis (Deodhar

et al., 1980), multiple sclerosis (MS) (Natarajan &

Bright, 2002), and Alzheimer’s disease (Lim et al.,

2001; Frautschy et al., 2001).

Curcumin (Figure 3) also inhibits human immu-

nodeficiency virus (HIV) replication (Sui et al., 1993;

Li et al., 1993; Jordan & Drew, 1996; Mazumder

et al., 1997; Barthelemy, 1998), enhances wound

healing (Sindhu et al., 1998; Phan et al., 2001;

Shahed et al., 2001). It protects from liver injury

(Morikawa et al., 2002), increases bile secretion

(Ramprasad & Sirsi, 1956), protects from cataract

formation (Awasthi et al., 1996), and protects from

pulmonary toxicity and fibrosis (Venkatesan &

Chandrakasan, 1995; Venkatesan et al., 1997;

Venkatesan, 2000; Punithavathi et al., 2000). Curcu-

min is an anti-leishmaniasis (Saleheen et al., 2002;

Gomes Dde et al., 2002; Koide et al., 2002) and an

anti-atherosclerotic compound (Huang et al., 1992;

Chen & Huang, 1998). Moreover, there is extensive

literature suggesting that curcumin has potential in

the prevention and treatment of a variety of cancers.

Molecular targets of curcumin

Various studies have shown that curcumin modulates

numerous targets (Figures 4, 5 and 6). These include

the growth factors, growth factor receptors, tran-

scription factors, cytokines, enzymes, and genes

regulating apoptosis.

Protective effect of curcumin against skin disease

Curcumin has been used for the chemoprevention

and treatment of various skin diseases like sclero-

derma, psoriasis and skin cancer. Curcumin protects

skin by quenching free radicals and reducing

inflammation through nuclear factor-KB inhibition.

Curcumin treatment also reduced wound-healing

time, improved collagen deposition and increased

fibroblast and vascular density in wounds thereby

enhancing both normal and impaired wound-heal-

ing. Curcumin has also been shown to have

beneficial effect as a proangiogenic agent in wound-

healing by inducing transforming growth factor-beta,

Figure 2. Structure of curcumin.
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which induces both angiogenesis and accumulation

of extracellular matrix, which continues through the

remodeling phase of wound repair. These reports

suggest the protective effects of curcumin and the

potential of this compound to be developed as a

potent nontoxic agent for treating skin diseases

(Thangapazham et al., 2007).

Curcumin delays diabetic cataract

Chronic hyperglycemia is a major determinant in the

development of secondary complications of diabetes,

including diabetic cataract. Studies indicate that

hyperglycemia and the duration of diabetes increase

the risk of development of cataract (Nirmalan et al.,

2004; Ughade et al., 1998) Cataracts, characterized

by cloudiness or opacification of the crystalline eye

lens, are the leading cause of blindness all over the

world – more so in developing countries (Congdon

et al., 2003). Apart from ageing, other risk factors

such as nutritional deficiencies or inadequacies, trace

metals, sunlight, smoking, and certain drugs are

known to increase the risk of cataract (Nirmalan

et al., 2004; Congdon et al., 2003). In view of the

widespread prevalence of diabetes in developing

countries such as India, diabetic cataract may pose

a major problem in the management of blindness

(Pradeepa & Mohan, 2002; International Diabetes

Federation, 2001; King et al., 1998).

Although the etiology of cataract is not fully

understood, oxidative damage to the constituents of

the eye lens is considered to be a major mechanism in

the initiation and progression of various types of

cataracts, including diabetic cataract (Spector,

2000). Diabetes causes increased oxidative stress in

various tissues, as evidenced by increased levels of

oxidized DNA, proteins, and lipids, which are

thought to play an important role in the pathogenesis

of various diabetic complications (Chung et al.,

2003). Several studies have suggested that intake of

anti-oxidant-rich foods may slow the progression of

cataract (Varma et al., 1995; Kyselova et al., 2004;

Mares, 2004).

Dietary intervention, particularly the use of

traditional foods and medicines derived from

natural sources, is the mainstay in the management

of diabetes (Swanston-Flatt et al., 1991; Chang,

2000). Suryanarayana et al. (2005) reported that

daily intake of turmeric/curcumin showed anti-

cataractogenic effects that prevent or delay the

development of cataract in rats. One of the

important observations of this study was that both

turmeric and curcumin delayed the progression

and maturation of cataract, despite elevated levels

Figure 3. Medicinal properties of curcumin.
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Figure 4. Molecular targets of curcumin.

Figure 5. Proteins/enzymes that physically interact with curcumin.
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of glucose. Previous study reported the ability of

curcumin to lower the glucose levels in alloxan-

induced diabetic rats (Arun & Nalini, 2002) other

studies have reported an anti-glycation ability of

curcumin that prevents cross-linking of skin col-

lagen in STZ-induced diabetic rats (Sajithlal et al.,

1998; Babu & Srinivasan, 1995).

Anti-oxidant properties of curcumin

Curcumin has been shown to have anti-oxidative

properties due to the presence of chain breaking or H

donating phenolic groups in its molecular structure.

Curcumin inhibit ironinduced lipid peroxidation

(Reddy & Lokesh, 1996), formation of reactive

Figure 6. Effect of curcumin on different cell signaling pathways.
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oxygen species, and oxidation of the ferrous ions

(Reddy & Lokesh, 1994). Free radical scavenging

capability of curcumin particularly with respect to

superoxides and hydroxyl ions (Reddy & Lokesh,

1994; Ruby et al., 1995) may be attributed to its H-

donating phenolic groups (Barcley et al., 2000;

Jovanovie et al., 2001; Sun et al., 2002) present in

its molecular structure (Masuda et al., 2001). Several

in vivo and in vitro studies (Piper et al., 1998;

Watanabe and Fukui 2000) have reported that in a

variety of cancerous diseases of different body

organs, curcumin inhibits lipid peroxidation, and

augments the activities of anti-oxidants such as

superoxide dismutase (SOD), glutathione (GSH),

glutathione-s-transferase (GST) and glutathione per-

oxidase (GPx).

Curcumin is a potential natural plant anti-oxidant

and has been found to have benefi-cial effects on

endogenous cellular anti-oxidants without any side

effects in a variety of anti-cancer therapies (Inano

et al., 2000). Sharma (2001), Ruby et al. (1995), and

Sugiyama et al., (1996) studied the anti-oxidative

properties of curcumin and its three derivatives

(demethoxy curcumin, bisdemethoxy curcumin,

and diacetyl curcumin). The effect of curcumin on

lipid peroxidation (LPO) has also been studied in

various models by several authors. Curcumin is a

good anti-oxidant and inhibits LPO in rat liver

Figure 6. (Continued).
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microsomes, erythrocyte membranes, and brain

homogenates. The LPO has a main role in the

inflammation, in heart diseases and in cancer.

Reaction of curcumin with these agents reduces

intracellular GSH in the cells. The suppression of

LPO by curcumin could lead to the suppression of

inflammation. In fact, curcumin has been found to

be at least 10 times more active as an anti-oxidant

than even vitamin E (Khopde et al., 1999). In

curcumin, the phenolic and the methoxy group on

the phenyl ring and the 1,3-diketone system seem to

be important structural features that can contribute

to these effects. Another fact proposed in the

literature is that the anti-oxidant activity increases

when the phenolic group with a methoxy group is at

the ortho position (Motterlini et al., 2000). All

fractions of the turmeric extract preparation exhib-

ited pronounced anti-oxidant activity, which was

assigned to the presence of curcumin and other

polyphenols (Betancor-Fernández et al., 2003).

Curcumin and autoimmune disease

The immune system has evolved to protect the host

from microbial infection; nevertheless, a breakdown

in the immune system often results in infection,

cancer, and autoimmune diseases. Multiple sclerosis,

rheumatoid arthritis, type 1 diabetes, inflammatory

bowel disease, myocarditis, thyroiditis, uveitis, sys-

temic lupus erythromatosis, and myasthenia gravis

are organ-specific auto-immune diseases that afflict

more than 5% of the population worldwide.

Although the etiology is not known and a cure is

still wanting, the use of herbal and dietary supple-

ments is on the rise in patients with autoimmune

diseases, mainly because they are effective, inexpen-

sive, and relatively safe. Recent studies have shown

that curcumin ameliorates multiple sclerosis, rheu-

matoid arthritis, psoriasis, and inflammatory bowel

disease in human or animal models. Curcumin

inhibits these autoimmune diseases by regulating

inflammatory cytokines such as IL-1b, IL-6, IL-12,

TNF-a and IFN-g and associated JAK-STAT, AP-1,

and NF-kB signalling pathways in immune cells.

Although the beneficial effects of nutraceuticals are

traditionally achieved through dietary consumption

at low levels for long periods of time, the use of

purified active compounds such as curcumin at

higher doses for therapeutic purposes needs extreme

caution (Bright, 2007).

Regulation of COX and LOX by curcumin

Arachidonic acid-derived lipid mediators that are

intimately involved in inflammation are biosynthe-

sized by pathways dependent on cyclo-oxygenase

(COX) and lipo-oxygenase (LOX) enzymes. The

role of LOX and COX isoforms, particularly COX-2,

in the inflammation has been well established. At

cellular and molecular levels, curcumin has been

shown to regulate a number of signalling pathways,

including the eicosanoid pathway involving COX

and LOX. A number of studies have been conducted

that support curcumin-mediated regulation of COX

and LOX pathways, which is an important mechan-

ism by which curcumin prevents a number of disease

processes, including cancer. The specific regulation

of 5-LOX and COX-2 by curcumin is not fully

established; however, existing evidence indicates that

curcumin regulates LOX and COX-2 predominately

at the transcriptional level and, to a certain extent,

the posttranslational level. Curcumin has been

shown to affect affects arachidonic acid metabolism

by blocking the phosphorylation of cytosolic phos-

pholipase A(2), decreasing the expression of COX-2

and inhibiting the catalytic activities of 5-LOX

(Hong et al., 2004).

Curcumin also inhibiting human platelet 12-lipo-

oxygenase (P-12-LOX) and reduce sprout formation

of human endothelial cells (Jankun, 2006). The

curcumin-selective transcriptional regulatory action

of COX-2, and dual COX/LOX inhibitory potential

of this naturally occurring agent provides distinctive

advantages over synthetic COX/LOX inhibitors,

such as nonsteroidal anti-inflammatory drugs (Rao,

2007).

Neuroprotective effects of curcumin

Neurodegenerative diseases result in the loss of

functional neurons and synapses. Although future

stem cell therapies offer some hope, current treat-

ments for most of these diseases are less than

adequate and our best hope is to prevent these

devastating diseases. Brain regions may differ in their

vulnerability to the process of ageing (Cardozo-

Pelaez et al., 2000). Neuroprotective approaches

work best prior to the initiation of damage, suggest-

ing that some safe and effective prophylaxis would be

highly desirable.

Curcumin’s neuroprotective role has been recently

demonstrated in a few studies. Vajragupta et al.

(2003) have evaluated the free radical-scavenging

and neuroprotective potential of the manganese

complexes of curcumin. Thiyagarajan and Sharma

(2004) have demonstrated the neuroprotective ef-

fects of curcumin against the effects of middle

cerebral artery occlusion. Kiran Bala et al. (2006)

have demonstrated that the curcumin treated rats

showed anti-ageing and neuroprotection.

Anti-inflamatory effect of curcumin

Beneficial effects of curcumin in arthritis, allergy,

asthma, atherosclerosis, heart disease, Alzheimer’s

disease, diabetes, and cancer might be due in part to

its ability to modulate the immune system (Anderson

et al., 2007). Together, these findings warrant further

consideration of curcumin as a therapy for immune

disorders.
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Arthritis, an inflammation of the joints, is usually a

chronic disease that results from dysregulation of

pro-inflammatory cytokines (e.g. tumour necrosis

factor and interleukin-1b) and pro-inflammatory

enzymes that mediate the production of prostaglan-

dins (e.g. cyclo-oxygenase-2) and leukotrienes (e.g.

lipo-oxygenase), together with the expression of

adhesion molecules and matrix metalloproteinases,

and hyperproliferation of synovial fibroblasts. All of

these factors are regulated by the activation of the

transcription factor nuclear factor-kB. Thus, agents

that suppress the expression of tumour necrosis

factor-a, interleukin-1b, cyclo-oxygenase-2, lipo-oxy-

genase, matrix metalloproteinases or adhesion mole-

cules, or suppress the activation of NF-kB, all have

potential for the treatment of arthritis. Numerous

agents derived from plants can suppress these cell

signalling intermediates, including curcumin (from

turmeric).

Broad interest in curcumin’s anti-inflammatory

effects is increasing. Researchers are examining

curcumin as a possible immunsystem stimulator that

can modulate the activation of T cells, B cells,

macrophages, neutrophils, natural killer cells, and

dendritic cells; downregulate various proinflamma-

tory cytokines and chemokines, and enhance anti-

body responses.

Recent works and others have shown that curcu-

min can downregulate activation of the transcription

factor NF-kB (Singh et al., 1995) thus leading to

downregulation of the expression of TNF-a
(Shishodia et al., 2005), adhesion molecules (Kumar

et al., 1998), MMPs (Aggarwal et al., 2006), COX-2

(Aggarwal et al., 2006), 5-LOX (Skrzypczak-Jankun

et al., 2003) and other inflammatory intermediates

(Aggarwal et al., 2003), all of which are associated

with arthritis.

That curcumin indeed has potential against

arthritis was first reported in 1980 (Deodhar et al.,

1980). Neutral matrix MMPs are responsible for the

pathological features of RA such as degradation of

cartilage; however, the upregulation of MMP mRNA

associated with arthritis was inhibited by curcumin

(Onodera et al., 2000). This polyphenol has also been

shown to suppress the expression of TNF-a-induced

MMP-13 in primary chondrocytes (Liacini et al.,

2003). Jackson et al. (2006) found that curcumin

inhibited neutrophil activation, synoviocyte prolifera-

tion, angiogenesis, and collagenase and stromelysin

expression, thus suggesting that curcumin has

therapeutic potential in arthritis. It has also been

reported to potentiate the growth-inhibitory and pro-

apoptotic effects of the COX-2 inhibitor celecoxib in

osteoarthritis synovial adherent cells (Lev-Ari et al.,

2006).

Indeed, a recent study showed that the suppression

of NF-kB activation by curcumin leads to inhibition

of the expression of COX-2 and MMP-9 in human

articular chondrocytes (Shakibaei et al., 2007).

Besides in vitro studies, in vivo studies also suggest

that curcumin might have potential against arthritis.

For example, oral administration of curcumin has

been shown to decrease elevated levels of the

glycoprotein Gp A72, with concomitant lowering of

paw inflammation in arthritic rats (Joe et al., 1997).

Funk et al. (2006) determined the in vivo efficacy of

curcumin in the prevention or treatment of arthritis

using streptococcal cell wall-induced arthritis, a

model of RA.

Anti-cancer effect of curcumin

Most drugs currently available for the treatment of

cancer have limited potential because they are very

toxic, highly inefficient in treating cancer, or highly

expensive. Treatments without these disadvantages

are needed. Curcumin is one such agent; derived

from turmeric (Curcumin longa), it has been used

for thousands of years in the Orient as a healing

agent for variety of illnesses. Research over the last

few decades has shown that curcumin is a potent

anti-inflammatory agent with strong therapeutic

potential against a variety of cancers. Curcumin

has been shown to suppress transformation, pro-

liferation, and metastasis of tumours. These effects

are mediated through its regulation of various

transcription factors, growth factors, inflammatory

cytokines, protein kinases, and other enzymes. It

also inhibits proliferation of cancer cells by arrest-

ing them in various phases of the cell cycle and by

inducing apoptosis. Moreover, curcumin has the

ability to inhibit carcinogen bioactivation via

suppression of specific cytochrome P450 isozymes,

and to induce the activity or expression of phase II

carcinogen detoxifying enzymes, which may

account for its cancer chemopreventive effects.

Curcumin has been shown to have protective and

therapeutic effects against cancers of the blood,

skin, oral cavity, lung, pancreas, and intestinal

tract, and to suppress angiogenesis and metastasis

in rodents.

Several studies indicate that curcumin slows the

development and growth of a number of types of

cancer cells (Figure 7). In Japan this year researchers

defined curcumin as a broad-spectrum anti-cancer

agent. Its induction of ‘‘detoxifying enzymes’’, the

researchers say, indicate its ‘‘potential value . . . as a

protective agent against chemical carcinogenesis and

other forms of electrophilic toxicity’’. A scientist at

M.D. Anderson Cancer Center, Texas, wrote in

January 2003:

Extensive research over the last 50 years has

indicated [curcumin] can both prevent and treat

cancer. The anti-cancer potential of curcumin

stems from its ability to suppress proliferation of a

wide variety of tumour cells, down-regulate tran-

scription factors NF-kappa B, AP-1 and Egr-1;

down-regulate the expression of COX2, LOX,

NOS, MMP-9, uPA, TNF, chemokines, cell
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surface adhesion molecules and cyclin D1;

down-regulate growth factor receptors (such as

EGFR and HER2); and inhibit the activity of c-Jun

N-terminal kinase, protein tyrosine kinases and

protein serine/threonine kinases.

In their latest of a series of reports M.D. Anderson

say:

Curcumin can suppress tumour initiation, promo-

tion and metastasis. Pharmacologically, curcumin

has been found to be safe. Human clinical trials

indicated no dose-limiting toxicity when adminis-

tered at doses up to 10 g/day. All of these studies

suggest that curcumin has enormous potential in

the prevention and therapy of cancer (Aggarwal

et al., 2003).

Another scientist, Lin at the National Taiwan

University explained that curcumin possesses anti-

inflammatory activity and is a potent inhibitor of

reactive-oxygen-generating enzymes such as lipo-

oxygenase/cyclo-oxygenase, xanthine dehydrogen-

ase/oxidase, and inducible nitric oxide synthase

(iNOS); it is also an effective inducer of heme

oxygenase-1. Curcumin is also a potent inhibitor of

protein kinase C (PKC), EGF-receptor tyrosine

kinase, and IKB kinase. Subsequently, curcumin

inhibits the activation of NF-kB and the expressions

of oncogenes including c-jun, c-fos, c-myc, NIK,

MAPKs, ERK, ELK, PI3K, Akt, CDKs, and iNOS.

It is considered that PKC, mTOR, and EGFR

tyrosine kinase are the major upstream molecular

targest for curcumin intervention, whereas the

nuclear oncogenes such as c-jun, c-fos, c-myc,

CDKs, FAS, and iNOS might act as downstream

molecular targets for curcumin actions. It is pro-

posed that curcumin might suppress tumour promo-

tion through blocking signal transduction pathways

in the target cells (Lin, 2007).

Recent studies indicated that proteasome-

mediated degradation of cell proteins play a pivotal

role in the regulation of several basic cellular

processes, including differentiation, proliferation,

cell cycling, and apoptosis. It has been demonstrated

that curcumin-induced apoptosis is mediated

through the impairment of the ubiquitin-proteasome

pathway.

Cancer is a hyperproliferative disorder marked by

metastasis into the vital organs of the body through

invasion and angiogenesis. Curcumin blocks the

transformation, proliferation, and invasion of tumour

cells. Numerous studies over the last two decades

have demonstrated that curcumin targets several

steps in these biochemical pathways, thus showing

immense promise for the treatment of cancers.

Curcumin suppresses the growth of several

tumour cell lines, including drug-resistant lines

(Mukhopadhyay et al., 2002). Curcumin also sup-

presses the activation of several transcription factors

that are implicated in carcinogenesis (Aggarwal,

2003).

Modulation of transcription factors by curcumin NF-kB,

STAT and AP-1

NF-kB as a member of the reticuloendotheliosis

family of viruses provided the first evidence that

NF-kB is linked to cancer. Curcumin sup-

presses the activation of NF-kB induced by various

tumour promoters, including phorbol ester,

TNF, and hydrogen peroxide (Singh & Aggarwal,

1995).

Activated STAT3 and STAT5 have been im-

plicated in multiple myeloma, lymphoma, leukemia,

and several solid tumours, making these proteins

logical targets for cancer therapy. These STAT

proteins contribute to cell survival and growth by

preventing apoptosis through increased expression

of anti-apoptotic proteins, such as bcl-2 and bcl-XL.

Recently, STAT3 was shown to be a direct activator

of the VEGF gene, which is responsible for in-

creased angiogenesis. Elevated STAT3 activity has

been detected in head and neck squamous

cell carcinoma (Grandis et al., 1998), leukemias

(Carlesso et al., 1996), lymphomas (Weber-Nordt

et al., 1996) and multiple myeloma (Bharti et al.,

2003). Bharti and coworkers demonstrated that

curcumin inhibited interleukin (IL) 6-induced

STAT3 phosphorylation and consequent STAT3

nuclear translocation. Curcumin had no effect on

STAT5 phosphorylation but inhibited IFN-a-

induced STAT1 phosphorylation.

Curcumin has been shown to inhibit cellular

proliferation and the expression of STAT5 mRNA,

and to downregulate the activation of STAT5 in

Figure 7. Antitumour properties of curcumin.
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primary chronic myelogenous leukemia cells 89 and

K562 leukemia cells (Chen et al., 2004).

AP-1 is a transcription factor that is frequently

associated with activation of NF-kB and has been

closely linked with proliferation and transformation

of tumour cells. Curcumin has been shown to inhibit

the activation of AP-1 induced by tumour promoters

(Huang et al., 1991).

PPAR-g-androgen receptor (AR) and AR-related

cofactors and CAMP response element-binding protein

PPAR-g- is a member of the nuclear hormone

receptor gene family that is activated by fatty acids

and plays a role in insulin sensitivity and adipogen-

esis. Activation of PPAR-g- inhibits the proliferation

of nonadipocytes. Xu and coworkers demonstrated

that curcumin dramatically induced expression of the

PPAR-g-gene and activated PPAR-g- inactivated

hepatic stellate cells (Xu et al., 2003).

The AR is an intracellular steroid receptor

that specifically binds testosterone and dihydrotes-

tosterone. Curcumin has been shown to modulate

the AR in prostate cancer cells (Nakamura et al.,

2002).

p300/CBP, along with histone acetyltransferases

(HAT), have been implicated in cancer cell growth

and survival. Curcumin is a selective HAT inhibitor

(Marcu et al., 2006).

Egr-1, b-catenin and electrophile-response element

Transient induction of the transcription factor Egr-1

plays a pivotal role in the transcriptional response of

endothelial cells to the angiogenic growth factors

VEGF and basic fibroblast growth factor (bFGF);

which are produced by most tumours and are

involved in angiogenesis. Pendurthi and coworkers

investigated the effect of curcumin on Egr-1 expres-

sion in endothelial cells and fibroblasts (Pendurthi &

Rao, 2000).

b-catenin is a central component of the cadherin

cell adhesion complex and plays an essential role in

the Wingless/Wnt signalling pathway. In the nucleus,

b-catenin interacts with members of the TCF/LEF

family of transcription factors to stimulate expression

of target genes. Curcumin treatment impairs both

Wnt signalling and cell–cell adhesion pathways,

resulting in cell cycle arrest at the G2/M phase and

induction of apoptosis in HCT-116 colon cancer

cells (Jaiswal et al., 2002).

Transcription has been shown in several systems to

be mediated through binding of transcription factor

complexes to TPA response element (TRE) and

electrophile-response elements (EpRE). Curcumin

exposure has been shown to increase the enzymes

responsible for glutathione synthesis (particularly

glutamatecysteine ligase) and metabolism as well as

glutathione content, suggesting the eliciting of an

adaptive response to stress (Dickinson et al., 2003).

Nrf-2, tumour suppressor gene p53, TNF and adhesion

molecules

The transcription factor Nrf-2 normally exists in an

inactive state as a result of binding to a cytoskeleton-

associated protein, Keap1. It can be activated by

redox-dependent stimuli. Alteration of the Nrf-2-

Keap1 interaction enables Nrf-2 to translocate to the

nucleus, bind to the anti-oxidant-responsive element

(ARE), and initiate the transcription of genes coding

for detoxifying enzymes and cytoprotective proteins.

The Nrf-2/ARE signalling pathway plays a key role in

activating cellular anti-oxidants, including heme

oxygenase-1 (HO-1), NADPH quinone oxidoreduc-

tase-1, and glutathione. This response is also

triggered by a class of electrophilic compounds that

includes curcumin (Balogun et al., 2003).

p53 is a tumour suppressor and transcription

factor. It is a critical regulator in many cellular

processes, including cell signal transduction, cellular

response to DNA damage, genomic stability, cell

cycle control, and apoptosis. Curcumin has been

shown to be a potent inhibitor of p53 (Han et al.,

1999).

TNF has been shown to mediate tumour initia-

tion, promotion, and metastasis (Aggarwal, 2003):

TNF is a growth factor for most tumour cells

(Sugarman et al., 1985), including ovarian cancer,

cutaneous T-cell lymphoma,63 glioblastoma

(Aggarwal et al., 1996), acute myelogenous leukemia

(Tucker et al., 2004), B-cell lymphoma (Estrov et al.,

1993), breast carcinoma (Sugarman et al., 1987),

renal cell carcinoma (Chapekar et al., 1989), multiple

myeloma (Borset et al., 1994), and Hodgkin’s

lymphoma (Hsu & Hsu, 1990). Curcumin sup-

presses the expression of TNF at both the transcrip-

tional and posttranscriptional levels (Shishodia et al.,

2005).

Cell adhesion molecules are transmembrane pro-

teins that are required for binding of cells to other

cells or other extracellular molecules. Expression of

various cell surface adhesion molecules, such as

intercellular cell adhesion molecule-1, vascular cell

adhesion molecule-1, and endothelial leukocyte

adhesion molecule-1, on endothelial cells is abso-

lutely critical for tumour metastasis (Ohene-

Abuakwa, 2000). The expression of these molecules

is regulated in part by NF-kB (Iademarco et al.,

1995). Curcumin blocks the cell surface expression

of adhesion molecules in endothelial cells, and this

accompanies suppression of tumour cell adhesion to

endothelial cells (Kumar et al., 1998).

Anti-proliferative effects of curcumin

Curcumin suppresses the growth and proliferation of

a wide variety of tumour cell lines of different tissue

origins. Curcumin inhibits the proliferation of

tumour cells by suppressing the cell cycle regulatory

proteins. Major control switches of the cell cycle are
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the cyclins and the cyclin-dependent kinases. Cyclin

D1, a component subunit of Cdk4 and Cdk6, is a

rate-limiting factor in progression of cells through the

first gap (G1) phase of the cell cycle (Baldin et al.,

1993). Dysregulation of the cell cycle checkpoints

and overexpression of growth-promoting cell cycle

factors such as cyclin D1 and CDK are associated

with tumourigenesis (Diehl, 2002). Cyclin D1 is

overexpressed in many cancers, including those of

the breast, esophagus, head and neck, and prostate

(Bartkova et al., 1994; Adelaide et al., 1995;

Gumbiner et al., 1999).

Curcumin has anti-proliferative effects in different

types of cell lines in vitro. At a concentration of 20 mg/

mL, curcumin produced 50% growth arrest in K-562

human chronic myelogenous leukemia cells (Anu-

chapreeda et al., 2006).

One of the main mechanisms through which

curcumin arrests cell growth is by inducing apopto-

sis. Curcumin suppressed the growth of several

T-cell leukemia cell lines (Hussain et al., 2006).

Curcumin is highly cytotoxic toward several colon

cancer cell lines. Curcumin blocked entry to the cell

cycle from G2 to M by inhibiting expression of

cdc2/cyclin B.110 The proapoptotic members of the

Bcl-2 family, such as Bax, were activated, and anti-

apoptotic genes such as Bcl-XL were inhibited by

curcumin (Rashmi et al., 2005). Curcumin also

triggers caspase-3-mediated cell death. The cell-

cell adhesion pathway mediated by E-cadherin was

also blocked by curcumin (Narayan, 2004). Thus,

curcumin exerts its effects in colon cancer cell

lines by induction of caspases, impairment of

Wnt signalling events, inhibition of cell–cell adhe-

sion, and blocking transition of the cell cycle from

G2 to M.

In the human hepatoma G2 cell line, the anti-

proliferative action of curcumin is mediated by

suppression of the hepatocyte growth factor (HGF)

and its receptor c-met (Seol et al., 2000). Curcumin

inhibited the growth of human head and neck

squamous cell carcinoma cell lines by suppressing

the expression of cyclin D1 and arresting the cell

cycle in the G1/S phase (Aggarwal et al., 2004). In

human melanoma A375 cells, curcumin induced cell

growth arrest in a time- and concentration-

dependent manner by inhibiting the activity of the

anti-apoptotic gene XIAP and elevated the levels of

p53, p21, p27 (KIP1) and checkpoint kinase 2

(Zheng et al., 2004).

Apoptotic effects of curcumin

Apoptosis helps to establish a natural balance

between cell death and cell renewal in mature

animals by destroying excess, damaged, or abnormal

cells. The balance between survival and apoptosis,

however, often tips toward the former in cancer cells.

The major mechanism by which curcumin induces

cytotoxicity in tumour cells is induction of apoptosis.

Curcumin decreases the expression of anti-apoptotic

members of the Bcl-2 family and elevates the

expression of p53, Bax, and procaspases 73, 78,

and 79. Several NF-kB–regulated genes, including

Bcl-2, Bcl-XL, cIAP, survivin, TRAF1, and TRAF2,

have been reported to function primarily by blocking

the apoptosis pathway (Aggarwal, 2004). Curcumin

has been shown to suppress activation of NF-kB and

the anti-apoptotic genes regulated by NF-kB.

The serine/threonine protein kinase Akt/PKB has

been considered an attractive target for cancer

prevention and treatment. It is the cellular homo-

logue of the viral oncogene v-Akt and is activated by

various growth and survival factors. Akt plays critical

roles in mammalian cell survival signalling and is

active in various cancers (Chang et al., 2003).

Activated Akt promotes cell survival by activating

the NF-kB signalling pathway (Ozes et al., 1999).

Curcuminoids downregulate the expression of cell

proliferation and anti-apoptotic and metastatic gene

products through suppression of IKK and Akt

activation (Aggarwal et al., 2006).

Anti-metastatic effects of curcumin

Chemokines are small, chemotactic cytokines that

direct migration of leukocytes, activate inflammatory

responses, and participate in regulation of tumour

growth. Most chemokines are expressed in response

to a stimulus, but some are constitutively expressed

in a tissue-specific manner. Chemokines exert their

migration-inducing properties on leukocytes through

binding to chemokine receptors. Elevated levels of

the angiogenic CXC chemokine IL-8 have been

detected in a variety of tumours. Curcumin inhibits

production of proinflammatory chemokines, includ-

ing IL-8, by tumour cells. Curcumin inhibited both

IL-8 production and signal transduction through IL-

8 receptors. It suppressed constitutive production of

IL-8 in human pancreatic carcinoma cell lines and

enhanced the expression of two IL-8 receptors,

CXCR1 and CXCR2 (Hidaka et al., 2002).

Metastasis is the process by which cancer cells

migrate from the tissue of origin to other distant sites

through the blood circulation to form new malignant

lesions in other organs. Curcumin is highly anti-

metastatic in nature. Curcumin inhibited the forma-

tion of lung nodules induced by B16F-10 melanoma

cells by 89.3% (Menon et al., 1995; Menon et al.,

1999). Curcumin was highly anti-metastatic against

DU145 prostate cancer cells both in vitro and in vivo

(Hong et al., 2006).

Curcumin as an inhibitor of angiogenesis

Tumour angiogenesis is the proliferation of a net-

work of blood vessels that penetrates into a cancerous

growth, supplying nutrients and oxygen and remov-

ing waste products. For most solid tumours, angio-

genesis is essential for tumour growth and metastasis
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(Folkman, 2001). Tumour angiogenesis actually

starts with cancerous tumour cells releasing mole-

cules that send signals to surrounding normal host

tissue. More than a dozen different proteins (e.g.

bFGF, EGF, granulocyte colony-stimulating factor,

IL-8, PDGF, TGF-a, TNF, VEGF), as well as

several smaller molecules (e.g. adenosine, prosta-

glandin E), have been identified as angiogenic factors

released by tumours as signals for angiogenesis.

Curcumin has been shown to suppress the prolifera-

tion of human vascular endothelial cells in vitro

(Singh et al., 1996) and to abrogate the FGF-2-

induced angiogenic response in vivo (Mohan et al.,

2000) suggesting that curcumin is also an anti-

angiogenic factor.

Curcumin as chemosensitizer

Chemosensitivity is the susceptibility of tumour cells

to the cell-killing effects of anti-cancer drugs. Most of

the chemotherapeutic agents frequently induce drug

resistance. Multidrug resistance is a phenomenon

often associated with decreased intracellular drug

accumulation in the tumour cells of a patient,

resulting from enhanced drug efflux. It is often

related to overexpression of P-glycoprotein on the

surface of tumour cells, thereby reducing drug

cytotoxicity. Curcumin has been shown to augment

the cytotoxic effects of chemotherapeutic drugs,

including doxorubicin (Harbottle et al., 2001),

tamoxifen (Verma et al., 1998), cisplatin and

camptothecin, daunorubicin, vincristine, and mel-

phalan (Bharti et al., 2003).

In vivo studies on curcumin

Several animal models have been employed to

investigate the anti-tumour and anti-carcinogenic

effects of curcumin. The mechanisms by which

curcumin suppresses carcinogenesis have been in-

vestigated in several animal tumour systems, includ-

ing skin, colon, lung, duodenum, stomach,

esophagus, and oral cavity. Kuttan and coworkers

(Kuttan et al., 1985) examined the anti-cancer

potential of curcumin in vivo by using Dalton’s

lymphoma cells grown as ascites in mice.

The effects of curcumin on several skin carcino-

genesis models have been investigated. Topical

application of curcumin together with tumour

promoter TPA, twice weekly for 20 weeks to female

CD-1 mice previously initiated with dimethylben-

zanthracene (DMBA), strongly inhibited TPA-

induced papilloma formation (Huang et al., 1992).

Curcumin attenuated the N-nitrosodiethylamine

(DENA)-initiated and phenobarbital- promoted

formation of hepatic hyperplastic nodules, body

weight loss, and hypoproteinemia in Wistar rats

(Sreepriya & Bali, 2005). The chemopreventive effect

of curcumin was also demonstrated in a murine

hepatocarcinogenesis model (Chuang et al., 2000).

Curcumin decreases the proliferative potential and

increases the apoptotic potential of both androgen-

dependent and androgen-independent prostate can-

cer cells in vitro as well as anti-cancer potential in a

nude mouse prostate cancer model (Dorai et al.,

2001). Aggarwal and co-workers recently reported

that curcumin inhibits growth and survival of human

head and neck squamous cell carcinoma cells via

modulation of NF-kB signalling (Aggarwal et al.,

2004).

The chemopreventive activity of curcumin was

observed when it was administered before, during,

and after carcinogen treatment as well as when it was

given only during the promotion/progression phase

of colon carcinogenesis (Kawamori et al., 1999).

Perkins and co-workers also examined the preventive

effect of curcumin on the development of adenomas

in the intestinal tract of the min/þ mouse, a model of

human familial adenomatous polyposis (Perkins

et al., 2002). These investigators explored the link

between the chemopreventive potency of curcumin

in the min/þ mouse and levels of drug and

metabolites in target tissue and plasma. Male F344

rats fed a diet containing curcumin at a dose of 0.5 g/

kg during the initiation and postinitiation stages

exhibited 91% reduction in the frequency of 4-

nitroquinoline-1-oxide-induced tongue carcinoma

(Tanaka et al., 1994). The incidence of oral

preneoplasia was also decreased by curcumin admin-

istration. Likewise, dietary curcumin significantly

inhibited N-nitrosomethylbenzylamine-induced eso-

phageal carcinogenesis in rats when given during the

postinitiation as well as the initiation phases (Ushida

et al., 2000). Odot and co-workers showed that

curcumin was cytotoxic to B16-R melanoma cells

resistant to doxorubicin and demonstrated that the

observed cytotoxic effect was due to induction of

programmed cell death (Odot et al., 2004).

Pan and co-workers investigated the pharmacoki-

netic properties of curcumin in mice (Pan et al.,

1999). After intra peritoneal administration of

curcumin (0.1 g/kg) to mice, about 2.25 mg/mL of

curcumin appeared in the plasma in the first 15

minute. One hour after administration, the levels of

curcumin in the intestine, spleen, liver, and kidney

were 177.04, 26.06, 26.90, and 7.51 mg/g, respec-

tively. Only traces (0.41 mg/g) were observed in the

brain at 1 hour.

Clinical trials with curcumin

Several pilot clinical trials have been reported using

curcumin (Table I). There are additional phase II

clinical trials for various diseases with curcumin

that are ongoing (Table II). Despite its proven

safety over centuries of use in south Asian

countries, over a dozen clinical studies evaluating

the safety and efficacy of curcumin in humans have

already been reported. Phase I study of curcumin

in humans was reported by Cheng and co-workers
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in 2001 when these investigators examined the

toxicology, pharmacokinetics, and biologically ef-

fective dose of curcumin in humans (Cheng et al.,

2001).

Recently (2007) Hsu and Cheng conducted phase

I clinical studies of curcumin; doses of up to 3600–

8000 mg daily for 4 months did not result in

discernible toxicities except mild nausea and

Table I. Clinical studies with curcumin.

No. Study Subjects Dose Comments Reference

1 Double blind

crossover study

18 patients (22–48

years)

1200 mg/day

2 weeks

Antirheumatic Deodhar et al., 1980

2 Double blind

crossover study

46 male patients

(15–68 years)

400 mg; 3x/day

5 days

Inguinal hernia Satoskar et al., 1986

3 Double blind

crossover study

10 volunteers 500 mg/day 7 days Serum cholesterol, LPO Soni & Kuttan, 1992

4 Double blind

crossover study

62 patients (40–85

years)

Topical HNSCC, breast, vulva, skin Kuttan et al., 1987

5 Double blind

crossover study

40 patients 625 mg; 4x/day 8

weeks

Well tolerated James, 1994

6 Double blind

crossover study

53 patients 375 mg; 3x/day 12

weeks

Chronic anterior uveitis Lal et al., 1999

7 Double blind

crossover study

8 patients 375 mg; 3x/day 6–22

months

Idiopathic inflammation,

Orbital pseudotumors

Lal et al., 2000

8 Prospective Phase I

trial

25 patients 500–1200 mg/day 3

months

Head and Neck cancers Cheng et al., 2001

9 Prospective Phase I

trial

15 patients 36–180 mg 4

months

Colorectal cancers, serum

GST down

Sharma et al., 2001

10 Prospective Phase I

trial

24 healthy

volunteers

500–12 000 mg

single oral dose

Prevention of colon cancer,

Maximum tolerated dose

not reached

Lao et al., 2006

11 Phase II clinical trial 17 patients with

advanced

pancreatic cancer

8000 mg/daily orally

for 2 months

Well tolerated with biologic

activity in Pancreatic

cancer

Dhillon et al., 2006

Table II. Ongoing clinical studies with curcumin.

No. Name and trial Disease Institution Status

1 Pilot study Multiple myeloma M.D. Anderson Cancer

Center, USA

Suspended May

2006

2 Interventional pharmacokinetics Oral bioavailability of

curcumin in normal

healthy volunteers

Massachusetts General

Hospital, USA

Recruiting patients

September 2006

3 Interventional gemcitabine Pancreatic cancer Rambarn Health Care

Campus, Israel

Recruiting patients

September 2005

4 Interventional the efficacy of

coenzyme Q10 and curcumin

Anaemia, blood and blood

disorders, bone marrow

diseases, cancer

Hadassah Medical

Organization, Israel

Patient recruitment

September 2006

5 Mild to moderate Alzheimer’s disease Alzheimer’s disease Institute for the Study of

Aging (ISOA), USA

Recruiting patients

November 2006

6 Phase III trial of gemcitabine,

cucumin and celebrex

Colorectal cancer Tel-Aviv Sourasky

Medical Center, Israel

Patient recruitment

February 2006

7 Trial of curcumin in advanced

pancreatic cancer

Pancreatic cancer M.D. Anderson Cancer

Center, USA

Recruiting patients

June 2006

8 Curcumin in preventing colon cancer

in smokers with aberrant crypt foci

Colorectal cancer, drug

abuse

National Cancer Institute

(NCI), USA

Recruiting patients

October 2006

9 Curcumin in preventing colon cancer

in smokers with aberrant crypt foci

Colorectal cancer National Cancer Institute

(NCI), USA

Recruiting patients

October 2006

10 A pilot study of curcumin and ginkgo

for treating Alzheimer’s disease

Alzheimer’s disease Chinese University of

Hong Kong

No longer recruiting

patients

11 Sulindac and plant compounds in

preventing colon cancer

Colorectal cancer Rockefeller University,

USA

Suspended May

2004

12 Curcumin for the chemoprevention of

colorectal cancer

Colorectal cancer University of

Pennsylvania, USA

Recruiting patients

November 2006

13 Curcuminoids for the treatment of

chronic psoriasis vulgaris

Psoriasis University of

Pennsylvania, USA

Recruiting patients

October 2006
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diarrhoea. The pharmacokinetic studies of curcumin

indicated in general a low bio-availability of curcu-

min following oral application. Nevertheless, the

pharmacologically active concentration of curcumin

could be achieved in colorectal tissue in patients

taking curcumin orally and might also be achievable

in tissues such as skin and oral mucosa, which are

directly exposed to the drugs applied locally or

topically. It is imperative that well-designed clinical

trials, supported by better formulations of curcumin

or novel routes of administration, be conducted in

the near future.

Sharma and colleagues conducted two phase I

studies of curcumin with different formulations in

patients with colorectal cancer refractory to conven-

tional chemotherapeutic agents (Sharma et al., 2001,

2004). In the first study, a novel standardized

Curcuma extract in proprietary capsule form was

given at doses between 440 and 2200 mg/d, contain-

ing 36 to 180 mg of curcumin. Fifteen patients with

advanced colorectal cancer refractory to standard

chemotherapies received Curcuma extract daily for

up to 4 months. Oral Curcuma extract was well

tolerated, and dose-limiting toxicity was not ob-

served. Neither curcumin nor its metabolites were

detected in blood or urine, but curcumin was

recovered from faeces. Curcumin sulphate was

identified in the faeces of one patient. Radiologically

stable disease was demonstrated in five patients for

the 2- to 4-month treatment period. The results

suggested that:

1. Curcuma extract can be administered safely to

patients at doses of up to 2.2 g daily, equivalent

to 180 mg of curcumin.

2. Curcumin has low oral bioavailability in humans

and may undergo intestinal metabolism.

3. Larger clinical trials of curcuma extract are

merited.

In the subsequent phase I study, Sharma and

colleagues evaluated another formulation, a 500 mg

curcuminoid capsule containing 450 mg curcumin,

40 mg demethoxycurcumin, and 10 mg bisde-

methoxycurcumin. The dose levels of curcumin

were 450, 900, 1800, or 3600 mg per day for up to

4 months. A total of 15 patients with refractory

colorectal cancer were enrolled. Again, the drug was

well tolerated, except that three patients experienced

minor gastrointestinal adverse events, including

grade 1 diarrhoea and grade 2 nausea. Furthermore,

minor elevations of serum alkaline phosphatase and

serum lactate dehydrogenase levels (compatible with

grade 1–2 toxicity) were observed in four and three

patients, respectively.

Lao and co-workers studied the safety of curcumin

in 24 healthy volunteers (Lao et al., 2006). Subjects

were given a single oral administration of curcumin

C3 complex (Sabinsa Corporation) (Figure 6) with

doses escalating from 500 to 12 000 mg. Safety was

assessed for 72 hours following curcumin adminis-

tration. Seven of the 24 developed adverse effects,

including diarrhoea, headache, rash, and yellowish

stool. All of the toxic effects were grade 1 and not

dose related.

Two additional studies were conducted to under-

stand the distribution of curcumin and its metabo-

lites in intestinal tissues and liver (Garcea et al., 2004;

Garcea et al., 2005). The investigators examined

whether oral administration of curcumin results in

concentrations of the agent in normal and malignant

human liver tissue that are sufficient to elicit

pharmacological activity. In total, 12 patients with

hepatic metastases from colorectal cancer received

450 to 3600 mg of curcumin daily for 1 week before

surgery. Curcumin was poorly available following

oral administration; levels of the parent compound

and its glucuronide and sulphate conjugates in the

peripheral or portal circulation were in the low

nanomolar range. The results suggest that doses of

curcumin required to furnish hepatic levels sufficient

to exert pharmacological activity are probably not

feasible in humans (Garcea et al., 2004). In the

second study, Garcea and coworkers tested the

hypothesis that pharmacologically active levels of

curcumin can be achieved in the colon and rectum of

humans as measured by effects on levels of M(1)G

and COX-2 proteins. Patients with colorectal cancer

ingested curcumin capsules (3600, 1800, or 450 mg

daily) for 7 days. Curcumin was detected in normal

mucosa and malignant colorectal tissues in patients

receiving 1800 mg or 3600 mg of curcumin daily

(Garcea et al, 2005). Curcumin sulphate and

curcumin glucuronide also were identified in the

intestinal tissues. Curcumin and its metabolites were

not found in bile or in normal or malignant liver

tissues in any patient (Garcea et al., 2004). However,

trace amounts of hexahydrocurcumin and hexahy-

drocurcuminol were detected in the normal liver

tissue of one patient receiving 3600 mg of curcumin

daily.

In conclusion, these phase I clinical studies

confirmed the safety of curcumin in humans for

periods of up to 4 months of continuous treat-

ment. In patients with premalignant lesions or

advanced colorectal cancers treated with curcumin

at doses as high as 3600 mg to 8000 mg daily for

up to 4 months, only a few had toxic effects, and

those were relatively mild nausea and diarrhoea.

The findings of these studies indicate that cur-

cumin has a low bioavailability following oral

application.

However, oral intake of curcumin at doses as high

as 3600 to 12 000 mg result in detectable levels of

curcumin and its metabolites in plasma and urine,

indicating that active absorption and metabolism of

curcumin do occur.The important finding is that

pharmacologically active levels of curcumin could be

achieved in colorectal tissue in patients taking

curcumin orally.
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A number of clinical studies, most of which were

single-arm phase II design, have suggested that

curcumin might be beneficial in diseases such as

chronic inflammatory disorders, malignancies, and

premalignant lesions. Deodhar and coworkers per-

formed a short-term, double-blind, crossover study

in 18 patients to compare the anti-rheumatic activity

of curcumin and phenylbutazone (Deodhar, 1980).

The patients were administered 1200 mg curcumin/

d or 300 mg phenylbutazone/d for 2 weeks. These

investigators reported that curcumin was well toler-

ated, had no apparent side effects, and showed

comparable anti-rheumatic activity.

Lal and co-workers administered curcumin orally

to patients suffering from chronic anterior uveitis at

a dose of 375 mg three times a day for 12 weeks. Of

53 patients enrolled, 32 completed the 12-week

study (Lal et al., 2000). They were divided into two

groups: one group of 18 patients received curcumin

alone, whereas the other group of 14 patients, who

had a strong purified protein derivative reaction,

also received anti-tubercular treatment. In both

groups, the uveitis started improving after 2 weeks

of treatment. All the patients who received curcu-

min alone experienced improvement, whereas the

group receiving anti-tubercular therapy along with

curcumin had a response rate of 86%. Follow-up

monitoring of all the patients for the next 3 years

indicated a recurrence rate of 55% in the first group

and 36% in the second group. Four of 18 (22%)

patients in the first group and three of 14 patients

(21%) in the second group lost their vision in the

follow-up period because of various complications

(e.g. vitritis, macular edema, central venous block,

cataract formation, glaucomatous optic nerve da-

mage). None of the patients reported any side

effects. In efficacy and number of recurrences

following treatment, curcumin was comparable to

corticosteroid therapy, which is at present is

considered the only available standard treatment

for this disease. The lack of side effects with

curcumin is its greatest advantage compared with

corticosteroids.

Satoskar and co-workers evaluated the anti-

inflammatory properties of curcumin in patients

with post-operative inflammation (Satoskar et al.,

1986). They studied 46 male patients (aged 15 to

68 years) who underwent surgery for inguinal hernia

and/or hydrocoele. Patients received curcumin

(400 mg), phenylbutazone (100 mg), or placebo

(250 mg lactose) three times a day for a period of

5 days from the first post-operative day. After

surgery, the spermatic cord was evaluated for edema

and tenderness. Phenylbutazone and curcumin both

produced a better anti-inflammatory response than

placebo, and curcumin was considered safe

(Satoskar et al., 1986).

Holt and co-workers reported the use of curcumin

in the treatment of inflammatory bowel disease (Holt

et al., 2005). Lal and co-workers described for the

first time the clinical efficacy of curcumin in the

treatment of patients suffering from idiopathic

inflammatory orbital pseudotumours (Lal et al.,

2000). Curcumin was administered orally to eight

patients at a dose of 375 mg/three times a day for a

period of six to 22 months. The patients were

monitored for a period of 2 years at 3-month

intervals. Five patients completed the study, of which

four recovered completely. In the remaining patient

the swelling regressed completely but some limitation

of movement persisted. No side effect was noted in

any patient, and there was no recurrence. Thus

curcumin could be used as a safe and effective drug

in the treatment of idiopathic inflammatory orbital

pseudotumours.

Soni and coworkers examined the effect of

curcumin on serum levels of cholesterol and lipid

peroxides in 10 healthy human volunteers. A dose of

500 mg of curcumin per day for 7 days significantly

decreased the level of serum lipid peroxides (33%),

increased high-density lipoprotein cholesterol (29%),

and decreased total serum cholesterol (11.63%). The

results suggest that curcumin could be an effective

chemopreventive agent against arterial diseases (Soni

et al., 1992).

A phase II trial of curcumin in patients with

advanced pancreatic cancer evaluated the toxicity

and activity of curcumin, as well as its impact on

survival and biologic correlates. Patients were treated

with 8 g of curcumin (Sabinsa C3 complex) daily by

mouth for 2 months and evaluated. Of the 17

patients that were enrolled as of the date of analysis,

11 patients were evaluable for response and 15 were

evaluable for toxicity. The results suggest that

curcumin is well tolerated and demonstrates a

biologic activity in pancreatic cancer (Dhillon et al.,

2006).

Rasyid and co-workers performed a randomized,

single-blind, three-phase, crossover-designed exam-

ination on 12 healthy volunteers to determine the

dose of curcumin capable of producing a 50%

contraction of the gall bladder, and to find out

whether there is a linear relationship between

doubling the curcumin dosage and the doubling of

gall bladder contraction. Their study showed that

40 mg curcumin was capable of producing a 50%

contraction of the gall bladder and there was no

linear relationship between doubling curcumin do-

sage and the doubling of gall bladder contraction

(Rasyid et al., 2002). Several other studies are

underway to determine the therapeutic effectiveness

of curcumin in diseases.

Conclusion

The extensive research and numerous investigations

carried over the last few decades suggest that

curcumin has great potential in the prevention and

cure of many diseases. Curcumin modulates several

biochemical pathways and numerous targets involved
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in carcinogenesis. Orally administered curcumin has

poor bioavailability and tissue accumulation, yet it

has been found to be effective. Curcumin, a com-

ponent of turmeric, exhibit many health benefits,

cost-effective and has been used for centuries without

known side effects.
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