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ABSTRACT:

In the last two decades, the transdermal drug delivery system (TDDS) has become a emerging technology that offers
significant clinical benefits over other dosage forms. Because transdermal drug delivery offers controlled rate of
release of the drug, maintain steady state blood concentration, convenient and pain-free self-administration for
patients, avoidance of hepatic first-pass metabolism and the GI tract for poorly bioavailable drugs over other routes
of delivery. Characterization of transdermal patch is used to evaluate quality, size, time of onset & duration,
adhesive property, thickness, weight of patch, moisture of content, uniformity & cutaneous toxicological studies.
The present article reviews the types of transdermal patches, selection of drug candidates and polymers suitable to
be formulated as transdermal system, advantages, disadvantages of formulation design and the methods of
evaluation.
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1. INTRODUCTION

Despite of notable advantages of oral route of drug
delivery like ease of administration, patient
convenience etc., oral route possess several
significant drawbacks namely poor bioavailability
due to pre-systemic hepatic metabolism, the tendency
to produce rapid blood level spikes (both high and
low), and leading to a need for high and / or frequent
dosing. To overcome these difficulties there was a
need for the development of new drug delivery
system, which can improve the therapeutic efficacy
and safety of drugs thereby reducing dosing
frequency. Transdermal delivery provides a leading
alternative over injectables and oral routes by
increasing patient compliance and avoiding first pass
metabolism respectively. Transdermal drug delivery
system (TDDS) can deliver the drugs through the
skin portal to systemic circulation at a predetermined
rate and maintain clinically the effective
concentrations over a prolonged period of time.
Transdermal therapeutic system are defined as self
contained, discrete dosage form which when applied
to intact skin deliver the drug through the intact skin
at a control rate to the systemic circulation and
maintain the drug concentration within the
therapeutic window for prolonged period of time. It
provides controlled, constant administration of the
drug, and allows continuous input of drugs with
short biological half-lives and eliminates  pulsed
entry into systemic circulation'”.

2. ADVANTAGES OF TDDS**

e Avoids chemically hostile GI environment
(drug degradation in acidic and basic
environments is prevented).

e No GI distress and the factors like Gastric
emptying, intestinal motility, transit time, do
not affect this route as in oral route.

e Avoidance of significant pre-systemic
metabolism (degradation in GIT or by the
liver) and therefore need lower doses.

e Allows effective use of drugs with short
biological half-life.

e Allow administration of drugs with narrow
therapeutic window because drug levels are
maintained within the therapeutic window
for prolonged periods of time.

e Reduced inter and intra patient variability.

e Enhance therapeutic efficacy, reduced
fluctuations (rapid blood level spikes-low
and high) due to optimization of blood
concentration — time profile. Reduction of
dosing frequency and enhancement of
patient compliance.

e Provides controlled plasma levels of very
potent drugs.

e Avoids the risk and inconveniences of
parenteral therapy (Painless method of drug
administration).

3. DISADVANTAGES OF TDDS**

e Drugs that require high blood levels cannot
be administered — limited only to potent
molecules, those requiring a daily dose of 10
mg or less.

e Transdermal administration is not a means
to achieve rapid bolus type drug input, rather
it is usually designed to offer slow, sustained
drug delivery.

e The molecular size of the drug should be
reasonable that it should be absorbed
percutaneously.

e Some patients develop contact dermatitis at
the site of application from one or more of
the system components, necessitating
discontinuation.

e Tolerance inducing compounds are not an
intelligent choice for this mode of
administration unless an appropriate wash
out period is programmed in between the
dosing regimen.

4. BASIC COMPONENTS OF TDDS™

4.1. Drug
The drug is in direct contact with release liner. Ex:
Nicotine, Methotrexate, and Oestrogen. Some of the
desirable properties of a drug for transdermal
delivery:

e Dose deliverable : < 10mg/day

e Aqueous solubility :>1mg/ml

e Lipophilicity : log P (1-3)

e Molecular size : < 500 Daltons

e  Melting point : <200°C

e Drug should not be an irritant to skin.
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e The drug should not stimulate an immune
reaction in the skin.

e Along with these properties the drug should
be potent, having short half life.

4.2. Polymer matrix

These polymers control the release of the drug from
the drug reservoir. Natural polymers: shellac, gelatin,
waxes, gums, starch etc., Synthetic polymers:
polyvinyl  alcohol, polyamide, polyethylene,
polypropylene, Polyurea, polymethylmethacrylate
etc.

4.3. Permeation enhancers

These include water, pyrolidones, fatty acids and
alcohols, azone and its derivatives, alcohols and
glycols, essential oils, terpenes and derivatives,
sulfoxides like dimethyl sulfoximide and their
derivatives, urea and surfactants. Surfactants are
proposed to enhance polar pathway transport
especially of hydrophilic drugs. The ability of a
surfactant to alter penetration is a function of the
polar head group and the hydrocarbon chain length.
Anionic  surfactants: sodium lauryl sulphate,
Decodecylmethyl  sulphoxide etc.,  Nonionic
surfactants: Pluronic F 127, Pluronio F68, etc.

4.4. Adhesive
It serves to adhere the patch to the skin for systemic
delivery of drug. Ex: Silicones, Polyisobutylene.

4.5. Backing layer

Backing layer protects patch from outer environment.
Ex: Cellulose derivatives, Polypropylene silicon
rubber.

5. FACTORS EFFECTING TRANSDERMAL
PERMEABILITY

5.1. Physico-Chemical properties of the penetrant
molecules' "

5.1.1. Partition Coefficient.

Drug having both lipid and water solubility are
favorable absorbed the through the skin. A
lipid/water partition coefficient equal to or more than
one is generally required.

5.1.2. pH

A very high and low pH value can be
destructive to the skin. With moderate pH values
the flux of ionisable drug can be affected by change
in pH as these alter the ratio of charged to uncharged
species and their transdermal permeability.

5.1.3. Penetrant Concentration

Increasing concentration of dissolved drug cause
proportional  increase in  flux. At  higher
concentration, excess solid drug function as
reservoir and help to maintain a constant drug
concentration for a prolonged period of time.

5.2. Physicochemical Properties of Transdermal
Drug Delivery Systems'>"

5.2.1. Release Characteristics

Solubility of the drug in the vehicle determines
the release rate. Drug release depends on-Whether
the drug molecules are dissolved or suspended in the
delivery system The interfacial partition coefficient
of the drug from the delivery system to skin, pH of
the vehicle.

5.2.2. Enhancement of Transdermal Permeation
Majority of drugs will not penetrate the skin to reach
the therapeutic level .The permeation can be
improved by the addition of permeation enhancer into
the system.

5.3. Physiological and Pathological Conditions of
Skin'2"

5.3.1. Reservoir Effect of Horny Layer

The horny layer especially the deeper layer can
sometimes act as a depot and modify the
transdermal permeation of drugs. The reservoir effect
is due to irreversible binding of a part of the applied
drug with the skin

5.3.2. Lipid Film
The lipid film on the skin surface acts as a protective
layer to prevent the removal of moisture from the
skin and helps in maintaining the barrier function of
stratum corneum.

5.3.3. Skin Hydration
Hydration of stratum corneum can enhance
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permeability. Skin hydration can be achieved simply
by covering or occluding the skin. Increased
hydration appears to open up the dense, closely
packed cells of the skin and increases its porosity.

5.3.4. Skin Temperature

Raising the skin temperature results in an
increase in the rate of skin permeation; this may
be due to availability of thermal energy required for
diffusivity.

5.3.5. Regional Variation
Difference in nature and thickness of the barrier layer
of skin causes variation in permeability.

6. TYPES OF TDDS PATCH

6.1. Reservoir system

In reservoir systems the drug is enclosed between a
rate controlling microporous or nonporous membrane
and an impermeable backing laminate. The drug is
dispersed uniformly in solid polymer matrix and
suspended in a viscous liquid medium making a
paste. The release rate of the drug is determined by
the abrasion rate, permeability, diffusion and
thickness of the membrane. The release rate is zero
order process from reservoir system. The whole
system is supported on the impermeable metallic
backing'>'®.

Impermeable metallic
plastic laminate

drug reservoir

polymeric rate

controlling

membrane

6.2. Matrix diffusion system

In matrix diffusion system drug is uniformly
dispersed in hydrophilic or lipophilic polymeric
material. The rate of erosion of the polymer,
thickness of the layer and surface area of the film
determines the release rate of the drug. No other rate
controlling membrane is present in the matrix system.
These are also known as the monolithic systems.

absorbant pad

Occlusive base

N
\
Adhesive layer

Fig 1. Reservoir type TDDS.

Adhesive layer is spreaded around the circumference
of the polymer disc instead of spreading on the
surface of the patch. Matrix system of drug delivery
can be modified by adding drug directly in the
adhesive layer. This may be formulated in single
layer drug in adhesive system or multilayer drug in
adhesive system'"'®,

I_ Backing laminate

al

drug matrix

Fig 2. Matrix diffusion type TDDS.
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6.3. Drug in adhesive system

In this system drug is dispersed in the adhesive layer
of the patch. The adhesive layer not only serves to
adhere the components of the patch with the skin but
also controls the rate of drug delivery to the skin. The
adhesive layer is surrounded by the liner. In single

adhesive layer
7’

layer patch a single drug in adhesive layer is present
but in multilayer patch one layer is for immediate
release of the drug and other layer is for controlled
release of the drug'™".
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rate controlling
adhesive membrane

drug reservoir

Fig 3. Drug in adhesive system.

6.4. Microresevoir system

The micro reservoir system is the combination of the
matrix and reservoir system. In micro reservoir
system the drug is first suspended in an aqueous
solution of a hydrophilic polymer (e.g., PEG) and
then the above suspension is mixed with a lipophilic

occlusive base plate

polymer (e.g., silicon) by high shear mechanical
stirrer. The cross linking of the polymer chains
produced in-situ stabilizes the micro reservoir system
and a medicated polymer disc of specific area and
thickness is formed'**.

Adhesive pad

Adhesive rim

\\\ microscopic drug

reservoir

) -
polymer matrix

Fig 4. Microresevoir type TDDS.

7. EVALUATION OF TDDS PATCHES"*'™*

7.1. Thickness

Thickness of the transdermal patch is measured by
travelling microscope, dial gauge, screw guaze or
micrometer at three different points of the patch and
average of the three is taken as thickness of the patch

a uniformly thick patch will have an equal thickness
at every point. The variation of thickness within the
patch and patch to patch can be calculated.

7.2. Folding endurance
A strip of specific area is cut evenly and repeatedly
folded at the same place till it broke. The number of
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times the film is folded at the same place without
breaking gives the value of the folding endurance.

7.3. Tensile strength

The tensile strength of the patch was evaluated by
using the tensiometer. It consists of two load cell
grips. The lower one was fixed and upper one was
movable. Film strips with specific dimensions of
were fixed between these cell grips, and force was
gradually applied till the film broke. The tensile
strength was taken directly from the dial reading in
kg.

7.4. Swellability

The patches of specific area was weighed and put in a
petridish containing 10 ml of double distilled water
and were allowed to imbibe. Increase in weight of the
patch was determined at preset time intervals, until a
constant weight was observed. The degree of
swelling (S) was calculated using the formula: S (%)
= (Wt— Wo)/ Wo x 100 Where S is percent swelling,
Wt is the weight of patch at time t and Wo is the
weight of patch at time zero.

7.5. Drug content determination

An accurately weighed portion of film is dissolved in
100 ml of suitable solvent in which drug is soluble
and then the solution is shaken continuously for 24
hrs in shaker incubator. Then the whole solution is
sonicated. After incubation and subsequent filtration,
drug in solution is estimated spectrophotometrically
by appropriate dilution.

7.6. Percentage Moisture content

The prepared films are weighed individually and kept
in a desiccators containing calcium chloride at room
temperature for 24 hrs. The films are weighed again
after a specific interval until they show a constant
weight. The percent moisture content is calculated
using formula. Percentage moisture content = [(Initial
weight- Final weight)/ Final weight] X 100.

7.7. In vitro drug release studies

The paddle over disc method can be employed for
assessement 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 500ml of the dissolution medium or

phosphate buffer (pH 7.4). 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 can be withdrawn at
appropriate time intervals upto 24hrs and analysed by
UV spectrophotometer or HPLC. The experiment is
to be performed in triplicate and the mean value can
be calculated.

7.8. 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 200-250 gm. 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. 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 analysed spectrophotometrically
or HPLC. Flux can be determined directly as the
slope of the curve between the steady state values of
the amount of drug permeated vs. time in hrs and
permeability coefficients were deduced by dividing
the flux by the initial drug load.

7.9. SKin irritation study

Skin permeation and sensitization testing can be
performed on healthy rabbits. The dorsal surface of
the rabbit is to be cleaned and remove the hair from
the clean dorsal surface by using rectified spirit and
the representative formulations can be applied over
the skin. The patch is to be removed after 24 hrs and
the skin is to be observed and classified into 5 grades
on the basis of the severity of skin injury.

8. APPROACHES OF TDDS

The application of the transdermal patch and the flow
of the active drug constituent from the patch to the
circulatory system via skin occur through various
methods:
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8.1. Tontophoresis

Tontophoresis is a method of transferring substances
across the skin by applying an electrical potential
difference. It promotes the transfer of charged ionic
drugs and possibly high molecular weight substances
such as peptides. Electric current is applied through
two electrodes, placed in the patient’s skin. The first,
or donor, electrode (cathode) delivers the negatively
charged therapeutic agent (e.g., an organic acid),
whereas the second or receptor, electrode (anode)
serves to close the circuit. This setup is named
cathodal iontophoresis. For positively charged drugs
(e.g., amines or peptides), the cell arrangement is
reversed called anodal iontophoresis. The silver
(anode) and silver chloride (cathode) electrode
system utilized in both types of iontophoresis. Three
main mechanisms enhance molecular transport: i)
Charged species are driven primarily by electrical
repulsion from the driving electrode, ii) Flow of
electric current may increase the permeability of skin
and iii) Electroosmosis may affect uncharged
molecules and large polar peptides'”.

8.2. Phonophoresis

In this process ultrasonic energy is used. The
medicine is placed on the skin over the area to be
treated and massaging the site with an ultrasound
source. The ultrasonic energy disturbs the lipid
packing in the intercellular spaces of the stratum
corneum by heating and cavitations effects, and thus
enhances drug penetration into the tissue®.

8.3. Electroporation

This method involves application of short, high-
voltage electrical pulses to the skin. After
electroporation, the permeability of the skin for
diffusion of drugs is increased by 4 orders of
magnitude. The electrical pulses are believed to form
transient aqueous pores in the stratum corneum,
through which drug transport occurs. It is safe and
the electrical pulses can be administered painlessly
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