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ABSTRACT

Transdermal drug delivery system also called as ‘Patches’.
TDDS plays vital role in medical field but not yet this system
achieved a potential like oral delivery or hypodermic
injection. It is more accepted than another system because
of remarkable benefit like less absorption, improved
bioavailability, decrease side effects, more uniform plasma
levels. It is system in which delivery of active
pharmaceutical ingredient occurs via skin. This system can
effectively improve the therapeutic efficacy and safety of the
drugs because drug penetration occurs at a predetermined
and controlled rate. Skin is very effective intermediate from
which drug absorption take place and come into the
circulatory system. This review article mainly focused on
outline of transdermal delivery system, layers of skin,

factors of system, as well as components, advantages and

disadvantages of the transdermal drug delivery system.
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INTRODUCTION:

The uncovering of Transdermal Drug Delivery System (TDDS) is a development in the
sector of controlled drug delivery system @. It becomes a great field of interest. Another
name of Transdermal drug delivery system (TDDS) is Patches @ . It is defined as self
controlled, discrete dosage forms. When these patches are applied to the skin, drugs penetrate
through the skin into the systemic circulation ®. Transdermal systems plays vital role for
disease that required chronic treatment ®. Transdermal SCOP was first transdermal system,
approved by FDA (1979). It was used for the prevention of nausea and vomiting. The main
aim of TDDS is to deliver drugs into systemic circulation via skin at fixed rate with minimum

patient variation.®.

To facilitate delivery of drugs through human skin complete physicochemical, morphological
and biophysical characteristics of skin to be considered.(” TDDS is effective alternative to
injectables and oral routes, as well as it increases patience compliance and prevent first-pass

metabolism respectively®).

The achievement of this system is that currently there are 35 TDD preparations accepted in
the USA. It is used to treat hypertension, angina, female menopause, local pain control and
more.®As well as this system is also helps in the treatment of neuropathic pain, hair loss,

genital herpes, headache, migraine and sexual dysfunction @),

Merits of Transdermal delivery system over Conventional route % 12)

1. TDDS is best route for pediatric patients.

2. It is suitable route for an unconscious patient.

3. Low chances of overdose and easy detection of drug

4. It provides stable plasma levels.

5. It is easy to use and non-invasive.

6. Transdermal delivery avoids the stomach environment where the drug can be degraded.

7. Drug release can be stopped at any point after removal of patch from the site of action.
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Anatomy of Skin

It is a largest organ of human body, with 20 sq. feet total area, situated on the outmost layer
which protects human body, from outside environment like temperature, some kind of
chemicals, various shocks, UV radiation. Its primary function is to maintain body hydration.

(13)

Skin has three layers, starting from outside.

1. The outer epidermis

2. The Inner dermis

3. Subcutaneous tissue deep in the inner skin.
1. Epidermis®¥

The outermost layer of skin provides a waterproof barrier. Epidermis creates our skin tone. It
is stratified, squamous, keratinizing epithelium. Epidermis is composed of four layers:
Stratum corneum (outermost layer), Stratum granulosum, Stratum spinosum and Stratum
Basal.The attachment like nail, hair, sweat glands and sebaceous gland are derived from
epidermis. The multi-layered epidermis varies in thickness which mainly depends upon cell
thickness and layers of epidermis. This layer is also called as horny layer. It is approximately
10mm thick It contains 10 to 25 layers of dead, keratinized cells called corneocytes. It is
flexible but relatively impermeable. The stratum corneum is the principal barrier for the

penetration of drug.
2. Dermis®®

Dermis also referred as corium. It is very sensitive and highly vascular part of skin just
beneath the stratum basal of epidermis, having 3-5mm thickness. This second layer of skin
contains blood vessels, lymph vessels and nerves. Network of arteriole of the dermis
nourishes the dermal tissue and stratum basal epidermis also it provides nutrients and oxygen

to the skin, whole removing toxins and waste products.
3. Subcutaneous Tissue layer®®)

It is the last layer of skin also known as hypodermis. It is fat tissue layer that supports the
dermis and epidermis. The majority of fat stored in the subcutaneous layer. It helps in

regulation of temperature a swell as offers nutritional and mechanical support. Thickness of
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this fatty layer is different in every part of body. This layer carries main blood vessels and
nerves to skin and may contain sensory pressure organs. For transdermal drug delivery, drug
has to go through all these three layers and reach into systemic circulation while in case of
topical drug delivery only penetration through the stratum corneum is vital and then retention
of drug in skin layer.

Stratum Corneum
Granular Cell Layer
Spinous Cell Layer

Basal Cell Layer

Sebaceous Gland

Erector Pili Muscle
Dermis
Sweat Gland

— Nerves
— Hair Follicle
esA Collagen And

Subcutaneous _ ' Elastin Fibres

Tissue |-}

Fat (Adipose) Tissue

Fig. No. 1 Human Skin Diagram
Transdermal Patches ")

Transdermal patch is a medicated adhesive patch. This patch is placed on skin surface to
deliver specific amount of medication through the skin and plainly into systemic circulation.
Often this patch provides healing to an affected area of the body. The benefit of this route
over another route like topical, oral etc is that it gives a controlled release of the drug into the

patient. A broad variety of pharmaceuticals can be delivered by the “patches”.

Fig. No. 2 Transdermal Patches
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Principal of Transdermal drug delivery system®®)

Previously skin was only considered as impermeable protective barrier, afterward exploration
were carried out which provide some evidence related to use of skin as a route for systemic
administration. Skin is most accessible organ as well as it is most intensive organ of the body.
There are various steps involved in transportation of drug (patch to systemic circulation), this

process include,

1. Diffusion of drug from drug reservoir to the rate controlling membrane.
2. Diffusion of drug from rate limiting membrane to stratum corneum.

3. Sorption by stratum corneum and penetration through viable epidermis.
4. Uptake of drug by capillary network in the dermal papillary later.

5. Effecton target organ

Types of transdermal patches®®2%

1. Single-layer drug in adhesive

In this type layer of adhesive contains the drug entity. This layer serves to join the various
layers together and also responsible for delivering drug to the skin. The adhesive layer
enclosed by a temporary liner and a backing laminate.

_ Backing Layer

. - Drug in Adhesive
g
— Liner

Fig. No. 3: Single layer drug in adhesive

2. Multi-layer drug in adhesive

Multi-layer is alike to the single layer, the only difference is that it contain immediate drug
release layer, which will be controlled release with layer of adhesive. In multi layer the
adhesive layer is in charge for the releasing of the drug.Multi layer type also enclosed
between temporary liner layer and a permanent backing layer.
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— & Backing Layer

. : Membrane

Drug in Adhesive
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Fig. No. 4 Multi layer drug in adhesive
3. Vapor patch

In vapor patch, the adhesive layer not only sticks to various layers together but also release
vapor. This vapor patch releases essentials oils for up to 6 hours and are utilize in
decongestion. Some other marketed vapor patches used to improve quality of sleep and also
used for cigarette cessation.

4. Reservoir system

In reservoir system the drug reservoir is enclosed between the two layers, in that one is
impervious backing layer and second one is a rate-controlling membrane. The specific
amount of drug only releases through the rate-controlling membrane. In the compartment of
drug reservoir, drug may in the form of a solution, suspension; gel in a solid polymer matrix
Hypoallergenic adhesive can be compatible with drug so that it can be applied as outer

surface polymeric membrane.

Factors that influence transdermal drug delivery 0
Physiological factor

1. Skin hydration

2. Temperature and pH

3. Diffusion coefficient

4. Drug concentration

5. Partition coefficient

6. Molecular size and shape
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Biological factors

1. Skin condition

N

. Skin age

3. Blood flow

4. Regional skin sites

5. Skin metabolism

6. Species differences

Precautions should be taken while applying transdermal patch: (21
1. Before the application of patch, the part of skin should be cleaned.
2. Do not cut the patch into two parts, otherwise drug may release.

3. Removed old patch, before applying new one.

4. Site of administration of patch should be accurate.

5. Care should be taken while applying or removing the patch because anyone handling the

patch can absorb the drug from the patch.
Basics component of TDDS

1. Basics component of TTDS includes:
2. Drug

3. Membrane

4. Polymer matrix

5. Permeation enhancers

6. Backing laminates

7. Release liner

8. Other excipients
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1. Drug ®2)

The drug used in TDDS should be chosen effectively. TDDS system possesses many
advantages to drugs that undergo first pass metabolism, drug having narrow therapeutic

window or drugs with short half-life.

Properties of a drug

1.The drug should have ample of solubility in oil and water.
2. Molecular weight of the drug should be <1000daltons.

3. The drug should have low melting point.

4. The half-life of drug should be short.

5. The drug must not provoke allergic response.

6. Drugs that shows extensive first-pass metabolism are suitable for TDDS
Examples of drugs that are appropriate for TDDS include, Atenolol, Metoprolol tartrate,

Verapamil hydrochloride, carvedilol.
2. Polymer matrix:(*%)

Polymer is the core of TDD system. These polymers control the release of the drug from the
device. This matrix can be prepared by dispersion of drug into liquid or solid synthetic

polymer base.
Properties of Polymer matrix:

1.1t should have good stability as well as compatibility with respective drug and other
materials of the system.

2.They should provide efficient release of a drug via the device.

3. Chemical functionality and, the molecular weight of polymer should be such that specific
drug diffuses properly and gets released through it.

4. It should be stable, non-reactive with the drug.

5. It should be easily manufactured.
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6. It should be non-toxic and non-antagonistic to the host molecule.

Natural polymers: Gelatin shellac, gums, starch, waxes, etc.

Synthetic polymers: Polyamide, polyvinyl alcohol, polypropylene, polyethylene, polyurea,
etc.

Synthetic elastomers: Silicon rubber, Acrylonitrile, Polybutadiene, Polyisobutylenenitrile,
etc.

3. Permeation enhancers: 627

Permeation enhancer is defined as the substance that temporarily diminishes the
impermeability of the skin. It is also called as penetration enhancer or sorption promoters or
accelerants. These substances include water, fatty acids and alcohols, pyrrolidones, terpenes

and derivative, essential oil, dimethylsulfoxide, urea and surfactants.
4. Adhesive 2829

PSA i.e. Pressure-Sensitive Adhesive, it is the most vital component used in A TDD system. It
is the material that maintains an intimate contact between transdermal system and the skin
surface. Adhesion of patch to skin is the main function of PSA, but mainly it acts as a matrix
for drug as well as excipients. Adhesion is directly related to drug delivery and therapeutic

effect.

Ex: Silicones, Polyisobutylene.

Properties of Adhesive

1. It must be compatible to skin.

2. Irritation or sensitization must be minimal.

3. Removal of patch should be without physical trauma.

4. They must be capable of dissolving drug and excipients in sufficient amount for the
preferred pharmacological effect without losing their properties.

5. Backing layer: 031

Backing layer also called as backing laminate it guards patch from outer environment.

Citation: Dinesh.P. Patil et al. Ijppr.Human, 2021; Vol. 22 (3): 366-378.



www.ijppr.humanjournals.com

Properties of backing layer

1.1t must be flexible.

2.1t should have good tensile strength.

3.Backing material should have low water vapor transmission to promotes skin hydration.
4.1t must be heat sealable.

Ex: Cellulose derivatives, Polypropylene silicon rubber, polyolefin’s, polyesters, Polyester-

polypropylene films, Polypropylene resin Aluminized plastic laminate.
6. Release Liner:¢?

The primary packaging material of TDDS is release liner. For the period of storage, patch is
cover by a protective liner called a release liner. This released liner removes and discharged
immediately prior to application of the patch to the skin. Typically, it consists of base layer

which may be occlusive (polyethylene) or non-occlusive (paper fabric).
7. Other Excipients®®

Solvents like methanol, chloroform, acetone isopropanol are used to prepare drug reservoirs
and as well plasticizers like triethyl citrate, polyethylene glycol, propylene glycol are used to
give plasticity to the transdermal patch.

Evaluation Parameter ¢4
1. pH

2. Drug content

3. Viscosity

4. Spreadability

5. Extrudability study

6. Skin irritation studies
7. In vitro release

8. In vivo study
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9. Stability
10. Consistency

Ideal Properties of Transdermal Drug Delivery System ©°

Parameter Properties

Particle size :<40cm?

Molecular weight :<400

Half life :100r less

Dose frequency :Should be low(<20mg/day)

Skin reaction :Non-irritating and non sensitizing
Therapeutic index ‘Low

Oral Bioavilibility :Low

Advantages of TDD System ©837)
1. Alternative to parenteral routes, thus overcome the issues like needle phobia.
2. A large surface area of skin allows more absorption of drugs.

3. In addition, it minimizes the risk of toxic side effects, as pharmacokinetics of drugs are

more uniform with fewer peaks.

4. It can increase patient compliance, and it is also useful for the patient who suffers from

vomiting and unconsciousness.

5. TDDS avoids specific problems (low absorption, gastro-intestinal irritation) related to
drug by increasing their therapeutic value.

6. They are noninvasive.

7. The drug applied over skin can be terminated at any time by removing a transdermal
patch.

Disadvantages ¢®
1. Chances to allergic reaction

2. High molecular drug level cannot to attain a therapeutic level.
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3. Only potent drug are appropriate candidates for transdermal delivery.
4. Itis not suitable for drug which needs high blood levels.
5. TDDS is quite uneconomic.

6. It is not used for acute conditions, only used for chronic conditions (e.g. hypertension,

diabetes, and anginaetc).
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