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ABSTRACT

Transdermal drug delivery systems (TDDS) also commonly known as
“patches” are dosage forms designed to deliver a therapeutically effective
amount of drug across a patient’s skin. The therapeutic performance of a
transdermal delivery system (TDS) can be affected by the quality of contact
between the patch and the skin. The adhesion of the TDS to the skin is
obtained by using pressure-sensitive adhesives (PSAs), which are defined as
adhesives capable of bonding to surfaces with the application of light
pressure. This article provides an overview of types of transdermal, the
anatomical considerations and role of adhesion, the possible adhesion failure
modes and how adhesion can be measured. Several in vitro techniques have
been used to monitor adhesive performance such as peel adhesion, tack and
shear strength. This article provides a frame work for further discussion and

scientific work to improve transdermal adhesive performance.
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INTRODUCTION: Transdermal patches are innovative
drug delivery systems intended for skin application to
achieve a systemic effect. Among the different types of
systems, the drug-in-adhesive products-in which the
drug is included in the adhesive layer contacting the
skin- are commonly used. They also have the
advantage of being thin and comfortable to wear. A
transdermal patch is a medicated adhesive patch that
is placed on the skin to deliver the medication through
the skin to treat systemic conditions.

The adhesive of the TDDS is critical to the safety,
efficacy and quality of the product. To begin with, the
therapeutic effect of the drug is linked to the adhesive
performance of the TDDS. Reduction in the surface
area of contact as a result of patch lift, or even the
patch falling off, diminishes the delivery of drug from
the patch. In other words, poor adhesion results in
improper dosing of patients. Secondly, patches that fail
to adhere for their prescribed time period must be

replaced more often, thereby increasing the cost to the
patient. Thirdly, lack of adhesion is a safety issue L2

Transdermal Drug Delivery offers several important
advantages like:

1. Transdermal medication delivers a steady infusion
of a drug over an extended period of time.

2. Adverse effects or therapeutic failures frequently
associated with intermittent dosing can be avoided.
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3. Transdermal delivery can increase the therapeutic
value of many drugs by avoiding specific problems
associated with the drug e.g., gastro-intestinal
irritation, low absorption, decomposition due to
“first-pass” effect, formation of metabolites that
cause side effects, short half life necessitating
frequent dosing etc.

4. Self administration is possible with these systems.

5. The drug input can be terminated at any point of
time by removing transdermal patch.

6. An equivalent therapeutic effect can be elicited via
transdermal drug input with a lower daily dose of
the drug than is necessary. For example, if the drug
is given orally.

7. Transdermal drug delivery can be used as an
alternative delivery system for patients who cannot
tolerate oral dosage forms.

Disadvantages of Transdermal Drug Delivery > *:

1. One of the greatest disadvantage of the transdermal
drug delivery is the possibility of local irritation
being developed at the site of application.

2. The drug, the adhesive or other excipients in the
patch formulation can cause erythema, itching and
edema.

3. Another significant disadvantage of transdermal
drug delivery is that skin’s low permeability which
limit the number of drugs that can be delivered in
this manner.

4. Many drugs especially drugs with hydrophilic
structures permeate the skin too slowly to be of
therapeutic benefit.

5. The barrier function of the skin changes from one
site to the other in the same person, from person to
person and also with age.

Approaches to the development of transdermal
therapeutic systems >°7:

Polymer membrane permeation-controlled TDDS: In
this system, the drug reservoir is embedded between
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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, or
gel or dispersed in solid polymer matrix. On the outer
surface of the polymeric membrane a thin layer of
drug-compatible, hypoallergenic adhesive polymer can
be applied. The rate of drug release from this type of
transdermal drug delivery system can be tailored by
varying the polymer composition, permeability
coefficient and thickness of the rate controlling
membrane (Figure 1).
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FIGURE 1: POLYMER MEMBRANE PERMEATION-CONTROLLED SYSTEM

Adhesive Diffusion Controlled TDDS: The drug
reservoir is formed by dispersing the drug in an
adhesive polymer and then spreading the medicated
polymer adhesive by solvent casting or by melting the
adhesive (in case of hot-melt adhesives) onto an
impervious backing layer. The drug reservoir layer is
then covered by a non-medicated rate controlling
adhesive polymer of constant thickness to produce an
adhesive diffusion controlling drug delivery system
(Figure 2).
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FIGURE 2 : ADHESIVE DIFFUSION CONTROLLED SYSTEM.

Matrix Diffusion Controlled TDDS: The drug is
dispersed homogeneously in a hydrophilic or lipophilic
polymer matrix. This drug containing polymer disk is
then fixed onto 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 the
circumference to form a strip of adhesive rim (Figure
3).
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FIGURE 3: MATRIX DIFFUION CONTROLLED SYSTEM

Micro Reservoir Controlled TDDS: This drug delivery
system is a combination of reservoir and matrix-
dispersion systems. 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 unleachable, microscopic spheres of drug
reservoirs. The thermodynamically unstable dispersion
is stabilized quickly by immediately cross linking the
polymer in situ. A transdermal therapeutic system is
thus formed as a medicated disc positioned at the
centre and surrounded by an adhesive rim (Figure 4).
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FIGURE 4: MICRO RESERVOIR CONTROLLED SYSTEM

Role of adhesion in Drug Delivery: Adhesion or the
lack of adhesion of transdermal systems to the skin is a
critical factor directly related to drug delivery and
therapeutic effect. Since the drug absorption process is
related to the drug partitioning between the TDDS and
the skin and the drug permeation process, complete
skin contact over the entire delivery surface for the
entire labelled application period is essential ®°. For an
adhesive to adhere to a substrate, a fundamental
thermodynamic requirement has to be satisfied: the
measured surface energy of the adhesive must be
equal to or less than that of the adherend(e.g. human
skin) °.

Pressure Sensitive Adhesives (PSA): A PSA is a material
that helps in maintaining an intimate contact between
transdermal system and the skin surface. It should
adhere with not more than applied finger pressure, be
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aggressively and suitably tacky, and exert a strong
holding force. Additionally, it should be removable
from the smooth surface without leaving a residue.
Polyacrylates, polyisobutylene and silicon based
adhesives are widely used PSAs in TDDSs 11,12,13

Modes of failure in TDDS:

1. When the patch is peeled, it is expected that it
will strip cleanly from the skin, leaving no visible
residue; this type of failure is an adhesive
failure, Case I.

2. If the adhesive transfers to the skin, leaving no
adhesive on the TDDS, this type of failure is an
adhesive failure, Case Il.

3. Cohesive failure, Case lll, is indicated when

adhesive is left on the TDDS and on the skin **
(Figure 4).

Adhesive Failure
Case I

Adhesive Failure
Case Il

|

Cohesive Failure
Case III

Hl TDDS
[ TDDS Adhesive
[] Substrate

FIGURE 4: MODES OF FAILURE IN TDDS
Techniques to measure adhesive properties:

1. 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
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are the variables that determined the peel adhesion
properties. A single tape of TDDS is applied to a
stainless steel plate or a backing membrane of
choice and then tape is pulled from the substrate at
a 180°C angle, and the force required for tape
removed is measured - (Figure 5).

FIGURE 5: PEEL ADHESION TEST

. Tack properties: It is the ability of the polymer to
adhere to substrate with little contact pressure.
Tack is dependent on molecular weight and
composition of polymer as well as on the use of
tackifying resins in polymer.

. 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.

. Rolling ball tack test: This test measures the
softness of a polymer that relates to tack. In this
test, stainless steel ball of 7/16 inches diameter, is
released on an inclined track so that the distance
ball travels along the adhesive provides the
measurement of tack, which is expressed in inch
(Figure 6).

m

FIGURE 6: ROLLING BALL TACK TEST

. Quick stick (peel-tack) test: In this test, the tape is
pulled away from the substrate at an angle of 90° a
speed of 12 inches/min. The peel force required for
breaking the bond between adhesive and substrate
is measured and recorded as tack value, which is
expressed in ounces or grams per inch width (Figure
7).

FIGURE 7: QUICK STICK (PEEL-TACK) TEST

6. Probe Tack test: In this test, the tip of a clean probe
with a defined surface roughness is brought into
contact with the adhesive. 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 > (Figure 8).

FIGURE 8: PROBE TACK TEST:

Shear strength properties or creep resistance: Shear
strength is the measurement of the cohesive strength
of an adhesive polymer i.e., device should not slip on
application determined by measuring the time it takes
to pull an adhesive coated tape off a stainless plate.
Minghetti et al., (2003) performed the test with an
apparatus which was fabricated according to PSTC-7
(pressure sensitive tape council) specification *° (Figure
9).

Stainless steel

+ Adhesive coated

Weight

FIGURE 9: SHEAR STRENGTH PROPERTIES OR CREEP RESISTANCE
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In vivo studies: Skin is a variable material, and the test
panels and probes used for testing adhesion properties
are poor models of skin. The lack of in vivo/in vitro
correlation may be attributed to the differences in the
surface energy between the TDDS and skin versus the
TDDS and a stainless steel test panel. The surface
energy of clean skin (27 dyn/cm) is lower than those of
stainless steel (500 dyn/cm), polyethylene (31dyn/cm),
polymethacrylate (39dyn/cm) and polystyrene (33dyn/
cm) Y.

In addition, the test panels and probes used for in vitro
testing do not take into account different skin types,
skin oils, motion and changing moisture levels. Skin is
rough while stainless steel is smooth, and skin is
flexible while stainless steel is stiff. When a TDDS is
removed from the skin, considerable skin deformation
can be seen as a result of its extension *®.

Therefore, when a peel test is performed using the skin
as a substrate, the work expended in the TDDS
detachment includes the deformation of the skin itself
as well as separation of the TDDS from the surface
2 There is a lack of evidence for a relationship
between the results obtained in in vitro adhesion tests
and the in vivo adhesion performance of TDDS 2! .The
in vitro conditions do not necessarily represent the
performance of the TDDS under in vivo conditions. Skin
is subject to moisture either internal (perspiration) or
external (washing),conditions that are difficult to
duplicate for in vitro testing ** 2.

In addition, in vivo moisture conditions are greatly
influenced by environmental factors such as heat,
humidity and exercise. Changes to these factors may
be caused by common activities such as bathing,
showering, sunbathing, sauna, whirlpool, dressing,
light exercise, strenuous exercise that produces a
heavy sweat and swimming 2,

It should not be unreasonable to expect a TDDS to
adhere for the label application period. Also, it should
not be unreasonable to expect a TDDS with a label
application period of 3 or more days to adhere during
showering or bathing. Currently, in vivo adhesion
performance is wusually based upon subjective
observations. The performance may be estimated by a
scoring system based on patch lift. Adhesion to skin is
scored from O to 4, in which 0 indicates that the patch
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did not lift and 4 indicates that the patch fell of the
skin. The condition of the skin before application of the

TDDS is usually not stated 22,26,27
CONCLUSION: Novel dosage forms are often
developed to target delivery of drugs, improve

compliance and ease for patients and reduce toxicity.
For the more common dosage forms (e.g. tablets,
injectables, oral solutions), a host of direct and/or
surrogate measurement techniques exist. However,
new dosage forms typically require development of
new analytical techniques for their characterization.

TDDS are a novel dosage form which relies on good
adhesion over a period of many hours or days to
ensure proper drug delivery. Skin adhesion is one of
the most important functional properties for a TDDS.
Poor adhesion results in improper dosing of patients
and potential accidental dosing of children who may
pick up fallen patches. Consistent methodology to test
the adhesion properties of TDDS and ensure their
safety does not exist. Although in vivo human skin
testing is the most reliable method for evaluation of
TDDS, the time, safety and money involved in human
trials prohibit the extensive use of in vivo testing
methods.

Therefore, it is important to develop in vitro adhesion
testing methodology. It is desirable that the outcome
of an in vitro adhesion test correlates with in vivo skin
adhesion. To keep health care costs manageable,
methods also need to be adequate to compare the
adhesion properties of a generic transdermal drug
delivery system to the adhesion properties of an
innovator transdermal drug delivery system. The
adhesion of a TDDS needs to be part of the upfront
design of the product. Once adhesion becomes an
important design parameter and suitable methods are
available and understood, the FDA should see a
decrease in ““adhesion lacking” reports. Until then, a
scientific work in this area needs to continue.
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