A I International Journal of Applied Pharmaceutics

‘ @ ACADENIC SCIENCES
Knowledge to innovation

ISSN- 0975-7058 Vol 17, Issue 3, 2025

Original Article

PREPARATION OF MULTICOMPONENT CRYSTAL TICAGRELOR-MEGLUMINE AND ITS
PHYSICOCHEMICAL CHARACTERIZATION

SALMAN UMAR®®, AHDI DINIL HAQ. AH12'>), MUHAMMAD NASRUL SIREGAR1"", ERIZAL ZAINI**

*Department of Pharmaceutics, Faculty of Pharmacy, Universitas Andalas, West Sumatera, Indonesia. 2Akademi Farmasi Dwi Farma
Bukittinggi, Indonesia
*Corresponding author: Erizal Zaini; "Email: erizal@phar.unand.ac.id

Received: 22 Dec 2024, Revised and Accepted: 19 Mar 2025

ABSTRACT

Objective: Ticagrelor (TICA), an antiplatelet agent used in cardiovascular treatment, is classified as a Class IV compound in the Biopharmaceutical
Classification System, characterized by low solubility and low permeability, leading to poor bioavailability. This study aimed to enhance the
solubility and dissolution rate of TICA through the formation of a multicomponent crystal with meglumine.

Methods: Multicomponent crystals were prepared using the solvent drop grinding method. A binary phase diagram of ticagrelor and Meglumine
(MEG) was constructed to determine the eutectic composition and temperature. Characterization was conducted using Differential Scanning
Calorimetry, Fourier Transform Infrared Spectroscopy, Powder X-ray diffraction, and Scanning Electron Microscopy. Solubility tests and in vitro
dissolution studies were performed to evaluate improvements in solubility and dissolution rate.

Results: The binary phase diagram confirmed a simple eutectic mixture at a 4:6 molar ratio, with a eutectic temperature of 124.31 °C. The
multicomponent crystal demonstrated 1.4 times higher solubility compared to intact ticagrelor. Dissolution studies showed significant
improvements: 70.44% in 0.1 N HCl and 62.27% in CO,-free distilled water within 60 min, compared to 40.39% and 31.38%, respectively, for intact
TICA (P<0.05).

Conclusion: The formation of TICA and MEG multicomponent crystals significantly enhanced solubility and dissolution rates, suggesting its
potential to improve the bioavailability of TICA. This approach highlights the promise of multicomponent crystal technology in addressing the

bioavailability challenges of Class IV drugs.
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INTRODUCTION

Solubility plays an important role in demonstrating good
bioavailability, effectiveness and pharmacological response. There
are several techniques that can improve drug solubility such as
particle size reduction, preparation salt formation, microemulsion,
solid dispersion, complexation, amorphous dispersion and co-
crystallization. Co-crystallization is the process of preparing
multicomponent crystals, which is a combination of two or more
components in certain molar ratio amounts consisting of Active
Pharmaceutical Ingredients (APIs) with coformers that have or do
not have pharmacological activities [1].

Multicomponent crystal can improve the physicochemical properties
of drug compounds, such as solubility, dissolution rate, stability, and
compressibility by modifying the crystal structure without changing
its pharmacological activity [2]. Multicomponent crystal consist of
cocrystals, solvates, hydrates, salts, solid solutions (crystal mixtures),
and eutectic mixtures. Eutectic mixture refers to a system consisting
of two or more components that, when mixed in a specific ratio, melt
at a temperature lower than the melting point of each pure
component. This property allows eutectic mixtures to enhance
solubility and dissolution rates by providing a unique
microenvironment for drug release. Multicomponent crystals are
designed by selecting a suitable coformer that can interact with drug
molecules through non-covalent bonds to form a new crystalline
phase [3]. The preparation of multicomponent crystals can be done
by various methods, such as the solvent evaporation method, solvent
drop grinding, solid-state grinding, and melting method [4].

Active pharmaceutical ingredient (API) that used in the preparation of
multicomponent crystals is a poorly soluble in water such as Ticagrelor
(TICA). TICA is an antiplatelet classified into class IV in
biopharmaceutical classification system (BCS) which has poor solubility
and permeability thus has a low oral bioavailability. The bioavailability
of TICA is about 30-42% and half-life about 7-9 h with an onset time in

30 min by perorally and duration of action about 3-4 d [5-7]. There are
several techniques in increasing the permeability of APIs, including the
preparation of solid dispersions using B-cyclodextrin, the addition of
Poloxamer-407 excipients [8, 9], the preparation of liposomes [10] and
addition of some enhancers [11, 12].

The preparation of multicomponent crystals represents an
innovative pharmaceutical technology to address the solubility
challenges associated with TICA. This approach requires the
selection of a suitable coformer, which acts as a multicomponent
forming agent. Coformers are typically water-soluble, inert, and
non-toxic compounds, ensuring their safety for pharmaceutical use
[13, 14]. Several studies have explored the use of various coformers
to prepare multicomponent crystals of TICA. For example, tartrate
acid was utilized as a coformer in molar ratios of 1:1 and 2:1,
resulting in solubility enhancements of 2.7-fold and 2.6-fold,
respectively, compared to the intact substance [15]. Shane et al.
[16] employed quercetin as a coformer, achieving a 1.6-fold
improvement in solubility. Similarly, a study using nicotinamide as
a coformer in a 1:1 molar ratio demonstrated a significant 4-fold
increase in solubility compared to the marketed drug [17]. These
findings highlight the potential of multicomponent crystals in
enhancing the solubility of poorly soluble drugs like TICA,
underscoring the importance of selecting appropriate coformers for
this purpose.

Among the various coformers available, Meglumine (MEG) has been
widely recognized as a safe and non-toxic option for
pharmaceutical applications. It is an organic base synthesized from
D-glucose and methylamine, making it a biocompatible and
pharmaceutically acceptable compound. MEG’s potential as a
coformer has been demonstrated in several studies. For instance, it
was employed in the preparation of usnic acid cocrystals using the
solvent evaporation method [18], resulting in a significant
enhancement of solubility. Similarly, Meg was utilized in the
formation of a eutectic mixture of usnic acid via the solvent drop
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grinding method [19], and in a binary system of mefenamic acid
prepared through the solvent evaporation method. These
approaches achieved solubility improvements ranging from 24-fold
to as much as 297-fold, showcasing its effectiveness as a coformer
[20]. The selection of MEG as a coformer in this study is guided by
its established safety profile, its ability to form stable interactions
with APIs, and its proven capability to enhance solubility in various
multicomponent systems. These attributes make MEG a compelling
candidate for the preparation of TICA multicomponent crystals, an
area that has not been previously explored.

The purpose of this research is to prepare a multicomponent crystal
of TICA using MEG as a coformer by solvent drop grinding method to
increase the solubility and dissolution rate of TICA. A
multicomponent crystal will be characterized using (differential
scanning calorimetry) DSC for thermal analysis, powder x-Ray
diffraction (PXRD), fourier transform infrared spectroscopy (FTIR)
and microscopic analysis using scanning electron microscopy (SEM).

MATERIALS AND METHODS
Materials

TICA (Dr. Reddy's Lab: PT. Tatarasa Primatama), MEG (TCI, Japan),
ethyl acetate (Merck, USA), hydrochloric acid (Merck, USA),
methanol pro analysis (Merck, USA), acetonitrile (Merck, USA) and
CO:-free aquadest.

Preparation of multicomponent crystal TICA-MEG using
solvent drop grinding method

The multicomponent crystal of TICA-MEG was prepared by
homogeneously grinding both substances, followed by the addition
of 1-5 drops of ethyl acetate. The mixture was then ground
manually using a mortar and pestle for approximately 15 min,
placed in a desiccator, and subsequently characterized [19].

Two-phase diagram preparation

Multicomponent crystal TICA-MEG made by solvent drop grinding
method with 9 formulas which are 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2
and 9:1 molar ratio. Multicomponent crystals characterized by
using DSC, PXRD, FTIR and SEM [21].

Multicomponent crystal characterization
Differential scanning calorimetry (DSC)

Thermal analysis of the samples was carried out using a temperature
was calibrated using DSC apparatus (DSC-STA PT 1600, USA) on
TICA, MEG and multicomponent crystal compounds. Some samples
were placed in a closed aluminum pan and the DSC device was
programmed at a temperature range of 30-250 °Cheating rate of 10
°@min, under a flow of 30 Psi nitrogen gas [19, 22].

Powder X-ray diffraction (PXRD)

Analysis was carried out on TICA, MEG and multicomponent
crystals. X-ray diffraction analysis of sample powders was
performed at room temperature using an X-ray diffractometer
(Philips X'Pert Powder, The Nedherlands) with Cu K radiation (A=
1.54178A4), 40 kV voltage, 40 mA current. Samples were measured
for mode reflection at 0.05 theta with an angle range of 3° to 40°
theta at a scan rate of 5°/minute [19].

Fourier transform infrared spectroscopy (FTIR)

Analysis was carried out on TICA, MEG and multicomponent
crystalline compounds. A small amount of sample was taken after
which the FTIR instrument (Thermo Fisher Scientific, USA) program
and the sample was analyzed at room temperature. Spectra were
measured in the wave number range of 4000-600 cm-1[19].

Scanning electron microscopy (SEM)

SEM analysis was performed on the TICA, MEG and
multicomponent crystals using SEM instrument (Hitachi FLEXSEM
100, Japan). The samples were coated with a thin layer of
palladium-gold before analysis. The SEM used a beam speed of 20
kv [19].
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Solubility test

Solubility tests were performed on intact TICA and
multicomponent crystals; both prepared as saturated solutions. A
total of 25 mg of intact TICA and an amount of multicomponent
crystal equivalent to 25 mg of TICA were each placed into a 250 ml
Erlenmeyer flask, followed by the addition of 100 ml of CO,-free
distilled water. The test was conducted using an orbital shaker
(Memmert WNB 29, Germany) set at 100 rpm for 24 h under
controlled room temperature conditions of 25 °C. After the shaking
process, the samples were filtered using Whatman filter paper, and
the filtrates were analyzed using a UV spectrophotometer at the
maximum wavelength [22].

Dissolution rate profile

The dissolution profile of TICA was determined using a paddle
method dissolution apparatus (type II USP) (Dissolution Tester DIS
800i, USA). The dissolution medium consisted of 900 ml of 0.1 N
HCI and CO,-free distilled water, selected due to its acidic and near-
neutral pH properties, as recommended in Martin’s Physical
Pharmacy [23]. The temperature was maintained at 37+0.5 °C. A
total of 25 mg of intact TICA and an amount of multicomponent
crystal equivalent to 25 mg of TICA were introduced into the
dissolution medium and stirred at 100 rpm. Aliquots of 5 ml were
withdrawn at predefined intervals of 5, 10, 15, 30, 45, and 60 min.
The dissolved TICA content in the samples was quantified using a
UV-Vis spectrophotometer (Shimadzu UV-Vis 1800, USA) at the
maximum wavelength [22].

Data analysis

Data from the solubility and dissolution rate tests were statistically
analyzed using IBM SPSS Statistics (version 26.0, IBM Corp.,
Armonk, NY, USA). Homogeneity and normality were assessed to
ensure the validity of the results. One-way ANOVA was employed to
determine the statistical significance of differences between the
solubility values across the tested formulations. A p-value of<0.05
was considered statistically significant.

RESULTS AND DISCUSSION
Two phases diagram analysis

Characterization results show a simple eutectic mixture of TICA-
MEG. A eutectic mixture is a combination of a binary mixture which
has a lower melting point than the melting point of each intact
component [21], so a variation of the molar ratio of the mixture was
made to determine the eutectic point (table 1). From the DSC result
of 9 molar ratio variations, it can be confirmed that the
multicomponent crystals are eutectic mixtures, where the eutectic
point for TICA-MEG is at 4:6 molar ratio. The thermogram overlay
of the result from 9 multicomponent molar ratio variations can be
seen in fig. 1 and fig. 2.

Table 1: Thermogram data of TICA-MEG binary mixture

Mixture molar ratio Melting point (°C)
1:9 129.62
2:8 129.22
3:7 128.94
4:6 124.31
5:5 124.64
6:4 124.75
7:3 126.15
8:2 125.96
9:1 135.30

Nine variations of molar ratio of TICA and MEG were designed to
clarify the eutectic point of the two mixtures then analyzed with a
two-phase diagram. Two-phase diagram is a kind of graph used to
show the equilibrium conditions between different phases of the
same substance with the lowest point of the 9 mixture variations
[24]. TICA-MEG mixture has an eutectic point at a molar ratio of
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4:6. This occur due to the eutectic mixture that has a minimum
melting point, which indicates a lower lattice energy and a decrease
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in the enthalpy of fusion, which means a decrease in the degree of
crystallinity of the compound [25].
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Fig. 1: DSC thermograms of various TICA-MEG binary mixtures in molar ratio 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3 8:2 and 9:1

Two-phase diagram of TICA-MEG (fig. 4) shows a mixture that
almost forms a classic V pattern, where the minimum point will
represent the mole ratio and temperature at the eutectic point.
The eutectic point made at 124.31 °C temperature. This
temperature is the solid temperature on the two-phase diagram.

A decrease in melting point indicates weaker lattice energy.
Crystals with strong lattices have higher melting points and thus
require greater heat. Solubility requires disruption of the crystal
lattice so that the weaker the crystal lattice, the better the
solubility [26].
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Fig. 2: Two-phase diagram of multicomponent crystal TICA-MEG
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Differential scanning calorimetry (DSC) analysis

The result of thermal analysis by using DSC showed that ban initial
study of the preparation of multicomponent crystals with 1:1 molar
ratio shows a decrease in the melting point of the mixture
compared to the melting point of intact component. Fig. 3 shows
the melting point of TICA and MEG at 139.88 °C and 131.19 °C,
while the multicomponent melting point of TICA-MEG 1:1 crystal
showed lower results than the intact substances, which is 124.64
°C. Based on observations, there is a change in the melting point of
the 1:1 multicomponent crystal, which is 124.64 °C. This change in
the melting point of the multicomponent indicates the interaction
that occurs between TICA and MEG.

Powder X-ray diffraction (XRD) analysis

PXRD results at 20 showed that the TICA-MEG mixture did not
exhibit any new diffraction peaks, indicating no formation of new
crystalline phases from the mixture. The diffractogram overlay of
TICA, MEG, and the multicomponent crystal TICA-MEG is presented
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in fig. 4, demonstrating a decrease in the intensity of identical
diffraction peaks. This reduced intensity is likely attributed to
rearrangement or decreased regularity in the crystal lattice due to
thermodynamic activity [27]. Additionally, differences in diffraction
peak intensity between the physical mixture and the
multicomponent crystal are due to variations in particle size
distribution and particle orientation during the PXRD measurement
process. Similar peak patterns were observed before and after the
stability study, confirming that no changes occurred in the crystal
lattice structure [21].

Fourier transform infrared (FT-IR) spectroscopy analysis

The preparation of multicomponent crystal is indicated by
significant differences in functional group vibrations when
compared to the intact component based on hetero and homo
synthon supramolecular [28]. FTIR result of TICA, MEG and
multicomponent crystals can be seen in fig. 5. Comparison of wave
numbers of TICA, MEG and multicomponent can be seen in table 2.
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Fig. 4: X-ray diffractogram of TICA (A), MEG (B), multicomponent crystal TICA-MEG 1:1 (C)
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Fig. 5: FTIR spectra of (A) TICA, (B) MEG, (C) TICA-MEG 4:6 and (D) physical mixture

C-0 bond strain at wave numbers 1275-1500 cm-%, in TICA 1452.04
cm?, MEG 1479.4 cm’!, physical mixture 1450.47 cm! and
multicomponent crystal TICA-MEG 1423.47 cmL. O-H bond strain
at wave numbers 3500-2500 cm, in TICA 3288.53 cm'!, MEG
3238.48 cm? and in multicomponent crystal TICA-MEG 3248.13
cml. Some studies suggest that a slight shift in wave numbers
indicates the presence of weak hydrogen bonds [29].

Scanning electron microscopy (SEM) analysis

Morphological analysis using SEM was performed on TICA, MEG,
eutectic mixture TICA-MEG and physical mixture TICA-MEG at

4000 times magnification. The result of SEM analysis showed the
morphology of TICA and MEG, as seen in fig. 6A and fig. 6B, the
shape showed an irregular crystal surface of TICA and MEG. TICA
shows crystal morphology in the form of small particles
aggregating with each other while MEG shows crystal morphology
that tends to be single, irregularly shaped like flakes.

In the physical mixture of TICA-MEG (fig. 6C) an aggregate between
TICA and MEG which is characterized by the visible intact crystal
habit which is quite clear. In the eutectic mixture of TICA-MEG, the
aggregate size is smaller and the MEG crystal habit is not significant
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compared to TICA. In addition, fig. 6D also shows aggregate
between TICA and MEG that are not completely mixed but have
smaller particle size than the physical mixture of TICA-MEG. This
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change in particle size can occur due to the pressure in the grinding
process during the formation of multicomponent TICA-MEG
crystals [27].

Table 2: Comparison number wave numbers FTIR TICA, MEG, TICA-MEG multicomponent and physical mixture

Functional group Wave numbers (cm1)
TICA MEG TICA-MEG Physical mixture
N-H/0-H 3288.63 3238.48 3248.13 3244.27
C-N 1624.06 1687.71 1624.04 1624.06
C-0 1452.04 1479.4 1423.47 1450.47

Fig. 6: Characterization of particle shape using SEM. A MEG, B TICA, C TICA-MEG physical mixture, and D TICA-MEG eutectic mixture

Solubility test

Linearity test was carried out using intact TICA analyte solutions
with concentrations 10, 15, 20, 25 and 30 pg/ml in distilled
water. Furthermore, absorbance measurements were made at a

maximum wavelength 220 nm. From the calibration curve y =
0.0278x-0.053 was obtained, r = 0.999. These results shows that
the correlation coefficient value meets the acceptance
requirements so it can be concluded that the TICA calibration
provides a good linearity value.

Solubility (mg/100mL)

Ticagrelor Physical mixture Eutectic Mixture

Materials

Fig. 7: Solubility histogram of TICA, physical mixture and eutectic mixture

Solubility histogram of TICA, physical mixture, and -eutectic
mixture, illustrating solubility variations among the formulations.
Data are presented as mean*SD (0.00208), with n=3 for each
measurement.

The increase in solubility of TICA in the physical mixture and
eutectic mixture was 1.12 and 1.40 times. From the solubility data,
it can be seen that the eutectic mixture has a higher solubility

compared to intact TICA and the physical mixture; the increase in
solubility between the eutectic mixture compared to the physical
mixture of TICA-MEG is 1.23 times higher, as shown in fig. 7 and
table 3. The increase in solubility is corroborated by DSC and PXRD
analysis, which demonstrate the lowest melting point for the
eutectic mixture compared to intact TICA. The reduced melting
point indicates a decrease in lattice energy, facilitating the
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dissolution of particles in water [20]. The enhanced dissolution rate
is attributed to the less rigid crystalline nature of the eutectic
mixture system. This weaker crystalline structure results from the
molecular arrangement of the components, which exhibit a
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heterogeneous and less densely packed structural organization.
Consequently, the eutectic mixture experiences minimal lattice
interactions, reducing barriers to dissolution and contributing to
improved thermodynamic properties [21].

Table 3: Solubility averages of TICA, physical mixture and eutectic mixture

Sample Average of soluble TICA (%) Solubility improvement Standard deviation
TICA 7.420 0.00208
Physical mixture 8.302 1.12 times 0.00208
Eutectic mixture 10.408 1.40 times 0.00208

Solubility values are expressed as mean+SD (0.00208), n=3. The eutectic mixture showed the highest solubility, demonstrating a significant

improvement compared to TICA and the physical mixture.

Solubility tests were confirmed to meet the assumptions of
homogeneity and normality, as determined using SPSS (p>0.05).
Subsequently, a one-way ANOVA was conducted to assess the effect
of the eutectic mixture on the solubility enhancement of TICA. The
statistical analysis demonstrated a highly significant result, with a
p-value of 0.001 and an F-value of 102973.483, indicating that the
TICA-MEG eutectic mixture significantly enhanced the solubility of
TICA. Post-hoc analysis using Tukey HSD revealed significant
pairwise differences in solubility between all groups (p<0.05). The
eutectic mixture exhibited a significantly higher solubility
compared to intact TICA (mean difference = 2.988+0.007 mg/ml,
p<0.001) and the physical mixture (mean difference = 2.096+0.007
mg/ml, p<0.001). Similarly, the physical mixture showed
significantly higher solubility than intact TICA (mean difference =
0.893+0.007 mg/ml, p<0.001). These findings further substantiate
the solubility enhancement provided by the eutectic system, which
outperforms both the physical mixture and the intact drug in
aqueous environments.

Dissolution rate profile

Dissolution tests were conducted using 0.1 N HCl medium and CO2-
free aquadest because 70% of the adult human body composition

10//
0

0 10 20

—o—TICA

30

consists of water [30]. Determination of linearity and calibration
curves were carried out using an intact TICA analyte in 0.1 N HCI
medium. The concentrations of the series solution tested in the
preparation of calibration curves were 20, 25, 30, 35 and 40 pg/ml.
Absorbance measurements were taken at the maximum
wavelength, 298 nm where y = 0.00111x+0.019 with r = 0.998.
These results indicate that the correlation coefficient value meets
the acceptance requirements so it can be concluded that the TICA
calibration provides a good linearity value.

One of the important properties in developing and designing
quality solid dosage forms is the dissolution rate profile of API in
gastrointestinal fluids. Dissolution rate is the slowest stage in the
absorption process for poorly soluble drug substances classified
into BCS class II and 1V systems. The dissolution rate is influenced
by several factors, such as the physicochemical properties and
formulation of the dosage form, including stirring speed, test
temperature, viscosity, pH, composition of the dissolution medium,
and the presence or absence of wetting agents. For more
reproducible results, the pharmaceutical industry prefers to modify
the dissolution rate with a physicochemical properties approach
[31,32].

40 50 60 70

Time (min)

Physical Mixtures

TICA-MEG

Fig. 8: Percentage of dissolution rate of TICA, physical mixture and eutectic mixture in 0.1 N HCl medium

Dissolution rate data in 0.1 N HCI and CO,-free aquadest were
analyzed using SPSS, confirming normality and homogeneity
(p>0.05). Two-way ANOVA showed a significant effect of the TICA-
MEG eutectic mixture on TICA dissolution, with a notable
interaction between sample type and time. Data represent
dissolution profiles of TICA, physical mixture, and eutectic mixture
in 0.1 N HCI medium (n=3).

Based on the dissolution results in fig. 8 and fig. 9, showed that the
eutectic mixture has a fast dissolution rate, both in 0.1 N HCI
medium and CO:-free aquadest medium due to its high internal
energy so that the particles interact more easily with water
molecules and cause an increase in its solubility in water.
Preparations whose solubility is high, the speed of dissolution of

the active substance from the dosage form will be faster, on the
other hand, preparations whose solubility is low, the speed of
dissolution of the active substance from the dosage form will be
slower [33]. Molecular proportions play an important role in the
stability of a preparation and a molar ratio of 1:1 usually shows
optimal physical stability due to the large number of specific
intermolecular interactions with the formation of heterodimers
through hydrogen bonds [34].

Dissolution rate in 0.1 N HCI medium and CO2-free aquadest were
declared homogeneous and normally distributed tested using SPSS
with p>0.05. The dissolution test data were processed by two-way
ANOVA statistic test to see the effect of time and eutectic mixture
on TICA dissolution rate results. The statistical data showed that
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the TICA-MEG eutectic mixture influenced the dissolution rate of
TICA significantly. Furthermore, a significant difference between
the time and the percentage dissolved. The statistical data also
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shows the relationship between sample and time to the percentage
dissolved. The statistical results show that there is a relationship
between sample and time in influencing the percentage dissolved.

/
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% Drug dissolved
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TICA-MEG

Fig. 9: Percentage of dissolution rate of TICA, physical mixture and eutectic mixture in CO:-free aquadest medium, dissolution profiles of
TICA, physical mixture, and eutectic mixture in CO,-free aquadest medium (n=3)

Dissolution efficiency is a parameter used to determine the AUC
(area under curve) value of the amount of drug dissolved per unit
time; as in BA/BE studies this value can be guided to compare the
amount and rate of drugs in general. Table 4 shows that the average
of percentage efficiency of TICA in 0.1 N HCI medium for pure TICA,
physical mixture and eutectic mixture were 10.72%, 13.26% and

18.56%, respectively. While in CO2-free aquadest medium, the
efficiency of intact TICA, physical mixture and eutectic mixture
were 11.01%, 16.81% and 22.07%, respectively. Dissolution
efficiency of Tica, physical mixture and eutectic mixture showed
that the multicomponent TICA-MEG crystals and eutectic mixture
affected the dissolution efficiency of TICA significantly (p<0.05).

Table 4: Percentage averages of dissolution efficiency of intact TICA, physical mixture and eutectic mixture in 0.1 N HCl medium and CO-
free aquadest medium

Sample Dissolution efficiency percentages (%)+SD

HCI0,1N CO2-free aquadest
TICA 10.72+0.001 11.01+0.012
Physical mixture 13.26+0.022 16.81+£0.022
Eutectic mixture 18.56+0.029 22.07+£0.008

Dissolution efficiency percentages (%DE) were calculated for TICA, physical mixture, and eutectic mixture in 0.1 N HCI and CO,-free aquadest

media. Data represent the average of three measurements (n=3).

The kinetics of drug release from a dissolution test is important to
determine the release model of the active substance from a
preparation. Determination of the TICA Kinetic of release model has
been carried out based on the zero-order, first-order, Higuchi, and
Korsmeyer-Peppas equations. The zero-order equation is a linear
relationship between the amount of drug dissolved and time, while
the first-order equation represents the linear relationship between
the logarithm of the amount of drug dissolved and time. The Higuchi
equation describes a linear relationship between the amount of drug
dissolved and the square root of time, which typically indicates drug
diffusion through the matrix [35]. According to Lapidus and Lordi
[36], drug release is controlled by matrix erosion when the
relationship between the amount of drug dissolved and time is linear.
Conversely, when the relationship between the amount of drug
dissolved and the square root of time is linear, the release is governed
by drug diffusion through the matrix.

Based on the dissolution test results, it was found that TICA, the TICA-
MEG eutectic mixture, and the physical mixture followed the
Korsmeyer-Peppas kinetic model of release in 0.1 N HCl medium and
the Higuchi kinetic model in CO2-free aquadest, both showing
correlation coefficient values close to 1. This suggests that the release
of TICA in the acidic medium occurs predominantly through a
combination of diffusion and erosion mechanisms, while in CO2-free
aquadest, drug release is diffusion-controlled through the matrix. The
Korsmeyer-Peppas model was specifically developed to describe
drug release from polymeric or non-polymeric matrices [37]. The
suitability of this model for TICA release indicates that the medium
influences the kinetic behavior by affecting the matrix structure or

the interactions between the drug and excipients. For example, the
acidic environment of 0.1 N HCl may enhance erosion and diffusion
due to partial matrix degradation or solubilization of the components,
whereas CO2-free aquadest, with its near-neutral pH, primarily
supports diffusion-controlled release. These findings highlight the
importance of the dissolution medium in determining the dominant
release mechanism and the kinetic model of drug release.

CONCLUSION

The multicomponent crystal between TICA-MEG is an eutectic
mixture with a low melting point at 124.31 °C with 4:6 molar ratio
and FTIR spectrum showed intramolecular interactions. The eutectic
mixture can increase the solubility of TICA by 1.40 times compared to
intact TICA; the dissolution rate increased by 1.73 times in COz-free
aquadest medium and 2 times in 0.1 N HCI medium. Furthermore, the
development of multicomponent crystals, such as this TICA-MEG
eutectic mixture, offers a promising strategy to address solubility
challenges in poorly water-soluble drugs. By enhancing solubility and
dissolution rates, this approach can facilitate the formulation of more
effective pharmaceutical products and serve as a cost-effective
solution to improve therapeutic outcomes.
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