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            Abstract

            
               
Oral diseases play a serious challenge to public health around the world. When left untreated, both the mouth and also the
                  remaining the body would be adversely affected by oral diseases. Different treatment modalities are available for various
                  dental diseases, but the most downside of those modern drug treatments are the frequent side effects related to their use.
                  This has contributed to renewing interest in the development of novel plant-derived anti-infective natural compounds. Curcumin
                  is an anti-inflammatory agent that occurs naturally, with different biological and medicinal properties. It has proven anti-inflammatory,
                  antioxidant, antimicrobial, hepato-protective, immuno-stimulant, antiseptic, and anti-mutagenic properties. Due to these properties,
                  it is especially useful in dentistry for the treatment of periodontal diseases and oral cancers. Turmeric can also be utilized
                  in alternative treatments as a pit and fissure sealant, mouthwash and subgingival irrigant. Its gel form can even be used
                  as a local drug delivery system. It is evaluated with a view to mitigate the human diseases, particularly in cancer and its
                  potential to reduce cancer risk. Curcumin has only negligible side effects such as diarrhoea, diarrhoea, allergic skin reaction,
                  gastric pain. The objective of this article is to review the efficacy and therapeutic properties of curcumin in maintaining
                  oral health.
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               Introduction

            Oral diseases play a serious challenge to public health around the world. When left untreated, both the mouth and also the
               remaining the body would be adversely affected by oral diseases. The environment people reside under and their level of exposure
               to other services and facilities often play a role in the production of oral disease  (Hatcher, 2008). Such broader origins behind the cycle of illness need to be discussed to maintain a systematic and successful approach
               to care.
            

            Oral leukoplakia is a pre - malignant condition that affects the mucous membrane. It is a white patch or accumulation that
               forms in the oral cavity and is closely correlated with smoking. It is described as a basic oral white mucous cyst that can
               not be treated like any other quantifiable cyst. Oral lichen planus is a persistent inflammatory recurrent disease that impacts
               the mucous membranes within the mouth. Oral lichen planus may occur as spots of white, pleated, red, bulged tissue or broken
               skin  (Kuwatada, Raja, & Sood, 2017). These injuries can lead to burning, pain or even other soreness.
            

            Oral symptoms arise in 30-80 percent of individuals with HIV, with major differences based on normal antiretroviral treatment
               (ART) availability. Oral manifestations involve fungal, viral, or bacterial infections, the most prevalent and quite often
               the first symptom of which is the oral candidiasis. Ulcers of oral HIV provoke pain, discomfort, sore throat and swallowing
               difficulties  (Jamison, 2003). 
            

            Oral cancer is a widespread neoplasm especially in Asia and the Pacific Islands. Oral cancer accounts in the United States
               for 2–4 percent of reported cancers per year. Oral mucosal carcinomas are thought to be primarily triggered by chemical carcinogens
               while the origin of certain oral neoplasms often includes bacterial, fungal, and physical occurrences  (Kou, 2008). 
            

            Periodontitis is an inflammatory bacterial infection of the supporting tissues of teeth and is one of the most prevalent diseases
               occurring in humans. It is a complicated condition wherein the utterance of the disease involves intricate biofilm interactions
               with host immunoinflammatory response and substantial changes in homeostasis of the bone and connective tissue  (Buduneli, 2012). There is thus a discrepancy between virulence of bacteria and the ability to protect the host. The spread and development
               of the disease are linked to the invasion of chief microorganisms including Actinobacillus actinomycetemcomitans, Porphyromonas
               gingivalis, and Prevotella intermedia  (Messadi, Wilder-Smith, & Wolinsky, 2009). 
            

            Scaling and root planing (SRP) is among the most widely employed techniques in the management of periodontal diseases that
               have been used as the "gold standard" for mechanical rehabilitation. Studies have found that scaling and root planing have
               only limited effects on certain disease-causing organisms, frequently failing to achieve total eradication of subgingival
               bacteria  (Kaur, Sharma, & Sarangal, 2017). This could be due to some of these organisms being able to survive in soft tissues, dentinal tubules, or root surface irregularities,
               thus leading to treatment failure. 
            

            Different treatment modalities are available for various dental diseases, but the most downside of those modern drug treatments
               are the frequent side effects related to their use. This has contributed to renewing interest in the development of novel
               plant-derived anti-infective natural compounds  (Hazarey, Sakrikar, & Ganvir, 2015).
            

            Plants were the primary medical source throughout ancient times. A variety of therapeutic properties have been applied to
               Turmeric within the conventional medicine framework. Turmeric, a Curcuma longa rhizome, is used in Asian countries as a flavouring
               agent, medicinal herb, and dye  (Ara et al., 2009). And it is a herb recognized by a common man for its different biological and medicinal properties that is a more suitable
               and profitable choice. It is evaluated with a view to mitigate the human diseases , particularly in cancer and its potential
               to reduce cancer risk.
            

            In India, where Ayurveda is a natural medicine method, turmeric is used to reinforce and heat the whole body, its paste is
               used to cure specific eye infections, and to clothe, heal cuts, wounds, acne, and different skin problems  (Shubhashree & Bhavya, 2018). It has proven anti-inflammatory, antioxidant, antimicrobial, hepato-protective, immuno-stimulant, antiseptic, and anti-mutagenic
               properties. Due to these properties, it is especially useful in dentistry for the treatment of periodontal diseases and oral
               cancers  (Sood & Nagpal, 2013). 
            

            Curcumin 's recorded efficacy against leukemia and lymphoma, gastrointestinal cancers, genitourinary cancers, breast cancer,
               ovarian cancer, squamous cell carcinoma of the head and neck, lung cancer, melanoma, neuronal cancers, sarcoma, and oral cancer,
               illustrates its potential to influence several non - linear goals  (Nayak, Mohanty, & Subudhi, 2008). The current study sums up the most significant innovations of curcumin in the area of oral diseases and also offers fresh
               understanding of the molecular pathways influencing the dietary polyphenol curcumin's successful anticarcinogenic function.
               
            

            The main objective of this article is to review the efficacy and therapeutic properties of curcumin in maintaining the oral
               health and also its effectiveness in the treatment of dental pain, periodontal diseases, oral cancers, and also its usage
               in various other aspects of dentistry will be discussed in this article.
            

            
               Effect of Curcumin on Disease Control and Prevention
               
            

            Curcumin has a vital function in the diagnosis of periodontal disease and oral cancers. This can be used for oral submucous
               fibrosis therapy, against oral leucoplasia, lichen planus and may also perform an auxiliary function in scaling / root planing
               for recurrent periodontitis care. Curcumin topical use is effective in managing oral mucositis signs and symptoms and can
               be used as a mouthwash for the diagnosis of periodontitis. Turmeric can also be utilized in alternative treatments as a pit
               and fissure sealant, mouthwash and subgingival irrigant. Its gel form can even be used as a local drug delivery system  (Perumalsamy, 2018). 
            

            
               Periodontitis treatment
               
            

            Lipopolysaccharide (LPS) is an essential part in the outer membrane of gram-negative bacteria like P. intermedia. It may activate
               a variety of host cells to generate and release a broad spectrum of proinflammatory cytokines like Tumor Necrosis Factor -
               alpha (TNF-α), Interleukin-1 (IL-1), IL-6 and IL-8 tumor necrosis factor. It has been documented that LPS preparations isolated
               from oral black-pigmented bacteria, including P. intermedia, have specific chemical and immunobiological properties very distinct
               from those of the Enterobacteriaceae family classical LPSs, such as Escherichia coli and Salmonella. Activation of Ralph And
               William’s 264.7 cells (RAW 264.7 cells) with P. intermedia LPS triggers substantial expansion in the number of IL-6 and can
               be dose-dependent suppressed by curcumin. Research findings tend to show medicating these cells with 20 ìM curcumin whittled
               down IL-6 development by 83 percent without affecting cell survival, implying that the cytotoxicity of inhibitory effects
               of curcumin on IL-6 production was totally irrelevant  (Cox & Zoellner, 2008). 
            

            
               Curcumin as a Treatment Modality in Recurrent Aphthous Stomatitis
               
            

            Recurrent Aphthous Stomatitis (RAS) is an inflammatory disease that attacks the oral mucosa from an uncertain etiology. The
               disorder includes primarily non keratinized mucosal surfaces and is marked by single or numerous severe ulcers with intermittent
               healing and recurrence. The emergence of ulcers is accompanied by a prodrome of 24-48 hours of intermittent burning or discomfort.
               The initial average age is between 10 and 19 years, which will extend throughout adulthood. Studies have indicated that the
               lesion cured in patients having used traditional antiseptic gel only after a period of time, as in previous assaults. They
               did not experience premature pain reductions or recurrence frequencies. A few other studies have shown that 10 patients who
               used curcumin oil disclosed that ulcers began recovering earlier than those in pre - existing ones; pain was also reduced
               quickly. A one year follow-up in these patients has shown no relapse  (Li, 2017).
            

            
               Influence of Curcumin on Human Gingival Fibroblasts
               
            

            A variety of experiments have showed apoptosis of human primary gingival fibroblast (hPGF) cells at lower doses, such as 1,
               10 and 25μM of curcumin, but at higher doses, such as 50, 60, 75 and 100 μM, strong apoptosis was documented statistically
               important. They also noticed that even the influence of curcumin controlled normal human fibroblasts and micro-vascular endothelial
               cells (hMVEC) utilizing MTT test, and reported that low concentrations of curcumin activated normal human fibroblasts and
               hMVED multiplication, while higher doses impaired it. As per other researchers curcumin treated hPGF cells displayed maximal
               and substantial cell death at 75μM and saw decrease in cell population and decline in cell size and morphological modifications
               in basal cell carcinoma cells treated with 50nM curcumin & noticed cell shrinkage, microvilli depletion and membrane blebbing
               appearance. Curcumin hinders Interleukin-6 development in Prevotella intermedia Lipopolysaccharide-Triggered Raw 264.7 cells
               (Das, Balan, & Sreelatha, 2010). 
            

            
               Dental-Plaque Detection System
               
            

            Caries as well as periodontal infections are considered to be infectious diseases caused by microbes in dental plaques, and
               the expulsion of dental plaques is identified to be of great importance for the wellness of oral cavities. Dental plaques,
               however, are not easily identifiable by the naked human eye and it is difficult to accurately affirm their area of adhesion
               and prevalence. Likewise, microbial dental plaques are usually stained with dental plaque dyeing agents, that also contain
               dyes, to disclose their sites to unmask the dental plaques hooked up to them. The dental-plaque detection system involves
               a dental-plaque dyeing agent constituting one chosen from the beni-koji yellow pigment, turmeric derivatives as well as curcumin;
               and a light-emitting device producing light with a wavelength of between 250 and 500 nm to an entity in the oral cavity where
               the dental-plaque staining agent is fitted. Beni-koji and turmeric yellow pigment are regarded as staining agents, and are
               often used for many purposes  (Chainani-Wu, 2003). 
            

            
               Pit and Fissure Sealant
               
            

            Tinted pit and fissure sealant have been found to be useful for application on tooth surfaces for the reduction or elimination
               of tooth decay. This sealant may be developed from a formulation consisting of a polymerizable resin system containing acrylic
               monomer and at least one selected colorant from the Annatto extract, turmeric extract, and Apo-8-Carotenal grouping  (Chaturvedi, 2009). 
            

            
               Role of Curcumin as a Subgingival Irrigant
               
            

            As combined with chlorhexidine and saline unit as an adhesive treatment in patients with periodontitis, curcumin 1 percent
               as a subgingival irrigant resulted in substantial decrease of bleeding on poking and redness. Positive results produced through
               irrigation of curcumin can be due to its anti-inflammatory , anti-oxidant effects in reducing inflammation faster than chlorhexidine,
               which functions mainly as an anti-bacterial. Curcumin functions likely in reducing inflammatory mediators of arachidonic acid
               production to creatine and creatine as anti-inflammatory products. Curcumin does have a benefit on aspirin, as it specifically
               prevents prostaglandin E2 and thromboxane synthesis thereby not influencing prostacyclin synthesis. Curcumin decreases inflammatory
               mediators by means of its anti-inflammatory ability, which induces shrinkage by rising inflammatory oedema which connective
               tissue vascular engorgement. This also facilitates the proliferation of fibroblasts in the wound bed and contributes to loss
               of vasculature by inducing connective tissue fibrosis. It facilitates wound healing by inducing a spike in fibronectin and
               converting transcription of the growth factor L. Curcumin embedded in collagen that serves as a supportive matrix for slow
               release has also been shown to improve wound healing and promote cellular multiplication  (Motterlini, Foresti, Bassi, & Green, 2000). 
            

            
               Curcumin with Oral Cancer
               
            

            Cancer and inflammation is a recent science area that ranges from simple to therapeutic treatments where the treatment of
               curcumin has been shown to significantly minimize the occurrence of oral squamous cell carcinoma (SCC). 
            

            Curcumin has pleiotropic activities resulting from its diverse composition and its capacity to affect several nonlinear signal
               transduction, including Nuclear Factor kappaB (NF-kB) regulated survival pathways, Protein kinase B (PKB), Nuclear factor
               erythroid related factor 2 (Nrf2) dependent growth factors and cytoprotective pathways and also metastatic and angiogenic
               processes. Curcumin is often an oxygen radicals contributor to radical scavenger and hydrogen, which has both pro as well
               as antioxidant involvement. Also it bonds metals, especially iron and copper, and may act as an iron chelating agent. Curcumin
               is a relatively low toxic material, and its bioavailability is minimal  (Chaudhari, 2011). A minimum degree of curcumin quantities which can be reached physiologically is appropriate for its chemotherapeutic and
               chemopreventive activities. Curcumin often controls several goals (multitargeted therapy), which are required to cure certain
               illnesses, is affordable and has been shown to be effective in clinical trials for humans.
            

            
               Molecular Mechanism of Curcumin on Oral Cancer
               
            

            Curcumin inhibits oral cancer by multiple pathways as seen in numerous research, as mentioned here. Curcumin decreased the
               proliferation and invasion of SCC-25 cells by inhibiting the phosphorylation of the Akt, Extracellular signal regulated kinase
               ½ (ERK1/2) and Signal transducer and activator of transcription 3 (STAT3) downstream signaling molecules  (Xu et al., 2020). Certain studies showed that curcumin prevented proliferation of SCC-25 cells and caused dose-dependent step arrest of G2
               / M  (Yin, 2020). This also blocked infiltration of SCC-25 cells and downregulated expression of matrix metalloproteinase 2 (MMP-2), MMP-9,
               Urokinase plasminogen activator (uPA) and Urokinase plasminogen activator Receptor (uPAR) in oral cancer control  (Zhao, 2019). 
            

            Curcumin has the capacity for anti-cancer in oral squamous cell carcinoma dependent on the expression of the nuclear factor
               kappa B and cyclooxygenase 2 through epithelial dysplasia  (Maulina, 2019). Cetuximab and the mixture of curcumin mediated apoptosis and significantly improved caspase-3 and caspase-9 behaviors relative
               to solitary therapy demonstrated oral anticancer results. The protein expression levels of Epidermal Growth Factor Receptor
               (EGFR) and Mitogen-activated protein kinase (MAPKs) were also significantly reduced by combination therapy  (Chen, 2018). 
            

            A group of OSCC cell lines originating from oral cancer patients compares the intracellular copper rates and exposure to curcumin
               therapy. Increased level of copper in OSCC cells treated with curcumin was accompanied by induction of intracellular Reactive
               oxygen species (ROS) and increased level of Nrf2 that controls oxidative stress responses in cells. Initial apoptosis was
               found in combination therapy but not in curcumin or copper-only care  (Lee, 2016). Curcumin minimizes drug resistance by blocking Epithelial Mesenchymal Transition (EMT), thus encouraging traditional chemotherapeutic
               antiproliferative effects. Curcumin thereby has the ability being used as a new adjunctive factor to avoid tumour progression
               and can at least be due in part to its hindering of the EMT cycle  (Bahrami, Majeed, & Sahebkar, 2019). 
            

            Curcumin is also a selective stimulator for the treatment of leukoplakia by NF-kB/ Cyclooxygenase-2 (COX-2), molecules disrupted
               in oral carcinogenesis  (Kuriakose, 2016). Olaparib including curcumin combination improved the mortality of oral cancer cells not only by inducing the DNA harm but
               also by preventing Base excision repair (BER) operation initiation  (Nile, 2016). 
            

            Curcumin systemic administration has a chemopreventive function that is caused by 4-nitroquinoline-1-oxide (4-NQO) during
               oral carcinogenesis  (Gonçalves & De, 2015). In the existence of N-acetylcysteine (NAC), an antioxidant, curcumin-induced reactive oxygen species (ROS) development
               and autophagic vacuole formation by curcumin are almost fully prevented. Curcumin also demonstrates antitumor action against
               OSCC, both through autophagy and apoptosis  (Lee, Kim, & Fukushi, 2018). Curcumin disrupted Hepatocyte growth factor (HGF) induced EMT and motility of cells in Hematopoietic stem cells-4 (HSC-4)
               and Ca9-22 by c-Met inhibition. These results thus identify curcumin as a replacement medication for treatment with OSCC 
               (Ohnishi, 2020).
            

            Nanoformulated medication (curcumin-SiNp complex) was formulated in SiNp via post-loading curcumin, and the compound was soluble
               in an aqueous mixture. Cellular absorption tested by fluorescence microscopy and spectroscopy revealed that even when cells
               were incubated with curcumin-SiNp complex apart from free curcumin, the concentration of curcumin was greater  (Singh, Sharma, & Gupta, 2014). Quantity of curcumin kept in the mucosa indicates the likelihood of the medication having a local effect. In vitro experiments
               found that free curcumin and curcumin primed to chitosan-coated nanoparticles induced a substantial decrease in intensity
               and time-dependent survival of SCC-9 human oral cancer cells  (Mazzarino, 2015). Curcumin can impair NF-kappaB induction in premalignant oral and cancer cells. Visibility of premalignant oral cells and
               cancer cells to curcumin culminated in a substantial reduction in cell feasibility and initiated cell death  (Sharma, 2006). 
            

            Curcumin blocked the multiplication of OSCC cells (SCC-9 cells) by increasing MicroRNA-9 (miR-9) function and decreased the
               signalling of Wnt (Wingless/Integrated) / β-catenin by growing the production rates of Glycogen Synthase Kinase-3β (GSK-3β),
               phosphorylated GSK-3β and β-catenin and by reducing the cycline level D1  (Xiao, 2014). Curcumin hindering impact on EGF-induced phosphorylation and intrusion of SCC-25 cells. Certain findings found that curcumin
               prevented the multiplication of SCC-25 cells which caused the dose-dependent arrest of the step G2 / M  (Zhen, 2014). 
            

            The mixture of curcumin and irradiation had a synergistic influence- the greatest cell viability results were reported in
               the tested cell line with a curcumin concentration of 3.75 μM and 5 Gy of irradiation. Curcumin regulates the complex reciprocal
               relationship between tumour cells and cancer associated fibroblasts (CAFs). Standard and 2 μM Curcumin-treated culturing was
               conducted for 4 days, accompanied by tumour cell invasiveness evaluation, EMT-marker mRNA / protein expression and facilitators
               (Salehi, 2019).
            

            
               Adverse Effects
               
            

            It has its own negligible side effects such as diarrhoea, diarrhoea, allergic skin reaction, gastric pain  (Ashwini, Ezhilarasan, & Anitha, 2017), stomach discomfort and even anti-thrombosis function that interferes with blood clot development, given the usage of curcumin
               in the treatment of most of the oral disorders  (Lakshmi, Krishnan, & Rajendran, 2015).
            

            
               Future Scope
               
            

            From this polypharmacological point of view, curcumin must be examined in order to further grasp the pharmacokinetics and
               pharmacology of each isolated curcuminoid  (Gheena & Ezhilarasan, 2019). This compartmentalized knowledge is likely to help us enhance the selective use of curcumin-based research strategies 
               (Sharma, Mehta, & Dhanjal, 2019). It can also help boost the hiding synergistic potential within the natural extract that can be released by man-made drug
               designs that require varying the analogous proportions of curcuminoids within the treatment dependent on curcumin  (Ezhilarasan, Lakshmi, Vijayaragavan, Bhullar, & Rajendran, 2017). 
            

            For certain research, it is well known that the drawbacks of bioavailability with hydrophobic curcumin are possible but this
               is offset by studies suggesting otherwise  (Perumalsamy, 2018). Commercially motivated arguments that the curcuminoid's hydrophobic existence and its loss of solubility in aqueous media
               are merely baseless triggers of curcumin bioavailability limitation  (Mehta, 2019). Even for some displaying low serum curcumin after a strong oral dose, the pharmacological effects encountered by subjects
               obtaining curcumin remain challenging to understand  (Ezhilarasan, Lakshmi, Nagaich, & Vijayaragavan, 2017).
            

            Serum curcumin rates are not considered to be adequately important to justify therapeutic effects in some experiments, however,
               as has been seen in other research, serum curcumin with properly extracted unmodified curcumin extracts may be important and
               effective  (Ezhilarasan, 2018). Given the difficulties, however, in vivo outcomes from one curcumin-based drug to another will vary from therapeutically
               excellent to average  (Ashwini et al., 2017). This indicates that there are other factors which play pharmacological roles and also contribute behaviour  (Menon, 2018).
            

            "Curcumin" is a term that is also used to identify the extract of curcumin comprising all three curcuminoids: curcumin I,
               curcumin II and curcumin II  (Rajeshkumar & Kumar, 2018). Confusingly though, as mentioned, "curcumin" is often used on a label to identify curcumin I  (Karthiga, Rajeshkumar, & Annadurai, 2018). In commercial and research applications it must be established as a standard that description to anyone as well as three
               of the curcuminoids may be qualified by naming the specific curcuminoids  (Rajeshkumar, Agarwal, Kumar, & Lakshmi, 2018). This etymology precision will be established internationally to remain applicable in the area of health care like peer-reviewed
               literature on label statements on consumable goods, chemotherapy drugs, and scientific papers  (Ashwini et al., 2017).
            

         

         
               Conclusion

            Effectiveness of Curcumin in maintaining the oral health and also its treatment of dental pain, periodontal diseases, oral
               cancers, and also its usage in various other aspects of dentistry were found to have numerous positive effects. Treatment
               of oral diseases with curcumin in various clinical studies was well tolerated and demonstrated durable and significant with
               meagre side effects. Thus, the results significantly imply that the effectiveness of curcumin can be taken into consideration
               and can be applied to improvise the treatment strategies of oral diseases in dentistry.
            

         

      

      
         
               Acknowledgement

            The authors are thankful to Saveetha Dental College for providing a platform to express our knowledge.

            
               Funding Support
               
            

            The authors declare that they have no funding support for this study.

            
               Conflict of Interest
               
            

            The authors declare that they have no conflict of interest for this study.

         

         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Hatcher, H,   (2008). Curcumin: From ancient medicine to current clinical trials. Cellular and Molecular Life Sciences, 65(11), 1631–1652.
                     

                  

                  
                     
                        2 
                              

                     

                     Kuwatada, Jitesh S, Raja, Mitali & Sood, Poonam,   (2017). Turmeric: A Boon to Oral Health. International Journal of Oral Care & Research, 5(4), 338–341. 10.5005/jp-journals-10051-0128

                  

                  
                     
                        3 
                              

                     

                     Jamison, J,   (2003). Clinical Guide to Nutrition & Dietary Supplements in Disease Management. Turmeric (Curcuma longa), 669–671.
                     

                  

                  
                     
                        4 
                              

                     

                     Kou, Y,   (2008). Inflammatory Responses of Gingival Epithelial Cells Stimulated WithPorphyromonas gingivalisVesicles Are Inhibited
                        by Hop-Associated Polyphenols. Journal of Periodontology, 79(1), 174–180.
                     

                  

                  
                     
                        5 
                              

                     

                     Buduneli, N,   (2012). Pathogenesis and Treatment of Periodontitis.  BoD - Books on Demand, 214.
                     

                  

                  
                     
                        6 
                              

                     

                     Messadi, D V, Wilder-Smith, P & Wolinsky, L,   (2009). Improving oral cancer survival: the role of dental providers. Journal - California Dental Association, 37(11), 789–798.
                     

                  

                  
                     
                        7 
                              

                     

                     Kaur, S, Sharma, R & Sarangal, V,   (2017). Evaluation of anti-inflammatory effects of systemically administered curcumin lycopene and piperine as an adjunct
                        to scaling and root planing: A clinical study. AYU (An international quarterly journal of research in Ayurveda), 38(3-4), 117–121.
                     

                  

                  
                     
                        8 
                              

                     

                     Hazarey, Vinay K, Sakrikar, Aditee R & Ganvir, Sindhu M,   (2015). Efficacy of curcumin in the treatment for oral submucous fibrosis - A randomized clinical trial. Journal of Oral and Maxillofacial Pathology, 19(2), 145–152. 10.4103/0973-029x.164524

                  

                  
                     
                        9 
                              

                     

                     Ara, Toshiaki, Kurata, Kazuyuki, Hirai, Kaname, Uchihashi, Takayuki, Uematsu, Takashi, Imamura, Yasuhiro, Furusawa, Kiyohumi,
                        Kurihara, Saburo & Wang, Pao-Li,   (2009). Human gingival fibroblasts are critical in sustaining inflammation in periodontal disease. Journal of Periodontal Research, 44(1), 21–27. 10.1111/j.1600-0765.2007.01041.x

                  

                  
                     
                        10 
                              

                     

                     Shubhashree,  MN & Bhavya, BM,   (2018). A comprehensive drug review on the role of ayurvedic medicinal plants in mukharogas with special reference to oral
                        diseases. International Journal of Complementary & Alternative Medicine, 11(6), 404–407. 10.15406/ijcam.2018.11.00435

                  

                  
                     
                        11 
                              

                     

                     Sood, Shaveta & Nagpal, Monika,   (2013). Role of curcumin in systemic and oral health: An overview. Journal of Natural Science, Biology and Medicine, 4(1), 3. 10.4103/0976-9668.107253

                  

                  
                     
                        12 
                              

                     

                     Nayak, S., Mohanty, S. & Subudhi, E.,   (2008). Differential synthesis of essential oil in callus derived microshoots of turmeric (Curcuma longa L.) in vitro. Journal of Biotechnology, 136, S158. 10.1016/j.jbiotec.2008.07.338

                  

                  
                     
                        13 
                              

                     

                     Perumalsamy, H,   (2018). In silico and in vitro analysis of coumarin derivative induced anticancer effects by undergoing intrinsic pathway
                        mediated apoptosis in human stomach cancer. Phytomedicine: international journal of phytotherapy and phytopharmacology, 46, 119–130.
                     

                  

                  
                     
                        14 
                              

                     

                     Cox, Stephen & Zoellner, Hans,   (2008). Physiotherapeutic treatment improves oral opening in oral submucous fibrosis. Journal of Oral Pathology & Medicine, 38(2), 220–226. 10.1111/j.1600-0714.2008.00696.x

                  

                  
                     
                        15 
                              

                     

                     Li, G,   (2017). Curcumin enhances the radiosensitivity of renal cancer cells by suppressing NF-κB signaling pathway. Biomedicine & Pharmacotherapy, 94, 974–981.
                     

                  

                  
                     
                        16 
                              

                     

                     Das,  A Deepa, Balan, Anita & KT Sreelatha,   (2010). Comparative Study of the Efficacy of Curcumin and Turmeric Oil as Chemopreventive Agents in Oral Submucous Fibrosis:
                        A Clinical and Histopathological Evaluation. Journal of Indian Academy of Oral Medicine and Radiology, 22, 88–92. 10.5005/jp-journals-10011-1021

                  

                  
                     
                        17 
                              

                     

                     Chainani-Wu, Nita,   (2003). Safety and Anti-Inflammatory Activity of Curcumin: A Component of Tumeric (Curcuma longa) The Journal of Alternative and Complementary Medicine, 9(1), 161–168. 10.1089/107555303321223035

                  

                  
                     
                        18 
                              

                     

                     Chaturvedi, T P,   (2009). Uses of turmeric in dentistry: An update. Indian Journal of Dental Research, 20(1), 107.
                     

                  

                  
                     
                        19 
                              

                     

                     Motterlini, Roberto, Foresti, Roberta, Bassi, Rekha & Green, Colin J,   (2000). Curcumin, an antioxidant and anti-inflammatory agent, induces heme oxygenase-1 and protects endothelial cells against
                        oxidative stress. Free Radical Biology and Medicine, 28(8), 1303–1312. 10.1016/s0891-5849(00)00294-x

                  

                  
                     
                        20 
                              

                     

                     Chaudhari, A U,   (2011). Comparative Evaluation of Turmeric and Chlorhexidine Gluconate Mouthwash in Prevention of Plaque Formation and Gingivitis:
                        A Clinical and Microbiological Study. The Journal of Contemporary Dental Practice, 12(4), 221–224.
                     

                  

                  
                     
                        21 
                              

                     

                     Xu, X, Dai, Y, Feng, L, Zhang, H, Hu, Y, Xu, L & Jiang, Y,   (2020). Knockdown of Nav1. 5 inhibits cell proliferation, migration and invasion via Wnt/β-catenin signaling pathway in
                        oral squamous cell carcinoma. Acta Biochimica et Biophysica Sinica, 52(5), 527–535.
                     

                  

                  
                     
                        22 
                              

                     

                     Yin, X,   (2020). Inhibition of cancer cell growth in cisplatin-resistant human oral cancer cells by withaferin-A is mediated via
                        both apoptosis and autophagic cell death, endogenous ROS production, G2/M phase cell cycle arrest and by targeting MAPK/RAS/RAF
                        signalling pathway. Journal of B.U.ON.: official journal of the Balkan Union of Oncology, 25(1), 332–337.
                     

                  

                  
                     
                        23 
                              

                     

                     Zhao, W,   (2019). Wilms tumor-suppressing peptide inhibits proliferation and induces apoptosis of Wilms tumor cells in vitro and in
                        vivo. Journal of Cancer Research and Clinical Oncology, 145(10), 2457–2468.
                     

                  

                  
                     
                        24 
                              

                     

                     Maulina, T,   (2019). The therapeutic activity of curcumin through its anti-cancer potential on oral squamous cell carcinoma: A study
                        on Sprague Dawley rat. SAGE open medicine, 7, 2050312119875982.
                     

                  

                  
                     
                        25 
                              

                     

                     Chen, C.F,   (2018). Synergistic inhibitory effects of cetuximab and curcumin on human cisplatin-resistant oral cancer CAR cells through
                        intrinsic apoptotic process. Oncology letters, 16(5), 6323–6330.
                     

                  

                  
                     
                        26 
                              

                     

                     Lee, H.-M,   (2016). Copper supplementation amplifies the anti-tumor effect of curcumin in oral cancer cells. Phytomedicine: international journal of phytotherapy and phytopharmacology, 23(12), 1535–1544.
                     

                  

                  
                     
                        27 
                              

                     

                     Bahrami, Afsane, Majeed, Muhammed & Sahebkar, Amirhossein,   (2019). Curcumin: a potent agent to reverse epithelial-to-mesenchymal transition. Cellular Oncology, 42(4), 405–421. 10.1007/s13402-019-00442-2

                  

                  
                     
                        28 
                              

                     

                     Kuriakose, M A,   (2016). A Randomized Double-Blind Placebo-Controlled Phase IIB Trial of Curcumin in Oral Leukoplakia. Cancer prevention research, 9(8), 683–691.
                     

                  

                  
                     
                        29 
                              

                     

                     Nile, D L,   (2016). An evaluation in vitro of PARP-1 inhibitors, rucaparib and olaparib, as radiosensitisers for the treatment of neuroblastoma.
                        BMC cancer, 16(1), 621.
                     

                  

                  
                     
                        30 
                              

                     

                     Gonçalves, V & De, P,   (2015). Chemopreventive activity of systemically administered curcumin on oral cancer in the 4-nitroquinoline 1-oxide model.
                        Journal of cellular biochemistry, 116(5), 787–796.
                     

                  

                  
                     
                        31 
                              

                     

                     Lee, M, Kim, S & Fukushi, A,   (2018). Transcriptional Activation of Human GD3 Synthase (hST8Sia I) Gene in Curcumin-Induced Autophagy in A549 Human Lung
                        Carcinoma Cells. International journal of molecular sciences, 19(7), 1943.
                     

                  

                  
                     
                        32 
                              

                     

                     Ohnishi, Y,   (2020). Curcumin inhibits epithelial-mesenchymal transition in oral cancer cells via c-Met blockade. Oncology letters, 19(6), 4177–4182.
                     

                  

                  
                     
                        33 
                              

                     

                     Singh, S P, Sharma, M & Gupta, P K,   (2014). Enhancement of phototoxicity of curcumin in human oral cancer cells using silica nanoparticles as delivery vehicle.
                        Lasers in medical science, 29(2), 645–652.
                     

                  

                  
                     
                        34 
                              

                     

                     Mazzarino, L,   (2015). Curcumin-Loaded Chitosan-Coated Nanoparticles as a New Approach for the Local Treatment of Oral Cavity Cancer. Journal of nanoscience and nanotechnology, 15(1), 781–791.
                     

                  

                  
                     
                        35 
                              

                     

                     Sharma, C,   (2006). Curcumin down regulates smokeless tobacco-induced NF-kappaB activation and COX-2 expression in human oral premalignant
                        and cancer cells. Toxicology, 228(1), 1–15.
                     

                  

                  
                     
                        36 
                              

                     

                     Xiao, C,   (2014). Curcumin inhibits oral squamous cell carcinoma SCC-9 cells proliferation by regulating miR-9 expression. Biochemical and biophysical research communications, 454(4), 576–580.
                     

                  

                  
                     
                        37 
                              

                     

                     Zhen, L,   (2014). Curcumin inhibits oral squamous cell carcinoma proliferation and invasion via EGFR signaling pathways. International journal of clinical and experimental pathology, 7(10), 6438–6446.
                     

                  

                  
                     
                        38 
                              

                     

                     Salehi, B,   (2019). Plant-Derived Bioactives in Oral Mucosal Lesions: A Key Emphasis to Curcumin. Biomolecules, 9(3), 106.
                     

                  

                  
                     
                        39 
                              

                     

                     Ashwini, Shenai, Ezhilarasan, Devaraj & Anitha, Roy,   (2017). Cytotoxic Effect of Caralluma fimbriata Against Human Colon Cancer Cells. Pharmacognosy Journal, 9(2), 204–207. 10.5530/pj.2017.2.34

                  

                  
                     
                        40 
                              

                     

                     Lakshmi, T, Krishnan, V & Rajendran, R,   (2015). Azadirachta indica : A herbal panacea in dentistry - An update. Pharmacognosy Reviews, 9(17), 41–44.
                     

                  

                  
                     
                        41 
                              

                     

                     Gheena, S & Ezhilarasan, D,   (2019). Syringic acid triggers reactive oxygen species–mediated cytotoxicity in HepG2 cells. Human & Experimental Toxicology, 38(6), 694–702. 10.1177/0960327119839173

                  

                  
                     
                        42 
                              

                     

                     Sharma, P, Mehta, M & Dhanjal, D,   (2019). Emerging trends in the novel drug delivery approaches for the treatment of lung cancer. Chemico-biological interactions, 309, 108720.
                     

                  

                  
                     
                        43 
                              

                     

                     Ezhilarasan, Devaraj, Lakshmi, Thangavelu, Vijayaragavan, Rajagopal, Bhullar, SukhwinderKaur & Rajendran, Ramasamy,   (2017). Acacia catechu ethanolic bark extract induces apoptosis in human oral squamous carcinoma cells. Journal of Advanced Pharmaceutical Technology & Research, 8(4), 143–149. 10.4103/japtr.japtr_73_17

                  

                  
                     
                        44 
                              

                     

                     Mehta, M,   (2019). Oligonucleotide therapy: An emerging focus area for drug delivery in chronic inflammatory respiratory diseases.
                        Chemico-biological interactions, 308, 206–215.
                     

                  

                  
                     
                        45 
                              

                     

                     Ezhilarasan, Devaraj, Lakshmi, Thangavelu, Nagaich, Upendra & Vijayaragavan, Rajagopal,   (2017). Acacia catechu ethanolic seed extract triggers apoptosis of SCC-25 cells. Pharmacognosy Magazine, 13(51), 405–411. 10.4103/pm.pm_458_16

                  

                  
                     
                        46 
                              

                     

                     Ezhilarasan, Devaraj,   (2018). Oxidative stress is bane in chronic liver diseases: Clinical and experimental perspective. Arab Journal of Gastroenterology, 19(2), 56–64. 10.1016/j.ajg.2018.03.002

                  

                  
                     
                        47 
                              

                     

                     Menon, S,   (2018). Selenium nanoparticles: A potent chemotherapeutic agent and an elucidation of its mechanism. Colloids and surfaces. B, Biointerfaces, 170, 280–292.
                     

                  

                  
                     
                        48 
                              

                     

                     Rajeshkumar, S & Kumar, S V,   (2018). Biosynthesis of zinc oxide nanoparticles usingMangifera indica leaves and evaluation of their antioxidant and cytotoxic
                        properties in lung cancer (A549) cells. Enzyme and microbial technology, 117, 91–95.
                     

                  

                  
                     
                        49 
                              

                     

                     Karthiga, Perumal, Rajeshkumar, Shanmugam & Annadurai, Gurusamy,   (2018). Mechanism of Larvicidal Activity of Antimicrobial Silver Nanoparticles Synthesized Using Garcinia mangostana Bark
                        Extract. Journal of Cluster Science, 29(6), 1233–1241. 10.1007/s10876-018-1441-z

                  

                  
                     
                        50 
                              

                     

                     Rajeshkumar, S., Agarwal, Happy, Kumar, S. Venkat & Lakshmi, T.,   (2018). Brassica oleracea Mediated Synthesis of Zinc Oxide Nanoparticles and its Antibacterial Activity against Pathogenic
                        Bacteria. Asian Journal of Chemistry, 30(12), 2711–2715. 10.14233/ajchem.2018.21562

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Effectiveness of Curcumin in Oral Diseases: An Update


      
        		
          Content
        


      


    
  

