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Abstract: 

Topical hydrogels have gained significant attention as advanced drug delivery systems for the management of 

inflammatory disorders due to their high water content, biocompatibility, and ability to provide localized and 

controlled drug release. Their soft, non-greasy nature enhances patient compliance while minimizing systemic 

adverse effects associated with oral anti-inflammatory therapy. The selection of suitable polymers, penetration 

enhancers, humectants, and other formulation components plays a crucial role in determining the 

physicochemical properties and therapeutic efficacy of hydrogel formulations. This review summarizes the 

classification, formulation strategies, essential characterization parameters, and therapeutic applications of 
topical hydrogels in anti-inflammatory drug delivery. Recent advances, including nanohydrogels, stimuli-

responsive hydrogels, and bioactive polymeric systems, are also discussed for their potential to improve skin 

permeation and treatment outcomes. Overall, topical hydrogels represent a promising platform for safe, effective, 

and patient-friendly topical therapy, with future developments expected to further expand their clinical and 

pharmaceutical applications. 
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1. INTRODUCTION: 

Inflammation is a complex biological response of 

the immune system that protects the body against 

harmful stimuli such as pathogens, damaged cells, 
toxins, and physical injury.¹ Acute inflammation is a 

normal defense mechanism that facilitates tissue 

repair and restoration of homeostasis.² However, 

persistent or uncontrolled inflammation contributes 

to the pathogenesis of several chronic disorders, 

including rheumatoid arthritis, osteoarthritis, 

psoriasis, dermatitis, and inflammatory bowel 

disease.³ 

Anti-inflammatory drugs, particularly non-steroidal 

anti-inflammatory drugs (NSAIDs) and 

corticosteroids, are widely used to alleviate pain, 

swelling, and inflammation.⁴ Despite their 
therapeutic effectiveness, oral administration of 

these drugs is often associated with gastrointestinal 

irritation, extensive first-pass metabolism, and 

systemic adverse effects during long-term 

treatment.⁵ Consequently, topical drug delivery has 

gained considerable attention as an alternative 

approach for the localized management of 

inflammatory disorders.⁶ 

 

 
Figure 1. Types of Topical Hydrogel Drug 

Delivery Platforms 

Topical administration delivers the drug directly to 

the affected site while minimizing systemic 

exposure and improving patient compliance.⁷ 

Among the available topical dosage forms, 

hydrogels have emerged as one of the most 

promising delivery systems because of their high 

water content, excellent biocompatibility, non-

greasy texture, and cooling effect on inflamed skin.⁸ 

Hydrogels also provide sustained drug release and 

improve drug residence time at the site of 

application.⁹ 

Hydrogels are three-dimensional cross-linked 

polymeric networks capable of absorbing large 
amounts of water without losing their structural 

integrity.¹⁰ They can be prepared using natural, 

synthetic, or semi-synthetic polymers depending on 

the desired physicochemical and therapeutic 

properties.¹¹ Commonly used polymers include 

Carbopol, hydroxypropyl methylcellulose, sodium 

alginate, chitosan, poloxamers, and polyvinyl 

alcohol.¹² 

The therapeutic performance of topical hydrogels 

depends on polymer selection, drug solubility, 

viscosity, pH, permeation enhancers, and 

formulation stability.¹³ Recent advances in 
pharmaceutical technology have enabled the 

incorporation of nanocarriers such as liposomes, 

niosomes, nanoemulsions, and polymeric 

nanoparticles into hydrogel systems to enhance skin 

permeation and controlled drug release.¹⁴ 

Furthermore, stimuli-responsive hydrogels and 

herbal hydrogel formulations have expanded the 

therapeutic potential of topical drug delivery for 

inflammatory diseases.¹⁵ 

This review summarizes the recent advances in 

topical hydrogels for anti-inflammatory drug 
delivery, including their classification, formulation 

strategies, physicochemical characterization, 

therapeutic applications, current challenges, and 

future perspectives.¹⁶ 

2. TOPICAL HYDROGELS 

2.1 Topical Hydrogels 

Topical hydrogels are semisolid pharmaceutical 

formulations composed of three-dimensional 

hydrophilic polymeric networks capable of 

absorbing and retaining substantial amounts of water 

or biological fluids while maintaining their 

structural integrity.¹⁷ Owing to their high water 
content, excellent biocompatibility, and flexibility, 

hydrogels have become one of the most widely 

investigated drug delivery systems for topical 

administration.¹⁸ They provide an ideal environment 

for drug incorporation and facilitate localized 

delivery with improved therapeutic efficacy and 

patient comfort.¹⁹ 

2.2 Characteristics of Topical Hydrogels 

Topical hydrogels possess several desirable 

physicochemical properties, including high water 

content, transparency, softness, elasticity, and 
excellent spreadability.²⁰ They are non-greasy, easily 

washable, and produce a cooling sensation after 

application, making them particularly suitable for 

inflamed and irritated skin.²¹ In addition, hydrogels 

exhibit good bioadhesion, prolonged residence time 

at the application site, and the ability to provide 

controlled drug release, thereby enhancing 

therapeutic effectiveness.²² 

2.3 Advantages of Topical Hydrogels 
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Hydrogels offer numerous advantages over 

conventional topical dosage forms such as creams 

and ointments. They provide localized drug delivery, 

reduce systemic adverse effects, improve patient 

compliance, and avoid first-pass metabolism.²³ 
Their high moisture-retaining capacity promotes 

skin hydration and enhances drug diffusion through 

the skin.²⁴ Furthermore, hydrogels can 

accommodate a wide range of therapeutic agents and 

are suitable for both immediate and sustained drug 

release applications.²⁵ 

2.4 Limitations of Topical Hydrogels 

Despite their numerous benefits, topical hydrogels 

possess certain limitations. Their high water content 

may increase the risk of microbial contamination if 

appropriate preservatives are not incorporated.²⁶ 

Some hydrogels exhibit poor mechanical strength 
and limited stability under unfavorable storage 

conditions.²⁷ In addition, the incorporation of highly 

lipophilic drugs may require specialized formulation 

approaches to achieve satisfactory drug loading and 

release characteristics.²⁸ 

2.5 Pharmaceutical Applications 

Topical hydrogels have been extensively utilized for 

the treatment of inflammatory disorders, wound 

healing, burns, psoriasis, eczema, acne, fungal 

infections, localized pain, and musculoskeletal 

diseases.²⁹ Recent advances in polymer science and 
nanotechnology have further expanded their 

applications in transdermal drug delivery, tissue 

engineering, cosmetic preparations, and targeted 

drug delivery systems.³⁰ 

3. CLASSIFICATION OF TOPICAL 

HYDROGELS 

Topical hydrogels can be classified on the basis of 

polymer source, type of cross-linking, ionic charge, 

responsiveness to external stimuli, and method of 

preparation.³¹ This classification helps in selecting 

suitable hydrogel systems according to the 

physicochemical properties of the drug, route of 
administration, and intended therapeutic 

application.³² 

3.1 Classification Based on Polymer Source 

Hydrogels are broadly categorized into natural, 

synthetic, and semi-synthetic hydrogels according to 

the origin of the polymers used in their preparation.³³ 

Natural hydrogels possess excellent 

biocompatibility and biodegradability, whereas 

synthetic hydrogels provide better mechanical 

strength and reproducibility. Semi-synthetic 

hydrogels combine the advantages of both systems 
to improve formulation performance.³⁴ 

 
Figure 2. Classification of topical hydrogels based 

on polymer source. 

3.1.1 Natural Hydrogels 

Natural hydrogels are prepared from naturally 

occurring polymers such as chitosan, sodium 

alginate, gelatin, hyaluronic acid, pectin, and 

xanthan gum.³⁵ These polymers exhibit excellent 

biocompatibility, biodegradability, and low toxicity, 

making them suitable for topical drug delivery and 

wound healing applications. However, they may 

possess lower mechanical strength and limited 

stability compared to synthetic polymers.³⁶ 

3.1.2 Synthetic Hydrogels 

Synthetic hydrogels are formulated using 
chemically synthesized polymers such as Carbopol, 

polyvinyl alcohol (PVA), polyethylene glycol 

(PEG), polyvinyl pyrrolidone (PVP), and 

poloxamers.³⁷ These hydrogels offer superior 

mechanical strength, controlled swelling, 

reproducible drug release, and improved 

formulation stability. They are extensively 

employed in pharmaceutical formulations due to 

their predictable physicochemical properties.³⁸ 

3.1.3 Semi-Synthetic Hydrogels 

Semi-synthetic hydrogels are developed by 
chemically modifying natural polymers or 

combining natural and synthetic polymers to 

improve their functional characteristics.³⁹ Examples 

include hydroxypropyl methylcellulose (HPMC), 

sodium carboxymethyl cellulose (NaCMC), and 

hydroxyethyl cellulose (HEC). These hydrogels 

exhibit enhanced viscosity, better stability, improved 

drug release, and excellent patient acceptability.⁴⁰ 

Table 3.1. Classification of Topical Hydrogels Based on Polymer Source 

Type Common Polymers Major Advantages Limitations 

Natural Hydrogels Chitosan, Alginate, Gelatin, 

Hyaluronic acid 

Biocompatible, biodegradable Low mechanical 

strength 

Synthetic 

Hydrogels 

Carbopol, PVA, PEG, PVP, 

Poloxamer 

Stable, reproducible, controlled 

drug release 

Lower 

biodegradability 

Semi-synthetic 

Hydrogels 

HPMC, NaCMC, HEC Improved viscosity, balanced 

properties 

Moderate cost 
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4. FORMULATION COMPONENTS OF 

TOPICAL HYDROGELS 

The therapeutic performance of topical hydrogels 

depends on the appropriate selection of polymers, 

active pharmaceutical ingredients, and other 
formulation excipients. Each component plays a 

specific role in determining the physicochemical 

properties, stability, drug release, and overall 

efficacy of the hydrogel formulation.⁴¹ 

4.1 Active Pharmaceutical Ingredient (API) 

The active pharmaceutical ingredient is the 

therapeutic component responsible for producing 

the desired pharmacological effect. Anti-

inflammatory drugs such as diclofenac sodium, 

aceclofenac, ibuprofen, ketoprofen, piroxicam, and 

celecoxib are commonly incorporated into topical 

hydrogels for the treatment of localized pain and 
inflammation.⁴² The physicochemical properties of 

the drug, including molecular weight, solubility, and 

partition coefficient, significantly influence skin 

permeation and therapeutic effectiveness.⁴³ 

4.2 Gelling Agents 

Gelling agents form the three-dimensional 

polymeric network that provides the characteristic 

semisolid consistency of hydrogels. Commonly 

used gelling agents include Carbopol 934, Carbopol 

940, hydroxypropyl methylcellulose (HPMC), 

sodium alginate, chitosan, xanthan gum, and 
poloxamers.⁴⁴ The type and concentration of the 

polymer determine viscosity, spreadability, swelling 

behavior, and drug release characteristics.⁴⁵ 

4.3 Penetration Enhancers 

Penetration enhancers improve the permeation of 

drugs across the stratum corneum by temporarily 

altering the barrier properties of the skin. Commonly 

employed penetration enhancers include propylene 

glycol, polyethylene glycol, dimethyl sulfoxide 

(DMSO), ethanol, oleic acid, Transcutol®, and 

isopropyl myristate.⁴⁶ These agents increase drug 

absorption and improve therapeutic efficacy without 
causing permanent damage to the skin.⁴⁷ 

4.4 Humectants 

Humectants are incorporated to maintain moisture 

content, improve skin hydration, and prevent drying 

of the hydrogel during storage and application. 

Glycerin, propylene glycol, and sorbitol are widely 

used humectants in topical hydrogel formulations.⁴⁸ 

4.5 Preservatives 

Since hydrogels contain a high proportion of water, 

preservatives are essential to prevent microbial 

contamination and enhance product stability. Methyl 

paraben, propyl paraben, benzalkonium chloride, 
and phenoxyethanol are commonly used 

antimicrobial preservatives in topical 

formulations.⁴⁹ 

4.6 Buffers and pH Adjusting Agents 

Buffers help maintain the pH of the hydrogel within 

a range that is compatible with both the incorporated 

drug and the skin. Triethanolamine, sodium 

hydroxide, citric acid, and phosphate buffer systems 

are frequently used to adjust and stabilize the pH of 

topical hydrogels.⁵⁰ 

4.7 Solvents and Co-solvents 
Solvents facilitate drug dissolution and ensure 

uniform distribution of the active ingredient within 

the formulation. Purified water is the principal 

solvent used in hydrogels, whereas ethanol, 

polyethylene glycol, and propylene glycol are 

commonly employed as co-solvents to improve the 

solubility of poorly water-soluble drugs.⁵¹ 

 

Table 4.1 Common Formulation Components Used in Topical Hydrogels 

Component Examples Function 

Active pharmaceutical ingredient Diclofenac, Ibuprofen, Aceclofenac Therapeutic action 

Gelling agent Carbopol 940, HPMC, Chitosan Gel formation 

Penetration enhancer Propylene glycol, Oleic acid, Ethanol Improves skin permeation 

Humectant Glycerin, Sorbitol Maintains moisture 

Preservative Methyl paraben, Phenoxyethanol Prevents microbial growth 

Buffer Triethanolamine, Phosphate buffer Maintains pH 

Solvent Purified water, Ethanol Drug dissolution 

 

5. CHARACTERIZATION OF TOPICAL 

HYDROGELS 

Characterization of topical hydrogels is essential to 

evaluate their physicochemical properties, stability, 

drug release behavior, and overall quality. Various 

evaluation parameters are employed to ensure that 

the hydrogel possesses suitable consistency, skin 

compatibility, and therapeutic performance.⁵² 

5.1 Physical Appearance 

The physical appearance of a hydrogel is evaluated 
by visual inspection for color, transparency, 

homogeneity, consistency, and the presence of any 

particulate matter or phase separation. A high-

quality hydrogel should be smooth, uniform, and 

aesthetically acceptable.⁵³ 

5.2 pH Determination 

The pH of a topical hydrogel should be compatible 

with the physiological pH of the skin to minimize 

irritation and ensure patient comfort. A skin-friendly 

pH also contributes to formulation stability and drug 

compatibility.⁵⁴ 

5.3 Viscosity 

Viscosity is an important rheological parameter that 
influences the spreadability, retention, and drug 

release characteristics of topical hydrogels. It is 

commonly determined using a Brookfield 
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viscometer under controlled experimental 

conditions.⁵⁵ 

5.4 Spreadability 

Spreadability measures the ease with which a 

hydrogel can be uniformly applied over the skin 
surface. Good spreadability enhances patient 

compliance and ensures uniform drug distribution at 

the site of application.⁵⁶ 

5.5 Drug Content Uniformity 

Drug content analysis is performed to determine the 

uniform distribution of the active pharmaceutical 

ingredient throughout the hydrogel matrix. Uniform 

drug content is essential for achieving consistent 

therapeutic efficacy.⁵⁷ 

5.6 Extrudability 

Extrudability indicates the ease with which the 

hydrogel can be expelled from collapsible tubes or 
containers. An ideal formulation should be easily 

extrudable while maintaining its structural integrity 

during application.⁵⁸ 

5.7 Swelling Index 

The swelling index determines the water absorption 

capacity of hydrogels, which influences drug 

diffusion, mechanical properties, and release 

characteristics. The degree of swelling depends on 

the polymer type, cross-linking density, and 

environmental conditions.⁵⁹ 

5.8 In Vitro Drug Release 
In vitro drug release studies are performed to 

evaluate the release profile of the incorporated drug 

from the hydrogel matrix. These studies provide 

valuable information regarding the release 

mechanism and sustained delivery characteristics of 

the formulation.⁶⁰ 

5.9 Skin Permeation Study 

Skin permeation studies assess the ability of the drug 

to penetrate through the skin and reach the target 

tissue. Franz diffusion cells are commonly 

employed to investigate drug permeation across 

excised animal or human skin under controlled 
laboratory conditions.⁶¹ 

5.10 Stability Studies 

Stability studies are conducted to evaluate the 

physical, chemical, and microbiological stability of 

topical hydrogels during storage. Parameters such as 

appearance, pH, viscosity, drug content, and 

microbial growth are monitored under 

recommended storage conditions to ensure product 

quality and shelf life.⁶² 

6. THERAPEUTIC APPLICATIONS OF 

TOPICAL HYDROGELS 
Topical hydrogels are widely employed for the 

localized delivery of anti-inflammatory drugs due to 

their excellent biocompatibility, controlled drug 

release, and improved patient compliance.⁶³ Their 

ability to maintain prolonged contact with the skin 

enhances therapeutic efficacy while minimizing 

systemic side effects.⁶⁴ 

6.1 Inflammatory Disorders 

Topical hydrogels are extensively used in the 

management of rheumatoid arthritis, osteoarthritis, 

tendonitis, bursitis, and other musculoskeletal 

inflammatory conditions by delivering drugs 

directly to the affected site.⁶⁵ 

6.2 Wound Healing 

Hydrogel dressings maintain a moist wound 

environment, promote tissue regeneration, reduce 

inflammation, and accelerate the healing process.⁶⁶ 

6.3 Dermatological Disorders 

Hydrogels are used for the treatment of psoriasis, 

eczema, acne, dermatitis, and other inflammatory 

skin diseases due to their soothing and moisturizing 

properties.⁶⁷ 

6.4 Pain Management 

Topical hydrogel formulations containing NSAIDs 

provide effective relief from localized pain 
associated with sports injuries, sprains, strains, and 

muscle inflammation.⁶⁸ 

6.5 Cosmetic and Biomedical Applications 

Besides pharmaceutical applications, hydrogels are 

increasingly used in cosmetic formulations, 

transdermal drug delivery, tissue engineering, and 

regenerative medicine.⁶⁹ 

 

7. SUMMARY AND CONCLUSION: 

Topical hydrogels have emerged as an effective and 

versatile drug delivery system for the localized 
treatment of inflammatory disorders. Their high 

water content, excellent biocompatibility, non-

greasy nature, and ability to provide controlled drug 

release make them superior to many conventional 

topical dosage forms. The selection of suitable 

polymers, active pharmaceutical ingredients, and 

formulation excipients plays a crucial role in 

determining the physicochemical properties, 

stability, and therapeutic performance of hydrogel 

formulations. Recent advancements in polymer 

science and nanotechnology have further enhanced 

the effectiveness of topical hydrogels by improving 
drug permeation, prolonged drug retention, and 

patient compliance. Moreover, the incorporation of 

smart polymers and nanocarriers has expanded their 

potential for targeted and sustained drug delivery. 

Overall, topical hydrogels represent a safe, efficient, 

and patient-friendly approach for anti-inflammatory 

therapy. Continued research and technological 

innovations are expected to further improve their 

clinical applications and establish hydrogel-based 

formulations as an important platform for next-

generation topical drug delivery systems. 

 

9. Future Scope  

Future research on topical hydrogels is expected to 

focus on the development of advanced 

multifunctional delivery systems capable of 

improving drug targeting, therapeutic efficacy, and 

patient outcomes. Smart hydrogels that respond to 

physiological stimuli such as pH, temperature, 

enzymes, and light offer significant potential for 
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site-specific and controlled drug release. The 

integration of nanotechnology with hydrogel 

systems, including nanoparticles, liposomes, 

niosomes, and nanoemulsions, is likely to enhance 

skin permeation and drug bioavailability. In 
addition, the exploration of biodegradable polymers, 

herbal bioactive compounds, and personalized 

medicine approaches may further expand the clinical 

applications of topical hydrogels. Advances in 3D 

bioprinting, tissue engineering, and regenerative 

medicine are also expected to create new 

opportunities for hydrogel-based therapeutic 

systems. Continued interdisciplinary research will 

contribute to the development of safer, more 

effective, and innovative topical hydrogel 

formulations for inflammatory diseases and other 

dermatological disorders. 
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