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ABSTRACT: The liquisolid technique was chosen to enhance the dissolution 

properties of Candesartan. The study aimed to investigate the complexation of 

Candesartan with β-cyclodextrin in improving the dissolution profile of Candesartan. 

Candesartan is a BCS class-II drug. The inclusion complexes were formed by 

physical mixing (1:1 ratio). Liquisolid compacts were prepared by using, propylene 

glycol, tween 20 as the nonvolatile liquid vehicles. Avicel pH 102 was used as the 

carrier and aerosil 200 as a coating material and sodium starch glycolate as the 

disintegrant respectively. The pre-formulation studies like melting point, flow 

properties of Candesartan were compiled with IP standards. The FT-IR spectra 

revealed that there was no interaction between drug and excipient. Liquisolid 

compact (LS8) was showing the best release. Stability studies showed that there 

were no significant changes in physical and chemical properties of a tablet of 

formulation LS8 after 3 months. This research work has produced encouraging 

results in terms of increasing the in-vitro dissolution of poorly soluble drugs such as 

Candesartan using liquisolid technology. The technique is simple and effective can 

also be extended to other poorly soluble drugs. 

INTRODUCTION: Candesartan is a BSC class ІІ 

drug. It is a selective AT1 subtype angiotensin ІІ 

receptor antagonist. Candesartan is used as a first 

line agent to treat hypertension and also used as a 

second-line agent to treat congestive heart failure, 

myocardial infarction, and coronary artery disease. 

Candesartan is having a very low bioavailability of 

approximately 15% that can be improved by 

increasing its solubility and dissolution rate 
1
. The 

solubility of drugs is a major factor in the design of 

pharmaceutical formulations leads to variable oral 

bioavailability. Improvement of solubility of 

Candesartan was carried out by complexation 

technique. 
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Candesartan and β-cyclodextrin inclusion complex 

were formulated in mortar and pestle by physical 

mixing in 1:1 molar ratio and prepare liquisolid 

compact of these complex. For solubility 

enhancement. Liquisolid technique defined as the 

water-insoluble drugs dissolve in a suitable 

nonvolatile solvent and prepared drug solution or 

drug suspension it can be converted into acceptably 

flowing and compressible powders by blending 

with powder excipients 
2
. 

MATERIALS AND METHODS: 

Material: Candesartan was obtained as gift sample 

from Watsan Pharmaceutical Private Limited 

Mumbai, β-cyclodextrin and avicel pH 102 was 

obtained from Ozone International Pvt. Ltd., 

Mumbai. Propylene glycol was obtained from 

Fisher Scientific India Pvt. Ltd., Chitosan was 

purchased from Sisco Research Laboratories Pvt. 

Ltd., Aerosol-200 was obtained from Hi-Media 

Laboratories Pvt. Ltd. All other excipients used 

were of analytical grade. 
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Method: 

Solubility Study: The solubility of the Candesartan 

was carried out in propylene glycol, tween-20, 

PEG-400, PEG-200 and Tween-80. The excess 

amount of drug was dissolved in 5 ml of solvent. 

The solution was then subjected to ultrasonication 

for 30 min. It was then allowed to stand for 24 h at 

RT (room temperature) in tightly closed vials to 

attain saturation equilibrium. After 24h the solution 

was filtered through Whatman filter paper no. 41. It 

was then diluted appropriately with the solvent, and 

its absorbance was observed through UV 

spectrophotometer at 253 nm respectively 
3
. 

Preparation of Drug β-Cyclodextrin Complex by 

Physical Mixture:  

Physical Mixture: The physical mixture of 

Candesartan with β-CD was prepared by mixing 

Candesartan with β-CD in a mortar and pestle. The 

mixture triturated was continuously stirred for one 

hour and then passed through sieve no. 100. The 

resulting sample was stored in a desiccator until 

further use. The physical mixture was prepared in 

1:1 molar ratios 
4
. 

Method of Preparation of Liquisolid System:  

The drug was initially dispersed in the non-volatile 

solvent systems (propylene glycol) termed as liquid 

vehicles. Then carrier (avicel pH 102) was added to 

the above liquid by continuous mixes for a period 

of 10 to 20 min in a mortar. Then the disintegrant 

like sodium starch glycolate is added. Then to the 

above mixture, the coating material (aerosil 200) 

was added and mixed thoroughly in a mortar. The 

amount of carrier and coating materials added were 

based on the R-value. The final blend was 

compressed 
5, 6

. 

 
FIG. 1: FLOW CHART OF THE STEPS INVOLVED IN 

THE PREPARATION OF LIQUISOLID COMPACTS 

Formulation of Liquisolid Compact: 

TABLE 1: MANUFACTURING FORMULA OF LIQUISOLID COMPACT OF CANDESARTAN WITH β-CYCLODEXTRIN 
Formulation 

code 

Drug polymer 

complex (Can-

desartan & β-CD) 

Candesartan 

(mg) 

Propylene 

glycol 

(%w/w) 

Tween 

20 

(%w/w) 

Avicel pH 

102  

(mg) 

Sodium starch 

glycolate  

(mg) 

Chitosan 

(mg) 

Aerosil- 

200  

(mg) 

LS1 - 8 66.00 - 138.48 - 10.77 14.75 

LS2 - 8 50.00 - 150.48 - 12.77 16.75 

LS3 -- 8 33.33 - 159.50 - 16.77 20.40 

LS4 - 8 25.00 - 164.00 - 18.60 22.40 

LS5 20 - 66.00 - 138.48 10.77 - 14.75 

LS6 20 - 50.00 - 150.48 12.77 - 16.75 

LS7 20 - 33.33 - 159.50 16.77 - 20.40 

LS8 20 - 25.00 - 164.00 18.60 - 22.40 

LS9 20 - - 66.00 138.48 10.77 - 14.75 

LS10 20 - - 50.00 150.48 12.77 - 16.75 

LS11 20 - - 33.33 159.5 16.77 - 20.40 

LS12 20 - - 25.00 164.00 18.60 - 22.40 

 

Evaluation: 

Pre-compression Evaluation: Flow properties of 

the liquisolid system. The flow properties can be 

determined by the angle of repose. The angle of 

repose is defined as the maximum angle possible 

between the heap of powder to its horizontal plane. 

Tan ө = h / r 

Where, h = height r = radius 
7
. 

Bulk Density: Bulk density is the ratio of a given 

mass of powder and its bulk volume.  

Bulk density = M / V0 

Where M = mass of the powder; V0 = bulk volume 

of the powder.   

Tapped Density: The required amount of powder 

is transferred into a graduated measuring cylinder, 
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it is fixed to bulk density apparatus and tapped for 

100 times. 

Tapped density = Weight of powder / the tapped volume of 

powder 

Hausner ratio = Tapped density / Bulk density 

Carr’s index = Tapped density – Bulk density / Tapped 

density ×100 

Post Compression Evaluation: 
Hardness: Monsanto hardness tester can be used 

for the determination of the hardness. The indicator 

adjusted to zero. The force applied to the edge of 

the tablet is gradually increased by moving the 

screw knob forward until the tablet breaks. Reading 

is noted down and is expressed in kg/cm.
 8

 

Thickness: Vernier caliper measures the crown to 

a crown thickness of tablets. It is expressed in mm. 

The thickness variation allowed is ± 5% of the size 

of the tablet. 

Weight Variation: The 20 tablets are selected 

randomly from the lot and weighed individually to 

check for weight variation - pharmacopoeial limits. 

Friability: The prepared 10 liquisolid compacts 

were randomly taken, they were weighed and 

placed in the friabilator and rotated for 100 

revolutions for 4 min. and then formulations were 

taken out from the friabilator, dedusted and 

reweighed, determine the % loss using the 

following formula: 

% loss = (Initial weight-final weight) / (Initial weight) × 100 

Disintegration Time: The test was carried out on 6 

tablets using the apparatus specified in I.P. 1996 

phosphate buffer solution at 37 ºC ± 2 ºC was used 

as a disintegration media and the time in second 

recorded for complete disintegration of the 

liquisolid tablet with no palatable mass remaining 

in the disintegration apparatus. 

In-vitro Dissolution Testing:  A dissolution study 

was conducted for all the formulation using USP 

type-II apparatus. The dissolution test was 

performed using 900 ml of phosphate buffer (pH 

6.8) was taken as the dissolution medium at 50 rpm 

and 37 ºC ± 0.5 ºC. 5 ml of aliquots were 

periodically withdrawn and the sample volume was 

replaced with fresh dissolution medium. The 

samples were analyzed spectrophotometrically at 

253 nm. 
9
 

Compatibility Study: 

Fourier Transforms Infrared Spectroscopy (FT-

IR): The IR spectra of Candesartan and excipients 

were recorded by Shimadzu S-8400 FT-IR 

spectrophotometer. The sample was prepared by 

the KBr disc method and examined in the 

transmission mode.  

Spectrum was measured over a frequency range of 

4000-400 cm
-1

. The peaks obtained in the spectra 

were then compared with the corresponding 

functional groups in the structure of Candesartan 
10

. 

Differential Scanning Calorimetry (DSC): The 

differential calorimetric scanning of Candesartan 

and formulation was carried out using Mettler 

Toledo 821e Differential Scanning Calorimeter.  

Samples of the drug were placed in aluminum 

crucibles, and DSC thermograms were recorded at 

the heating rate of 10 ºC/min in the range of 0 ºC to 

300 ºC. Nitrogen gas was purged at the rate of 30 

ml/min to maintain an inert atmosphere. 

Stability Study (Temperature Dependent): The 

liquisolid compact is packed in suitable packaging 

and stored under the following conditions for a 

period as prescribed by ICH guidelines for 

accelerated studies. Cold temp (Room temp) 37 ± 

1°C and RH 75% ± 5%. Samples were withdrawn 

after each month and analyzed tablet characteristics 

and dissolution profile 
11

.  

RESULTS AND DISCUSSION: 

TABLE 2: SOLUBILITY STUDY OF CANDESARTAN 

S. no. Non-volatile solvent Solubilty (mg/mL) 

1 Propylene glycol 118 mg/mL 

2 PEG -200 49.28 mg/mL 

3 PEG-400 55.80 mg /mL 

4 Tween-20 69.70 mg/mL 

5 Tween-80 61.3 mg/ mL 
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TABLE 3: SOLUBILITY STUDY OF CANDESARTAN WITH β-CYCLODEXTRIN 

S. no. Non volatile solvent Solubilty (mg/mL) 

1 Propylene glycol  562 mg/mL 

2 PEG -200  175 mg/ mL 

3 PEG-400  180 mg /mL 

4 Tween-20  385 mg/mL 

5 Tween-80  284 mg/mL 

UV λmax and a Calibration Curve: 

TABLE 4: CONCENTRATION AND ABSORBANCE OF CANDESARTAN AT 253 nm IN PHOSPHATE 6.8 

PHOSPHATE BUFFER SOLUTION 

S. no. Concentration(μg/ml) Absorbance 

1 0 0 

2 5 0.1884 

3 10 0.4356 

4 15 0.6641 

5 20 0.9376 

6 25 1.4350 

  
            FIG. 2: λmax OF CANDESARTAN AT 253 nm IN          FIG. 3: CALIBRATION CURVE OF CANDESARTAN 

                              PHOSPHATE BUFFER 6.8                                                IN PHOSPHATE BUFFER 6.8 

Evaluation Parameter: 

Pre-compression Evaluation: 

TABLE 5: PRE-COMPRESSION PARAMETERS OF LIQUISOLID COMPACT 
Batch Angle of repose 

(θ) 

Bulk density 

(g/mL) 

Tapped density 

(g/m) 

Carr’s  

index 

Hausner’s ratio 

(HR) 

LS1 28±0.010 0.282±0.035 0.405±0.024 30.37±0.060 1.43±0.013 

LS2 29±0.046 0.295±0.022 0.390±0.016 24.35±0.043 1.32±0.098 

LS3 30±0.050 0.308±0.024 0.400±0.043 23±0.048 1.29±0.004 

LS4 31±0.010 0.280±0.018 0.376±0.005 25.33±0.053 1.34±0.075 

LS5 31±0.122 0.280±0.061 0.380±0.15 22.22±0.032 1.28±0.030 

LS6 29±0.069 0.285±0.043 0.580±0.030 24.67±0.041 1.35±0.043 

LS7 30±0.057 0.290±0.025 0.410±0.090 29.26±0.025 1.41±0.027 

LS8 28±0.011 0.310±0.023 0.420±0.022 26.19±0.030 1.35±0.029 

LS9 30±0.010 0.285±0.015 0.375±0.066 24±0.050 1.31±0.053 

LS10 26±0.21 0.290±0.030 0.380±0.014 23.68±0.018 1.31±0.017 

LS11 27±0.023 0.300±0.051 0.405±0.069 25.92±0.020 1.35±0.025 

LS12 29±0.034 0.315±0.041 0.410±0.035 28.17±0.060 1.30±0.063 

Post-compression Evaluation: 
 

TABLE 6: POST COMPRESSION PARAMETERS OF LIQUISOLID COMPACT 
Formulation    

No 

Hardness 

(kg/cm²) 

Thickness 

(mm) 

Weight 

variation 

Friability 

(%) 

Disintegration 

time (min) 

% Drug 

content 

% Drug release 

in 60 min 

LS1 3.1±0.38 3.4±0.041 249.5±0.36 0.121±0.007 4.6±0.14 90±0.018 90.13±0.037 

LS2 3.3±0.34 3.5±0.018 250.12±0.89 0.051±0.005 4.2±0.11 93.75±0.098 91±0.081 

LS3 3.5±0.20 3.5±0.051 251±0.99 0.031±0.005 4±0.33 92.18±0.096 93.15±0.037 

LS4 3.7±0.18 3.4±0.064 249.6±0.28 0.027±0.004 3.8±0.12 93±0.071 94.05±0.012 
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LS5 30.23±0.23 3.6±0.011 249±0.50 0.080±0.002 4.5±0.11 96.87±0.042 93.82±0.036 

LS6 3.30±0.15 3.5±0.017 253±o.45 0.039±0.004 4±0.15 92.18±0.027 96.85±0.042 

LS7 3.6±0.11 3.4±0.022 252.8±0.31 0.079±0.008 3.9±0.20 93. ±0.034 99.22±0.056 

LS8 4.2±0.23 3.5±0.031 248±0.12 0.060±0.001 3.2±0.34 98.43±0.069 99.22±0.043 

LS9 2.8±0.18 3.5±0.057 247.5±0.70 0.040±0.003 4±0.15 96.98±0.053 92.92±0.028 

LS10 3±0.12 3.5±0.071 251±0.56 0.019±0.009 3.6±0.20 90.62±0.045 94.27±0.036 

LS11 3.1±0.20 3.4±0.018 249±0.88 0.020±0.008 3.5±0.015 95.31±0.033 95.17±0.071 

LS12 3.2±0.24 3.5±0.071 254±0.76 0.011±0.006 3.2±0.057 96.7±0.028 96.3±0.081 

TABLE 7: IN-VITRO RELEASE OF LIQUISOLID COMPACT WITH CHITOSAN 

Time in min LS1 LS2 LS3 LS4 Pure drug 

0 0 0 0 0 0 

5 29.7 29.25 33.52 31.95 9.22 

10 33.52 38.02 38.17 40 20.02 

15 41.62 46 41.852 54 24.65 

20 49.5 59 56.7 60.97 33.52 

30 56.7 65.7 65.25 65.25 40.72 

40 60.97 69.75 70.42 70.42 49.5 

50 73.95 79 83.02 84.37 56.02 

60 84.37 84 85.95 87.3 65.25 

80 90.13 91 93.15 94.05 65.25 

TABLE 8: IN-VITRO DRUG RELEASE OF A LIQUISOLID COMPACT WITH β-CYCLODEXTRIN 

Time in min LS5 LS6 LS7 LS8 LS9 LS10 LS11 LS12 Pure drug 

0 0 0 0 0 0 0 0 0 0 

5 37.8 37.8 41.62 41.17 34.42 39.15 33.52 38.02 9.22 

10 49 50.17 49.5 54 40.72 49.72 51.97 54.9 20.02 

15 52.62 53.32 55.35 60.97 49.5 56.02 54.67 60.52 24.65 

20 59.75 56.7 63.22 69.52 54.45 65.25 57.37 70.42 33.52 

30 76.72 76.95 81.45 79.2 59.85 75.37 65.7 79.42 40.72 

40 83.7 84.37 86.17 85.95 74.25 83.7 79.2 83.02 49.5 

50 92.7 94.27 93.37 94.27 83.92 85.95 84.82 93.6 56.02 

60 93.82 96.3 97.42 99.22 92.92 94.27 95.17 96.3 65.25 

  
        FIG. 4: % DRUG RELEASE OF LIQUISOLID COMPACT        FIG. 5: % DRUG RELEASE OF LIQUISOLID COMPACT 

                                       WITH CHITOSAN                                                                          WITH β-CYCLODEXTRIN 

Compatibility Study: 

IR Spectra: FTIR spectra of pure Candesartan 

showed sharp characteristics peaks at 3068.15, 

3068, 1714,72, 2825, 2241, 1475, 2941, 1076.28, 

FTIR characteristics peaks of the pure drug are also 

observed in the spectra of physical mixture 

indicating no modification for interaction between 

the drug and excipients.  

This proves that there is no potential 

incompatibility with the drug the excipients used in 

the liquisolid formulation. 

 
FIG. 6: FOURIER TRANSFORMS INFRARED 

SPECTROSCOPY (FT-IR) OF CANDESARTAN API 
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     FIG. 7: IR SPECTRA OF DRUG WITH β-CYCLODEXTRIN       FIG. 8: IR SPECTRA OF WITHOUT β-CYCLODEXTRIN  
                                                     (LS8)                                                                                                  (LS8) 

Thermal Analysis: The thermal behavior of the 

Candesartan with β-cyclodextrin and without β- 

cyclodextrin and optimized formulations were 

characterized by using DSC and graphs were 

shown in Fig. 9 and 10. The DSC thermogram of 

optimized formulation showed an endothermic 

peak at 114.49 °C and 244.34.22 °C. It indicates 

that there was no interaction found between drug 

and all other excipients used in the formulation of 

liquisolid compact Candesartan with β-

cyclodextrin. 

DSC Graph of Liquisolid Compact: 

  
                                    FIG. 9: DRUG + β-CD                                                  FIG. 10: DRUG + β-CD (LS8) 

  
             FIG. 11: WITHOUT β-CD (LS8)                                               FIG. 12: OVERLAY (LS8) 

Stability Study: 

TABLE 9: STABILITY STUDY OF THE OPTIMIZED LIQUISOLID FORMULATION (LS8) 
Formulation  

code 

Time Physical 

appearance 

Room  

temperature 

Cold 

temperature 

37 ± 1 °C 75% 

RH 

LS8 0 days - 99.22 99.22 99.22 

30 days No change 99.21 99.21 99.22 

60 days No change 99.23 99.22 99.21 

90 days No change 99.21 99.22 99.20 
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The optimized liquisolid formulation (LS8) was 

monitored for stability study for 3 months. The 

drug releases in formulations after 3 months were 

not significantly reduced; indicating chemical 

stability of the drug. It was also observed that the 

hardness and disintegration time were not 

significantly affected by the exposure to 

accelerated temperature and humidity Table 9. The 

dissolution profiles during the period of stability 

study were found to be unaffected. Hence the 

stability study indicates that the liquisolid dosage 

form possesses good stability. 

SUMMARY: The purpose of the present study 

was to formulate the liquisolid compact of 

Candesartan with β-cyclodextrin for better 

dissolution rate accompanied by acceptable flow 

and compression characteristics. In this 

investigation, the pre-formulation study was 

performed for authentication of drug and 

determination of drug solubility. Hence, from a 

preformulation study following points were 

concluded. Based on the information of melting 

point, ultra Violet-Visible spectroscopy and FTIR 

spectra, the drug was confirmed to be authentic. 

Candesartan is practically insoluble in water, due to 

poor solubility. Improvement of solubility of 

candesartan was carried out by complexation 

technique.  

Candesartan and β-cyclodextrin inclusion complex 

were formulated in mortar and pestle by physical 

mixing in 1:1 molar ratio and prepare liquisolid 

compact of these complex. For solubility 

enhancement. The solubility of candesartan in 

propylene glycol was 562 mg/mL. The systems 

were formulated with Avicel PH102 as carrier 

materials. Aerosil 200 was used as coating 

material. Sodium starch glycolate was incorporated 

as super-disintegrant. The compatibility between 

drug and excipients was checked and confirmed by 

DSC and FTIR.  

The liquisolid compact was initially characterized 

by precompression study for flowability and 

compressibility. The formulations were found to 

possess good flow characteristics as well as 

satisfactory compressibility. The presence of 

propylene glycol can be considered to enhance the 

compatibility of the formulation. The DSC 

thermogram of liquisolid system indicates the 

presence of the dissolved drug in the propylene 

glycol. The blended mixture was evaluated for pre-

compression evaluation, in which bulk density, 

tapped density, Carr's index % compressibility, 

Hausner's ratio and angle of repose were evaluated. 

Liquisolid compact prepared by direct compression 

method. The liquisolid compact is evaluated for 

different parameters. Such as hardness, friability, 

weight variation, drug content, disintegration time, 

and in-vitro drug release was performed. In-vitro 

drug release was performed by using USP 

dissolution testing apparatus 2 (paddle method). 

Stability studies for optimized formulation were 

performed as per ICH guideline. The drug release 

rate was studied in phosphate buffer pH 6.8 and 

found to be enhanced in case of all liquisolid 

formulations. From the formulated batches by 

using nonvolatile solvent, i.e. propylene glycol and 

tween 20. Formulation (LS8) showed the highest 

release and better consistency as compared to 

tween 20 and chitosan liquisolid formulation. 

The stability study showed that the drug contents, 

as well as tablet properties like hardness, 

disintegration and dissolution profiles, are not 

affected by stability conditions suggesting the 

chemical stability on exposure of accelerated 

conditions. Finally, it can be concluded that 

liquisolid formulation containing candesartan with 

β-cyclodextrin, Avicel as carrier and Aerosil as the 

coating material is effective to enhance the drug 

dissolution rate with the acceptable flow and 

compression characteristics. Thus liquisolid 

compact has potential application for formulation 

research in the improvement of dissolution rate of 

Candesartan. 

CONCLUSION: The liquisolid system was 

developed by using candesartan as a drug. The 

liquisolid compact was prepared by direct 

compression method. The prepared compact was 

evaluated for preformulation study, from the results 

obtained from the preformulation studies, i.e., FTIR 

and DSC conclude that there was no drug excipient 

interaction. In precompression study of blended 

powder bulk density, tapped density, % 

compressibility, hausner's ratio and angle of repose 

were evaluated. We found that all the evaluations 

result was an acceptable range. After the 

precompression study, liquisolid compact was 
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formulated by a direct compression method. 

Prepared formulations were evaluated for hardness, 

thickness, friability, disintegration time, weight 

variation and drug content. Reported values suggest 

that all was found to be within limits. From the 

formulated batches by using nonvolatile solvent, 

i.e. propylene glycol and tween 20. Formulation 

(LS8) showed the highest drug release (99.22%) in 

60 min and better consistency. As compared to 

tween 20 and chitosan liquisolid formulation. The 

optimized formulations were kept for stability 

studies according to ICH guidelines. Results 

prevailed that optimized formulations were stable 

and there was no change in the drug release. Thus, 

it was concluded that liquisolid system could be 

prepared Candesartan with β-cyclodextrin to 

improve the bioavailability. 
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