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ABSTRACT 

Objective: The angiotensin II receptor antagonist candesartan cilexetil (CC) exhibits low bioavailability in humans, principally as a result of its 
limited aqueous solubility at low pH and the presence of a carboxyl moiety. To enhance the solubility of CC, this study aimed to develop solid 
dispersion (SD) systems incorporating hydroxypropyl methylcellulose (HPMC) as the polymer. 

Methods: SD was fabricated through freeze-drying and spray-drying methods. utilizing HPMC as a hydrophilic polymer, eschewing the use of any 
organic solvents. Intact material and physical mixture were prepared as a comparison. Physicochemical properties of the intact material, physical 
mixture and SD were characterized employing the differential scanning calorimetry (DSC), x-ray diffractometry (XRD), fourier transform infrared 
(FT-IR) spectroscopy, and scanning electron microscopy (SEM). Solubility test was performed using shake flask method.  

Results: The XRD analysis revealed a reduction in peak intensity for the SD. Additionally, thermal analysis indicated that the SD exhibited lower 
melting points than both the intact CC and the physical mixture. Moreover, the morphology of the SD displayed distinct shapes compared to the 
intact materials and the physical mixture. Additionally, Fourier-transform infrared (FT-IR) spectroscopy analysis revealed no shifts in the 
characteristic wavenumbers of the functional groups, indicating the absence of new functional group formation. Significantly, the solubility of the SD 
was markedly improved, as evidenced by the solubility test results: 3.37±1.12 μg/ml for intact CC, 31.39±1.45 μg/ml for the physical mixture, 
35.43±1.87 μg/ml for the spray-dried SD, and 53.40±1.05 μg/ml for the freeze-dried SD. 

Conclusion: The SD of candesartan cilexetil and hydroxypropyl methylcellulose successfully altered the physicochemical properties of the drug, 
resulting in a significant enhancement of its solubility. 
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INTRODUCTION 

The therapeutic efficacy of poorly water-soluble drugs can be 
compromised by their low solubility and dissolution rate [1]. Solid 
dispersions (SD) offer a promising strategy to enhance the solubility 
and dissolution rate of these drugs. SD are molecular dispersions of 
poorly water-soluble drugs in hydrophilic polymers [2, 3]. The 
improved wettability, reduced particle size, and altered crystallinity 
of the drug within the SD matrix contribute to enhanced drug 
dissolution both in vitro and in vivo [4]. 

Candesartan cilexetil (CC) is an orally active angiotensin II receptor 
antagonist characterized by low bioavailability in humans, 
approximately 23-39% [5]. This limited bioavailability is primarily 
attributed to its poor aqueous solubility at low pH [6]. The dissolution 
rate of CC is constrained by its low solubility under non-buffered or 
acidic conditions, whereas it exhibits rapid and complete dissolution at 
pH 5.0 and higher [7]. Moreover, the chemical structure of CC (fig. 1) 
reveals the presence of a carboxyl group and is a major contributor to 
its poor absorption in the gastrointestinal tract [7]. 

 

  

Fig. 1: Chemical structure of candesartan cilexetil 

 

Previous studies have been reported to enhance the solubility of CC, 
such as nanosuspension [8], complex with cyclodextrin [9], 

mesoporous silica [10], self-emulsifying drug delivery system 
(SNEDDS) [11], and liquid compact [12]. Meanwhile, CC have been 
developed into SD with various polymer’s PVP [6,7], natural p-
glycoprotein [13], hydroxypropyl methylcellulose acetate succinate 
(HPMCAS) [14], and polyethylene glycol (PEG) 6000 [15]. 

Hydroxypropyl methylcellulose (HPMC) is a highly water-soluble 
polymer that significantly facilitates the absorption of water into the 
solid dispersion matrix [16]. HPMC has been widely employed as a 
carrier in the production of solid dispersions using both spray 
drying and freeze-drying methods. Previous studies have 
demonstrated that the use of HPMC as a carrier in solid dispersions 
can enhance the solubility and dissolution of various drug 
compounds, including usnic acid [17], curcumin [18], gefitinib [19], 
piperine [20], tenoxicam [21], dipyridamole, and cinnarizine [22]. 

To the best of our knowledge, previous studies have not reported 
the formation of SD of CC with hydrophilic polymers. This study 
investigates the preparation of SD of CC with the hydrophilic 
polymer HPMC to enhance CC solubility and compare different 
preparation methods. Characterization of the intact materials and 
SD was performed using powder X-ray diffraction (XRD), differential 
scanning calorimetry (DSC), Fourier-transform infrared (FT-IR) 
spectroscopy, and scanning electron microscopy (SEM).  

MATERIALS AND METHODS 

Materials and reagents 

Candesartan cilexetil (CC) was obtained from PT. Kimia (Jakarta, 
Indonesia), HPMC (Shin-Etsu Chemical, Japan), ethanol (Bratachem, 
Indonesia) and distilled water (Bratachem, Indonesia). 

Preparation of solid dispersion by spray drying 

Solid dispersions (SDs) were fabricated using a 1:1 (w/w) ratio of 
CC to HPMC. CC was moistened with 2 ml of ethanol, while HPMC 
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was dispersed in 100 ml of distilled water. The mixture was 
homogenized using a magnetic stirrer at 100 rpm and room 
temperature. Subsequently, the SD was formed using a spray dryer 
with an inlet temperature of 120 °C, an outlet temperature of 60 °C, 
a flow rate of 35 m³/h, and a nozzle diameter of 0.7 mm. The dried 
powder was stored in a desiccator [17]. The operational parameter 
was selected based on the preliminary research that considering the 
thermal stability of CC. 

Preparation of the solid dispersion by freeze-drying 

Freeze-dried powders were produced using the same ratio and 
process as the spray-dried powders up to the point of homogeneous 
CC dispersion within HPMC. The mixture was then frozen using 
liquid nitrogen. Primary drying was carried out at-20 °C and 0.056 
atm for 12 h, followed by secondary drying at 20 °C for 12 h. The 
dried powder was stored in a desiccator. The dried powder was then 
removed from the freeze dryer flask and stored in a desiccator [23]. 
The operational parameter was selected based on the preliminary 
research that considering the thermal stability of CC. 

Preparation of physical mixture 

A physical mixture of CC and HPMC was prepared in a 1:1 (w/w) 
ratio by physically mixing the components in a sealed container for 5 
min. The resulting physical mixture powder was subsequently 
stored in a desiccator [20]. 

X-ray diffraction (XRD) analysis 

The crystallinity of the intact materials, physical mixture, and SD 
was assessed using an X-ray diffractometer (X’Pert XRD Powder 
type PW 30/40 PAN alytical, The Netherlands). Samples were 
analyzed over a 2θ range of 5° to 70°. The diffractometer was 
configured with a Cu target, Kα filter, and operated at 45 kV and 40 
mA at room temperature [17]. 

Differential scanning calorimetry (DSC) analysis 

The thermal properties of SD, HPMC, CC, and physical mixtures were 
evaluated using a differential scanning calorimeter (SETARAM Type 
EVO-131, France). Before the measurement, a small amount of the 
studied material was placed on a calibrated aluminium pan using 
indium. The temperature range of the DSC device was set to 30–250 
°C, with a heating rate of 10 °C/minute [17].  

FT Infra-red spectroscopy analysis 

The infrared spectroscopy analysis was performed using a 
spectrophotometer (Perkin Elmer FT-IR, USA) over a wavenumber 
range of 4000-600 cm⁻¹. The absorbance spectra of the intact 
materials, physical mixtures, and SDs were measured [17]. 

Scanning electron microscopy (SEM) analysis 

The surface morphology of CC, HPMC, physical mixtures, and SD was 
investigated using a scanning electron microscope (SEM, Hitachi S-
3400N, Japan). Small samples were mounted on a sample holder, and 
the SEM was operated at a voltage 10 kV and a current of 12 mA [17]. 

Solubility study 

The solubility of CC, physical mixtures, and SDs was determined by 
adding an excess amount of each sample to 100 ml of distilled water 
and shaking the mixture for 24 h in a water bath. The amount of 
dissolved CC in the filtered solution was measured using a UV-Vis 
spectrophotometer (Shimadzu UV-1700, Japan) at the maximum 
absorbance wavelength (λmax) of CC in aqueous solution (255 nm). 
All experiments were performed in triplicate. Data were analyzed 
using one-way ANOVA to compare the means of multiple groups. 

RESULTS AND DISCUSSION 

X-ray diffraction (XRD) analysis 

Powder X-ray diffraction (XRD) is a fundamental technique employed to 
characterize the crystallinity of materials. This analysis utilizes high-
energy X-ray radiation to probe the atomic structure [17]. Crystalline 
phases exhibit characteristic diffraction peaks on the diffractogram, 
resulting from the ordered arrangement of atoms within the crystal 
lattice. Conversely, amorphous phases, characterized by a disordered 
atomic arrangement, display broad, diffuse diffraction peaks with 
typically one or two maxima [24]. The broad diffraction pattern 
observed for HPMC suggests an amorphous phase [20]. In both the 
physical mixture and the SD, the 2θ peak characteristic of CC was 
observed. However, a decrease in peak intensity was noted for the solid 
dispersion, indicating a potential reduction in crystallinity. Furthermore, 
SD prepared by freeze-drying exhibited a more pronounced reduction in 
peak intensity at equivalent 2θ angles, further supporting a decrease in 
crystallinity (fig. 2, table 1). The substantial reduction in peak diffraction 
intensity of the SD confirms a significant decrease in the crystallinity of 
the solid-phase CC within these formulations [25]. 

  

Table 1: The peak intensity of CC, HPMC, physical mixture of CC and HPMC, SD of CC and HPMC prepared by freeze-drying, and SD of CC 
and HPMC prepared by spray-drying 

Position 2 Peak diffraction intensity 
Candesartan cilexetil Physical mixture Freeze-dried powder Spray dried powder  

9.79 3757.54 6448.39 1114.69 3836.37 
17.12 4464.06 2222.67 554.50 3484.77 
19.07 1961.23 2919.67 551.29 1729.47 
20.11 2444.04 3081.01 356.19 1599.09 
21.98 1511.09 2096.78 745.78 1172.85 
23.07 3548.26 3432.19 297.79 2419.21 
24.96 1400.53 1602.10 115.57 836.89 

 

Differential scanning calorimetry (DSC) analysis 

DSC is a versatile analytical technique employed to assess the 
thermodynamic behaviour of solid substances under controlled 
thermal conditions [26]. The DSC thermogram reveals characteristic 
endothermic and exothermic peaks indicative of melting, phase 
transformations, recrystallization, and dehydration processes [27]. 
As depicted in DSC thermogram fig. 3, CC, a crystalline compound, 
exhibits a hight intensity of endothermic peak at 173.3 °C, indicative 
of its melting point. The HPMC polymer displays a broad 
endothermic peak spanning 58.9-108.6 °C. While the endothermic 
peak of CC remains discernible in the physical mixture, the melting 
point and enthalpy are observed to be lower than those of pure CC. 
The endothermic peak of CC is slightly reduced in both SD compared 
to the physical mixture, suggesting that the spray-drying and freeze-

drying techniques employed for SD preparation result in the 
dispersion of CC in an amorphous form within the hydrophilic HPMC 
polymer carrier. 

FT Infra-red Spectroscopy analysis 

Fig. 4 depicts the Fourier-transform infrared (FT-IR) spectra of CC, 
HPMC, physical mixtures, and SD. The FT-IR spectrum of CC reveals 
characteristic peaks associated with O-H bond stretching at 3448.33 
cm⁻¹ and C-H bond stretching at 2940.87 cm⁻¹. The FT-IR spectrum 
of HPMC exhibits a C-H bond stretching peak at 2922.79 cm⁻¹, which 
falls within the typical range of 4000-3000 cm⁻¹ for C-H bonds. 
There were no shifts in the wavenumbers of the physical mixtures 
and SD were observed. The O-H bond stretching peak of physical 
mixture and SD were constantly at 3448.33 cm⁻¹. Furthermore, a 
slightly shift in the α-C-H stretching peak was observed, with 
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corresponding wavenumbers of 2939 cm⁻¹ for freeze-dried powder 
but for the physical mixture and spray-dried powder, the 
wavenumbers remine. The absence of new peaks in the FT-IR 

spectra of the SD confirms the lack of new functional group 
formation, suggesting that the SD are formed through physical 
interactions rather than chemical reactions [28]. 

 

 
A 

 
B 

 
C 

 
D 

 
E 

Fig. 2: XRD diffractograms of (A) CC, (B) HPMC, (C) the physical mixture of CC and HPMC, (D) SD of CC and HPMC prepared by freeze-
drying, and (E) SD of CC and HPMC prepared by spray-drying. XRD patterns showing reduced crystallinity in freeze-dried formulations 

compared to spray-dried samples 

 

Scanning electron microscopy (SEM) analysis 

SEM is a widely utilized instrument for the characterization of 
material morphology, owing to its exceptional resolution. SEM 
analysis provides valuable insights into the influence of processing 
techniques on the morphology of materials [24]. Fig. 5 illustrates the 
morphology of CC, physical mixtures, and SD. As show in fig. 5A, CC 
exhibits a rod-like morphology, while HPMC (fig. 5B) appears as 
irregular particles. The physical mixture (fig. 5C) retains the 

morphologies of both intact materials, as the low-energy mixing 
process did not induce significant morphological changes. 
Conversely, the fabrication of SD through spray-drying as well as 
freeze-drying techniques resulted in altered particle morphologies. 
The spray-dried particles, generated using a nozzle-based spray 
dryer, exhibit a spherical morphology (fig. 5E). Furthermore, the 
freeze-drying process, which involves sublimation, resulted in the 
formation of pores within the particles and an irregular particle 
shape (fig. 5D). 
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Fig. 3: DSC thermogram of (A) CC, (B) HPMC, (C) the physical mixture of CC and HPMC, (D) SD of CC and HPMC prepared by freeze-drying, 
and (E) SD of CC and HPMC prepared by spray-drying 

 

Solubility study 

The solubility of intact compound, physical mixture and SD of CC was 
presented in table 2. A significant (p<0,05) enhancement in the solubility 
of CC was observed in the SD, which aligns with the findings from XRD 
and DSC analysis. Several factors likely contribute to the observed 
enhancement in solubility. The hydrophilic polymer HPMC, incorporated 
into both the physical mixture and SD, possesses excellent water 
solubility, which is a probable contributor to the increased solubility 
[21]. Furthermore, the incorporation of HPMC is associated with a 
decrease in the crystallinity of the SD, particularly without the formation 
or modification of new functional groups, as confirmed by infrared 
spectroscopy. Another contributing factor to the enhanced solubility is 
the specific preparation methods employed for the SD. The spray-drying 
method is well-known to produce micro spherical particles, as illustrated 
in the microphotograph (fig. 5), which leads to an increase in the total 

surface area and consequently enhances solubility. Conversely, the 
freeze-drying method results in the formation of porous particles, which 
can also influence the interaction with water. This result was anticipated, 
given that the SD were prepared by combining crystalline CC with an 
amorphous polymer. The solubility of SD of CC prepared using freeze 
drying was higher compared to those prepared using spray drying. This 
finding is consistent with previous studies comparing these two 
methods [17]. Solubility is a critical factor influencing the absorption of 
active pharmaceutical ingredients from the gastrointestinal tract 
following oral administration. Poorly soluble drugs frequently exhibit 
limited bioavailability in the systemic circulation. Consequently, 
modifying the solubility characteristic of drug compounds can 
substantially enhance their bioavailability and pharmacological efficacy. 
The solid-state and crystallinity significantly influence the solubility of 
hydrophobic drugs. In general, amorphous phase perform higher 
solubility than crystalline phases [17]. 



D. Noviza & Azwita 
Int J App Pharm, Vol 17, Special Issue 1, 2025, 20-26  

 

International Conference on Contemporary Science and Clinical Pharmacy 2024, Indonesia               |24  

 
A 

 
B 

 
C 

 
D 

 
E 

Fig. 4: FTIR Spectrum of (A) CC, (B) HPMC, (C) the physical mixture of CC and HPMC, (D) SD of CC and HPMC prepared by freeze-drying, and 
(E) SD of CC and HPMC prepared by spray-drying 
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Title: Tue Oct 22 12:07:00 2019 (GMT+07:00)HMPC MURNI

Tue Oct 22 12:06:46 2019 (GMT+07:00)
FIND PEAKS:

 Spectrum: HMPC MURNI
 Region: 3999.81    400.17
 Absolute threshold: 42.287
 Sensitivity: 50
 Peak list:

 Position:   404.84  Intensity:   36.000
 Position:   413.42  Intensity:   37.833
 Position:   420.81  Intensity:   37.325
 Position:   435.04  Intensity:   37.071
 Position:   442.69  Intensity:   37.411
 Position:   457.86  Intensity:   36.752
 Position:   471.04  Intensity:   37.163
 Position:   669.01  Intensity:   39.003
 Position:   948.16  Intensity:   39.281
 Position:  1101.29  Intensity:   34.897
 Position:  1375.66  Intensity:   38.810
 Position:  1420.10  Intensity:   39.176
 Position:  1458.59  Intensity:   38.087
 Position:  1473.89  Intensity:   38.490
 Position:  1498.80  Intensity:   39.844
 Position:  1508.31  Intensity:   39.228
 Position:  1522.67  Intensity:   39.755
 Position:  1534.53  Intensity:   39.888
 Position:  1541.84  Intensity:   39.651
 Position:  1560.09  Intensity:   39.082
 Position:  1570.83  Intensity:   39.800
 Position:  1618.18  Intensity:   38.432
 Position:  1629.46  Intensity:   38.161
 Position:  1637.29  Intensity:   37.563
 Position:  1648.09  Intensity:   37.524
 Position:  1654.47  Intensity:   37.297
 Position:  1670.98  Intensity:   38.458
 Position:  1685.30  Intensity:   38.626
 Position:  1701.25  Intensity:   39.242
 Position:  1718.73  Intensity:   39.464
 Position:  1735.14  Intensity:   39.548
 Position:  1751.94  Intensity:   39.875
 Position:  1773.51  Intensity:   40.037
 Position:  1793.59  Intensity:   40.162
 Position:  1831.14  Intensity:   40.190
 Position:  2345.32  Intensity:   37.953
 Position:  2363.20  Intensity:   37.668
 Position:  2922.79  Intensity:   33.931
 Position:  3448.29  Intensity:   29.215
 Position:  3568.27  Intensity:   30.459
 Position:  3588.69  Intensity:   30.993
 Position:  3609.17  Intensity:   31.914
 Position:  3620.44  Intensity:   31.914
 Position:  3629.93  Intensity:   31.651
 Position:  3650.90  Intensity:   32.232
 Position:  3657.50  Intensity:   33.120
 Position:  3670.95  Intensity:   33.290
 Position:  3676.68  Intensity:   32.934
 Position:  3691.26  Intensity:   33.438
 Position:  3702.90  Intensity:   33.911
 Position:  3712.81  Intensity:   33.440
 Position:  3727.15  Intensity:   33.910
 Position:  3736.85  Intensity:   33.348
 Position:  3745.48  Intensity:   33.471
 Position:  3752.60  Intensity:   33.287
 Position:  3760.69  Intensity:   33.689
 Position:  3771.17  Intensity:   33.750
 Position:  3780.51  Intensity:   33.777
 Position:  3797.23  Intensity:   34.070
 Position:  3802.54  Intensity:   33.314
 Position:  3808.10  Intensity:   33.511
 Position:  3816.80  Intensity:   33.751
 Position:  3822.25  Intensity:   33.203
 Position:  3840.01  Intensity:   33.492
 Position:  3854.44  Intensity:   32.634
 Position:  3865.52  Intensity:   33.509
 Position:  3870.80  Intensity:   33.400
 Position:  3875.11  Intensity:   33.513
 Position:  3881.48  Intensity:   33.681
 Position:  3886.53  Intensity:   33.398
 Position:  3892.97  Intensity:   33.505
 Position:  3905.43  Intensity:   33.218
 Position:  3933.56  Intensity:   33.525

Spectrum: HMPC MURNI
Region: 3495.26-649.92
Search type: Correlation
Hit List:

Index Match Compound name                           Library
    40  50.89 CELLOPHANE                              Hummel Polymer Sample Library
    28  50.48 STREPTOMYCIN SULFATE                    Sigma Biological Sample Library
    17  50.45 Brake Fluid                             Common Materials
    96  48.44 POLY(ETHYLENE GLYCOL), AVERAGE  M.W. 1,00 Aldrich Condensed Phase Sample Library
            0                                       
  1374  47.12 PROPRIETARY CELLULOSIC POLYMER          HR Polymer Additives and Plast icizers
     7  44.83 (+)-BETA-D-LACTOSE                      Aldrich Condensed Phase Sample Library
     1  44.44 kulit coklat (residu no.4) 4            as salisilat mesa
    97  43.28 Iodized table salt                      Common Materials
    91  42.22 ISOMALTOSE APPROX 99%                   Sigma Biological Sample Library
    57  42.20 LEUPEPTIN SYNTHETIC HEMI-SULFATE        Sigma Biological Sample Library

Collection time: Tue Oct 22 11:39:51 2019 (GMT+07:00)

4
1

9
.3

1

6
9

4
.0

5
7

5
0

.6
2

7
6

2
.7

8

8
0

5
.2

6
8

7
1

.8
3

9
1

4
.4

6
9

3
9

.1
1

9
9

0
.9

3
1

0
0

4
.3

7
1

0
3

4
.6

8
1

0
7

5
.6

7

1
1

1
6

.9
5

1
1

5
7

.8
1

1
2

1
4

.3
9

1
2

4
1

.9
61

2
8

2
.0

7
1

3
1

5
.5

4
1

3
4

8
.0

2
1

3
8

8
.4

0
1

4
1

9
.9

7

1
4

3
1

.2
0

1
4

3
8

.0
8

1
4

5
8

.5
0

1
4

6
6

.5
0

1
4

7
4

.8
0

1
4

9
0

.9
3

1
5

0
8

.4
0

1
5

1
7

.8
1

1
5

2
2

.6
9

1
5

3
4

.7
4

1
5

4
6

.2
7

1
5

6
0

.1
3

1
5

7
1

.1
6

1
5

7
7

.2
5

1
6

1
2

.3
6

1
6

3
7

.3
5

1
6

4
8

.1
6

1
6

5
4

.5
9

1
6

6
3

.9
5

1
6

7
1

.1
1

1
6

7
6

.3
0

1
6

8
5

.4
6

1
6

9
7

.0
4

1
7

0
1

.4
7

1
7

1
8

.4
5

1
7

3
5

.2
5

1
7

5
2

.2
2 1
7

7
3

.4
5

1
7

9
3

.6
7

1
8

3
1

.2
7

1
8

4
5

.7
6

1
8

7
0

.2
9

2
3

4
6

.4
1

2
9

4
0

.7
0

3
4

4
8

.5
5

3
5

0
4

.6
13
5

4
7

.5
2

3
5

6
8

.4
6

3
5

8
8

.8
6

3
6

0
1

.7
5

3
6

0
9

.2
5

3
6

1
4

.2
5

3
6

2
0

.7
2

3
6

2
9

.9
9

3
6

5
1

.0
3

3
6

5
7

.5
1

3
6

7
0

.9
4 3
6

7
6

.7
5

3
6

9
1

.5
7

3
7

0
3

.0
3

3
7

1
3

.0
6

3
7

2
7

.1
7

3
7

3
6

.8
7

3
7

4
5

.5
2

3
7

5
2

.6
6

3
7

6
0

.6
8

3
7

6
6

.0
6

3
7

7
1

.2
7

3
7

8
0

.5
2

3
7

8
6

.1
5

3
7

9
7

.2
1

3
8

0
2

.5
9

3
8

0
8

.1
2

3
8

1
6

.8
1

3
8

2
2

.3
1

3
8

2
7

.4
1

3
8

4
0

.1
2

3
8

5
4

.5
7

3
8

6
5

.4
7

3
8

7
0

.8
4

3
8

7
5

.1
0

3
8

8
1

.5
1

3
8

8
6

.5
5

3
8

9
3

.0
2

3
9

0
5

.5
3

3
9

1
9

.5
6

3
9

2
5

.6
9

3
9

3
3

.6
0

3
9

4
3

.8
5

 18

 20

 22

 24

 26

 28

 30

 32

%
T

ra
n

s
m

it
ta

n
c
e

 500    1000   1500   2000   2500   3000   3500  

Wavenumbers (cm-1)

Title: Tue Oct 22 11:40:45 2019 (GMT+07:00)CF_CAN - HPMC (1-1)

Tue Oct 22 11:40:35 2019 (GMT+ 07:00)

FIND  PEAKS:

 Spectrum: CF_C AN - HPMC (1-1)

 R egion: 3999. 81    400.17

 Absolute threshold: 32.306

 Sensi tivity: 50

 Peak list:

 Posi tion:   419.31  Intensi ty:   28.004

 Posi tion:   694.05  Intensi ty:   29.266

 Posi tion:   750.62  Intensi ty:   28.032

 Posi tion:   762.78  Intensi ty:   28.940

 Posi tion:   805.26  Intensi ty:   29.180

 Posi tion:   871.83  Intensi ty:   28.837

 Posi tion:   914.46  Intensi ty:   27.461

 Posi tion:   939.11  Intensi ty:   28.103

 Posi tion:   990.93  Intensi ty:   25.754

 Posi tion:  1004.37  Intensi ty:   25.680

 Posi tion:  1034.68  Intensi ty:   23.729

 Posi tion:  1075.67  Intensi ty:   22.983

 Posi tion:  1116.95  Intensi ty:   25.355

 Posi tion:  1157.81  Intensi ty:   26.674

 Posi tion:  1214.39  Intensi ty:   27.106

 Posi tion:  1241.96  Intensi ty:   21.905

 Posi tion:  1282.07  Intensi ty:   23.871

 Posi tion:  1315.54  Intensi ty:   27.081

 Posi tion:  1348.02  Intensi ty:   26.218

 Posi tion:  1388.40  Intensi ty:   26.313

 Posi tion:  1419.97  Intensi ty:   26.894

 Posi tion:  1431.20  Intensi ty:   26.056

 Posi tion:  1438.08  Intensi ty:   25.865

 Posi tion:  1458.50  Intensi ty:   26.083

 Posi tion:  1466.50  Intensi ty:   26.165

 Posi tion:  1474.80  Intensi ty:   25.101

 Posi tion:  1490.93  Intensi ty:   27.025

 Posi tion:  1508.40  Intensi ty:   27.362

 Posi tion:  1517.81  Intensi ty:   28.092

 Posi tion:  1522.69  Intensi ty:   27.763

 Posi tion:  1534.74  Intensi ty:   27.752

 Posi tion:  1546.27  Intensi ty:   24.800

 Posi tion:  1560.13  Intensi ty:   25.859

 Posi tion:  1571.16  Intensi ty:   26.564

 Posi tion:  1577.25  Intensi ty:   26.591

 Posi tion:  1612.36  Intensi ty:   26.115

 Posi tion:  1637.35  Intensi ty:   26.843

 Posi tion:  1648.16  Intensi ty:   26.922

 Posi tion:  1654.59  Intensi ty:   26.468

 Posi tion:  1663.95  Intensi ty:   27.404

 Posi tion:  1671.11  Intensi ty:   27.455

 Posi tion:  1676.30  Intensi ty:   27.520

 Posi tion:  1685.46  Intensi ty:   27.165

 Posi tion:  1697.04  Intensi ty:   27.870

 Posi tion:  1701.47  Intensi ty:   26.906

 Posi tion:  1718.45  Intensi ty:   24.580

 Posi tion:  1735.25  Intensi ty:   26.420

 Posi tion:  1752.22  Intensi ty:   22.197

 Posi tion:  1773.45  Intensi ty:   27.385

 Posi tion:  1793.67  Intensi ty:   27.939

 Posi tion:  1831.27  Intensi ty:   27.931

 Posi tion:  1845.76  Intensi ty:   28.012

 Posi tion:  1870.29  Intensi ty:   27.900

 Posi tion:  2346.41  Intensi ty:   26.872

 Posi tion:  2940.70  Intensi ty:   23.088

 Posi tion:  3448.55  Intensi ty:   22.080

 Posi tion:  3504.61  Intensi ty:   22.232

 Posi tion:  3547.52  Intensi ty:   22.472

 Posi tion:  3568.46  Intensi ty:   22.183

 Posi tion:  3588.86  Intensi ty:   22.459

 Posi tion:  3601.75  Intensi ty:   23.088

 Posi tion:  3609.25  Intensi ty:   23.186

 Posi tion:  3614.25  Intensi ty:   23.213

 Posi tion:  3620.72  Intensi ty:   22.850

 Posi tion:  3629.99  Intensi ty:   22.389

 Posi tion:  3651.03  Intensi ty:   22.449

 Posi tion:  3657.51  Intensi ty:   23.457

 Posi tion:  3670.94  Intensi ty:   23.420

 Posi tion:  3676.75  Intensi ty:   22.959

 Posi tion:  3691.57  Intensi ty:   23.415

 Posi tion:  3703.03  Intensi ty:   23.867

 Posi tion:  3713.06  Intensi ty:   23.288

 Posi tion:  3727.17  Intensi ty:   23.767

 Posi tion:  3736.87  Intensi ty:   23.137

 Posi tion:  3745.52  Intensi ty:   23.275

 Posi tion:  3752.66  Intensi ty:   22.889

 Posi tion:  3760.68  Intensi ty:   23.472

 Posi tion:  3766.06  Intensi ty:   23.975

 Posi tion:  3771.27  Intensi ty:   23.440

 Posi tion:  3780.52  Intensi ty:   23.548

 Posi tion:  3786.15  Intensi ty:   23.736

 Posi tion:  3797.21  Intensi ty:   23.993

 Posi tion:  3802.59  Intensi ty:   22.851

 Posi tion:  3808.12  Intensi ty:   23.020

 Posi tion:  3816.81  Intensi ty:   23.506

 Posi tion:  3822.31  Intensi ty:   22.663

 Posi tion:  3827.41  Intensi ty:   23.624

 Posi tion:  3840.12  Intensi ty:   23.171

 Posi tion:  3854.57  Intensi ty:   22.082

 Posi tion:  3865.47  Intensi ty:   23.251

 Posi tion:  3870.84  Intensi ty:   23.017

 Posi tion:  3875.10  Intensi ty:   23.035

 Posi tion:  3881.51  Intensi ty:   23.336

 Posi tion:  3886.55  Intensi ty:   22.929

 Posi tion:  3893.02  Intensi ty:   23.114

 Posi tion:  3905.53  Intensi ty:   22.783

 Posi tion:  3919.56  Intensi ty:   23.394

 Posi tion:  3925.69  Intensi ty:   23.215

 Posi tion:  3933.60  Intensi ty:   23.177

 Posi tion:  3943.85  Intensi ty:   23.329

Spectrum: CF_CAN - HPMC (1-1)
Region: 3495.26-649.92
Search type: Correlation
Hit List:

Index Match Compound name                           Library
   106  53.60 (+/-)-MENTHYL ACETATE, 97%, MIXTURE OF C Aldrich Vapor Phase Sample Library
            IS AND TRANS                            
    37  31.57 ETHYL CAPRYLATE, 99+%                   Aldrich Vapor Phase Sample Library
     1  31.32 kulit coklat (residu no.4) 4            as salisilat mesa
    17  29.91 ETHYL ACETATE, 99.5+%, SPECTROPHOTOMETRI Aldrich Vapor Phase Sample Library
            C GRADE                                 
   109  29.55 SUCROSE IN KBR                          Georgia State Crime Lab Sample Library
    96  29.23 LEVORPHANOL IN KBR                      Georgia State Crime Lab Sample Library
    67  28.79 QUININE SULFATE IN KBR                  Georgia State Crime Lab Sample Library
    30  26.44 DEXTROMETHORPHAN IN KBR                 Georgia State Crime Lab Sample Library
   189  26.23 PHENYLTOLOXAMINE IN KBR                 Georgia State Crime Lab Sample Library
    91  26.05 INDOLINE, 99%                           Aldrich Vapor Phase Sample Library

Collection time: Mon Oct 21 09:50:25 2019 (GMT+07:00)
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Title: Mon Oct 21 09:51:52 2019 (GMT+07:00)FD_CAN - HPMC (1-1)

Mon Oct 21 09:51:21 2019 (GMT+ 07:00)

FIND  PEAKS:

 Spectrum: FD _C AN - HPMC (1-1)

 R egion: 4000. 00    400.00

 Absolute threshold: 22. 345

 Sensi tivity: 50

 Peak list:

 Posi tion:   455.11  Intensi ty:   20.850

 Posi tion:   465.57  Intensi ty:   20.846

 Posi tion:   519.57  Intensi ty:   20.795
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 Posi tion:   804.86  Intensi ty:   20.941
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 Posi tion:  1671.00  Intensi ty:   20.447

 Posi tion:  1676.21  Intensi ty:   20.604

 Posi tion:  1685.34  Intensi ty:   20.427

 Posi tion:  1701.41  Intensi ty:   20.333
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 Posi tion:  1735.16  Intensi ty:   20.273
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 Posi tion:  3827.41  Intensi ty:   18.647

 Posi tion:  3840.07  Intensi ty:   18.292

 Posi tion:  3854.54  Intensi ty:   17.452
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 Posi tion:  3875.15  Intensi ty:   18.308
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 Posi tion:  3943.87  Intensi ty:   18.497

Spectrum: FD_CAN - HPMC (1-1)
Region: 3495.26-649.92
Search type: Correlation
Hit List:

Index Match Compound name                           Library
   106  46.52 (+/-)-MENTHYL ACETATE, 97%, MIXTURE OF C Aldrich Vapor Phase Sample Library
            IS AND TRANS                            
     1  39.10 kulit coklat (residu no.4) 4            as salisilat mesa
  1374  36.46 PROPRIETARY CELLULOSIC POLYMER          HR Polymer Additives and Plasticizers
   109  36.06 SUCROSE IN KBR                          Georgia State Crime Lab Sample Library
    40  34.83 CELLOPHANE                              Hummel Polymer Sample Library
    37  34.01 ETHYL CAPRYLATE, 99+%                   Aldrich Vapor Phase Sample Library
    96  31.42 LEVORPHANOL IN KBR                      Georgia State Crime Lab Sample Library
    52  30.01 4-METHYLUMBELLIFERYL PALMITATE          Sigma Biological Sample Library
   113  29.66 OPIUM POWDER IN KBR                     Georgia State Crime Lab Sample Library
   689  29.10 SILICIC ACID, BORIC ACID, SODIUM SALT #2 HR Polymer Additives and Plasticizers

Collection time: Mon Oct 21 10:27:20 2019 (GMT+07:00)
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Title: Mon Oct 21 10:28:11 2019 (GMT+07:00)SD_CAN - HPMC (1-1)

Mon Oct 21 10:27:50 2019 (GMT+07:00)
FIND PEAKS:

 Spectrum: SD_CAN - HPMC (1-1)
 Region: 4000.00    400.00
 Absolute threshold: 27.720
 Sensitivity: 50
 Peak list:

 Position:   415.25  Intensity:   26.159
 Position:   693.91  Intensity:   21.719
 Position:   750.61  Intensity:   19.976
 Position:   762.89  Intensity:   21.007
 Position:   792.44  Intensity:   21.632
 Position:   805.11  Intensity:   20.920
 Position:   871.60  Intensity:   20.395
 Position:   914.38  Intensity:   18.818
 Position:   939.21  Intensity:   19.205
 Position:   990.89  Intensity:   16.615
 Position:  1004.99  Intensity:   16.029
 Position:  1034.92  Intensity:   12.626
 Position:  1075.28  Intensity:   10.578
 Position:  1117.11  Intensity:   12.853
 Position:  1214.26  Intensity:   17.844
 Position:  1242.12  Intensity:   13.083
 Position:  1282.31  Intensity:   14.713
 Position:  1316.06  Intensity:   17.658
 Position:  1347.89  Intensity:   16.956
 Position:  1388.19  Intensity:   17.063
 Position:  1438.13  Intensity:   16.667
 Position:  1474.82  Intensity:   15.826
 Position:  1508.31  Intensity:   18.858
 Position:  1522.54  Intensity:   19.013
 Position:  1534.86  Intensity:   18.984
 Position:  1549.98  Intensity:   15.816
 Position:  1559.94  Intensity:   17.269
 Position:  1576.87  Intensity:   17.553
 Position:  1613.08  Intensity:   16.899
 Position:  1637.25  Intensity:   17.955
 Position:  1648.09  Intensity:   18.042
 Position:  1654.41  Intensity:   17.766
 Position:  1685.34  Intensity:   18.597
 Position:  1718.03  Intensity:   15.697
 Position:  1752.25  Intensity:   13.251
 Position:  2940.07  Intensity:   13.921
 Position:  3448.30  Intensity:   13.052
 Position:  3568.43  Intensity:   14.388
 Position:  3588.78  Intensity:   14.902
 Position:  3620.70  Intensity:   15.670
 Position:  3630.06  Intensity:   15.652
 Position:  3651.14  Intensity:   15.901
 Position:  3670.95  Intensity:   16.627
 Position:  3676.77  Intensity:   16.506
 Position:  3691.54  Intensity:   16.851
 Position:  3713.12  Intensity:   16.844
 Position:  3736.93  Intensity:   16.777
 Position:  3745.56  Intensity:   16.940
 Position:  3752.71  Intensity:   16.600
 Position:  3771.24  Intensity:   17.013
 Position:  3780.63  Intensity:   17.100
 Position:  3802.65  Intensity:   16.780
 Position:  3808.19  Intensity:   16.898
 Position:  3816.88  Intensity:   17.222
 Position:  3822.40  Intensity:   16.707
 Position:  3844.73  Intensity:   17.106
 Position:  3854.80  Intensity:   16.683
 Position:  3865.53  Intensity:   17.176
 Position:  3875.21  Intensity:   17.057
 Position:  3886.69  Intensity:   17.007
 Position:  3893.16  Intensity:   17.079
 Position:  3905.77  Intensity:   16.983

Spectrum: SD_CAN - HPMC (1-1)
Region: 3495.26-649.92
Search type: Correlation
Hit List:

Index Match Compound name                           Library
   106  50.14 (+/-)-MENTHYL ACETATE, 97%, MIXTURE OF C Aldrich Vapor Phase Sample Library
            IS AND TRANS                            
   109  36.22 SUCROSE IN KBR                          Georgia State Crime Lab Sample Library
    37  31.64 ETHYL CAPRYLATE, 99+%                   Aldrich Vapor Phase Sample Library
    40  31.58 CELLOPHANE                              Hummel Polymer Sample Library
   970  31.05 Poly(1,3-oxathiolane)                   HR Hummel Polymer and Additives
    96  30.62 LEVORPHANOL IN KBR                      Georgia State Crime Lab Sample Library
    17  29.36 ETHYL ACETATE, 99.5+%, SPECTROPHOTOMETRI Aldrich Vapor Phase Sample Library
            C GRADE                                 
     1  29.25 kulit coklat (residu no.4) 4            as salisilat mesa
   171  29.25 Vinyl Gloves                            Common Materials
    89  28.84 HazMat Glove                            Common Materials
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Fig. 5: SEM microphotograph (1000x magnification) of (A) CC, (B) HPMC, (C) the physical mixture of CC and HPMC, (D) SD of CC and HPMC 
prepared by freeze-drying, and (E) SD of CC and HPMC prepared by spray-drying. SEM photo showed that the processing procedure affects 

the surface morphology of CC 
 

Table 2: Solubility studies 

Materials Solubility (μg/ml) 
Candesartan cilexetil 3.371.12 
Physical mixture 31.391.45 
Spray Dried SD 35.431.87 
Freeze Dried SD 53.401.05 

Data are expressed as mean±SD (n=3) 

 

CONCLUSION 

SD of CC and HPMC prepared using both spray-drying and freeze-
drying techniques significantly enhance the water solubility of CC. 
The freeze-dried powder exhibits lower crystallinity, as evidenced 
by reduced diffraction peak intensities and lower endothermic 
properties compared to the spray-dried powder, which likely 
contribute to its superior solubility. 

ABBREVIATIONS 

CC-Candesartan Cilexetil, HPMC-Hydroxy Propyl Methyl Cellulose, 
SD-Solid Dispersion DSC-Differential Scanning Calorimetry, XRD-X-
ray diffractometry, FTIR-Fourier Transform Infra-Red, SEM-
Scanning Electron Microscopy. 
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