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ABSTRACT 

Objective: The objectives of this work was to prepare the binary and ternary amorphous systems of Candesartan cilextil (CAN), characterize these, 
and evaluate their influence on solubility. 

Methods: CAN was prepared in three amorphous systems, namely Candesartan cilexetil-l-Arginine (CAN-ARG) binary Co-Amorphous System 
(CAMS), CAN with 10, 20, and 30% of Polyvinylpyrrolidone K25 (CAN-PVP K25) Amorphous Solid Dispersion (ASD), and CAN-ARG with 10, 20, and 
30% of PVP K25 (CAN-ARG-PVP K25) ternary CAMS. All amorphous systems were characterized by polarizing microscopy and differential scanning 
calorimetry (DSC) methods, while the degree of crystallinity was calculated based on powder X-ray diffraction (PXRD) patterns. The solubility test 
of all amorphous systems of CAN was carried out respectively in water solvent (25±0.5 °C) and phosphate buffer solution with a pH of 6.5 that 
contained 0.70% polysorbate 20 at 37±0.5 °C. 

Results: Polarization microscope images showed no birefringence in CAN-ARG and CAN-ARG-PVP K25 CAMS, but strong birefringence in CAN-PVP 
K25. DSC thermograms show the glass transition of CAN-ARG-PVP-K25 was in the range 101-120.8 °C higher than CAN-PVP-K25 (84.1-87.5 °C) and 
CAN-ARG (53.5 °C). The crystallinity degrees of CAN, CAN-ARG, CAN-PVP K25, and CAN-ARG-PVPK25 calculated based on powder X-ray 
diffractogram data were 73.68, 7.52, 17.20, and 0.02%, respectively. The order of solubility of CAN in water and phosphate buffer solution with a pH 
of 6.5 that contains 0.70% polysorbate 20 was CAN-ARG-PVP-K25>CAN-ARG>CAN-PVP-K25>CAN. 

Conclusion: The synthesis of binary and ternary amorphous CAN has resulted in positive outcomes, enhancing its solubility. 
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INTRODUCTION 

The limited solubility in water of an Active Pharmaceutical 
Ingredient (API) is known to be one of the significant problems in 
solid dosage form formulation [1]. The topic of low solubility in 
water is a significant concern in the advance of drug formulations, as 
it leads to limited dissolution, inadequate bioavailability, and 
consequently unsatisfactory therapeutic effectiveness [2]. 
Amorphization of crystalline materials using various techniques has 
been intensively researched as a means of overcoming the problem 
of a growing number of APIs being insufficiently water-soluble, 
including Amorphous Solid Dispersion (ASD) [3–8]. 

ASD manufacturing has attracted significant attention in academic 
and industrial circles as an additional technique. Solid dispersions 
can be explained as molecular combinations of APIs with low 
solubility in water, distributed in a hydrophilic polymer [9]. The 
purpose of solid dispersion is to increase the surface area, as well as 
increase the solubility and stability of APIs [10, 11]. ASD refers to a 
formulation in which API is dispersed in a vehicle that exhibits an 
amorphous form. This concept suggests that the conversion of 
crystalline APIs to their amorphous form is achieved through their 
blending with amorphous polymers [12]. Although this technique 
offers clear benefits, it also has several disadvantages, such as the 
difficulty in producing and processing solid dispersions due to the 
hygroscopic nature of the carrier polymer and the need for large 
amounts of polymer to increase the solubility [6, 13, 14]. 

Currently, the use of Co-Amorphous Systems (CAMS) has developed 
progressively recognized in the last decade as a solution to the 
shortcomings of solid dispersion techniques. CAMS is defined as 
combining APIs with small molecules as opposed to using 
macromolecules for example, polymers that create a homogenous 
single-phase [15, 16]. The term CAMS generally refers to binary 
CAMS between an API and a small molecule, such as amino acids, 
organic acids, and other APIs [17, 18]. Molecular interactions 

between the components in these systems are important. 
Nevertheless, under some conditions, the efficacy of solubilization 
by binary CAMS is inadequate, therefore necessitating the inclusion 
of a third excipient, such as a surfactant, polymer, or another small 
molecule to improve solubility [19-21]. The addition of a third 
material in the binary CAMS is known as ternary CAMS to 
differentiate it from ternary ASD [17]. 

Candesartan cilexetil (CAN), a prodrug of candesartan is a commonly 
employed antihypertensive agent that functions by inhibiting the 
angiotensin II receptor. From a pharmacokinetic perspective, it was 
observed that the prodrug has a rather low oral bioavailability [22]. 
CAN has been grouped as a class II drug in the biopharmaceutics 
classification system (BCS) due to its solubility in pH values relevant 
to physiological processes and its absorption characteristics [23]. 

In previous research, we have succeeded in manufacturing binary 
CAMS from CAN with l-Arginine (ARG) using the liquid-assisted 
grinding method and increasing its solubility in water [24]. 
However, based on the Powder X-Ray Diffraction (PXRD) pattern in 
that study, quite high-intensity peaks were still visible, indicating 
that there were still crystalline areas in the Candesartan-cilexetil-l-
Arginine (CAN-ARG) binary CAMS. In this study, we added 
Polyvinylpyrrolidone (PVP) K25 polymer to CAN-ARG binary CAMS 
to create CAN-ARG-PVP K25 ternary CAMS. PVP is a polymer that 
can be used as a third material in preparation of binary ASD [25] or 
ternary CAMS [1, 26–29]. In addition, this study also involved the 
preparation of a binary ASD consisting of CAN and PVP K25 
(referred to as CAN-PVP K25). The objective of the study was to 
prepare the binary and ternary amorphous systems of CAN, 
characterize these, and evaluate their influence on solubility. 

MATERIALS AND METHODS 

Materials 

The utilized chemicals consist of CAN sourced from Afine 
Chemical Limited, China, l-arginine obtained from Merck in 
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Indonesia, and PVP K25 supplied by BASF in Indonesia. Ethanol, 
phosphate buffer, and polysorbate 80 were procured from Merck 
Indonesia. 

The CAN-ARG binary CAMS preparation 

The liquid-assisted grinding method was used to prepare the CAN-
ARG binary CAMS [24, 30]. A binary CAMS was generated by 
grinding a mixture of 2.202 g (5 mmol) of CAN, 0.871 g (5 mmol) of 
ARG, and eight drops of ethanol in a Retsch RM 200 mortar grinder 
for ten minutes. The CAN-ARG binary CAMS soft mass was placed in 
a desiccator and subsequently subjected to a drying process. The 
CAN-ARG binary CAMS was pulverized and subsequently sieved to 
ensure particle size uniformity, with the particles passing through a 
60-mesh sieve. 

The CAN-PVP K25 binary ASD preparation 

The CAN-PVP K25 binary ASD was synthesized using the solvent 
evaporation technique [31]. A quantity of 2.202 g of CAN was 
combined with a certain quantity of PVP K25 that corresponded to 
CAN concentrations of 10%, 20%, and 30% in three separate 
evaporating dishes. A volume of two ml of ethanol was introduced 
into each evaporating dish and agitated until complete dissolution of 
CAN and PVP K25 occurred. The solution was allowed to stand for 
one day, during which the ethanol underwent evaporation, resulting 
in the formation of the CAN-PVP K25 binary ASD. The CAN-PVP K25 
binary ASD was pulverized and subsequently passed through a 60-
mesh sieve. 

The CAN-ARG-PVP K25 ternary CAMS preparation 

The CAN-ARG-PVP K25 ternary CAMS was produced by the solvent 
evaporation technique [32, 33]. Three quantities of 3.0 g of CAN-ARG 
binary CAMS were individually placed into three evaporating dishes 
and combined with specific quantities of PVP K25 that corresponded 
to 10, 20, and 30% of the mass of CAN. The dissolution process 
involved the addition of two milliliters of ethanol to each 
combination. The solution was allowed to stand for one day, during 
which time the ethanol underwent evaporation, resulting in the 
formation of a solid material known as CAN-ARG-PVP K25 ternary 
CAMS. The CAN-ARG-PVP K25 ternary CAMS samples were 
processed by pulverization and separation via a 60-mesh sieve. 

Characterization by polarizing microscope 

In this study, we analyzed various samples, including CAN, ARG, PVP 
K25, CAN-ARG binary CAMS, and CAN-PVP K25 (at concentrations of 
10, 20, and 30%) binary ASD, as well as CAN-ARG-PVP K25 (at 
concentrations of 10, 20, and 30%) ternary CAMS. Each sample 
consisted of 1-3 mg. The utilization of a polarizing microscope 
equipped with a digital camera allowed for the observation of crystal 
morphology and the identification of birefringence. 

Thermal analysis by Differential Scanning Calorimeter (DSC) 

The thermal analysis of DSC was carried out on CAN, ARG, PVP K25, 
CAN-ARG, CAN-PVP K25 (10, 20, and 30%) binary ASD, and CAN-
ARG-PVP K25 (10, 20, and 30%) ternary CAMS. The powder samples 
were precisely measured and placed in aluminum crucible pans. The 
pans were then sealed with airtight covers. The aluminum crucible 
pan was placed within the Shimadzu DSC-6 Plus and exposed to a 
temperature scan ranging from 30 to 250 °C, with an average 
heating rate of 10° per minute. 

Characterization and determination of degree of crystallinity by 
PXRD method 

A thin aluminum sample container has been filled with 
approximately 500 mg each of CAN powder, ARG, PVP K25, CAN-
ARG binary CAMS, CAN-PVP K25 binary ASD, and CAN-ARG-PVP K25 
ternary CAMS. The PXRD patterns were collected on a panalytical 
Empyrean powder X-ray diffractometer. The patterns were scanned 
at a scan speed of 10°/minute over a range of 5-45° 2θ angle. The 40 
kV and 30 mA were set for both voltage and current. Equation 1 is 

used to compute the degree of crystallinity by dividing the area of 
crystalline peaks of diffraction (Ac) by the total of the area of 
crystalline peaks of diffraction (Ac) and the area of amorphous of 
diffraction (Aa) [34, 35]. 

Degree of crystallinity =
Ac

Ac+Aa
x100%. ……. eq. 1 

Solubility test 

The shaker method was used to conduct the solubility tests in 
water at room temperature and in the phosphate buffer solution 
with a pH of 6.5 that contained 0.70% polysorbate 20 at 37±0.5 °C 
[36]. Each vial included 50 mg of the following powders: CAN, 
CAN-ARG binary CAMS, CAN-PVP K25 30% binary ASD, and CAN-
ARG-PVP K25 30% ternary CAMS. The vial contained five 
milliliters of medium. The vials were placed in an orbital shaker at 
room temperature, while other vials were placed in a water bath 
shaker at 37±0.5 °C. The vials were shaken for two days and 
filtered when the shaking had finished. An ultraviolet 
spectrophotometer was used to measure the absorbance of the 
filtrate at a wavelength of 251 nm. 

RESULTS AND DISCUSSION 

Preparation of binary and ternary amorphous CAN 

Similar to previous studies, CAN-ARG binary CAMS were prepared 
by solvent-drop grinding method [24]. While CAN-PVP K25 binary 
ASD and CAN-ARG-PVP K25 ternary CAMS were prepared by solvent 
evaporation method. Ethanol was used as a solvent in the 
manufacture of the amorphous CAN because the three components 
involved (CAN, ARG, and PVP K25) are soluble in this solvent. Unlike 
CAN-ARG binary CAMS, CAN-PVP K25 binary ASD and CAN-ARG-PVP 
K25 ternary CAMS require more ethanol to dissolve PVP K25, so the 
dissolving method or solvent evaporation was used for the 
preparation of both these amorphous solids. Only a small amount of 
PVP K25 was required to prepare both CAN-PVP K25 binary ASD 
and CAN-ARG-PVP K25 ternary CAMS, which is only 10-30% of CAN. 
The aim is to prevent aggregation and hydrogel formation from the 
polymer, which can result in a decrease in the drug dissolution rate 
[37]. In addition, the utilization of a low concentration of PVP K25 
serves the purpose of mitigating the potential issue of excessive unit 
dose size and the occurrence of recrystallization during storage, 
which can be attributed to the hygroscopic properties inherent in 
the polymer [38]. 

Polarizing microscope 

One method that can be used to observe the formation of new 
crystal structures and amorphous solids is to observe the crystal 
shape directly with a polarizing microscope [39, 40]. The 
polarizing microscope images of binary and ternary amorphous 
CAN and its starting materials are shown in fig. 1. Polarizing 
microscope images of the starting materials CAN) and ARG showed 
strong birefringence. Strong birefringence was observed in the 
starting materials CAN and ARG. CAN suggests a rod-shaped 
crystal, whereas ARG denotes a spherulite-like crystal. On the 
other hand, the starting material PVP K25 did not show any 
birefringence, which indicates that this material was in an 
amorphous state. Since the CAN-ARG binary CAMS exhibits no 
discernible birefringence, it may be concluded that an amorphous 
solid was created because of the interaction between CAN and 
ARG. In contrast to CAN-ARG binary CAMS, CAN-PVP K25 binary 
ASD with all concentrations still shows birefringence from the 
crystal habit of CAN. This demonstrates that not all the CAN 
crystals can transform to amorphous due to the creation of a solid 
dispersion between CAN and PVP K25 of variations of 10–30% of 
the weight of CAN. In line with the CAN-ARG binary CAMS, the 
polarizing microscope images of CAN-ARG-PVP K25 ternary CAMS 
did not demonstrate any birefringence attributable to the crystal 
morphology of CAN. This observation indicates that the CAN-ARG 
ternary CAMS distributed within the PVP K25 polymer matrix 
retains its amorphous nature [41]. 
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Fig. 1: Polarizing microscope images of candesartan cilexetil (CAN), l-Arginine (ARG), Polyvinylpyrrolidone K25 (PVP K25), Candesartan-
cilexetil-l-Arginin (CAN-ARG) binary CAMS, Candesartan cilexetil-Polyvinylpyrrolidone K25 (CAN-PVP K25) binary ASD, and Candesartan 

cilexetil-l-Arginine-Polyvinylpyrrolidone K25 (CAN-ARG-PVP K25) ternary CAMS 

 

DSC thermograms CAN-ARG binary CAMS, CAN-PVP K25 (10, 20, and 
30%) binary ASD, CAN-ARG-PVP K25 (10, 20, and 30%) ternary CAMS, 
and their starting materials (CAN, ARG, and PVP K25) were shown in fig. 
2. The DSC thermogram of the CAN starting material shows a sharp 
endothermic transition at 177.3 °C which was related to its melting and 
was followed by decomposition [42]. In contrast to the starting materials 
CAN and ARG, it was observed that PVP K25 did not exhibit a distinct, 
sharp endothermic transition. However, a noticeable glass transition was 
observed at a temperature of 144.7 °C. The endothermic transition 
exhibits an expansion within the range of around 30-80 °C, which can be 
attributed to the process of surface water evaporation [43]. The findings 
of this study suggest that the starting materials CAN and ARG exhibit a 
crystalline structure, whereas PVP K25 demonstrates an amorphous 
nature. The DSC thermogram of the CAN-ARG binary CAMS showed a 
glass transition at 53.5 °C. This finding demonstrates the presence of a 
molecular interaction between drug and coformer through hydrogen 
bond or co-amorphous salt, which can increase the stability of the 
amorphous drug [44]. The DSC thermogram of the binary ASD consisting 
of CAN and PVP K25 at various concentrations (10%, 20%, and 30%) 
reveals a glass transition occurring within the temperature range of 
84.1-87.5 °C. This observation suggests the successful creation of an 

amorphous blend between the two components. Nevertheless, the 
thermograms obtained from the DSC analysis of the CAN-PVP K25 
binary ASD at various concentrations (10%, 20%, and 30%) exhibit a 
significant endothermic transition occurring at about 109 °C. Notably, 
the enthalpy of fusion (ΔHf) decreases as the concentration of PVP K25 in 
the system increases. This observation indicates that the change of CAN 
into an amorphous state is not universal, as it is dependent on the 
concentration of PVP K25. Specifically, a higher concentration of PVP 
K25 leads to a greater extent of transition from the crystal form to the 
amorphous form of CAN. In comparison to the CAN-PVP K25 binary ASD, 
the DSC thermogram of the CAN-ARG-PVP K25 ternary CAMS exhibits 
solely the occurrence of a glass transition, without any observable 
endothermic transition, across all concentrations (10%, 20%, and 30%). 
The glass transition temperature of the CAMS ternary system, consisting 
of CAN-ARG-PVP K25, exhibits an upward trend as the quantity of PVP 
K25 is augmented. This finding demonstrates that the incorporation of 
PVP K25 into CAN-ARG binary CAMS has the potential to elevate the 
glass transition temperature. In the context of co-amorphous systems, it 
is commonly postulated that an elevation in the glass transition 
temperature (Tg) is associated with an enhancement in physical stability 
[15]. 

 

 

Fig. 2: Thermograms differential scanning calorimetry of Candesartan cilexetil (CAN), l-Arginine (ARG), Polyvinylpyrrolidone K25 (PVP 
K25), Candesartan-cilexetil-l-Arginin (CAN-ARG) binary CAMS, Candesartan cilexetil-Polyvinylpyrrolidone K25 (CAN-PVP K25) binary 

ASD, and Candesartan cilexetil-l-Arginine-Polyvinylpyrrolidone K25 (CAN-ARG-PVP K25) ternary CAMS 
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The PXRD patterns of CAN-ARG binary CAMS, CAN-PVP K25 (30%) 
binary ASD, CAN-ARG-PVP K25 (30%) ternary CAMS, and their 
starting materials are shown in fig. 3. The powder X-ray diffraction 
(PXRD) patterns obtained for the compounds CAN and ARG 
exhibited several well-defined peaks, suggesting the crystalline 
nature of both initial substances. The PXRD pattern of CAN is 
consistent with the crystalline structure of CAN form 1 as 
previously reported, with main peaks at 9.8, 17.2, 18.5, 19, 2, 20.2, 
23.2, and 25.2 of 2θ angles [42]. In contrast to CAN and ARG, the 
PXRD pattern of PVP K25 demonstrated an amorphous structure. 
The PXRD patterns of CAN-ARG binary CAMS, CAN-PVP K25 binary 

ASD, and CAN-ARG-PVP K25 exhibited a reduction in the peak 
intensity of CAN. The successful fabrication of three amorphous 
systems of CAN was demonstrated by the observed transformation 
from a crystalline state to an amorphous state. Nevertheless, it is 
worth noting that in the CAN-ARG binary CAMS and CAN-PVP K25 
binary ASD, there are still observable peaks corresponding to CAN, 
albeit with very low intensity. This suggests that the conversion of 
all CAN crystals into an amorphous state has not been fully 
achieved. The observed intensity of CAN in the CAN-PVP K25 
binary ASD appears to be higher than that in the CAN-ARG binary 
CAMS. 

  

 

Fig. 3: Diffractograms of candesartan cilexetil (CAN), l-Arginine (ARG), Polyvinylpyrrolidone K25 (PVP K25), Candesartan-cilexetil-l-
Arginin (CAN-ARG) binary CAMS, Candesartan cilexetil-Polyvinylpyrrolidone K25 (CAN-PVP K25) binary ASD, and Candesartan cilexetil-l-

Arginine-Polyvinylpyrrolidone K25 (CAN-ARG-PVP K25) ternary CAMS 

 

Calculation of the degree of crystallinity was used to determine the 
success of the transformation from a crystalline to an amorphous 
form of CAN in various amorphous systems of CAN. According to 
the findings presented in table 1, the utilization of CAN-ARG-PVP 
K25 ternary CAMS can induce a complete transformation of the 
crystal structure of CAN, resulting in its conversion into an 
amorphous form. Conversely, the formation of CAN-ARG binary 
CAMS and CAN-PVP K25 binary ASD did not bring about such a 
change, as CAN remains in a crystalline form. The crystallinity of 

the CAN-PVP K25 binary ASD was 2.3 times greater than that of 
the CAN-ARG binary CAMS. The significant level of crystallinity 
observed in the CAN-PVP K25 binary ASD can be attributed to the 
presence of PVP K25, which constitutes up to 30% of the total 
weight of CAN. This substantial amount of PVP K25 prevents the 
complete conversion of CAN into an amorphous form. The CAN-
ARG-PVP K25 ternary CAMS exhibited a significantly low degree of 
crystallinity, suggesting a complete transformation of CAN into an 
amorphous state. 

 

Table 1: Degree of crystallinity of binary and ternary amorphous of CAN 

Materials Degree of crystallinity (%) 
CAN 73.68 
CAN-ARG  7.51 
CAN-PVP K25 (30%) 17.20 
CAN-ARG-PVP K25 (30%)  0.02 

CAN: Candesartan cilexetil, CAN-ARG: Candesartan-cilexetil-l-Arginin, CAN-PVP K25: Candesartan cilexetil-Polyvinylpyrrolidone K25, CAN-ARG-PVP 
K25: Candesartan cilexetil-l-Arginine-Polyvinylpyrrolidone K25 

 

Solubility  

The results of the solubility test are presented in table 2. The solubility 
of CAN is greater in phosphate buffer solution with a pH of 6.5, which 
contains 0.70% polysorbate 20, at a temperature of 37±0.5 °C, 
compared to its solubility in water at ambient temperature. The 
solubility test results demonstrated an augmentation in the solubility 
of CAN in both test media after the formation of binary and ternary 
CAMS. The solubility of CAN-ARG binary CAMS, CAN-PVP K25 binary 
ASD, and CAN-ARG-PVP K25 (30%) ternary CAMS in water is 
significantly higher compared to CAN, with solubility values of 315, 39, 
and 428 times that of CAN, respectively. Similarly, in phosphate buffer 

solution 0.05M at pH 6.5 containing 0.70% polysorbate 20, the 
solubility of these compounds is also significantly higher, with 
solubility values of 14, 5, and 16 times that of CAN, respectively. The 
CAN-ARG-PVP K25 (30%) ternary CAMS has a higher solubility than 
the two binaries amorphous of CAN. The limited enhancement in the 
solubility of CAN in the CAN-PVP K25 binary ASD can be attributed to 
its relatively higher degree of crystallinity in comparison to binary and 
ternary CAMS. The disparity in the notable enhancement of CAN 
solubility between CAN-PVP K25 binary ASD and binary and ternary 
CAMS is presumably attributable to the incorporation of ARG in both 
CAMS. The ionization of CAN, a weak acid, is induced by the presence 
of ARG, a weak base [45]. 
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Table 2: Solubility of binary and ternary amorphous of CAN compared with pure CAN 

Materials Solubility (mg/ml) 
Water (room temperature) pH 6.5 (37±0.5 °C) 

CAN 0.009± 0.001a 0.289±0.008 
CAN-ARG  2.837±0.114a 3.940±0,018 
CAN-PVP K25 (30%) 0.353±0.126 1.459±0.077 
CAN-ARG-PVP K25 (30%) 3.854±0.023 4.496±0.027 

Results presented as mean±SD, n= 3, a= The data was adopted from a previous study [24], CAN: Candesartan cilexetil, CAN-ARG: Candesartan-
cilexetil-l-Arginin, CAN-PVP K25: Candesartan cilexetil-Polyvinylpyrrolidone K25, CAN-ARG-PVP K25: Candesartan cilexetil-l-Arginine-
Polyvinylpyrrolidone K25 

 

CONCLUSION 

The effective preparation and characterization of binary and ternary 
amorphous forms of CAN have been achieved. The characterization 
by polarizing microscope, DSC, and PXRD methods indicates that not 
all CAN in CAN-ARG binary CAMS and CAN-PVP K25 binary ASD 
transform into the amorphous state. However, in the case of CAN-
ARG-PVP K25 ternary CAMS, it was observed that all the CAN have 
indeed transformed into an amorphous form. These binary and 
ternary amorphous systems enhanced the solubility of CAN in water 
and a pH 6.5 buffer solution. The CAN-ARG-PVP K25 ternary CAMS 
exhibits higher solubility than the CAN-ARG binary CAMS and CAN-
PVP K25 binary ASD. 
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