
Vol.:(0123456789)

SN Applied Sciences (2019) 1:478 | https://doi.org/10.1007/s42452-019-0505-5

Research Article

Simultaneous determination of anthelmintic drugs by capillary 
electrophoresis using cyclodextrins as buffer additives

Gabriel Hancu1  · Andra Toncean1 · Denisa Podar1 · Anita Sarkany1 · Claudiu Drăguț1 · Enikő Barabás2

© Springer Nature Switzerland AG 2019

Abstract
A generic capillary zone electrophoresis with diode array detection was developed for the simultaneous determina-
tion of five anthelmintic drugs (albendazole, fenbendazole, flubendazole, mebendazole, levamisole) used in human 
and veterinary medicine. The separation of structurally related benzimidazole derivatives was resolved by addition in 
the background electrolyte of randomly methylated β-cyclodextrin (RAMEB). The optimization of the analytical condi-
tions was carried out using a “one factor at a time” tehnique. Optimized conditions were found to be 50 mM phosphate 
buffer at pH 1.9, 5 mM RAMEB as buffer additive, applied voltage + 25 kV, system temperature 20 °C, injection param-
eters 50 mbar/1 s. Good analytical performance with regards to linearity, reproducibility, accuracy and robustness was 
achieved. The method was applied for the determination of analytes from pharmaceutical preparations.
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1 Introduction

Helminthiasis is among the most common infections in 
man, affecting a large proportion of the world’s popu-
lation; these infections can affect large populations in 
endemic areas with major economic and social conse-
quences [1].

Benzimidazoles are a broad-spectrum class of anthel-
mintic drugs which are used in both humans and animals 
in the treatment of roundworm and tapeworm infesta-
tions. Since the introduction in therapy of the first ben-
zimidazole derivative, thiabendazole, nearly 50  years 
ago, many benzimidazoles and pro-benzimidazoles with 
increased efficacy and spectra have been synthetized and 
used in therapy [2].

In this study four benzimidazole derivatives: alben-
dazole (ABZ) (methyl N-(6-propylsulfanyl-1H-benzi-
midazol-2-yl)carbamate), fenbendazole (FBZ) (methyl 
N-(6-phenylsulfanyl-1H-benzimidazol-2-yl)carbamate), 

flubendazole (FLZ) (methyl N-[6-(4-fluorobenzoyl)-1H-ben-
zimidazol-2-yl]carbamate), mebendazole (MBZ) (methyl 
N-(6-benzoyl-1H-benzimidazol-2-yl)carbamate) and one 
imidazothiazole derivative: levamisole (LEV) ((6S)-6-phe-
nyl-2,3,5,6-tetrahydroimidazo[2,1-b] [1, 3] thiazole) were 
analysed by capillary electrophoresis. The chemical struc-
tures of the studied analytes are presented in Fig. 1.

Nowadays capillary electrophoresis (CE) is a powerful 
separation technique in pharmaceutical analysis being 
used in research, development, quality control or stabil-
ity studies of pharmaceutical substances [3]. Comparing 
it with the more frequently used high performance liquid 
chromatography (HPLC), CE has the advantages of rapid 
method development, higher resolution capacity, different 
mechanism for separation selectivity, low consumption of 
analytes and reagents and consequently low operational 
costs [4].

In recent years several CE methods for the simultaneous 
determination of benzimidazole from different matrices 
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has been published. Benzimidazole residues in swine tis-
sue samples were determined by magnetic solid phase 
extraction (MSPE) with field-amplified sample stacking 
technique (FASS) using a capillary zone electrophoresis 
(CZE) [5]. CE-MS methods were proposed for the determi-
nation of benzimidazole derivatives in egg [6] and meat 
[7] samples. Capillary electrochromatography (CEC) was 
used for the analysis of benzimidazoles in water residues 
[8]. Micellar electrokinetic chromatography (MEKC) was 
used for the simultaneous determination of three benzi-
midazole fungicides [9]. A high-performance CE method 
for determination of five benzimidazoles in animal feeds 
was also developed [10].

CE methods were also developed for the individual 
determination of certain benzimidazole derivatives. A 
nonaqueous capillary electrophoretic method (NACE) 
was developed for the determination of plasma levels of 
albendazole and its metabolites (albendazole sulfoxide, 
albendazole sulfone) [11]. Chiral CE was used for the deter-
mination of albendazole sulfoxide enantiomers in cerebro-
spinal fluid [12] and human plasma [13].

Usually analytical methods for determination of benzi-
midazoles are developed individually; this approach to the 
analysis is chosen because benzimidazoles are not used 
in combination with other benzimidazole during anthel-
minthic therapy. Levamisole however is sometimes used in 
combination with mebendazole in order to obtain a more 
effective broad-spectrum anthelmintic treatment. A NACE 

method was employed for the simultaneous determina-
tion of mebendazole and levamisole hydrochloride in fixed 
dosed combinations [14].

The development of a rapid analytical method that 
will not be limited to the analysis of only one benzimida-
zole derivative could be a useful approach. Therefore, the 
purpose of this study was the development of a generic 
universal CE method for the determination of ABZ, FBZ, 
FLZ, MBZ and LEV in a single run without the need for 
development of a separate and distinct method for each 
substance.

2  Materials and method

2.1  Chemicals and reagents

We used the following substances of pharmaceutical 
grade: albendazole—ABZ (Tonira Pharma Limited, India), 
fenbendazole—FBZ (Transchem Limited, India), fluben-
dazole—FLZ (Transchem Limited, India), mebendazole—
MBZ (Tonira Pharma Limited, India), levamisole—LEV 
(Shandong Qilu King Phar, China).

The following reagents of analytical grade were used: 
phosphoric acid (85%) (Chimopar, Romania), methanol, 
sodium hydroxide (Lach-Ner, Czech Republic), sodium 
dihydrogen phosphate, disodium hydrogen phosphate 
(Merck, Germany). Deionized water was purified by a 

Fig. 1  Chemical structures of 
the studied anthelmintic drugs
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Milli-Q system (Millipore, USA) and was used throughout 
for the preparation of solutions.

For the separation of the studied analytes, an addi-
tion of cyclodextrins (CDs) in the background electrolyte 
was used: native CDs (α-CD, β-CD, γ-CD) and derivat-
ized CDs (hydroxypropyl-β-CD—HP- β-CD, randomly 
methylated β-CD- RAMEB, heptakis(2,3,6-tri-O-methyl) 
β-CD—TRIMEB).

To determine the concentration of ABZ and MBZ from 
pharmaceutical products, we used the Duador film-coated 
tablets (Gedeon Richter, Romania) containing 200 mg ABZ 
and Vermox tablets (Janssen, Belgium) containing 100 mg 
MBZ.

2.2  Instrumentation

Determinations were conducted on an Agilent CE 1600 
system (Agilent Technologies, Germany), equipped with 
a photo diode array detection. Data acquisition was per-
formed using ChemStation software (Agilent Technolo-
gies, Germany). Uncoated fused-silica capillaries of 48.5 cm 
length (40 cm effective length) × 50 µm I.D. (Agilent Tech-
nologies, Germany) were used. Buffer pH was determined 
using a Terminal 740 pH–meter (Inolab, Germany).

2.3  Standard solutions preparation

Due to the fact that benzimidazole derivatives could not 
be dissolved in methanol, stock solutions were prepared 
at concentrations of 1  mg/mL in a mixture of formic 
acid:methanol (1:4) while LEV stock solution was prepared 
directly in methanol in the same concentration. Working 
solutions were prepared by diluting the stock solution 
with methanol to the appropriate concentration. All stock 
solutions were stored in a refrigerator at 4 °C and were 
found to be stable for at least 2 weeks.

2.4  Pharmaceutical sample preparations

Ten tablets from each sample were weighed, triturated 
and homogenized in a mortar. An amount of powder 
equivalent to the average weight of one tablet was indi-
vidually transferred and extracted in 10 mL mixture of 
formic acid:methanol (1: 4), sonicated for 5 min and then 
diluted to 100 mL with methanol. The solutions were then 
diluted with methanol to the appropriate concentrations 
to fit the calibration curve plotted in the stock solution 
linearity analysis and filtered through a 0.45 µm regener-
ated cellulose membrane filter before being subjected to 
the CE analysis.

2.5  Electrophoretic conditions

The new capillaries were conditioned by flushing for 
30 min with 1 M Na OH, 15 min with 0.1 M NaOH and 
15 min with water. Between runs, the capillaries were pre-
conditioned for 2 min with 0.1 M NaOH and 3 min with the 
BGE prior to each subsequent run.

The CE system was operated under the following initial 
conditions: voltage, 25 kV, capillary temperature, 25 °C, 
hydrodynamic injection, 50 mbar for 1 s, detection wave-
length, 210 nm.

Buffer solutions were prepared by dissolving the appro-
priate amounts of reagents in water; the pH of the buffer 
solutions was adjusted with 0.1 N sodium hydroxide. All 
standard, sample solutions and BGE were filtered through 
a 0.45 µm regenerated cellulose membrane filter.

3  Results and discussion

3.1  Preliminary analysis

Benzimidazole and imidazothiazole derivatives are slightly 
basic; the basic properties resulting from the nitrogen of 
the imidazole ring, which can accept protons. In acidic 
solution, benzimidazoles are protonated to form benzi-
midazolium ion [15].

The  pKa value (ABZ—6.9; FBZ—7.4; FLZ—7.1; MBZ—6.6; 
LEV—6.9) of the drugs serves as a guideline that shows 
the extent of ionization at different pH levels [16]. In our 
case all substances have almost similar pKa values and will 
be ionized at the imidazole ring, in an acidic background 
electrolyte (BGE). We sought to establish optimal electro-
phoretic conditions for the separation by carrying out a 
series of preliminary experiments using different phos-
phate buffer systems over a pH range of 1.9 to 7.0, at four 
pH levels (1.9, 3.5, 5.0, 7.0).

Choosing a suitable buffer system and pH is essential 
in the separation process since it will implicitly generate 
ionization and influence the electrophoretic mobility of 
analytes.

The best results were obtained at pH 1.9, but due to the 
structural similarities ABZ, FEN, FLZ and MBZ have virtu-
ally almost the same electrophoretic mobility. The order 
of migration was LEV, ABZ, MBZ, FLZ and FBZ, however 
MBZ and FLZ couldn’t be separated on the baseline and 
the resolution between the four benzimidazole derivatives 
was relatively low.

In order to improve separation, organic solvents (meth-
anol, acetonitrile) were added to the BGE in concentrations 
between 5 and 20%, this led to an increase of the migra-
tion times, but the resolution of separation didn’t improve.
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Next, we added different CD derivatives in concentra-
tion of 5 mM to the buffer electrolyte, positive results 
were obtained with HP-β-CD, RAMEB and TRIMEB, but 
the best results in terms of resolution and migration 
times were obtained when using RAMEB.

CDs can form complexes with analytes based on their 
inclusion into the hydrophobic cavity; secondary interac-
tions may include hydrogen bonding or dipole–dipole 
interactions with the hydroxyl groups on the CDs, or with 
other polar substituents of the CDs [17].

Due to the different complexation ability of the ana-
lytes with the CD, the order of migration of the benzi-
midazole derivatives changed and an increase in the 
migration time of the analytes was observed. The order 
of migration in the buffer system containing RAMEB was: 
LEV, FLZ, ABZ, MBZ and FBZ.

3.2  Method optimization

In order to improve the resolution of the separation 
the influence of several analytical and electrophoretic 
parameters on the separation (buffer concentration, 
buffer pH, CD concentration, voltage, temperature, injec-
tion parameters) were studied. The optimization process 
was conducted using a “one factor at time” strategy, by 
changing one parameter at a time, while keeping the 
other parameters constant.

The effect of pH of the buffer was investigated over 
a range between 1.9 and 3.0, an increase of pH resulted 
in a small increase in migration times, without affecting 
considerably the resolution of the separation. At low acid 
pH values the effect of EOF is negligible and the analytes 
will migrate based on their own electrophoretic mobility. 
Based on the migration times of the analytes, a buffer pH 
of 1.9 was chosen.

The effect of BGE concentration was studied by chang-
ing the concentration of phosphate from 25 to 100 mM 
at a constant pH of 1.9; the use of high concentrations of 
buffer will result in more Joule heating which will affect 
peak efficiency and migration time. Based on the migra-
tion time and generated current, a 50 mM phosphate 
buffer was chosen.

The effect of CD concentration (5–20 mM) on the res-
olution and migration times was studied; high RAMEB 
concentrations were not preferred due to prolonged 
analysis time, 5  mM was chosen as a compromise 
between resolution and migration speed.

The influence of voltage (15–30 kV) over migration 
time was also investigated; voltage over 25 kV induced 
an increase in current intensity over 100 µA; thus 20 kV 
was selected as optimum.

The influence of capillary temperature (15–30 °C) was 
evaluated; with the increase of the temperature, migration 
time decreased; therefore, 25 °C was chosen as optimum.

The influence of injection time (1–5 s) and injection 
pressure (25–50 mbar) were studied in order to attain 
low detection limits without affecting peak shape quality, 
migration time and resolution; 50 mbar/1 s was chosen 
as optimum.

From the above experiments, the optimum conditions 
for the simultaneous determination of ALB, FBZ, FLZ, MEB 
and LEV were the following: 50 mM phosphate buffer, 
pH 1.9, 5  mM RAMEB buffer additive, applied voltage 
20 kV, capillary temperature 25 °C, injection parameters 
50 mbar/1 s, detection wavelength 210 nm. Typical elec-
tropherogram obtained under optimized conditions is 
shown in Fig. 2. Using the optimized conditions, the migra-
tion other was the following: LEV, FLZ, ABZ, MBZ and FBZ; 
all the analytes were separated in approximately 15 min 
with resolution (Rs) values over 2.5 and separation factor 
(α) values over 1.05. Analytical data of the separation are 
presented in Table 1.

3.3  Analytical performances

The intra-day precision of the analytical method was deter-
mined by analysing six replicates of a 0.25 mg/mL stand-
ard mixture solution on the same day. Inter-day precision 
was evaluated with a standard mixture solution contain-
ing 0.25 mg/mL of each analyte, over three consecutive 
days with six replicates per day. The results were expressed 
as the percent of relative standard deviation (RSD %) for 
migration time, peak area and peak heights. The results 
presented in Table 2 indicate a good precision of the devel-
oped method.

Linearity was studied in a concentration range of 
0.01–1 mg/mL for each analyte, each calibration curve 
contained eight different concentrations and was per-
formed in triplicate. Correlation coefficients above 0.99 
demonstrate a good linearity of the method. The regres-
sion equations and correlation coefficients for the pro-
posed method are shown in Table 3.

Limit of detection (LOD) and limit of quantification 
(LOQ) were estimated as (standard deviation of regres-
sion equation)/(slope of the regression equation) × 3.3 and 
10, respectively, the results are presented in Table 3. The 
method possesses adequate sensitivity for the analysis of 
the analytes in pharmaceutical formulations.

The robustness of the method was evaluated by study-
ing the influence of the variation of several experimental 
parameters like buffer concentration (50 ± 5 mM), buffer 
pH (2.2 ± 0.3), CD concentration (5 ± 0.5), applied volt-
age (20 ± 2.5 kV) and temperature (25 ± 2 °C), changing 
only one of these each time, and monitoring variation 
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of the migration times. Only small acceptable deviations 
(RSD < 2%) were observed indicating that the robustness 
of the method was good.

The accuracy of the method was determined by using 
recovery experiments analysing solutions of known ana-
lyte concentrations within the linearity range at three 
levels (0.1, 0.25, 0.5 mg/mL). The mean recoveries were 
between 98.7 and 102.4%, showing a good accuracy of 
the method.

The developed method has been successfully applied 
for the determination of ABZ and MBZ from pharmaceu-
tical preparations. The compounds were found in good 
agreement with manufacturer’s declared values for both 
samples (Table 4).

The selectivity of the method was tested by compar-
ing the electropherogram of standard solutions and com-
mercial pharmaceutical product solutions containing an 
equivalent concentration of analytes. No interference 
occurred from excipients with the drug peaks of the stud-
ied analytes during analysis of formulation samples.

4  Conclusions

We successfully developed a simple CZE method for the 
simultaneous determination of ABZ, FBZ, FLZ, MBZ and 
LEV. Under optimized conditions, using RAMEB as buffer 
additive we obtained the separation of the five analytes in 
approximately 15 min. Complexation with CD improved 
resolution between structurally related compounds, 
enhancing the selectivity of the method.

Fig. 2  The separation of the studied anthelmintic drugs under 
optimized electrophoretic conditions (analytical conditions: 
50  mM phosphate buffer, pH 1.90, 5  mM RAMEB buffer additive, 

applied voltage +20  kV, temperature 25  °C, injection pressure/
time 50 mbar/1 s, sample concentration 0.25 mg/mL, UV detection 
210 nm)

Table 1  Analytical data for the determination of anthelmintic drugs 
by CE

Analyte Migration 
time (± SD) 
[min] (n = 6)

Peak symetry Number of 
theoretical 
plates

Rs α

LEV 6.15 ± 0.01 0.11 25,842 – –
FLZ 11.65 ± 0.01 0.14 49,467 30.33 1.90
ABZ 12.25 ± 0.02 0.12 35,373 2.54 1.05
MBZ 12.89 ± 0.02 0.13 41,835 2.48 1.05
FBZ 14.08 ± 0.02 0.14 40,748 4.47 1.09

Table 2  Intra and inter-day precision for the determination of 
anthelmintic drugs by CE (analyte concentration 0.25 mg/mL)

Analyte RSD(%) migration 
time

RSD(%) peak 
area

RSD(%) 
peak 
height

Intra-day precision (n = 6)
 LEV 0.17 0.43 0.58
 FLZ 0.09 0.72 1.08
 ABZ 0.13 0.36 0.68
 MBZ 0.15 1.26 0.87
 FBZ 0.10 1.46 0.37

Inter-day precision (n = 18)
 LEV 0.49 1.18 1.26
 FLZ 0.76 2.14 1.57
 ABZ 0.82 1.21 1.04
 MBZ 0.71 2.12 1.07
 FBZ 0.46 2.03 1.14
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The migration order of the benzimidazole analytes can 
be explained as the analyte which is complexed more 
strongly by the CD migrates slower; since the hydrody-
namic radius of the analyte-CD complex is larger than 
the radius of the free analyte, the complex will migrate 
slower. Also, in the migration process molecular weight 
and analyte size must be taken into consideration, as LEV, 
the analyte with a significantly lower molecular weight 
migrates the fastest.

The advantages of our method offer high separation 
efficiency and minimum use of analytes and solvents, 
being recommended to be used as quality control proto-
col in preliminary pharmaceutical analysis. This study high-
lights the benefits of using universal methods for rapid 
quantitation of anthelmintic drugs without the need for 
development of separate and distinct method for each 
analyte.
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