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ABSTRACT
Objective: The Plai patches were prepared from polymer blends between chitosan/hydroxypropylmethyl cellulose and chitosan/polyvinyl alcohol,
and used glycerine as plasticizer. They were possibly evaluated for herbal topical application of Zingiber cassumunar Roxb., also called Plai in Thai.
Methods: Plai was extracted with ethanol and evaporated until obtain the dry crude Plai oil. All polymer blends were mixed homogeneously. The
crude Plai was dissolved in absolute ethanol and mixed together in polymer blends solutions by traditional beaker method until homogeneous in
appearance. They were transferred into Petri-dish and dried in hot air oven at 70±2ºC for 5 hours. They were tested the moisture uptake and
swelling values, ATR-FTIR, SEM, DSC, and XRD.
Results: The moisture uptake and swelling ratio values were 0.2851 – 0.2918 and 0.2093 – 0.2391, respectively. The Plai patches showed the
suitable physicochemical properties with comprised of various functional groups of polymer blends from ATR-FTIR, showed the single peak from
DSC, and showed the amorphous phase from XRD. In addition, they were ruggedness on the surface and high dense in cross section of the Plai
patches.
Conclusion: We successfully prepared the Plai patches from different polymer blends which were chitosan/hydroxypropylmethyl cellulose blends
and chitosan/polyvinyl alcohol blends by traditional beaker preparation. The physicochemical properties of the Plai patches were suitable to use for
topical application.
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INTRODUCTION
Polymer patches are now effective alternative products for topical
systems to deliver active compound to skin. For the development of
topical systems, polymer selection and product design are important
since they directly affect the physicochemical properties,
compatibility, and stability of the obtained products [1]. Various
research reports the many types of polymers such as cellulose
derivatives [2], polyvinyl alcohol [3], chitosan [4], polyacrylate [5],
deproteinized natural rubber latex [6-14] are being used as
materials to apply to the skin as gelling agents, thickening agents,
and film formers to control drug release [1].
The Thai Herbal Compress ball, also known as Herbal Ball or Luk Pra
Kob, has been used for more than 400 years in Thailand and in Thai
traditional fields. It is a ball of Thai herbs used as a hot compress to
relieve aches, inflammation, and pains of the body by opening the
pores and bringing a medicinal heat to muscles to induce relaxation.
It is composed of various dried herbs such as Zingiber cassumunar
Roxb., Curcuma longa Linn., Citrus hystrix DC., Cymbopogon citratus
Stapf., Acacia rugata Merr., and Tamarindus indica Linn. These are
wrapped in cotton traditionally used in Thai medicine [15-17].
Zingiber cassumunar Roxb., as known as Plai in Thai, is the main
herb in Thai Herbal Compress ball used for the treatment of asthma,
as well as for muscle and joint pain. The volatile oil of (E)-4-(3', 4'dimethoxyphenyl)-but-3-en-1-ol was extracted from the rhizomes of
Plai. It was found to exhibit inhibitory and anti-inflammation activity
by using various experimental models of inflammation [18, 19].
Analgesic and antipyretic properties of (E)-4-(3', 4'dimethoxyphenyl)-but-3-en-1-ol were also reported [19-21]. It is
also used as topical treatment for sprains, contusions, joint
inflammations, muscular pain, abscesses, and similar inflammationrelated disorders [22, 23].

The main objective of this work was to prepare the Plai patches that
made from polymer blends between chitosan/hydroxypropylmethyl
cellulose and chitosan/polyvinyl alcohol, and used glycerine as
plasticizer. They were tested the physicochemical properties such as
moisture uptake and swelling ratio values, scanning electron
microscopy (SEM), attenuated total reflection fourier transform
infrared spectroscopy (ATR-FTIR), differential scanning calorimeter
(DSC), and X-ray diffractometry (XRD) studies possibly evaluated
for herbal topical application.
MATERIALS AND METHODS
Materials
Plai was purchased from Charoensuk Osod, Thailand. Chitosan was
purchased from Seafresh Industry Public Co., Ltd, Thailand.
Hydroxypropylmethyl cellulose was purchased from Onimax,
Thailand. Polyvinyl alcohol (Mw = ˜195,000 g/mol) and glycerine
were purchased from Sigma-Aldrich, USA. All organic solvents were
of analytical grade obtained from Merck KGaA, Germany.
Plai patches preparation
The chitosan was dissolved in concentration of 3.5%w/v in distilled
water comprised of 1% acetic acid. The hydroxypropylmethy
cellulose or polyvinyl alcohol was dissolved in distilled water in
concentration of 20%w/v. Then, 2 g of 3.5%w/v chitosan was mixed
together with 5 g of 20%w/v of hydroxypropylmethyl cellulose or
polyvinyl alcohol, and mixed homogeneously mixed with glycerine
as plasticizer.
After that, the crude Plai was dissolved in absolute ethanol and
continuously mixed in polymer blends solution. They were
transferred into Petri-dish and dried in hot air oven at 70±2ºC for 5
hours. They were tested the moisture uptake and swelling values,
SEM, ATR-FTIR, DSC, and XRD.
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Moisture uptake and swelling ratio studies

DSC study

For moisture uptake, the Plai patches were cut into 1 cm × 1 cm of
specimens. These specimens were weighed (W0) and moved to
stability chamber (model: Climate Chamber ICH/ICH L, Memmert
GmbH + Co. KG, Germamany) which controlled the temperature at
25ºC and 75% relative humidity environment. They were taken out
and weighed every week until their weight was constant (Wu). The
percentage of moisture uptake was calculated by equation [24].

A DSC was used to investigate the endothermic transition of the
substances that also confirmed the compatibility of each ingredient.
A 5 - 10 mg of film was transferred into the DSC pan that was then
hermetically sealed, and run in the DSC instrument (model: DSC7,
Perkin Elmer, USA) from 20ºC to 350ºC at the heating rate of
10ºC/min under a liquid nitrogen atmosphere. The DSC thermogram
was reported, and the endothermic transition was investigated.

Moisture uptake =

(Wu − W0 )
W0

For the swelling ratio, the 1 cm × 1 cm specimens were weighed
(W0) and immersed in 5 mL of distilled water and moved to stability
chamber (model: Climate Chamber ICH/ICH L, Memmert GmbH + Co.
KG, Germamany) which controlled the temperature at 25ºC and 75%
relative humidity environment. After removal of excess water, the
hydrated films were reweighed (Ws), then dried at 60 ± 2ºC
overnight, and weighed again (Wd). The swelling ratio was
calculated by equation.

Swelling ratio =

(W − W0 )
s

W0

SEM photography
The Plai patches surface and cross section were photographed by
SEM (model: Quanta 400, FEI, Czech Republic) with high vacuum
and high voltage of 20 kV condition, and using everhart thornley
detector (ETD).
ATR-FTIR study
The chitosan film, hydroxypropylmethyl cellulose film, polyvinyl
alcohol film, crude Plai, and Plai patches were examined using the
ATR-FTIR technique. They were scanned at a resolution of 4 cm-1
with 16 scans over a wavenumber region of 400 - 4000 cm-1 using
the FT-IR spectrometer (model: Nicolet 6700, DLaTGS detector,
Thermo Scientific, USA.). The characteristic peaks of IR transmission
spectra were recorded.

XRD study
The XRD (model: X’Pert MPD, PHILIPS, Netherlands) was also
employed to study the compatibility of the chitosan,
hydroxypropylmethyl cellulose, polyvinyl alcohol, and Plai patches.
The generator operating voltage and current of X-ray source were
40 kV and 45mA, respectively, with an angular of 5 - 40° (2θ), and a
stepped angle of 0.02° (2θ)/s.
RESULTS AND DISCUSSION
The moisture uptake and swelling ratio values of chitosan film was
0.2340±0.0493 and 0.1970±0.0704, respectively. When chitosan
was blended with hydroxypropylmethyl cellulose or polyvinyl
alcohol, they were significantly increased the moisture uptake and
swelling ratio values to 0.2918±0.0206 and 0.2391±0.0442,
respectively
for
chitosan/
hydroxypropylmethyl
cellulose/glycerine/crude Plai blends, and 0.2851±0.0078 and
0.2093±0.0588,
respectively
for
chitosan/polyvinyl
alcohol/glycerine/crude Plai blends. The moisture uptake and
swelling ratio play important roles during the early stages of patches
degradation [25]. These results were related with other publication that
reported the hydroxypropylmethyl cellulose or polyvinyl alcohol
blended to another polymer blends [6-10, 12]. They can increase the
hydrophilicity of polymer blends in term of moisture uptake, as well as
they can increase the swelling ratio because some hydrophilic parts
could be dissolved and eroded from the patches, to increase the number
of porous channels.An ATR-FTIR spectrum, in Fig. 1 shows the
completely major functional groups of chitosan, hydroxypropylmethyl
cellulose or polyvinyl alcohol, and crude Plai in Plai patches. Thus, it
could be confirmed the successful identify of Plai patched indicated the
no changeable of each ingredient in the Plai patches [26].

Fig. 1: The ATR-FTIR spectras of various polymer blends with composed of chitosan/hydroxypropylmethyl cellulose (top) and
chitosan/polyvinyl alcohol (below)
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Table 1: The temperature transition detected by DSC

Chitosan
Chitosan/hydroxypropylmethyl
cellulose/glycerine/crude Plai
Chitosan/polyvinyl
alcohol/glycerine/crude Plai

Peak I (ºC)
Onset
25.666
62.462

Peak
70.333
138.880

End
107.965
168.015

Peak II (ºC)
Onset
306.405
200.859

Peak
323.666
271.833

End
333.666
292.546

43.359

92.333

149.638

213.856

261.000

283.359

The behavior of chitosan, chitosan/hydroxyl propylmethyl
cellulose/glycerine/crude
Plai,
and
chitosan/polyvinyl
alcohol/glycerine/crude Plai were observed in the DSC thermo
grams (Fig. 2 and Table 1) which also indicated that all the
ingredients in the Plai patches were compatible [27].

The XRD patterns of the chitosan, hydroxyl propylmethyl cellulose,
polyvinyl
alcohol,
chitosan/
hydroxyl
propylmethyl
cellulose/glycerine/crude
Plai,
and
chitosan/polyvinyl
alcohol/glycerine/crude Plai were studied between 5 – 40° (2θ) are
shown in Fig. 3. We found the intensity results of pure chitosan at
10.33° and 19.59°, hydroxyl propylmethyl cellulose at 7.95° and
20.13°, and polyvinyl alcohol at 19.69° represented their
semicrystalline characters because of the strong intermolecular
interaction between hydroxyl propylmethyl cellulose or polyvinyl
alcohol chains through intermolecular hydrogen bonding [28]. In
addition, these peaks were not found in the Plai patches which
exhibited an amorphous phase. These indicated the miscibility of
polymer blends between various ingredients in their patches.
The SEM was used to confirm the high resolution morphology in
each Plai patches (Fig. 4). The Plai patches produced ruggedness on
the surface and high density without poring, cracking, or cavities in
cross section.

Fig. 2: The DSC thermograms of various polymer blends with
composed of chitosan/hydroxypropylmethyl cellulose and
chitosan/polyvinyl alcohol

Fig. 4: The suface (1,500x) (A) and cross section (5,000x) (B) of
Plai patches with composed of chitosan/hydroxypropylmethyl
cellulose (top) and chitosan/polyvinyl alcohol (below)

CONCLUSION
We successfully prepared the Plai patches from different polymer
blends which were chitosan/hydroxypropylmethyl cellulose blends
and chitosan/polyvinyl alcohol blends, and glycerine was used as
plasticizer by traditional beaker method. The Plai patches showed
the best potential for novel materials. The physicochemical
properties such as moisture uptake and swelling ratio values, ATRFTIR, DSC, and XRD studies indicated the compatibility of the
blended ingredients. Thus, these results have provided clear
evidence for the feasibility of the Plai patches could be used suitably
for topical application and the in vitro studies may evaluate in the
further.
Fig. 3: The XRD patterns of various polymer blends with
composed of chitosan/hydroxypropylmethyl cellulose (top)
and chitosan/polyvinyl alcohol (below)
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