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Abstract Transdermal drug delivery systems (TDDS) have emerged as an innovative and non-invasive 

approach for systemic drug administration. These systems deliver therapeutic agents across the skin to 

achieve controlled and sustained release, bypassing gastrointestinal degradation and first-pass metabolism. 

This review discusses the fundamentals of TDDS, mechanisms of drug permeation, formulation 

components, types of transdermal systems, evaluation parameters, and recent advancements. The 

advantages and challenges associated with TDDS are also highlighted to provide a complete understanding 

of their significance in modern pharmaceutics. 
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I. Introduction 

The transdermal route of drug administration offers a desirable alternative to oral and injectable methods 

due to its non-invasiveness, patient compliance, and ability to provide steady plasma drug levels. Since the 

approval of the first transdermal patch (scopolamine) by the FDA, numerous drugs have been formulated 

for transdermal delivery, including hormones, analgesics, and antihypertensives. 

 

II. Structure of Skin and Permeation Pathways 

The skin comprises three primary layers: epidermis, dermis, and hypodermis. The stratum corneum 

(outermost layer of the epidermis) is the main barrier to drug permeation. Drugs can penetrate the skin via: 

 Transcellular route (through cells) 

 Intercellular route (between cells) 

 Appendageal route (via sweat glands and hair follicles) 

III. Ideal Properties of Transdermal Drugs 

 For effective transdermal delivery, drugs should have: 

 Low molecular weight (<500 Da) 

 Adequate lipophilicity and water solubility 

 Low melting point 

 Potency in milligram or microgram range 
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IV. Components of TDDS 

 Drug reservoir: Contains the active pharmaceutical ingredient 

 Backing membrane: Protects the system from external environment 

 Release liner: Removed before application 

 Adhesive layer: Keeps the patch attached to the skin 

 Permeation enhancers: Improve skin penetration of drugs 

V. Types of Transdermal Systems 

 Reservoir-type: Drug is stored in a reservoir and released through a rate-controlling membrane 

 Matrix-type: Drug is dispersed within a polymer matrix 

 Micro-reservoir type: Combination of reservoir and matrix systems 

 Iontophoresis: Uses electrical current to enhance drug delivery 

 Sonophoresis and Microneedles: Utilize ultrasound and micro-projections respectively to increase 

skin permeability 

VI. Evaluation of TDDS 

 Physicochemical evaluation: Includes thickness, weight, folding endurance, moisture content 

 In vitro diffusion studies: Using Franz diffusion cells 

 In vivo studies: Performed on animal models or human volunteers 

 Skin irritation tests: Ensure safety and non-reactivity 

VII. Advantages of TDDS 

 Avoids first-pass metabolism 

 Provides sustained and controlled release 

 Enhances patient compliance 

 Minimizes dosing frequency 

 Reduces gastrointestinal side effects 

VIII. Limitations and Challenges 

 Limited to potent drugs due to dose constraints 

 Skin irritation or sensitization 

 Inter-individual variations in skin permeability 

 High manufacturing cost 

XI. Recent Advances and Future Prospects 

Technological advancements have led to the development of smart patches, nanoformulations, and wearable 

devices that allow real-time monitoring and controlled release. The integration of TDDS with mobile health 

technologies is paving the way for personalized and precision medicine. 

 

X. Conclusion 

Transdermal drug delivery systems represent a significant advancement in drug administration technology. 

Their ability to deliver drugs in a controlled manner with enhanced bioavailability and minimal side effects 

underscores their importance in therapeutic applications. Continued research and innovation are expected to 

overcome current limitations and expand the scope of transdermal therapeutics. 
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