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ABSTRACT 

Objective: The objectives of this research were to improve the solubility as well as the rate of dissolution of aceclofenac (ACF) through the 
formation of multicomponent crystals (MCC) with L-glutamine (LGLN) as a coformer and following the liquid-assisted grinding (LAG) technique. 

Methods: MCC of ACF and LGLN was formed by Liquid Assisted Grinding (LAG) technique. Powder X-ray Diffractometer (PXRD), Differential 
Scanning Calorimeter (DSC), Fourier Transform Infrared (FT-IR) spectrometer, Particle Size Analyzer (PSA), and Scanning Electron Microscope 
(SEM) were used for MCC characterization. Solubility and dissolution test were determined using ultraviolet-visible (Uv-Vis( spectrophotometer. 

Results: The results showed a decrease in the diffraction peak intensity, melting point, and enthalpy of fusion. FT-IR analysis showed a non-
significant wavenumber shift compared to intact components. These characterizations showed that MCC formed a eutectic mixture. SEM and 
particle size analysis showed a homogeneous particle rod shape and decreased particle size. ACF's solubility in MCC increased 2.21 times more than 
intact form. MCC's dissolution rate increased by 5.34 times and 5.56 times, respectively, after 60 min in phosphate buffer pH 6.8 and CO2-free 
distilled water. 

Conclusion: The formation of MCC of ACF and LGLN considerably enhances ACF's solubility and dissolution rate. 
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INTRODUCTION 

Aceclofenac (ACF) is a nonsteroidal anti-inflammatory drug (NSAID) 
with anti-inflammatory, analgesic, and antipyretic pharmacological 
activities which has been used in acute-chronic bone and muscle 
diseases treatment including osteoarthritis, ankylosis spondylitis, 
rheumatoid arthritis, and back pain. ACF's action mechanism is 
selectively inhibiting cyclooxygenase 2 (COX-2) enzymes. The 
selectivity of ACF towards COX-2 over COX-1 makes it better 
tolerated than other NSAIDs such as diclofenac, naproxen, 
piroxicam, indomethacin, and ketoprofen. Due to its safety, ACF is an 
NSAID option for long-term therapy [1, 2]. Based on the 
Biopharmaceutical Classification System (BCS), ACF belongs to class 
II, with high permeability and low solubility in water (58 μg/ml) [3]. 
The low solubility of ACF results in its low bioavailability in the oral 
administration route. Therefore, modification of the solubility and 
dissolution of ACF in its oral dosage form is essential to improve its 
bioavailability and efficacy [4]. 

Modifications to improve the solubility of ACF through the formation 
of inclusion complexes and solid dispersion systems have already been 
carried out. ACF inclusion complex with β-cyclodextrin by the 
kneading method showed an increase in the in vitro dissolution rate by 
13.72 times compared to intact ACF in 60 min. Solid dispersion of ACF 
with poloxamer 407 increased its solubility by 12.5 times and 
dissolution rate in 30 min by 3.75 times. However, solid dispersion 
systems have several disadvantages, including physical stability and 
sensitivity to temperature and humidity. As a result, solid dispersion 
systems may change crystallinity properties and decrease the 
dissolution rate [5]. Cyclodextrins (CDs) used in inclusion complex 
systems are practically nontoxic. However, higher doses of CDs may 
harm the kidneys [6]. Another alternative way that has been done to 
improve the solubility of ACF is to form a multicomponent crystal 
(MCC). Drugs' physicochemical features, such as water 
solubility, dissolved level, and stability, are successfully strengthened 
by preparing multicomponent crystals without altering their 
pharmacological action [7]. 

MCCs are broadly categorized into cocrystals, salts, and 
solvates/hydrates [7]. Cocrystals combine two neutral molecules or 
ions at specific stoichiometric ratios with non-covalent interactions 
such as hydrogen, Van der Waals, or π-π bonds. Cocrystal consists of 
one active pharmaceutical ingredient (API) and a crystal-forming pair 
known as a coformer. Cocrystals are similar to salts; the difference lies 
in the presence or absence of proton transfer between API and 
coformers. The transfer of protons between acid-base pairs occurs at 
the time of salt formation, while it is not at the appearance of 
cocrystals. At ambient temperature, the physical characteristics of 
cocrystals and solvates are distinct. Solvates are liquid, while 
cocrystals are solid. Solvates containing water are called hydrate [8-
11].  

Coformers must be classified as generally recognized as safe (GRAS), 
which are ingredients categorized as safe by the Food and Drug 
Administration (FDA) for human consumption [12]. MCCs of ACF 
have been prepared with several coformers before, such as urea, 
dimethyl urea, lysine, L-cystine, nicotinamide, nicotinic acid, gallic 
acid, chitosan, and caffeine [13-16].  

This study selects L-glutamine (LGLN) as a coformer to form an MCC 
with ACF. LGLN is declared a safe additive that is on the FDA's GRAS 
list and predicted to be able to form cocrystals or salts with ACF 
based on the ∆pKa value ([pKa (base) –pKa (acid)]). If ∆pKa of API 
and coformer ≥ 3, it will likely form a salt, while if ∆pKa <3, it will 
have the potential to develop a cocrystal. ACF (pKa = 4.7) and LGLN 
(pKa1=2.17 and pKa2=9.13) have ∆pKa 2.53 and 4.43  [17]. Synthon 
engineering can also predict the formation of cocrystals; LGLN has 
carboxyl and amide groups, while ACF has carboxyl and hydroxyl 
groups acting as donors or receptors to form hydrogen bonds [18, 
19]. In addition, LGLN, as a coformer, can form cocrystals with 
several other APIs [20]. LGLN is also proven to reduce the side 
effects of flatulence from mesalamine, one of the NSAIDs, by 
stabilizing acid bases in the digestive tract [18, 21]. Recent research 
shows that LGLN can have a good effect on the health of the digestive 
tract by maintaining the balance of the gut microbiome and the 
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integrity of the walls of the intestinal mucosa, as well as modulating 
the inflammatory response in the digestive tract [23]. 

The formation of MCC of ACF-LGLN is carried out using the Liquid-
Assisted Grinding (LAG) method, which is an effective method 
suitable for preparing MCC [10]. The physicochemical properties of 
MCC are then characterized with Powder X-ray Diffractor (PXRD), 
Differential Scanning Calorimeter (DSC), Fourier Transform Infrared 
(FT-IR) spectrometer, Particle Size Analyzer (PSA), Scanning 
Electron Microscope (SEM), as well as solubility and dissolution rate 
tests. 

MATERIALS AND METHODS 

Materials 

ACF (BOC science, the USA), LGLN (Tokyo Chemical Industry, Japan), 
ethanol pro analysis (Merck, Germany), potassium dihydrogen 
phosphate (Merck, Germany), and distilled water. 

Methods 

Formation of physical mixtures and MCC 

A physical mixture of ACF-LGLN was prepared at a mol ratio of 1:1. 
ACF was weighed at 0.354 g and LGLN at 0.146 g, respectively, and 
then mixed homogeneously. The MCC was prepared in the same 
amount as the physical mixture, and then the mixture was ground 
for 10 min while adding ~3 drops of ethanol. Both samples were 
then stored in a tightly closed container and placed in a desiccator.  

DSC analysis 

4 mg of each sample was placed on a closed aluminum plate. DSC 
(SETARAM type EVO-131, Lyon, France) instrument was then 
programmed at 25–200 °C temperature range and heating rate at 10 
°C/min. The analysis was performed on the ACF, LGLN, physical 
mixture, and MCC of ACF-LGLN. 

PXRD analysis 

The sample was analyzed by X-ray diffraction using a diffractometer 
(XPERT-PRO type PAN, Netherlands) under the following 
measurement conditions: Cu metal target, K filter, 40 kV voltage, 30 
mA current, 2 5–50 ° range. The ACF, LGLN, physical mixture and 
MCC of ACF-LGLN underwent analysis. 

FT-IR analysis 

FT-IR analysis (Perkin Elmer FT-IR, USA) was performed by placing 
the sample on top of the ATR crystal until it covered all the crystal 
surfaces. Then, the sample was closed by applying pressure, and 
absorption spectrum retrieval was performed against the sample. 
The analysis was performed for the ACF, LGLN, physical mixture, 
and MCC of ACF-LGLN. 

SEM analysis 

A gold/palladium coating was applied to the powder sample and 
placed on an aluminum sample holder. The powder sample was then 
examined using several SEM magnifications (FlexSEM1000, Japan). 
20 kV of voltage and 12 mA of current were the settings. The ACF, 
LGLN, physical mixture and MCC of ACF-LGLN underwent analysis. 

Particle size analysis 

Particle size analysis was carried out with a particle size analyzer 
(PSA, Shimadzu SALD-2300) with the principle of dynamic light 
scattering (DLS). The study was performed on intact ACF, a physical 
mixture, and MCC of ACF-LGLN. Before measurement, each sample 
was dispersed in 5 ml of distilled water, put into the sample holder 
of the particle size analyzer, and analyzed at a temperature of 25 °C. 

Solubility test 

Excessive amounts of each ACF, physical mixture, and MCC of ACF-
LGLN were added in 100 ml CO2-free distilled and the was kept in an 
orbital shaker for solubility test at room temperature overnight. The 
solution was then filtered using a Whatman filter with a 0.45 m pore 
size, and the filtrate was then subjected to three independent 

analyses using Ultraviolet-Visible (UV-Vis) spectrophotometry 
(Shimadzu type UV-1280, Japan) at 274.8 nm. A one-way ANOVA 
test was used for statistical analysis of the solubility data. 

Dissolution profile 

The dissolution profile was carried out with a USP type 2 dissolution 
apparatus (Hanson SR8PLUS, USA) with a stirring speed of 50 rpm at 
37±0.5 °C. The dissolution flask was filled with a 900 ml dissolution 
medium: phosphate buffer pH 6.8 and CO2-free distilled water. Each 
media added 0.1% sodium lauryl sulfate (SLS) as a surfactant to 
increase the wettability of the sample [24]. Samples were weighed 
equal to 100 mg of ACF and then put into the dissolution flask. The 
amount of ACF dissolved was determined on the 5th, 10th, 15th, 30th, 
45th, and 60th minutes using UV-Vis spectrophotometry (Shimadzu UV-
1280, Japan) at λmax 272.8 nm for phosphate buffer and 274.8 nm for 
distilled water respectively. The dissolution test was performed for 
intact ACF, physical mixture, and MCC triplicated. The dissolution data 
was analyzed statistically using a two-way ANOVA test.  

RESULTS AND DISCUSSION 

DSC analysis 

Analysis of DSC can be used as a simple preliminary screening of 
MCC formation. MCC is formed when a new solid phase appears in 
which the DSC analysis of the test sample will have a different 
melting point with its intact compound [25].  

The thermogram (fig. 1) shows that the physical mixture and MCC 
have one sharp endothermic peak, which means ACF and LGLN fuse 
simultaneously. Several small endothermic peaks above the sample's 
melting point indicate the sample's degradation in the physical 
mixture and MCC thermograms [26–28]. 
 

 

Fig. 1: Overlayed thermogram of (A) ACF (B) LGLN (C) physical 
mixture of ACF-LGLN (D) MCC of ACF-LGLN (1:1) 

01 

Based on thermograms, the physical mixture and MCC of ACF-LGLN 
show the characteristics of eutectic mixtures since they have one single 
endothermic peak and a lower melting point than their constituent 
components' melting point [29]. A decrease in melting point of the 
physical mixture (153.52 °C) and MCC (149.21 °C) is in between intact 
ACF (154.77 °C) and LGLN (192.29 °C). One endothermic peak with a 
melting point lower than its pure component was also detected in the 
DSC data of ACF and caffeine eutectic mixtures [30]. Due to a cohesive 
force that causes weak contacts and the creation of irregular 
heterogeneous crystalline arrangements of the active substance and the 
coformer, the melting point of the eutectic mixture decreases [29].  

Moreover, there is also a decrease in the enthalpy value, which 
indicates a reduction in the amount of energy needed to melt 
substances related to the decline in the degree of crystallinity of the 
physical mixture and the MCC [31]. Furthermore, confirmation of the 
formation of eutectic combinations and a decrease in the degree of 
crystallinity will be proven by the analysis using X-ray diffraction. 

XRD analysis 

X-ray diffraction (XRD) is one of the nondestructive techniques for 
characterizing crystals. It can be used to observe the presence or 
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absence of different new peaks on MCC compared to intact 
components. XRD analysis can also be used to determine the 
crystallinity of a compound [32, 33]. The data from the XRD analysis 
and peak values at position 2θ of each sample can be seen in fig. 2 and 
table 1. 

 

Fig. 2: Diffractogram of (A) ACF, (B) LGLN, (C) Physical mixture 
of ACF-LGLN, and (D) MCC of ACF-LGLN (1:1) 

02 

The X-ray diffractogram's distinctive and sharp peaks indicate that 
the four samples are in the crystalline phase [33]. The specific peak 
data of each sample at position two are presented in table 1. ACF has 
specific peaks at 18.5331°, 22.3811°, 25.9951°, and 32.2091°, while 
LGLN at 23.5251°, 24.9811°, 25.9951°, and 39.385°. In addition, 
there is no new peak in the physical mixture or MCC. This result 
suggests that no new crystalline phase is formed. The XRD analysis 
data support the DSC analysis result, which shows that the MCC 
formed combines ACF and LGLN or a eutectic mixture. The 
formation of eutectic mixtures occurs due to the distribution of 
molecules of one crystal into the crystal structure lattice of other 
components. Therefore, in the results of the XRD analysis, there is 
only a slight difference between the diffraction pattern of the 
eutectic mixture and the pure constituent components [29]. 

Table 1 shows that MCC (1:1) has a lower diffractogram peak 
intensity than its physical mixture. This finding indicates a decrease 
in the degree of crystallinity, which may be caused by a small 
fraction of amorphous material obtained in the MCC samples due to 
the grinding process with the LAG method [33, 34]. 

FT-IR analysis 

FT-IR analysis was performed to identify functional groups from ACF 
and LGLN and to see the intermolecular interactions of the physical 
mixture and MCC. The IR spectrum and wave number data of each 
sample can be seen in fig. 3 and table 2. 

01 

Table 1: Specific peak intensity of ACF, LGLN, physical mixture of ACF-LGLN, and MCC of ACF-LGLN 

2nd place θ Peak intensity 
ACF LGLN Physical mixture MCC 

18.5331 414.991 - 331.680 257.804 
22.3811 528.990 - 675.775 373.370 
23.5251 - 3037.407 265.837 224.548 
24.9811 - 1522.556 206.996 175.038 
25.4491 - 2552.263 239.001 176.800 
25.9951 1208.378 132,03 460.562 772.576 
32.2091 354.653 564.0069 307.202 256.467 
39.3851 - 1873.651 208.583 156.019 
 

 

Fig. 3: FT-IR spectrum of (a) ACF; (b) LGLN; (c) physical mixture of ACF-LGLN; and (d) MCC of ACF-LGLN 
 

Table 2 shows data from FT-IR analysis of ACF, LGLN, physical mixture of 
ACF-LGLN, and MCC of ACF-LGLN. ACF has a typical absorption at wave 
numbers 3317.56, 3263.56, and 1714.72 cm-1, sequentially indicating the 

presence of N-H, O-H, and C=O bonds in the ACF structure. In LGLN, a 
typical absorption suggests a bond between the atoms N-H, O-H, and 
C=O at wave numbers 3404.36, 3165.19, and 1683.86 cm-1. 

 

Table 2: Wave numbers comparison of ACF, LGLN, physical mixture of ACF-LGLN, and MCC of ACF-LGLN 

Functional 
groups 

Wave number range 
(cm-1) 

Wave number (cm-1) 
ACF LGLN Physical mixture MCC 

N-H 3500-3300 3317.56 3404.36 3319.49 3317.56 
O-H 3300-2500 3263.56 3165.19 3207.62 3267.41 
C=O 1900-1650 1714.72 1683.86 1716.65 1716.65 
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The FT-IR analysis of the physical mixture and MCC showed 
characteristics of the eutectic mixture. There was no significant 
difference in the results of the FT-IR analysis of the physical mixture and 
MCC compared to its pure constituent. The physical mixture absorbs at 
wave numbers 3319.49, 3207, 62, and 1716.65 cm-1, while the MCC 
absorbs at 3317.56, 3267.41, and 1716.65 cm-1. In eutectic mixtures, no 
intermolecular interactions will be found. There are only weak 
intermolecular bonds between the constituent components, which are 
dominated by cohesive forces between molecules. Meanwhile, if there is 
a significant shift in the number of waves in the MCC, it indicates a strong 
interaction that indicates the formation of cocrystals or salts [29]. 
Therefore, the FT-IR results of eutectic mixtures will generally show the 
same wave number as the pure constituent or only a slight difference in 
the spectrum due to weak hydrogen bonds that are likely to form, for 
example, in the case of the formation of eutectic mixtures of 
nicotinamide and nimesulide [29, 35]. 

SEM analysis 

Morphology and particle size will affect the physical properties of the 
crystal [36]. SEM observations aim to visually compare the MCC 
formed with the intact compound [37]. Fig. 4 shows SEM images of 
ACF, LGLN, a physical mixture, and a MCC. It can be seen that there are 

noticeable morphological differences in each sample. ACF is irregularly 
polyhedral, while LGLN has a long rod shape. The morphological image 
of the physical mixture is combination morphology of ACF and LGLN. 
The morphology and particle size of the eutectic mixture will be 
affected by the manufacturing method used. SEM images of MCC show 
a smaller particle size and a more homogeneous particle shape, which 
is the result obtained due to the influence of the energy given to the 
sample during the grinding process with the LAG method [38]. 

Particle size analysis with particle size analyzer (PSA) 

PSA analysis was performed to determine the sample's average 
particle size and distribution [39]. The PSA analysis data of intact 
ACF, physical mixture, and MCC can be seen in table 3 and fig. 5. 

The average particle size in ACF, physical mixture, and MCC were 
54.365±0.266, 54.568±0.265, and 2.974±0.422 µm, respectively. This 
result followed the SEM analysis results, in which the morphology of 
MCC morphologically showed a smaller particle size. In addition, the 
analysis results with PSA also obtained a bell-shaped particle size 
distribution graph, indicating that the particle size was 
homogeneously distributed [40]. 

  

 

Fig. 4: SEM morphology images of compounds at a magnification of 500x (A) ACF; (B) LGLN; (C) physical mixture of ACF-LGLN; and (D) MCC 
of ACF-LGLN 

 

Table 3: Particle size analysis data 

Sample Average particle size (µm) 
ACF 54.365±0.266 
Physical mixture 54.568±0.265 
MCC 2.974±0.422 

N=3, data are given in mean±SD 
 

Solubility test 

The average amount of dissolved ACF in CO2-free distilled water from the 
experiments was obtained at 5.821±0.052 mg/100 ml. The solubility result 
of ACF in water obtained is close to the data in the literature, which is 58 
mg/ml (5.8 mg/100 ml) [3]. The increase in the solubility rate can be seen 
from the data in table 4. Both the solubility of the physical mixture 
increased significantly by 2.04 times and the MCC by 2.21 times. 

 

 

Fig. 5: Particle size distribution graph of MCC 
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Table 4: ACF solubility test results 

Sample Average levels of dissolved ACF±(SD) (mg/100 ml) Solubility enhancement 
ACF 5.821±0.052 - 
Physical mixture 11.891±0.102 2.04 times 
MCC 12.876±0.102 2.21 times 

N=3 

 

The increase in the solubility of the physical mixture and MCC 
compared to intact ACF is supported by previous characterization 
results regarding the formation of eutectic mixtures. A decrease in 
melting point and melting enthalpy, as well as a reduction of the 
degree of crystallinity and energy of crystalline bonds, impact the 
enhancement of eutectic mixture solubility. Although both SEM and 
PSA analysis showed a decrease in particle size, in this study, the 
particle size reduction did not have a significant relationship with the 
increase in solubility. The PSA results showed a decrease in the size of 
the MCC particle by 18.28 times of intact ACF, while the solubility only 
increased by 2.21 times. Thus, the increase in solubility likely occurred 
due to the formation of a eutectic mixture of ACF with LGLN, which has 
a coformer and is very quickly soluble in water. LGLN is likely to act as 
a hydrophilic carrier that helps increase the solubility of ACF [29].  

Dissolution rate 

ACF is hydrophobic and has low solubility and wettability in water, 
which causes floating on the surface of the dissolution medium and 
inhibits the contact of the medium with the substance, which may 
interfere with the dissolution test process. Therefore, 0.1% of SLS 
was added to the dissolution medium, which acts as a surfactant to 
increase the wettability of the substance.  

The dissolution in CO2-free distilled water showed a correlation of 
an increase in ACF released equal to the rise in ACF solubility in CO2-
free distilled water, where the amount of ACF dissolved in the MCC 
was more remarkable than the physical mixture. The average 
percentage of ACF dissolved in distilled water medium after 60 min 
was 10.850%, 11.076%, and 57.939% for intact ACF, physical 
mixture, and MCC, respectively (table 5). A graph of the increase in 
the dissolution rate in the CO2-free distilled water medium can be 
seen in fig. 6. The increase in dissolution of the physical mixture and 
MCC were 1.020 times and 5.340 times compared to intact ACF. 

The dissolution test was also carried out on the pH 6.8 phosphate 
buffer medium to represent ACF release under in vivo conditions. 
ACF is a weakly acidic drug that will be ionized and soluble in an 
alkaline environment. Generally, weakly acidic drugs will be 
absorbed in the intestines. The dissolution test using a pH 6.8 
phosphate buffer medium after 60 min for intact ACF, physical 
mixture, and MCC were 8.428 %, 9.508 %, and 46.853 %, 
respectively (table 6). A graph of the increase in the dissolution 
rate in the pH 6.8 phosphate buffer medium can be seen in fig. 7. 
The increased dissolution of the physical mixture and MCC were 
1.128 times and 5.559 times compared to ACF. 

 

Table 5: Dissolution rate of ACF in CO022-free distilled water medium 

Time (min) % Of average dissolution 
ACF Physical mixture MCC 

0 0 0 0 
5 8.057 ± 0.529 8.264 ± 0.156 51.342 ± 0.957 
10 8.382 ± 0.395 8.640 ± 0.148 52.880 ± 1.197 
15 8.630 ± 0.395 8.914 ± 0.187 54.608 ± 1.080 
30 9.442 ± 0.489 9.660 ± 0.250 55.947 ± 1.617 
45 10.129 ± 0.536 10.311 ± 0.247 57.322 ± 1.458 
60 10.850 ± 0.585 11.076 ± 0.182 57.939 ± 1.193 

N=3, data are given in mean±SD 

 

 

Fig. 6: Dissolution rate in CO032-free distilled water medium (A) ACF, (B) physical mixture, and (C) MCC. Error bars indicate standard 
deviation of 3 determination 



A. Jessica et al. 
Int J App Pharm, Vol 16, Special Issue 1, 2024, 45-52 

 

International Conference on Contemporary Science and Clinical Pharmacy, Indonesia-2023          | 50  

Table 6: Dissolution rate of ACF in phosphate buffer medium pH 

Time (min) % Of average dissolution 
ACF Physical mixture MCC 

0 0 0 0 
5 3.398 ± 0.459 4.578 ± 0.208 38.090 ± 0.964 
10 4.057 ± 0.262 5.763 ± 0.070 40.702 ± 1.262 
15 4.719 ± 0.265 6.345 ± 0.078 42.977 ± 0.832 
30 5.935 ± 0.288 7.640 ± 0.728 44.113 ± 0.947 
45 7.318 ± 0.391 8.462 ± 0.999 45.654 ± 1.076 
60 8.428 ± 0.510 9.508 ± 1.394 46.853 ± 0.708 

N=3, data are given in mean±SD 

 

 

Fig. 7: ACF dissolution in medium phosphate buffer pH 6.8 (A) ACF, (B) physical mixture of ACF-LGLN, and (C) MCC of ACF-LGLN. Error bars 
indicate standard deviation of 3 determination 

 

Based on the test results, the ACF dissolution was higher in CO2-free 
distilled water medium than phosphate buffer pH 6.8 with an 
additional 0.1% SLS. This result is anticipated due to the different 
factors of the dissolution medium used. The addition of SLS to the 
dissolution medium is likely to affect the increase in pH of the CO2-
free distilled water medium because SLS has a pH range from 7 to 
9.5 [41]. A large pH in a weakly acidic ACF will increase solubility, 
accelerating the dissolution rate. In the phosphate buffer pH 6.8 
medium, the addition of SLS will likely not affect the medium's pH 
due to the buffer's properties, which can maintain pH despite adding 
a small amount of acid or base. 

The increase in the dissolution in the physical mixture and MCC is due to 
the interaction between the two components of the substance, forming a 
conglomeration. The conglomeration of substances that causes a 
decrease in the melting point and enthalpy of melting substances can be 
seen from the results of the DSC analysis. A decrease in the melting point 
and melting enthalpy indicates a reduction in the degree of crystallinity 
of the physical mixture and the MCC compared to intact ACF [29]. In the 
data from the XRD analysis, a lower peak of the physical mixture and 
MCC diffractogram was obtained compared to pure ACF, which indicates 
a decrease in the degree of crystallinity [33].  

The increase in the dissolution rate in MCC is also supported by PSA 
data, showing a smaller particle size of MCC than its intact substances. 
A decrease in particle size will increase the contact surface area of the 
substance and improve the wettability of the sample so that the 
substance is easier to disperse inside the medium [29].  

Intact ACF and physical mixtures did not differ significantly 
(p>0.05), while intact ACF physical mixture differed statistically 
from MCC. The relationship of the dissolution with the type of 
medium used was also tested, in which the p-value is<0.05, and it 
was concluded that the type of medium used influences the 
dissolution rate of ACF, physical mixture, and MCC. 

CONCLUSION 

LGLN can be used as a coformer to form MCC with ACF, proven by 
characterization results with DSC, PXRD, and FT-IR, indicating the 

formation of eutectic mixtures. MCC formation of ACF-LGLN 
increases the solubility of ACF by 2.21 times, and the dissolution of 
ACF after 60 min in phosphate buffer pH 6.8 medium and CO2-free 
distilled were 5.56 times and 5.34 times higher statistically than 
water intact ACF.  
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