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Abstract

Background: Long term use of oral diclofenac sodium is associated with
higher risk of adverse effects. Diclofenac sodium which is formulated in
transdermal drug delivery system (TDDS) shows a lower rate of non-
steroidal anti-inflammatory drugs (NSAIDs) associated adverse effects and
at the same time providing sufficient pain relief. Aim: The aim of this study
was to determine the effect of different concentrations of hydroxypropyl
methylcellulose (HPMC) on the physicochemical properties and dissolution
profile of diclofenac sodium transdermal patches. Materials and Methods:
Different formulation of diclofenac sodium transdermal patches had been
formulated using the solvent evaporation method. Each of the formulation
was evaluated based on the parameters of moisture content, flatness,
thickness and folding endurance. A paddle type of dissolution tester was
used to investigate the in vitro drug release profile of formulation F1, F3,
and F5 of the diclofenac sodium transdermal patches. One-way ANOVA test
with post hoc analysis was used to analyse the moisture content, thickness,
folding endurance, and dissolution tests. Results: The results of the
physicochemical tests showed that increase in concentrations of HPMC
would increase the moisture content and thickness of the diclofenac sodium
transdermal patch. On the other hand, other physicochemical properties such
as flatness and folding endurance of the diclofenac sodium transdermal
patch were not affected by change in the concentrations of HPMC.
Formulations F1, F3 and F5 showed optimum results because these
formulations possesses suitable physicochemical characteristics, including
moisture content, flatness and folding endurance. The in vitro drug release
study revealed that increase in the concentrations of HPMC would increase
the time taken for the drug to diffuse out from the polymer matrix of
transdermal patch. Conclusion: This study showed that change in the
concentrations of HPMC would affect the nhvsicochemical properties such
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Introduction

Pain is an unpleasant feeling that causes negative effects in several areas of a
person’s life, including emotion, thought, normal daily activities and comfort!.
Nowadays, there is an increase in the popularity of painkiller, such as non-
steroidal anti-inflammatory drugs (NSAIDs) secondary to the increasing
prevalence of work-related musculoskeletal pain®. Oral formulation of
NSAIDs such as diclofenac sodium tablet has been regularly prescribed and
dispensed to treat mild to moderate musculoskeletal pain and it is proved to
be effective in managing such disorder. However, long term use of oral
diclofenac sodium is associated with higher risk of adverse effects such as
cardiovascular disease, gastrointestinal ulceration and renal dysfunction®=.
Hence, topical formulation of diclofenac sodium has been introduced to
minimise the adverse effects of the oral diclofenac sodium by maximising the

local exposure and decreasing the systemic exposure of diclofenac sodium®.
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Hydroxypropyl methylcellulose (HPMC) is a novel hydrophilic and swellable
polymer that is commonly used in TDDS to regulate the drug release kinetics.
HPMC is a film forming polymer that possesses few properties such as it acts
as a surface active agent, which is capable of adsorbing water and provide
lubricity, easy dispersion and soothing feel during its application on the skin.
HPMC rarely shows any significant interaction with other excipients or drugs
when they are mixed together in the formulation. Moreover, HPMC is also

able to produce a uniform film which is light and non greasy’.

Few studies had been carried out by other researchers to study the formulation
of diclofenac transdermal patches. Out of these studies, different types of
polymers, including HPMC, had been incorporated together with the
diclofenac transdermal patch and all of the polymers showed good
compatibility with the drug®'°. However, the range of concentrations of
HPMC which had been studied by them were narrow, which typically ranged
from 1% w/v to 3% w/v. This may restrict one to determine the most suitable
concentration of HPMC for the formulation of diclofenac transdermal patch.
Hence this research was focused on investigating the effect of different
concentrations of HPMC (ranged from 1% to 6% w/v) on the physicochemical

properties and dissolution profile of diclofenac transdermal patches.

MATERIALS AND METHOD

Materials and equipment’s
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List of chemicals

Hydroxypropyl methylcellulose, M.N. 86,000; viscosity 4,000 cP (2%
solution), ACROS Organics™, Diclofenac sodium, 98%, ACROS
Organics™, and Methanol, Certified AR for analysis that were purchased from
Fisher Scientific (Malaysia). 12-Propylene Glycol C.P that was purchased

from R&M Chemicals (Malaysia).

List of equipment’s

DU ®730 UV-Vis Spectrophotometer (Beckman Coulter), TDT-080L
Dissolution Tester (Electrolab), AL204 Analytical Balance (Mettler Toledo),
Spectrum 100 FTIR Spectrophotometer (Perkin Elmer), Lambda 25 UV/VIS
Spectrophotometer (Perkin Elmer), and Fisherbrand™ Isotemp™ Basic

Stirring Hotplate: Model 11-102-505H (Fisher Scientific).

Preparation of transdermal patches

The diclofenac sodium transdermal patch was prepared using solvent casting
method that was adapted from the study by Singh and Bali'!. In brief, specific
amount of HPMC powder, propylene glycol and diclofenac sodium powder
were dissolved in methanol and mixed homogeneously with magnetic stirrer.
10 mL of the mixture was withdrawn with graduated pipette and transferred
into a silicone mould with 7.8 cm length and 5.3 cm width. The silicone mould

was placed horizontally on a flat surface and the solution was allowed to dry

at the room temperature of 27 * 1.5 °C and relative humidity of 65 £ 2%
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for 24 hours. After 24 hours, the transdermal patch was taken out from the
mould and cut into smaller size of patches, with length of 4 cm and width of
2 cm. These transdermal patches were wrapped with aluminium foil and stored
properly before proceeding to evaluation studies. The above steps were
repeated to fabricate the formulations F2, F3, F4, F5, and F6 where each of
the formulation contained different concentration of HPMC. The amount of

materials used in each formulation was shown in the Table 1.

Table 1: Formulation of diclofenac sodium transdermal patch

Formulation HPMC | Propylene glycol Dic'lofenac Methanol
(% wiv) | (% w/w) sodium (mg) | (mL)
F1 1 30 250 50
F2 2 30 250 50
F3 3 30 250 50
F4 4 30 250 50
F5 5 30 250 50
F6 6 30 250 50

Evaluation of transdermal patch

Physical appearance

All the formulated patches were visually inspected for smoothness, clarity, and

colour.
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Percentage moisture content

The evaluation study on the moisture content of transdermal patch was based
on the method reported by Ubaidulla et al, ."> The initial weight of a

transdermal patch was weighed using an analytical balance and the result was

recorded as™1. Then, the transdermal patch was placed into a desiccator
containing active silica gel beads for 24 hours. After 24 hours, the weight of

the transdermal patch was measured again using the same analytical balance

and the result was recorded as™2. The moisture content of a transdermal patch

was calculated using the formula:

my— M
L 2 r100%
iy

0 Mo isture Content =

Where 1= Initial weight of the patch (g)

M= Final weight of the patch (g)
Flatness

The initial length of a transdermal patch was measured and the reading was

recorded aslt. After this, the patch was cut longitudinally into three strips;
where one strip from the centre and the remaining two from the side of the

patch. The length of the cut strips were measured again and the reading were

recorded as {2 13, The following formula was used to calculate the flatness of

a diclofenac sodium transdermal patch:
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g Constriction= x 1009t

g Flatness =100%— % Constrictior

Where l1=Initial length of the strips (cm)

[2= Final length of the strips (cm)

Thickness

The thickness of a transdermal patch was measured at three different locations
with a micrometer screw gauge, and the mean thickness was calculated for

each of the patch!“.
Folding endurance

The folding endurance of a patch was determined by continuously folding at
the centre of the patch until it was broken or a crack was shown. The total
folding count right before the patch was broke or showed any crack was

indicated as folding endurance value'?.

Compatibility study

The compatibility of diclofenac sodium with other excipients was determined
through the Fourier Transform Infrared (FTIR) spectroscopic study. Samples
of pure diclofenac sodium powder, propylene glycol, HPMC powder,

methanol and the mixture of diclofenac sodium, propylene glycol, HPMC and
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methanol were prepared and analysed through FTIR spectrophotometer. The
infrared spectrum of each of the samples were recorded and compared with

each other.

In vitro drug release

Phosphate buffer of pH 7.4 was used as dissolution medium during the
dissolution process. Paddle type of dissolution tester was used with each

dissolution vessel was filled up with 500 mL of phosphate buffer. The

dissolution tester was set at temperature of 32 £ 0.5 °C and rotation speed of
50 rpm'>. A stainless steel woven wire mesh was used as a sinker to hold the
transdermal patch and prevented it from floating during the dissolution

process.

The transdermal patch was assembled between the wire mesh and placed at
the bottom of the vessels and centred using a glass rod. During the dissolution
process, 5 mL of sample was withdrawn at the interval of 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 40, 50, 60, 75, 90, 105, 120, 150, and 180
minutes. The drug contents in the withdrawn samples were analysed using
ultraviolet-visible (UV-visible) spectrophotometer at maximum wavelength of
277 nm (Figure 1). The in vitro drug release study had been done on the
formulation F1, F3, and F5. However, formulations F2, F3 and F6 were
omitted from drug release assay due to large standard deviation in the
physicochemical characteristics, including moisture content, folding

endurance and thickness.
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Figure 1: The diclofenac sodium shows the maximum absorbance at

wavelength of 277 nm

Statistical analysis

IBM SPSS Statistics version 22 was used to carry out statistical analysis for
the evaluation tests in this study. One-way ANOVA test with post hoc analysis
was used to analyse the moisture content, thickness, folding endurance, and in

vitro drug release tests.

27 | Asia Pacific Journal of Health Sciences & Research. 2019:4(1)



RESULTS

Physicochemical properties

Figure 2: Formulation of diclofenac sodium transdermal patches
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Table 2: Physicochemical properties of diclofenac sodium transdermal patches

with different concentration of HPMC *Sample size = 3

Formulation F1 F2 F3 F4 F5 F6
Colour Colourless | Colourless Colourless Colourless Colourless Colourless
Clanty Tramsparen | Tramsparent | Transparent | Transparent | Transparent | Transparent

t
Smoothness Smooth Smooth Smooth Smooth Smooth Not smooth
Moisture 2000 = |2683 = |3.303 = | 3.766 = |3.934 = | 4377 £
Content (%)* 0.630 0.840 1432 2.196 0.466 0.784
Hatness (%5)* | 100 100 100 100 100 100
Folding 150333 = | 239333 = | 168667 = |370000 = |151333 = |72.000 =
Endwrance* 5508 29.006 38.526 152355 37.647 13716
Thickness 0.0633 = [ 0.0636 = | 0.1167 = (01311 = | 0.1622 = | 0231 £
(cm)* 0.0173 0.0201 0.0224 0.0196 0.0211 0.0220

Cumulative Percentage of
Drug Release Against Time
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2
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Figure 3: In vitro drug release profile of formulation F1, F3, and F5 diclofenac
sodium transdermal patch (Graph of cumulative percentage of drug release

against time). Sample size= 12

Compatibility study
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Figure 4: FTIR spectrum of (A) diclofenac sodium, (B) HPMC, (C) methanol,

(D) propylene glycol, (E) mixture of diclofenac sodium and excipient
DISCUSSION
Physical appearance

All the formulations with different concentrations of HPMC were able to form

colourless and transparent patches. All patches had smooth appearance except
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formulation F6. This might due to solution used in formulation F6 during the
solvent casting process was too viscous and led to uneven spread of the

solution on the mould. This resulted in non smooth appearance in F6 patches.

Moisture content: The lowest moisture content was observed in formulation
F1 and the highest moisture content was observed in formulation F6.
Generally, the moisture content of diclofenac sodium transdermal patches
increased with the increased of HPMC concentrations. This might be due to
the presence of hydroxyl and ether functional group in HPMC, which favoured
the hydrogen bonding of water molecules in the environment'®. There were
more sites available for hydrogen bonding within the HPMC molecules with
increasing concentrations of the HPMC. Hence, higher the concentration of
HPMC, the more water molecules from the environment would be attracted to
form hydrogen bond with the polymer, which resulted in higher amount of
moisture content in the formulation. Nevertheless, the result of one-way
ANOVA test showed that the change in the moisture content due to different

amount of HPMC was not significant (p-value > 0.05).

Currently, there was no maximum limit requirement for the moisture content
in a transdermal patch. Based on the studies conducted by Ramadan et al.'®,
Garala et al.'”, Garud et al.'®, Kumar et al.!®, Thakur et al.?’ , a transdermal
patch with moisture content value of less than 5% was considered as low and
acceptable. Low moisture content could prevent the patches from breakage or

cracking due to the presence of water as natural plasticiser?!. In addition, the
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low moisture content in the transdermal patches increases the stability of the
patches and prevents microbial contamination in the formulations'*. The
percentage moisture content of the patches which were fabricated in this
research were ranged from 2.000 to 4.577%. Thus the moisture content for all

the formulations were considered as low and acceptable.

Flatness: The results of the evaluation test showed that all formulations had
100% flatness. This indicated that all the patches did not exhibit any sign of
constriction. Hence, all the patches from the formulations with the
concentrations of HPMC ranged from 1% w/v to 6% w/v had smooth and flat
surfaces®. Moreover, the results also implied that the change in the
concentration of HPMC in the formulation would not have any effect on the
flatness of the transdermal patches. This experiment was conducted at
laboratory with controlled temperature, light and humidity. Factors such as

heat, light and humidity have less impact on the stability of the HPMC.

Thickness: Physical evaluation test showed that the thickness of diclofenac
sodium transdermal patches would increase with the increase in concentration
of HPMC. This phenomenon was also found to be similar with the process of
making thin film coating of the tablet, where the increased polymer
concentration would increase the thickness of the thin film.?? From one-way
ANOVA test, it is showed that there was a significant difference (p-value <
0.05) between the thickness of transdermal patches of varying concentrations.

In the post hoc analysis, the results were significant (p-value < 0.05) for all
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formulations except the comparison between the thickness of formulation F1

with F2, and F4 with F5.

The thickness of transdermal patch is important as it determines the rate of
drug release from the matrix form of transdermal patch.?* Referring to the
“Guideline of Quality of Transdermal Patch” published by European
Medicines Agency, there was no reference value for the thickness of the
formulated transdermal patch. The thickness of the patch would be accepted

as long as it is justified rationally?*.

The experiment result, showed that the formulated transdermal patches for six
formulations had large relative standard deviations (RSDs) (range from
8.994% to 28.863%). The large RSDs for all the formulations indicated that
the thickness of the patches were not uniform. This might be due to the
unequal distribution of HPMC during the solvent casting process.
Furthermore, transdermal patches with non-uniform thickness might affect the
overall rate of drug release from the formulation. A study conducted by Imani
et al, .2° showed that the rate of drug release from a TDDS was affected by the

thickness of the patch. This phenomenon might be explained by the Fick’s law

of diffusion:
Dp
J=—=xC=x A
i
Where D = Diffusion coefficient
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J =Flux

P = Partition coefficient of drug

h = Thickness

C = Concentration

A = Surface area

Based on the Fick’s law of diffusion, the diffusion of the drug from the
polymer would be affected by the thickness of the polymer matrix. A highly
varied thickness of a transdermal patch would result in varied drug release in
the transdermal patch?®?7. Hence all the formulations in this study did not have
a satisfactory thickness value. A larger sample size should be included to

decrease the standard deviation of this evaluation test.

Folding endurance: A study by Bala and Sharma?® reported that the folding
endurance of a polymeric film increased with the concentrations of polymer.
Moreover, B. Vyas et al.?’ proposed that there was a strong correlation between

the concentration of HPMC and the folding endurance of the polymeric film.

From the result of one-way ANOVA test of this experiment, change in the
concentrations of HPMC in the formulations had a significant effect on the
folding endurance (p-value < 0.05). However, the findings in this experiment
are not consistent with reported results conducted by other researchers. It was

observed that the folding endurance values were not increased according to
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the concentration of HPMC added into the formulation. The fluctuation of
value might be due to random error, where the force applied to fold a
transdermal patch each time was not consistent. This resulted in non-equal
force being applied on the folded area and caused the fluctuation on the folding
endurance value. Thus, a higher sample size should be included in this

evaluation test to minimize such error.

The aim of the folding endurance test was to evaluate ability of the patch to
endure with such folding force*’. When the transdermal patch was applied on
the skin, the patch might have been folded when there were body movements.
Even though it is one of the important parameters in the evaluation of
transdermal patch, there are no guidelines or pharmacopoeia indicated for
folding endurance of a  transdermal patch, but based on other studies that had
been conducted by other researchers, an ideal transdermal patch should have
folding endurance of not less than 10043132, Referring to the results of this
study, all the formulations except formulation F6 exhibited acceptable folding

endurance.

Compatibility study: Figure 4 (E) showed the mixture of diclofenac sodium
were still preserved, such as —C=0 stretch (1659.49 cm™) and —C—Cl stretch
(747.59 cm™). The peaks at wavenumbers of 3397.93 cm™! and 2917.42 cm™!
represented as —O-H stretch and —C-H stretch respectively. The presence of
these peaks could be due to the presence of excipients such as HPMC or

propylene glycol®*. Thus, it could be concluded that no new peak was observed
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in Figure 4 (E). These indicated that there was no major interaction between

the diclofenac sodium with the other excipients.

There was a slight change in the FTIR spectrum of mixture of diclofenac
sodium and excipients. This could likely be due to formation of hydrogen bond
between the drug and excipients. Nonetheless, the in vitro drug release profile
from the dissolution studies showed that these interaction did not interfere

with the release of diclofenac sodium from the HPMC polymer matrix*>.

In vitro drug release study: Formulations F1, F3 and F5 were selected for
the in vitro drug release study because the formulations possessed acceptable
physicochemical characteristics, including moisture content, flatness and

folding endurance.

Figure 3 showed that all the formulations had initial burst release of drug from
0 to 10 minutes, followed by a constant drug release from 12 to 180 minutes.
Similar results were reported by Vora et al.3¢, where HPMC was also used as
the polymer in the formulation of transdermal patch in their study. The
experiment showed that the initial burst release of drug could be attributed to

the hydrophilic properties of the HPMC.

The dissolution study showed that there was significant difference in the
percentage cumulative drug release between the formulations with varying
concentrations of HPMC. This could refer to the one-way ANOVA test on the

cumulative percentage of drug release at different time points. The difference
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between the total amount of drug release of diclofenac sodium transdermal
patch with varying concentrations of HPMC at each time interval from 2

minutes to 180 minutes were significant (p-value < 0.05).

In the post hoc analysis of one-way ANOVA, from the time interval of 2 to 10
minutes, it showed that the cumulative percentage drug release of F1 was
significantly higher than F3 and F5 (p-value < 0.05). When the dissolution
process proceeded to the time interval of 12 to 120 minutes, the difference in
cumulative percentage drug release between formulations F1 and F3 was not
significant (p-value > 0.05) as the drug release rate from both formulations
started to reach plateau. Nevertheless, the cumulative percentage drug release
of F5 was still significantly lower than F1 and F3 from time interval of 12 to
120 minutes (p-value < 0.05), and the drug release from the formulation F5
did not reach the plateau. At 150 minutes, there was no significant difference
in the cumulative percentage drug release between the formulations (p-value
> 0.05). Generally, it could be observed that formulation F1 reached the
constant drug release first, followed by the F3 and F5. Thus, this indicated
that, the higher the concentration of HPMC, the longer the time taken for the

cumulative percentage drug release to reach plateau.

The phenomenon in this in vitro drug release study could be explained by the
properties of HPMC. When the HPMC polymers were hydrated with water,
the polymer would start to swell and changed from glassy matrix into gel-like

structure. The mechanism of drug release from the HPMC matrix could be
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either through drug diffusion or erosion of polymer matrix. However,
diclofenac sodium was a water soluble drug, hence it was suggested that
diclofenac sodium was released from the HPMC matrix mainly through
diffusion method”*%. When the concentrations of HPMC increased, there
would be increase in the physical cross-linking of the polymer chain, which in
turn resulted in the higher chain entanglement in the HPMC matrix. This
caused the diffusional pathway to become convoluted and the effective
diffusion coefficient of the diclofenac sodium from the polymeric film would
be reduced during the dissolution process®®. Thus, higher the concentration

of HPMC, higher the physical cross-linking of the polymer chain, slower

diclofenac sodium to be diffused out from the polymer matrix.

CONCLUSION

This in vitro drug release study showed that changed in the concentration of
HPMC had a significant effect on the percentage cumulative drug release of
diclofenac sodium transdermal patch (p-value < 0.05). The higher the
concentrations of HPMC, the longer it took for the drug to be released from
the diclofenac sodium transdermal patches. This could be attributed to the
varying amount of physical cross-linking of the HPMC polymer when

different concentrations of HPMC were used in the formulation.
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