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ABSTRACT

Various new technologies have been developed for the transdermal delivery of some important drugs. Today about 74% of drugs are taken orally and are
found not to be as effective as desired. To improve such characters transdermal drug delivery system was emerged. Drug delivery through the skin to achieve a
systemic effect of a drug is commonly known as transdermal drug delivery and differs from traditional topical drug delivery. Transdermal drug delivery
systems (TDDS) are dosage forms involves drug transport to viable epidermal and or dermal tissues of the skin for local therapeutic effect while a very major
fraction of drug is transported into the systemic blood circulation. The adhesive of the transdermal drug delivery system is critical to the safety, efficacy and
quality of the product. Topical administration of therapeutic agents offers many advantages over conventional oral and invasive methods of drug delivery. This
review article provides an overview of TDDS, its advantages over conventional dosage forms, drug delivery routes across human skin, penetration enhancers,

various components of Transdermal patches, types of Transdermal patches, methods of preparation and its physicochemical methods of evaluation.
Keywords: TDDS, Topical drug delivery, Systemic blood circulation, Types, method of preparation and evaluation parameters of Transdermal patches.

INTRODUCTION
Transdermal drug delivery system (TDDS) also known as
“patches” are dosage form design to deliver a therapeutically
effective amoumt of drug across a patient skin. In order to
deliver therapeutic agent through the human skin for systemic
effect, the comprehensive morphological, biophysical and
physiochemical properties of the skin are to be considered.
Transdermal delivery provide a leading edge over injectable
and oral routes by increasing patient compliance and
avoiding first pass metabolism respectively" Transdermal
delivery not only provides controlled, constant administration
of the drug, but also allows continuous input of drugs with
short biological half-lives and eliminates pulsed entry into
systemic circulation, which often causes undesirable side
effects. Thus various forms of Novel drug delivery system
such as Transdermal drug delivery systems, Controlled
release systems, Transmucosal delivery systems etc.
emerged. Several important advantages of transdermal drug
delivery are limitation of hepatic first pass metabolism,
enhancement of therapeutic efficiency and maintenance of
steady plasma level of the drug. The first Transdermal
system, Transderm-SCOP was approved by FDA in 1979 for
the prevention of nausea and vomiting associated with travel,
particularly by sea. The evidence of percutaneous drug
absorption may be found through measurable blood levels of
the drug, detectable excretion of the drug and its metabolites
in the urine and through the clinical response of the patient to
the administered drug therapy.”
The common ingredients which are used for the preparation
of TDDS are as fallows
1. Drug: drug is in direct contact with release liner. Ex:
nicotine, methotrexate and estrogen.
2. Liner: protect the patch during storage. Ex: polyester film.
3. Adhesive: serve to adhere the patch to the skin for
systemic delivery of the drug. Ex: acrylate,
polyisobutylene, silicon.
4. Permeation enhancer: control the release the drug. Ex:
terpenes

5. Backing layer: protect patch from outer environment. Ex:
cellulose derivative poly vinyl alcohol’

TYPES OF TRANSDERMAL PATCHES:

Single layer drug in adhesive:

In this type the adhesive layer contains the drug. The

adhesive layer not only serves to adhere the various layers

together and also responsible for the releasing the drug to the

skin. The adhesive layer is surrounded by a temporary liner

and a backing.

Multi -layer drug in adhesive:

This type is also similar to the single layer but it contains a

immediate drug release layer and other layer will be a

controlled release along with the adhesive layer. The

adhesive layer is responsible for the releasing of the drug.

This patch also has a temporary liner-layer and a permanent

backing.

Vapour patch:

In this type of patch the role of adhesive layer not only serves

to adhere the various layers together but also serves as release

vapour. The vapour patches are new to the market, commonly

used for releasing of essential oils in decongestion. Various

other types of vapor patches are also available in the market

which are used to improve the quality of sleep and reduces

the cigarette smoking conditions.

Reservoir system:

In this system the drug reservoir is embedded between an

impervious backing layer and a rate controlling membrane.

The drug releases only through the rate controlling

membrane, which can be micro porous or non porous. In the

drug reservoir compartment, the drug can be in the form of a

solution, suspension, gel or dispersed in a solid polymer

matrix. Hypoallergenic adhesive polymer can be applied as

outer surface polymeric membrane which is compatible with

drug.

Matrix system:

i. Drug-in-adhesive system:

In this type the drug reservoir is formed by dispersing the

drug in an adhesive polymer and then spreading the

medicated adhesive polymer by solvent casting or melting (in
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the case of hot-melt adhesives) on an impervious backing
layer. On top of the reservoir, unmediated adhesive polymer
layers are applied for protection purpose.

ii. Matrix-dispersion system:

In this type the drug is dispersed homogenously in a
hydrophilic or lipophilic polymer matrix. This drug
containing polymer disk is fixed on to an occlusive base plate
in a compartment fabricated from a drug impermeable
backing layer. Instead of applying the adhesive on the face of
the drug reservoir, it is spread along with the circumference
to form a strip of adhesive rim.

Microreservoir system:

In this type the drug delivery system is a combination of
reservoir and matrix-dispersion system. The drug reservoir is
formed by first suspending the drug in an aqueous solution of
water soluble polymer and then dispersing the solution
homogeneously in a lipophilic polymer to form thousands of
unreachable, microscopic spheres of drug reservoirs. This
thermodynamically unstable dispersion is stabilized quickly
by immediately cross-linking the polymer in situ by using
cross linking agents. **
ADVANTAGES OF
DELIVERY SYSTEMS
Delivery via the transdermal route is an interesting option
because transdermal route is convenient and safe. The
positive features of delivery drugs across the skin to achieve
systemic effects are:

e Avoidance of first pass metabolism

Avoidance of gastro intestinal incompatibility

Predictable and extended duration of activity

Minimizing undesirable side effects

Provides utilization of drugs with short biological half
lives, narrow

Therapeutic window

Improving physiological and pharmacological response
Avoiding the fluctuation in drug levels

Inter and intra patient variations

Maintain plasma concentration of potent drugs
Termination of therapy is easy at any point of time
Greater patient compliance due to elimination of multiple
dosing profile

e Ability to deliver drug more selectively to a specific site

e Provide suitability for self administration

e Enhance therapeutic efficacy ’

EVALUATION PARAMETERS:

Interaction studies:

Excipients are integral components of almost all
pharmaceutical dosage forms. The stability of a formulation
amongst other factors depends on the compatibility of the
drug with the excipients. The drug and the excipients must be
compatible with one another to produce a product that is
stable, thus it is mandatory to detect any possible physical or
chemical interaction as it can affect the bioavailability and
stability of the drug. If the excipients are new and have not
been used in formulations containing the active substance, the
compatibility studies play an important role in formulation
development. Interaction studies are commonly carried out in
Thermal analysis, FT-IR, UV and chromatographic
techniques by comparing their physicochemical characters
such as assay, melting endotherms, characteristic wave
numbers, absorption maxima etc.'’

TRANSDERMAL DRUG

Thickness of the patch
The thickness of the drug loaded patch is measured in
different points by using a digital micrometer and determines
the average thickness and standard deviation for the same to
ensure the thickness of the prepared patch."'
Weight uniformity
The prepared patches are to be dried at 60°c for 4hrs before
testing. A specified area of patch is to be cut in different parts
of the patch and weigh in digital balance. The average weight
and standard deviation values are to be calculated from the
individual weights.
Folding endurance
A strip of specific are is to be cut evenly and repeatedly
folded at the same place till it broke. The number of times the
film could be folded at the same place without breaking gave
the value of the folding endurance.
Percentage Moisture content
The prepared films are to be weighed individually and to be
kept in a desiccator containing fused calcium chloride at
room temperature for 24 hrs. After 24 hrs the films are to be
reweighed and determine the percentage moisture content
from the below mentioned formula.
Percentage moisture Content = [Initial weight- Final weight/
Final weight] x100
Percentage Moisture uptake
The weighed films are to be kept in a desiccator at room
temperature for 24 hrs containing saturated solution of
potassium chloride in order to maintain 84% RH. After 24
hrs the films are to be reweighed and determine the
percentage moisture uptake from the below mentioned
formula.
Percentage moisture uptake = [Final weight- Initial weight/
initial weight] x100
Water vapour permeability (WVP) evaluation
Water vapour permeability can be determined with foam
dressing method the air forced oven is replaced by a natural
air circulation oven. The WVP can be determined by the
following formula
WVP=W/A
Where, WVP is expressed in gm/m?2 per 24hrs,
W is the amount of vapour permeated through the patch
expressed in gm/24hrs and
A is the surface area of the exposure samples expressed in
m2.
Drug content

A specified area of patch is to be dissolved in a suitable
solvent in specific volume. Then the solution is to be filtered
through a filter medium and analyse the drug contain with the
suitable method (UV or HPLC technique). Each value
represents average of three different samples.
Uniformity of dosage unit test

An accurately weighed portion of the patch is to be cut into
small pieces and transferred to a specific volume volumetric
flask, dissolved in a suitable solvent and sonicate for
complete extraction of drug from the patch and made up to
the mark with same. The resulting solution was allowed to
settle for about an hour, and the supernatant was suitably
diluted to give the desired concentration with suitable
solvent. The solution was analyzed by suitable analytical
technique (UV or HPLC) and the drug content per piece will
be calculated. '
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Polariscope examination

This test is to be performed to examine the drug crystals from
patch by polariscope. A specific surface area of the piece is to
be kept on the object slide and observe for the drugs crystals
to distinguish whether the drug is present as crystalline form
or amorphous form in the patch.

Shear Adhesion test

This test is to be performed for the measurement of the
cohesive strength of an adhesive polymer. It can be
influenced by the molecular weight, the degree of
crosslinking and the composition of polymer, type and the
amount of tackifier added. An adhesive coated tape is applied
onto a stainless steel plate; a specified weight is hung from
the tape, to affect it pulling in a direction parallel to the plate.
Shear adhesion strength is determined'’by measuring the time
it takes to pull the tape off the plate. The longer the time take
for removal, greater is the shear strength.

Peel Adhesion test

In this test, the force required to remove an adhesive coating
form a test substrate is referred to as peel adhesion.
Molecular weight of adhesive polymer, the type and amount
of additives are the variables that determined the peel
adhesion properties. A single tape is applied to a stainless
steel plate or a backing membrane of choice and then tape is
pulled from the substrate at a 180° angle, and the force
required for tape removed is measured.

Thumb tack test

It is a qualitative test applied for tack property determination
of adhesive. The thumb is simply pressed on the adhesive and
the relative tack property is detected.

Flatness test

Three longitudinal strips are to be cut from each film at
different portion like one from the center, other one from the
left side, and another one from the right side. The length of
each strip was measured and the variation in length because
of non-uniformity in flatness was measured by determining
percent constriction, with 0% constriction equivalent to 100%
flatness."

Percentage Elongation break test

The percentage elongation break is to be determined by
noting the length just before the break point, the percentage
elongation can be determined from the below mentioned
formula.

Elongation percentage = L;-L, X100/ L,

Where, Lyis the final length of each strip and

L, is the initial length of each strip."”

Rolling ball tack test

This test measures the softness of a polymer that relates to
talk. In this test, stainless steel ball of 7/16 inches in diameter
is released on an inclined track so that it rolls down and
comes into contact with horizontal, upward facing adhesive.
The distance the ball travels along the adhesive provides the
measurement of tack, which is expressed in inch."®

Quick Stick (peel-tack) test

In this test, the tape is pulled away from the substrate at 90°C
at a speed of 12 inches/min. The peel force required to break
the bond between adhesive and substrate is measured and
recorded as tack value, which is expressed in ounces or grams
per inch width.

Probe Tack test

In this test, the tip of a clean probe with a defined surface
roughness is brought into contact with adhesive, and when a
bond is formed between probe and adhesive. The subsequent

removal of the probe mechanically breaks it. The force
required to pull the probe away from the adhesive at fixed
rate is recorded as tack and it is expressed in grams."’
In vitro drug release studies
The paddle over disc method (USP apparatus V) can be
employed for assessment of the release of the drug from the
prepared patches. Dry films of known thickness is to be cut
into definite shape, weighed, and fixed over a glass plate with
an adhesive. The glass plate was then placed in a 500-mL of
the dissolution medium or phosphate buffer (pH 7.4), and the
apparatus was equilibrated to 32+ 0.5°C. The paddle was
then set at a distance of 2.5 cm from the glass plate and
operated at a speed of 50 rpm. Samples (5- mL aliquots) can
be withdrawn at appropriate time intervals up to 24 h and
analyzed by UV spectrophotometer or HPLC. The
experiment is to be performed in triplicate and the mean
value can be calculated.
In vitro skin permeation studies
An in vitro permeation study can be carried out by using
diffusion cell. Full thickness abdominal skin of male Wistar
rats weighing 200 to 250g. Hair from the abdominal region is
to be removed carefully by using a electric clipper; the
dermal side of the skin was thoroughly cleaned with distilled
water to remove any adhering tissues or blood vessels,
equilibrated for an hour in dissolution medium or phosphate
buffer pH 7.4 before starting the experiment and was placed
on a magnetic stirrer with a small magnetic needle for
uniform distribution of the diffusant. The temperature of the
cell was maintained at 32 + 0.5°C using a thermostatically
controlled heater. The isolated rat skin piece is to be mounted
between the compartments of the diffusion cell, with the
epidermis facing upward into the donor compartment.
Sample volume of definite volume is to be removed from the
receptor compartment at regular intervals, and an equal
volume of fresh medium is to be replaced. Samples are to be
filtered through filtering medium and can be analyzed
spectrophotometrically or H LC. Flux can be determined
directly as the slope of the curve between the steady-state
values of the amount of drug permeated mg cm2 vs. time in
hours and permeability coefficients were deduced by dividing
the flux by the initial drug load mg cm>."
Skin Irritation study
Skin irritation and sensitization testing can be performed on
healthy rabbits (average weight 1.2 to 1.5 kg). The dorsal
surface (50cm2) of the rabbit is to be cleaned and remove the
hair from the clean dorsal surface by shaving and clean the
surface by using rectified spirit and the representative
formulations can be applied over the skin. The patch is to be
removed after 24 hr and the skin is to be observed and
classified into 5 grades on the basis of the severity of skin
injury.
Stability studies
Stability studies are to be conducted according to the ICH
guidelines by storing the TDDS samples at 40+0.5°c and
75+5% RH for 6 months. The samples were withdrawn at 0,
30, 60, 90 and 180 days and analyze suitably for the drug
content'’
FACTORS
PERMEATION
Physicochemical properties of the penetrant molecules
Partition coefficient
1. A lipid/water partition coefficient of 1 or greater is
generally required for optimal transdermal permeability.
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2. It may be altered by chemical modification without
affecting the pharmacological activity of the drug.

pH conditions

1. Applications of solutions whose pH values are very high
or very low can be destructive to the skin.

2. With moderate pH values, the flux of ionizable drugs can
be affected by changes in pH that alter the ratio of
charged and uncharged species and their transdermal
permeability.

Penetrant concentration

1. Assuming membrane related transport, increasing
concentration of dissolved drug causes a proportional
increase in flux.

2. At concentration higher than the solubility, excess solid
drug functions as a reservoir and helps maintain a
constant drug constitution for a prolonged period of time.

PHYSICOCHEMICAL PROPERTIES OF THE DRUG
DELIVERY SYSTEM

Release characteristics

Solubility of the drug in the vehicle determines the release

rate. The mechanism of drug release depends on the

following factors:

1. Whether the drug molecules are dissolved or suspended in
the delivery systems.

2. The interfacial partition coefficient of the drug from the
delivery system to the skin tissue.

3. pH of the vehicle
Composition of the drug delivery systems
The composition of the drug delivery systems e.g., boundary
layers, thickness, polymers, vehicles not only affects the rate
of drug release, but also the permeability of the stratum
corneum by means of hydration, making with skin lipids, or
other sorption promoting effects e.g., benzocaine permeation
decreases with PEG of low molecular weight.

Enhancement of transdermal permeation

1. Majority of drugs will not penetrate skin at rates
sufficiently high for therapeutic efficacy.

2. In order to allow clinically useful transdermal permeation
of most drugs, the penetration can be improved by the
addition of a permeation promoter into the drug delivery
systems”"19

CONCLUSION

The Transdermal drug delivery system ensures that a

pharmacologically active substance arrives at a relavent in

vivo location with minimal side effect. This drug delivery

overcomes challenges associated with current popular drug

delivery, thus it show a promising future.
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