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ABSTRACT

Objective: To increase the dissolution rate of Ethyl p-methoxycinnamate (EPMC), which was isolated from Kaempferia galanga rhizome, this study
aimed to prepare and characterize a Solid Dispersion (SD) system using the hydrophilic polymer Hydroxypropyl Methylcellulose (HPMC) K4M.

Methods: EPMC was isolated from the rhizome of Kaempferia galanga and identified using a melting point instrument (Differential Scanning
Calorimetry) and Thin Layer Chromatography (TLC). Three distinct EPMC and HPMC K4M ratios-1:1, 1:2, and 1:3 (w/w)-were freeze-dried to
prepare the SD. Fourier Transform Infrared (FT-IR) spectroscopy, Scanning Electron Microscopy (SEM), Powder X-ray Diffraction (PXRD), and
Differential Scanning Calorimetry (DSC) were used to characterize the SD. For 60 min, the dissolution test was carried out in distilled water free of
COz and with an extra 0.1% Sodium Lauryl Sulfate (SLS).

Results: The characterization of SD systems showed a decrease in the endothermic peak and melting point in the DSC analysis, decreased peak
intensity in the PXRD patterns, unchanged chemical structure in FT-IR analysis, and pores formation on the surface in SEM analysis. A significant
increase in dissolution rate (p<0.05) was observed, with a 3.63-fold improvement for the 1:3 SD (60.603+1.163%) compared to intact EPMC
(16.684+1.352%).

Conclusion: The SD of EPMC-HPMC K4M was successfully formed, and a higher dissolution rate was achieved than that of the intact EPMC.
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INTRODUCTION

Rheumatism, asthma, digestive issues, headaches, colds, toothaches,
and coughs with phlegm have all been traditionally treated with the
rhizome of Kaempferia galanga. Additionally, it improves blood
circulation and regulates internal heat. The pharmacological activity
of Kaempferia galanga, such as its anti-inflammatory, anti-apoptotic,
anti-carcinogenic, soothing, and wound-healing qualities, have been
shown in recent studies [1]. Ethyl p-Methoxycinnamate (EPMC),
which makes up around 80% of the extract from Kaempferia
galanga rhizome, is the main chemical found there [2]. However, the
main component, EPMC, is only 3 pg/ml soluble in water [3]. Its
molecular structure, which consists of a carbonyl group bound to an
ethyl group, a nonpolar methoxy group, and an ester group joined to
a benzene ring, is probably the cause of its poor solubility [4].

Several methods have been used to modify the solubility and
dissolution rate of EPMC. However, the enhancement is still
insignificant. The rate of dissolution of EPMC was markedly
improved through the process of co-crystallization with tartaric
acid, resulting in an enhancement of water solubility by factors of
1.39, 1.50, and 1.44 for cocrystal ratios of 1:1, 1:2, and 1:3,
respectively [5]. In other research, the solubility of EPMC when
combined with citric acid just demonstrated an increase of 44.19%
compared to the untreated EPMC [3]. This research used the Solid
Dispersion (SD) technique to increase the EPMC dissolution rate
further. Generally, SD is defined as dispersing active substances into
a hydrophilic carrier or matrix in a solid state. This technique
enhances drug dissolution and solubility by improving the surface
area for dissolution, converting the crystalline of the drug into an
amorphous phase, and allowing better drug wettability [6-8]. SD can
be prepared using spray drying, freeze drying, hot-melt extrusion, melt
agglomeration, electrostatic spinning, supercritical anti-solvent,
solvent evaporation, cryogenic processing, etc [9]. Freeze-drying is
one of the preferred methods that provides advantages over others.
Unlike methods that involve high temperatures, freeze drying operates
at low temperatures, making it suitable for thermolabile drugs that
may degrade under heat [10]. As EPMC undergoes decomposition

through hydrolysis and is relatively unstable at high temperatures, its
melting point is 48 - 50 °C; the freeze-drying method is an appropriate
technique for SD formation in this study [11]. Previous studies have
also supported the idea that SD prepared using the freeze-drying
method presented positive results regarding the physiochemical
properties. A freeze-dried ginger extract showed improved solubility,
dissolution rate, and stability [12].

Hydroxypropyl Methylcellulose (HPMC) K4M, a cellulose derivative,
is considerable for its abundant availability, ease of use, excellent
film-forming ability, and biocompatibility. It is commonly utilized as
a matrix in drug delivery systems and as a film-forming agent,
emulsifier, stabilizer, or thickener in food applications [13]. As a
non-ionic, water-soluble polymer, HPMC K4M is prominent for SD,
offering physical stability due to its high glass transition
temperature, which limits drug molecular mobility in the
amorphous matrix [14]. Moreover, interactions of drug-polymer
help maintain homogeneity, prevent phase separation, and reduce
moisture absorption. Research has shown that SD with HPMC can
significantly enhance solubility, as demonstrated with Kaempferia
parviflora extract, where solubility increased nearly threefold
compared to non-dispersed extracts [15]. These results suggest that
HPMC K4M is a promising carrier polymer for this study.

Based on previous studies, SD has significantly enhanced the
dissolution rates of poorly water-soluble drugs. The highest
dissolution increase reported is a 361-fold enhancement in solubility
for aceclofenac [16]. The dissolution rate of glibenclamide increased
20-fold when formulated as a SD with HPMC compared to the pure
drug [17]. In other research, incorporating piperine into a SD system
with HPMC using freeze-drying resulted in a 7.88-fold increase in
solubility and a significant improvement in the dissolution rate [18].
Therefore, this research aims to enhance the dissolution rate of EPMC
derived from the rhizome of Kaempferia galanga through SD
techniques, particularly utilizing the freeze-drying method combined
with HPMC K4M as a carrier polymer. Physicochemical
characterizations of SD involve several predominant solid-state
analyses, including powder X-ray Diffraction (PXRD), Differential
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Scanning Calorimetry (DSC), Scanning Electron Microscopy (SEM), and
Fourier Transform Infrared (FT-IR) spectroscopy. The dissolution rate
profile is also carried out to evaluate the effect of SD on the
enhancement of EPMC'’s dissolution rate.

MATERIALS AND METHODS
Materials

The Kaempferia galanga rhizome simplicia was bought from Rumah
Rempah Lestari in Indonesia. Japan's Tokyo Chemical Industry
provided the EPMC standard. Shidley Chem (China) provided the
medium-viscosity HPMC K4M. The following chemicals and solvents
were of analytical grade: Sodium Lauryl Sulfate (SLS), distilled
water, n-hexane, ethyl acetate, and 96% ethanol.

Isolation of EPMC from Kaempferia galanga rhizome

After being macerated for three days with 96% ethanol, two
hundred grams of dried Kaempferia galanga rhizome simplicia were
filtered and macerated twice more. A rotary evaporator (Buchi
Rotavapor R-210, Switzerland) was then used to concentrate the
filtrates at 40 °C and 50 rpm. After that, the filtrates had to remain at
room temperature for 12 h to recrystallize with n-hexane and ethyl
acetate, producing white crystals. The initial simplicia weight was
used to compute the yield.
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Identification of EPMC from Kaempferia galanga rhizome

Ten milligrams of standard and isolated EPMC were dissolved in
ethanol and spotted onto a 2x6 cm silica gel F254 TLC plate (Merck,
Germany), with a 0.5 cm separation between spots. The plate was
developed in a chamber with n-hexane: ethyl acetate (9:1) until the
solvent front passed the samples, and the spots were visualized
under UV light at A 254 nm. Melting point determination was then
performed by weighing 4-5 mg of each isolated and standard EPMC,
which was analyzed using Differential Scanning Calorimetry
(Shimadzu DSC-60 Plus, Japan).

Preparation of solid dispersion by freeze-drying

The SD of EPMC with HPMC K4M was prepared using the freeze-
drying method using a freeze dryer (Buchi Lyovapor L-200,
Switzerland). HPMC K4M was dissolved in distilled water (80-90 °C)
and stirred until homogeneous (200 rpm for 10-15 min). EPMC,
which dissolved in ethanol, was mixed with the HPMC K4M solution
in various ratios, as shown in table 1, and stirred continuously for 2
h. Then, this mixture was frozen for approximately 24 h under a
freezing temperature of-50 2C and then subjected to sublimation for
10 h with chamber pressures maintained below 0.056 atm. The
dried sample was stored in an airtight container and placed in a
desiccator.

Table 1: Ratios of EPMC to HPMC K4M in solid dispersions

Materials Weight (mg) (w/w)

SD 1:1 SD 1:2 SD 1:3
EPMC 100 100 100
HPMC K4M 100 200 300

SD: solid dispersion

Differential scanning calorimetry (DSC)

A differential scanning calorimeter (Shimadzu DSC-60 Plus, Japan)
was used for the thermal analysis of EPMC, HPMC K4M and SD at
ratios of 1:1, 1:2, and 1:3. Around 4 milligrams of each sample were
placed in aluminum pans, sealed, and heated from 10 to 200 °C ata
rate of 1 °C per minute.

Powder X-ray diffraction (PXRD)

EPMC and SDs at ratios of 1:1, 1:2, and 1:3 were placed in an X-ray
diffractometer (PAN analytical MPD PW3040/60 type X'pertama Pro,
Netherland) holder under the following conditions: Cu metal target,
Kua filter, 40 kV voltage, and 30 mA current. Diffraction patterns were
measured at 28 angles ranging from 5 to 50°. The analysis provided a
curve showing the relationship between peak intensity and the 26
angle.

Fourier transform infrared (FT-IR)

The FT-IR spectra EPMC and the SDs were analyzed using an FT-IR
spectrometer (Shimadzu IRTracer-100 AH, Japan). About two to
three milligrams of each sample were placed in an Attenuated Total
Reflectance (ATR) holder, and the absorbance spectra were

measured in the wavenumber range of 4000 to 600 cm™.

Scanning electron microscopy (SEM)

The morphology of EPMC and the SDs were analyzed using a
scanning electron microscope (SEM) (Hitachi Flexsem 100, Japan).
Samples were placed on aluminum plates and coated with gold. The
voltage was set to 20 kV with a current of 12 mA. The samples were
then observed at various magnifications using the SEM.

Dissolution studies

The dissolution profile of the EPMC-HPMC K4M SD was analyzed
using a USP type II dissolution tester (SR8 Plus Dissolution Test
Station Hanson IRTracer-100 AH, US) in 900 ml of COz-free distilled
water with an additional 0.1% sodium lauryl sulfate, at 75 rpm and
37+0.05 °C. Five milliliters of sample were pipetted at specific time
intervals: 5, 10, 15, 30, 45, and 60 min. Each sample withdrawal was

replaced with an equal volume of fresh medium. The amount of
dissolved sample was measured using a UV-Vis spectrophotometer
(Shimadzu UV-1900, Japan) at the maximum wavelength.

Data analysis

Dissolution rates of EPMC and the SD were analyzed using an
independent sample T-test with SPSS 29, comparing the percentage
of dissolved samples at each time point.

RESULTS AND DISCUSSION
Identification of EPMC from Kaempferia galanga rhizome
Thin layer chromatography (TLC) analysis

Analysis through TLC was done for confirming of the isolated EPMC
from rhizomes of Kaempferia galanga by comparing the spot of the
isolated compound with that of the EPMC standard. TLC is a simple
and inexpensive technique for the separation of the components of
mixture, which are monitored according to their polarity and
adsorption onto stationary phase [19]. The results showed that the
isolated compound and the standard produced identical retention
factor (Rf) values of 0.5. The isolated compound gave a single spot-
on TLC plate corresponding to the standard is taken confirmation of
purity of EPMC. It confirms the purity and identity of the isolated
EPMC as well as emphasizes the efficiency of TLC in qualitative
compound analysis.

Melting point determination

Melting point determination using DSC analysis is an effective
method for assessing crystal purity [20]. As shown in fig. 1, the
crystal isolated from Kaempferia galanga rhizomes exhibited a sharp
peak at 51.99 °C, indicating high purity. It aligns closely with the
standard EPMC, which shows a sharp peak at 51.57 °C, confirming
the isolated crystal as EPMC. The DSC results are further supported
by previous TLC analysis, reinforcing the purity and identity of the
compound. Minor differences in peak temperature may be due to
slight variations in experimental conditions, but overall, these
findings strongly confirm the isolated crystal as EPMC.
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Fig. 1: DSC thermograms of a) standard EPMC and b) isolated EPMC

Solid state characterization of EMPC-HPMC K4M solid

sispersion
Differential scanning calorimetry (DSC) analysis

DSC analysis was carried out to confirm the formation of SDs and changes
in the solid state [15]. Thermal analysis using DSC on the isolated EPMC
formed into SD with HPMC K4M at ratios of 1:1, 1:2, and 1:3 (fig. 2)
revealed a decrease in the intensity of the endothermic peak, with
corresponding enthalpy reductions to 38.15 J/g, 30.93 J/g, and 2692 /g,
indicating reduced crystallinity of the isolated EPMC after forming the SD.
Additionally, a shift in the melting point from 51.99 °C to 48.71 °C (SD 1:1),
48.20 °C (SD 1:2), and 48.29 °C (SD 1:3) suggests a transition from the
crystalline form to an amorphous or semi-amorphous state within the
HPMC K4M matrix. This observation is by previous studies using curcumin
and HPMC K4M, where significant reductions in DSC thermogram peak
intensity and enthalpy were observed, along with a melting point shift,
indicating a similar transformation from crystalline to amorphous form in
the SD system [21].

Powder X-ray diffraction (PXRD) analysis
The data in table 2 showed that the isolated EPMC exhibited sharp

peak intensities at 26 positions of 26.5074 and 27.3596. These peak
intensities decreased following the formation of SDs of EPMC with
HPMC K4M atratios of 1:1, 1:2, and 1:3 (fig. 3). Specifically, at the SD
1:3, the peak intensity significantly dropped from 8155.75 to
1038.77. These results indicated that the degree of crystallinity of
the drug decreased with a higher concentration of the hydrophilic
polymer, suggesting that the polymer effectively encapsulates the
drug, transforming the crystalline phase to a partial amorphous
state [22]. Additionally, as seen in table 3, the relative crystallinity
index (RCI) of SD 1:3 was the lowest at 33.82. RCI is derived from X-
ray diffraction patterns and measures crystallinity relative to
amorphous and highly crystalline samples [23]. Crystallinity is
crucial in determining the solubility of both natural and
pharmaceutical compounds, with lower crystallinity generally
associated with higher solubility and dissolution rates [24].
Therefore, this ratio was selected for further characterization and
dissolution tests. These results suggest changes in the crystallinity of
isolated EPMC can enhance its solubility and dissolution rate.
Similar findings have been reported in studies involving the SD of
hesperidin with HPMC K4M, which significantly increased the
dissolution rate, more than two times higher than that of intact
hesperidin [25].

———b
c
—d
[
s
E
;J ﬁ[_
@
c 2
50 100 150 200
Temp (C)

Fig. 2: DSC thermograms of a) SD 1:3, b) SD 1:2, c¢) SD 1:1, d) HPMC K4M, and e) isolated EPMC
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Fig. 3: X-ray diffraction patterns of a) SD 1:3, b) SD 1:2, c¢) SD 1:1, d) HPMC K4M, and e) EPMC

Table 2: Peak intensity data of EPMC and SDs

Pos. 20 Intensity

EPMC SD 1:1 SD 1:2 SD 1:3
16.4684 2088.32 - 693.84 -
16.6351 1625.56 608.05 - 644.72
17.6604 2926.07 618.37 997.57 961.71
18.731 1749.6 475.6 763.65 900.57
20.1655 1863.89 704.76 1081.1 1344.27
20.4936 1334.06 1089.89 - -
20.8632 2916.94 - 1408.21 1500.26
22.3233 397.73 - - -
23.0037 4167.68 1937.26 1907.02 2091.15
23.3869 1569.53 1639.42 - -
24.1852 1090.74 - 1631.22 1741.43
24.8076 755.11 515.95 492.04 558.7
26.5074 8155.75 1152.81 1148.9 1038.77
27.3596 3917.4 1491.92 1447.04 1464.28
28.192 1052.36 400.76 388.2 352.45
28.4687 975.35 - - -
28.9473 239.05 - - -
29.2334 327.42 - - -
29.9901 256.45 - - -

Table 3: The relative crystallinity index of SDs

Area SD 1:1 SD 1:2 SD 1:3
Crystal Area (a) 5997.34 7606.81 7034.52
Total Area (b) 7757.02 13828.79 20801.04

Relative Crystallinity Index (%)

55.01 33.82

Fourier transform infrared (FT-IR) spectroscopy analysis

FTIR spectroscopy analysis aims to identify the sample's chemical
functional groups. In this study, drug-polymer interactions are
assessed using FTIR analysis. FTIR can identify variations in the
vibrational frequencies of functional groups, which could indicate
interactions between the drugs and the polymer, including hydrogen
bonding or other molecular interactions. Understanding the SD's
stability and solubility is important [26]. The FT-IR spectrum (fig. 4) of
EPMC displays characteristic peaks at 2981.72-2937.07 cm™
(aliphatic C-H), 1511.58 cm™ (aromatic C=C), 1170.60 cm™ (C-O
attached to an aromatic ring), 1024.13 cm™ (C-O in ester group), and
828.21 cm™ (para-substituted aromatic ring). Meanwhile, HPMC K4M
shows distinctive peaks at 3435.28 cm™ (0-H), 1640.49 cm™ (C-0),
and 2900.02 cm™ (C-H). The FT-IR spectrum of the EPMC-HPMC K4M

(1:3) exhibits peaks corresponding to both EPMC and HPMC K4M,
with slight shifts observed in functional groups: aliphatic C-H (2939.07
to 2936.02 cm™), aromatic C=C (1511.58 to 1512.46 cm™), C-O in
ester (1170.60 to 1169.60 cm™), and para-substituted aromatic
(828.21 to 829.52 cm™). These shifts suggest hydrogen bonding
between EPMC and HPMC K4M, which weakens the bonds and lowers
the vibrational energy, leading to lower wavenumber values in the FT-
IR spectrum [5].

Scanning electron microscopy (SEM) analysis

SEM analysis provides high-resolution images of the surface
morphology of SD. It allows us to observe the particles' shape,
size, and surface characteristics, which can influence the
dissolution and bioavailability of the drug [26]. EPMC's surface
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morphology (fig. 5) reveals a variety of forms, sharp edges, and a
rough texture, whereas HPMC K4M, which is amorphous,
displays fibrous particles. The formation of a porous surface
morphology upon dispersing EPMC with HPMC K4M by freeze
drying suggests a change in the drug's physical state when mixed
with the hydrophilic polymer, which may accelerate the rate at
which the isolated EPMC dissolves [18]. A rough, uneven surface
with sharp edges appears by SEM analysis of the EPMC-HPMC
K4M (1:3), indicating that HPMC K4M has not fully covered

Int ] App Pharm, Vol 17, Special Issue 1,2025, 1-7

EPMC. It is in line with the results of DSC and PXRD, which show
that although EPMC is dispersed throughout HPMC K4M, its
crystalline form can still be found, although it has a lower peak
intensity. It suggests that some crystalline structures remain
after the dispersion process does not entirely convert EPMC to
an amorphous form. Similar results were obtained in earlier
research on quercetin SDs using HPMC K4M, which revealed a
porous shape and markedly enhanced dissolving rates, nearly
eight times higher after 360 min than intact quercetin [27].
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Fig. 4: FT-IR spectra of a) SD 1:3, b) HPMC K4M, and c) isolated EPMC
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TeknikMesin IT§ 800KV 5.2mm X1.00k SE 1 it
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Fig. 5: Surface morphology of a) EPMC, b) HPMC K4M, c) SD 1:3

Dissolution studies

Isolated EPMC exhibited a low dissolution rate in CO2-free distilled
water, reaching only 2.932% in the first 5 min and increasing to
16.684% after 60 min (fig. 6). However, this dissolution rate
significantly improved when EPMC was dispersed with HPMC K4M
at a 1:3 ratio. Within the first 5 min, the dissolution rate increased
6.3 times, from 2.932% to 18.557%, and after 60 min, it increased
approximately 3.6 times, from 16.684% to 60.603%. This increase is
much higher compared to other methods previously reported. For
instance, the cocrystallization technique could only enhance EPMC
solubility by about 1.5 times, and the formation of an inclusion
complex with hydroxypropyl-B-cyclodextrin only increased
solubility up to 26% [28, 29]. These results are consistent with
previous studies showing that dispersing tenoxicam with HPMC K4M
through freeze-drying can enhance its dissolution rate [30]. Other
research also demonstrated higher solubility of telmisartan SDs with
HPMC E5 IV compared to intact telmisartan and its physical mixture,
attributed to partial amorphization of the crystalline phase [31].

Statistical analysis using an independent samples t-test confirmed a
significant difference in dissolution rates between pure EPMC and

the SD (p<0.05), indicating that forming a SD of EPMC with HPMC
K4M improves the dissolution rate compared to pure EPMC. The use
of hydrophilic carriers like HPMC K4M can lead to the formation of
amorphous SD, confirmed by reduced peak intensities in PXRD
analysis. This amorphous state generally has higher solubility and
dissolution rate compared to the crystalline form because the drug is
often in a supersaturated state within the carrier and surface
morphology of amorphous state increase the surface area of the
drug [32]. Additionally, the hydrophilic nature of HPMC K4M helps
to improve the wettability of the drug. HPMC K4M has a rapid
hydration property in aqueous solutions, which can help in quick
dispersion of the drug. Intermolecular hydrogen bonding between
HPMC K4M and EPMC that confirmed by FT-IR spectroscopy
analysis also has contribution to improved dissolution through
stabilize the amorphous form of the EPMC in the SD system and
enhance the wettability of the EPMC [33].

However, this study also showed that EPMC's crystalline structure is
still observable, indicating incomplete amorphization, which would
restrict the maximum increase in dissolution rate. Surface
morphology analysis by SEM showed that EPMC was not fully
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covered by HPMC K4M, which may also affect the effectiveness of
the dissolution rate improvement. To accomplish complete
amorphization and improved surface coverage, future studies

Int ] App Pharm, Vol 17, Special Issue 1,2025, 1-7

should investigate other ratios of HPMC K4M and alternate
dispersion procedures. It could further increase formulation
stability and dissolving rate enhancement.
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Fig. 6: Dissolution profiles of a) SD 1:3 and b) isolated EPMC

CONCLUSION

The solid dispersion of isolated ethyl p-methoxycinnamate from
Kaempferia galanga L. rhizomes can be successfully prepared with
medium viscosity HPMC K4M as a carrier polymer using the freeze-
drying method, as confirmed by DSC, PXRD, FT-IR, and SEM
analyses. Solid dispersion EMPC-HPMC K4M at a 1:3 (w/w) ratio
resulted in a 3.6-fold increase in the dissolution rate after 60 min
compared to the isolated compound.
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