
Introduction

Turmeric is a species derived from the rhizome of Curcuma 

longa Linn. belonging to family Zingiberaceae. Turmeric is an 

annual herb of South East Asia (Borra, 2014). The parts of 

turmeric plants which are used are – rhizomes and tubers. 

Composition of turmeric can vary slightly based on region it is 

grown -Moisture – 3.1 %, Protein – 6.3%, Fat – 5.1%, Mineral 

matter – 3.5%, Fiber – 2.6%, Carbohydrates – 69.4%.  Root - 

composed of volatile oil (bitter in taste), starch, gum, calcium 

chloride, fiber and Curcumin. Rhizome - contains 5% phenolic 

curcuminoids (diarylheptanoids), which give turmeric the 

yellow color. The most significant curcuminoid is curcumin 

( 8 0 % )  ( d i f e r u l o y m e t h a n e )   a n d  a l s o  c o n t a i n  

bisdemethoxycurcumin (5%) & demethoxycurcumin 

(15%)(Ireson C, 2001). Other names of curcumin are curcumin 

I; diferuloylmethane; curouma; gelbwurz; Haidr; Halad; haldar; 

Halud; Indian saffron; kachshaldi; merita earth; safrad'inde; 

souchet; terra merita; turmeric yellow; yellow ginger; 

yellow root. Structure of curcumin composed of two Ortho-

methyl phenols and a beta-diketone,belonging to 

polyphenols. This beta- diketonestructure has enol-keto 

tautomers,but the spectra result proved curcumin mainly 

exist as enol form in solid solution.Curcumin has various 

therapeutic properties including antioxidant, analgesic, 

anti-inflammatory, antiseptic, anticarcinogenic, chemo 

preventive, chemotherapeutic, anti-tumor, antiviral, 

antibacterial, antifungal and antiplatelet activity.

Figure1. Keto and Enol form of Curcumin

Anti–oxidant effect

The oxygen consumption inherent in cell growth leads to the 

generation of a series of reactive oxygen species (ROS). 
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These ROS are molecules such as superoxide anion radicals and 

hydroxyl radicals (OH). The oxidation induced by ROS can 

result in cell membrane disintegration, membrane protein 

damage and DNA mutation, which can further initiate or 

propagate the development of many diseases (Valento et al., 

2002). ROS are continuously produced during normal 

physiologic events and are removed by antioxidant defense 

mechanisms. It is well known that ROS are closely involved in 

various human diseases such as Alzheimer's disease, aging, 

cancer, inflammation, rheumatoid arthritis and atherosclerosis 

(Singh, 1989). It is commonly recognized that antioxidants can 

neutralize potentially harmful reactive free radicals in body cells 

before they cause lipid and protein oxidation and may reduce 

potential mutation and therefore, help prevent cancer or heart 

diseases (Vaidyaratnam and Variers, 1994). Currently, synthetic 

antioxidants, such as butylated hydroxyl anisole (BHA), 

butylated hydroxyl toluene (BHT), and tetra-butylhydroquinone 

(TBHQ) are widely used in the food industry. Synthetic 

antioxidants can cause toxicity to liver and carcinogenicity, so 

the development and utilization of more effective antioxidants 

of natural origins containing the phenolic group are desired. Due 

to presence of phenolic group and are very effectively used in 

scavenging free radicals and neutralize them, curcumin is used 

as an anti-oxidant. Thus if our natural body mechanism is not 

able to fight with these free radicals, curcumin can assist our 

body to do so very effectively. Thus it reduces the risk of damage 

by free radicals. The mechanism through which curcumin does 

this is by blocking oxidizing capabilities of metals in body 

(reduce iron complex and inhibit peroxidation). It possess 

stronganti-oxidant activity when compare to vitamin C and E.

Anti inflammatory effect-

The volatile oils and curcumin of  exhibit potent Curcuma longa

anti-inflammatory effects. Oral administration of curcumin in 

instances of acute inflammation was found to be as effective as 

cortisone or phenylbutazone, and one-half as effective in cases 

of chronic inflammation (Mukhopadhyay, 1982). In rats with 

Freund's adjuvant-induced arthritis, oral administration of 

Curcuma longa significantly reduced inflammatory swelling 

compared to controls.  anti-inflammatory properties C. longa's

may be attributed to its ability to inhibit activity of 

cyclooxygenase and lipoxygenase pathway, biosynthesis of 

inflammatory prostaglandins from arachidonic acid, and also 

neutrophil function during inflammatory states. Curcumin may 

also be applied topically to counteract inflammation and 

irritation associated with inflammatory skin conditions and 

allergies. Curcumin inhibit both cytosolic and membranal 

tyrosine kinase which result in inhibition uncontrolled cell 

growth and proliferation. 

Curcumin enhances immunity

The immune system is a remarkably sophisticated defense 

system within vertebrates, to protect them from invading 

pathogens and to eliminate disease.Sometimes the immune 

system fails to protect the host adequately or misdirects its 

activities to cause discomfort debilitating disease, or even 

death. Immunomodulator is a substance which has an effect 

on the immune system. Immunomodulator helps to regulate 

the immune system either by stimulating the immune 

response or by suppressing it. This “regulation” is a 

normalization process, so that an immunomodulator helps 

to optimize immune response. Immunomodulatory effects 

of Curcumin on various immunological parameters (Yadav 

et al., 2005). 

Effect of Curcumin on T-Cell 

Ca is an essential element in many T-cell responses. In 2+

unstimulated T-cells, phosphorylated NFAT (nuclear factor 

of activated T-cells) is located in the cytosol. Following 

r e c e p t o r  s t i m u l a t i o n  a n d  e l e v a t i o n  o f  

cytosolicCa2+induced by inositol 1, 4, 5 tri-phosphate 

(IP3) leads to formation of Ca2+ /calmodulin complex. This 

Ca2+/calmodulin complex binds to & activates calcineurin. 

Activated calcineurin then dephosphorylates NFAT, which 

exposes a nuclear localizationsequence that allows NFAT to 

move into the nucleus and stimulate expression of genes 

essential for activation of T-cells.Curcumin alone has been 

shown to be an inhibitorof Ca ATPase activity. Ca ATPase 2+ 2+

inhibitors induce interleukin-2 (IL-2) synthesis and T-cell 

proliferation. Curcumin inhibits overall ATPase activityand  

Ca  transport by interfering with phosphoenzyme 2+

formation with ATP or Pi totally (Cohly et al., 2003). 

Effect of curcumin on B-cell  

Curcumin treatment increases the number of B-cells. 

Interestingly, curcumin is reported to reduce the 

proliferation of immature B-lymphoma cellsbut not of 

normal cells which means that it regulates immune function 

differently in normal as well as tumor cells. One of 

thepossible mechanisms for inducing apoptosis of B-cell 

lymphoma (BKS-2) cells is by down regulation of egr-

1(early growth response protein), c-myc(regulator gene 

that codes for transcription factor), Bcl-xL, tumor 

suppressor gene p53and almost complete inhibition of NF- 

κB activity (Han et al., 1999).

Effect of curcumin on Macrophages 

Curcumin modulates the activation of macrophages. 

Curcumin treatment inhibited the production ofIL-8, MIP-

1α, MCP-1, IL-1β and TNF-α etc, which ensures its anti-

inflammatory activity (Abe et al., 1999). There are several 

mechanisms by which curcumin inhibit the production of 
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said cytokines fromalveolar macrophages. Normally the 

promoter gene encoding these cytokines is induced by 

thetranscriptional factors AP-1 and NF-κB for gene expression. 

But as reported earlier, curcumin inhibits the activation of NF -

қB, hence curcumin treatment inhibit the cytokine production in 

macrophages.

Effects of curcumin on NK -cell activity  

Natural Killer (NK) cell activity has also been reported to be 

significantly enhanced after curcumin treatment. In a study on 

c a n c er o us  a n i m al s  h av i ng  me tas t a t i c  t um o r,  a  

significantimprovement in the lowered NK-activity was reported 

after the curcumin treatment. Pro-longed treatment with 

curcumin showed upregulation of the TH1 cytokine and NO 

(nitric oxide) production in NK-cells (Bhaumik et al., 2000).

Effect of curcumin on Dendritic Cells (DC's) 

DCs are one among the three types of professional antigen 

presenting cells (APCs) of human body. The curcumin treated 

DCs have been reported with enhanced antigen capturing ability 

via mannose receptor-mediated endocytosis. However, the 

lipopolysaccharides induced DC's maturation was inhibited by 

the curcumin treatment. It efficiently blocked the LPS induced 

expression of IL- 12 and inflammatory cytokines like IL-1B, IL-

6, and TNF-α. As a result, after curcumin treatment TH1 and 

normal cell-mediated immune response was very poor (Zheng, 

2013). Hence, curcumin can be used as a promising therapy in the 

context of TH-1 mediated autoimmune diseases. 

Effect of Curcumin on Cytokine expression 

Tumor necrosis factor (TNF)

TNF is one of the most pleiotropic cytokine thatplay a crucial role 

in growth simulation and inhibition. Curcumin treatment inhibit 

the LPS inducedproduction of TNF and IL-1 by a human 

monocyte macrophage cell line, DCs, endothelial and bone 

marrow cells (Agrawal et al., 2003).

Interleukins (ILs) 

Interleukins are a group of cytokines that are secreted by 

leukocytes and act as communication channels between them. 

Curcumin alter the expression and activity of Interleukins by 

influencing leukocytes in variety of ways. It reduces the 

lipopolysaccharides (LPS) induced fever in human by 

attenuating the expression of IL-1B, IL-6, and TNF-α in serum 

(Lee et al., 2003) LPS is an endotoxin which stimulate the 

peripheral mononuclear cells to synthesize and release pyrogenic 

cytokines inserum. Curcumin inhibits the release of those 

substances. 

Anti depression effect-

Inflammation is known to play a major role in the 

pathophysiology of major depressive syndrome and the role of T-

cell dysfunction in the pathophysiology of depression has 

been reported earlier. There is a predominance of cytokine-

producing helper T cells, type 1 (Th1) or type 2 (Th2), in 

major depression. Curcumin due to its anti-inflammatory 

activity it inhibits the cyclooxygenase-2 (COX-2) 

isoenzyme and also it inhibits transcription of nuclear 

factor-κB (NF-κΒ) (Xu et al., 1998) and also  blocks the 

synthesis of inducible nitric oxide synthase (NOS) enzyme, 

thus reducing the release of inflammatory NO. It was also 

found that curcumin lowers the levels of interleukin (IL)-1β 

cytokine by approximately 60%. Further, curcumin at lower 

doses reduced the expression of inflammatory markers of 

astroglial cells. The anti-inflammatory activity of curcumin 

is comparable to the blockers of tumor necrosis factor-alpha 

(TNF-α). Therefore, based on the above evidences, it can be 

hypothesized that the anti-inflammatory property of 

curcumin contributes to its antidepressant activity.

Anti thrombolytic agent-

Platelet aggregation continues to the development of both 

atherosclerosis and acute platelet thrombusformation, 

followed by embolization of the stenosis arteries. Activated 

platelet adheres to vascular endothelium generate lipid 

peroxidation and oxygen Free radical, which inhibit the 

endothelium formation of prostacyclin and nitrous oxide. 

Curcumin can be anti-thrombotic because they directly 

scavenge free radical, thereby maintaining proper 

concentration of endothelial prostacyclin and nitrous 

oxide.One study shown that curcumin can be served as a 

powerfulanti-thrombolytic agentIn  and  invitro in vivo

because of their inhibition of activity of cyclooxygenase 

and lipoxygenase pathway. It is well known that 

arachidonic acid, which is released in the inflammation 

condition, is metabolized by platelet to form 

prostaglandins, endoperoxides and thromboxane A  2,

leading to platelet activation and Platelet aggregation (Shah 

et al., 1976). Shah The main anti aggregatory effect of 

curcumin is thought to be by inhibition of thromboxane A2 

formation.

Curcumin role in oral sub mucous fibrosis (OSMF)

OSMF is a potentially malignant condition with 

characteristic features of stiffness of mucosa and restricted 

mouth opening, thus causing difficulty in eating, 

swallowing and phonation. It was hypothesized that 

curcumin exerts anti-inflammatory activity by inhibiting a 

number of different molecules that participates in the 

process of inflammation. They also exhibit fibrinolytic 

property due to its ability to inhibit lipid peroxidation and 

check cellular proliferation, thereby reducing the rate of 

collagen synthesis (Kumar et al., 2009). 
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Anti diabetic effect-

Diabetes, characterized by abnormally high plasma glucose 

level, results in the cellular stress- mediated major complication. 

The most effective therapeutic approachis, by the inhibition of 

digestion of carbohydrates and absorption of carbohydrates in 

small intestine. That can be achieved either by attenuating the 

activity of carbohydrate –hydrolyzing enzyme  ( -amylase and - α 

α glucosidase )in the digestive organs or by inhibiting the 

absorption of glucose via the sugar transport system,sodium / 

glucose cotransporters (SGLT 1 and SGLT 2). Alpha amylase 

catalyze the hydrolysis of –(1,4)-D glyosidic of starch and other α

glucose polymers (glycogen ) to yield glucose and maltose. 

Membrane bound carbohydrate α-glucosidase ( -α 

glucosideglucohydrolase) is widely distributed in animal tissue 

(Kimura et al., 2004) and mainly present in the epithelium of 

small intestine where it facilitates the absorption of glucose from 

small intestine . It catalyzes the hydrolytic cleavage of 

oligosaccharides from non-reducing end to produce absorbable 

α-glucose. The inhibition of these 2 enzymes helps to spread the 

carbohydrates to the lower parts of small intestine thatin turn 

results in the reduction of rate of digestion and absorption of 

carbohydrates. This mechanism lowers the postprandial rise of 

blood glucose level and help in avoiding diabetic complication – 

associated damage.Natural curcumin act as a competitive 

inhibitor of   α–amylase and α–glucosidase with IC 50 value 

about 51.32 and 23.0 µM, respectively. Curcumin reduces blood 

glucose level by interacting with these enzyme and also insulin 

concentration in serum (Sunil et al., 2011). Therefore, curcumin 

is used in the treat of diabetes.

Hepatoprotective activity

Turmeric has been found to have a hepatoprotective 

characteristic similar to silymarin. Hepatoprotective effects of 

curcumin in a variety of hepatotoxic induced drugs - CCl , 4

galactosamine, paracetamol, and Aspergillus aflatoxin has been 

reported. One of the major mechanism underlying Curcuma 

longa disease-modifying effects is its pleiotropic anti-oxidant 

activity. It scavenges and prevents formation of ROS and reactive 

nitrogen species (RNS) and also induce several enzymatic anti-

oxidants, such as glutathione transferase, catalase and 

hemeoxygenase-1. Also inhibits nuclear binding of hepatic 

nuclear factor kappa B (NFƙB) in a rat model of ethanol-induced 

hepatotoxicity  and NFƙB-mediated expression of pro-

inflammatory molecules, such as inducible nitric oxide (iNOS) is 

partially prevented .Therefore this study has been conducted to 

evaluate the hepatoprotective activity of aqueous extract of 

Curcuma longa on ethanol induced hepatotoxic in rats (Singh et 

al., 2013). The hepatoprotective effect is mainly a result of its 

antioxidant properties, as well as its ability to decrease the 

formation of pro-inflammatory cytokines. Sodium curcuminate, 

a salt of curcumin, also exerts choleretic effects by 

increasing biliary excretion of bile salts, cholesterol, and 

bilirubin, as well as increasing bile solubility, therefore 

possibly preventing and treating cholelithiasis. 

Anti cancer effect-

Animal studies involving rats and mice, as well as in vitro 

studies utilizing human cell lines, have demonstrated 

curcumin's ability to inhibit carcinogenesis at three stages: 

tumor promotion, angiogenesis, and tumor growth. In two 

studies of colon and prostate cancer, curcumin inhibited cell 

proliferation and tumor growth (Hanif et al., 1997). The 

anticarcinogenic effects of turmeric and curcumin are due 

to direct antioxidant and free-radical scavenging property 

as well as their ability to indirectly increase glutathione 

levels, thereby aiding in hepatic detoxification of mutagens 

and carcinogens, and inhibiting nitrosamine formation. 

Effect of curcumin on tumorsuppressor genes 

The retinoblastoma is a type of tumor suppressor gene and 

important role in cell cycle regulation, promoting G1/S 

arrest and growth restriction via inhibition of the E2F 

transcription factors. It is inactivated through hyper 

phosphorylationcatalyzed by the cyclin D-cdk4 and cyclin 

E-cdk2 complexes. Curcumin shows an important role in 

modulation of Rb gene via reduction in hyper 

phosphorylation. An important study based on prostate 

cancer cells has revealed that curcumin induced the 

expression of cyclin-dependent kinase (CDK) inhibitors 

p16, p21, and p27 and inhibited the expression of cyclin E 

and cyclin D1 and hyper phosphorylation of retinoblastoma 

(Rb) protein (Srivastava et al., 2007).

Effect of curcumin on angiogenesis 

Angiogenesis is a complex process involving widespread 

interaction between the cells, soluble factors, and ECM 

components. It also shows a vital effect in tumor growth and 

is triggered by chemical signals from tumor cells in a phase 

of rapid growth. There are several angiogenic factors such 

as vascular endothelial growth factor (VEGF), basic 

fibroblast growth factor (BFGF), angiogenin, transforming 

growth factor (TGF-α, TGF-β), and epidermal growth 

factor. These factors show a critical role in tumor 

angiogenesis via cancerous tumor cells by releasing 

molecules and sending signals to surrounding normal host 

tissue. VEGF is a crucial survival factor for endothelial 

cells in the process of physiological, tumor angiogenesis 

and induces the expression of antiapoptoticss proteins in the 

endothelial cells. Curcumin can be used as inhibitor of 

VEGF in different types of cancer, including orthotopically 

implanted pancreatic tumors. Some in vitro and in vivo 
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studies showed that curcumin suppresses the proliferation of 

vascular endothelial cells and also do way with the FGF-2-

induced angiogenic response (Singh et al., 1996). Moreover, 

curcumin has the ability to inhibit both VEGF and its receptor in 

various cancer types; it might be useful as an antiangiogenic 

agent.

Effect of curcumin on apoptosis

Curcumin plays a vital role in the upregulation of different 

proapoptotic genes and at the same time downregulates some of 

the antiapoptotic genes and by this way balances the apoptosis 

process. An interesting study showed that curcumin induces 

apoptosis in scleroderma lung fibroblasts (SLF) without 

affecting normal lung fibroblasts (Tourkina et al, 2004). 

Furthermore, curcumin has shown an antitumor activity by 

apoptosis induction and the modulation of key apoptotic proteins 

such as Bax and Bcl-2. A study has reported that growth arrest 

and apoptosis of B cell lymphoma occur through the down 

regulation of C-myc, Bcl-XL, and p53 with the treatment of 

curcumin. Curcumin induces apoptosis in a range of tumor cell 

lines through activation of caspase-3, cytochrome c release, and 

downregulation of bcl-2. Curcumin has shown an apoptotic 

effect by inhibiting various genes such as protein tyrosine kinase, 

protein kinase C, C-myc mRNA expression, and Bcl-2 mRNA 

expression (Chen and Huang, 1998) and also mitochondrial 

pathway. Earlier studies have shown that curcumin possesses an 

apoptotic activity in different types of cancer cell such as human 

colon cancer cells, stomach, and skin tumors, breast cancer cells, 

prostate cancer cells. 

Curcumin in oral cancer sqaumous cells carcinoma (OSCC)

Oral cancer is the sixth most common cancer worldwide and 90% 

of oral malignancies are caused by oral squamous cell carcinoma 

(OSCC). Curcumin, was observed to have anti-cancer activity 

which can be developed as an alternative treatment option for 

OSCC. Due to its antioxidant propertycurcumin prevents cancer 

via antagonizing carcinogen-triggered oxidative stress by 

scavenging free radicals and/or activating endogenous defense 

systems such as Nrf2-regulated antioxidant genes or pathways 

and its anti-canceractivity it may be attributed to the induction of 

ROS in cancer cells (Liang et al., 2014). The pro-oxidation of 

curcumin was recently shown to be enhanced in the presence of 

copper. Copper is a redox-active metal ion that fluctuates 

between the oxidized (Cu ) and reduced (Cu ) states and is 2+ +

commonly utilized by organisms living in oxygen-rich 

environments. However, high levels of free form copper is part of 

the radical reactive cellular environment and its role in cancer has 

long been the subject of speculation (Schwartz, 1975). In this 

regard, there is a growing body of evidence shows that levels of 

copper are altered on the onset and progression of malignant 

diseases. Recently, high serum levels of copper were observed in 

patients with prostate cancer and the cytotoxic action of 

disulfiram in cancer cells was found to occur in a copper-

dependent manner. When excessive concentrations of free 

form of metal ions exist, classic antioxidants such as 

curcumin, catalyze the redox cycling of metal ions by 

reducing their oxidized form. As a result, a burst of hydroxyl 

free radical production ensues and the phytoagents become 

prooxidants. This mechanism potentiates a novel 

therapeutic approach targeting elevated copper and related 

oxidative stress in aggressive tumors. Head and neck 

neoplasia represent a major public health burden which 

accounts for 13.2% of all cancer incident among the 

population in Malaysia. One of the subtypes of head and 

neck cancer are the most common form of all oral 

malignancies (90%) arising in the oral cavity and 

collectively known as oral squamous cell carcinomas 

(OSCC). It is commonly known that local recurrence, 

lymph node metastases and resistance to clinical drugs 

often cause the failure of oral cancer treatment. So, need to 

characterize the genetic and biochemical processes that 

underlie carcinogenesis and malignancy of OSCC in order 

to seek appropriate treatments. A recent study reported a 

progressive and elevated copper level in patients with oral 

OSCC when compared to the normal group, suggesting 

copper could be a potential biomarker for OSCC 

carcinogenesis. The panel of OSCC cell lines which were 

derived from oral cancer patients with various clinic 

pathological characteristics was examined with different 

levels of endogenous copper in our laboratory and all these 

OSCC lines were found to possess higher copper content 

compared to normal oral keratinocytes (NOK). Curcumin 

has been reported to inhibit oral cancer cell proliferation and 

invasion (Zhen et al., 2014), and the data broadly 

demonstrated that the tested OSCC lines showed 

differential responses to curcumin treatment. And this study 

has hypothesized intracellular copper levels may affect the 

sensitivity of cancer cells to cytotoxic chemotherapy and 

aimed to investigate the role of copper in regulating oral 

cancer cell response to a curcumin therapeutic regimen. 

Using a sub-set of cell lines show low copper content and 

insensitivity to curcumin to supplement with exogenous 

copper, our results revealed that copper demonstrated a 

remarkable effect in modulating prooxidation, anti-

metastasis and cytotoxicity of curcumin in OSCC cells, 

potentially providing evidence for developing this natural 

product as a therapy option for OSCC. 

Anti-viral effect

Curcumin exhibits antiviral activity against numerous 

viruses including human papillomavirus (HPV), influenza 
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virus, Hepatitis B virus (HBV), Hepatitis C virus (HCV), 

adenovirus, coxsackievirus, and Herpes simplex 1 (HSV-1)., A 

study reported in 'Molecular Carcinogenesis', curcumin inhibits 

the expression of HPV proteins that are required for HPV-

induced cervical carcinoma. In another study it was found that 

neuronal cells were protected by curcumin from infection by the 

Japanese encephalitis virus, a deadly infection that primarily 

affects children (Dutta et al., 2009). This antiviral activity may be 

mediated by curcumin's ability to decrease reactive oxygen 

species, restore cell membrane integrity, and inhibit apoptosis of 

the neuronal cells. Another mechanism of action of this multi-

functional chemical, demonstrates the direct inhibition of HCV 

viral replication by curcumin. Curcumin may therefore be useful 

in the treatment of patients with highly prevalent viral hepatitis, 

cirrhosis, and liver cancer.

Anti-bacterial effect

Curcumin has also been shown to possess  anti-microbial in vitro

potential against a wide range of microorganisms including fungi 

(Neelofar et al., 2014) as well as several Gram-positive and 

Gram-negative bacteria (Liang et al, 2008). Recently,it has been 

shown that curcumin suppresses adherence of  Streptococcus

mutants to human tooth surfaces and extra-cellular matrix 

protein. Research has further highlighted that curcumin 

possesses a synergistic effect with important antibiotics such as 

cefixime, vancomycin and tetracycline against Staphylococcus 

aureus S aureus ( . ). However, very few studies have 

demonstrated the mechanism of antibacterial activity of 

curcumin I which seems to differ depending on the strain being 

studied. For instance, studies have demonstrated that the 

antibacterial activity of curcumin against  occurs Bacillus subtilis

through the inhibition of bacterial cell proliferation by blocking 

the assembly dynamics of FtsZ in the Z ring of Pseudomonas 

aeruginosa infection, curcumin was shown to have anti-infective 

activity through affecting virulence, quorum sensing and biofilm 

initiation. 

Alzheimer's disease

AD is a progressive neurodegenerative disorder characterized by 

the deterioration of cognitive functions and behavioral changes. 

Senile plaques, neurofibrillary tangles, and extensive neuronal 

loss are the main histological hallmarks observed in AD brains. 

Main disease mechanism is based on the involvement of two 

proteins; amyloid-β-protein (Aβ) and tau. Aβ is the main 

constituent of senile plaques and tau is the main component of 

neurofibrillary tangles.Cerebral amyloid β (Aβ) accumulation is 

the primary factor in AD, and the rest of the disease process 

results from an imbalance between Aβ production, 

accumulation, and Aβ clearance.Smaller species of aggregated 

Aβ, known as Aβ oligomers, may represent the primary toxic 

species in ADand Aβ fibrils also contribute tosomeextent. Some 

studies have been reported about the anti-Aβ aggregation 

effect of curcumin .A nucleation-dependent in vitro

polymerization model which is the mechanism of Aβ 

aggregation that leads to the formation of Aβ fibrilsand the 

formation of Aβ oligomers would also be consistent with 

this model and used this system to investigate anti-Aβ 

aggregation effects (Hamaguchi et al., 2006). Studies 

reported that, curcumin inhibited the formation of Aβ fibrils 

from Aβ40 and Aβ42 and their extensions, as well as 

destabilized preformed Aβ fibrils.

Inflammatory bowel disease (IBD)

 IBD, mainly Crohn's disease (CD) and ulcerative colitis 

(UC) are chronic ailments of the gastrointestinal tract, 

characterized by recurrent inflammation. Their therapeutic 

strategies are based on the mitigation of symptoms, 

including inflammatory remission and healing of mucosal 

manifestations and extensive studies have suggested that 

continuous oxidative damage can lead to the inflammatory 

signaling cascade in IBD. Curcumin, due to its antioxidant 

and anti-inflammatory activities, and has already been 

shown remarkable therapeutic results in IBD. Curcumin 

reduces the neutrophil infiltration to the inflammatory sites 

by affecting the formation of a chemokine gradient as well 

as by direct effects of the compound on neutrophil 

polarization, chemotaxis, and chemokinesis so these 

mechanisms significantly considered as aprotective and 

potent effect of curcumin during intestinal inflammation. 

The anti-inflammatory effect of curcumin is mainly 

mediated by the inhibition of inflammatory pathways and 

mediators, such as NF-kB, TNF , that is by α, and IFNg

inhibits the expression of NF-kB by regulating the NF-

kB/IkB pathway. Phosphorylation of IkB on serine 32 and 

36 is necessary for its degradation and further NF-kB 

activation. Curcumin blocks the degradation of IkB, 

thereby inhibiting NF-kB activation and interrupts a signal 

upstream of NF-kB-inducing kinase and IkB kinaseand 

itstreatment also effectively suppresses the level of TNF  a α,

major cytokine involved in the inflammatory cascade of 

IBD and also reduces oxidative stress driven by TNF α 

(Mouzaoui et al., 2012).

Parkinson's disease

It is an extra pyramidal disorder characterized by rigidity, 

tremors and hypokinesia with secondary manifestation like 

defective posture and gait, mask like face and 

sialorrhoea;dementia may accompany. Two pathological 

hallmarks of PD are selective loss of dopaminergic neurons 

and accumulation of -synuclein and other proteins in Lewy α

bodies. Although dopamine replacement can alleviate 

symptoms of the disorder, there is no proven therapy to halt 
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the underlying progressive degeneration of dopaminecontaining 

neurons in the brain. -Synuclein was the first genetically α

identified PD-associated protein and it is the major constituent of 

the Lewy bodies. -Synuclein (A30P, A53T and E46K)  α

mutations cause rare familial PD. Genetic duplication or 

triplication at the - synuclein locus leading to over-expression  α

of -synuclein protein also cause genetic PD. The function of -α  α

synuclein is not well understood  but recent studies suggest that 

α-synuclein may play a role in neuronal plasticity and 

neurotransmissionand may interact with phospholipid 

membranes and regulate synaptic vesicle dynamics. Transgenic 

mice and flies expressing human wild type or mutant -synuclein α

exhibit neuronal dysfunction, degeneration and abnormal 

cellular accumulation of -synuclein. , studies has found α In vitro

that expression of A53T -synuclein increased intracellular  α

reactive oxygen species (ROS) levels, mitochondrial 

dysfunction and caused cell death. Previously an A53T mutant -α

synuclein inducible PC12 cell line using the Tet-Off gene 

expression regulatory system was generated (Smith et al., 2005). 

Inducible expression of A53T -synuclein alone causes cellular  α

toxicity. In this study, this cell model was used to test the 

neuroprotective effect of curcumin and to explore the potential 

protective mechanisms. Curcumin is an antioxidant and anti-

inflammatory compound. studies shown that curcumin In vitro 

has anti-amyloid, cholesterol-lowering and hemostatic 

properties. 

Cerebral malaria

Malaria is a protozoal disease of humans and its neurological 

complication, CM is a multisystem multi-organ dysfunction 

which is one of the most common non-traumatic 

encephalopathies in the world. The pathogenesis of CM is still 

not fully understood because the animal models do not 

recapitulate human disease completely. Thereby,  and in vivo in 

vitro models are useful for hypothesis generation but proof of 

causation in clinical pathogenesis, naturally, must be 

investigated in human patients. The combination of both parasite 

and host factors is involved in the pathogenesis of CM (Richard 

et al., 2010).

The pathogenesis of CM results from the adherence and 

sequestration of parasitized red blood cells (PRBCs), immune 

cells and platelets to vascular endothelial cells (ECs) lining the 

small blood vessels of the brain leading to their blockade.This is 

further accompanied by over production of type-1 pro-

inflammatory cytokines followed by upregulation of endothelial 

adhesion molecules. It leads to micro- and ring-hemorrhages and 

necrosis of the surrounding tissues and brain edema resulting in a 

significant compression of cerebral arteries that could ultimately 

represent the cause of death. The symptoms of CM range from 

confusion or stupor to obtundation, convulsions and deep coma 

with long-term neurological deficits such as cortical 

blindness. Curcumin has been shown to possess moderate 

antimalarial activity with IC  value of 5–18  Further, 50 μM.

curcumin analogues were synthesized having much more 

potent antimalarial activity with IC  value of 400 nM. It has 50

been shown that curcumin have potent activity against 

Plasmodium berghei and it is able to prevent CM and delay 

death of animals by about 10 days (Kunal et al., 2013). 

Conclusion

The phenolic compounds and terpenoids present in 

turmeric are the principle agents for its therapeutic activity. 

Curcumin has shown therapeutic potential against various 

human diseases. Considering that inflammation plays a 

major role in most chronic illnesses, anti-inflammatory 

agents are needed for prevention purposes. Although 

several different steroids and NSAIDS (such as celecoxib, 

aspirin, ibuprofen etc) have been approved for treatment of 

inflammatory conditions, most of them have side effects, 

especially when consumed over long periods of time. 

Because curcumin inhibits multiple proinflammatory 

pathways and is affordable, this phytochemical should be 

further explored for prevention and treatment of various 

chronic diseases. The underlying mechanism for 

curcumin's clinical efficacy seems to be modulation of 

numerous signaling molecules. Curcumin also improves 

the immunity, exhibits potential antidepressant, 

antidiabetic, antithrombotic, antiviral, antibacterial, 

antiparkinsonian, and antialzheimer's activity. It is also 

used in the treatment of various types of cancer. From the 

review it shows that curcumin would become a blockbuster 

molecule for the coming future.
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