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ABSTRACT 

Bioavailability of a poorly water-soluble drug, e.g., widely used anthelmintic drug Albendazole (ABZ), is very low 
and thus, to obtain an optimized therapeutic efficacy, the aqueous solubility of such drugs needs to be enhanced. The 
objective of this study was to develop an effective high drug-loaded solid dispersion (SD) of ABZ with two 
biocompatible drug carriers, namely Soluplus® and Ludiflash® to improve its physicochemical characteristics. 
Equilibrium solubility study was performed to choose the optimum polymer ratio among the formulations and it 
showed up to 50-fold enhanced solubility compared to crystalline ABZ in water. X-Ray Powder Diffraction (XRPD) 
and Differential Scanning Calorimetry (DSC) studies of SD-ABZ showed reduced crystallinity of ABZ in the SD. 
The polymeric carriers, notably Soluplus®, are thought to play a key role in the reduction of crystallinity and 
molecular polydispersity of ABZ. The dissolution studies in water showed improved dissolution of SD-ABZ 
compared to crystalline ABZ, with a quick onset of drug release followed by gradual dissolution. However, due to 
high drug-loading and retention of crystalline ABZ in the sample, the dissolution behavior was not as expected, and 
may require further studies to optimize the SD-ABZ formulation. 
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INTRODUCTION 
 Orally formulated drugs are extensively 
marketed and used because they are convenient and 
easier to administer as solid dosage forms. However, 
most of the new drugs marketed as oral dosage forms 
are classified according to biopharmaceutics 
classification system (BCS) class II and class IV as 
having poor aqueous solubility.1 The aqueous 
solubility is an essential property for the systemic 
absorption of drugs after oral administration.2 
Crystallinity   plays  a  crucial  role   in  the  aqueous  
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solubility of these drugs.3 Molecular state of 
crystalline drugs is packed in regularly ordered and 
repeating pattern. They have lower energy state and 
are more stable, hence show low aqueous solubility.4 
Reduction in crystallinity with an amorphous form of 
the drug can create a meta-stable form with higher 
free energy state and thus higher solubility.5,6 
Transformation of solid state from crystalline to 
metastable amorphous form during preparation can 
be attributed to different drug delivery strategies, 
among them solid dispersion (SD) is now widely 
recommended as a promising method of preparation 
in terms of ease of preparation.7 Conversely, for the 
SD, high proportions (50-80% w/w) of polymeric 
carriers are generally required to achieve targeted 
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improvement in dissolution behavior.8,9 Albendazole 
(ABZ) is a benzimidazole derivative commonly used 
as an anthelmintic agent, and classified as a BCS 
class II drug having poor aqueous solubility and poor 
oral absorption (less than 5%).10 Moreover, ABZ 
stays as in a stable acicular crystalline form which is 
liable for its poor solubility.11 Additionally, ABZ has 
a recommended clinical dose of 200-400 mg.12 
Therefore, preparation of a pharmaceutical solid 
dosage form of ABZ using low drug loading might be 
troublesome and might not be commercially feasible 
for the ease of patient convenience as the final weight 
and size would be troublesome to swallow.13  On the 
other hand, high drug-loading also increases the 
chance of formation of crystals in the formulation, as 
in higher drug-loading a loss of polymer from drug in 
amorphous solid dispersion (ASD) can be observed.14 
Moreover, in ASD with high drug loading, 
suboptimal disintegration and drug release 
performance have been reported.15 Several methods 
have been developed to improve the solubility and 
dissolution rate of ABZ, such as chitosan-
microsphere preparation16, oil/water emulsion17, 
microcrystals18, SD19, liposomal incorporation20, 
cyclodextrin complexation21, co-grinding22, co-spray 
drying23 and, more recently, nanoparticle 
formulations24. Among these strategies, ASD using 
amphiphilic carriers is a promising strategy for 
improving the aqueous solubility and dissolution25 in 
between 10 to 1600-fold26,27 Moreover, combined 
polymeric carriers are also used to decrease the high 
percentage of carrier concentration successfully in 
enhancing the dissolution behavior.28  To achieve a 
targeted result, high drug-loaded SD with stable 
amorphous form and adequate drug release can be 
achieved by optimizing drug and polymer ratio. 
However, till date very little is known about the 
feasibility of high-drug loaded SD with mixed 
polymeric carriers to improve the dissolution 
behavior of ABZ. 
 The current study was aimed to overcome the 
solubility problem of ABZ by the application of SD 
with high-drug loading using two biocompatible 
polymers, Soluplus® and Ludiflash®. The SD was 
prepared with 50% (w/w) ABZ load and 50% (w/w) 

mixed polymeric carrier.  Soluplus® is a novel carrier 
excipient with excellent amphiphilicity and 
solubilizing properties which promote in vivo 
absorption.29 Ludiflash® is a filler, binder, and 
disintegrant used in orodispersible tablets (ODT).30 In 
this study, various polymer ratios of the formulations 
(0-50% w/w) were selected on a randomized basis, 
prepared and optimized in terms of solubility 
enhancement. Equilibrium solubility studies on the 
different formulations were performed and analyzed. 
The drug release profile and physicochemical 
characterization of the optimized SD-ABZ was also 
assessed with those of crystalline ABZ.  
 
MATERIALS AND METHODS 
 Materials. ABZ was generously provided by the 
Beximco Pharmaceuticals Ltd., Dhaka, Bangladesh.  
Soluplus® and Ludiflash® were a kind gift from the 
BASF, Bangladesh. The chemicals and solvents used 
were of analytical grade. 
 Preparation of SD-ABZ. To prepare the SD-
ABZ, drug and polymers (Soluplus® and Ludiflash®) 
were physically mixed using kneading method.31,32 In 
brief, 50% (w/w) of ABZ was weighed and taken in a 
mortar, and drop wise addition of pure distilled water 
was used as the solvent. Slurry was prepared where 
all the drug particles are wetted by trituration. In this 
slurry, the polymers, Soluplus® and Ludiflash®, (50% 
w/w) were added in different ratios (% w/w) (Table 
1). The sample was then triturated until a uniform 
mixture was formed. To obtain a dried sample, 
solvent evaporation technique was used.33 The 
solvent of the sample was evaporated using a rotary 
vacuum evaporator (Rotary Solvent Evaporator, 
Heidolph, GmbH, Germany) at 50℃ under vacuum 
to yield a solid and dried sample.  
 
Table 1. Selection of suitable ratio of the polymers. 
 

Sample 
Ratio (%) 
Soluplus®: 

Ludiflash®:ABZ 

Equilibrium 
solubility 
(µg/ml) 

Crystalline ABZ  0.67 ± 0.15 
F1 25 : 25 : 50 24.9 ± 1.82 
F2 37.5 : 12.5 : 50 33.5 ± 5.62 
F3 12.5 : 37.5 : 50 9.5 ± 1.15 
F4 33.3 : 16.7 : 50 25.9 ± 1.27 
F5 16.7 : 33.3: 50 16.5 ± 1.06 

Data represent the mean  SD of 3 experiments. 
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 ABZ determination. ABZ in the samples was 
determined by a UV-spectrophotometric method.34 In 
this regard, 10 mg of ABZ was taken in a closed test 
tube and 100 mL of methanol was used to dissolve 
the drug sample to prepare a solution of 0.1 mg/ml. 
The mixture was then filtered and diluted with the 
dissolution media to prepare standard concentrations 
of 0.5 µg/ml, 1 µg/ml, 2 µg/ml, 3 µg/ml, 5 µg/ml, 7.5 
µg/ml, 10 µg/ml and 15 µg/ml, respectively. The 
diluted samples were then analyzed by a UV 
Spectrophotometer (Shimadzu, Japan) at the 
wavelength of 281 nm.   
 Equilibrium solubility studies. The solubility 
of ABZ in formulations containing different ratios of 
Soluplus® and Ludiflash® were measured.  
Approximately 50 mg of formulation was added to a 
closed test tube containing 10 ml of distilled water to 
prepare an excess concentration of ABZ compared to 
reported solubility.35 The samples were then 
incubated using a digital shaking incubator (Model: 
I10-OE+OL30-ME), for 6 hours at 50 RPM and at 
37±0.5℃ temperature. After incubation, aliquots of 
test solutions were collected, filtered, and then 
centrifuged at 10,000×g for 5 min to separate the 
undissolved drug particles. The supernatant of the 
centrifuged sample was obtained and diluted using 
50% methanol. The ABZ content was analyzed by a 
UV Spectrophotometer described in the 
aforementioned section. 
 

Surface Morphology 
 Scanning electron microscopy (SEM). The 
surface morphology of crystalline ABZ and SD-ABZ 
was observed by scanning electron microscopy 
(SEM) technique using Miniscope® TM3030 
(Hitachi, Tokyo, Japan).  The crystalline ABZ and 
SD-ABZ samples were placed on an aluminum 
sample holder and fixed using double sided carbon 
tape. A magnetron sputtering device, MSP-1S 
(Vacuum Device, Ibaraki, Japan) was used to coat 
over the samples with platinum.36 
 Polarized light microscopy (PLM). The 
crystallinity of the crystalline ABZ and SD-ABZ was 
evaluated using Polarized Light Microscopy (PLM) 
technique.37 The ABZ samples were suspended in 

silicone oil. The observation was done using a CX41 
microscope (Olympus Co. Ltd., Tokyo, Japan) under 
various conditions which included differential 
interface contrast, slightly uncrossed polar and using 
a red wave compensator. 
 

Crystallinity Study 
 X-ray powder diffraction (XRPD). The x-ray 
powder diffraction (XRPD) was performed using a 
Mini Flex II (Rigaku, Tokyo, Japan) with Cu Kα 
radiation generated at 40 mA and 35 kV. The 
instrument was operated at a scanning speed of 
4°/min and the ABZ samples were scanned over a 
range of 2θ angles from 10° to 35° with a step size of 
0.2°. 
 Differential scanning calorimetry (DSC). 
Thermal analysis of ABZ samples were done using a 
DSC Q1000 (TA Instruments, New Castle, DE, 
USA) at a heating rate of 5°C/min under purging 
nitrogen gas (50 ml/min). The ABZ samples were 
placed and sealed in aluminum sample pans. 
Accurately weighed (ca. 3 mg) samples were 
subjected to the DSC thermal analysis. Indium was 
used to calibrate the system as a reference standard 
(8-10 mg, 99.999% pure, onset at 156.6°C).  
 Dynamic light scattering (DLS). For the 
analysis of mean hydrodynamic particle size and zeta 
potential of the aqueous suspended SD-ABZ, the 
dynamic light scattering (DLS) technique, using a 
Zetasizer Ultra (MALVERN, Worcestershire, UK), 
was performed. Prior to the measurement, the 
concentration of ABZ was kept 10 µg/ml, sample was 
suspended in Milli-Q. The measurement was 
performed at 25°C and at a measurement angle of 
90°. The analysis was done in triplicate. 
 Dissolution studies. The in vitro dissolution test 
was performed on crystalline ABZ and SD-ABZ in 
distilled water using a USP type II dissolution test 
apparatus (Logan Model UDT 804, USA). 
Temperature and paddle rotation speed were set to 
37.0 ± 0.5°C and 75 RPM, respectively.38 Sample 
collection time intervals were selected at 15, 30, 60, 
120, 180, 240, 300 and 360 min, respectively. 10 ml 
of sample was withdrawn from the dissolution 
vessels. The sample was then filtered using Whatman 
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filter papers placed in a conical flask into a test tube. 
Dilutions with dissolution media were performed for 
each sample solution in order to compare with 
standard drug concentration. Absorbance of the 
diluted sample from different time points were 
analyzed using the Shimadzu UV Spectrophotometer 
mentioned earlier at 281 nm. The dissolution test was 
performed thrice and their mean value was calculated 
to obtain the dissolution profile. 
 

Statistical Analysis 
 All experiments in solubility and drug 
dissolution studies were repeated at least three times.  
All data are represented as mean ± standard deviation 
(SD).  The graphs were plotted using Graphpad, 
Prism 6.0 (GraphPad Software, LaJolla, CA).  
 
RESULTS AND DISCUSSION 
 SDs are primarily binary mixtures of drug and 
polymer.39 Solvent evaporation and hot-melt 
extrusion are two widely used methods to prepare 
SDs of drugs with low solubility. For high drug-
loaded SD, the hot-melt extrusion method can cause 
degradation of the drug.40 On the other hand, solvent 
evaporation method does not require exposure to high 
temperature and reduces risk of drug degradation. 
Based on the above mentioned analyses the results 
are discussed below.  
 Optimization of polymer ratio. In this study, to 
select the optimum polymer ratio, five different 
polymer ratios with 50% (w/w) ABZ were assessed 
through equilibrium solubility studies to optimize the 
best drug-polymer ratio for the formulation by 
comparing them with the crystalline ABZ sample. 
Table 1 shows the equilibrium solubility data of the 
selected drug-polymer ratios. From the equilibrium 
solubility study results, we could see that the F2 with 
Soluplus®: Ludiflash®: ABZ ratio (37.5: 12.5: 50 %) 
had the highest solubility among the test samples. 
The study showed about 50-fold enhancement in 
solubility of the F2 compared to that of the crystalline 
ABZ in water (Table 1). The result demonstrated the 
higher solubility compared to crystalline ABZ in the 
formulation containing higher ratio (%) of Soluplus® 

compared to Ludiflash®. The considerable reason for 
this to occur is that the hydrophobic crystalline 
molecules of ABZ preferably interacted with 
Soluplus® more and drug molecular dispersion was 
higher.39 This result is supported by a finding that 
suggests a higher molecular dispersion is in 
accordance with the better drug release from the 
polyethylene glycol (PEG)-drug system.41 The 
comparison indicates a promising enhancement of the 
solubility in water under the specific conditions of 
the equilibrium solubility study. Several 
investigations suggested that in ternary system, the 
synergistic effect of polymers is a result of both head-
head and electrostatic interactions42. In addition, the 
hydrophobic blocks of the copolymer form the core 
of the micelle that serves as a microenvironment for 
incorporation and accommodation of the lipophilic 
molecules.43 thus, the solubility of the hydrophobic 
drug is enhanced by the nature of the interior of the 
micelles through hydrophobic-hydrophobic 
interactions. 
 Therefore, on the basis of improved solubility, 
F2 was chosen as the optimal one for further 
physicochemical characterization and dissolution 
studies.  
 

Physicochemical Characterization 
 SEM study. The SEM images of crystalline 
ABZ and SD-ABZ are shown in Figure 1A. The 
microscopic image of crystalline ABZ shows the 
presence of crystalline solids. For amorphous 
materials, it might exist as irregular shape which can 
be distinguish as transparent glass like nature.44 The 
SD-ABZ presented a SEM image with discrete 
surface morphology where most of the materials 
cannot be observed. However, the SEM image also 
presents distinguishable portions of the material 
which are regularly arranged. Thus, it can be noted 
that there was a retention of crystalline ABZ in the 
SD-ABZ formulation. 
 PLM study. The PLM study clearly shows the 
presence of ABZ crystals (Figure 1B). ABZ crystals 
have long range orders and different arrangement of 
particles in different directions, hence are anisotropic. 
On the other hand, SD-ABZ clearly shows a 
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reduction in particles that are anisotropic. However, 
presence of crystalline ABZ can be detected in the 
images from PLM (Figure 1B). Comparing the 
images, it can be observed that in crystalline ABZ the 

fine crystals were agglomerated in larger scale, 
whereas the crystals though present in the SD-ABZ 
were not agglomerated that much (Figure 1B). 

 

 
 
Figure 1. Microscopic images observed by scanning electron microscope (A) and polarized light microscope (B). (I) Crystalline ABZ and 

(II) SD-ABZ.  Each black and white bar represents 50 μm and 100 μm, respectively. 

 
 XRPD pattern study. In the XRPD analysis, 
crystalline ABZ showed a series of sharp peaks with 
high intensity. It is due to the long periodicity and 
regular distribution of molecules across dimension, 
which caused the characteristic high intensity narrow 
peaks at 2θ angles from 10° to 35° (Figure 2A). 
Amorphous materials do not have the long range in 
order, they rather have molecules randomly 
distributed across dimension, which results in x-rays 
being scattered in many directions leading to a large 
peaks or “halo” distributed in wide angle.45 The 
XRPD patterns of SD-ABZ demonstrated diffraction 
peaks as ABZ with significantly reduced intensity. 

This is indicative of reduction of crystallinity in SD-
ABZ formulation. However, it is notable that the 
intensity of crystalline peaks of SD-ABZ was 
significantly less than that of crystalline ABZ. This 
observation suggests that the SD had lower 
crystallinity compared to crystalline ABZ. This can 
be explained by the high drug-loading of ABZ in the 
SD system. Since the formulation has a high drug-
loading, even though a portion of the drug was 
distributed in amorphous state, some portions of ABZ 
retained its crystallinity with reduced intensity.  
 DSC study. In the DSC thermal analysis of 
crystalline ABZ, two sharp endothermic peaks 
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around 220°C and 230°C corresponds to the melting 
point of ABZ (Figure 2B). From the thermograms of 
SD-ABZ, the characteristic melting endothermic 
peak for ABZ is absent. The near absence of the peak 
is indicative that ABZ was dissolved in the 
polymers.46 An endothermic peak at 158°C can be 
observed, which can correspond to the melting point 
of Ludiflash®. Ludiflash® is a co-processed polymer 
with 90-95% of mannitol, and mannitol has a melting 

point around 164-169°C.47 The other polymeric 
carrier Soluplus® is amorphous and does not have a 
melting endothermic peak.48 However, in between the 
temperature of 175-190°C, we can observe a broad 
endothermic peak (Figure 2B). In this temperature 
region, ABZ could have undergone melting with 
Soluplus® and Ludiflash® during the DSC scans of 
the SD-ABZ that suggests the amorphization during 
preparation could result in improved dissolution.49 

 

 
 

Figure 2. Crystallinity analysis of ABZ samples using (A) XRPD and (B) DSC.  (I) Crystalline ABZ and (II) SD-ABZ. 

 
 DLS study. In the SD systems, particle size has 
a strong impact on drug dissolution and on drug 
absorption. DLS study for the SD-ABZ revealed that 
the prepared high drug-loaded SD has a particle size 
in the range of 40-1000 nm (Figure 3). However, a 
maximum number of particles are in the size range 
between 100-1000 nm with a mean diameter of 389 
nm. The particle sizes are relatively smaller with 
higher disjoining pressure and increased surface area, 
which increases the interfacial solubility of the 
formulation compared to crystalline ABZ according 
to Noyes Whitney equation.50 The polydispersity 
index was 0.51. Polydispersity value larger than 0.7 
corresponds to broad size distribution of particles.51 
Considering the formulation had high drug-loading, 
0.51 polydispersity index value shows promising 
reduction in particle size. The DLS study also 
revealed the zeta potential value of -24.6 mV. Zeta 
potential can reveal the charge on the particle surface 
and the physical stability of the solid dispersion.52 

Since dissolution and absorption are closely related, 
the impact in this regard is that the solubility 
increases with decreasing particle size. Therefore, we 
believe that this SD-ABZ might be beneficial in 
improving the dissolution behavior of ABZ due to 
generation of small particle in dispersed phase when 
introduced in aqueous media.   
 

 

Figure 3. Particle size distribution of SD-ABZ sample. 
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 Dissolution behavior. The optimized SD-ABZ 
was further studied for dissolution profile. The 
dissolution rate of F2 was examined by plotting the 
percentage of drug released versus time in 
comparison with that of the crystalline ABZ (Figure 
4). At initial, up to the 15 min mark, the SD-ABZ 
showed an average of 4.69% of drug release and the 
average value of the drug release reached to 5.01% at 
30 minutes. This is indicative of an initial quick 
release compared with that of the crystalline ABZ.  

 
Figure 4. Dissolution tests of ABZ samples in phosphate buffer 

media (0.05 M, pH 6.8). ○, crystalline ABZ; and △, SD-
ABZ.  Data represent the mean±SD of 6 experiments. 

 

The average value of the drug release reached to 
6.07% at the last time point of 360 min. The results 
showed a quick onset of release followed by a 
prolonged release of drug over time, which can be 
attributed to characteristics of high drug-loaded SD.53 
Dissolution profile of crystalline ABZ was also 
performed to compare the results of the sample. The 
initial release of crystalline ABZ was 0.32% at 15 
min, which enhanced to only 0.39% at the 30 min 
mark. At the final time point of 360 min, the average 
value of the drug release was 0.57%. Comparing the 
initial release profiles, it was found that the SD-ABZ 
showed about 15-fold and 13-fold higher initial 
dissolution rate at 15 min and 30 min, respectively, 
compared to crystalline ABZ. However, at 360 min, 
the sample showed 10.6-fold enhanced dissolution 
rate compared to the crystalline ABZ. The crystalline 
nature of ABZ is the reason behind its poor solubility 
in the aqueous media and shows very poor 

dissolution rate. On the other hand, the high drug-
loaded SD-ABZ showed comparatively higher 
dissolution rate than that of the crystalline ABZ. This 
was supposedly due to the effect of molecular 
dispersion of ABZ in the two polymers, Soluplus® 
and Ludiflash®, and due to the reduction of 
crystallinity of ABZ in the SD-ABZ during 
preparation. These results are supported by the 
previously performed physicochemical 
characterization of the SD-ABZ. Additionally, in 
another study Ludiflash® has been used to increase 
the dissolution rate of a similar drug, mebendazole in 
simulated gastric fluid54, and Soluplus® has been used 
to prepare a hot-melt extrudate solid dispersion of 
artemether with improved solubility and dissolution 
rate in aqueous media.55 These data represent the 
increase in dissolution behavior of SD-ABZ 
compared to crystalline ABZ. However, while 
comparing the dissolution profile of the high drug-
loaded SD-ABZ with the existing findings, it can be 
seen that the results were notable but not up to the 
expected marks. A fusion method preparation of 
ABZ solid dispersion with Poloxamer 407 showed 3 
to 20 times increase in dissolution rate in 0.1N HCl 
media compared to physical mixtures, ABZ, and 
commercial formulation.56 Another study revealed 
that a co-spray dried ABZ formulation with sugars, 
polyols, ionic and non-ionic surfactants showed 3 to 
25 times increase in ABZ dissolution rate in 0.1N 
HCl compared to ABZ.57 A novel hot melt extrusion 
of ABZ and PVP K12 showed high dissolution 
improvement up to 70% drug release, however the 
method only applied 1/99 and 1/9 (w/w) drug to 
polymer ratio for the preparation.58 
 The surface morphology and crystallinity study 
showed that there was reduction in crystallinity of 
ABZ in the formulation, however presence of ABZ 
crystals were still observed. Possibly this 
phenomenon might took place due to presence of 
ABZ crystals in high drug loaded SD-ABZ.59 An 
optimum polymer ratio corresponding to a significant 
enhancement of the solubility of the SD-ABZ was 
established in this study. Most importantly, the 
novelty of this study is that the high drug loaded 
ternary solid dispersion of ABZ shows improved 
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solubility and dissolution behavior which has been 
clearly shown in the above discussed equilibrium 
solubility as well as dissolution studies of the 
proposed formulation, though not highly significant.  
 
CONCLUSION 
 Major obstacles to therapeutic efficacy of ABZ 
are its poor biopharmaceutical properties and poor 
patient compliance due to its large single dose. To 
overcome such problems, a high drug-loaded solid 
dispersion of ABZ was formulated, optimized and 
assessed in this study. Although, crystallinity in the 
formulation persisted; overall results showed 
improvement in dissolution rate and solubility 
compared to crystalline ABZ. For each repetition of 
experiments, Formulation 2 with 37.5: 12.5: 50 
Soluplus®: Ludiflash®: ABZ ratio (%) showed the 
best results. Considering the drug-polymer ratio 
optimization it should be noted that, higher portion of 
Soluplus® in the polymer ratio showed higher 
solubility in repeated experiments. Thus, high drug-
loaded SD-ABZ still promises to be viable strategy to 
improve dissolution behavior of ABZ, possibly with 
further optimization of the polymer ratios and the 
formulation. 
 

ABBREVIATIONS 
 ABZ, albendazole; BA, bioavailability; BCS, 
biopharmaceutics classification system; DLS, 
dynamic light scattering; DSC, differential scanning 
calorimetry; ODT, orodispersible Tablet; PLM, 
polarized light microscopy; SD, solid dispersion; 
SEM, scanning electron microscopy; UV, ultraviolet; 
WHO, World Health Organization; XRPD, X-ray 
powder diffraction 
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