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ABSTRACT. Ketoprofen is a medicinal compound derivative of phenyl alkanoic acid that works as an anti-inflammatory,
antipyretic, and analgesic. In the Biopharmaceutical Classification Systems, ketoprofen is a class Il drug with high
permeability but low solubility. Due to its low solubility, the absorption and bioavailability of ketoprofen are limited, which
can affect its therapeutic effectiveness. This study aimed to increase ketoprofen's solubility by forming multicomponent solids
using 2,5-dihydroxybenzoic acid coformer with adding hydrophilic polymers ((hydroxypropyl)methylcellulose,
polyvinylpyrrolidone K90, and polyethylene glycol 4000). The results showed that ketoprofen with 2,5-dihydroxybenzoic
acid coformer prepared using the solvent evaporation method formed a eutectic mixture. Adding hydrophilic polymers to
the ketoprofen - 2,5-dihydroxybenzoic acid multicomponent solid decreased the crystallinity and melting point of the
multicomponent solids. The multicomponent solids of ketoprofen - 2,5-dihydroxybenzoic acid with the addition of hydrophilic
polymers had solubility and dissolution efficiency significantly higher (p<0.05) than the pure ketoprofen and ketoprofen -

2,5-dihydroxybenzoic acid multicomponent solids without hydrophilic polymers.
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INTRODUCTION

Ketoprofen is a drug derived from phenyl alkanoic
acid, often used as an antipyretic and analgesic
(Kuczynska & Nieradko-lwanicka, 2021). The drug is
widely used to treat muscle and joint tissue disorders
such as ankylosing spondylitis, osteoarthritis, and
rheumatoid arthritis. Ketoprofen has high permeability
in the digestive tract but exhibits very low water
solubility, which is only around 0.222 mg/mL (Fitriani
et al.,, 2020). Therefore, ketoprofen in the
biopharmaceutical classification systems is grouped as
class Il compounds, namely compounds that have
high permeability to pass through biological
membranes but have low solubility in water. The low
solubility of ketoprofen can impair its bioavailability
and therapeutic effectiveness (Fitriani et al., 2020;
Pagano et al., 2020).

Various methods have been used to increase the
solubility of the active pharmaceutical ingredient (API),
one of which is through the formation of
multicomponent solids (Haneef & Chadha, 2016;
Wicaksono et al.,, 2021; Acebedo-Martinez et al.,
2022). Multicomponent pharmaceutical solids are
solid systems containing two or more different types of
molecules, one of which is an APIl, and the other
molecules are often referred to as coformers

(Acebedo-Martinez et al., 2022). The molecules of API
and coformer in multicomponent solids are linked
through various types of intermolecular interactions
(hydrogen bonds, n-m interactions, and van der Waals
interactions) that determine the multicomponent solid
(Li et al., 2021; Wathoni, 2022). APl and coformers in
multicomponent solid systems compose a series of
crystal lattices simultaneously to change the crystalline
environment of APl, reducing lattice energy and
increasing solubility (Yu et al., 2023). Compounds
used as coformers in multicomponent solids usually
have a small molecular weight, dissolve easily in water,
and belong to the generally recognized as safe (GRAS)
class of compounds. Compound groups commonly
used as coformers in multicomponent solids include
carboxylic acids, amines, and pyridines (Goswami et
al., 2020; Kumar et al., 2022).

Multicomponent solids are usually classified based
on the interaction between the APl and the coformer
(Haneef & Chadha, 2016). Cocrystals are single-
phase multicomponent solids composed of two or
more different molecular or ionic (generally in
stoichiometric ratios) in the same crystal lattice. In
cocrystal solids, APl and coformer form non-covalent
intermolecular interactions such as hydrogen bonds,
n-n interactions, and van der Waals interactions (Yan
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et al., 2020; Dutt et al., 2022). The intermolecular
interactions between APl and coformers in cocrystal
multicomponent solids produce new crystalline
structures that can change the physicochemical
characteristics of APl (Dutt et al., 2022).

Coamorphous solids are multicomponent solids
that combine APl and low molecular weight
ingredients (coformers), forming a homogeneous one-
phase solid. APl and coformer in coamorphous
systems form intermolecular interactions as in
cocrystalline solids (hydrogen bonds, - interactions,
and van der Waals interactions), but the
infermolecular interactions between APl and coformer
do not have long-range orders, so they do not indicate
the presence of a crystal lattice (Karagianni et al.,
2018; Jangid et al., 2020). Coamorphous solids
generally have higher physical stability than
amorphous polymeric (formed by combining APl with
polymers) because the intermolecular interaction
between APl and coformer in coamorphous solids can
prevent recrystallization during storage and also when
in supersaturated solution (Karagianni et al., 2018).

Another form of multicomponent solid resulting
from the combination of APl and coformer is a eutectic
mixture, namely a mixture of two components (APl and
coformer) that are immiscible in the solid state but
completely miscible in the liquid state (Haneef &
Chadha, 2016). APl and coformer in the eutectic
composition show a lower melting point than the
melting point of its constituent components. The solids
of the eutectic mixture are stabilized by stronger
cohesive interactions and  weaker adhesive
interactions (Haneef et al., 2021). Structurally, the
multicomponent solids of eutectic mixtures are non-
isomorphous (having a mismatch in size and shape)
with weak intermolecular interactions, so their crystal
structure adopts that of the constituent materials.
Eutectic mixtures are known to increase the solubility
of APls due to a thermodynamic function (lowering the
melting point) and because the component molecules
in a binary mixture system are assembled with weak
interactions (Haneef et al., 2021).

Modifying the physicochemical properties of API
through the formation of multicomponent solids
(cocrystal, coamorphous, and eutectic) has the
advantage that the type of interaction between APl and
coformers in multicomponent solids is non-covalent
interactions (hydrogen bonds, n-n interactions, and
van der Walls interactions) which does not change the
molecular structure of APl (Haneef & Chadha, 2016;
Haneef et al., 2021; Dutt et al., 2022). Thus, the
formation of multicomponent solids does not change
the pharmacological activity of the APl and only
changes physicochemical properties such as solubility,
dissolution rate, and compressibility (Dutt et al., 2022;
Acebedo-Martinez et al., 2022).

The use of hydrophilic polymers in multicomponent
solid systems is known to increase the effectiveness of
increasing the solubility of insoluble active

pharmaceutical ingredients (Mummidi & Jayanthi,
2013; Mehta et al., 2013). Hydrophilic polymers in
multicomponent solid systems can change the
environment of the functional groups of the constituent
molecules, thus affecting the crystallization and
solubilization processes of solids (Chaturvedi et al.,
2020; Sahoo et al., 2021). The use of hydrophilic
polymers in multicomponent solids isradipine -
hydroxypropyl-cyclodextrin  and  cefixime - B-
cyclodextrin has been shown to increase the solubility
and dissolution rate of the drug significantly (Mummidi
& Jayanthi, 2013; Mehta et al., 2013).

This study aims to increase ketoprofen's solubility
by forming multicomponent solids, using the 2,5-
dihydroxybenzoic acid coformer, and adding
hydrophilic  polymers. The choice of 2,5-
dihydroxybenzoic acid as a coformer was because
previous in silico studies showed that ketoprofen could
form a non-covalent intermolecular interaction with
the benzoic acid compounds and does not change the
molecular structure of ketoprofen (Siswandi et al.,
2015). The formation of multicomponent solids
through non-covalent interactions that do not change
the molecular structure of APl is known not to cause
changes in the pharmacological activity of APl (Haneef
& Chadha, 2016; Haneef et al., 2021; Dutt et al.,
2022; Acebedo-Martinez et al., 2022). The
hydrophilic  polymers used are hydroxypropyl
methylcellulose (HPMC), polyvinylpyrrolidone (PVP)
K90, and polyethylene glycol (PEG) 4000. The three
polymers are highly soluble in water, so they can form
an environment where the functional groups of the API
in  multicomponent solids become more easily
solubilized by water molecules (Chaturvedi et al.,
2020; Sahoo et al., 2021). In addition, they are
biologically safe, so they are often used to develop
active pharmaceutical ingredients (Mummidi &
Jayanthi, 2013; Mehta et al.,, 2013; Zhang et al.,
2022).

EXPERIMENTAL SECTION
Materials

The materials used were ketoprofen (Tokyo
Chemical Industry, Japan), 2,5-dihydroxybenzoic acid
(Merck KGaA, Darmstadt, Germany), HPMC Mn
10,000 (Merck KGaA, Darmstadt, Germany), PVP K90
(JH Nanhang Life Science, Zhejiang, China), PEG
4000 (Merck KGaA, Darmstadt, Germany), KH2PO4
(Merck KGoA, Darmstadt, Germany), NaOH (Merck
KGoA, Darmstadt, Germany), methanol for analysis
(Smart-Lab Indonesia, Tangerang, Indonesia), and
distilled water.
Equipment

The main tools used are a UV-Vis
spectrophotometer, differential scanning calorimeter
(DSC), powder X-ray diffractometer (PXRD), Fourier
transform  infrared  (FTIR)  spectrophotometer,
dissolution tester, orbital shaker, and SPSS 22.0
software for windows.
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Methods
Preparation of multicomponent solids

Multicomponent solids were prepared by the
solvent evaporation method. Ketoprofen and 2,5-
dihydroxybenzoic acid were used in a stoichiometric
ratio of 1:1, while the hydrophilic polymer added was
2% (w/w) of the total weight of ketoprofen and 2,5-
dihydroxybenzoic acid. The description of the
preparation carried out is as follows: ketoprofen (311
mg), 2,5-dihydroxybenzoic acid (189 mg), and
hydrophilic polymer (10 mg) are put into a beaker
glass, then 5 ml of methanol is added and stirred with
a magnetic stirrer (25 °C) for 30 minutes until all the
solids dissolve. The beaker glass is then covered with
an aluminum sheet that has been given small holes,
and then the beaker glass is left at room temperature
so that all the solvent evaporates. The multicomponent
solids in the beaker were reduced with mortar and
then sieved using an 80-mesh sieve. The dry powder
of the multicomponent solid was put into a brown
bottle container and stored in a desiccator until further
testing.

Characterization with PXRD

The characterization was carried out with an x-ray
diffractometer instrument (Panalytical X'Pert Pro) using
a CuKa radiation source (1.54060 A). Measurements
were made at an angle range of 20 at 5-50° with a
step size of 0.017° and a step time of 10 s/step. The
conditions for the anti-scattering and the divergence

slit were set at 0.25° with a sample size of 10 mm
(Wicaksono et al., 2018).

Characterization with DSC

Characterization was carried out using a
differential scanning calorimeter (Rigaku DSC 8230),
calibrated using the indium standard. A sample
powder of about 2 mg was put in an airtight aluminum
container. Measurements were carried out at a
temperature of 30-250°C with a heating rate of
10°C/min under dry nitrogen gas flow conditions with
a flow rate of 50 mL/min (Wicaksono et al., 2018).

Characterization with FTIR spectrophotometer

This characterization aims to identify the functional
groups of molecules and intermolecular interactions in
solid samples. The FTIR spectra were recorded using a
Fourier transform infrared spectrometer (Bruker FTIR
Alpha Il). Measurements were made with a resolution
of 4 cm™ in the wavenumber range of 4000-400 cm'.

Solubility test

The solubility test was carried out using the shaking
method. The excess sample to produce a saturated
solution (about 15 mg) was put into a 100 mL
Erlenmeyer, then 15 mL of distilled water was added.
Erlenmeyer was tightly closed with aluminum foil,
placed in an orbital shaker (Thermo Scientific), and
shaken for 24 hours at 25°C. The supernatant was
filtered using a 0.45-micron cellulose nitrate filter
membrane, and the ketoprofen content was
determined using a UV-Vis spectrophotometer
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(Thermo Scientific Genesys) (Wicaksono et al., 2018).
The absorption measurement of the test solution was
carried out at A 260 nm where 2,5-dihydroxybenzoic
acid, HPMC, PVP K90, and PEG 4000 did not provide
absorption, so the measured absorption only
correlated with ketoprofen concentration.

Dissolution test

The dissolution test using a paddle-type dissolution
apparatus (Logan UDT-804) was carried out in 900 ml
phosphate buffer pH 7.4. The sample used was
equivalent to 50 mg of ketoprofen, and the test was
carried out at 37+0.5 °C with a stirring speed of 100
rpm. 5 mL of dissolution media was taken at 15, 30,
45, 60, 75, and 90 minutes and always replaced
with the same volume of new dissolution media.
Samples from the dissolution medium were filtered
using a 0.45-micron filter membrane, and the
ketoprofen content was determined by a UV-Vis
spectrophotometer at & 260 nm (Thermo Scientific
Genesys) (Wicaksono et al., 2018).

Statistical analysis

The data obtained were tested for statistical
significance using the ANOVA test using SPSS 22.0
software for Windows. The difference in sample data
is considered significant if the value of p<0.05.

RESULTS AND DISCUSSION
PXRD Diffractogram

Characterization using PXRD aims to identify the
phase and changes in the crystalline structure of solid
samples. The results of characterization with PXRD are
shown in Figure 1. The ketoprofen diffractogram has
prominent peaks at 6.35, 13.07, 14.32, 17.30, 18.33,
20.01, 22.59, 22.85, 23.87, 25.98, and 28.37°,
whereas the 2,5-dihydroxybenzoic acid diffractogram
has the prominent diffraction peaks at 7.35, 15.92,
19.67, 23.42, 25.03, 26.78, 30.29, and 44.49°. The
diffractograms have shown the presence of sharp
diffraction peaks with very high intensity indicating that
the two materials are crystalline solids (Sapkal et al.,
2020; Wicaksono et al., 2021).

The ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids showed a diffractogram with
diffraction peaks which were a combination of
diffraction peaks from the individual diffractogram of
ketoprofen and 2,5-dihydroxybenzoic acid. The
diffractogram  of the  ketoprofen -  2,5-
dihydroxybenzoic acid multicomponent solids have
shown a decrease in the intensity of the diffraction
peaks when compared to the diffractogram of its
constituent materials, but no new diffraction peaks
were seen. This phenomenon has indicated that in the
solid system of ketoprofen — 2,5-dihydroxybenzoic
acid does not form a new solid phase with a different
crystalline structure, but only defects in the molecular
arrangement in the crystal lattice of the unit cell of the
constituent materials (Sahoo et al., 2021).

The ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids added with a hydrophilic
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polymer, the overall diffractogram showed a pattern
of diffraction peaks similar to the diffractogram
of the ketoprofen-2,5-dihydroxybenzoic  acid
multicomponent solids without the hydrophilic polymer.
However, the diffractogram of multicomponent solids
added with hydrophilic polymers shows diffraction
peaks with lower intensities when compared to the
diffraction peaks of multicomponent solids without
adding hydrophilic polymers. Hydrophilic polymers in
multicomponent solid systems are known to affect the
environment in multicomponent systems so that they

can cause defects in the molecular arrangement in the
unit cell of the crystal lattice of ketoprofen and 2,5-
dihydroxybenzoic acid (Sahoo et al., 2021).

The intensity of the diffractogram diffraction peaks
of the solid materials is related to the degree of
crystallinity.  Thus, adding a hydrophilic polymer to
the ketoprofen -  2,5-dihydroxybenzoic  acid
multicomponent solids reduce the crystallinity of
the solids. Decreased crystallinity of multicomponent
solids is associated with increased solubility of poorly
water-soluble drugs (Choi et al., 2022).
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Figure 2. FTIR spectrum of (a) ketoprofen, (b) 2,5-dihydroxybenzoic acid, (c) ketoprofen — 2,5-
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(d) ketoprofen — 2,5-dihydroxybenzoic acid - HPMC, (e) ketoprofen - 2,5-
PVP K90, and (f) ketoprofen - 2,5-dihydroxybenzoic acid - PEG 4000
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FTIR Spectrum

FTIR characterization is used to identify the
functional groups of molecules and detect
intermolecular interactions in multicomponent solid
systems. The FTIR spectrum of ketoprofen (Figure 2)
has specific absorption peaks at 1440 and 1597 cm!
(C=C aromatic ring stretching), 1654 cm' (C=0O
ketone stretching), 1694 cm (C=0O carboxylic acid
stretching) and 3400-2400 cm' (OH stretching) which
are generally in agreement with the literature
(Wicaksono et al., 2020a). The 2,5-dihydroxybenzoic
acid on FTIR characterization showed a spectrum with
specific absorption peaks at 1656 cm?! (C=0O
carboxylic acid stretching) and broad peak at 3073

cm’! (OH and NH stretching) (Félix-Sonda et al., 2014).

The FTIR spectrum of ketoprofen - 2,5-
dihydroxybenzoic acid has shown absorption peaks, a
combination of absorption peaks from the individual
spectrum of ketoprofen and 2,5-dihydroxybenzoic
acid. The absorption peaks of the individual spectrum
in the multicomponent solid spectrum have not shown
a shift in the wavenumber of absorption peaks of
proton donor/acceptor groups in hydrogen bonds.
The absence of shifts in the absorption peaks of proton
donor/acceptor groups in hydrogen bonds indicated
that the constituent molecules in the multicomponent
solids do not form hydrogen bond interactions with
each other (Parhi & Suresh, 2015; Inam et al., 2022).

The spectrum of the ketoprofen - 2,5-
dihydroxybenzoic acid multicomponent solids with
added hydrophilic polymer also showed absorption
peaks at the exact wavenumber compared to the
individual spectrum of ketoprofen and 2,5-
dihydroxybenzoic acid. The spectrum indicates that the
molecules of ketoprofen and 2,5-dihydroxybenzoic
acid in the multicomponent solids with added
hydrophilic polymer also do not form hydrogen bond
interactions. Thus, it was concluded that the addition
of hydrophilic polymers (HPMC, PVP K90, and PEG

4000) in the amount of 2% (w/w) to the ketoprofen -

Yudi Wicaksono, et al.

2,5-dihydroxybenzoic acid multicomponent solids did
not cause the formation of hydrogen bond interactions
between the molecules of ketoprofen and 2,5-
dihydroxybenzoic acid.

DSC Thermogram

Characterization using DSC aims to determine the
thermal characteristics of a solid material when it is
heat treated (Wicaksono et al., 2020b). Ketoprofen
and  2,5-dihydroxybenzoic  acid have shown
thermograms with sharp endothermic peaks at 96.3
and 206.2°C, respectively, indicating their melting
temperatures. Meanwhile, the ketoprofen - 2,5-
dihydroxybenzoic acid multicomponent solids showed
an endothermic peak at 86.0°C, indicating the
melting point of the binary mixture of the two materials.
The thermogram indicates that the binary mixture
between ketoprofen and 2,5-dihydroxybenzoic acid
melts simultaneously at a single temperature, where
the melting point is lower than the melting point of the
constituent components (Haneef & Chadha, 2016;
Bazzo et al., 2020).

The PXRD diffractogram indicates that ketoprofen
and 2,5-dihydroxybenzoic acid do not form a new
solid phase with a different crystalline structure but
only defects in the molecular arrangement in each
crystal lattice. Meanwhile, the FTIR spectrum did not
show any shift in the absorption peaks of the proton
donor/acceptor groups in the hydrogen bonds of
ketoprofen and 2,5-dihydroxybenzoic acid, indicating
no hydrogen bonds between components. Therefore,
based on DSC, PXRD, and FTIR analysis, overall, it can
be concluded that ketoprofen and 2,5-
dihydroxybenzoic acid in multicomponent solids form
a binary eutectic mixture (Haneef & Chadha, 2016).
The eutectic mixture or eutectic solid is a mixture of
two materials that produces a solid in which the
liquid phase of the constituent materials is miscible,
and the melting point is lower than the melting point
of the constituent components (Bazzo et al., 2020).
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Figure 3. DSC thermogram of (a) ketoprofen, (b) 2,5-dihydroxybenzoic acid, (c) ketoprofen — 2,5-
dihydroxybenzoic acid, (d) ketoprofen - 2,5-dihydroxybenzoic acid - HPMC, (e) ketoprofen - 2,5-
dihydroxybenzoic acid - PVP K90, and (f) ketoprofen - 2,5-dihydroxybenzoic acid - PEG 4000
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A eutectic mixture is composed of weakly bound
molecules or has no chemical interactions, making
them immiscible in their solid form. However, at
specific ratios, it is completely miscible in the liquid
state and inhibits the crystallization of each component
resulting in a system with a lower melting point
(Chaturvedi et al., 2020).

The ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids with added hydrophilic
polymer showed a thermogram with one endothermic
peak indicating the melting point of each
multicomponent solids. Each ketoprofen - 2,5-
dihydroxybenzoic acid multicomponent solids with
added HPMC, PVP K90, and PEG 4000 had melting
points of 72.5, 80.0, and 84.7°C, respectively. The
ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solid with added hydrophilic
polymers showed a lower melting point than the
multicomponent solids without hydrophilic polymer.
The effect of decreasing the melting point of the
ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids due to adding a hydrophilic
polymer, namely HPMC>PVP K90>PEG 4000. The
decrease in the melting point of the multicomponent
solids added with hydrophilic polymer was confirmed
by the PXRD diffractogram, namely a decrease in
crystallinity, where the solid with lower crystallinity has
a lower melting point (Aldeeb et al., 2022).

Solubility

The solubility of ketoprofen from the sample solid
in distilled water is shown in Figure 4. Pure ketoprofen
has a solubility of 171.12+6.29 mg/L, while the
ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solid has a solubility of 194.91+2,
88 mg/L. The formation of multicomponent solids
showed a significant increase in solubility (p<0.05)

300

Solubility (mg/L)
= W 8 &
] L ] L] L]

Ln
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compared to the solubility of pure ketoprofen. The
multicomponent solids with added hydrophilic
polymers, ketoprofen - 2,5-dihydroxybenzoic acid -
HPMC, ketoprofen - 2,5-dihydroxybenzoic acid - PVP
K90, and ketoprofen - 2,5-dihydroxybenzoic acid -
PEG 4000, showed solubility of 210.72+3.83,
235.85+2.88, and 214.64+1.02 mg/L, respectively.

The solubility test showed that adding a hydrophilic
polymer to the ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids increased the solubility of
ketoprofen significantly (p<0.05) compared to the
solubility of ketoprofen in the multicomponent solids
without hydrophilic polymer. The increase in solubility
of ketoprofen from the ketoprofen - 2,5-
dihydroxybenzoic acid multicomponent solids with
added hydrophilic polymers is thought to be due to a
decrease in crystallinity so that the crystal lattice energy
becomes lower than multicomponent solids without
hydrophilic polymer (Wicaksono et al., 2020b). The
lower crystal lattice energy of a solid material causes
the molecules in the solid to be more easily solved by
solvent molecules so that their solubility increases
(Chaturvedi et al., 2020).

Dissolution

The dissolution of ketoprofen from the sample solid
in phosphate buffer pH 7.4 is shown in Figure 5. Pure
ketoprofen at 15 minutes showed a release of
35.74+1.98% and at subsequent times showed a
release profile at a slow rate. At the end of the
dissolution test (90 minutes), the total release of pure
ketoprofen was only 49.38+0.60%. At 15 minutes, the
ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids without hydrophilic polymer
showed a release of 67.09+0.10%, a significant
increase (p<0.05) compared to the release of pure
ketoprofen.

0 I I I I l
(a) (b) (c) (d) ()

Figure 4. Solubility in distilled water of (a) ketoprofen, (b) ketoprofen — 2,5-dihydroxybenzoic
acid, (c) ketoprofen - 2,5-dihydroxybenzoic acid - HPMC, (d) ketoprofen - 2,5-dihydroxybenzoic
acid - PVP K90, and (e) ketoprofen - 2,5-dihydroxybenzoic acid - PEG 4000
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Figure 5. Dissolution profiles in phosphate buffer pH 7.4 of ketoprofen (
), ketoprofen — 2,5-dihydroxybenzoic acid — HPMC (
), and ketoprofen - 2,5-dihydroxybenzoic acid - PEG 4000 (-s-)

dihydroxybenzoic acid (
dihydroxybenzoic acid - PVP K90 (

), ketoprofen — 2,5-
), ketoprofen - 2,5-

Table 1. Dissolution efficiency in phosphate buffer pH 7.4

Solids Dissolution efficiency (%)
Ketoprofen 37.90=0.56
Ketoprofen - 2,5-dihydroxybenzoic acid 62.80+0.17
Ketoprofen - 2,5-dihydroxybenzoic acid - HPMC 64.59+0.36
Ketoprofen - 2,5-dihydroxybenzoic acid - PVP K90 66.95+0.76
Ketoprofen - 2,5-dihydroxybenzoic acid - PEG 4000 67.04+0.17
The multicomponent solid ketoprofen - 2,5-  without hydrophilic polymer. Ketoprofen - 2,5-
dihydroxybenzoic acid with the addition of a  dihydroxybenzoic acid multicomponent solids with

hydrophilic polymer at 15 minutes showed releases of
68.23+0.21% (HPMC), 70.00+0.30% (PVP K90), and
71.17% 0.30% (PEG 4000). The amount of release at
15 minutes from the multicomponent solid of
ketoprofen 2,5-dihydroxybenzoic acid with the
addition of a hydrophilic polymer showed a significant
increase (p<0.05) compared to the release of the
multicomponent  solid  of  ketoprofen-  2,5-
dihydroxybenzoic acid without a hydrophilic polymer.
At the end of the dissolution test (90 minutes), the
multicomponent solid of ketoprofen 2,5-
dihydroxybenzoic acid without the addition of a
hydrophilic polymer showed a release of 70.17 =
0.30, while the multicomponent solid of ketoprofen -
2,5-dihydroxybenzoic acid with the addition of a
hydrophilic ~ polymer  showed releases were
73.72+1.52% (HPMC), 78.21+1.13% (PVP K90), and
75.80+0.84% (PEG 4000).

The dissolution efficiency values (Table 1) show that

the ketoprofen -  2,5-dihydroxybenzoic  acid
multicomponent solids with added hydrophilic
polymer each has a dissolution efficiency of

64.59+0.36% (HPMC), 66.95+0.76 (PVP K90), and
67.04+0.17% (PEG 4000). The dissolution efficiency
values indicated that the addition of hydrophilic
polymers significantly increased (p<0.05) the
dissolution efficiency of the ketoprofen - 2,5-
dihydroxybenzoic acid compared to the ketoprofen —
2,5-dihydroxybenzoic acid multicomponent solids

added a hydrophilic polymer have higher dissolution
efficiency are thought to be due to their higher
solubility and also the solubilization effect of the
hydrophilic polymers (Chaturvedi et al., 2020).

CONCLUSIONS

Ketoprofen and 2,5-dihydroxybenzoic acid using
solvent evaporation method formed multicomponent
solids, which is a eutectic mixture. Adding hydrophilic
polymers to the ketoprofen - 2,5-dihydroxybenzoic
acid multicomponent solids lowered the melting point
and significantly increased (p<0.05) the solubility
compared to the ketoprofen - 2,5-dihydroxybenzoic
acid multicomponent solid  without hydrophilic
polymers. The ketoprofen - 2,5-dihydroxybenzoic acid
multicomponent solids with added a hydrophilic
polymer showed a significantly higher (p<0.05)
dissolution efficiency than the ketoprofen - 2,5-
dihydroxybenzoic acid multicomponent solid of
without a hydrophilic polymer.
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