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Curcumin, a bioactive polyphenolic compound extracted from Curcuma longa 

(turmeric), has gained significant attention in recent years for its diverse therapeutic 

properties, including antioxidant, anti-inflammatory, antimicrobial, and anticancer 

activities. However, its clinical application is hindered by poor aqueous solubility, low 

stability in physiological conditions, and limited systemic bioavailability when 

administered orally. To overcome these challenges, topical drug delivery systems, 

especially gel formulations, have emerged as effective alternatives for local and site-

specific delivery of curcumin. This review comprehensively discusses the rationale for 

curcumin gel formulation, selection of appropriate excipients, methods of preparation, 

evaluation parameters, and therapeutic applications. Emphasis is placed on improving 

drug stability, release behavior, and pharmacological efficacy. The review concludes 

that curcumin gel is a promising herbal formulation with potential use in treating various 

inflammatory, infectious, and dermatological conditions. 
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INTRODUCTION 

Curcumin (diferuloylmethane) is the principal 

curcuminoid derived from the rhizome of 

Curcuma longa, a plant belonging to the 

Zingiberaceae family. It has been used in 

Ayurvedic and traditional Chinese medicine for 

centuries to treat a variety of ailments. Modern 

pharmacological studies have confirmed its anti-

inflammatory, antioxidant, antimicrobial, wound-

healing, and anticancer properties. Despite its 

therapeutic potential, the pharmacokinetic profile 

of curcumin is suboptimal due to its poor water 

solubility (<0.1 mg/mL), rapid metabolism, and 

low oral bioavailability. Topical delivery offers a 

viable strategy to circumvent these limitations by 

delivering the drug directly to the site of action, 

thereby reducing systemic exposure and 

associated side effects. Among various topical 

dosage forms, gels have garnered special interest 

due to their favorable physicochemical properties 

such as ease of application, patient compliance, 
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non-greasy texture, and sustained drug release 

capabilities. 

2. Rationale for Gel Formulation 

Topical gels are semi-solid systems composed of a 

liquid phase within a three-dimensional polymeric 

matrix. They are particularly suitable for lipophilic 

drugs like curcumin due to the possibility of 

incorporating suitable solvents, co-solvents, and 

penetration enhancers. 

Advantages of curcumin gel formulation 

include: 

• Enhanced drug stability in a protective matrix. 

• Bypass of hepatic first-pass metabolism. 

• Targeted drug delivery to localized sites such 

as skin, gums, or wounds. 

• Sustained and controlled drug release. 

• High patient compliance due to easy 

application and removal. 

3. Formulation of Curcumin Gel 

The formulation of curcumin gel involves careful 

selection and optimization of components to 

ensure stability, efficacy, and user acceptability. 

3.1 Active Ingredient 

Curcumin: Used in concentrations ranging from 

0.1% to 5% w/w, depending on the therapeutic 

purpose (e.g., 2% for periodontal therapy). 

3.2 Gelling Agents 

These form the structural matrix of the gel: 

• Carbopol 934 / 940: Widely used for their high 

viscosity and transparency. 

• HPMC (Hydroxypropyl Methylcellulose): 

Non-ionic and biocompatible. 

• Xanthan Gum: A natural polymer with good 

rheological properties. 

3.3 Solvents and Co-solvents 

Enhance the solubility of curcumin: 

• Ethanol 

• Propylene Glycol 

• Glycerin 

3.4 Neutralizing Agent 

• Triethanolamine (TEA): Adjusts pH and 

activates Carbopol-based gels. 

3.5 Preservatives 

Prevent microbial contamination: 

• Methylparaben 

• Propylparaben 

3.6 Penetration Enhancers 

Facilitate drug diffusion through the stratum 

corneum: 

• Dimethyl sulfoxide (DMSO) 

• Oleic acid 

• Menthol 

4. Evaluation of Curcumin Gel 

A series of tests must be conducted to ensure the 

quality, performance, and safety of the curcumin 

gel. 

4.1 Organoleptic Properties 

Visual inspection is done to evaluate: 

• Color (should be bright yellow) 

• Texture 

• Homogeneity (no lumps or phase separation) 

• Odor (mild or characteristic) 
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4.2 pH Determination 

Measured using a digital pH meter. Should range 

between 5.5 and 7.0 for skin or oral compatibility. 

4.3 Viscosity Measurement 

Evaluated using a Brookfield viscometer. Ensures 

the gel has suitable thickness and consistency. 

 4.4 Spreadability 

Indicates how easily the gel can be applied. 

Measured by placing the gel between two glass 

slides and applying weight to measure the time 

taken to spread. 

4.5 Drug Content Uniformity 

Curcumin content is analyzed using UV-visible 

spectrophotometry or High-Performance Liquid 

Chromatography (HPLC). Ensures consistent 

dosage in every application. 

4.6 In vitro Drug Release 

Studied using Franz diffusion cells with synthetic 

or natural membranes. Helps determine the rate 

and extent of curcumin released over time. 

4.7 Antimicrobial Activity 

Evaluated using agar diffusion or broth dilution 

methods against organisms such as 

Staphylococcus aureus, E. coli, and Candida 

albicans. 

4.8 Anti-inflammatory Activity 

Tested in animal models (e.g., carrageenan-

induced paw edema in rats) to compare 

effectiveness with standard drugs. 

4.9 Stability Studies 

Conducted under accelerated conditions (40°C ± 

2°C and 75% RH) as per ICH guidelines. 

Parameters like color change, pH, viscosity, and 

drug content are monitored over 3–6 months. 

5. Therapeutic Applications of Curcumin Gel 

Curcumin gels have broad-spectrum therapeutic 

use: 

5.1 Periodontal Therapy 

Curcumin gel is applied as a local drug delivery 

system into periodontal pockets. Reduces 

inflammation, microbial load, and bleeding on 

probing. 

5.2 Wound Healing 

Enhances collagen deposition and re-

epithelialization. Used in treating diabetic ulcers, 

surgical wounds, and burns. 

5.3 Dermatological Applications 

Effective in managing acne, psoriasis, eczema, and 

skin infections due to its antimicrobial and anti-

inflammatory effects. 

5.4 Anti-Cancer Therapy 

Curcumin gels have shown promise in reducing 

skin tumor growth in experimental studies. 

6. CONCLUSION 

Curcumin gel represents a novel and effective 

herbal formulation for topical drug delivery. It 

addresses the limitations of oral curcumin by 

enhancing local bioavailability, stability, and 

therapeutic efficacy. With optimized formulation 

and evaluation protocols, curcumin gel holds 

potential in dermatology, dentistry, and wound 

care. Further research including clinical trials and 

advanced drug delivery techniques (e.g., 
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Nanoemulgel, liposomal gel) can significantly 

improve its therapeutic scope and commercial 

value. 
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