
© IJCIRAS | ISSN (O) - 2581-5334 

June 2026 | Vol. 9 Issue. 1 

 

IJCIRAS2047                                                                        WWW.IJCIRAS.COM                                                   30 

 

HYDROGEL-BASED SUSTAINED RELEASE 

TRANSDERMAL DELIVERY OF CURCUMIN: RECENT 

ADVANCES, CHALLENGES AND FUTURE PERSPECTIVES 

Mr. Roshan Kabir Tadavi1, Dr. Bharat V. Jain 2 

Department of Pharmaceutics 

Smt. Sharadchandrika Suresh Patil College of Pharmacy, Chopda, Maharashtra, India 

 

Abstract 

Curcumin, a naturally occurring polyphenolic 

compound isolated from Curcuma longa, exhibits 

remarkable pharmacological activities including 

anti-inflammatory, antioxidant, antimicrobial, 

anticancer, wound healing, and neuroprotective 

properties. Despite its broad therapeutic potential, 

clinical utilization of curcumin remains limited due 

to poor aqueous solubility, low permeability, rapid 

metabolism, and poor systemic bioavailability. 

Transdermal drug delivery systems (TDDS) have 

emerged as a promising alternative approach for 

enhancing curcumin delivery while bypassing 

hepatic first-pass metabolism and gastrointestinal 

degradation. Among various transdermal carriers, 

hydrogel-based systems have attracted significant 

attention due to their high water content, 

biocompatibility, flexibility, skin adherence, and 

controlled release capability. Hydrogel-based 

transdermal patches provide sustained drug release, 

improved patient compliance, enhanced therapeutic 

efficacy, and reduced systemic adverse effects. This 

review comprehensively discusses skin anatomy, 

transdermal drug delivery mechanisms, hydrogel 

technology, physicochemical and pharmacological 

properties of curcumin, formulation strategies, 

evaluation techniques, drug release kinetics, 

optimization approaches, recent advancements in 

nanohydrogels and smart hydrogels, regulatory 

considerations, challenges, and future prospects. The 

review highlights the growing potential of hydrogel-

based curcumin transdermal patches as next-

generation drug delivery platforms for chronic 

inflammatory disorders, wound healing, cancer 

therapy, and dermatological applications. 

 

Keyword: Curcumin, Hydrogel, Transdermal Patch, 

Sustained Release, Controlled Drug Delivery, 

Nanohydrogel, Skin Permeation. 

1.INTRODUCTION 

Drug delivery systems play a crucial role in improving 

therapeutic efficacy and patient compliance. 

Conventional oral administration often suffers from 

poor bioavailability, gastrointestinal degradation, and 

first-pass metabolism. Transdermal drug delivery 

systems provide a non-invasive route for delivering 

drugs through the skin directly into systemic circulation. 

 

Curcumin is a bioactive phytoconstituent derived from 

turmeric and has attracted significant attention because 

of its broad spectrum of pharmacological activities. 

Despite its therapeutic potential, curcumin exhibits poor 

water solubility and limited bioavailability. Hydrogel-

based transdermal patches offer a promising strategy to 

overcome these limitations by providing controlled and 

sustained release of curcumin across the skin barrier. 

 

Table 1. Advantages of Hydrogel-Based Transdermal 

Systems 

 

Parameter Conventional 

Oral Delivery 

Hydrogel 

Transdermal 

Patch 

First-pass 

metabolism 

Present Absent 

Bioavailability Low Improved 
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Patient 

compliance 

Moderate High 

Drug release Immediate Sustained 

Dosing 

frequency 

Frequent Reduced 

GI side effects Common Minimal 
 

 
Curcumin as a Therapeutic Molecule 

 

Curcumin is the principal curcuminoid obtained from 

turmeric (Curcuma longa). It has gained tremendous 

attention owing to its therapeutic efficacy against 

inflammatory diseases, arthritis, diabetes, cancer, wound 

healing, and neurodegenerative disorders. 

 

Limitations of Curcumin 

• Poor aqueous solubility 

• Rapid metabolism 

• Poor permeability 

• Low oral bioavailability 

• Chemical instability 

 

These limitations necessitate development of advanced 

drug delivery systems. 

 

Skin as a Drug Delivery Organ 

Anatomy of Skin 

Epidermis 

 

• Stratum corneum 

• Stratum lucidum 

• Stratum granulosum 

• Stratum spinosum 

• Stratum basale 

 

Dermis 

 

• Papillary region 

• Reticular region 

 

Hypodermis 

 

• Adipose tissue 

• Blood vessels 

 
 

Figure 1. Anatomy of Human Skin 

Transdermal Drug Delivery Systems 

 

Advantages 

 

• Avoids first-pass metabolism 

• Sustained drug release 

• Better patient compliance 

• Reduced side effects 

 

Limitations 

 

• Skin barrier 

• Limited drug loading 

• Irritation potential 

 

Hydrogels 

Definition 

 

Hydrogels are three-dimensional hydrophilic polymeric 

networks capable of absorbing large amounts of 

biological fluids without losing structural integrity. 

 

Characteristics 

 

• High water content 

• Excellent biocompatibility 

• Flexibility 

• Swelling behavior 

• Controlled release 
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Figure 2. Structure of Hydrogel Network 

 

Cross-linked polymer chains showing water-filled pores 

and entrapped drug molecules. 

 

Classification of Hydrogels 

Based on Source 

Natural 

 

• Chitosan 

• Alginate 

• Gelatin 

• Pectin 

 

Synthetic 

 

• HPMC 

• PVA 

• PEG 

• Polyacrylamide 

 

Based on Cross-Linking 

 

• Physical 

• Chemical 

 

Based on Responsiveness 

 

• pH-sensitive 

• Temperature-sensitive 

• Stimuli-responsive 

 

 

 

 

 

 

Table 2. Common Polymers Used in Hydrogel 

Systems 

Polymer Type Function 

HPMC Semi-

synthetic 

Matrix former 

Ethyl 

cellulose 

Synthetic Sustained release 

PEG-400 Synthetic Plasticizer 

Chitosan Natural Bioadhesion 

PVA Synthetic Mechanical 

strength 
 

 

Curcumin: Physicochemical and Pharmacological 

Profile 

 

Chemical Name 

 

1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-

3,5-dione 

 

Molecular Formula 

 

C21H20O6 

 

Molecular Weight 

 

368.38 g/mol 

 

Melting Point 

 

183–186°C 

 

 
Figure 3. Chemical Structure of Curcumin 

 

Mechanism of Curcumin Action 

• NF-κB inhibition 
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• COX-2 inhibition 

• Antioxidant pathway activation 

• Cytokine suppression 

• Free radical scavenging 

 

Curcumin Hydrogel Formulations 

Components 

Drug 

 

Curcumin 

 

Matrix Polymers 

 

• HPMC 

• Ethyl cellulose 

 

Plasticizers 

 

• PEG-400 

 

Permeation Enhancers 

 

• Eugenol 

• Menthol 

• Linseed oil 

 

Table 3. Typical Curcumin Hydrogel Composition 

Ingredient Function 

Curcumin Active drug 

HPMC Hydrogel matrix 

EC Sustained release polymer 

PEG-400 Plasticizer 

Menthol Permeation enhancer 

Eugenol Permeation enhancer 
 

 

Drug Release Mechanisms 

Diffusion Controlled 

 

Drug diffuses through hydrated matrix. 

 

Swelling Controlled 

 

Water uptake causes polymer expansion. 

 

Erosion Controlled 

 

Polymer degradation releases drug. 

 
Figure 4. Drug Release Mechanism from Hydrogel 

Matrix 

 

Evaluation Parameters 

Physicochemical Evaluation 

 

• Thickness 

• Weight variation 

• Folding endurance 

• Moisture uptake 

 

Analytical Evaluation 

 

• UV Spectroscopy 

• FTIR 

• DSC 

• SEM 

• Particle size 

• Zeta potential 

 

In-Vitro Evaluation 

 

• Drug diffusion 

• Release kinetics 

• Skin permeation 

 

Release Kinetic Models 

Zero Order 

 

Qt = Q0 + K0t 
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First Order 

 

log C = log C0 – kt/2.303 

 

Higuchi Model 

 

Q = KH√t 

 

Korsmeyer-Peppas 

 

Mt/M∞ = Ktn 

 

Table 4. Drug Release Models 

 

Model Release Pattern 

Zero Order Constant release 

First Order Concentration dependent 

Higuchi Diffusion controlled 

Peppas Mechanism determination 
 

 

Nanohydrogels and Smart Hydrogels 

 

Recent developments include: 

• Nanoparticle-loaded hydrogels 

• Nanoemulsion hydrogels 

• Thermoresponsive hydrogels 

• pH-responsive hydrogels 

• Microneedle-assisted hydrogels 

 

Therapeutic Applications 

Wound Healing 

 

Enhanced collagen synthesis and tissue repair. 

 

Psoriasis 

 

Reduction in inflammatory markers. 

 

Arthritis 

 

Sustained anti-inflammatory activity. 

 

Cancer 

 

Localized chemotherapy enhancement. 

 

Diabetic Wounds 

 

Accelerated tissue regeneration. 

 

Challenges 

 

• Curcumin instability 

• Manufacturing complexity 

• Regulatory requirements 

• Scale-up difficulties 

 

Future Perspectives 

 

• AI-assisted formulation optimization 

• Smart wearable patches 

• Nanotechnology integration 

• Personalized medicine 

• Clinical translation 

 

2. CONCLUSION 

 

Hydrogel-based transdermal systems represent one of 

the most promising approaches for overcoming the 

bioavailability limitations of curcumin. Advanced 

hydrogel technologies provide sustained release, 

improved permeation, enhanced therapeutic efficacy, 

and superior patient compliance. Future developments 

involving nanotechnology, smart polymers, and 

personalized medicine are expected to establish 

hydrogel-based curcumin patches as commercially 

viable therapeutic systems. 
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