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ABSTRACT

p-methoxycinnamic acid (p)MCA) is a substance with several pharmacological activities, derived from the rhizome of Kaempferia
galanga Linn. The solubility of pMCA can be increased by the formation of inclusion complexes (IC) using hydroxypropyl-p-
cyclodextrin (HPBCD) compounds. IC are obtained through the milling method, which is a simple, environmentally friendly,
and low-cost manufacturing method. The process involves the pounding of material with a certain speed and impact force. This
research aims to characterize the pMCA-HPBCD IC made using the milling method. Milling the mixture of pMCA and HPBCD
using a ball mill is a common technique to enhance the formation of the inclusion complex. The IC’s physical characteristics
were analyzed in terms of their morphology, particle size, crystallinity, and thermal properties. The dissolution profile was
also performed using paddle-typed dissolution apparatus (Type II) with 500 mL distilled water as dissolution medium. The
amount of pMCA dissolved was determined using UV spectrophotometry. The dissolution parameter was determined as
dissolution efficiency at 60 minutes (DEg). The IC particles were irregular in shapes and porous. The size was reduced as
compared to the individual components. The XRD revealed that the ICs were amorphous. The DE, of IC increased by a factor
of 4.3 compared to the pure pMCA. In conclusion, the milling method successfully formed complex of pMCA-HPBCD with

different characteristics from the initial compound and was significantly increased the percentage of the dissolved pMCA.
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INTRODUCTION

p-Methoxycinnamic acid (pMCA) is a biologically active
substance from the rhizome of Kaempferia galanga Linn.!
pMCA has several pharmacological activities and can be
developed into pharmaceutical preparations for oral use.>*
Oral preparations are preferred because of their ease of use*
and one of the important parameters in the development of
the dosage forms is the solubility of the active compound.
The low solubility of the compound in water on oral use will
result in dissolution and uncertain bioavailability to reduce
the therapeutic.’

pMCA is a weakly acid compound with low aqueous
solubility (0.712 mg/mL at 25°C). The solubility of substances
in water can be increased through the formation of IC with
cyclodextrin compounds.® IC are a type of monomolecular
complex that can be formed when macrocyclic compounds
with intramolecular cavities interact with small molecules at
molecular dimensions. Generally, cyclodextrin compounds as
the host can trap hydrophobic guest molecule. The interaction
between guest and host molecules occurs at the supramolecular

level involving non-covalent bonds such as van der Waals and
hydrophobic bonds.” Furthermore, the IC formed can increase
solubility and dissolution, and furthermore bioavailability
guest compound.®14

Isadiartuti’s research (2021) showed that the formation of
IC with complex-forming compounds HPBCD can increase the
solubility of pMCA more than BCD'. HPBCD is a BCD partially
substituted by a hydroxypropyl group and it is a hydrophilic
derivative of BCD which has the same cavity size as fCD.
HPBCD has greater solubility in water (50 g/100 mL) than BCD
(1.85 g/100 mL), and with the use of high concentrations, it
does not form crystal complex deposits in the kidney because
of decrease nephrotoxicity. In addition, HPBCD has a lower
hemolytic effect on erythrocytes than BCD, therefore, it can
be administered through parenteral method.”'?

IC in the solid-state can be prepared by various methods,
including the milling method. The IC obtained using this
method are simple, environmentally friendly, and low cost.'®!”
The manufacture of pMCA-HPBCD IC by milling method
has not been conducted. Therefore, this research aims to
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characterize the pMCA-HPBCD IC through the milling
method.

MATERIALS AND METHODS

Materials

The pMCA used was extracted from K. galanga Linn. rthizome
obtained from Purwodadi Botanical Garden, Pasuruan,
Indonesia. pMCA made according to the method used by
Ekowati et al. (2010)'® and the identification was conducted
with TLC, FTIR, DTA and 'H-NMR. The results are in
accordance with pMCA standards. The pharmaceutical-grade
HPBCD was obtained from Sigma Aldrich (Darmstadt,
Germany) and distilled water was also used.

Formation of inclusion complex by milling method

The pMCA-HPBCD IC was prepared by milling method using
pMCA and HPBCD with a 60 mesh size sieve. pMCA and
HPBCD equimolar mixed and put into a grinding jar containing
a ball mill made of alumina. The mixture was grounded using
a high energy milling machine at a speed of 1430 rpm for 3
hours. Furthermore, the inclusion complex formed was stored
in a desiccator for 96 hours and then characterized.

Preparation of Physical Mixture Non Milling (PMNM)
and Pysical Mixture Milling (PMM)

pMCA and HPBCD (PMM) were sieved using a 60 mesh size
sieve and each material was milled using a high energy device
under the same conditions as in the manufacture of IC. Next,
pMCA and HPBCD were mixed by tumbling for 5 minutes.
For PMNM made with the same molar ratio but not milled.

Characterization

Morphological analysis

Scanning electron microscope (SEM Jeol JSM-7900F) was
used to morphological examination with 1000 magnification.

Particle size analysis

Particle size examination was conducted using an Olympus
Japan Model XSZ-107 Series light microscope and the
observations were made on 300 particles. The sample was
dispersed in liquid paraffin and then placed under a microscope
equipped with an oculomicrometer. Furthermore, the size of
the samples was observed at 100 to 400 times magnification.

Crystallographic analysis

The crystallinity was observed using an X-ray diffractometer
Philip X’Pert, Netherland and observed in the range of
20:5-40°.

Thermal analysis

Thermal analysis was conducted using a thermal differential
analysis tool Mettler Toledo FP99A Cell, USA with a heating
speed of 10°C with in a range of 30 to 300°C.

Dissolution

Dissolution tests were performed using paddle-typed
dissolution apparatus (Type II) with 500 mL distilled water
as dissolution medium with pH 6.5 + 0.5 and temperature at

37 + 0.5°C. About 50 mg pMCA was put into the vessel and
constant stirring was applied at speed of 75 rpm. The samples
were taken every time point up to 60 minutes and then filtered
with 0.45 um (Millipore-USA). The absorbance was analyzed
using a UV spectrophotometer at a wavelength of 286 nm.
The dissolution test was caried out in triplicates each samples.
From the data obtained, the dissolution efficiency of 60 minutes
(DEg) of each samples was calculated and one-way ANOVA
with a 0.05 was used for statistical analysis.

RESULT AND DISCUSSION

Morphology

The IC made using the milling method with a duration of
3 hours showed different morphologies of their constituent
components. The SEM image of the constituent compounds,
PM, and IC at 1000 magnification are presented in Figure 1.
The morphology of pMCA is similar to blade sheet, HPBCD
looks like a hollow spherical shape, PMNM showed a mixture
of the two components, and in PMM, shapes of both pMCA
and HPBCD have changed to irregular. Furthernore, SEM
showed that the IC compound made was fused between pMCA
and HPBCD, and there was no visible surface picture of the
constituent components.

Particle Size
The milling process generates mechanical energy in the form
of a collision between the device and the compound being
grounded to change the morphology of the initial compound.
In the formation of IC, where pMCA and HPBCD compounds
are inserted into the grinder and intensively collided for a
certain time, an interaction will occur to move part or all of
the pMCA compounds into the HPBCD cavity."'*!
Comparison of the particle size of the constituent
compounds, PM and IC can be seen in Figure 2. Furthermore,
the milling process can reduce the particle size since pMCA
has a much larger particle size than HPBCD, and PMNM

PRI Ic

Figure 1: SEM image of pMCA, HPBCD, PMNM, PMM and IC with
1000 magnification.
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Figure 2: Particle size histograms of pMCA, HPBCD, PMNM, PMM
and IC

shows a size close to HPBCD. The particles are observed per
field of view in the sample glass object using the microscope.
The 1:1 molar ratio between pMCA and HPBCD compounds
gives HPBCD a much greater weight than pMCA. The PMNM
particle size observation, more HPBCD particles were observed
than pMCA particles. The PMM shows a smaller particle size
than PMNM and the IC is the smallest among the samples
measured.
Crystallography
Figure 3 showed the comparison of diffractograms of
constituent compounds, PM and IC. From the diffractogram
image, the crystallinity of the pMCA compound with
sharp peaks are shown at 2 0: 7.84, 16.01, 16.27, and 23.85°.
Meanwhile, the HPBCD diffractogram showed an amorphous
form without peaks with sharp intensity. The difractogram
PMNM showed a crystalline pattern of pMCA mixed with
an amorphous pattern of HPBCD. The PMM diffractogram
showed a sharp peak shift at 10.34, 16.12, 18.67, and 26.87°
with decreasing intensity from PMNM. In addition, the IC
diffractogram pattern still showed sharp peaks of pMCA at 20:
7.89, 16.1. and 26.8° with lower intensity than PMM.

The pMCA diffractogram pattern provides sharp peaks
and high intensity at the typical 26 position. This describes the
material in a crystalline state, while the HPBCD diffractogram
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Figure 3: Diffractogram of pMCA, HPBCD, PMNM, PMM and IC
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Figure 4: Thermogram of pMCA, HPBCD, PMNM, PMM and IC

gives a different pattern, such as the absence of sharp peaks
indicating an amorphous state of the material. Meanwhile, the
PMNM diffractogram pattern is a combination of the pMCA
and HPBCD. The PMM diffractogram is similar to PMNM
but there is a sharp peak shift at the 20 position with a lower
intensity. Therefore, the milling process on the two constituent
components can change the crystallinity of the compound to
be more amorphous. In the IC diffractogram pattern, there
was one missing pMCA peak and the visible peaks still had
lower intensity. The disappearance of pMCA peaks in the
IC diffractogram pattern indicates the formation of a new
compound. However, the pMCA peaks that still appear on
the IC profile indicate that the formation is not yet complete.
This is caused by grinding conditions such as milling time,
grinding speed, and ball ratio as well as the material used.®!’

Thermal Analysis

Figure 4 showed the comparison of the thermograms of
constituent compounds, PM and IC. Meanwhile, The pMCA
thermogram showed large and small endothermic peak at
174.8 and 190.1°C, respectively. The pMCA thermogram
showed the melting point with the typical endothermic peak
of the compound following the literature 173 to 175°C.12! The
HPBCD thermograms showed an endothermic peak at 191.6°C,
PMNM at 185.8°C, PMM at 183.5°C and two endothermic
peaks above 200°C. The IC thermogram provided two wide
endothermic peaks before 100 and at 175.8°C.

PMNM and PMM thermograms provided endothermic
peaks with melting temperatures between pMCA and HPBCD.
Milling treatment shifted the melting temperatures to a
lower direction, and the IC thermogram provided two broad
endothermic peaks that differ from the constituent components
and the physical mixture. Furthermore, the endothermic
peak widened before 100°C indicating the formation of water
crystals. The wide endothermic peak at 175.8°C indicated that
compounds with more amorphous properties had been formed.”

Dissolution

The percent recovery of pMCA in the PM sample and the
IC was determined before the dissolution test. The percent
recovery for PMNM, PMM, and IC were 93.21 + 1.02%,
93.71 + 1.85%, and 100.50 + 0.06%, respectively, still meets
the content requirements between 90-115%. The result of the
low PMNM recovery percentage is due to the small particle
size of HPBCD with a smooth surface causing electrostatic
forces. This reduces the mixing process between pMCA and
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Figure 5: The dissolution profiles of all samples: initial substances
pMCA, PMNM, PMM and IC (n = 3)

HPBCD materials. In this situation, pMCA segregation from
HPBCD can occur since the percentage recovery value is low.
The milling process of PMM increases the roughness of the
the HPBCD surface, as shown in the morphology of Figure 1.
This situation is advantageous because an interactive mixture
can occur between pMCA and HPBCD. However, the pMCA
and HPBCD components can still be segregated so that the
percent recovery is not as high as IC.

Furthermore, the dissolution profile of the four treatments
can be seen in Figure 5, and percent dissolved for 60 minutes of
pMCA, PMNM, PMM, and IC compounds were 28.85 £2.99%;
32.18+0.13%; 80.48 + 1.32%; and 78.40 + 2.74%, whereas DE,
values were 13.87 + 1.36%; 17.78 + 0.13%; 52.45 + 0.56%; and
56.28 + 1.42% respectively which were significantly different
each other (p<0.05). The IC dissolution significantly increased
compared to pMCA and PMNM compounds. However, the
PMM dissolution is almost the same as the IC. Based on the
calculation of the dissolution efficiency 60 minutes (DEg), the
IC has the highest DE;, value among the treatments.

Percent dissolution for 60 minutes from IC was lower
than PMM, but the DE; value was significantly greater. The
formation of an interactive mixture between pMCA and
HPBCD which is a highly soluble carrier in water can achieve
higher dissolution of PMM than PMNM. In addition, the
formation of IC with the entry of pMCA into the HPBCD cavity
provided greater dissolution among all treatments.”'* The
percent yield of dissolution for 60 minutes of IC compounds
of around 78% can be increased by optimizing the grinding
conditions such as milling time, grinding speed and the ratio
of materials to grinding balls.

CONCLUSION

The milling method successfully formed IC of pMCA-HPBCD
with different characteristics from the initial compound and
was significantly increased the percentage of the dissolved
pMCA. The characteristics of IC showed that the particles
were irregular in shapes, reduced in size and amorphous.
The formation of the pMCA-HPBCD IC was indicated by the
increasing DE, pMCA value up to 4.3 times compared to the
initial compounds.
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