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INTRODUCTION 

Topical drug delivery systems have gained significant 

importance in the management of localized inflammatory 

and musculoskeletal disorders due to their ability to 

deliver therapeutic agents directly to the site of action. 

This approach minimizes systemic drug exposure and 

reduces the risk of adverse effects commonly associated 

with conventional systemic therapy. In addition, topical 

formulations offer advantages such as ease of 

application, non-invasive administration, and improved 

patient compliance, making them suitable for long-term 

treatment of chronic conditions such as osteoarthritis, 

rheumatoid arthritis, and localized pain. 

 

Despite these advantages, the effectiveness of topical 

drug delivery is largely limited by the structural and 

functional complexity of the skin. The stratum corneum, 

which is the outermost layer of the skin, acts as a highly 

organized and efficient barrier that restricts the 

penetration of most drug molecules. This barrier is 

particularly challenging for drugs with unfavorable 

physicochemical properties, including poor aqueous 

solubility and suboptimal partitioning behavior. As a 

result, many conventional topical formulations fail to 

deliver adequate drug concentrations to deeper skin 

layers, leading to reduced therapeutic efficacy. 

 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are 

widely used for the treatment of pain and inflammation; 

however, their topical delivery is often associated with 

limitations such as insufficient permeation and lack of 

sustained drug release. Conventional dosage forms like 

creams, ointments, and simple gels may provide 

temporary relief but are unable to maintain consistent 

drug levels at the site of application. In addition, factors 

such as low residence time, poor spreadability, and rapid 

removal from the skin surface further reduce their 

effectiveness, especially in chronic conditions requiring 

prolonged therapy. 

 

These limitations highlight the need for advanced topical 

delivery systems that can overcome both solubility and 

permeability barriers while ensuring sustained drug 

release and improved retention at the application site. In 

recent years, lipid-based carriers such as microemulsions 

and nanoemulsions have emerged as promising systems 
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ABSTRACT 

Topical delivery of nonsteroidal anti-inflammatory drugs (NSAIDs) has gained significant attention for the 

management of localized inflammatory conditions due to its ability to provide site-specific action with reduced 

systemic exposure. However, conventional topical formulations often exhibit limitations such as inadequate drug 

permeation, poor solubility, and insufficient retention at the site of application. Recent advancements in 

formulation approaches have focused on lipid-based systems, including microemulsions and nanoemulsions, as 

well as gel-based carriers, to overcome these challenges. Lipid-based systems enhance drug solubilization and 

improve penetration through the skin barrier, while gel systems provide desirable rheological properties and 

prolonged residence time. The combination of these systems has shown improved performance in terms of drug 

release and permeation. This review discusses the role of these advanced systems in topical NSAID delivery, 

highlighting their advantages, formulation considerations, and current challenges, with an emphasis on developing 

effective and patient-friendly delivery systems. 
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due to their ability to enhance drug solubilization and 

facilitate penetration through the skin barrier. Their small 

droplet size and unique composition enable improved 

interaction with the stratum corneum, leading to 

enhanced drug transport. 

 

On the other hand, hydrogel-based systems provide 

desirable physicochemical and rheological properties, 

including increased viscosity, better spreadability, and 

prolonged residence time on the skin. However, when 

used alone, gel systems may not be sufficient to 

significantly enhance the permeation of lipophilic drugs. 

Therefore, a combination approach that integrates the 

advantages of both systems has gained considerable 

attention. 

 

Microemulsion-based hydrogels represent a novel and 

effective strategy in which the drug is solubilized within 

the microemulsion system for enhanced penetration, 

while the hydrogel matrix ensures controlled release and 

improved retention at the site of application. This dual-

functional system addresses the key limitations of 

conventional topical formulations and offers a promising 

platform for improved therapeutic outcomes. 

Consequently, the exploration of such integrated delivery 

systems has become an important area of research in the 

development of advanced topical therapies. 

 

Limitations of Conventional Topical Drug Delivery 

Systems 
Conventional topical drug delivery systems, including 

creams, ointments, and simple gels, are widely used for 

the management of localized inflammatory conditions. 

While these formulations offer advantages such as ease 

of application and direct delivery to the site of action, 

they are often associated with several limitations that 

restrict their therapeutic effectiveness. These limitations 

become more significant in the case of drugs requiring 

deeper skin penetration and sustained action. 

 

One of the primary challenges associated with 

conventional topical formulations is their inability to 

effectively overcome the barrier function of the stratum 

corneum. This outermost layer of the skin is composed of 

tightly packed lipid structures that significantly limit the 

diffusion of drug molecules. As a result, only a small 

fraction of the applied drug is able to penetrate into the 

deeper layers of the skin, leading to suboptimal 

therapeutic outcomes. This issue is particularly 

pronounced for drugs with poor aqueous solubility or 

unfavorable partitioning characteristics. 

 

Another important limitation is the lack of controlled and 

sustained drug release. Traditional formulations often 

release the drug rapidly after application, resulting in an 

initial high concentration followed by a rapid decline. 

Such fluctuations in drug levels may reduce the duration 

of therapeutic action and necessitate frequent 

reapplication. This can negatively affect patient 

compliance, especially in chronic conditions that require 

long-term treatment. 

 

In addition to permeation and release-related challenges, 

conventional systems also exhibit poor retention at the 

site of application. Factors such as skin movement, 

sweating, and contact with clothing can lead to the 

removal of the formulation from the skin surface. This 

reduces the effective contact time between the drug and 

the skin, further limiting drug absorption and therapeutic 

efficacy. 

 

Furthermore, many conventional topical formulations 

lack the ability to enhance drug solubilization, 

particularly for lipophilic drugs. Poor solubility can 

result in incomplete drug release and reduced availability 

for absorption. This limitation highlights the need for 

carrier systems that can maintain the drug in a 

solubilized state and facilitate its transport across the 

skin barrier. 

 

Another concern is the variability in drug absorption due 

to physiological factors such as skin thickness, hydration 

level, and site of application. These variations can lead to 

inconsistent therapeutic responses among patients. 

Additionally, some formulations may cause skin 

irritation or discomfort, further affecting patient 

acceptance and adherence to therapy. 

 

Overall, the limitations associated with conventional 

topical drug delivery systems, including poor 

permeation, lack of sustained release, inadequate 

retention, and solubility issues, significantly impact their 

effectiveness. These challenges emphasize the need for 

advanced delivery systems that can overcome these 

barriers and provide improved therapeutic outcomes. The 

development of such systems is essential for enhancing 

the efficacy of topical therapies, particularly in the 

management of inflammatory conditions. 

 

LIPID-BASED SYSTEMS 

Lipid-based systems have been widely explored for 

topical drug delivery due to their ability to improve the 

solubility of poorly water-soluble drugs and enhance 

their permeation across the skin. 

 

3.1 Microemulsions 

Microemulsions are thermodynamically stable systems 

composed of oil, water, surfactant, and co-surfactant. 

Their small droplet size and large surface area facilitate 

improved drug solubilization and interaction with the 

skin surface. 

 

These systems can enhance drug permeation by 

modifying the lipid structure of the stratum corneum, 

allowing better diffusion of the drug. Several studies 

have reported improved drug release and permeation 

profiles with microemulsion-based formulations 

compared to conventional systems. 
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However, the requirement of higher surfactant 

concentrations may raise concerns related to skin 

irritation and formulation stability. 

 

3.2 Nanoemulsions 

Nanoemulsions are kinetically stable systems with 

droplet sizes in the nanometer range. They are typically 

prepared using high-energy methods and provide 

improved stability and drug delivery performance. 

The small droplet size of nanoemulsions allows better 

contact with the skin, leading to enhanced drug 

absorption. In addition, the oil phase can act as a 

reservoir for the drug, supporting sustained release. 

 

Despite these advantages, challenges such as high-energy 

requirements and scale-up difficulties need to be 

considered during formulation development. 

 

Table 1: Comparative Features of Lipid-Based Systems. 

Parameter Microemulsion Nanoemulsion Remarks 

Stability Thermodynamic Kinetic Microemulsions more stable 

Droplet size 10–100 nm 20–200 nm Nano larger 

Energy Low High Nano needs energy 

Efficiency High High Both effective 

 

Although lipid-based systems significantly improve drug 

solubilization and enhance skin permeation, their 

inherently low viscosity and limited retention at the site 

of application restrict their effectiveness as standalone 

topical formulations. In practical use, this may result in 

reduced contact time with the skin and variability in drug 

delivery. Therefore, while these systems are highly 

efficient in facilitating drug transport across the skin 

barrier, they require further modification to achieve 

sustained and controlled drug release. This has led to the 

exploration of complementary approaches, particularly 

the incorporation of lipid-based systems into gel 

matrices, which can enhance formulation stability, 

improve application properties, and prolong residence 

time at the target site. 

 

GEL-BASED SYSTEMS 

Gel-based systems are extensively utilized in topical 

drug delivery due to their favorable physicochemical 

properties, ease of application, and patient acceptability. 

These systems consist of a three-dimensional polymeric 

network capable of retaining significant amounts of 

water or biological fluids, thereby providing a suitable 

medium for drug incorporation and release. Hydrogels, 

in particular, have gained prominence owing to their 

biocompatibility, non-greasy nature, and ability to 

provide a cooling and soothing effect upon application. 

 

One of the primary advantages of gel-based systems is 

their ability to enhance the viscosity of topical 

formulations. Increased viscosity allows the formulation 

to remain at the site of application for an extended 

duration, thereby improving drug retention and reducing 

the likelihood of removal due to external factors such as 

sweating or friction. This prolonged residence time plays 

a crucial role in achieving sustained and controlled drug 

release, which is particularly important in the treatment 

of chronic conditions. 

 

The mechanism of drug release from gel systems is 

generally governed by diffusion through the polymeric 

network and, in some cases, by polymer relaxation or 

swelling. The structure and composition of the gel matrix 

influence the rate and extent of drug release. Hydrophilic 

polymers facilitate water uptake and swelling, which can 

enhance drug diffusion, whereas more rigid polymer 

networks may slow down drug release, contributing to 

prolonged therapeutic action. 

 

Various types of polymers are used in the preparation of 

gel-based systems, including synthetic, semi-synthetic, 

and natural polymers. Synthetic polymers such as 

carbopol are widely used due to their high viscosity and 

excellent gelling properties. Semi-synthetic polymers 

like hydroxypropyl methylcellulose (HPMC) offer good 

film-forming ability and moderate strength, while natural 

polymers such as sodium alginate provide 

biocompatibility and biodegradability. The selection of 

an appropriate gelling agent depends on factors such as 

drug compatibility, desired viscosity, stability, and 

release characteristics. 

 

Despite these advantages, gel-based systems alone have 

limitations in enhancing drug permeation across the skin. 

The hydrophilic nature of many gel matrices may restrict 

the efficient delivery of lipophilic drugs, as such drugs 

exhibit limited solubility in aqueous environments. 

Additionally, gels may not significantly alter the barrier 

properties of the stratum corneum, which limits their 

ability to facilitate deeper skin penetration. As a result, 

while gel systems are effective in improving retention 

and controlled release, they may not be sufficient to 

achieve optimal therapeutic outcomes when used 

independently. 

 

Table 2: Gelling Agents. 

Polymer Property Limitation 

Carbopol High viscosity pH sensitive 

HPMC Film forming 
Moderate 

strength 

Sodium alginate Biocompatible Low stability 

 

Therefore, while gel-based systems offer significant 

advantages in terms of viscosity, retention, and 

controlled drug release, their limited ability to enhance 

drug permeation necessitates the use of complementary 
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delivery approaches. This has led to the development of 

combination systems that integrate permeation-

enhancing carriers with gel matrices to achieve improved 

therapeutic performance. 

 

COMBINATION STRATEGY 

The integration of lipid-based drug delivery systems with 

gel matrices represents an effective approach to 

overcoming the limitations associated with individual 

topical formulations. This strategy combines the 

permeation-enhancing ability of lipid systems with the 

retention and application advantages of gel-based 

systems, thereby improving overall drug delivery 

performance. 

 

In such systems, the drug is incorporated within the lipid 

phase, where it remains solubilized and capable of 

interacting effectively with the stratum corneum. This 

promotes enhanced drug diffusion across the skin barrier. 

Simultaneously, the gel matrix provides a three-

dimensional network that increases viscosity and retains 

the formulation at the site of application, ensuring 

prolonged contact with the skin. 

 

This dual-function system enables both improved 

permeation and controlled drug release. The lipid 

component facilitates drug transport, while the gel matrix 

regulates the release rate and minimizes rapid loss of the 

formulation. As a result, more consistent therapeutic 

levels can be maintained over time. 

 

Additionally, the presence of a gel base improves 

formulation stability and patient acceptability due to its 

non-greasy nature and ease of application. However, 

successful formulation requires careful optimization of 

components such as oils, surfactants, and gelling agents 

to maintain stability, uniformity, and appropriate 

rheological properties. 

 

Overall, this combination approach offers a balanced and 

efficient platform for topical drug delivery by integrating 

permeation enhancement with sustained release and 

improved retention, making it a promising strategy for 

enhancing therapeutic outcomes. 

 

FORMULATION AND EVALUATION 

CONSIDERATIONS 

The development of advanced topical drug delivery 

systems requires a systematic approach involving careful 

selection of formulation components and comprehensive 

evaluation of the final product. Proper formulation 

design is essential to achieve optimal drug solubilization, 

stability, and therapeutic performance. 

 

Formulation Considerations 

The selection of suitable formulation components plays a 

crucial role in determining the effectiveness of the 

system. Oils, surfactants, and co-surfactants must be 

carefully chosen based on their ability to solubilize the 

drug and form a stable lipid-based system. The 

concentration and ratio of these components significantly 

influence droplet size, drug loading capacity, and overall 

stability. 

 

In addition, the choice of gelling agent is important for 

achieving the desired viscosity and consistency of the 

formulation. The pH of the final system must be adjusted 

to ensure compatibility with the skin and to avoid 

irritation. Proper optimization of these parameters 

ensures uniformity, stability, and ease of application. 

 

Evaluation Parameters 

Comprehensive evaluation is necessary to ensure the 

quality, safety, and performance of the developed 

formulation. Key evaluation parameters include drug 

content analysis to confirm uniform distribution, and 

measurement of pH and viscosity to assess skin 

compatibility and application characteristics. 

 

Particle size and zeta potential are important indicators 

of the stability and performance of lipid-based systems. 

Smaller droplet size generally contributes to better skin 

permeation, while zeta potential provides insight into 

system stability. 

 

In vitro drug release and permeation studies are essential 

for understanding the release profile and diffusion 

behavior of the drug across the skin. These studies help 

in predicting in vivo performance. Additionally, stability 

studies conducted under different environmental 

conditions are necessary to evaluate the long-term 

stability and shelf-life of the formulation. 

 

Overall, careful formulation design combined with 

thorough evaluation ensures the development of an 

effective and stable topical drug delivery system. 

 

CHALLENGES AND LIMITATIONS 
Despite the promising potential of advanced topical drug 

delivery systems, several challenges remain that can 

affect their development and clinical application. These 

challenges primarily arise from the complexity of 

formulation design and variability associated with the 

skin as a biological barrier. 

 

One of the major concerns is the stability of complex 

formulations, particularly those involving multiple 

components such as oils, surfactants, and polymers. 

Phase separation, changes in viscosity, and degradation 

of components may occur during storage, affecting the 

overall performance of the formulation. In addition, the 

use of surfactants, although essential for enhancing drug 

permeation, may lead to skin irritation or sensitivity, 

especially with prolonged use or higher concentrations. 

 

Another significant challenge is the difficulty in scaling 

up laboratory formulations to industrial production. 

Parameters optimized at a small scale may not always 

translate effectively to large-scale manufacturing, 

requiring further process adjustments and validation. 
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Furthermore, variability in skin permeability among 

individuals due to factors such as age, hydration, and site 

of application can lead to inconsistent drug absorption 

and therapeutic response. 

 

Addressing these challenges through careful formulation 

design, optimization, and evaluation is essential for 

ensuring the safety, stability, and effectiveness of 

advanced topical delivery systems. 

 

CONCLUSION 

Advanced topical drug delivery systems have emerged as 

an effective approach to overcome the limitations 

associated with conventional formulations. Among these, 

the integration of lipid-based carriers with gel matrices 

provides a rational and efficient strategy for enhancing 

drug delivery performance. Lipid-based systems improve 

drug solubilization and facilitate penetration across the 

skin barrier, while gel-based systems enhance viscosity, 

retention, and controlled drug release. 

 

The combination of these systems offers a synergistic 

advantage by enabling both improved permeation and 

prolonged residence time at the site of application. This 

dual functionality is particularly beneficial for the 

management of inflammatory conditions, where 

sustained and localized drug action is required. In 

addition, such formulations can improve patient 

compliance due to their ease of application and non-

greasy nature. 

 

However, the successful translation of these systems into 

practical applications requires careful consideration of 

formulation stability, skin compatibility, and scalability. 

Optimization of formulation components and thorough 

evaluation remain critical to ensure consistent 

performance and safety. 

 

Overall, the integration of lipid-based and gel-based 

delivery systems represents a promising and balanced 

approach for advanced topical therapy. With continued 

research and development, these systems have the 

potential to offer more effective, stable, and patient-

friendly alternatives for the treatment of inflammatory 

conditions. 
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