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Enhancing the bioavailability of mebendazole by integrating the 
principles solid dispersion and nanocrystal techniques, for safe and 
effective management of human echinococcosis

Sushant Chaudhary, Tarun Garg, Goutam Rath, RS Rayasa Murthy & Amit K. Goyal

Department of Pharmaceutics, ISF College of Pharmacy, Moga, Punjab, India

2014c) and bioavailability (Garg et al. 2014b) for the effective 
medical treatment of hepatic (Garg et al. 2012) and alveolar  
echinococcosis (Garg et al. 2013, Goyal et al. 2013a). It is well 
known that various preparations of the solid dispersions 
and nanocrystalline formulations are used to enhance the 
solubility, dissolution, and bioavailability of the drug (Ching 
et al. 2008, Van Eerdenbrugh et al. 2007). Thus, in the present 
technique, the principles of solid dispersion and nanocrystal 
techniques are integrated to develop polymer crystals (PCs) 
of MBZ. This technique involves heating of the polymer solu-
tion of drug and polymer in a vacuum oven for a particular 
period of time (Goyal et al. 2013b, 2014a, 2014b). After that, 
the saturated solution is cooled at room temperature to 
obtain dried residue, which yields PCs of the drug and the 
polymer (Hussain et al. 2014, Johal et al. 2014, Joshi et al. 
2014). In the PC system developed, polyethylene glycol (PEG 
4000) is used as the hydrophilic carrier to improve solubil-
ity (Kataria et al. 2014) and dissolution rate (Kaur et al. 
2014a, 2014b) of the crystals. Moreover, this is also proven 
to enhance their bioavailability (Kaur et al. 2014c, 2014d) by 
increasing their saturation solubility in GI fluids (Kaur et al. 
2014e, 2014f, 2014g). In the system developed, the large dif-
ference in the melting point of the drug and polymer pro-
vides an added advantage of drug stability in the PC system 
(Kaur et al. 2014h, 2014i, Malik et al. 2014). The amorphous 
and semi-crystalline nature of the drug and polymer in the 
PCs has been used extensively in PC preparation, for its wet-
ting (Marwah et al. 2014), solubilizing (Modgill et al. 2014), 
and surface-active properties (Morie et al. 2014). The extent 
of absorption of polymer appears to depend on the molecu-
lar weight (Pabreja et al. 2014), and more complete absorp-
tion (Rohilla et al. 2014b) has been reported for PEGs with 
lower molecular weight (Rameez et al. 2008). However, the 
absorption is much more limited in the case of PEGs with 
higher molecular weight (Sharma et al. 2014a). Hence, PEG 
4000 was empirically selected as the ideal polymer due its 
ease of melting, as it has a low melting point (Sharma et al. 
2014b), surfactant property (Sharma et al. 2014c), and oral 
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Abstract
The method based on integrating the principles of solid dispersion 
and nanocrystal techniques was developed to prepare polymer 
crystals (PCs) of mebendazole (MBZ) and polyethylene glycol 
(PEG). Powder X-Ray diffraction (PXRD) of the PC crystals shows 
the required integrated crystalline and amorphous regions. 
The in vitro solubility studies showed a 32-fold increase in the 
solubility of the drug. Tests of dissolution of the PCs showed that 
the crystals have an enhanced dissolution rate in comparison 
to those in the MF. The results of the pharmacokinetic study 
showed a 2.12-fold increase in the bioavailability of the drug. 
Thus, the present study has proved the potential in enhancing 
solubility, dissolution, and bioavailability of the drug.

Keywords:  bioavailability, echinococcosis, mebendazole, nano 
crystals, polyethylene glycol, solid dispersion

Introduction

Human echinococcosis is caused by the larval forms of the 
parasite Echinococcus granulosus or E. multilocuralis, which 
migrate to the different organs of the body through the sys-
temic circulation (Albonico et al. 1999, Safioleas et al. 2000). 
For patients infected with the larval forms, surgery has been 
the only available treatment, but it is often ineffective due 
to extensive secondary alveolar echinococcosis (Chaudhary 
et al. 2014). Thus, it is proposed that an effective treatment 
with chemotherapy is needed before or after the surgery 
(Gagandeep et al. 2014). For this purpose, benzimidazole 
derivatives have been used. Mebendazole (MBZ) is the 
only drug of choice in treatment of alveolar echinococco-
sis, which requires continuous treatment for at least 2 years 
and patient monitoring for 10 years (Garg 2014). However, 
it is not successful because of its poor solubility (Garg and 
Goyal 2014) and bioavailability (Garg et al. 2014a), and 
recurrence in certain cases of alveolar echinococcosis 
cause death of the patient (Chiba et al. 1991). Therefore, it 
is necessary to increase the drug’s GI absorption (Garg et al. 
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safety (Singh et al. 2014a). This technique is designed not 
only for the management of human echinococcosis, but also 
has its application in the use of drug molecules with limited 
aqueous solubility (Singh et al. 2014b, Rohilla et al. 2014a, 
Kalia et al. 2014).

Experimental

Materials
Mebendazole was procured from Cadila Pharmaceuticals 
Pvt. Ltd. J&K, India, as a free gift sample. PEG 4000 was pur-
chased from HiMedia Laboratories Pvt. Ltd., Mumbai. All 
other reagents were of the highest grade commercially avail-
able and were used without further purification.

Preparation of polymer crystals
In this technique, a polymeric solution of PEG 4000 and MBZ 
was heated in a vacuum oven (1555A/1-LABCO, India) for 
(3–4 h). The concentrated solution was then allowed to cool 
at room temperature for (6–8 h). The dried residue obtained 
was passed through a 100-mesh sieve, which was the required 
optimized formulation. This technique, once developed, was 
optimized for various parameters, namely the pH of the PC 
and MBZ solution, temperature of the vacuum oven, varia-
tion in weight of the polymer against the constant weight of 
the drug, variation in weight of the drug against the constant 
weight of the polymer, and the growth time of the PCs.

Characterization of polymer crystals
Morphology
The morphology of the PCs prepared was also examined by 
scanning electron microscopy [(SEM) EVO M-10 (Zeiss)] and 
transmission electron microscopy [(TEM) HITACHI-8100)]. 
In this technique, a small amount of sample was placed 
on the sample holder coated with gold-palladium alloy in 
SEM, and a holder containing copper in TEM, with a sputter 
coater. Accelerated voltage of 15 and 90 KV was employed to 
take the SEM and TEM images at 300000X respectively.

Characterization by powder X-ray diffraction
X-ray diffraction is one of the most important characteriza-
tion tools to analyze the potential changes in the crystalline 
structure of drug during formulation and development. In 
this technique, samples of pure drug (DG), polymer (PR), 
and optimized polymer crystal (PC) were analyzed by the 
X-ray diffractometer system (XPERT-PRO), at Punjab Uni-
versity, Chandigarh, with Cu Ka radiation at a wavelength of 
1.542 Å, generated at 40 mA and 45 kV. The scanning speed 
was 10°/min. from 5° to 50° of 2q, with a step size of 0.017°.

Differential scanning calorimetry
Differential scanning calorimetry (DSC) is a thermoana-
lytical technique which is used to study the degree of crys-
tallinity and polymorphic transitions or thermal transitions 
involving energy changes during the process of formulation. 
The phase transitions of MBZ and the prepared PC system 
were analyzed by differential scanning calorimetry (DSC 
Q10V9.0 Build 275, TA Instruments, MDU, Rohtak) at a heat-
ing rate of 10°C/min, from 20 to 300°C.

Drug content and percentage yield
To calculate the drug content, PCs equivalent to 60 mg of MBZ 
were dissolved in a suitable quantity of formic acid, filtered 
with a filter paper of pore size of 0.45 mm, suitably diluted 
with formic acid, and analyzed by UV-Vis spectrophotometer. 
Similarly, the percentage yield of each formulation was deter-
mined according to the total recoverable final weight of PCs 
and the total original weights of MBZ and PEG 4000 used.

Solubility studies
Solubility study of optimized PCs were determined by spiking 
an excess amount of developed formulation in three different 
media of specific pH levels [0.1 N HCL (pH 2.0), phosphate 
buffer (pH 2.0), and distilled water] to obtain a saturated 
solution. Sealed tubes were agitated on a shaking incubator 
(LSB -100 5RE, Daihan India) at 90 rpm for 24 h at 25°C. After 
filtration through a 0.1 mm membrane filter (Millipore Corpo-
ration), the filtrates were suitably diluted and analyzed on a 
UV spectrophotometer at their corresponding lmax.

In vitro drug release
The in vitro drug release profile was studied in 0.1N HCL  
(pH 2.0) using a dialysis bag. The dialysis membrane (pore 
size 12 KD, HiMedia) was exposed to running water for 12 
h, to remove glycerin-based contents. The sulfur-based 
contents were removed by treating the tube with 0.3% (w/v) 
sodium sulfite at 70°C for 20 min. The dialysis membrane was 
washed with hot water at 70°C for 2 min and then exposed to 
a 0.2% (v/v) solution of sulfuric acid for 5 min. Acidification 
was followed by treatment with hot water to remove excess 
acid. The treated membrane was kept in alcohol until use for 
in vitro drug release studies. The in vitro drug release was 
performed using the activated dialysis membrane, described 
above. The dialysis bag was loaded with a preparation 
equivalent to 10 mg of the drug. The dialysis bag was then 
put in 50 ml of 0.1N HCL (pH 2.0) at 37  1°C and stirred at 
100 rpm. Samples (2 ml) were withdrawn at a predetermined 
time interval and replaced with the same volume of fresh 
medium; the withdrawn samples were assayed for drug  
content by measuring absorbance at the 289 nm wavelength 
for MBZ using a UV spectrophotometer (Shimadzu, Japan).

Pharmacokinetic study
Animal care and handling procedures were in accordance 
with the guidelines for animal use. The guidelines for animal 
use in experiments were followed as stipulated by the CPCSEA 
(Committee for Prevention, Control, and Supervision of Exper-
imental Animals, Approval No. IAEC/CPCSEA/2014/177/
Meeting no/10). The study protocol was approved by the  
animal care and use committee, ISF College of Pharmacy, 
Punjab Technical University. In this study, seven white rab-
bits of either sex (average weight 1.0–1.5 kg) were divided into 
three groups. The final formulation (FF) and marketed formu-
lation (MF) equivalent to 20 mg/kg were administered orally. 
At predetermined time intervals, 1.0 ml of blood was collected 
and plasma was separated by centrifuging at 3000 rpm for 10 
min (R-24C, Remi, India). For bioanalytical development, 200 
ml of blank plasma was spiked with 200 ml of MBZ working test 
solutions, and then 200 ml of internal standard (atorvastatin) 
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at a concentration of 200 mg/ml was added in each Eppendorf 
tube. The resultant plasma solution was vortexed for 15 min. 
To precipitate plasma proteins, ACN was added and the mixture 
was vortexed further for 2 min and centrifuged at 10,000 rpm 
for 10 min. After centrifugation, 1.0 mL of the supernatant 
was collected and diluted to 2 ml with the mobile phase.  
A 20 ml aliquot of the final preparation was auto-injected into 
the HPLC column. Responses (peak height) for major peaks 
were measured and quantity of MBZ in the formulation 
was calculated. The non-compartmental pharmacokinetic 
parameters were calculated using the Kinetica® software, 
version 3.0 (Thermo Fischer Scientific Inc.). The data from FF 
and MF were compared for statistical significance by one-way 
analysis of variance (ANOVA). The statistical significance of 
means was then compared by the multiple-range method of 
least significant difference.

Result and discussion

The preparation of PCs was relatively simple and the 
cooled masses of PCs were frangible enough to be ground 
easily. Table I shows the optimized parameters of the 
developed PCs.

In Table I, optimized values for the developed PCs 
show the desired parameters which were optimized to 
develop PCs with enhanced solubility, dissolution, and 
bioavailability.

Estimation of solubility in distilled water, 0.1N HCL, and 
phosphate buffer pH (2.0)
The values for saturation solubility of MBZ in distilled water, 
0.1 N HCL of pH (2.0), and phosphate buffer of pH (2.5) were 
found to be (71.06, 91.78, and 90.17) mg/ml respectively, which 
increased to (2273.92, 3854.76, and 3429) mg/ml for distilled 
water (32-fold increase), 0.1N HCL (42-fold increase) and 
phosphate buffer (38-fold increase) respectively. The results 
show significant increase in the solubility of the drug using 
the PC system. It was found that the solubility profile of PCs 
is better in presence of 0.1N HCL and phosphate buffer, as 
compared to that in distilled water. This might be due to the 
high solubility of the PC system in the acidic environment,  
as already proven in the pH-dependent solubility studies of 
the drug by Brook et al. (2007).

Drug content and percentage yield
MBZ assay in the PC formulation was almost 100%, and the per-
centage yield was greater than 93%. This method was relatively 
more feasible for the preparation of MBZ-PEG 4000 polymer 
crystals. The results of the drug content analysis and percent-
age yield state that MBZ was uniformly distributed in the PCs 
and the higher yield shows relatively lower process loss.

Morphology
Figure 1A shows the scanning electron micrograph of PCs, 
which appeared as smooth, irregular-surfaced, and bodies 
with a homogeneous mass. The uniform surface of PCs indi-
cates that MBZ was uniformly adsorbed into the polymer. 
This also signifies the capability of the developed system to 

Table I. Optimized parameters for the development of PCs using the 
integrated principles of the solid dispersion and nanocrystal techniques.

S. No. Optimized parameters
Optimized 

values

1 pH 1.5
2 Variation in weight of polymer against 

constant weight of the drug (mg)
150: 1

3 Variation in weight of drug against 
constant weight of the polymer (mg)

1: 13

4 Time for integration of drug and polymer 3–4 h
5 Developing time of polymer crystals 10–11 h
6 Temperature during the integration of the 

drug and polymer
70–80°C

Figure 1. SEM (A) and TEM (B) images of the developed PC system.
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of drug and polymer or mixing of the semi-crystalline and 
amorphous regions of the drug and the polymer. This could 
be attributed to the destruction of its crystal lattice, because 
of integration of drug into the carrier. The peaks associated to 
the carriers are lost with respect to the PCs, which indicates 
the desired extent of integration of drug and polymer.

Differential scanning calorimetry
Figure 3A of MBZ shows an apparent endothermic peak at 
260°C corresponding to its melting point. The sharp MBZ 
peak was lost in PCs, as shown in Figure 3B. Shifting of the 
MBZ peak in PCs indicate the possibilities of the interac-
tion between the MBZ and polymer. In case of the minor 
endothermic peak, the narrow melting point range between 
212°C and 233°C corresponds to less crystalline nature  
of the developed FF, which may be due to the integrated 
semi-crystalline regions of the polymer. Endothermic 
peaks of DSC demonstrate that PCs are less crystalline with 
low interaction of the drug and polymer in the FF, which 
enhances the stability during storage.

successfully integrate MBZ with the polymer. The transition 
electron micrograph (Figure 1B) shows polymer crystals 
appearing as smooth, elongated, and irregular rod-like  
surfaced bodies. Some uniformly elongated rod-like struc-
tures as seen in the picture are the characteristic features of 
the PCs, which proves the formation of PCs by the integrated 
system developed.

Powder X-ray diffraction
The powder X-ray diffraction (PXRD) peak pattern in Figure 2, 
shows characteristic peaks of PEG 4000 polymer (PR) that 
appeared at 2q equal to 11.6°, 16.4°,19.6°, 21.7°, 26.89°, and 
29.3°. The diffraction spectrum of plain MBZ (DG) showed 
that the drug is more amorphous, moderately crystalline, 
and possesses sharp peaks at 2q equal to 12.58°, 16.50°, 
19.25°, 19.67°, 20.10°, 21.35°, and 25.68°. In case of PC peaks 
of MBZ- PEG 4000 system, there was a decrease in intensity of 
MBZ but the peaks remain at the same position, confirming 
the stability of the drug. The low intensity of peaks in the PCs 
at the same position of MBZ reflects mutual concentration 

Figure 2. PXRD peaks of plain drug MBZ (DG), polymer crystals (PC), and polymer (PR), respectively, from top to bottom.

Figure 3. DSC thermogram of MBZ (A) and PCs (B).

940 S. Chaudhary et al. 



In vitro release study
Dissolution studies of the MF and the developed FF were 
performed in 0.1N HCL pH (2.0) due to absorption of the 
drug from the acidic environment. Figure 4 shows that the 
MF has a maximum of 67% release, whereas the FF has a 
maximum of 86% release. Enhanced dissolution of MBZ from 
PCs could be related to the surface activity and the wetting 
effect, which may lead to reduced agglomeration and hence 
increased surface area and the solubilizing effect of PEG 
4000. In the dry state, drug particles were in close contact or 
integrated with the polymer particles as a result of uniform 
mixing, as shown by SEM. When the mixture came in con-
tact with water, the polymer particles might have hydrated  
rapidly (because of the high hydrophilic potency of PEG 
4000) into the polymer solution. The resulting increased wet-
tability of the drug particles and enhancement of the drug 
solubility in the diffusion layer surrounding the particles 
subsequently releases the drug into the medium.

Drug release kinetics of the optimized formulation
Figure 5 represents the release pattern of the optimized for-
mulation, dictated by the water penetration rate (diffusion 
control) which follows the relation Q  K2 t1/2, where, Q is the 
percentage of drug release at time t and K2 is the diffusion 
rate constant. This indicates that the drug concentration in 
the matrix is initially much higher than the solubility of the 
drug. As edge effects are negligible, PCs follow unidirectional 
diffusion. Finally, this model concludes that the thickness of 
the formulation is much larger than the size of the drug mol-
ecules, and the diffusivity of the drug molecules is constant.

Pharmacokinetic study of MBZ
After oral administration of the FF and the MF, maximum 
plasma drug concentration was obtained in the case of FF. 
Tmax was found to be 2 h in the case of MF, and Cmax was 

0.173  0.20 mg/ml. These values for MF indicate its lim-
ited solubility throughout the G.I. tract. The Cmax value of 
0.363  1.01 mg/ml for the FF showed better solubility and 
bioavailability than the MF. A comparison of the values for 
Tmax (2 h) indicates the absorption of drug more from the 
stomach than from the small intestine. The high Cmax value 
of 0.363  1.01 mg/ml for the FF (PCs) proved the efficacy in 
increasing the solubility, dissolution, and bioavailability of 
the drug. However, the clearance and half-life values of the FF 
and MF were not significantly different, as shown in Table II. 
The significantly higher AUC and Cmax values shown in Figure 6  
indicate the higher extent of absorption of FF because of  
the improved dissolution rate in the stomach. In summary, 
the FF resulted in much higher bioavailability compared 
with the MF, as reflected by both Cmax and AUC values. These 
results show that the MBZ was more readily available from 
the FF as compared to the MF, because of the high integration 
of drug with the polymer by the system developed. Thus, the 
integrated system developed results in enhanced solubility, 
which enhances the absorption of the MBZ.

Conclusion

The PC system of MBZ was successfully developed and opti-
mized in this study. The study has demonstrated that the 
integration of the PC system of MBZ into polymer changed 
the crystallinity of the drug, according to the type and 
amount of polymer. The formation of different crystalline 
and amorphous regions represents a suitable modification 
for improving the solubility, dissolution, and bioavailability 
of MBZ. The enhanced Cmax, and AUC profile of the devel-
oped FF indicate that it can be utilized for the safe and effec-
tive management of human echinococcosis. The developed 
formulation can reduce recurrence of this disease, as poor 
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Table II. Pharmacokinetic parameters of the final PC system and the FF.

Pharmacokinetic 
parameters

Results

Final  
formulation

Marketed 
formulation

Cmax (mg/ml) 0.363  1.01 0.173  0.20
Tmax (hr) 2 2
AUCtotal (hr*mg/ml) 7.377  1.42 3.3384  1.21
T1/2 (hrs) 8.72 8.8
Clearance (ml/hr) 807.73 800.28
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bioavailability of MBZ leads to the death of the patient.  
This approach proved the significant potential of the PCs 
developed, not only in the effective management of human 
echinococcosis, but also for further contribution to the usage 
of other BCS class 2 and BCS class 4 drugs.        
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