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ABSTRACT The ffects of coating thickness, type
of adhesive, and type and concentration of enhancer on
the mechanica propaties of two acrylic pressure-

sengitive adhesives (PSAS) were investigated using a 2

factorid desgn and an optimization technique. Sixteen
formulations containing 0% or 10% of ather cgprylic acid

or methyl laurate in two different PSAS namdy Duro-

Taka 87-2196 and Duro-Teka 87-2097, were prepared.

The adhesive properties of these laminates were eva uated

by applying the 9 Dynamic Adhesive Strength Ped

Test (90° DASPT) and 180° Reease Liner Ped Test
(180 RLPT). Coding thickness, concentration of
enhancer, and type of adhesive did affect the 90° DASPT.

For the 180° RLPT, the most significant factors were
coding thickness and concentration of enhancer, with a
drong interaction obsarved between the two. Coating

thickness and concentration of enhancer were dso used to
cregte mathematical modes that corrdated these factors
with the mechanicd propeties of the PSAs For this
purpose, the optimization technique 3 was applied. It was
found that the corrdation of the above factors can be
adequatdly described with polynomia equetions, which
can be usad for predicting the mechanicd properties of
the laminates containing the aove PSAs and methyl

laurate (0%0-10%).
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INTRODUCTION

Pressure-sensitive adhesives (PSAs) are materials
that adhere to a substrate by application of light
force and leave no resdue when removed. PSA
products are widely used for medical, hospital, first
aid, athletic protection, and related applications.
Hospita tapes, the oldest PSA application, are used
to restrict movement or hold dressings in place.
Other uses of PSA  products include
electrocardiagram and ostomy mounts; occlusive
dressings, burn dressings; surgical drapes,
protective pads, including various protective foot
products, and grounding pads for electrosurgery.
PSAs are a'so important components of transdermal
drug delivery systems (TDDS), because they ensure
intimate contact between the drug-releasing area of
a TDDS and the skin surface, which is critical for
controlled release of the drug [1].

Choosing a suitable PSA for a TDDS is not simple
because the requirements are more demanding than
those for a simple medical tape. PSAs are examined
for their potential to produce skin irritation or
senditization. Another requirement is that PSAs
must leave no residues when peeled off from either
the release liner or the skin. Furthermore, the TDDS
must be easy to remove from the release liner and
from the skin, without causing pain that might
discourage patients from using these products. In
addition, PSAs must hold the TDDS at the
appropriate body site for long periods of time. The
above-described  characteristics are  strongly
dependent on the mechanical properties of the PSAs

2.



Several materials have pressure-sensitive adhesive
properties, but the maor classes of PSA polymers
are acrylics, slicones, and polyisobutylenes [3].
The acrylic PSAs have several desirable features,
such as resistance to oxidation thermal degradation
and moderate cost. They are permeable to water
vapor and oxygen and generally exhibit good tack.
In addition, their properties can be easily modified
by incorporating different monomers during
polymerization [4].

The properties of the PSA layer in a TDDS depend
on the incorporated drug, the components of the
TDDS (eg, backing film), the excipients (eg,
penetration enhancers, solubilizers), and the
chemical composition of the PSA. For a particular
drug, the mechanica properties of the TDDS
depend on the type and concentration of enhancer,
the type of PSA, and the coating thickness. Several
physical tests measure the adhesive properties of
TDDS (eg, peel adhesion to stainless steel). The
choice of the most appropriate test depends on patch
design and components of the formulation [5].

The most common and necessary excipients of
amost any formulation used for transdermal
delivery are penetration enhancers, which are used
to increase the permeation of drug molecules
through the skin. The selection of an enhancer for a
transdermal product should be based on its efficacy,
lack of toxicity, and compatibility with other
components of the TDDS [6,7].

The objective of this study was to investigate the
effect of the coating thickness, type of adhesive, and
type and concentration of enhancer on the
mechanical properties of two acrylic PSAs using a
2* factorial design and an optimization technique.

MATERIALS AND METHODS
Materials

The following acrylic PSAs were used in this study:
Duro-Takda 87-2196 and Duro-Taka 87-2097
(National Starch and Chemical Co, Bridgewater,
NJ); caprylic acid (Sigma Chemical Co, St. Louis,
MO); methyl laurate (Henkel, Germany);

sliconized polyester film (Rexam Release,
Netherlands); and polyethylene monolayer film
CoTramd 9720 (3M Drug Delivery Systems, St
Paul, MN).

Factorial design

The factorial design [8,9] is a technique that alows
identification of factors involved in a process and
assesses their relative importance. In addition, any
interaction between factors chosen can be
identified. Construction of a factoria design
involves the selection of parameters and the choice
of responses. In this study, a 2 factoria plan was
used to determine the effects of coating thickness,
type of adhesive, and type and concentration of
enhancer on the mechanical properties of two
acrylic PSAs. The four factors and their levels are
shown in Table 1. The levels for each factor are
represented by a (-) sign for the low level and a (+)
for the high level. The matrix of the factorial design
isdepicted in Table 2.

Table 1. Factors and Levels Used for the 2 Factorial
Design

Factors Levels*

(A) Costing thickness () 0.127 mm
(+) 0.381 mm
(B) Concentration of (-) 0%
enhancer
(+) 10%
(©) Type of enhancer (-) Methyl laurate
(+) Ceprylic acid
(D) Type of PSA (-) Duro-Taka 87-2196
(+)Duro-Teka 87-2097

*(-) = low level; (+) = high level.



Table 2. Matrix of the 24 Factorial Design

Formul Factor o’ 180°
ation DASPT RLPT
(Patch) | A B [C | D | PedForce | Ped Force
(gf/cm) (gf/cm)
(@) ) ) |G |G | 387.7(36) 4599
(1.675)
(A) +) ) | () | ( | 555.7(35) 6.388
(8.284)
(B) ) B |G | 342427 4117
(2473)
(AB) G B E) |G | 4024(28) 4.245
(5.508)
© ) () | (® | | 387.7(3.6) 4599
(1.675)
(AC) +) () | (B | () | 555.7(35) 6.388
(8.284)
(BC) 0] @I H|E | 233569 |3262
(3.720)
ABO) |(® |®|® | |4786(05 | 4490
(6.860)
(D) ) )]G || 250950 4546
(6.245)
AD) |® |O | |® 250976 |67
(7.075)
(BD) O |6 | ®]|165673 |38
(4.514)
ABD) | | ® | | ® | 25L4(100) | 3926
(10.655)
(CD) ) () | (B | ()| 250.9(5.0) 4546
(6.245)
(ACD) |® | |® | @® |2509(76) |6779
(7.075)
BCD) | |®|®|®]|183(75 |35%5
(6.096)
(ABCD)| (V) | | ® | +) | 2920(62) | 4647
(10.859)

The levels of the factors were selected so that their
relative difference would have a detectable effect on
the response. A guide in choosing these levels is to
consider the extremes of their useful range [9] and
their practical application

Preparation of the matrices

The formulations were prepared according to a 2
factorial design. Sixteen formulations containing
0% or 10% of either caprylic acid or methyl laurate
in two different PSAs, Duro-Takd 87-2196 and
Duro-Takad 87-2097, were prepared. The release
liner (siliconized polyester film) was held in place
on a flat surface. A sample from each formulation
was placed across the top edge of the release liner.
The mixture was casted onto the release liner by
drawing a multiple clearance film applicator AR
5315 (Pacific Scientific, Silver Spring, MD) with
0.127- or 0.381-mm clearance. The wet adhesive
film was then dried in an oven (WTB binder,
Germany) at 80°C for 20 minutes. Then the backing
film (polyethylene monolayer film) was placed on
the top of the coatings. Rectangular patches of 10
cn? were die-cut and used for the measurements.

Evaluation of the adhesive properties

Severa methods have been used to evauate the
adhesive properties of PSAs. According to Peterson
et a [5], peel adhesion tests are commonly
performed to determine the adheson of a
transdermal patch. The adhesive properties of the
patches were evaluated using the Instron 4411
apparatus (Instron, UK) and by applying the 90°
Dynamic Adhesive Strength Peel Test (90° DASPT)
and 180° Release Liner Peel Test (180° RLPT)
according to the American Standard Test Methods.

The objective of the 90° DASPT is to determine the
peel force, in gram force per cm (gf/cm), needed to
remove the TDDS from a standard stainless steel
surface using a 90° peel angle with constant peel
rate of 30.48 cm/min at constant temperature and
relative humidity.

The objective of the 180° RLPT is to determine the
peel force, in gram force per cm (gf/cm), needed to



remove the TDDS from the release liner using a
180° peel angle with constant peel rate of 30.48
cm/min a  constant temperature and relative
humidity.

Data analysis

Statistical evaluation of the data was performed
applying one-way analysis of variance (ANOVA) at
the 0.05 significance level using a commercialy
avalable software package (Statgraphicsa Plus 4
Professional, Manugistics Inc, Rockville, MD.).

RESULTS AND DISCUSSION

Sixteen different formulations were prepared as
described above.

The levels of factor A (coating thickness) represent
the maximum and the minimum thickness normally
used in TDDS manufacturing. The levels of factor
B (concentration of the penetration enhancer) were
chosen to examine the effect of enhancer
incorporation into the system. The levels of factor C
(type of enhancer) represent two enhancers from
different chemical categories. Finaly, for factor D
(type of PSA), two commonly used acrylic
adhesives with different chemical composition were
chosen.

The adhesive properties of the paiches were
evaluated using the 90° DASPT and the180° RLPT;
the average load/width (gf/cm) for each formulation
isdepicted in Table 2. In al cases the coefficient of
variation for the peel force was less than 10.8%.

The main effects of the factors on the pedl force and
their  interactions were calculated using
Statgraphicsd  Plus 4 Professional. The results
obtained for 90° DASPT and 180° RLPT are shown
in Table 3. For the 90° DASPT, three factors were
found to be datisticaly significant (P<0.05):
coating thickness, concentration of enhancer, and
type of PSA. The interactions between factors were
not statistically significant.

Table 3. Main Effects or Interactions of the Factors on
Mechanical Properties of PSAs

90’ DASPT 180° RLPT
Factor | MainEffector | PVaue | MainEffector | PVaue
Interaction Interaction
A 1038 00052 | 1.319 0.0003*
B -67.0 0.0285* -1.566 0.0001*
C 38 0.8688 -0.014 0.9257
D -180.3 0.0004* | 0.068 0.6549
AB | 198 0.4089 -0.691 0.0049*
AC | 254 0.3009 0.256 0.1360
AD -56.4 0.0503 0.086 05747
BC | 38 0.8688 -0.014 09257
BD 405 01254 -0.100 05168
CD 120 0.6089 0138 0.3806
*Significant at P<0.05.

In the case of the 18 RLPT, two effects were
datigticaly significant (P<0.05): coating thickness and
concentration of enhancer. A ddidicdly sgnificant
interaction was aso observed between coating thickness
and concentration of enhancer.

For both test methods, it was found that an increase in
the amount of adhesive, which results from laminates
with greater coating thickness, causes an increase in
ped force for the same backing film (Table 3. The
reason is that the ped force is directly proportiona to
the amount of adhesive under deformation and to the
energy required to deform the backing film [10].

It is dso evident from Table 3 that the presence of
penetration enhancer affected ped force, while the type
of the enhancer did not. Wilking et d [11] reported that
the inclusion of penetration enhancers in a matrix with
acrylate or polyisobutylene or slicone PSAs often
affects the mechanica properties of the system because
enhancers act like plagticizers [12].




Furthermore, for the 90° DASPT, the use of Duro-Taka

87-2196 raher than Duro-Tekd 87-2097 caused a
decrease in ped force, as shown in Table 3. Both PSAs
ae acrylaevinylacetate copolymers, but only Duro-

Taka 87-2196 has carboxylic acid groups as functiona
groups. Satas [10] has reported that the presence of
carboxylic acid groups improves the adhesve bond
between the adhesive and the subgrate. The mechanism
of this action is not dear, but it is assumed tha the
presence of the carboxylic acid groups heps to wet the
adherent surface and causes hydrogen bonding between
the PSA and the surface [10]. For the 180° RLPT the
change in type of PSA had no effect on the ped force,
probably because the polyester surface of the relesse
liner used was more difficult to wet than the stainless
sted surface employed in the case of 90° DASPT.

Panaitescu et d [13] dudied the effect of coating
thickness and type, and concentration of the penetration
enhancer on the mechanical properties of an acrylic
PSA, Duro-Taka 87-2353. They too concluded that
coating thickness and concentration of the enhancer
had a datigticaly sgnificant effect on the mechanical
properties of the PSA for both tests.

Coating thickness and concentration of enhancer were
adso used to condruct mathematicd modes that
correlate these factors with the mechanical properties of
the PSAs. For this purpose, the optimization technique
32 was goplied [8].

For each PSA (Duro-Taka 87-2196 and Duro-Taka
87-2097), 9 formulations containing 0%, 5%, and 10%
of methyl laurate were prepared as previoudy
described and coated usng 0.127 mm, 0.254 mm, and
0.381 mm wet thickness. The adhesive properties were
evauated by applying 90° DASPT and 180° RLPT.
The results were further andyzed with multiple
regresson andyss usng Stagraphicsd Pus 4
Professond. The polynomid eguations obtained
corrdate the coatiing thickness (X;) and the
concentration of methyl laurate (Xo) with the 90°
DASPT and 180° RLPT ped force (Y):

Laminates with Duro-Takd 87-2196 and
methyl laurate:

90’ DASPT
Y = -95.4* X1-3.9% X5+1445.6* X,2+0.3* X,>-
425 X1* X>+388.2

r =0.984, SE =214,
P<0.05

(Ea. 1
180° RLPT

Y =107.798* X1+1.89* X>-197.139* X,%-0.183* X,*-
0.663* X1* X»-6.165

r=0.997, SE=0.364,

P<0.05 (Eq. 2)
Laminates with Duro-Tak& 87-2097 and
methyl laurate

90° DASPT

Y = 913.6* X1-13.6* X»-1846.6* X1°-
0.1* X,2427.5* X1* X,+184.7

r=0909, SE=31.2, P<0.1
(Eq. 3)

180° RLPT

Y = 8.037* X;+0.880* X»-8.349* X;%-0.083* X,
0.868* X 1* X,+4.260

r =0.854, SE = 1.347,P<0.1
(Eg. 4)

The surface plots for equations 1 through 4 are shown
in Figures 1 through 4, respectively.

Figures 1and 3 show that pedl force for 90° DASPT
decreased while concentration of enhancer increased.
Maximum ped force from laminates containing Duro-
Takd 87-2196 was obtained with 0.381-mm coating
thickness and 0% concentration of methyl laurate,
whereas maximum ped force from laminates
containing Duro-Tak& 87-2097 was obtained for 0.254
mm coating thickness and 0% concentration of methyl
laurate.
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Figure 2. Effect of concentration of penetration enhancer and Figure 4. Effect of concentration of penetration enhancer and
coating thickness on peel force (180° RLPT) from patches coating thickness on peel force (180° RLPT) from patches
with Duro-Taka 87-2196 and methyl laurate. with Duro-Tak& 87-2097 and methy! laurate.



Figures 2and 4 show thet the ped force for 180° RLPT
increesad when the concentration of methyl laurate incressd
from 0% to 5% and decressed when the concentration
increased from 5% to 10% for both PSAs For 180° RLPT,
maximum ped force from laminates containing Duro-Taka

87-2196 was obtained for 0.254-mm coating thickness and
5% oconcentration of methyl laurate, while for laminates
containing Duro-Tak&  87-2097, maximum ped force was
obtained for the 4% concantration of methyl laurate and
0.254-mm coating thickness

To assess the rdidhility of the above-described equations, a
series of additiond experiments were conducted thet varied
the two independent varigbles (ie, coating thickness (Xj)
and concentration of the penetration enhancer (X2)) and
esimated the dependent varigble (ie, ped force (Y)). For
eech PSA (Duro-Te&kéa 87-2196 ad Duro-Taka 87-
2097), two formulations containing 25% and 7.5% of
methyl laurate were prepared and coated usng 0.254-mm
wet thickness The adhesve propeties were evaduated
using 90° DASPT and 180° RLPT. The resuits are shown
in Table4, in which the exparimentd vaues are compared
with the predicted vaues gained from equations 1-4. This
table shows that there is good agreement between the
predicted and the experimentd vaues.

Table 4. Comparison Between Experimental and
Theoretical Values (n = 5)*

Formulation 90° DASPT 180° RLPT
Experimental Experimental
Thecretical Theoretical

Duro-Taka 87- 4318 4222 | 9744 11.657

2196 and 2.5% (34) (7.812)

methyl laurate

Duro-Taka 87- 3789 3625 | 10828 | 11.108

2196 and 7.5% (28) (3.926)

methyl laurate

Duro-Taka 87- 2394 2802 | 5894 6.891

2097 and 2.5% (5.9 (7.619)

methyl laurate

Duro-Taka 87- 201.0 2402 | 5071 6.017

2097 and 7.5% (1.8) (0472

methyl laurate

*Numbers in parentheses correspond to the coefficient of variation.

CONCLUSIONS

For the 9¢° DASPT, coating thickness, concentration of
enhancer, and type of PSA dffected the adhesive
properties of the laminates. The interactions between
the factors were not datisticaly significant. For the
180° RLPT, coaing thickness, concentration of
enhancer, and ther interactions were datidticaly
sgnificant. These findings suggest that dl the above
factors should be considered during the developmental
phase of TDDS. The choices of gppropriate type and
concentration of enhancer and coating thickness are
extremely important because they determine the release
profile of the drug from the system.

Furthermore, the correlation between coating thickness
and concentration of penetration enhancer can be
aufficiently described with polynomia equations. The
vdidation of the equations showed that they can be
used for predicting the mechanicad properties of the
laminates containing Duro-Tak& 87-2196, Duro-Taka
87-2097, and methyl laurate (0%- %) with 0.127—
0.254 mm coating thickness.

Findly, the application of experimenta desgn
techniques, such as factoria design and optimization,
was useful for identification and corrdaion of the
significant factors that affect the mechanicd properties
of the TDDSs.
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