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ABSTRACT 
The present study aims to experiment the solid dispersion of poorly water soluble drug fenbendazole as model drug. Fenbendazole is an Antihelmintic drug (BCS class 2).The 
purpose of this study was to enhance the dissolution of Fenbendazole by solid dispersions consisting of the drug, a polymeric carrier,  Binary and ternary system were prepared 
by  kneading method using hydrophilic polymers like  polyvinylpyrrolidone K-25 (PVP K25), beta-cyclodextrin (BCD),mannitol and urea. The prepared formulations were 
characterized by polymer compatibility by using FT-IR.The drug content uniformity was found to be good in all formulations. The influence of various factors (type of polymer, 
ratio of the polymer) on the solubility and dissolution rate of the drug were also evaluated. The solubility of fenbendazole was greater with fenbendazole-betacyclodextrin-PVP 
K-25 system. Dissolution rates of fenbendazole were significantly increased by binary and ternary system. Among all the formulations, fenbendazole-betacyclodextrin-
polyvinylpyrrolidone K-25 (VK3) Formulation was found to be better amorphous nature in relation with in-vitro release. The result confirmed that ternary system showed better 
solubility and dissolution characteristics when compared to binary system. 
Key words: Fenbendazole(Fbz), beta-cyclodextrin, PVPK25, Urea, Mannitol, Dissolution. 
 
INTRODUCTION 
Since many new compounds have problematic oral bioavailability 
due to low solubility, much research is focused on improving 
dissolution and solubility properties. A strategy with renewed 
interest is the formulation of solid dispersions1. 
The term solid dispersion was defined by Chiou and Riegelman as ‘a 
dispersion of one or more active ingredients in an inert carrier or 
matrix’, prepared by the melting, solvent, or melting solvent 
method2. If formulated as a solid dispersion the dissolution rate and 
the solubility of the active compound are often significantly 
increased. Contributing factors are particle size reduction, improved 
wetting and an enhancement of the solubility of the active 
compound in the solution that is formed as the carrier dissolves. 
Also, the carrier can have an influence on the crystallization kinetics 
in the supersaturated solution that is formed during the process of 
dissolution3. If the active compound is molecularly dispersed in the 
carrier, the term solid solution can be used. Since in this case the 
crystal lattice of the drug serves no longer as an obstacle, the 
dissolution becomes carrier controlled4. 
 The increase in dissolution rate and solubility provided by solid 
dispersions can be explained by the mech-anisms described by the 
Noyes–Whitney equation (Noyes and Whitney, 1897) 

dM =  AD (Cs-Ct)  
dt            h  

where dM/dt is the dissolution rate, A is the specific surface areaof 
the drug particle, D is the diffusion coefficient, h is the diffusion 
layer thickness, Cs is the saturation solubility, and Ct is the drug 
concentration at time t. A significant particle size reduction can be 
obtained by manufacturing solid dispersions and in many cases the 
drug is molecularly dispersed in the carrier. Conversion of the 
physicochemical state of the drug, e.g. from crystalline to 
amorphous, as well as solubilization and supersaturation by the 
carrier, can cause an increase in the kinetic solubility and the 
dissolution rate5. 
Cyclodextrins is pharmaceutical excipients and mainly used to 
increase the aqueous solubility and dissolution rate of drugs. 
Number of molecules is solubilized in cyclodextrin solutions 
through formation of an inclusion complex. Cyclodextrin can also be 
used to prevent drug-drug and drug-additive interaction, convert 
liquid drugs into microcrystalline powder, and decrease the 

volatility, and modify gastrointestinal or ocular irritation and to 
mask the unpleasant taste or odor of drugs6. 
Fenbendazole is poorly water soluble drug (BCS class 2). It is used 
as antihelmintic drug and it makes a suitable candidate for the 
present study.  

 
Structure of Fenbendazole 

The main objective of this work was to investigate the possibility of 
enhancing the solubility and dissolution rate of FBz by preparing 
binary and ternary systems. In order to characterize the prepared 
formulations, analyses using FTIR as well as dissolution and 
solubility studies and stability studies etc. were carried out. 
MATERIAL AND METHODS 
Materials 
Fenbendazole was obtained from Karnataka pharmaceutical limited, 
Bangalore (India) as a gift sample. Polyvinylpyrrolidone K-25 (PVP 
K25), beta-cyclodextrin (BCD), urea, mannitol, methanol etc were 
purchased from S.D Fine chemical limited, Mumbai (India). All 
other chemicals and reagents used in this study were of analytical 
grade. 
Method of Preparations 
Kneading method 
Kneading method was used for the preparation of binary and ternary 
system. Here the beta cyclodextrin or betacyclodextrin + polymer 
was taken in moter and little amount of water was added and mixed 
to obtained a homogeneous paste. Slowly, slurry was kneaded for 45 
mins and then dried at 450C. The dried mass was pulverized and 
sieved through mesh no 60. The resultant formulations were stored 
in desiccators until further investigation formulations shown in 
table-17-9. 
Phase solubility study 
Phase solubility equilibrium diagrams in water at room temprature 
were obtained for both binary and ternary systems according to 
Higuchi and Connors. Studies for binary systems were carried out by 
adding excess amount of drug to 25 ml aqueous solution containing 
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increasing concentration of polymers from 5 to 25 %w/v for beta 
cyclodextrin. Experiments for ternary systems were performed 
similarly to those for binary systems but in presence of fixed amount 
of one component, that is polymer (5 to 25 %w/v of BCD and 
5%w/w of urea PVP,mannitol ) respectively. The glass containers 
were sealed and electromagnetically stirred at Constant temperature 
for 96 hr. All suspensions were then filtered through 0.45 μm 
membrane filter and assayed for drug content by UV visible 
spectrophotometer at 293 nm10-11. 
Drug content 

Preparation equivalent to 50 mg was weighed accurately and 
dissolved in small amount of methanol in 100ml volumetric flask 
and makeup the volume. After suitable dilution the absorbance was 
measured at 293nm using UV spectrophotometer (Shimadzu 
1700)12. 
In vitro drug release studies 
In vitro dissolution of FBz and formulations was carried out using 
USPXXX type-II (Electrolab) employing a basket. 900 ml 0.1N HCl 
was used as dissolution medium. The stirrer was adjusted to rotate at 
50 rpm. The temperature of dissolution media was previously 
warmed at 37±1ºC and was maintained throughout the experiment. 
Formulation equivalent to 50 mg of FBz was used in each test. 5 ml 
of sample of dissolution medium were withdrawn at known interval 
of time and analyzed for drug release by measuring the absorbance 
at 293 nm after suitable dilution with 0.1N HCl 
spectrophotometrically (Shimadzu 1700). The volume withdrawn at 
each time interval was replaced with fresh quantity of dissolution 
medium, the dissolution of pure drug was also studied13-15. 
Infrared Spectroscopy 
Infrared spectroscopy is one of the most powerful analytical 
techniques which offer the possibility of chemical identification. The 
IR spectra of ritonavir and their solid dispersion and inclusion 
complexes were obtained using KBr pellet method using FTIR 
(Perkin Elmer 1600 series spectrophotometer). 
Stability Studies 
Stability of a Pharmaceutical preparation can be defined as the 
capability of a particular formulation in a specific system to remain 
within its physical, chemical, microbial, therapeutically and 
toxicological limits throughout its shelf life. The purpose of the 
stability testing is to provide evidence how the quality of drug 
products varies with the time under the influence of a variety of 
environmental factors such as temperature, humidity and light. 
Enabling the recommended storage conditions, reset periods and 
shelf life to be established. 
The selected formulation were subjected to short term stability 
testings. The formulations were kept in a humidity chamber 
maintained at 40+-20c and 75+-50c RH for three months as per ICH 
guidelines. The changes in the appearances and drug content were 
investigated during the period16. 
RESULTS AND DISCUSSION  
Drug content analysis 
All the formulation has shown better drug content 91.05% to 
97.38%. It indicates that the drug is uniformly dispersed in all 
formulation. Therefore, the method used in this study appears to be 
reproducible for the preparation of solid dispersions and complexes 
shown in table-1. 
Solubility studies 
The solubility of FBz in water at 37 ◦C was found to be 1.1µg/ml. In 
the phase-solubility diagrams (Fig. 2), the results that the 
concentration of FBz in water increased as a function of PVP K25, 
Urea and beta-cyclodextrin concentration were observed at room 
temperature. The improvement of the solubility due to presence of 
hydrophilic excipients might be attributed to the improved wetting 
properties of FBz shown in figure-1.         

In vitro release studies 
The in vitro drug release characteristics of different types of 
preparations were compared with the pure drug. The ternary solid 
dispersions of FBz with PVPK25, mannitol, urea, and beta-
cyclodextrin have shown improved dissolution when compared with 
pure drug. Dissolution of FBz increased with increase in proportion 
in all the polymers.  Dissolution of the drug more with beta 
cyclodextrin-PVPK25 complexes than other formulation. Among all 
the formulations, VK3 drug-betacyclodextrin- PVPK25 ratio was 
found to be better with respect to dissolution shown in figure- 
2,3,4,5. 
FTIR 
IR spectra of FBz and its formulations are similar. The principle IR 
absorption peaks of FBz solid dispersions were observed and found 
to be identical with the spectra of pure drug. Thus, from the spectra 
it was understood that there was no interaction between FBz and the 
carriers used in the preparation.  
Stability studies 
The study conducted for observing effect of temperature on the 
formulation showed that there is no significant change % drug 
content of the formulation and hence it can be concluded that 
formulation was stable for 90 days shown in table-2. 
CONCLUSION 
In this paper, the increased solubility and dissolution rate of Fbz 
might be achieved either by forming binary system with beta 
cyclodextrin and ternary system with various hydrophilic carriers. 
Based on the results, Solid dosage forms of ternary system show 
high dissolution rate when compare to binary system. Ternary 
system based solid dosage forms could be formulated for better 
dissolution. Since Fbz possessed other defects such as poor intestinal 
permeability, there were still some obstacles to improve its 
bioavailability. Increasing its permeability and stability will be our 
next objects. 
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Table-1 

Formulation 
code 

 
Polymer used 

Drug : 
Polymer 

ratio 
Methods % Yield % Drug 

content 

VA1 BCD 1:2 KN 
method 91.01 93.70 

VA2 BCD 1:4 ,, 90.34 96.24 
VA3 BCD 1:6 ,, 91.38 92.28 

VK1 BCD+PVP 1:2+5% KN 
method 90.23 95.98 

VK2 BCD+PVP 1:4+5% ,, 95.24 97.76 
VK3 BCD+PVP 1:6+5% ,, 93.09 93.01 

VK4 BCD+UREA 1:2+5% KN 
method 96.35 93.89 

VK5 BCD+UREA 1:4+5% ,, 91.85 92.29 
VK6 BCD+UREA 1:6+5% ,, 91.48 95.98 

VK7 BCD+ 
MANNITOL 1:2+5% KN 

method 90.12 91.05 

VK8 BCD+ 
MANNITOL 1:4+5% ,, 89.98 91.74 

VK9 BCD+ 
MANNITOL 1:6+5% ,, 90.76 94.39 

 
Table-2: Stability studies of best formulations 

 
 

S.no 

 
Formulations 

 
Drug content at zero 

Days (% age) 

(In 90 days) Relative 
Humidity 

40  ± 20C 75  ±  50C 

1 VA3 92.28 92.01 91.78 
2 VK3 93.01 92.78 92.49 
3 VK6 95.98 95.45 95.02 
4 VK9 94.39 94.04 93.69 

 
 

 
 

Figure-1: Solubility study of formulations. 
 
 
 
 
 
 
 
 

 
 

Figure-2: Dissolution profile of pure drug and formulation containing BCD. 
 

 
 

Figure-3: Dissolution profile of ternary formulation containing BCD + PVP. 
 

 
 

Figure-4: Dissolution profile of ternary formulation containing BCD + Urea. 
 

 
 

Figure-5:Dissolution profile of ternary formulation containingBCD+Mannitol. 


