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ARTICLE INFO ABSTRACT
Published: 16 May 2026 Transdermal Drug Delivery Systems (TDDS) have emerged as a promising alternative
Keywords: to conventional drug administration routes by enabling the delivery of therapeutic agents
TDDS , Novel drug delivery across the skin into systemic circulation. These systems offer advantages such as
system , drug permeation , avoidance of first-pass metabolism, controlled drug release, improved patient
Evaluation , Advancements compliance, and reduced side effects. However, the skin’s barrier function—primarily
DOI: the stratum corneum—Iimits drug permeation. Recent advancements including
10.5281/zenodo.20229383 microneedles, nanotechnology-based carriers, iontophoresis, electroporation, and smart

polymers have significantly improved the efficiency of TDDS. This review provides an
in-depth discussion of skin anatomy, mechanisms of drug permeation, types of TDDS,
formulation components, evaluation methods, recent technological advancements,
therapeutic applications, limitations, and future perspectives.

INTRODUCTION rate into systemic circulation. Since the approval

of the first transdermal patch (scopolamine),
Drug delivery systems are designed to achieve TpDS has gained significant attention in
optimal therapeutic outcomes by delivering drugs pharmaceutical research.
at the right site, time, and concentration.
Traditional routes like oral and parenteral 2. Anatomy and Physiology of Skin
administration often suffer from drawbacks such
as  poor  bioavailability,  gastrointestinal ~2-1 Structure of Skin

degradation, and patient non- li . ..
caracatiof, and patient flon-coripharcs The skin is the largest organ of the human body

Transdermal drug delivery systems (TDDS) are and acts as a protective barrier. It consists of three
defined as self-contained, discrete dosage forms main layers:
that deliver drugs through the skin at a controlled
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2.1.1 Epidermis
e Outermost layer
e Contains multiple sublayers:
o Stratum corneum (main barrier)
o Stratum lucidum
o Stratum granulosum
o Stratum spinosum
o Stratum basale

The stratum corneum consists of dead keratinized
cells embedded in lipid matrix (brick-and-mortar
model).

2.1.2 Dermis

e Contains blood vessels, nerves, hair follicles,
and sweat glands

e Supports nutrient

absorption

supply and systemic

2.1.3 Hypodermis
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Nerve fiber

e Composed of adipose tissue
e Provides insulation and mechanical support
2.2 Barrier Function of Skin

The primary barrier is the stratum corneum,
which restricts entry of:

e Large molecules (>500 Da)

e Hydrophilic drugs

e Jonic compounds
3. Mechanism of Drug Permeation
Drugs penetrate the skin via three major pathways:
3.1 Transcellular Route

e Through keratinocytes

e Alternating  hydrophilic and
domains

lipophilic

3.2 Intercellular Route

e Between cells through lipid matrix
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e Most common pathway Physicochemical Factors
3.3 Appendageal Route e Molecular weight (<500 Da ideal)
e Through hair follicles and sweat glands e Lipophilicity (log P between 1-3)

e Minor contribution but important for e Drug solubility

nanoparticles
e Partition coefficient

3.4 Factors Affecting Drug Permeation
Biological Factors

Hydration
Level

Factors
affecting

. Skin
Skin | permeability
N Condition &

v Anatomical
Site

4. Types of Transdermal Drug Delivery e Iontophoresis

Systems
e Sonophoresis

4.1 Passive Systems
e Electroporation

Rely on diffusion mechanisms.
e Microneedles

Types:
5. Components of TDDS
e Matrix system
Component Function
e Reservoir system Drug ' Active ingredient
Polymer matrix Controls drug release
e Druc-in-adhesive svstem Permeation enhancer | Improves skin penetration
g M Adhesive Maintains patch contact
. Backing layer Protects system
4.2 Active Systems Release liner Removed before use
Use external energy to enhance permeation. 6. Ideal Properties of Drugs for TDDS
Types: e Molecular weight < 500 Da

3088 | Page



Deore Harshal, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 3986-3992 | Review

e Low melting point
e Balanced lipophilicity
e Potent (low dose required)
e Non-irritating
7. Advantages of TDDS
e Avoids first-pass metabolism
e Sustained drug release
e Reduced dosing frequency
e Improved patient compliance
e Non-invasive
e Stable plasma drug levels
8. Limitations of TDDS
e Skin barrier restricts drug entry
e Only suitable for potent drugs
e Skin irritation or allergy
e Slow onset of action
e Limited drug loading
9. Evaluation of TDDS
9.1 Physicochemical Evaluation
e Thickness
e Weight variation

e Drug content uniformity

9.2 In-vitro Studies

e Drug release studies

e Permeation studies using Franz diffusion cell

9.3 In-vivo Studies

e Pharmacokinetic studies

e Bioavailability studies
9.4 Stability Studies

e Temperature and humidity conditions
10. Recent Advancements in TDDS
10.1 Microneedle Technology
Microneedles create microchannels in the skin.
Types:

e Solid microneedles

e Hollow microneedles

e Dissolving microneedles

e Hydrogel-forming microneedles
Advantages:

e Painless

e Effective for macromolecules

e Suitable for vaccines

10.2 Nanotechnology-Based Systems

| Types

Structure
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Benefits:

e Improved drug solubility
e Enhanced permeation

e Targeted delivery

10.3 Hydrogel Systems

e Provide hydration

e Enhance drug permeation
e Biocompatible

10.4 Iontophoresis

e Uses electric current

e Enhances delivery of charged drugs
10.5 Sonophoresis

e Uses ultrasound waves

e Disrupts stratum corneum
10.6 Electroporation

e High voltage pulses

e Creates temporary pores
10.7 Smart TDDS

e Stimuli-responsive systems
e Triggered by:

o pH

o Temperature

o Glucose levels

11. Generations of TDDS
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Generation Characteristics
First Passive diffusion
Second Chemical enhancers

Third Microneedles, nanotech

12. Applications of TDDS

12.1 Cardiovascular Diseases

e Nitroglycerin patches

12.2 Pain Management

e Fentanyl patches

12.3 Hormonal Therapy

e Estrogen patches

12.4 Smoking Cessation

e Nicotine patches

12.5 Vaccination

e Microneedle patches

12.6 Diabetes

e Insulin delivery (research stage)
12.7 Neurological Disorders

e Parkinson’s disease patches
12.8 Cosmetics

e Anti-aging products
13. Regulatory Aspects

e Must comply with FDA/ICH guidelines
e Safety and efficacy required

e Stability and quality control mandatory

14. Future Perspectives
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e Al-based formulation design
e Wearable TDDS devices

e Personalized medicine

e Integration with biosensors
e Advanced biologics delivery
15. CONCLUSION

Transdermal drug delivery systems have
modern  pharmaceutics by
providing a non-invasive and controlled drug
delivery method. Despite challenges such as
limited permeability and drug selection
constraints, recent advancements like

microneedles and nanotechnology have expanded

revolutionized

their applicability. Future developments are
expected to make TDDS a key component in
personalized and smart drug delivery systems.
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