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Abstract
Oral cancer accounts for 2-4% of diagnosed cancers, annually in the United States. Oral cancer is a common neoplasm in Asia and the Pacific Islands, particularly in 
India. It is believed that oral mucosal carcinomas are predominantly caused by chemical carcinogens, although viral, fungal, and physical stimuli in the genesis of some 
oral neoplasms are also implicated. Curcumin, (diferuloyl methane), a hydrophobic polyphenol derived from the dietary spice turmeric, is a free radical scavenger and 
hydrogen donor, that exhibits both pro- and antioxidant activities. It binds metals, particularly iron and copper, and is an iron chelator. Curcumin is remarkably a 
non-toxic substance and exhibits limited bioavailability. In the plethora of phytochemicals derived from dietary components, natural substances traditionally used in 
ancient medicines for their anti-inflammatory and antioxidant actions, curcumin is studied in order to combat human diseases, especially in cancer. It has antioxidant 
and anti-inflammatory properties and appears able to reduce the risk of cancer. The reported activity of curcumin against leukemia and lymphoma, gastrointestinal 
cancers, genitourinary cancers, breast cancer, ovarian cancer, head and neck squamous cell carcinoma, lung cancer, melanoma, neurological cancers, sarcoma and oral 
cancer, reflects its ability to affect multiple targets in a nonlinear manner. The present review summarizes the most recent advances in the field, providing also new 
insights into the molecular mechanisms underlying the promising anticarcinogenic activity of the dietary polyphenol curcumin.
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Introduction
Phytochemicals are naturally occurring substances found in plants. 

There has been considerable public and scientific interest in the use 
of phytochemicals derived from dietary components to combat 
human diseases, especially in cancer. Curcumin, a phytochemical 
derived from dried ground rhizome of the perennial herb Curcuma 
longa Linn, called turmeric in English, haldi in Hindi. Curcumin 
(diferuloylmethane -C21H20O6) is a polyphenol of low molecular weight, 
first chemically characterized in 1910, that comprises 2-8% of most 
turmeric preparations [1,2]. Polyphenols are the first phytochemicals 
that have been studied for their potential preventive and therapeutic 
effects. Polyphenols are derived from many components of the human 
diet, including dark chocolate, peanuts, green and black teas, red wine, 
olive oil and the spice, turmeric. Many of these natural substances, 
traditionally used in ancient medicines for their anti-inflammatory 
and antioxidant actions, are now being investigated for their 
cardioprotective or cancer preventive abilities [3]. It has antioxidant, 
anti-inflammatory and potentially chemotherapeutic properties. The 
purpose of the current article is to present an appraisal of the current 
level of knowledge regarding the potential of curcumin as an agent 
for the chemoprevention of oral cancer. Cancer and inflammation 
is a new research field that moves from basic to clinical applications 
where curcumin treatment has showed able to help in decreasing the 
incidence of oral squamous cell carcinoma (SCC).

Curcumin have pleiotropic activities derived from its complex 
chemistry as well as its ability to influence multiple nonlinear signaling 
pathways, including survival pathways such as those regulated by NF-
kappaB, Akt, growth factors, and cytoprotective pathways dependent 
on Nrf2 as well metastatic and angiogenic pathways. Curcumin is a 
free radical scavenger and hydrogen donor, and exhibits both pro- and 
antioxidant activity. It also binds metals, particularly iron and copper, 
and can function as an iron chelator. Curcumin is remarkably non-

toxic chemical and exhibits limited bioavailability [4]. A low level of 
physiologically achievable concentrations of curcumin is sufficient for 
its chemotherapeutic and chemopreventive activity. Curcumin also 
regulates multiple targets (multitargeted therapy), which is needed for 
the treatment of most diseases, it is inexpensive and has been found to 
be safe in human clinical trials. 

Oral cancer accounts for 2-4% of the cancers diagnosed annually 
in the United States. It is a common neoplasm in Asia and the 
Pacific Islands, particularly in India. Oral mucosal carcinomas are 
predominantly caused by chemical carcinogens, although viral, fungal, 
and physical stimuli in the genesis of some oral neoplasms are also 
implicated [5]. Tobacco and alcohol are the major causative agents of 
oral carcinoma [6].

Chemoprevention of oral cancer have been preliminarly 
conducted by using hamster buccal pouch and use of beta-carotene for 
chemoprevention [7]. Beta-carotene, a versatile antioxidant, contains 
the highest potential of vitamin A activity, has a preventive effect 
not only on hamster buccal pouch carcinogenesis but can also retard 
the progressive changes of premalignant lesions in the oral cavity of 
humans [8,9].

Inhibition of cyclooxygenase transcription	
Curcumin have anti-inflammatory and antioxidant activities 



Suhail S (2015) Role of curcumin in oral cancer prevention

 Volume 1(3): 120-122Fractal Geometry and Nonlinear Anal in Med and Biol, 2015        doi: 10.15761/FGNAMB.1000119

which results in the inhibition of lipo-oxygenase and cyclo-oxygenase 
activities that can induce inflammation.

For over a decade it has been known that curcumin have the ability 
to inhibit cyclooxygenase (COX) enzyme activity in human platelets 
[10]. COX a key enzyme is responsible in conversion of arachidonic 
acid to prostaglandins and thromboxanes. It consists of two different 
isoforms, designated COX-1 and COX-2. COX-1, it is a constitutive 
isoform present in most tissues and it is generally regarded as an 
housekeeping enzyme; its inhibition results in serious effects such as 
peptic ulceration or impairment of renal blood flow, while COX-2 is 
constitutively expressed only in brain and spinal cord tissue; it can be 
induced in a wide variety of normal tissues by cytokines, growth factors, 
oncogenes and tumour promoters [11]. COX-2 is overexpressed in 
the carcinogenesis of head and neck tumours [12]. Curcumin inhibits 
induction of COX-2 gene expression in oral and colon epithelial cells 
[13,14]. The inhibitors of COX-2, which inhibits the catalytic activity of 
the COX enzyme, such as curcumin, decrease the expression of COX-2 
at transcriptional level [15]. The gene inhibition of COX-2 is probably 
the main anti-inflammatory activity of curcumin.

Curcumin has the ability to inhibit activation of pathways that 
interact with the NF-jB pathway, notably those involving activator 
protein-1 (AP-1) and c-Jun NH2-terminal kinases (JNK) [16,17]. 
The AP-1 and JNK pathways constitute a group of terminal kinases 
which are involved in cellular responses to environmental stress, pro-
inflammatory cytokines, mitogen stimulation and apoptotic stimuli. 
Curcumin demonstrates an inhibitory effects on Cox-2 and cyclin D1, 
mediated through NF-jB, and restricts tumor cell growth.

Inhibition of carcinogenesis after application of 
curcumin

Application of curcumin thrice weekly to the buccal pouch of 
Syrian golden hamsters causes inhibition of DMBA-induced oral 
carcinogenesis [18]. 

Antioxidant actions: ROS (Reactive oxygen species), acts as a 
major ‘‘catalyst’’ in tumor promotion and progression stages through 
complex nonlinear pathways [19].

ROS(Reactive oxygen species), such as superoxide anions and 
hydroxyl radicals play a pivotal role in carcinogenesis as curcumin has 
the ability to scavenge superoxide anion radicals and hydroxyl radicals 
[20] and possess pro-oxidant activity, antioxidant effects, dependent 
on dose and chemical environment i.e. presence of certain chemicals 
[21].

ROS damage proteins, DNA and RNA, and oxidizes cell membrane 
fatty acids increasing mutation risk. ROS also play important roles in a 
variety of normal processes and considered as endogenous mitogenic 
factors that may also activate NF-kB and other transcription factors 
into the nucleus.

Enzyme NO synthases (NOS) synthesizes Nitric oxide (NO) from 
L-arginine by various NADPH-dependent enzymes. NO also plays 
a physiological role as oxidant, inflammatory, immune-modulator 
substance and it is also active in vasorelaxation, neurotransmission, 
inhibition of platelet aggregation, immune defence and intracellular 
signalling [22]. NO is a free radical species and its bioactivity results in 
production of many reactive intermediates, many of which cause DNA 
damage or hinder DNA repair mechanisms [23,24]. 	

Resistance to NO-induced apoptosis in malignant cells occurs, due 

to increasing intracellular concentrations of reduced glutathione, or 
upregulation of COX-2 via NF-jB or AP-1 pathways [25,26].

Effects on cell cycle: The anticarcinogenic effects of curcumin 
causes perturbations in cell cycle progression. The main features of cell 
cycle progression is the synthesis of DNA (S phase) and separation of 
two daughter cells (M phase). G2 phase is the time gap between the 
S and M phases. This phase is important, it allows the cells to repair 
errors that occur during DNA duplication, preventing the propagation 
of these errors to daughter cells while the G1 phase represents the 
period of commitment to cell cycle progression that separates M and 
S phases as cells prepare for DNA duplication upon mitogenic signals. 
Curcumin inhibits the proliferation of cell, induces apoptosis and 
causes accumulation of cells in the G2/M phase of the cell cycle [27]. 
Curcumin also affects the cell–cell adhesion proteins, like b-catenin 
and E-cadherin, and inhibits the production of cytokines relevant 
to tumour growth, decreasing the expression of membrane surface 
molecules that play a role in cellular adhesion, through complex 
nonlinear pathways.

Anti-inflammatory effects: Curcumin also suppresses the 
inflammatory response which inhibits the induction of COX-2, 
iNOS and production of cytokines such as interferon-c, due to the 
suppression of Janus kinase (JAK) -STAT nonlinear signalling cascade 
[26]. Curcumin also inhibits the phosphorylation of STAT3 and 
suppresses interleukin-6 production [28].

Anticancer effects
Curcumin expresses anti-oxidant, anti-inflammatory, anti-

antigenic, anti-mitotic and anti-metastatic activities in animal. 
In effect, Curcumin appears to be a promising molecule for the 
prevention and treatment of cancer in humans. For example, curcumin 
induces apoptosis of cancer cells by a variety of mechanisms and 
inhibits the DNA topoisomerase II [29]. In the Familial adenomatous 
polyposis (FAP), an autosomal dominant condition characterized by 
the development of numerous bowel adenomas that can transform 
to adenocarcinoma, Curcumin shows activity against preneoplastic 
lesions [30]. Curcumin also down-regulates the expression of NF-κB, 
COX-2, TNF and activates host macrophages as well natural killer cells 
[31].

Conclusion
Cancer is one of life threatening disease of the world. The use of 

herbs is the cheapest method to cure the disease or to prevent it. 

This review summarized recent developments in cancer treatment 
methods with the herb curcumin, a free radical scavenger and hydrogen 
donor that exhibits both pro- and antioxidant activities. It binds metals, 
particularly iron and copper, and can function as an iron chelator. 
Curcumin is a non-toxic natural substance, effective in treatment or 
prevention of cancer, e.g. of oral precancerous stages. 
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