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Abstract

Background: p-methoxycinnamic acid (pMCA) is an ethyl p-
methoxycinnamic derivative, which is the largest active ingredient
in the rhizome of the kencur (Kaempferia galanga L) plant. Several
studies reported that the compound has anti-inflammatory activity
but has low solubility in water. The formation of a pMCA-β-

cyclodextrin (βCD) inclusion complex with a molar ratio of 1:1
can increase its solubility. The formation of inclusion complexes
with conventional methods requires a long time and the yield value
is not optimal.

Objective: This study aims to evaluate the dissolution of the
pMCA-βCD inclusion complex produced using the microwave
irradiation method. 

Methods: The product was manufactured with chloroform sol-
vent and a power of 400 watts (power 80%). It was then evaluated
using the Differential Thermal Analysis (DTA) every 2 minutes
until the 8th minute. The reaction was complete after 4 minutes of
treatment with a yield of 96.5%. The obtained inclusion complexes
were evaluated using DTA, FTIR, and PXRD. Subsequently, a dis-
solution test was carried out using a type 2 apparatus in distilled
water medium of pH 6.8±0.05 at 37±0.5°C.

Results: The results showed that there was a change in the
melting temperature profile, infrared spectra, and crystallinity of
the product. An 89.18% dissolution was also obtained within 60
minutes, which was twice that of pMCA compounds.

Conclusion: From the results of the study, it can be concluded
that the formation of pMCA-βCD inclusion complexes using the
microwave irradiation method is capable of providing high-yield
values in a short time.

Introduction
p-methoxycinnamic acid (pMCA) is a cinnamic derivative

compound that can be isolated from the rhizome of the kencur
(Kaempferia galanga Linn) plant, which belongs to the
Zingiberaceae family and is widely grown in most parts of
Indonesia. Its rhizome is often used by Indonesians as a traditional
medicine for treating various diseases. Furthermore, several stud-
ies reported that pMCA has a stronger analgesic effect than acetyl-
salicylic acid compounds. It is also known as an anti-inflammato-
ry, antidiabetic, hepatoprotective, antihyperglycemic, and antibac-
terial agent.1-3 pMCA is a weak acid compound with a pKa value
of 4.11 and low solubility of 0.711 mg/mL at 25°C in water. This
low value is a challenge in the development of pharmaceutical for-
mulations for oral use.4 The molecule structure of pMCA can be
seen in Figure 1A.

The formation of inclusion complexes with cyclodextrin is one
of the methods that has been widely used to the increase solubility
of compounds. Cyclodextrin is a cyclic oligosaccharide consisting
of 6, 7, 8, or more D-(+)-glucopyranose units. Furthermore, it is
conical in shape because the primary hydroxyl group is in a nar-
rower section than the second variant. Its outer part is hydrophilic,
while the inner components are hydrophobic.5-7 α-cyclodextrin
compounds (αCD) can form inclusion complexes when combined
with a molecule with low-weight or aliphatic side chains.
Furthermore, β-cyclodextrin compounds (βCD) (Figure 1B) can
form the product with aromatic or heterocyclic molecules, while γ-
cyclodextrin compounds (γCD) can accommodate large molecules
such as macrocyclic and steroids.8,9
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Inclusion complexes are formed when the drug’s components
(guest) are trapped in the cyclodextrin compound (host). The con-
dition for their formation is that part or all of the guest molecules
enters the host. The products manufactured are stabilized by inter-
molecular bonds, such as hydrogen bonds, van der Waals forces,
hydrophobic interactions, and high-energy water release.4,10,11 A
drug compound with low water solubility has a hydrophobic func-
tional group in its molecular structure. If the size of the hydropho-
bic guest compound functional group can enter partially or com-
pletely into the cavity of the host, an inclusion complex is
formed.8,12 The products can modify the physicochemical proper-
ties of the drug, namely increasing the solubility, dissolution,
bioavailability, stability, and permeability.12,13

pMCA has an aromatic and a methoxy group in its molecular
structure.14 Generally, the aromatic group can enter the cavity of
βCD, which is a derivative of cyclodextrin with an inner cavity
diameter of 6.0-6.5 Å. βCD is widely used in oral dosage formula-
tions because it is easy to obtain, economical and its cavity size is
suitable for some aromatic compounds.7 Isadiartuti et al.15 showed
that it can form inclusion complexes with pMCA in a 1:1 molar
ratio. Recently, microwave irradiation methods have been used in
the manufacture of inclusion complexes with cyclodextrins in the
solid state. The formation of products using the method has advan-
tages, including shorter time, saving energy, lower costs, use of a
small amount of solvent, environmentally friendly, higher yield as
well as production of compounds with better physicochemical and
dissolution characteristics.16,17 Furthermore, it uses electromagnet-
ic irradiation with a frequency range of 0.3-300 GHz and a wave-
length of 1cm–1m. The microwave region of the electromagnetic
spectrum lies between the infrared and radio frequencies. The
ovens and reactors used for chemical synthesis are generally oper-
ated at a frequency of 2.45 GHz with a wavelength of 12.25 cm.
The microwave effect is chemically based on dielectric heating,
which depends on the ability of each substance to absorb energy
from the radiation and convert it into heat.18

Several studies manufactured inclusion complexes with the
microwave irradiation method using active ingredients of sodium
diclofenac,19 metformin HCl,20 and theophylline17 along with
complex-forming compounds, such as βCD. The results showed
that there was a significant increase in the dissolution of the prod-
ucts compared to the initial constituents. Therefore, this study aims
to evaluate the dissolution of pMCA through the formation of
inclusion complexes with βCD using the microwave irradiation
method.

Materials and Methods
pMCA was obtained from the hydrolysis of EPMS compounds

in the rhizome of the kencur (Kaempferia galanga Linn) plant,
which was collected from the Purwodadi Botanical Gardens, East
Java. The compound was produced using the method proposed by
Ekowati et al. (2010).14 It was then standardized using Thin Layer
Chromatography, Fourier Transform Infra-Red (FTIR),
Differential Thermal Analysis (DTA), 1HNMR, pharmaceutical-
grade βCD obtained from PT Kalbe Farma, chloroform p.a (E.
Merck ), ethanol p.a (E. Merck), and distilled water.

Physical mixture preparation
pMCA and βCD with a molar ratio of 1:1 were weighed and

sieved using a 60 mesh sieve. Subsequently, they were ground in a
mortar until a homogeneous mixture was obtained and then char-
acterized using DTA, FTIR, and Powder X-Ray Diffraction
(PXRD). The level of pMCA in the physical mixture was deter-
mined and then tested for dissolution.

Preparation of pMCA-βCD inclusion complex
pMCA and βCD with a molar ratio of 1:1 in chloroform sol-

vent were placed under microwave irradiation with 80% power
(400 watts), after which they were observed every 2 minutes until
the 8th minute. The mixture was then filtered using the Whatman
filter paper and placed in a vacuum at 40°C for 48 hours.
Subsequently, the results of each observation time were deter-
mined using the melting temperature profile with DTA. The treat-
ment with the optimal results was then characterized with FTIR
and PXRD, after which pMCA levels were determined and tested
for dissolution.

Differential thermal analysis 
Approximately 5 mg of the sample was placed in a pan, after

which it was transferred into a DTA (Mettler Toledo). The heating
speed was then set at 10°C per minute in a temperature range of
50-300°C.

Fourier transform infrared spectroscopy (FTIR)
Potassium Bromide (KBr) powder was added to 2 mg of the

sample to obtain a 300 mg mixture, after which it was observed
using an infrared spectrophotometer (Jasco FTIR 5300). It was
then crushed and made into pellets with a pressure of 8-9 tons to
form a transparent disc. Subsequently, the sample was placed on
the holder and the FTIR absorbance spectrum was observed at a
wavenumber of 4000–4500 cm-1.
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Figure 1. Molecular structure of (A) pMCA and (B) Molecular structure and cone-shaped shape of -cyclodextrin [10]
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Powder X-ray diffractometry (PXRD)
The sample was ground in a mortar until a smooth and even

texture was obtained. It was then transferred into a vacuum dryer
containing blue silica gel, and inserted into a holder. Subsequently,
observations were carried out using a PXRD (Phillips X’pert,
Netherlands) at 2θ of 5–40° with an angular change rate of 0.01-
0.02/second.

Dissolution test
Dissolution tests were carried out on pMCA, physical mixture,

and inclusion complex. The physical mixture and inclusion com-
plex were made with a molar ratio of 1:1. The results of determin-
ing pMCA levels in the physical mixture and inclusion complex
with coefficient variation values were 107.63±0.04% and
97.59±0.02%, respectively. Based on the percentage of physical
mixture and inclusion complex recovery, a sample of pMCA
equivalent to 50 mg was weighed as a dissolution test sample.
Approximately 50.0 mg of pMCA was placed in a dissolution ves-
sel containing a 500 mL distilled water medium with a pH of
6.8±0.5, and the temperature was adjusted to 37±0.5 °C. The test
was carried out using a type II dissolution apparatus (paddle) at a
speed of 75 rpm. Subsequently, 5.0 mL of the sample was taken at
5, 10, 15, 20, 30, 45, and 60 minutes, after which the same volume
was replaced after each sampling. pMCA levels were then deter-
mined using a UV-Vis spectrophotometer at the maximum wave-
length with three replications. From the data obtained, a dissolu-
tion profile was made and the value of the dissolution efficiency in
60 minutes (ED60) of pMCA, physical mixture, and inclusion com-

plex was determined. The ED60 value was analyzed by one-way
ANOVA statistic at α 0.05.

Results

Thermogram differential thermal analysis 
The characterization of the inclusion complex using DTA can

be seen in Figure 2, which shows the thermogram of pMCA, βCD,
physical mixtures, and inclusion complexes.

Infrared spectrum
Figure 3 shows the infrared spectra of pMCA and βCD com-

pounds as well as physical mixtures, and inclusion complexes.

Diffractogram powder X-ray diffractometry 
Figure 4 shows the diffractogram of physical mixtures, inclu-

sion complexes as well as pMCA and βCD compounds. X-ray dif-
fraction of powders was used to identify the crystalline substances
that determine the amorphization degree of a sample.21

Dissolution study
The results of the characterization with DTA, FTIR, and

PXRD revealed the formation of the pMCA-βCD inclusion com-
plex. To strengthen these findings, a dissolution test was carried
out by comparing the dissolution of pMCA compounds, physical
mixtures, and inclusion complexes. The concentration of the dis-
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Figure 2. Thermogram of (A) pMCA (B) βCD (C) physical mixture, (D) inclusion complex.
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Figure 3. FTIR spectra of (A) pMCA (B) βCD (C) physical mixture, (D) inclusion complex.

Figure 4. Diffractogram of (A) pMCA (B) βCD (C) physical mixture (D) inclusion complex.
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solved compounds in the medium was determined using a UV
spectrophotometer at λmax of 286 nm. The standard pMCA curve in
the range levels of 0.5-8.0 µg/mL gave the regression equation
Y=0.11726 X+0.01530 as well as an R-value of 0.99928. The
results of the determination of its levels in the physical mixture and
inclusion complex were 107.63±0.04 % and 97.59±0.02 %, respec-
tively can be seen at Figure 5.

Discussion
Chloroform solvent was used as a medium in the manufacture

of inclusion complexes using the microwave irradiation method at
a power of 400 watts (80%). Microwaves are electromagnetic
waves, which travel at the speed of light in a vacuum. Yaqin et al.22

showed that the use of high-power levels can shorten the reactions
involved in the synthesis of methyl-ortho-methoxycinnamate. The
formation of the inclusion complexes with microwave irradiation
was observed using DTA every 2 minutes. The observation results
revealed a different endothermic peak for the constituent compo-
nents of pMCA and βCD at 4 minutes with a temperature of 56 °C.
The formation of products was then carried out under these condi-
tions. The shortest reaction time and production temperatures close
Das19 were also considered. The production process under the
selected experimental conditions gave a 96.5% recovery of pMCA
in the complex.

Analysis of thermal using DTA
pMCA had an endothermic peak at 175.3°C, while βCD

occurred at 137.5 and 171.8 °C. Furthermore, the physical mixture
thermogram showed that there was a superposition between both
components at 141.8; 158.9; and 172.8 °C. The inclusion complex
showed a wide endothermic and a sharp peak with low intensity at
147.9°C and 173°C, respectively.

Thermogram changes, such as shifting, widening as well as the
appearance or disappearance of endothermic peaks indicate the
formation of the complexes during characterization using DTA or
DSC. This is due to the entry of guest molecules into the cavity of
the βCD host to ensure the melting, boiling or sublimation point
shifts to a different temperature or disappears into the decomposed
βCD range.23 Thermograms of several products manufactured
using the microwave irradiation method showed that they all expe-
rienced a shift or decrease in endothermic peaks compared to guest
compounds. This finding indicates that there was an exchange
between the external components and water molecules in the βCD
cavity. With the loss of water, the guest compounds can enter and
bind to the groups in the cavity. The loss of several peaks indicates
a strong interaction between the guest compounds and βCD. A
decrease or shift in the endothermic peak also indicates a decrease
in crystallinity or ability to become more amorphous in the
drug.21,24

Analysis using FTIR
The analysis results showed the loss of aromatic, -OH car-

boxylates, and -CO groups of pMCA compounds as well as their
physical mixtures at 1650-1450 cm-1, 3600-2500 cm-1, and 1060-
1040 cm-1, respectively.

Furthermore, the loss of the -OH and -CO groups was caused
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Figure 5. Dissolution profile of pMCA, physical mixture, and inclusion complex in distilled water pH 6.8±0.5 at temperature 37±0.5
°C (n=3).
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by the interaction with the -OH of βCD, namely the -CO car-
boxylic group in pMCA forms hydrogen bonds with the -OH group
of βCD. The infrared spectrum of the physical mixture and the
inclusion complex are similar but can be distinguished from the
loss of the -OH carboxylate group in the inclusion complex.
Meanwhile, the methoxy from pMCA did not show infrared spec-
tra due to their entrance into the βCD cavity. The loss of most of
the pMCA peaks and the shift in the peak wavenumber of the
pMCA indicates the formation of inclusion complexes made by the
microwave irradiation method. Bekers et al.8 reported that the
interaction between guest compounds and cyclodextrins led to the
production of different infrared spectra compared to the initial con-
stituent. Their entry into the cyclodextrin cavity caused the loss of
several peaks.

Analysis Using PXRD
pMCA diffractogram shows sharp peaks at 2θ of 7.98; 16.12;

16.23; 15.92; and 27.04°, while βCD occurred at 8.97; 8.99; 12.43;
12.71; 22.61; and 22.61°. This finding indicates that they are crys-
talline with regular molecular structures, hence, the distance
between parallel planes can be measured. The physically mixed
diffractogram shows a superposition pattern between that of
pMCA and βCD at 2θ of 12.41; 12.54; 16.11; 16.24; 26.99; and
27.5° with a lower peak intensity than the constituent compounds.
The pattern of the pMCA-βCD inclusion complex produced by the
microwave irradiation method shows a lower intensity compared
to the physical mixture and some of their peaks were not visible.
The formation of inclusion complexes generally results in a dra-
matic change in the results of the diffractogram in the form of the
appearance or disappearance of the characteristic peaks of the
inclusion complex.

The characterization of the products using powder X-ray dif-
fraction revealed the appearance or disappearance of characteristic
peaks or a decrease in sharpness. Their diffractogram profile
shows a decrease in the crystallinity of the material, and this was
indicated by a decrease in the intensity of the peak or the disap-
pearance or appearance of some of them. A decrease in the inten-
sity indicates that the product has undergone changes to a more
amorphous form.21,23-25 The reduction in the peak of the pMCA-
βCD inclusion complex diffractogram shows that the material was
more amorphous than the initial compound. With the inclusion of
some pMCA molecular structure in the cavity, its diffractogram
pattern is covered with βCD.

Dissolution test
Figure 5 shows the comparison between the dissolution test of

pMCA compounds, the physical mixture, and the inclusion com-
plex, in a distilled water medium (pH 6.8±0.5) at 37±0.5 °C. The
percentage of pMCA dissolved for 60 minutes was 44.78±0.01%,
while in the physical mixture and inclusion complex, there was a
77.34±0.03 and 89.18±1.00% increase, respectively. The dissolu-
tion efficiency (DE60) of the 3 components was 13.63%; 29.51%;
and 47.95%, respectively. Based on the one-way ANOVA test with
α 0.05, the DE60 value was significantly different between the treat-
ments. The increase in the value obtained for the inclusion com-
plex was 3.49 and 2.16 times greater than pMCA compound and
physical mixture, respectively. pMCA had a lower dissolution
compared to the physical mixture because it was dispersed in
hydrophilic βCD. However, the dissolution of the mixture was still
smaller than the inclusion complex.

A microwave is an electromagnetic wave, which has both elec-
tric and magnetic components. The formation of inclusion com-
plexes using the microwave method was caused by electromagnet-
ic radiation exposure, which led to the vibration of the compound

as well as the production of heat.18 Extensive heating in the mate-
rial occurred at the core of the reaction mixture, which led to the
increase in friction between the molecules, hence, the process of
trapping pMCA compounds into the βCD cavity occurred more
quicker. The heat energy changed the crystalline nature of the drug
into an amorphous state and it also lowered the melting point.7
This led to a significant increase in pMCA dissolution in the inclu-
sion complex compared to the starting compound and its physical
mixture.

Conclusions
During the formation of the pMCA-βCD inclusion complex

using the microwave irradiation method, the constituent compound
is exposed to electromagnetic radiation, which causes vibration
and the production of heat. This energy source causes the entry of
pMCA hydrophobic groups into the βCD cavity. It also lowers its
melting point and the compound becomes more amorphous.
Changes in the physicochemical properties of the pMCA-βCD
complex significantly increased the dissolution of pMCA. The
process requires a short time and provides a large yield value;
hence, it can prospectively be used for the manufacture of inclu-
sion complexes.
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