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ABSTRACT

Clindamycin is the antibiotic of choice for treating Cutibacterium acnes
(C. acnes), which is available in various dosage forms such as topical solution,
gel, and foam. In this current study, clindamycin was formulated as the peel-
off mask gel, intending to form film and providing the drug release in a
sustained manner. This would allow a better antimicrobial efficacy as well as
peel-off after use. Fifteen formulations of the peel-off mask gel were designed
with varying concentrations of film-forming agents. The primary film-
forming agent was polyvinyl alcohol (PVA), which was combined with the co-
film-forming agents polyvinylpyrrolidone-K30 (PVP-K30) or sodium alginate
(SA). The two best formulations were 1 %w/w clindamycin loaded in 10
%w/w PVA with 20 %w/w PVP-K30 (F18) and 10 %w/w PVA with 1.5
%w/w SA (F21). The physical property evaluation of the peel-off mask gel
showed that the types and concentrations of film-forming agents influenced
the viscosity, spreadability, and film-forming ability. The F18 and F21
formulations showed good to very good spreadability and film-forming
ability. The peel-off masks had a pH of 4-5, which were compatible with the
skin’s pH. The film provided a drying time of approximately 8 minutes,
indicating its fast-drying property, and was appropriate for practical use. The
determining of the film'’s tensile strength indicated the suitable preference of
use. There was no interaction between the ingredients in the formulation
evaluated by FT-IR, XRD, and DSC. Both formulations showed a high
antimicrobial susceptibility for C. acnes compared to the blank film and the
clindamycin solution implying the potential to be used as the new market
formulation for acne treatment.
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INTRODUCTION

The topical antibiotic is a recommended
dosage form in the American Academy of
Dermatology guidelines of care for managing
acne vulgaris 2016, which is suitable for all acne
grading scales from mild to severe (Zaenglein et al,
2016). Among antibiotics, clindamycin is the
antibiotic of choice endorsed for acne
treatment. The market topical dosage form of
clindamycin is usually available in gel, topical
solution, and foam at a therapeutic concentration
of 10 mg clindamycin per gram or millilitre
(1 %w/w or %w/v). Currently, the face mask
is one of the dosage forms of interest. It would
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allow concentrated actives to be delivered in a
prolonged manner to the concerned area. Thus, a
face mask can enhance the treatment. Gloor et al.
(1979) conducted a study using a 1 %w/w
clindamycin face mask on 29 healthy male
volunteers. They found that a clindamycin face
mask could significantly reduce C. acnes and the
total bacterial counts compared to the clindamycin
solution.

In this presentstudy, 1 %w/w of clindamycin
was developed as a peel-off mask film to treat
acne vulgaris. The product was designed to be
applied to the inflammatory acne lesion, waited
for the film to dry, and peeled off after use.
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Table I. The compositions and physical characteristics (mean+SD) of peel-off mask gel base (without

clindamycin) formulation F1-F15

Formulation F1 F2 F3 F4 F5 F6 F7
- PVA (g) 75 10 125 10 10 10 10
S PVP-K30 (g) 8 12
)
'g SA @
E- Glycerin (g 11 11 11 11 11 11 11
S Ethanol (g 20 20 20 20 20 20 20
DI water g qs.100 qs.100 q.s.100 q.s.100 q.s.100 q.s.100 q.s.100
Spreadability bt bt Aot - ++ bt Aot
8 Fll.n?-formmg - - b4 -+ oot Ao -+
S ability
'E Drying tim 22.01+ 19.03x 16.57+ 13.05+ 5.64+ 12.19+ 10.57+
3  (min) 0.60 0.87 0.53 0.42 0.33 0.12 0.40
g Viscosity 79+ 532+ 854+ 33.568% 224.467+ 636+ 371+
S (cps.) 5 129 211 1.604 22.532 25 39
H 6.24+ 5.96+ 6.14+ 6.11+ 5.14+ 457+ 432+
p 0.02 0.01 0.01 0.01 0.01 0.02 0.03
Formulation F8 F9 F10 F11 F12 F13 F14 F15
- PVA (g) 10 10 10 10 10 10 10 10
S PVP-K30 (g) 15 20 25
% SA® 038 050 075 100 150
2 Glycerin (g) 11 11 11 11 11 11 11
§ Ethanol (g) 20 20 20 20 20 20 20
DI water g qs.100 qs100 gs100 qgs.100 qgs.100 gs100 qgs.100 qgs.100
Spreadability -+ -+ -+ 4+ b -+ +++
§ Film-forming +++ - -+ -+ -+ -+ -+
%  ability
'E Drying tim 9.10+ 736t 819+ 14.26x 1232+ 1981+ 3.141+ 12.09%
E (min) 0.47 0.12 0.27 0.10 80 90 0.04
5 Viscosity 1.000+ 1.351+ 3.436x 645+ 3.090+x 1981+ 3.141+ 9.932+
S (cps) 281 330 4 215 80 90 115
H 417+ 414+ 414+ 6.52+ 6.56+t 6.63+ 6.88% 6.94+
p 0.03 0.05 0.06 0.35 0.15 0.08 0.03

The different types and concentrations of
the film-forming agents of polyvinyl alcohol (PVA)
blending with polyvinylpyrrolidone-K30 (PVP-
K30) and sodium alginate (SA) were optimized.
PVA is a synthetic polymer with excellent film-
forming ability and biocompatibility. Therefore, it
is chosen as the main film-forming agent. Blending
more than one type of polymer is required to
achieve desirable properties such as a flexible, thin,
transparent, and resistant film. In this study, the
synthetic co-film-former (PVP-K30) and the
natural co-film-former (SA) were both evaluated.
PVP-K30 is commonly used as a film-forming agent
for peel-off mask film in various research studies
(Rosaini etal, 2021, Hendrawati et al, 2018).Itis a
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water-soluble polymer that provides a glossy,
transparent, clear, and hard film with good
adhesiveness and high bioavailability. The
drawback of PVP-K30 film is its brittleness due to
the absence of a plasticizer. This issue can be
avoided by blending it with other polymers.
However, PVP-K30 is not biodegradable. According
to the environmental concerns that have become
increasingly relevant in the selection of film-
forming materials, the insoluble and non-
biodegradable film-forming materials are
considered microplastics that can enter
wastewater (Sun et al, 2020). Therefore, in this
study, SA, a natural polysaccharide film-former
obtained from marine algae with a rigid molecular
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chain and good film-forming ability, is also in focus.
There are fewer studies on applying SA as the film-
former in the peel-off mask film formulation. To
adjust the mechanical strength and elasticity,
blending SA with PVA might be a good candidate.
The physicochemical properties of the clindamycin
peel-off mask film were evaluated in various
aspects, including the spreadability, film-forming
ability, drying time, viscosity, pH, tensile strength,
the interaction between ingredients in the
formulation by fourier-transform infrared
spectroscopy (FT-IR), crystallinity using x-ray
diffractometry (XRD), and thermal behavior using
differential scanning  calorimetry (DSQ).
Additionally, the microbiological activity of the
peel-off mask containing clindamycin against C.
acnes was also evaluated.

MATERIALS AND METHODS

The ingredients used in this study include
clindamycin phosphate, which was Kkindly
supported by MacroPhar Co. Ltd, Bangkok,
Thailand. PVA was obtained from Sigma-Aldrich,
Missouri, United States. PVP-K30 was purchased
from Chanjao Longevity, Bangkok, Thailand. SA
was achieved from Chemipan, Bangkok, Thailand.
D-glucose anhydrous was obtained from Ajax
Finechem, Wellington, New Zealand. Ethanol
(analytical grade) was obtained from RCI Labscan,
Bangkok, Thailand. Glycerin was obtained from
Global Green Chemicals, Bangkok, Thailand. Sterile
water for irrigation was obtained from the General
Hospital Product Public Co., Ltd., Pathum Thani,
Thailand.

Preparation of peel-off mask film containing 1
%w/w clindamycin

Fifteen formulations (F1 - F15) of the blank
peel-off mask film were prepared (Table I). PVA
was used as the main film-forming agent, with the
amount varying from 7.5 %w/w (F1) to 20 %w/w
(F5). Additionally, the PVP-K30 or SA were
combined with PVA to modify the property of peel-
off mask film. The PVP-K30 amount was varied
from 8 %w/w (F6) to 25 %w/w (F10). The SA
amount was varied from 0.38 %w/w (F11) to 1.50
%w/w (F15). The PVA concentration in F6 to F15
was fixed at 10 %w/w due to the appropriate
viscosity for application. Films were prepared
using the solvent casting technique in the silicone
mold. The photographs of a silicone mold and
examples of casted films (Formulation F18 and
F21) (Figure 1). Briefly, PVA was dissolved in hot
water at 70 °C. PVP-K30 or SA was then dissolved
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in the water and mixed with the dissolved PVA at
the predetermined ratio. According to the
preliminary study, ethanol and glycerin were fixed
at 20 %w/w and 1.1 %w/w as a solvent and
plasticizer, respectively. The formulation was
gently stirred to obtain a clear and homogeneous
mixture.

(14) (1B) (10)

F21

F18

Figure 1. The photographs of a silicone mould (1A)
and examples of casted film formulation F18 (1B),
and F21 (1C)

The formulations having appropriate
properties, including good to very good
spreadability and film-forming ability, short drying
time (<12.5 min), viscosity in the range of 1,000-
10,000 cps, and pH in the range of 4-7, were
selected for the 1 %w/w clindamycin
incorporation (Table II). The prepared samples
were kept in tightly closed glass containers for
further evaluation.

Spreadability and film-forming ability

To measure the spreadability and film-
forming performance of peel-off mask film,
the method was adapted from the study of
Beringhs et al (2013) and Hariyadi et al (2020).
A 0.1 g peel-off mask was applied and spread on
the glass slide. The spreading area was controlled
to obtain the same film thickness. The spreadability
and film-forming ability were observed based on a
sensorial score. The grading scales were as follows;
0 = poor, + = mild, ++ = moderate, +++ = good, and
++++ = very good.

Drying time

To estimate the time taken for the
formulation to dry completely, the in vitro drying
time evaluation was performed as described
by  Beringhs et al (2013) with  some
modifications. A 0.1 g clindamycin peel-off mask
was applied and spread on the glass slide. The
drying time (in minutes) was quantified and
compared.
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Table II. The selected formulations incorporated with 1%w/w clindamycin and their physical

characteristics (mean+SD)

Characteristics
172]
g 5 © =
E = g 5 =
17} [=Ts] -
= o =] = 80 7 2
2 : 52 .iZ2  Egz g~ 72
5 5 sE £33 EE g z 52
= S &% EST ) NI a = @
Control F2 3.119.7£479.6
F16 F8:clindamycin 11.06%0.07 547+82 4.26%0.02  2.308.2+108.2
(99:1 %w/w)
F9 : clindamycin
F17 (99:1 Yw/w) ++++ +++ 10.06+0.06 4.023+969 4.22+0.03 2.112.4+146.8
F18 F10: clindamycin | 8.09+0.03  4.849+342  4.24+0.03  1.509.1£231.7
(99:1 %w/w)
F13: clindamycin
F19 1o -+ ++++ 9.34%+0.06 2.043+161 5.38+0.02 5.170.9+837.0
(99:1 Y%w/w)
F14 : clind i
F20 CIMCamyen i1 444+ 8.25:0.08  3.804%#97  532£0.03  5.513.94612.9
(99:1 Y%w/w)
F15: clind i
F21 CIMAAmMyCIn L 44t+ 8.0940.12  5384+112 536001  3.410.9+350.0
(99:1 %w/w)
Viscosity Pichayakorn et al. (2012). The clindamycin peel-off
The viscosity of the clindamycin peel-off mask was prepared as the film to evaluate its
mask was measured using a rheometer tensile strength by casting the mask film in the 20

(HAAKE Roto Viscol, Thermo Fisher Scientific,
Germany) (Vieira et al, 2009). The instrument
was equipped with a C35/2 Ti rotor and measured
at 30 £ 0.5 °C. Each formulation of mask gel
(in a gel formulation, before cast as the film) was
evaluated without dilution at a shear rate of
5000 s for 300 sec. The viscosity value in the
centipoise unit was calculated by HAAKE RheoWin
Data Manager version 4.87.001 software (Thermo
Fisher Scientific, Germany). All samples were
measured in triplicate, and the results were
averaged.

pH
The gel formulation of the clindamycin

peel-off mask (before cast as the film) was
measured for the pH value by immersing the
electrode directly into the sample using the
calibrated pH meter (FiveEasy Plus FP20,
Mettler Toledo, Greifensee, Switzerland) at
30+1°C. The measurement was carried out in
triplicate, and the results were averaged (Hariyadi
etal, 2020).
Tensile strength

The mechanical property of the peel-off
mask film was evaluated by determining the tensile
strength. The method was adapted from
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mm diameter and 0.5 mm thickness-circular
shaped silicone mold (Figure 1). After the film was
dried, it was peel-off from the silicone mold. The
tensile strength was evaluated using a texture
analyzer (TAXT plus C, Stable Micro System,
Surrey, United Kingdom) connected with tensile
grips (code A/T) at the test speed of 2.00 mm/sec
and a distance of 100 mm. All samples were
measured in triplicate, and the results were
averaged. The 10 %w/w PVA film (without
clindamycin, F2) was used as the control.

FT-IR analysis

FT-IR was employed to evaluate the possible
interaction between the compositions in the
formulation (Singh etal.,, 2021). FT-IR spectra were
obtained over 4000-400 cm! using a FT-IR
spectrometer (Thermo Scientific Nicolet iS5 FT-IR
spectrometer, Wisconsin, USA) equipped with a
diamond crystal iD7 ATR (attenuated total
reflection) accessory. Each  measurement
represented an average of 32 scans with a
resolution of 4 cm'l. The sample of clindamycin
peel-off mask formulation F18 and F21 was
prepared as the film by casting the mask film in the
20 mm diameter and 0.5 mm thickness-circular
shaped silicone mold (Figure 1).
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XRD analysis

To evaluate the crystallinity of the film, XRD
was applied (Asthana et al., 2021). The sample was
scanned between 26 of 10 ° and 80 ° at a scanning
rate of 0.05 °/min by a x-ray diffractometer
(MiniFlex 600 Rigaku, Osaka, Japan). CuKa
radiation was the x-ray source at a wavelength of
1.54 A°. The experiment was conducted using a
rotating anode with the voltage and current setting
at 40 kV and 15 mA, respectively. The sample of
clindamycin peel-off mask formulation F18 and
F21 was prepared as the film by casting the mask
film in the 20 mm diameter and 0.5 mm thickness-
circular shaped silicone mold (Figure 1).

DSC measurement

DSC was used to evaluate the thermal
behavior of the film (Pichayakorn et al, 2012). DSC
study was performed using a Mettler TA DSC
(Mettler Toledo, Wales, United Kingdom). The
samples (approximately 3 mg) were heated from
25 °C to 300 °C at the heating rate of 10 °C/min.
The sample of clindamycin peel-off mask
formulation F18 and F21 was prepared as the film
by casting the mask film in the 20 mm diameter and
0.5 mm thickness-circular shaped silicone mold
(Figure 1).

Microbiological activity against C. acnes

Formulations with the best results of
physicochemical properties (F18 and F21) were
evaluated for their antimicrobial activity. The agar
disc diffusion method was used according to the
M100 Performance standards for antimicrobial
susceptibility test, 30% edition (Clinical and
Laboratory Standards Institute, 2020). The sample
was prepared as a film by casting the mask film in
the 20 mm diameter and 0.5 mm thickness-circular
shaped silicone mold (Figure 1A). The film was
then cut into a small circle with a diameter of 0.6
cm (equal to an area of 0.28 cm?). The clindamycin
peel-off mask formulation F18 and F21 contained
clindamycin  of approximately 0.89 mg/cm2.
Clindamycin solution at four different clindamycin
concentrations ranging from 0.22 - 1.79 mg/cm?
was used as a positive control. Since the
clindamycin amount in each film was calculated
based on its average weight per area (mg/cm?), the
clindamycin solutions were also calculated based
on weight per area (Table III). Twenty pL of
clindamycin solutions were dropped on test papers
with a diameter of 0.6 cm. The blank film was
introduced as a negative control (F18-blank and
F21-blank).
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The agar plates were prepared using 20 mL
of the Brain Heart Infusion agar (BHI) (Difco™,
Maryland, United States) with 1% glucose (Ajax
Finechem, Wellington, New Zealand). The samples
were placed on the agar and inoculated with C.
acnes (ATCC 6919) at a density of approximately
1.5 x 108 colony forming units (CFU)/mL (adjusted
with 0.5 McFarland turbidity standard). The
samples were incubated at 35 + 2 °C in an anaerobic
jar for 16-20 h. At the end of the experiment, the
inhibition zone was measured and reported in mm.

RESULTS AND DISCUSSION
Physical characterization of the peel-off mask
film

Each formulation of the prepared peel-off
mask was in a clear and viscous gel. All 15
formulations could form transparent films. The
physical properties, including spreadability, film-
forming ability, drying time, viscosity, and pH of the
peel-off mask gel bases (without clindamycin)
(Table I). Increased concentration of film-forming
agents, which are PVA, PVP-K30, and SA, enhanced
gel viscosity, especially for PVA. For peel-off mask
prepared from sole PVA, increasing the
concentration of PVA from 7.5 %w/w (F1) to 20
%w/w (F5) resulted in a drastic increase in
viscosity. According to the appropriate viscosity for
application, PVA 10 %w/w (F2) was chosen to
combine with PVP-K30 or SA. When PVA was mixed
with PVP-K30 (8-25 %w/w, F6-F10) or SA (0.38-
1.50 %w/w, F11-F15), an increment in the
viscosity of the gel base was observed. At a similar
concentration of PVA, the concentration of PVP-
K30, which was higher than the concentration of
SA, showed a lesser or relatively equal viscosity
when compared to the SA. This indicates that the
potential for increasing the viscosity of SA was
higher than PVP-K30, with corresponds to the
remark of Teodorescu and Bercea (2015) that the
PVP melt has very weak flow properties.

Most formulations showed good to very
good spreadability and film-forming ability. It was
found that an increase in the amount of film-
forming agents might bring about a decrease in
spreadability, especially for the PVA. Additionally,
the spreadability is inversely proportional to the
viscosity, similar to the study conducted by Andini
et al. (2017). In the meantime, increasing the
concentration of film-forming agents usually
provides an increased film-forming ability.
However, in this study, it was found that PVP-K30
co-film-former formulation showed a very good
film-forming ability to a certain point, and then the
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film-forming ability would decrease. All
formulations had appropriate pH in the range of 4
to 7, which is safe for use on the skin. In general,
PVA is a water-soluble polymer which has a pH
value of 5-8 (Rahmasari et al, 2019). An increase
in the concentration of PVA from 7.5 %w/w to 20.0
%w/w resulted in the lower pH of formulations
(6.24 vs 5.14) (Table I). Generally, the pH of PVP is
in the range of 3-7, depending on the molecular
weight and concentration of PVP. For peel-off mask
prepared from PVA and SA (F11-F15), increasing
the concentration of SA led to an increase in pH.
This could be explained due to the alkalinity of
sodium alginate. Concerning a drying time, it was
reported that a suitable drying time for peel-off
mask products ranged from 10 to 15 mins
(Roselyne etal.,, 2014) (in this study, we set the cut-
off at 12.5 mins). The viscosity is the main
applicability-related = characteristic =~ of  the
formulation, and the viscosity in the range of
approximately 1,000-10,000 cps was considered an
easy application onto the skin. As a result, F8, F9,
F10, F13, F14, and F15 met all above requirement
and they were chosen to incorporate 1 %w/w
clindamycin in the preparation of clindamycin
peel-off mask gel

After incorporating 1 %w/w clindamycin,
the samples were then characterized for their
spreadability, film-forming ability, drying time,
viscosity, and pH (Table II). The characteristics of
the peel-off mask gel after incorporating 1 %w/w
clindamycin were comparable with the initial
preparation (without clindamycin). Formulations
containing SA (Formulation F16 - F18) gave higher
viscosity than those containing PVP-K30
(Formulation F19 - F21). The PVA:SA formulations
provided a better film-forming property than the
PVA:PVP-K30 formulations. An incorporation of
1% w/w clindamycin led to the lower pH of all
formulations due to the acidity of clindamycin
phosphate. However, all peel-off mask films had an
appropriate pH in the range of 4 to 5. The drying
time ranged from 8-11 min, and the viscosity was
in the range of 547-5,384 cps. Among all 6
formulations, F21 (PVA:SA 10:1.5 %w/w) and F18
(PVA:PVP-K30 10:25 %w/w) gave the fastest
drying time at 8.09 + 0.12 and 8.09 * 0.03 min,
respectively, and provided the viscosity in the
optimum range of 1,000-10,000 cps.

Tensile strength

The tensile strength of the peel-off mask film
is a potential property that affects the preference of
use. The high tensile strength meant the film was
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tough and might cause pain to the skin during the
peeling-off period. Therefore, the appropriate
tensile strength for developing peel-off mask film
should be considered. The tensile strength was
characterized in six formulations of the peel-off
mask film containing 1 %w/w clindamycin (F16 to
F21) compared with the control group, 10 %w/w
PVA film (without clindamycin, F2) as shown in
Table II. The clindamycin peel-off mask film of
PVA:PVP-K30 formulations presented a lesser
tensile strength than that of PVA:SA formulations.
Adding PVP-K30 into the formulation resulted in a
decreased tensile strength of the film whereas
increased amount of SA in the film increased tensile
strength as compared to the control. The result
indicates that the strengthened potency of the
natural polymer (SA) was higher than the synthetic
polymer (PVP-K30). Too high tensile strength
might cause pain and skin irritation. However, too
low tensile strength might cause the film to break
easily. The suitable formulation should have a
tensile strength ranging between 1,000-4,000
g/cm? (Wetchakun et al.,, 2016, Nursal et al,, 2021).
Therefore, the formulations F16, F17, F18, and F21
provided the tensile strength in the acceptable
range.

After considering the physicochemical
properties of 15 peel-off mask film formulations,
the formulations F18 and F21 were chosen as the
two most suitable formulations. Both were further
evaluated for the interaction between the
ingredients in the formulation, crystallinity,
thermal behavior, and antimicrobial activity of the
formulation against C. acnes.

FT-IR analysis

The FT-IR spectra (Figure 2A) showed
that PVA and PVP-K30 presented the large band
located at 3200-3500 cm for the O-H stretch
vibration. The fingerprint spectrum of PVA
showed asymmetrical stretching vibration and
symmetric stretching vibration of CH: occurred
at 2932 and 2908 cm, respectively. The coupling
of the secondary O-H in-plane bending and the
C-H wagging vibrations were observed at 1414
and 1326 cml. The peak at 1085 cm! indicated
C-O stretching vibration (Xiao et al, 2006).
The main spectrum of PVP-K30 showed the peak at
1661, 1420, 1371, and 1283 cm! attributed to
the C=0 symmetric stretching, CHz bending, O-H
bending (in-plane), and C-H deformation,
respectively (Abou_Taleb, 2009). The FT-IR
spectrum of clindamycin showed characteristic
peaks at 1695 cm ! (C=0 stretching), 1090 and
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Figure 2. The FT-IR spectra (2A and 2B), XRD diffractograms (2C and 2D), and DSC thermograms (2E and
2F) of PVA (I), PVP-K30 (1I), Clindamycin (III), Clindamycin peel-off mask film (PVA:PVP-K30, F18) (IV),
Sodium alginate (V), and Clindamycin peel-off mask film (PVA:SA, F21) (VI)
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1210 cm? (C-O stretching), 1561 cm1 (C=C
stretching), and 2940 cm-! (C-H stretching) (Patel
& Patel, 2015, Mohamed et al,, 2017). Peaks were
observed at 1661, 1420, 1371, 1283, 1090, and
1085 cm-lin the spectrum of the clindamycin peel-
off mask film (PVA:PVP-K30, F18). These peaks
were similar to those found in the spectrum of the
starting materials, indicating that the active drug
was incorporated into the film without changing
the chemical structure. There was no interaction
between the film composition. Meanwhile, the FT-
IR spectra (Figure 2B) showed that sodium alginate
gave a wide peak located at 3200-3500 cm-! for the
0-H stretch vibration and 2920-2850 cm for
stretching vibrations of aliphatic C-H. Observed
bands in 1649 and 1460 cm-! were attributed
to asymmetric and symmetric stretching
vibrations of carboxylate salt ions, respectively.
The fingerprint band of the alginate structure at
1107 and 935 cm! was attributed to the C-O
stretching vibration of pyranosyl ring and the C-0
stretching with contributions from C-C-H and
C-O-H deformation (Daemi & Barikani, 2012).
The spectrum of the clindamycin peel-off mask
film (PVA:SA, F21) showed the peaks at 1695, 1460,
1414, 1326, 1107, 1090, 1085, and 935 cm'!
that were similar to the peaks found in the
spectrum of the starting materials, indicating no
change in the chemical structure of the active drug
and no interaction between the compositions in the
film.

XRD analysis

XRD measurement is a versatile, non-
destructive technique that helps reveal the
crystallographic structure of materials and can be
used to investigate the complex formation between
the polymers. The XRD diffractogram of PVA
showed a diffraction peak angle at 20 = 19.8°C
(Figure 2C), which was a strong and broad peak
corresponding to the (1 0 1) reflection, a plane that
contains the extended planar zig-zag chain
direction of the crystallites (Gupta et al, 2009,
Sudirman et al, 2020). XRD diffractogram of
PVP-K30 exhibited amorphous features
characterized by two halos centered at 26 = 11.7°C
and 20.2°C (Jaipakdee et al, 2018). The XRD
diffractogram of the clindamycin peel-off mask
film (PVA:PVP-K30, F18) implied a decreased
degree of crystallinity and showed amorphous
patterns. In the meantime, the XRD diffractogram of
the clindamycin powder presented the crystalline
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pattern. After incorporation into PVA:PVP-K30
film, the crystallinity nature of clindamycin
In the film matrix was absent. It is possible
that the active drug was embedded in the
film matrix as a solution. The XRD diffraction
pattern of SA showed an amorphous structure with
a peak 20 = 22.9° (Helmiyati & Aprilliza, 2017)
(Figure 2D). The clindamycin peel-off mask film
(PVA:SA, F21) presented the semi-crystalline peak
of PVA. Similar to the F18 film, the crystallinity
nature of the drug was absent after incorporating
clindamycin.

DSC measurement

The DSC thermograms of PVA, PVP-K30,
clindamycin, and clindamycin peel-off mask film
(PVA:PVP-K30, F18) (Figure 2E). The DSC curve of
clindamycin showed an endothermic melting peak
at 170.5 °C. Another sharp endothermic peak at 243
°C and an exothermic peak at 210 °C were also
observed (Tamaddon et al, 2015). The DSC plot of
PVA exhibited an endothermic melting peak at
approximately 180°C and a second small
endothermic peak presented at 210 °C, as
previously reported by Andrade et al. (2020). The
thermal behaviour of the PVP-K30 was as expected
as hygroscopic substances, with a broad
endothermal effect at about 160 °C due to polymer
dehydration (Chan et al, 2015). The DSC
thermogram of the F18 film exhibited endothermic
peaks like the related substances with a little shift
to the higher temperatures. The large amounts of
polymer in the F18 film covered the characteristic
peaks of the clindamycin. Thus, no endothermic
peak of clindamycin was detected in the DSC
thermogram of the film. In the same way
(Figure 2F) the DSC thermograms of PVA, SA,
clindamycin, and clindamycin peel-off mask film
(PVA:SA, F21). Sodium alginate exhibited one
broad endothermic and exothermic peak at 169°C
and 220°C, respectively. The first endothermic
band corresponded to the evaporation of hydration
water molecules, while the exothermic one
indicated the oxidative degradation of alginate
polymers (Pendekal & Tegginamat, 2013,
Alkhatib et al, 2006). The DSC thermogram
of F21 film exhibited endothermic peaks similar to
the related substances, and the characteristic
peaks of the clindamycin were also covered due to
the large amounts of polymer. The DSC
thermograms showed no interaction between the
ingredients in the peel-off mask formulations.
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Table I1I. Antimicrobial susceptibility test for C. acnes by disc diffusion method

Calculated clindamycin Inhibition zone

Formulation Composition Formulation type amount (ug) per sample diameter mm)
F18 F10 : clindamycin Film 126 g of clindamycin 56
(99:1 %w/w) (0.6 cm diameter) per 0.6 cm diameter film
Clindamycin 20 pL of samples . .
F18-sol dissolved in DI dropped in 126 Mfz’gf (ﬂmdlair.lycm 47.3
water the 0.6 cm test paper per 28 pL sofution
Film
F18-blank F10 (0.6 cm diameter) 0
F21 F15 : clindamycin Film 34 ug of clindamycin 537
(99:1 %w/w) (0.6 cm diameter) per 0.6 cm diameter film '
Clindamycin 20 pL of samples . .
F21-sol dissolved in DI dropped in 34 ugzc())f clﬁnd:l:lr{[l.ycm 35.7
water the 0.6 cm test paper per 28 pL sofution
F21-blank F15 Film 0

(0.6 cm diameter)

(3A) F18 (3B) F18-sol

(3C) F18-blank

Figure 3. Photos of the agar disc diffusion method represent inhibition zones of C. acnes. F18 (3A) and F21
(3D) are clindamycin peel-off mask film (PVA:PVP-K30, F18) and clindamycin peel-off mask film (PVA:SA,
F21), respectively. F18-sol (3B) and F21-sol (3E) are clindamycin solutions at equivalent clindamycin
amount to the film. F18-blank (3C) and F21-blank (3F) are blank PVA:PVP-K30 film and PVA:SA film

without clindamycin, respectively

Antimicrobial susceptibility test for C. acnes
Both  clindamycin  peel-off = mask
formulations F18 and F21 were tested for their
antimicrobial properties against C. acnes using the
disc diffusion method (Table III and Figure 3). The
film formulations without clindamycin (F18-blank
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and F21-blank) showed no inhibition zone,
indicating no antimicrobial properties. However,
films containing 1 %w/w clindamycin having
clindamycin amount per area of 0.89 mg/cm?
showed large inhibition zones with diameters
equal to 57.5 mm (for F18) and 59.7 mm (for F21).
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Comparing the inhibition zone of films and
solution containing the same amount of
clindamycin per area (0.89 mg/cm?), the inhibition
zones from films had diameters that were nearly
identical to the inhibition zone of the clindamycin
solution.

In this experimental set, four different
concentrations of clindamycin solutions (0.22,
0.45, 0.89, and 1.79 mg/cm?) were used as positive
control. The clindamycin concentration of 0.89
mg/cm? was chosen as an equal concentration of
clindamycin in the F18 and F21 films. The rest of
the concentrations (folds dilution from 0.89
mg/cm?) were tested to observe the correlation
between the inhibition zone size and the
clindamycin concentration.

From the results, it was found that
increasing clindamycin concentrations in the
solution gave a larger inhibition zone. The
inhibition zone obtained from clindamycin solution
with a concentration of 0.22 mg/cm? was the
smallest one (45.5 mm, Figure 3E). The
clindamycin solution with a concentration of 1.79
mg/cm? had the largest inhibition zone (59.0 mm,
see Figure 3H). However, the inhibition zone is not
directly proportional to the clindamycin
concentration, especially at high concentrations.
The clindamycin solution at the concentration of
0.89 mg/cm? (56.7 mm, Figure 3G) gave an
inhibition zone that was not considerably different
from the clindamycin solution at the concentration
of 1.79 mg/cm? (59.0 mm, Figure 3H).

Since the agar diffusion assay is based on
the inhibition zone formation as a result of
antimicrobial agent diffusion (Galvao et al, 2016).
Various parameters can affect the inhibition zone
diameter, such as the diffusion rate, the drug
extraction rate from the film (or test paper), the
drug solubility in the agar, and the drug’s molecular
weight (Hudzicki, 2009). It is possible that very
high clindamycin concentrations gave the
maximum diffusion rate of clindamycin molecules
in the agar during a certain incubation period. As a
result, there is no difference in the inhibition zone
at very high drug concentrations.

From the result above, it can be concluded
that both F18 and F21 films could effectively
release the clindamycin from the film to inhibit C.
acne and were good candidates for the treatment of
acne.

CONCLUSION
The clindamycin peel-off mask film
prepared by blending PVA with PVP-K30 and SA
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showed a good to very good spreadability and film-
forming ability. The increased amount of film-
forming agents led to the increased viscosity and
reduced spreadability of the gel. When combined
with PVA, SA showed a higher viscosity-increasing
potential than PVP-K30. The film had a suitable
tensile strength that was neither too high to cause
pain or skin irritation nor too low to cause ripped
film. The data obtained from FT-IR, XRD, and DSC
indicates no ingredient interaction and the
amorphous pattern of the film matrix. The
antimicrobial ~ susceptibility for C.  acnes
demonstrated the superior ability of the mask film
against C. acnes compared to the blank film and at
the same level as the clindamycin solution. The
developed clindamycin peel-off mask film offered
the advantages of being easy-to-prepare, non-
greasy, causing less skin irritation, and having high
antimicrobial properties, leading to patient
compliance and aesthetic appearance. Hence, it
could be further developed as the new market
formulation for acne treatment.
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