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ABSTRACT
Helminth infections are a major health problem mainly in developing countries, and the evidence of emerging resistance 

to all the major antihelminthics has been recognized in the field of animal husbandry. Albendazole (ABZ) is the most effec-
tive broad-spectrum antihelminthic agent. The biggest problem with this drug is its low aqueous solubility, which leads to 
an erratic availability and great intraindividual variation in the levels reached in different tissues. As with other poorly soluble 
compounds, the dissolution rate is likely to be contingent on the formulation and may lead to differences in performance 
among different products available in the market. 

In previous studies, drastic pharmacokinetic differences were observed among ABZ formulations (oral suspensions) in 
the Uruguayan market. These samples were evaluated in vitro in terms of ABZ content and dissolution profiles, as well 
as the effect of increasing agitation speeds on the dissolution rate. The in vitro dissolution rate of formulation A was seri-
ously affected by the increase in agitation speed, and in the case of formulation B, it did not fulfill both essential quality 
requirements (drug content and dissolution profile). Further studies may be carried out to correlate the suspension qual-
ity with its therapeutic effectiveness.
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INTRODUCTION

Helminth infections are a major health problem 
mainly in developing countries and cause world-
wide productivity losses in livestock (1). The 

economic importance of helminthic infections and the 
evidence of emerging resistance to all the major antihel-
minthics in livestock nematodes have been recognized 
in the field of animal husbandry (2). It is probably for this 
reason that the most important advances in the che-
motherapy of helminthiasis have come from the animal 
health area (3).

Helminth parasites that have intra- and extraintestinal 
phases are able to infect humans as well as animals. The 
treatment for intestinal helminthiasis is usually carried out 
with benzimidazole drugs, which have a wide spectrum 
of activity. Albendazole (ABZ), methyl [5-(propylthio)-
l-H-benzimidazol-2yl]carbamate, is undoubtedly the 
most effective broad-spectrum antihelminthic agent (4). 
The biggest problem of benzimidazoles is their low and 
erratic availability as a result of low aqueous solubility, 
which leads to great intraindividual variations in the levels 
reached in different tissues in animals as well as in man. 

Furthermore, the lack of water solubility reduces flexibility 
for drug formulation and administration (5).

ABZ is a weak base, so its solubility is higher at low pH 
than at neutral pH. The pKa1 and pKa2 values are 2.68 and 
11.83, respectively. At pH 1.2, the solubility is 900 μg/mL, 
but it is less than 1 μg/mL at pH values above 5 (6). ABZ 
is a Class 2 drug in the Biopharmaceutics Classification 
System (7). This type of drug is absorbed incompletely if 
not solubilized in the GI tract.

Several oral ABZ formulations for use in sheep are avail-
able worldwide in the veterinary pharmaceutical market. 
Some drastic pharmacokinetic differences were observed 
among commercial ABZ formulations (8, 9). Reduced anti-
helminthic efficacy was associated with ABZ formulations 
that had the lowest systemic drug exposure (9). The drug 
content of this oral suspension is critical from a quality con-
trol point of view. Suspensions can be considered analo-
gous to the disintegrated form of tablets and capsules, so it 
is logical to extend the requirement of in vitro dissolution as 
a limiting step to absorption and bioavailability, especially 
for drugs with low solubility such as ABZ (10–12). As with 
other poorly soluble compounds, the dissolution rate is 
likely to be contingent on the formulation and may lead to 
differences in performance among different products avail-
able in the market (13). The appropriate general conditions *Corresponding author.
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for performing dissolution profiles of suspensions were 
established in a previous work (14).

The aim of this work was to evaluate the drug content 
and dissolution behavior of three commercial ABZ oral 
suspensions for veterinary use available in the Uruguayan 
market and the effect of different agitation speeds on the 
dissolution rate. 

MATERIALS AND METHODS
Reagents and Samples

Analytical grade monobasic sodium phosphate and 
HPLC grade methanol and water were used for chro-
matographic determinations (J. T. Baker, USA). Analytical 
grade hydrochloric acid (J. T. Baker, USA) and distilled 
water were used for dissolution medium preparation. 
ABZ reference standard was kindly provided by a local 
laboratory. 

Three commercial ABZ oral suspensions manufactured 
by different pharmaceutical companies were purchased 
from veterinary shops in Uruguay. They all contained 
3.8 g ABZ/100 mL. All tests were performed within prod-
uct expiration dates, which were similar among formula-
tions. 

Assay
The drug content was determined using HPLC meth-

odology (15). Reversed-phase HPLC was performed on a 
system consisting of a quaternary gradient pump (Spectra 
System P4000), a vacuum membrane degasser (Spectra 
System SCM1000), a Rheodyne injector (model 9125) with 
a 20-μL loop, a UV–vis detector (Spectra System UV2000) 
set at 308 nm, and a chromatography workstation 
(ChromQuest). 

Mobile phase consisted of a mixture of methanol and 
a 13.75 g/L solution of monobasic sodium phosphate 
(60:40, v/v). Fresh mobile phase was prepared daily, 
filtered through a 47-mm nylon membrane filter (0.45-μm 
pore size, μclar, Argentina), and vacuum-degassed before 
use. Separation was performed at room temperature on 
a Hypersil (Waters) C18 reversed-phase column, 10-μm 
particle size, 250 × 4.6 mm i.d. The column was equilibrat-
ed for at least 45 min with mobile phase flowing through 
the chromatographic system before starting the assay. All 
analyses were performed under isocratic conditions at a 
2.0 mL/min flow rate.

Standard solutions were prepared on weight basis using 
acidified methanol (methanol/hydrocholoric acid, 99:1 v/v) 
as diluent and sonicated for 10 min at room temperature. 
This stock solution was suitably diluted with mobile phase 
to obtain a standard solution having a known concentra-
tion of about 100 μg/mL. An appropriate volume was 
filtered through a 25-mm nylon membrane disposable filter 
(0.45-μm pore size, μclar, Argentina). They were injected in 
triplicate (RSD < 2.0%), and the results averaged. 

Sample solutions were also prepared on a weight basis 
using a volume of suspension equivalent to 100 mg of 

ABZ from each bottle after mixing with a standardized 
manual procedure, dissolved in acidified methanol, and 
then treated as the standard solutions. All solutions were 
used on the day prepared and injected in triplicate.

Dissolution Study
Since “Albendazole for oral suspension” has no compen-

dial dissolution method, the USP albendazole tablets test 
was adjusted to serve this purpose (15).

A suspension sample (5 mL = 190 mg ABZ) was taken 
on a weight basis using a suitable syringe–cannula system 
and transferred quantitatively to the dissolution vessel 
midway between the surface of the dissolution medium 
and the top of the rotating blade. Prior to sampling, the 
reconstituted suspension was mixed by manual agitation 
(20 upendings in 90 sec). To calculate the exact weight 
of suspension added to the vessel, the syringe and can-
nula were weighed at three stages: empty, filled with the 
suspension, and after the sample was expelled into the 
dissolution vessel. The specific gravity of each formulation 
was determined to express the percentage of drug dis-
solved in the sampled volume.

Dissolution testing was carried out on a suitably cali-
brated USP Apparatus 2 (Erweka DT60) at 25 ± 1 rpm, under 
sink conditions in 900 mL of 0.1 N hydrochloric acid solu-
tion at 37 ± 0.5 °C for each test (n = 12). This dissolution 
medium was used because of the higher solubility of ABZ 
at acidic pH compared with neutral or basic media. Samples 
(10 mL) were withdrawn at 2, 5, 10, 20, 30, 60, and 90 min, 
with replacement of the same volume of fresh medium 
after each withdrawal, and filtered through a 25-mm nylon 
membrane disposable filter (0.45-μm pore size, μclar, 
Argentina). Samples were suitably diluted with dissolution 
medium and spectrophotometrically analyzed at the ABZ 
λmax  of 310 nm. The concentration in each sample was 
calculated from an ABZ standard calibration curve. Results 
were averaged, and cumulative drug release percentages 
were calculated for dissolution profile estimation. Another 
test was carried out under the same conditions but using 50 
rpm as agitation speed, to evaluate the effect of this param-
eter in the dissolution rate of the assayed formulations.

Dissolution profiles were compared using the f2 similar-
ity factor (16) and ANOVA analysis of Dissolution Efficiency 
(DE) values. DE is defined as the area under the dissolu-
tion curve between two time points (measured using the 
trapezoidal rule) and expressed as a percentage of the 
area of the rectangle described by 100% dissolution in the 
same time period (17). In all cases, a value of p < 0.05 was 
considered significant.

RESULTS AND DISCUSSION
All formulations evaluated had suitable organoleptic 

properties and similar specific gravity values (1.03 g/mL 
for samples A and B, and 1.02 g/mL for sample C). 

Sample A and C assay results fulfilled pharmacopeial 
specifications, with average values of 109.4% and 
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110.0% of the labeled amount, respectively. Never-
theless, the lowest result was recorded for sample B 
(41.8%), which is well below the specification lower 
limit for drug content in ABZ oral suspension. ANOVA 
was used to establish differences between the assay 
results. There were no significant differences between 
sample A and C assay values, but statistically significant 
differences were detected between these formulations 
and sample B (p = 0.0002). 

Values for maximum percentage dissolved were near 
100% for samples A and C, with higher dissolution rates 
for sample C in the study carried out at the recommended 
agitation speed for suspension evaluation (25 rpm). 
Sample A showed the highest standard deviation values, 
with results over 10.0% in almost all cases. Variability was 
in the range of 0.73–1.80% for sample C and below 1.0% 
for sample B. A high dissolution rate was seen for sample 
B, but with a maximum percentage dissolved at 90 min of 
only 39.9% (Figure 1). Although this value shows an inad-
equate dissolution performance, it is in agreement with 
the assay result for this sample.

When the dissolution test was carried out at 50 rpm, 
no differences were seen for either sample B or sample C. 
However, the dissolution performance of sample A was 
seriously affected, which could be related to the forma-
tion of a thick clot in the bottom of the vessel. Maximum 
percentage dissolved was reduced 60-fold at 50 rpm, and 
the variability in terms of standard deviation also was 
significantly reduced (Figure 1). 

Dissolution profiles were compared in terms of DE, 
as is shown in Figure 2. Mean DE results were 74.01%, 
38.84%, and 87.76% at 25 rpm, and 20.91%, 39.46%, and 
91.04% at 50 rpm for samples A, B, and C, respectively. 
Variability associated with DE in terms of standard devia-
tion was less than 1.0% in almost all cases, with only 
one result greater than 8.0% (sample A, 25 rpm). ANOVA 
was used to compare DE values. Significant differences 
in DE results were recorded between formulations at 
25 rpm (p < 0.01) and at 50 rpm (p = 0.0001) and be-
tween agitation speeds for sample A (p < 0.01), sample B 
(p = 0.0012), and sample C (p = 0.0001). Nearly the same 
results were obtained when the profiles were compared 
via the f2 similarity factor, with the exception of the 
comparison between agitation speeds for samples B and 
C (Table 1). Therefore, the difference observed between 
both agitation speeds is meaningful only in the case of 
sample A. 

CONCLUSIONS
Formulations A and C fulfilled pharmacopeial require-

ments for drug content and showed acceptable dissolu-
tion behavior at an agitation speed of 25 rpm. Formula-
tion A dissolution percentages were drastically reduced 
when the study was carried out at 50 rpm, while sample 
C was almost unaffected. These differences are related to 
the different compositions (type and amount of excipi-

ents) and manufacturing methods of both formulations. 
On the other hand, sample B showed the lowest dissolu-
tion value, unexpected for a suspension dosage form but 
in accordance with the drug content result, and was not 
affected by differences in agitation speeds. This formula-
tion did not fulfill either essential quality requirement, 
so it would not provide the expected clinical response. 
Further studies may be carried out to correlate the quality 
of the suspension with its therapeutic effectiveness. 

Figure 2.  Dissolution Efficiency (DE) results of ABZ suspensions at different 
agitation speeds.

Figure 1.  Dissolution profiles of ABZ suspensions at both agitation speeds.

Table 1. Similarity Factor (f2) Comparison of Profiles

f2 Value

Sample A Sample B Sample C

25 rpm
Sample A --- 21.4 31.6

Sample B --- --- 20.8

50 rpm
Sample A --- 23.8 7.2

Sample B --- --- 19.7

Comparison between agitation speeds (25 rpm vs. 50 rpm)

11.4 94.2a 78.4a

a f2 values greater than 50 (i.e., 50–100) ensure sameness or equivalence of 
the two profiles.
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