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Abstract

Transdermal drug delivery offers numerous advantages over conventional
oral and parenteral routes, particularly for non-steroidal anti-inflammatory
drugs (NSAIDs). Polymeric patches have emerged as promising platforms
for delivering NSAIDs transdermally due to their ease of application,
improved patient compliance, and sustained drug release profiles. This
review comprehensively examines the formulation strategies and evaluation
techniques employed in the development of polymeric patches for
transdermal delivery of NSAIDs. Various polymeric systems, including
matrix, reservoir, and drug-in-adhesive formulations, are discussed along
with their advantages and limitations. Evaluation techniques encompassing
drug release kinetics, skin permeation studies, adhesive properties, and
CC License mechanical characteristics are critically analyzed to ensure the efficacy and
CC-BY-NC-SA 4.0 safety of polymeric patch formulations.

Introduction

Transdermal drug delivery has emerged as an attractive alternative to conventional oral and parenteral routes
for administering therapeutic agents [1]. This non-invasive approach offers several advantages, including
improved patient compliance, reduced systemic side effects, avoidance of first-pass metabolism, and
sustained drug release. Non-steroidal anti-inflammatory drugs (NSAIDs) constitute a class of medications
widely used for managing pain and inflammation associated with various medical conditions such as arthritis,
muscle strains, and sports injuries [2]. However, traditional NSAID formulations, such as oral tablets and
topical gels, are often associated with limitations such as gastrointestinal irritation, hepatic toxicity, and
variable absorption kinetics [3].

Polymeric patches have gained considerable attention as effective transdermal delivery systems for NSAIDs
due to their ability to provide controlled drug release, enhance skin permeation, and offer localized therapy
[4]. These patches, also known as transdermal patches or dermal patches, adhere to the skin surface and
deliver drugs across the stratum corneum, the outermost layer of the skin, for systemic or localized
therapeutic effects. The development of polymeric patches for transdermal delivery of NSAIDs involves
careful consideration of formulation strategies and evaluation techniques to ensure optimal drug release
kinetics, skin compatibility, and patient acceptability [5].

Available online at: https://jazindia.com 1188



Journal of Advanced Zoology

Rationale for Transdermal Delivery of NSAIDs

NSAIDs are a widely prescribed class of medications with analgesic, anti-inflammatory, and antipyretic
properties. They exert their therapeutic effects by inhibiting the activity of cyclooxygenase (COX) enzymes,
thereby reducing the synthesis of prostaglandins, which are key mediators of pain and inflammation [6].
While oral NSAID formulations are effective for managing pain and inflammation, they are associated with
gastrointestinal adverse effects such as dyspepsia, gastritis, and peptic ulcers, as well as cardiovascular risks
including myocardial infarction and stroke. Topical NSAID formulations offer localized therapy and reduced
systemic exposure, but their efficacy may be limited by poor skin permeation and inadequate drug retention
[7].

This review aims to provide a comprehensive overview of the formulation strategies and evaluation
techniques employed in the development of polymeric patches for transdermal delivery of NSAIDs. Various
polymeric systems, including matrix, reservoir, and drug-in-adhesive formulations, will be discussed along
with their advantages and limitations. Evaluation techniques encompassing drug release kinetics, skin
permeation studies, adhesive properties, and mechanical characteristics will be critically analyzed to ensure
the efficacy and safety of polymeric patch formulations. Additionally, recent advancements and future
perspectives in this field will be highlighted to guide further research and development efforts aimed at
optimizing the transdermal delivery of NSAIDs.

Transdermal delivery of NSAIDs presents several advantages over oral and topical routes, including:
Localized Therapy: Transdermal patches can deliver NSAIDs directly to the site of pain or inflammation,
providing localized therapeutic effects without exposing the entire body to the drug [8].

Sustained Release: Polymeric patches can be designed to provide sustained release of NSAIDs over an
extended period, maintaining therapeutic drug concentrations in the systemic circulation while minimizing
fluctuations [9].

Reduced Systemic Side Effects: By bypassing the gastrointestinal tract and avoiding first-pass metabolism
in the liver, transdermal delivery of NSAIDs can reduce the incidence of gastrointestinal adverse effects and
hepatic toxicity [10].

Enhanced Patient Compliance: Transdermal patches offer convenient dosing regimens, requiring less
frequent administration compared to oral medications, which may improve patient adherence to therapy [11].

Challenges in Transdermal Delivery of NSAIDs

Despite the potential advantages of transdermal delivery, several challenges must be addressed in the
formulation and evaluation of polymeric patches for NSAIDs:

Skin Permeation: The stratum corneum serves as a formidable barrier to drug permeation, limiting the
absorption of hydrophilic and large-molecule drugs. Enhancing skin permeation while maintaining skin
integrity is a key challenge in transdermal drug delivery [12].

Drug Loading and Release: Achieving optimal drug loading within the polymeric matrix and controlling
drug release kinetics are crucial for ensuring therapeutic efficacy and minimizing systemic exposure [13].

Adhesion and Comfort: Polymeric patches must adhere securely to the skin surface throughout the wear
period while remaining comfortable and non-irritating to the patient [14].

Mechanical Properties: Polymeric patches should possess adequate mechanical strength, flexibility, and
durability to withstand handling during manufacturing, packaging, and application [15].

Formulation Strategies

Polymeric patches for transdermal delivery of NSAIDs can be formulated using various strategies, each
offering distinct advantages in terms of drug release kinetics, skin permeation, and patient acceptability. The
choice of formulation strategy depends on factors such as the physicochemical properties of the drug, desired
release profile, and intended application site [16]. The following are some common formulation strategies
employed in the development of polymeric patches for transdermal delivery of NSAIDs:
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Matrix Systems:

Matrix-type polymeric patches incorporate the drug within a homogeneous polymer matrix, allowing for
sustained release through diffusion. This formulation strategy offers simplicity in design and manufacturing
and enables control over drug release rates by modulating polymer characteristics and drug loading [17].
Various polymers, including hydrophilic polymers such as polyethylene oxide (PEO) and hydroxypropyl
methylcellulose (HPMC), and hydrophobic polymers such as ethyl cellulose and polyvinyl pyrrolidone
(PVP), have been utilized in matrix formulations for transdermal delivery of NSAIDs.

Advantages:

e Controlled drug release over an extended period.
o Flexibility in polymer selection and drug loading.
o Ease of manufacturing and scalability.

Limitations:
o Limited capacity for loading high doses of drugs.
o Susceptibility to dose dumping in case of polymer degradation or rupturing of the matrix.

Reservoir Systems:

Reservoir-type polymeric patches consist of a drug reservoir enclosed within a polymeric membrane, which
controls drug release through diffusion or osmosis. This formulation strategy allows for precise control over
drug release rates and can accommodate a wide range of drug concentrations and volumes in the reservoir
[18]. Commonly used polymers for the reservoir membrane include ethylene vinyl acetate (EVA),
polyurethane, and silicone elastomers, which provide flexibility, permeability, and compatibility with drug
substances.

Advantages:

o Precise control over drug release kinetics.

o Capability to deliver a wide range of drug doses.

o Enhanced stability of drug substance within the reservoir.

Limitations:

o Complex manufacturing process.

o Potential for drug reservoir depletion leading to reduced drug delivery rates over time.
o Risk of leakage or rupturing of the reservoir membrane.

Drug-in-Adhesive Systems:

Drug-in-adhesive polymeric patches combine the drug with a pressure-sensitive adhesive matrix, which
adheres to the skin surface and facilitates drug delivery through diffusion. This formulation strategy offers
intimate contact between the patch and the skin, ensuring efficient drug absorption and minimizing drug loss.
Polymeric adhesives such as acrylics, silicones, and polyisobutylenes are commonly used in drug-in-adhesive
formulations for their strong adhesive properties and biocompatibility [19].

Advantages:

o Secure adhesion to the skin surface.

o Controlled drug release directly to the application site.
o Enhanced patient comfort and convenience.

Limitations:

 Potential for skin irritation or sensitization due to adhesive components.

o Difficulty in achieving uniform drug distribution within the adhesive matrix.
o Limited drug loading capacity compared to other formulation strategies.

Evaluation Techniques

The development of polymeric patches for transdermal delivery of NSAIDs requires thorough evaluation to
ensure their efficacy, safety, and quality. Evaluation techniques encompass a range of tests and analyses
aimed at assessing key parameters such as drug release kinetics, skin permeation, adhesive properties, and
mechanical characteristics [20]. These techniques provide valuable insights into the performance of
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polymeric patches and guide formulation optimization. The following are some common evaluation
techniques employed in the assessment of polymeric patches for transdermal delivery of NSAIDs:

Drug Release Kinetics:

In vitro drug release studies are conducted to evaluate the release kinetics of NSAIDs from polymeric patches
over time. Various apparatus such as Franz diffusion cells and USP dissolution apparatus are utilized to
simulate physiological conditions and monitor drug release. Sampling and analysis techniques such as high-
performance liquid chromatography (HPLC) or UV-visible spectroscopy are employed to quantify drug
concentrations in the release medium at predetermined time intervals [21]. Mathematical models including
zero-order, first-order, and Higuchi equations are applied to analyze drug release profiles and predict release
mechanisms.

Skin Permeation Studies:

Ex vivo skin permeation experiments are performed to assess the ability of NSAIDs to penetrate the skin
barrier from polymeric patches. Skin samples obtained from animal models or human cadavers are mounted
in diffusion cells, and polymeric patches are applied to the skin surface. Sampling techniques such as tape-
stripping or microdialysis are employed to collect samples from the receptor compartment, and drug
concentrations are analyzed using analytical methods. Imaging techniques such as confocal microscopy or
fluorescence microscopy may be used to visualize drug distribution within the skin layers and assess
penetration depth [22].

Adhesive Properties:

The adhesive properties of polymeric patches are evaluated to ensure proper skin adhesion and patch integrity
during application and wear. Techniques such as peel adhesion, tack, and shear strength measurements are
employed to assess the bonding strength between the patch and the skin surface. Peel adhesion tests involve
applying a constant force to peel the patch from the skin at a specific angle and measuring the force required
for detachment. Tack tests evaluate the initial adhesive strength of the patch upon contact with the skin, while
shear strength tests assess the resistance of the patch to sliding or shearing forces [23].

Mechanical Characteristics:

Mechanical testing methods are employed to evaluate the mechanical properties of polymeric patches,
including tensile strength, elongation at break, and resilience. Tensile strength measures the maximum force
required to stretch the patch until it breaks, providing information about its strength and durability [24].
Elongation at break quantifies the ability of the patch to deform under stress before fracturing, indicating its
flexibility and elasticity. Resilience assesses the patch's ability to return to its original shape after
deformation, reflecting its recovery properties and suitability for prolonged wear.

Conclusion

Polymeric patches offer versatile platforms for transdermal delivery of NSAIDs, allowing for controlled drug
release and enhanced patient compliance. Formulation strategies, including matrix, reservoir, and drug-in-
adhesive systems, provide options for tailoring release Kinetics and optimizing therapeutic efficacy.
Evaluation techniques such as drug release kinetics, skin permeation studies, adhesive properties, and
mechanical characteristics are essential for ensuring the quality and performance of polymeric patch
formulations. Continued research and development in this field hold great promise for improving the
management of pain and inflammation through transdermal delivery of NSAIDs.
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