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ABSTRACT 

Curcumin, a polyphenolic compound with potential chemopreventive properties, is present in the rhizome of Curcuma longa. Curcumin has demonstrated a variety 

of biological activities in multiple studies, including anti-inflammatory, anti-oxidant, anti-proliferative, and anti-cancer effects, which collectively present an 

intriguing possibility for cancer prevention. The current review provides a survey of curcumin's biogenetic origin, chemical composition, and geographic distribution 

to illustrate its pharmacological properties and mechanism of action in cancer prevention. The paper also examines human studies and clinical trials that explore 

the efficacy of curcumin in cancer prevention, as well as the challenges faced in its clinical use, such as bioavailability issues. The review concludes by highlighting 

potential future directions for curcumin-based therapies and opportunities to address existing issues. 
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Introduction 

Cancer, which is characterized by uncontrolled cell growth, invasion, and metastasis, remains one of the leading global causes of death. Despite having 

enhanced patient outcomes, traditional therapies like chemotherapy, radiation, and surgery often have serious side effects and limited effectiveness against 

certain cancers. As a result, researchers continue to explore naturally occurring substances with fewer negative effects and broader applicability in cancer 

prevention and treatment. Commonly used in traditional Indian and Chinese medicine. Turmeric, which belongs to the Zingiberaceae family, is known 

as Curcuma longa. The bioactive polyphenol curcumin found in the rhizome of turmeric is responsible for the majority of its therapeutic properties. 

Curcumin has garnered a lot of interest in oncology due to its broad pharmacological profile and role as a natural chemopreventive agent.  

Curcumin's chemoprotective effect is based on the alteration of several molecular targets involved in the initiation, progression, and promotion of cancer. 

It lowers chronic inflammation by inhibiting nuclear factor-kappa B (NF-κB) and other inflammatory cytokines. Curcumin's antioxidant properties allow 

it to scavenge reactive oxygen species (ROS), thereby reducing oxidative DNA damage, which is a significant contributor to cancer development. 

Additionally, curcumin inhibits angiogenesis and metastasis by downregulating matrix metalloproteinases (MMPs) and vascular endothelial growth factor 

(VEGF). 

Additionally, it triggers apoptosis in cancer cells by activating caspase enzymes and breaking mitochondrial membrane potential.The purpose of this 

study is to more closely examine curcumin, exploring its sources, traditional properties, and function in cancer management process. It also highlights 

scientific and clinical studies and discusses some of the obstacles limiting the development of curcumin-based treatments. Finally, this review offers 

concrete ideas for best using curcumin in anticancer therapy and prevention. 

1. Biological Source of Curcumin 

Curcumin's Biological Origin Mostly extracted from the rhizome of Curcuma longa, a member of the Zingiberaceae family, curcumin is a natural 

polyphenolic substance. Long employed in conventional medicine, especially in Ayurvedic and Chinese systems, for its medicinal benefits, turmeric is 

now often used as a dye and spice in cooking. Curcumin is a vibrant yellow powder gotten from the rhizome via drying and powdering, followed by 

extraction and purification 1.  

2. Geographic Origin  

Native to Southeast Asia for instance, India, China, or Indonesia curcuma longa High rainfall levels in tropical and subtropical zones encourage its 

growth. Leading turmeric producer India accounts for almost 80–85% of all worldwide output. Other nations that also cultivate turmeric include Malaysia, 

Thailand, and Bangladesh. Preferring rich, well-drained soil this plant flourishes at an altitude between 600 and 1200 meters 2.  

http://www.ijrpr.com/
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3. Macroscopy:  

Curcuma longa has enormous, wide, ovoid leaves that are approximately 30 to 40 cm long and 10 to 15 cm broad. Clustering in dense spikes, the flowers 

are light purple or pale yellow. With a rough surface, the thick, cylindrical rhizomes are usually yellow-orange 3.      

 

Fig no 1: Turmeric Rhizome 

4. Microscopy 

Microscopically, the rhizome of Curcuma longa has a corky epidermis, characteristic vascular bundles, and starchy parenchyma. Cells stained yellow-

orange by the pigment make evident under the microscope the presence of curcumin in the rhizomes. Under ultraviolet light curcumin's color is mostly 

caused by polyphenolic chemicals that may be apparent 4.  

5. Curcumin components Curcumin,   

The main active ingredient in turmeric, is a blend of three closely related polyphenolic molecules that is, curcumin I, curcumin II, and curcumin III with 

curcumin I being the most prevalent. Curcumin is not well soluble in water because of its hydrophobic character, which is unique. Other significant 

chemicals in turmeric include carbohydrates, proteins and resins essential oils: turmerone, atlantone, and zingiberene 5. 

 

Fig no. 2    Chemical  Structures of turmeric constituents 

6. Uses of Curcumin 

• Wound Healing: Due of its anti-inflammatory qualities, curcumin is used topically for wound mending, burns, and injuries ¹¹. 
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• Digestive Health: It is famous for improving digestive health and alleviating problems including indigestion and bloating ¹⁰.  

• Antimicrobial: It is found in cosmetic products for its antifungal and antibacterial properties⁹.  

• Cancer Prevention: Antioxidant: It protects cells from damage and reduces oxidative stress⁷. 

• Anti-inflammatory: It has a long history of use in treating a range of inflammatory diseases, including inflammatory bowel disease and arthritis ⁶.  

Its antioxidant and anti-inflammatory properties make it known to prevent several types of cancer, including colorectal, breast, and prostate cancer. 

7. Evaluation Tests for Curcumin 

• Using thin layer chromatography (TLC): curcumin can be identified and confirmed in turmeric extracts ¹². 

• Used for measuring curcumin concentration in turmeric formulations and assessing extract purity, high-performance liquid chromatography 

(HPLC)¹³.  

• Based on its absorption spectrum ¹⁴, UV-Visible Spectroscopy is used to assess curcumin concentration.  

• Used for profiling the chemical composition of turmeric extracts, especially volatile compounds ¹⁵, gas chromatography-mass spectrometry (GC-

MS). 

8. Mechanism of Action in Cancer Prevention 

• Inhibition of Pro-inflammatory Pathways: Curcumin blocks important transcription factors like NF-κB, which is involved in cancer progression 

and regulates the production of pro-inflammatory cytokines. ¹⁶ 

• Antioxidant Activity: Curcumin lowers oxidative stress, which may harm DNA and contribute to cancer development, by scavenging free radicals 

and reactive oxygen species (ROS) ¹⁷. 

• Induction of Apoptosis: Curcumin induces mitochondrial-mediated apoptosis in cancer cells and activates the caspase cascade ¹⁸. 

• Cell Cycle Arrest: Curcumin causes cell cycle arrest in the G2/M phase by modulating the levels of cyclins and cyclin-dependent kinases (CDKs) 

¹⁹. 

• Inhibition of Angiogenesis and Metastasis: By blocking angiogenic elements such as VEGF and matrix metalloproteinases (MMPs), curcumin 

prevents tumor growth and metastasis 20, 21. 

• Epigenetic Modulation: Curcumin alters DNA methylation patterns and microRNA expression, which has the potential to reverse carcinogenesis 
22. 

Additionally, Curcuma species are said to increase apoptosis induced by the tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) in a variety 

of cancer cell lines 21. 

9. Pharmacological Activity 

Curcumin has been demonstrated to exhibit a wide array of pharmacological activities, including: 

• Anti-inflammatory: Inhibits COX-2, lipoxygenase, and other inflammatory enzymes, reducing inflammation in various conditions 23. 

• Antioxidant: Scavenges free radicals and increases the activity of antioxidant enzymes such as glutathione peroxidase and superoxide dismutase. 
24, 25 

• Antimicrobial: Exhibits antibacterial, antiviral, and antifungal activities 26. 

• Anticancer: As discussed earlier, curcumin has demonstrated efficacy in preventing and treating various cancers, including colorectal, breast, and 

prostate cancer 27. 

• Neuroprotective: Curcumin’s antioxidant properties extend to protecting the brain from oxidative stress and neurodegenerative diseases such as 

Alzheimer’s 28. 

10. Efficacy of Curcumin in Cancer Prevention 

Efficacy of Curcumin in Cancer Prevention are follow as 
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• Preclinical research on curcumin have indicated its promise in inhibiting carcinogenic processes and therefore preventing cancer. Its capacity to 

regulate several signaling pathways engaged in cancer initiation, promotion, and progression including inflammatory pathways, apoptotic 

mechanisms, and angiogenesis suggests it can also be a chemopreventive drug 29.  

• Though it shows potential, curcumin's low bioavailability restricts its clinical effectiveness. Proposed methods to get over this barrier include 

liposomal formulations, curcumin nanoparticles, and piperine, a chemical that promotes curcumin absorption 30. 

11. Clinical Trials and Human Studies 

Several clinical trials have assessed curcumin’s potential in cancer prevention: 

• Colorectal Cancer: In a clinical trial, patients with colorectal adenomas were given curcumin 

(4g/day). The findings indicated a notable decrease in adenoma number and size 31.  

• Breast Cancer: In a trial with postmenopausal women at high risk, curcumin supplementation reduced oxidative stress markers and inflammation, 

which are linked to cancer progression 32. 

• Prostate Cancer: Men with high-grade prostatic intraepithelial neoplasia showed reduced progression to malignancy after curcumin 

supplementation 33. 

These trials, while promising, highlight the need for larger and more rigorous studies to fully establish curcumin's clinical efficacy in cancer prevention. 

12. Future Directions and Challenges 

Despite curcumin's potential, several challenges remain: 

• Bioavailability: The slow absorption rate and quick metabolism of curcumin restrict its total systemic availability. To get around these problems, 

novel delivery systems under investigation include liposomes, micelles, and nanoformulations 34. 

• Clinical Validation: More large-scale clinical trials are required to prove curcumin's efficacy and safety 35. 

• Regulatory Approval: Lack of consistent compositions and strict clinical studies impedes curcumin-based cancer preventive therapy approvals 36. 

• Combination Therapies:Combining curcumin with other chemotherapeutic drugs or adjuvants could increase its therapeutic benefits and lessen 

its toxicity 37.  

Many investigations are documented on evaluation of combination studies with curcumin and paclitaxel, genistein, celecoxib, docetaxel 25.  

13. Conclusion 

With great promise for cancer prevention, curcumin is a fascinating natural substance. Given its many modes of action including anti-inflammatory, 

antioxidant, and pro-apoptotic effects it is a great applicant for chemoprevention. Still, its low bioavailability presents a serious hurdle. Determining 

curcumin's involvement in cancer prevention and treatment will depend critically on ongoing studies on new distribution methods and more clinical trials. 

Furthermore, methods combining curcumin with other therapies could provide a synergistic means of lowering cancer risk and progression. 
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