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Abstract

Background: Neglected tropical diseases (NTDs) are a group of communicable diseases which are prevalent in the
tropics affecting more than one billion people. Treatment and prevention of these infections is very costly to
developing economies. Helminthiases are classified among NTDs. The communities afflicted are poor and have
limited access to essential resources for their livelihood. Poor-quality drugs for NTDs may lead to death or
prolonged treatment without achieving the desired results. The limited resources used in purchasing poor-quality
drugs will therefore be wasted instead of being put to good use.
Most of the methods available for the analysis of benzimidazole anthelminthics utilize high-performance liquid
chromatography. They are therefore time consuming, require sophisticated and expensive equipment, utilize rare
and expensive reagents and solvents, and call for skilled personnel. A simple, rapid, and inexpensive ultraviolet
spectrophotometric method of analysis would therefore come in handy especially in the analysis of many samples
as occurs during post-authorization market surveillance for quality.

Results: The suitable solvent for the spectroscopic analysis was established as 0.1 M methanolic HCl. The wavelength of
analysis was set at 294 nm. Upon validation, the method was found to have good linearity. The range over which linearity
was established was way beyond the 80 to 120% of the working concentration specified by the ICH. The method
exhibited good precision.
Out of 32 commercial samples analyzed, five (15.6%) did not comply with compendial specifications. Intra-brand batch
variation was also observed. Out of three batches of product A002T analyzed, one did not comply with compendial
specifications.

Conclusion: A major limitation in the analysis of benzimidazole anthelminthics is the lack of reliable, simple, rapid, and
low-cost methods of analysis with high throughput. The developed method serves to fill this gap. It can be used in the
analysis of raw materials and finished products. It can also be used in the establishment of the quality of products prior to
registration. The method will prove very useful in post-market surveillance of quality of benzimidazole anthelminthics.
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Background
Benzimidazole anthelminthics are broad-spectrum
anthelminthics widely used both in human and veterin-
ary medicine. Helminth infections are classified as
neglected tropical diseases (NTDs) by the World Health
Organization (WHO) [1]. Most of the drugs that are
available for the treatment of helminthic infections in
humans were first developed as veterinary medicines [2].
Benzimidazole anthelminthics, mainly albendazole and
mebendazole (Fig. 1), play a key role in the treatment of
soil-transmitted helminthiases (including ascariasis, tri-
churiasis, hookworms, threadworm, and pinworm infec-
tions) [3]. Further, albendazole is the first-line treatment
for hydatid disease [4]. Albendazole is particularly pre-
ferred because of its convenience of administration as a
single dose in most infections. Affordable generic formu-
lations are also available for both albendazole and
mebendazole.
Due to a dearth of effective anthelminthics for human

use, the quality of the few available anthelminthics should
be guarded for therapeutic success. Various analytical
methods have been reported for the analysis of albenda-
zole and mebendazole in bulk and dosage forms. High-
performance liquid chromatographic (HPLC) methods, in-
cluding those in the United States pharmacopeia (USP)
and British Pharmacopoeia (BP), have been widely devel-
oped for these drugs [5, 6]. Very little effort has been di-
rected towards the development of an ultraviolet (UV)
spectroscopic method of analysis despite its many advan-
tages. Compared to HPLC, UV spectroscopy is faster and
requires less analyst skill and the equipment is less expen-
sive and easier to operate and maintain. Additionally, with
portable UV spectrophotometers, analysis can be per-
formed in areas remote from the major laboratory when
necessary. To date, only one UV spectroscopic method
developed by Agrawal et al. has been reported [7].
The biochemical target for benzimidazole anthel-

minthics is the β-tubulin, a cytoskeletal protein which
is a building block of microtubules present in all
eukaryotic cells. Microtubules are critical cytoskeletal
polymers which are made of repeating α- and β-
tubulin dimers. Microtubules are involved in cellular
morphology, cell transport, cell motility, and cell div-
ision [8]

Methods
Materials
Methanol of HPLC grade (Finar Ltd, India) was obtained
from Chemoquip Ltd, Nairobi. Analytical grade concen-
trated hydrochloric acid (HCl), sodium lauryl sulfate
(SLS), and albendazole and mebendazole working stan-
dards were provided by the Drug Analysis and Research
Unit (DARU) of the Department of Pharmaceutical
Chemistry, University of Nairobi. Commercial pharma-
ceutical products containing albendazole or mebenda-
zole active pharmaceutical ingredient (API) were
acquired from wholesalers in the Central Business Dis-
trict (CBD) and the outskirts of the city of Nairobi,
Kenya. Throughout the period of the study, nine alben-
dazole and two mebendazole brands were analyzed.

Instrumentation
All weights were taken using a Sartorius top-loading elec-
tronic weighing balance (Sartorius GMBH, Germany). Ab-
sorbance readings were read on a Genesys 10S UV-Vis
Spectrophotometer (ThermoFisher Scientific, China).
A Merck Hitachi HPLC machine (Hitachi Ltd, Tokyo,

Japan), with a Varian HPLC column, 250 × 4.0 mm,
5 μm LiChristopher 100-5 RP 18 end capped, kindly
availed by the National Quality Control Laboratory
(NQCL), Nairobi, Kenya, was used for the orthogonal
analysis of commercial samples. It was equipped with an
L-7100 low pressure quaternary pump, an L-m7200
autosampler, an L-7400 variable UV detector set at 308
nm, an L-7350 thermostatic column oven maintained at
40 °C, and an L-7000 computer interphase.

Method development
Key considerations
A method from literature developed by Agrawal et al.
[7] was adapted for the analysis of both albendazole and
mebendazole at a single wavelength using a common
solvent. The key considerations in development of the
method included choice of solvent in which both alben-
dazole and mebendazole exhibited adequate solubility,
determination of optimal wavelength of analysis, and de-
termination of suitable working concentration. To make
the analytical process simple, analysis needed to be per-
formed at a common wavelength at which both APIs

Fig. 1 Chemical structures of albendazole and mebendazole
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showed adequate absorbance with minimal interference
from excipients, related substances, and degradation
products possibly present in analytical samples. A work-
ing concentration within the linear range of absorption
signal of both APIs also had to be determined.

Determination of a suitable solvent
Two solvents were investigated for the dissolution of both
the bulk APIs and the commercial samples. These were
0.1M HCl containing 0.05% SLS and 0.1M methanolic
HCl. The former had been used in the Agrawal et al.
method [7] while the latter was used by Al-Kurdi et al. [5].

Choice of wavelength of analysis
To decide on a single wavelength for both analytes, the
UV spectra of each API at a nominal concentration of
12 μg/mL in 0.1M methanolic HCl were run independ-
ently between 200 and 400 nm. The two spectra were
then overlaid. Two wavelengths (233 and 294 nm) were
initially chosen for further investigation.

Choice of working concentration
The appropriateness of a concentration of 12 μg/mL as
used by Agrawal et al. [7] was investigated and was
found to fall within the linear range for both APIs.

Adapted method
After the preliminary investigations (“Determination of a
suitable solvent,” “Choice of wavelength of analysis,” and
“Choice of working concentration” sections), optimal condi-
tions for the method were suggested as UV absorbance of a
12-μg/mL solution of each API in 0.1M methanolic HCl
and measured at 294-nm wavelength. This method was
taken through a validation process to assess its suitability.

Method validation
Linearity and range
A 1.0-mg/mL stock solution of each of the two APIs was
prepared by weighing 50mg of the respective API into a
50-mL volumetric flask, dissolving in minimum 0.1M
methanolic HCl, and the solution made to volume with
the same solvent. Working solutions were prepared by
transferring aliquots of the stock solution into 25-mL
volumetric flasks and making to volume using 0.1M
methanolic HCl producing ten solutions of 4, 8, 12, 16,
20, 24, 28, 32, 36, and 40 μg/mL nominal concentrations.
This represented a range of 33.3 to 333.3% of the work-
ing concentration. The absorbances of these solutions
were read at 294 nm, and the data obtained plotted using
a Microsoft Excel spreadsheet and subjected to linear re-
gression analysis.

Precision
Repeatability and intermediate precision were deter-
mined in this study as outlined in the sections “Repeat-
ability” and “Intermediate precision.” Reproducibility
was not determined as the study did not involve a col-
laborating laboratory.

Repeatability About 50 mg of each API was weighed
into a 50-mL volumetric flask, dissolved in minimum
0.1M methanolic HCl, and made to volume with the
same solvent. A 0.3-mL aliquot of this solution was
transferred to a 25-mL volumetric flask and made to vol-
ume with the same solvent to give a final solution. Ab-
sorbance of the test solution was determined on the
same day six times at 294 nm. The standard deviation,
relative standard deviation, and coefficient of variation
(COV) of these data were then calculated.

Intermediate precision The procedure for the deter-
mination of repeatability (“Repeatability” section) was
followed after several days.

Accuracy
The accuracy of the method was established by adding a
known amount of the analyte (API) to a solution of a com-
mercial product whose API concentration was 80, 100, and
120% of the working concentration (12 μg/mL) [9]. The per-
centage recovery of the analyte in each solution was then de-
termined. The determinations were done in triplicate.

Orthogonal HPLC analysis
To compare the reliability and accuracy of the developed
method with that of a validated method in routine use, the
HPLC procedure for the analysis of albendazole as described
in the USP 2018 was used. The suspension dosage form of
one of the commercial products was analyzed. The results
obtained from both methods were then compared.

Specificity
The process of testing for accuracy (“Accuracy” section)
involving the analysis of the API in the presence of ex-
cipients, possible related compounds, and degradation
products was additionally used to assess the specificity
of the developed method.

Sensitivity
As a measure of sensitivity, the limits of detection and
quantitation (LOD and LOQ) were determined by com-
puting the standard deviation (σ) of the response and
the slope (S) of the linearity plot [9]. The standard devi-
ation was determined by measuring the absorbance of
the blank (0.1M methanolic HCl) six times and calculat-
ing the standard deviation of the responses.
The LOD and LOQ were calculated using Eqs. 1 and 2:
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LOD ¼ 3:3σ=S ð1Þ

LOD ¼ 10σ=S ð2Þ

Analysis of commercial samples
The linear plots used in the determination of linearity and
range (“Linearity and range” section) were also used as the
calibration curves for content determination of both APIs.

Sample preparation

Tablet dosage forms Twenty tablets were accurately
weighed and pulverized to a fine powder. An amount of
the powder equivalent to 50 mg of the respective API
was accurately weighed into a 50-mL volumetric flask.
About 25 mL of 0.1M methanolic HCl was added and
the mixture shaken to dissolve. The solution was ultra-
sonicated for 5 min and made to volume with the same
solvent and the solution filtered. A 0.3-mL aliquot of the
filtrate was pipetted into a 25-mL volumetric flask and
made to volume with the same solvent. The absorbance
of this solution was read at 294 nm. The samples were
prepared in triplicate.

Suspension dosage forms An amount of the suspension
equivalent to 50mg of the respective API (as determined
by the use of a density bottle) was accurately weighed into
a 50-mL volumetric flask. A minimum amount of 0.1M
methanolic HCl was added and the flask shaken to dis-
solve. The solution was ultrasonicated for 5min and made

to volume with 0.1M methanolic HCl and the solution fil-
tered. A 0.3-mL aliquot of the filtrate was pipetted into a
25-mL volumetric flask and made to volume with the
same solvent. The absorbance of this solution was read at
294 nm. The samples were prepared in triplicate.

Results
Method development
Choice of solvent
Both APIs were found to have better solubility in 0.1M
methanolic HCl than in 0.1 M HCl containing 0.05%
SLS. Therefore, 0.1M methanolic HCl was used for fur-
ther development of the analytical method.

Choice of wavelength of analysis
The optimal wavelength for API signal detection was de-
termined to be 294 nm. At this wavelength, least inter-
ference was exhibited by other possible substances
present in commercial products as compared to 233 nm.

Method validation
Linearity and range
The data obtained (Figs. 2 and 3) showed good linearity
(between 33.3 and 333.3% of the working concentration)
for each of the two APIs. The coefficient of determin-
ation, R2, was 0.9989 for both APIs.

Precision

Repeatability The CV of albendazole was 0.184% and
0.0% for mebendazole (Table 1). Since the CVs were
below 2% [18], the developed method exhibited good
repeatability.

Fig. 2 UV absorption spectra for albendazole and mebendazole respectively in 0.1 M methanolic HCl
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Intermediate precision As shown in Table 1, the devel-
oped method showed good intermediate precision (given
that the CV was less than 2% for both APIs) [10].

Accuracy
The data for recovery studies is presented in Table 2.
The average recovery for the three levels for albenda-

zole was 102.3% and 104.2% for mebendazole.
The Food and Drug Administration (FDA) of the USA

requires that the recovery should be 100 ± 2% at each
concentration over the range of 80 to 120% of the work-
ing concentration [11].
Though the results (102.3% and 104.2% recovery for alben-

dazole and mebendazole, respectively) were slightly above
the upper limit at some concentrations for both APIs, the
developed method exhibited acceptable accuracy. The
method is more accurate for albendazole than mebendazole.

Orthogonal HPLC analysis
The percentage label claim for the selected analyzed
product using HPLC was determined to be 106.6%. This
compared well with the 107.3% percentage content ob-
tained with the developed method. This further confirms
the accuracy of the developed method.

Specificity
For the developed method, the results of the recovery
studies indicate that the method is capable of

discriminating the analyte in the presence of the compo-
nents likely to be present in the commercial products in-
cluding excipients, related substances, and products of
degradation. The method was therefore found to be spe-
cific for albendazole and mebendazole.

Sensitivity
The LOD and LOQ results were albendazole, LOD =
43.5 ng/mL and LOQ = 131.9 ng/mL; for mebendazole,
LOD = 30.6 μg/mL and LOQ = 92.7 ng/mL. It is worth
noting that while the working concentration is stated in
micrograms, the LOD and LOQ are stated in nano-
grams. These relatively low figures imply high sensitivity
of the developed method for both APIs [11].

Assay of commercial products
The assay results for the commercial products are sum-
marized in Tables 3 and 4.

Discussion
Out of the 32 samples analyzed, five samples (15.6%) did
not comply with compendial specifications. From the in-
formation gathered in the field, albendazole is the more
popular anthelminthic compared to mebendazole. This
is because it is administered as a single dose and several
low-cost generic brands are available. It is therefore of
great concern when a low-cost generic brand fails to
conform to compendial specification since these drugs
are more affordable and therefore mostly used by a
greater percentage of the population. It came as a sur-
prise that a suspension of the innovator product of
mebendazole had an overage of the API hence did not
conform to compendial specification. This is because the
innovator product is usually used as the gold standard
when studying the pharmaceutical equivalence of gen-
eric products [12, 13]. Also, inter-batch variation was

Fig. 3 Linearity plots for albendazole and mebendazole. yA albendazole absorbance, yM mebendazole absorbance, x API concentration

Table 1 Repeatability and intermediate precision

API Repeatability Intermediate precision

SD RSD CV (%) SD RSD CV (%)

Albendazole 0.000447 0.001084 0.184 0.001 0.00230 0.230

Mebendazole 0.00379 0.00579 0.579 0.001 0.00162 0.162

SD Standard deviation, RSD Relative standard deviation, CV Coefficient
of variation
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observed with product A002T, a tablet dosage form of
albendazole which is a popular anthelminthic, with one
batch of the product having an API overage thus not
complying with the compendia specifications.

Conclusion
Post-marketing surveillance is an essential component of
drug discovery and development and should routinely be
performed by the pharmaceutical companies, drug regu-
latory authorities, and analytical laboratories to ascertain
that marketed medicines meet compendial requirements

and hence assure their continued usefulness [14, 15]. In
low-resourced jurisdictions such as Africa, there is a
dearth of more sophisticated analytical techniques and
skilled manpower. Cheaper but accurate methods of ana-
lysis would therefore be more appropriate. Bearing this in
mind, a UV spectroscopic method for the analysis of benz-
imidazole anthelminthics albendazole and mebendazole
was developed and validated. When the method was ap-
plied to commercial products, it was found to work as reli-
ably as it did for the bulk raw material. The method was
found to be comparable to other validated compendial
methods. It could therefore find applicability in the ana-
lysis of bulk raw materials and finished products in manu-
facturing establishments. Because of its simplicity, it can
be particularly useful for post-marketing surveillance of
quality by regulatory bodies. With portable UV spectro-
photometers being available, kits can easily be developed
for field analysis of samples on site.
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Table 2 Recovery at 80, 100, and 120% of the working
concentration

API Recovery level (%)

80 100 120

Albendazole 104.3 100.0 102.3

Mebendazole 106.6 104.6 101.5

Table 3 Results of analyses of commercial products for
albendazole

Product code Dosage form Batch Assay (%) Commenta

A001S Suspension 1 107.3 Complies

2 108.4 Complies

3 107.3 Complies

A001T Tablets 1 96.6 Complies

2 98.6 Complies

3 100.1 Complies

A002S Suspension 1 104.1 Complies

2 105.0 Complies

A002T Tablets 1 98.3 Complies

2 145.4 Does not comply

3 96.9 Complies

A003S Suspension 1 98.0 Complies

2 97.1 Complies

3 96.2 Complies

A003T Tablets 1 96.8 Complies

2 99.6 Complies

A004S Suspension 1 100.2 Complies

A004T Tablets 1 97.2 Complies

2 95.9 Complies

A005S Suspension 1 87.2 Does not comply

A005T Tablets 1 103.3 Complies

A006T Tablets 1 93.3 Complies

A007S Suspension 1 109.0 Complies

A008T Tablets 1 100.3 Complies

A009S Suspension 1 7.9 Does not comply
aUSP 2018 specification for content (not less than 90.0% and not more than
110.0% of the label claim)

Table 4 Assay results of mebendazole commercial products

Product code Dosage form Batch Assay (%) Commenta

M001S Suspension I 112.9 Does not comply

II 111.5 Does not comply

M001T Tablets I 102.5 Complies

II 105.7 Complies

M002S Suspension I 103.4 Complies

II 100.0 Complies

M002T Tablets I 99.6 Complies
aUSP 2018 Specification for content (should not be less than 90.0% and not
more than 110.0% of the label claim)
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