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1.Abstract: Transdermal delivery of anti-inflammatory drugs, particularly nonsteroidal anti inflammatory
drugs (NSAIDs), provides a targeted alternative to oral administration by achieving therapeutic drug
concentrations at local tissue sites while minimizing systemic side effects. This review explores formulation
strategies for both matrix and reservoir-type transdermal patches, emphasizing the role of key excipients
such as polymers, pressure-sensitive adhesives, and backing films. Various permeation enhancement
techniques and evaluation methodologies, including in-vitro permeation studies, in-vivo microdialysis, and
clinical trials, are discussed. The comparative performance of representative NSAID patches (diclofenac,
ketoprofen, naproxen, and ibuprofen) is analyzed with respect to drug loading, adhesive performance, skin
compatibility, and release kinetics

2.Introduction: Transdermal drug delivery systems (TDDS) represent an advanced and patientfriendly
approach for delivering therapeutic agents through the skin into systemic circulation or local tissues. Over
the past few decades, TDDS have gained prominence as an alternative to traditional oral and parenteral
routes, owing to their ability to provide controlled and sustained drug release, improved bioavailability, and
enhanced patient compliance. The skin, being the largest organ of the human body, offers an accessible and
non-invasive portal for drug administration. However, its outermost layer—the stratum corneum—poses a
significant barrier to permeation, necessitating the design of specialized formulations and enhancement
techniques to achieve effective transdermal delivery.

Modern transdermal patches are complex, multilayered systems designed to optimize drug release, skin
permeation, and adhesion. Typically, they consist of a drug-loaded polymeric matrix or reservoir, a pressure-
sensitive adhesive (PSA), a backing film for protection, and sometimes a release liner and ratecontrolling
membrane. The formulation design requires careful consideration of multiple parameters, including drug
physicochemical properties (molecular weight, lipophilicity, solubility), polymer compatibility, adhesive
performance, and skin tolerability. Polymers such as ethyl cellulose, Eudragit, polyvinyl alcohol (PVA),
and hydroxypropyl methylcellulose (HPMC) are commonly employed to form the drug matrix, while
permeation enhancers like ethanol, oleic acid, or dimethyl sulfoxide (DMSO) are incorporated to facilitate
drug diffusion through the skin barrier.
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Figure 1 : lllustration detailing the anatomy of the skin and the structural differences between
Matrix and Reservoir type transdermal drug delivery patches

e Classification of Transdermal Patch Types :

Transdermal patches are categorized based on their structural design, drugrelease mechanism, and method
of delivery. Each type offers unique advantages and is suited for specific therapeutic applications,
particularly for antiinflammatory drugs (NSAIDSs).
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1. Matrix Patches (Drug-in-Adhesive / Polymeric Matrix)

0 Description: In matrix patches, the drug is uniformly dispersed within a polymeric matrix or adhesive
layer that directly contacts the skin. The polymer acts both as a carrier and as a rate-controlling medium for
drug release.

00 Mechanism of Drug Release: Drug diffuses gradually from the polymer matrix into the skin, providing
sustained and predictable release over time.

00 Advantages: Simple design, easy manufacturing, uniform drug distribution, and good adhesion
properties. Matrix patches are widely used for NSAIDs due to their reliability in chronic pain management
and localized inflammation.

0O Limitations: Drug loading is limited by polymer solubility; high-dose drugs may be difficult to formulate

. 0 Clinical Relevance: Commonly employed for diclofenac, ketoprofen, and ibuprofen patches for
arthritis, musculoskeletal pain, and posttraumatic inflammation.

2. Reservoir Patches

0 Description: Reservoir patches contain the drug in a separate liquid or gel reservoir, which is separated
from the skin by a rate-controlling membrane.

00 Mechanism of Drug Release: Drug release follows zero-order kinetics, providing a constant drug
delivery rate over a prolonged period.

00 Advantages: Controlled and predictable delivery, suitable for drugs requiring precise dosing; can
accommodate higher drug loads compared to matrix patches.

0O Limitations: Risk of dose-dumping if the rate-controlling membrane is damaged or fails; more complex
manufacturing process

O Clinical Relevance: Useful for NSAID patches requiring consistent plasma or local tissue levels,
particularly in chronic inflammatory conditions.

3. Double-Layer / Multi-Layer Patches

0 Description: These patches consist of two or more layers, typically an immediate-release layer and a
sustained-release layer, combined in a single patch system.

00 Mechanism of Drug Release: Provides an initial bolus dose for rapid onset of action, followed by a
maintenance dose for prolonged therapeutic effect.

0 Advantages: Combines the benefits of rapid relief and long-term
management; flexible dosing strategy; improves patient convenience.

O Limitations: Complex design and higher manufacturing cost; potential layer separation if adhesion is
insufficient.

00 Clinical Relevance: Effective for NSAIDs in acute flare-ups of arthritis, sports injuries, or postoperative
pain where both immediate and sustained relief are desired.

4. lontophoretic / Active Systems and Assisted Delivery:

Description: Active or assisted transdermal systems employ physical techniques such as iontophoresis
(electrical current), phonophoresis (ultrasound), or microneedles to enhance drug delivery through the skin.

[0 Mechanism of Drug Release: Temporary disruption of the stratum corneum barrier or electrically driven
migration of ions increases drug flux into deeper tissues.

00 Advantages: Rapid, targeted, and controllable drug delivery; useful for acute or localized pain
management; can improve bioavailability of poorly permeable drugs.
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00 Limitations: Requires specialized equipment; may cause skin irritation or discomfort; not suitable for
long-term continuous therapy. [J Clinical Relevance: Ideal for short-term NSAID administration in acute
injuries, localized inflammation, or conditions where rapid pain relief is necessary.

5. Materials (Formulation Components & Rationale)

Transdermal patches are complex systems composed of multiple functional components. Each material is
carefully selected to ensure optimal drug delivery, stability, adhesion, and patient compatibility. The
following sections describe the key materials used in NSAID transdermal patches and the rationale behind
their selection.

5.1 Drug Selection and Physicochemical Considerations

The selection of the active pharmaceutical ingredient (API) is critical for successful transdermal delivery.
NSAIDs suitable for patches typically exhibit:

1 Moderate potency, enabling therapeutic effects at low doses.
() Appropriate lipophilicity (log P values between 1-3) to facilitate stratum corneum penetration.
1 Low molecular weight (<500 Da) to enhance passive diffusion through the skin.

Diclofenac and ketoprofen are among the most widely used NSAIDs in transdermal systems due to these
favorable properties. Comparative in-vitro and in-vivo studies indicate that ketoprofen often achieves higher
tissue penetration, while diclofenac provides sustained local concentrations suitable for chronic pain
management. Drug solubility, stability, and chemical compatibility with other excipients are also considered
during formulation design

6.Comparative formulation & evaluation (Representative drugs: diclofenac, ketoprofen, naproxen,
ibuprofen)

In-vitro testing provides an essential preclinical assessment of transdermal patch performance. The standard
methodology involves using Franz diffusion cells with human or animal skin as the barrier, receptor fluids
such as phosphatebuffered saline (PBS, pH 7.4) or simulated interstitial fluid, and drug quantification via
HPLC or UV spectroscopy.

Key parameters measured include:
00 Cumulative permeated drug amount: Total drug diffused over time.
0 Steady-state flux (Jss): Rate of drug passage per unit area at equilibrium.

0 Lag time: Time required for drug to penetrate the stratum corneum.

[0 Permeability coefficient (Kp): Measures efficiency of skin penetration.

Formulation variables such as matrix polymer composition, type and concentration of permeation
enhancers, and PSA selection significantly influence drug flux. Comparative studies indicate that ketoprofen
patches often exhibit higher flux than diclofenac or ibuprofen due to superior skin permeability, while matrix
and reservoir designs affect release kinetics and uniformity. Optimizing these parameters ensures
therapeutic drug delivery while minimizing systemic exposure.
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3.Conclusion

Transdermal patches for anti-inflammatory therapy have emerged as a clinically valuable modality, offering
targeted and sustained delivery of NSAIDs while minimizing systemic adverse effects commonly associated
with oral administration. Successful formulation relies on the careful integration of drug selection,
polymeric matrix, pressure-sensitive adhesives, permeation enhancers, and backing layers to achieve
optimal drug release, mechanical integrity, and skin compatibility. Comparative evaluations indicate that
patches containing diclofenac and ketoprofen can achieve therapeutic local tissue concentrations, provide
meaningful analgesia, and reduce dependence on oral NSAIDs, enhancing patient safety and compliance.
However, variability in patch design, drug loading, matrix composition, and evaluation methodologies
across studies limits direct comparisons of performance metrics. Future research should focus on
standardized head-to-head comparative studies, development of safer and more biocompatible permeation
enhancers, and exploration of advanced delivery technologies such as microneedle-assisted systems,
doublelayer matrices, and long-acting polymer platforms. Integrating these strategies has the potential to
expand the therapeutic utility of transdermal NSAID delivery, improve patient adherence, and provide more
personalized pain management solutions. Overall, transdermal patches represent a promising and evolving
approach in the management of acute and chronic inflammatory conditions.
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