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ABSTRACT:  

Candesartan cilexetil is classified as a BCS class II 

drug with low water solubility. This study aimed to 

improve the dissolution rate of candesartan cilexetil 

through the formation of a multicomponent system 

with salicylic acid using the solvent drop grinding 

method. The multicomponent system was prepared in 

a 1:1 molar ratio. Solid-state characterization of the 

multicomponent system was performed using X-ray 

diffraction, Differential Scanning Calorimetry 

(DSC), Fourier Transform Infrared (FT-IR) 

spectroscopy, and Scanning Electron Microscopy 

(SEM). The X-ray diffraction results showed 

significant changes in the diffraction pattern and the 

formation of an amorphous phase. The DSC results 

indicated a decrease in melting point associated with 

changes in the physical properties of the sample. The 

FT-IR results did not show any significant shift in the 

wavenumber. The SEM results showed that particles 

were still visible in the active substance and its 

components, whereas in the physical mixture and 

multicomponent system the particles appeared to be 

fused. Assay determination was carried out using a 

UV-Vis spectrophotometer, and the dissolution 

profile was determined by the paddle method. The 

results showed that the formation of the candesartan 

cilexetil–salicylic acid multicomponent system could 

improve the dissolution rate of candesartan cilexetil. 

The percentages dissolved at 60 minutes were 

33.17% for candesartan cilexetil, 52.82% for the 

physical mixture, and 79.00% for the 

multicomponent system, with mean dissolution 

efficiencies of 23.59%, 47.58%, and 62.64%, 

respectively. 
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I. INTRODUCTION 

 

Candesartan cilexetil is a BCS Class II drug 

characterized by low aqueous solubility and high 

membrane permeability, which results in limited 

bioavailability and necessitates strategies to enhance 

both solubility and dissolution rate [1,2]. 

Accordingly, formulation approaches that can 

improve the physicochemical properties of the drug 

without altering its pharmacological activity are 

required. One promising strategy is crystal 

engineering through the formation of pharmaceutical 

cocrystals, which are crystalline systems composed 

of an active pharmaceutical ingredient and a 

coformer interacting through noncovalent 

interactions, thereby modifying the physicochemical 

properties of the drug while preserving its 

pharmacological activity [3,4]. 

Previous studies have demonstrated that cocrystal 

formation can improve the biopharmaceutical 

performance of candesartan. These findings indicate 

that multicomponent systems may be a promising 

approach for improving the dissolution behavior of 

poorly soluble drugs [5]. Salicylic acid is considered 

a suitable coformer due to its ability to form strong 

intermolecular interactions and its compatibility with 

a wide range of pharmaceutical compounds [3,6]. 

Cocrystal formation may be accomplished by solvent 

drop grinding (SDG), a mechanochemical method 

that uses a minimal amount of solvent, requires a 

relatively short processing time, and is more 

environmentally friendly than conventional 

crystallization methods [3,4]. Therefore, this study 

aimed to develop a candesartan cilexetil–salicylic 

acid multicomponent system using SDG to improve 

the dissolution profile of candesartan cilexetil. The 

resulting system was characterized by XRD, DSC, 

FT-IR, SEM, assay determination, and dissolution 

testing. 

II. EXPERIMENTATION 

 

Materials used 
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Candesartan cilexetil (Zhejiang Huahai), Salicylic 

Acid (Merck), distilled water (PT Novalindo, 

Indonesia), Potassium Dihydrogen Phosphate 

(KH2PO4) (Merck), Sodium Hydroxide 

(NaOH)(Merck). 

 

Formation of Candesartan cilexetil – Salicylic acid 

Cocrystals using the Solvent Drop Grinding 

Method 

Candesartan cilexetil – salicylic acid cocrystals were 

prepared in a 1:1 mole ratio. Candesartan cilexetil 

and salicylic acid crystals were crushed by adding 1 

mL of methanol and crushing for ± 15 minutes. After 

the mixture of candesartan, nicotinamide, and 

methanol begins to dry, add 1 mL of methanol again, 

grind for ± 15 minutes until a dry mass forms, and 

store in a desiccator. Then, carry out various 

characteristic tests on the candesartan cilexetil—

salicylic acid cocrystals formed [6]. 

 

Making Physical Mixtures 

The physical mixture of candesartan cilexetil – 

nicotinamide was made by weighing and mixing 

candesartan cilexetil and salicylic acid in a ratio of 

1:1 (3.0533 g : 0.6909 g), then mixing and stirring 

without using pressure for 30 minutes. After the 

mixing process is complete, store the physical 

mixture in a desiccator. 

 

Characteristics of Candesartan cilexetil, salicylic 

acid, Physical Mixture and Cocrystals of Candesartan 

cilexetil – Nicotinamide [6]. 

 

X-Ray Diffraction (XRD) 

 Analysis using an X-ray diffractometer (Philips 

X'pert Pro-PAN). Analysis was carried out on X-ray 

diffraction on the sample, using a metal target Cu, 

Kαfilter, voltage 40 Kv, current 30 mA radiation 

spread in the crystal region of the sample, which was 

measured with a vertical goniometer. Patterns were 

obtained using a step width of 0.04° with a detector 

resolution at a diffraction angle between 10° and 80° 

at room temperature [6]. 

 

Differential Scanning Calorimeter (DSC) 

 Analysis using a Differential Scanning Calorimeter 

DSC (Setaram Type EVO: 131, France). Thermal 

analysis was observed using Differential Scanning 

Calorimetry (DSC) by weighing 5 mg of the sample 

and heating it in an aluminum pan at 30-300°C with 

a heating speed of around 20°C/minute [6]. 

 

FT-IR (Fourier Transform-Infrared) 

Spectrophotometer 

 Analysis used an FT-IR (Fourier Transform-

Infrared) Spectrophotometer (Perkin Elmer, USA). 

The test was carried out on samples prepared using 

the KBr disk method and analyzed at wave numbers 

between 400-4000 cm-1 with an FT-IR 

spectrophotometer. The samples were ground to 

powder with KBr, then transferred to a die mold, and 

the samples were then pressed into a disc in vacuum 

conditions [7]. 

Scanning Electron Microscopy (SEM) 

 Using SEM (Hitachi S-3400N, Japan), the powder 

sample was placed in an aluminum sample holder 

coated with gold at a thickness of 10 nm. The samples 

were then observed at various magnifications of the 

SEM tool. The voltage was set at 20 kV, and the 

current was 12 mA [7]. 

 

Dissolution Profile 

The dissolution test was carried out using apparatus 

II (paddle type) with 900 mL of pH 6.5 phosphate 

buffer solution and the temperature set to 37ºC ± 

0.5ºC. After reaching the temperature, put a sample 

amount equivalent to 10 mg of candesartan into the 

dissolution container. The dissolution solution was 

pipetted in 5 mL at 5, 10, 15, 30, 45 and 60 minutes. 

When pipetting, it was replaced with a dissolution 

medium (same volume and temperature at the time of 

pipetting). The absorbance of the pipetted solution 

from the dissolution medium was measured at a 

maximum wavelength of 258.20 nm. The 

concentration of candesartan dissolved at any time 

can be calculated using a calibration curve [7]. 

 

III. RESULTS AND DISCUSSION 

 

Powder X-ray Diffraction (PXRD) analysis was 

performed to confirm the formation of a new solid 

phase (multicomponent crystal) and to evaluate 

changes in crystallinity following preparation using 

the Solvent Drop Grinding (SDG) method. PXRD is 

a sensitive, non-destructive analytical technique 

widely used to identify changes in crystal structure 

and polymorphic forms of pharmaceutical materials 

[8]. The diffraction patterns of the active 

pharmaceutical ingredient (API), salicylic acid (SA), 

physical mixture (PM), and multicomponent crystal 

(MC) over a 2θ range of 5°–50° are presented in 

Figure 1. The PXRD results showed that the 

diffraction pattern of the MC differed from those of 

the pure API and SA, indicating the formation of a 

new crystalline phase. In addition, the intensity of 

several diffraction peaks in the MC decreased, which 

may be attributed to particle size reduction and a 

decrease in the degree of crystallinity during the 
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mechanical grinding proces. Nevertheless, the 

presence of distinct sharp diffraction peaks 

demonstrates that the MC product retained its 

crystalline nature and did not undergo transformation 

into an amorphous phase. 

Thermal characterization was performed using 

Differential Scanning Calorimetry (DSC) to 

evaluate the melting behavior, enthalpy changes, and 

phase transitions of pure candesartan, pure salicylic 

acid, the physical mixture (PM), and the 

multicomponent crystal formulation. The DSC 

thermograms (Figure 2) showed that pure salicylic 

acid exhibited a sharp and intense endothermic peak 

at approximately 159–161°C, reflecting its highly 

ordered and stable crystalline structure [7]. In 

contrast, the characteristic endothermic peaks of pure 

candesartan and salicylic acid disappeared in the 

multicomponent crystal formulation and were 

replaced by a broader, less intense endothermic peak 

shifted to a lower temperature (melting point 

depression). This thermal behavior suggests the 

formation of a new solid phase through 

intermolecular interactions, particularly hydrogen 

bonding, which reduces the crystal lattice energy and 

promotes the reorganization of the crystal structure. 

Furthermore, the Solvent Drop Grinding (SDG) 

process may induce particle size reduction and a 

decrease in crystallinity, resulting in broader and less 

intense endothermic peaks. Meanwhile, the 

thermogram of the physical mixture exhibited only a 

very weak endothermic signal, which is likely 

attributed to the in situ co-melting phenomenon, 

where the component with the lower melting point 

melts first and temporarily acts as a solvent for the 

other component during DSC heating. Overall, the 

observed changes in the thermal profile support the 

formation of a new multicomponent crystalline phase 

that is distinct from those of the individual starting 

materials [9]. 

Spectroscopy (FTIR) analysis was performed to 

investigate the intermolecular interactions and 

confirm the formation of a new solid phase in the 

multicomponent crystal system of candesartan 

cilexetil and salicylic acid. Fourier Transform 

Infrared FTIR is one of the most widely used 

complementary techniques for characterizing 

pharmaceutical multicomponent crystals because 

changes in vibrational frequencies, band intensity, 

and peak broadening can provide evidence of non-

covalent interactions, particularly hydrogen bonding, 

without altering the chemical structure of the 

constituent molecules [9, 10, 11]. 

As shown in Figure 3, the FTIR spectra of 

pure candesartan cilexetil and pure salicylic acid 

exhibit their characteristic absorption bands 

corresponding to their respective functional groups. 

Pure salicylic acid displays characteristic absorptions 

associated with O–H stretching of the carboxylic 

group, C=O stretching, aromatic C=C vibrations, and 

C–O stretching, whereas candesartan cilexetil 

exhibits absorption bands attributed to ester carbonyl 

(C=O), ether (C–O–C), aromatic ring vibrations, and 

aliphatic C–H stretching. These characteristic bands 

serve as references for evaluating structural changes 

after multicomponent crystal formation [10, 11].  

 

 

 

 
Figure 1. Combined X-ray diffractogram of candesartan cilexetil, salisylic acid, physical mixture, and 

multicomponrt crystal 
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Figure 2. DSC thermogram of candesartan cilexetil powder, Salicylic acid, physical mixture, and 

Multicomponent crystal 

 

The FTIR spectrum of the physical mixture 

closely resembles the superposition of the spectra of 

the two individual components, indicating that simple 

physical mixing does not significantly alter the 

molecular environment or produce a new crystalline 

phase. This observation is consistent with previous 

reports demonstrating that physical mixtures 

generally retain the characteristic absorption bands of 

their starting materials because no substantial 

intermolecular interactions or crystal lattice 

reorganization occur during simple blending  [10, 

11]. 

In contrast, the multicomponent crystal 

exhibits noticeable changes in several absorption 

bands compared with the pure components and the 

physical mixture. The observed band shifts, peak 

broadening, and changes in absorption intensity, 

particularly in the regions associated with hydroxyl 

(O–H) and carbonyl (C=O) groups, indicate the 

establishment of new intermolecular interactions 

between candesartan cilexetil and salicylic acid. 

These spectral modifications are attributed primarily 

to hydrogen-bond formation, which alters the 

vibrational environment of the functional groups and 

promotes the reorganization of the crystal lattice into 

a new supramolecular structure. Such changes are 

widely recognized as characteristic indicators of 

multicomponent crystal or cocrystal formation.  

Furthermore, subtle changes observed in the 

fingerprint region (1500–500 cm⁻¹) suggest 

modifications in molecular packing following the 

Solvent Drop Grinding (SDG) process. Importantly, 

no additional absorption bands corresponding to new 

covalent bonds were detected, indicating that the 

interaction between candesartan cilexetil and 

salicylic acid is governed by supramolecular forces 

rather than chemical reactions. Recent studies have 

demonstrated that pharmaceutical multicomponent 

crystals are stabilized not only by hydrogen bonding 

but also by other non-covalent interactions, such as 

π–π stacking and other weak intermolecular contacts, 

which collectively contribute to the stability of the 

crystal lattice.  

Overall, the FTIR results demonstrate that 

the multicomponent crystal possesses a vibrational 

profile distinct from those of pure candesartan 

cilexetil, pure salicylic acid, and the physical 

mixture. The observed spectral changes support the 

formation of a new multicomponent crystalline phase 

through intermolecular interactions, and these 

findings are consistent with the DSC and PXRD 

analyses, providing complementary evidence for 

successful multicomponent crystal formation [10, 11, 

12]. 

Scanning Electron Microscopy (SEM) 

analysis at 1000× magnification was performed to 

evaluate the morphological changes in particle shape 

and size following the preparation of the 

multicomponent crystal using the Solvent Drop 

Grinding (SDG) method. As shown in Figure 4, pure 

candesartan cilexetil exhibited irregularly shaped 

particles with rough surfaces, whereas salicylic acid 

displayed well-defined elongated crystalline particles 

with smooth surfaces. The physical mixture (PM) 

retained the characteristic morphologies of both 

individual components, indicating that simple 
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physical blending did not induce significant 

structural or morphological changes. In contrast, the 

multicomponent crystal (MC) exhibited a distinct 

morphology characterized by smaller, more 

homogeneous, and agglomerated particles, 

accompanied by the disappearance of the 

characteristic crystal habits of both starting materials. 

These morphological changes suggest that the 

mechanochemical SDG process promoted crystal 

lattice reorganization through intermolecular 

interactions, particularly hydrogen bonding, leading 

to the formation of a new solid phase. Although SEM 

alone cannot conclusively confirm multicomponent 

crystal formation, the observed morphological 

transformation is consistent with the results of 

PXRD, DSC, and FTIR, which collectively support 

the successful formation of a new multicomponent 

crystalline phase [13, 14]. 

 

 

 
Figure 3. FT-IR Spectrum of Candesartan cilexetil, Salicylic acid, Physical Mixture, and Multicomponent 

crystal 

 

 
Figure 4. Morphology of scanning electron microscopy. 
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The dissolution study was conducted to evaluate the 

effect of multicomponent crystal formation on the 

dissolution behavior of candesartan cilexetil, a poorly 

water-soluble drug classified as a Biopharmaceutics 

Classification System (BCS) Class II compound. As 

shown in Figure 5, the multicomponent crystal (MC) 

exhibited the highest percentage of drug dissolved 

throughout the dissolution test compared with pure 

candesartan cilexetil and the physical mixture (PM). 

At 60 min, the multicomponent crystal achieved 

approximately 60% drug dissolution, whereas the 

physical mixture and pure candesartan cilexetil 

reached approximately 52% and 33%, respectively. 

These findings indicate that the formation of the 

multicomponent crystal significantly enhanced both 

the dissolution rate and the overall extent of drug 

dissolution. 

The improved dissolution performance of the 

multicomponent crystal can be attributed to 

modifications in its physicochemical properties 

following crystal engineering. The formation of 

intermolecular hydrogen bonds between candesartan 

cilexetil and salicylic acid produced a new crystalline 

phase with lower crystal lattice energy than that of 

the pure drug. The reduction in lattice energy 

facilitates the release of drug molecules from the 

crystal lattice into the dissolution medium, thereby 

enhancing the dissolution process. This mechanism 

has been widely recognized as one of the principal 

advantages of pharmaceutical cocrystals and 

multicomponent crystal systems for improving the 

dissolution of poorly soluble drugs [14]. 

In addition to crystal lattice modification, the 

enhanced dissolution may also be associated with 

changes in particle morphology and size following 

the Solvent Drop Grinding (SDG) process. SEM 

analysis demonstrated that the multicomponent 

crystal consisted of smaller and more uniformly 

distributed particles than the starting materials. The 

reduction in particle size increases the specific 

surface area available for solvent contact, thereby 

accelerating wetting and drug diffusion into the 

dissolution medium according to the Noyes–Whitney 

equation, which states that dissolution rate is directly 

proportional to the surface area of the dissolving 

particles [15]. 

The physical mixture (PM) also exhibited higher 

dissolution than pure candesartan cilexetil, although 

its performance remained inferior to that of the 

multicomponent crystal. This improvement is likely 

attributable to the enhanced wetting effect provided 

by salicylic acid and the increased contact between 

particles during physical mixing. However, because 

no new crystalline phase was formed, the 

enhancement was limited. This interpretation is 

consistent with the results of PXRD, DSC, and FTIR, 

which confirmed that the physical mixture retained 

the individual characteristics of its components 

without significant intermolecular interactions. 

Overall, the dissolution results demonstrate that the 

preparation of the multicomponent crystal using the 

Solvent Drop Grinding (SDG) method effectively 

improved the dissolution performance of candesartan 

cilexetil. These findings are in agreement with the 

PXRD, DSC, FTIR, and SEM analyses, all of which 

indicate the formation of a new crystalline phase with 

altered crystal structure, thermal behavior, and 

particle morphology. The improved dissolution is 

expected to enhance the oral bioavailability of 

candesartan cilexetil, although further investigations, 

including intrinsic dissolution and pharmacokinetic 

studies, are required to confirm its in vivo 

performance [12,14,15]. 
.  

 

 

 
Figure 5. Dissolution profile curves of active substances (ZA), physical mixtures, and multicomponent crystal in 
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phosphate buffer medium pH 6.5   

CONCLUSION 

 

The candesartan cilexetil–salicylic acid 

multicomponent crystal was successfully prepared 

using the Solvent Drop Grinding (SDG) method. 

The formation of a new crystalline phase was 

confirmed by PXRD, DSC, FTIR, and SEM 

analyses, which revealed distinct changes in the 

diffraction pattern, thermal properties, infrared 

spectra, and particle morphology compared with 

pure candesartan cilexetil and the physical mixture. 

Furthermore, the multicomponent crystal exhibited 

significantly enhanced dissolution performance, 

achieving 61.11% drug release at 60 min and the 

highest dissolution efficiency (30.43%) among all 

tested samples. These results demonstrate that SDG 

is an effective crystal engineering approach for 

improving the dissolution behavior of poorly water-

soluble drugs, highlighting its potential application 

in enhancing the pharmaceutical performance of 

candesartan cilexetil.. 
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