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The Transdermal Drug Delivery System (TDDS) is a cutting-edge way to deliver
medications right through the skin and into the bloodstream. Unlike the traditional
methods of swallowing pills or getting injections, this system utilizes patches or other
skin-applied forms to release drugs slowly and in a controlled manner. It's becoming
increasingly popular because it's easy to use, painless, and enhances patient comfort and
adherence to treatment. Plus, it sidesteps the issues often associated with oral
medications, like those involving the digestive system and liver. The concept behind
TDDS is to transform the skin from just a protective barrier into a pathway for medicine.
Our skin consists of several layers, with the outermost layer (the stratum corneum)
acting as the primary barrier to drug absorption. For a drug to be effectively delivered,
it needs to be formulated in a way that allows it to penetrate these layers without causing
harm to the skin.Various techniques, including penetration enhancers, microneedles,
iontophoresis, and specialized chemical formulations, have been developed to facilitate
this process.This report delves into the structure of the skin, how transdermal systems
work, the types of drugs that are suitable for this delivery method, and the evolution of
transdermal technologies. It also highlights the advantages, such as maintaining
consistent drug levels in the bloodstream, minimizing side effects, and enhancing safety.
However, TDDS does have its drawbacks—some drugs simply aren't suitable for skin
delivery, and certain individuals may experience skin irritation.There are already a
variety of transdermal patches on the market for issues like pain relief, birth control,
hormone replacement, and helping people quit smoking. With ongoing research, we're
seeing the development of even more innovative systems that can deliver a broader
range of medications. In summary, the Transdermal Drug Delivery System represents a
powerful and patient-friendly approach to modern medicine. As we continue to learn
more about skin science and drug formulation, TDDS is poised to become even more
effective and widely adopted in the future. This report will guide you through this
fascinating journey.
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INTRODUCTION

In today’s world, where medical science is
growing rapidly, the way we take medicines is also
changing. Traditional methods like swallowing
tablets, taking syrups, or getting injections have
been the most common ways to deliver drugs into
the body. However, these methods often come
with disadvantages such as stomach discomfort,
liver damage due to metabolism, pain from
injections, or the need for frequent dosing. To
overcome these issues, scientists have developed a
new method known as the Transdermal Drug
Delivery System (TDDS). !

The transdermal system delivers medicine directly
through the skin and into the bloodstream. It
usually comes in the form of a patch that is applied
to the skin. This patch slowly releases a fixed
amount of medicine over a period of time,
ensuring that the drug level in the body remains
steady. This method is painless, simple, and more
convenient for patients who need
medication. It also improves patient compliance
because there’s no need to remember multiple
doses in a day.?Our skin, while acting as a natural

regular

barrier to protect the body from harmful
substances, can also be used as a passage for drugs
if the medicine is properly designed. The outer
layer of the skin (called the stratum corneum) is
the toughest part to cross, so special techniques
like microneedles, penetration enhancers, and
chemical carriers are used to help the drug pass
through. 'TDDS is not suitable for every drug, but
it works very well for medicines that require slow
and continuous release, such as nicotine (for
quitting smoking), painkillers, hormonal therapy,
or motion sickness medications. *

In this report, we will explore how the transdermal
drug delivery system works, its benefits and
limitations, the structure of the skin, the evolution
of patch technologies, and the future potential of
this system. As medical research continues to
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grow, TDDS 1is expected to become even more
advanced, offering patients a better and more
comfortable way to take their medicine.

Formulation Considerations

Formulating a Transdermal Drug Delivery System
(TDDS) is a challenging task that requires detailed
knowledge of skin biology, drug chemistry, and
pharmaceutical technology. Unlike tablets or
capsules, where the drug is released in the stomach
and absorbed into the bloodstream, TDDS
involves delivering the drug through the skin,
which is a strong and protective barrier. For this
reason, several key factors must be considered to
ensure that the drug passes through the skin safely
and effectively. °

1. Drug Properties

The first and most critical step in TDDS
formulation is choosing a drug with suitable
physicochemical properties. Not all drugs can be
delivered through the skin. The ideal drug should
have:

+ A low molecular weight (usually less than 500
Daltons), so it can penetrate the skin layers.

« Balanced lipophilicity and hydrophilicity — it
should dissolve in both fats and water to move
through the skin’s lipid layers and reach
deeper tissues.

« High potency — since only small doses can be
delivered through the skin, the drug must be
effective at low concentrations.

« Stable nature — the drug should remain
chemically stable throughout the shelf life of
the patch and during skin contact. *

2. Role of Excipients

Excipients are non-drug ingredients that help in

the delivery process. Choosing the right excipients

is vital for a successful TDDS:

« Penetration Enhancers: These increase the
permeability of the skin and help the drug pass
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through more easily. Common enhancers
include alcohols (e.g., ethanol), fatty acids
(e.g., oleic acid), and surfactants.

« Polymers: These form the structural base of
the patch and help control the drug release.

Examples include hydroxypropyl
methylcellulose (HPMC), ethyl cellulose, and
polyvinylpyrrolidone.

Adhesives: These ensure the patch stays
attached to the skin without causing irritation.
They must be skin-friendly, non-reactive, and
able to hold the patch in place for long
periods.
Plasticizers: These increase the flexibility and
softness of the patch. They improve comfort
and help prevent the patch from cracking or
falling off.®

3. Type of Delivery System

There are different types of patch systems used in

TDDS:
Reservoir System: The drug is stored in a
liquid or gel reservoir and is released through
a rate-controlling membrane.
Matrix System: The drug is embedded within
a polymer matrix that releases the drug
gradually as it contacts the skin.
Drug-in-Adhesive System: The drug is
directly mixed with the adhesive layer,
making the patch simpler and thinner.’

4. Stability and Compatibility

The drug and other patch components must remain
stable under different environmental conditions
like heat, light, humidity, and pressure.
Incompatibility between drug and excipients can
lead to reduced effectiveness, patch failure, or skin
reactions. Stability testing is a key step before the
patch is approved for market use. °

5. Safety and Comfort
The patch should be safe for long-term use and
must not cause any allergic reaction, rash, or skin
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damage. It should also be comfortable to wear —
lightweight, flexible, and non-greasy. A
poorquality patch can lead to poor patient
compliance, even if the drug works well.®

6. Manufacturing and Quality Control

Large-scale production of transdermal patches
requires consistency in drug content, patch
thickness, adhesive quality, and drug release rate.
Every batch must be tested for quality assurance,
including drug content uniformity, adhesion
strength, and skin irritation potential.

Formulating a transdermal system is a detailed
process that involves choosing the right drug,
selecting safe and effective excipients, and
designing a patch that delivers the drug at a
controlled rate. Each step must be carefully
planned and tested to ensure the product is safe,
effective, stable, and acceptable to patients. When
done properly, transdermal systems offer a
comfortable and efficient way to deliver drugs and
improve treatment outcomes. ®

Components used in TDDS:

1. Backing Layer

This is the outermost layer of the patch. It protects
the patch from the external environment and
provides structural support. It must be flexible,
impermeable to the drug, and resistant to moisture
and heat. The backing layer also prevents the drug
from evaporating or leaking out of the patch.
Materials used: Polyester film, aluminum foil,
polyethylene, and polyvinyl chloride.

2. Drug Reservoir / Drug Matrix
This layer contains the active drug. Depending on
the type of patch, the drug may be:
« Stored in a reservoir, which holds the drug in a
liquid or gel form behind a membrane, or
« Dispersed in a polymeric matrix, which releases
the drug slowly when in contact with the skin.
This is the heart of the system, as it holds the actual
medicine that needs to be delivered.
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3. Release Liner

The release liner is a protective film that covers the
adhesive layer and is removed just before applying
the patch. It protects the drug and adhesive from
contamination or loss before use.

Materials used: Silicone-coated paper or plastic
films, which do not stick permanently to the
adhesive.

4. Adhesive Layer

This layer sticks the patch to the skin and must
remain in contact throughout the entire wear time.
The adhesive should be non-irritating, skin-
friendly, and should not interfere with drug
release.

5. Membrane (in reservoir systems only)

In reservoir-type patches, a semi-permeable
membrane lies between the drug reservoir and the
adhesive layer. It controls the rate at which the
drug is released onto the skin.

This steady and
predictable amount of drug to pass through.
Materials used: Ethylene vinyl acetate (EVA),
silicone, or polyurethane membranes.

membrane must allow a

6. Penetration Enhancers (optional)

These are not visible parts of the patch but are
often included in the formulation. They help the
drug penetrate the outer layer of the skin (stratum
corneum) more easily.

There are two types: Examples: Ethanol, oleic acid, menthol, or
« Peripheral adhesive: Applied only around the surfactants.

edges of the patch.
. Drug-in-adhesive: The drug is mixed directly ~ Summary:

with the adhesive material.
Materials used:  Acrylates, silicones, or
polyisobutylenes.

Component Function
Backing Layer Protects the patch from external

damage

Drug Reservoir/Matrix

Holds and releases the drug

Release Liner

Covers the patch before application

Adhesive Layer

Sticks the patch to the skin

Membrane (if used)

Controls drug release rate

Penetration Enhancers

Helps drug pass through the skin

barrier

Each of these components must be carefully
selected based on the drug, desired release time,
target condition, and patient comfort. When
combined correctly, they form an efficient and
reliable transdermal drug delivery system that
improves therapy outcomes and enhances patient
experience. !¢

Evaluation Parameters of Transdermal Drug
Delivery System
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Evaluating a Transdermal Drug Delivery System
(TDDS) is an important step before it can be used
by patients. Even though the patch may look small
and simple, it goes through various tests to make
sure it is safe, effective, comfortable, and works as
expected. These tests are called evaluation
parameters, and they help to check the quality,
performance, and reliability of the patch. !’
Below are the key evaluation parameters used in
TDDS:
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1. Physical Appearance

This is a basic but important check. The patch
should have a smooth surface, uniform thickness,
and no visible cracks, air bubbles, or drug crystals.
The color, shape, and overall look of the patch
should be consistent for all samples.

2. Thickness of the Patch

Uniform thickness is necessary for proper drug
release. Thickness is usually measured using a
micrometer screw gauge or digital thickness tester
at multiple points across the patch.

3. Weight Variation

All patches should have a similar weight. Weight
variation is checked by weighing several patches

individually and comparing them. Large
differences in weight can lead to inconsistent drug
delivery.

4. Folding Endurance

This test checks the flexibility and strength of the

patch. The patch is repeatedly folded at the same

place until it breaks or shows cracks. A high

folding endurance indicates good flexibility and

durability.

1. Drug Content Uniformity

It is essential that each patch contains the same

amount of drug. For this test, a patch is dissolved

in a suitable solvent, and the amount of drug

present is measured using techniques like UV

spectroscopy or HPLC (High-Performance Liquid

Chromatography).

2. Moisture Content and Moisture Uptake

This test ensures the patch is stable in different

environmental conditions:

« Moisture Content tells how much water is
present in the patch.

« Moisture Uptake checks how much water the
patch absorbs when kept in humid conditions.

Too much moisture can affect drug stability and

adhesive properties.

3. Tensile Strength

U
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This measures the strength of the patch and its

ability to withstand stretching or pulling. A patch

with good tensile strength won’t tear easily during

handling or application.

4. Adhesive Properties

The patch must stick well to the skin without

causing irritation or falling off. Adhesion tests

check:

« Peel strength (how much force is needed to
remove it),

« Tackiness (instant stickiness),

« And how long it can stay attached under normal
conditions.

5. In-vitro Drug Release Study

This test shows how much drug is released from

the patch over time. It is done using special lab

equipment like Franz diffusion cells. The goal is to

ensure a controlled and steady release of the drug

throughout the usage period.

6. Skin Irritation Study

Before using on humans, patches are tested on

animal or artificial skin models to check if they

cause redness, rashes, itching, or allergic reactions.

Only safe patches move forward to human use.?

CONCLUSION

This article provides an valuable information
regarding the transdermal drug delivery systems
and its evaluation process. The foregoing shows
that TDDS have great potentials, being able to use
for both hydrophobic and hydrophilic active
substance into promising deliverable drugs. To
optimize this drug delivery system, greater
understanding of the different mechanisms of
biological interactions, and polymer are required.
TDDS a realistic practical application as the next
generation of drug delivery system.

All these evaluation parameters are necessary to
confirm that the transdermal patch is safe,
effective, and suitable for patients. These tests also
help in maintaining the quality and consistency of
the final product before it reaches the market.
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