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Introduction 
Albendazole (ABZ) is a widely used anthelmintic drug for the 
treatment of parasitic worms and diseases caused by such 
infestations. Albendazole is poorly absorbed in in-vivo and 
hence high concentrations of this drug are administered. The 
poor absorption is due to its low solubility in aqueous media [1-
3]. Therefore, most of the drug that is administered eventually 
finds its way into the environment. After oral administration, 
albendazole (ABZ) is transformed by liver microsomal enzymes 
into albendazole sulphoxide (ASOX), a pharmacologically 
major active metabolite [4-7]. Subsequently, this metabolite is 
further transformed by cytochrome P450 enzyme (CYP2C) to an 
inactive metabolite, albendazole sulphone (ASON). The rate of 
albendazole metabolism depends on the species of animal, with 
more than 50% of the drug transformed to metabolite after 4 days 
[8]. Albendazole has also been used for the control of flukes in a 
variety of animal species, ncluding domestic (e.g., cattle, sheep 
and goats) and wild animals (such as elephants). Albendazole 
destroys the parasitic worm by keeping the worm from absorbing 
sugar (glucose), such that the parasite loses energy and finally 
dies [9-11].

ABZ is of current major interest among scientists, trying to 
understand the nature and its properties using different analytical 
techniques. In fact, there has been an extensive and continuing 
interest in developing attractive and fast methods of studying 
ABZ drug as well as its metabolites and related compounds at 
low levels. Two of the main metabolites are given in I above. 
Several techniques for analysis of ABZ have been reported 
including solid phase extraction coupled with HPLC [12], ultrahigh 
performance LC coupled with a mass spectroscopy detector 
[13-15], high-performance liquid chromatographic (HPLC) [16] 
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and radioimmunoassay methods. A number of electrochemical 
studies of ABZ have been reported in the literature [17-19]. 
Recent literature indicates that this drug could be used for 
ovarian cancer treatment due to its effective inhibition efficacy 
of vascular endothelia growth factor (VEGF) [20]. The aim of 
the current research work was to 1), use electroanalytical 
techniques to elucidate important electrochemical kinetic 
parameters in further characterization of albendazole and 2) use 
chromatographic techniques to characterize the electrochemical 
oxidation products.

Experimental Section
Chemicals
Albendazole was purchased from Sigma Aldrich. Tetrabutyl 
ammonium bromide (Bu4NBr- TBAB) was purchased from WWR 
(West Chester, PA). The albendazole drug was dissolved in in 
acetonitrile containing Tetrabutyl ammonium bromide (TBAB) as 
the phase transfer catalyst or supporting electrolyte. All analytical 
reagents were used as received. Ordinary distilled and pure water 
was used for all other applications. All other chemicals were 
analytical grade or HPLC grade.

Electrochemical apparatus
Cyclic voltammetry (CV) and amperometric techniques were 
carried out with a computer controlled electrochemical 
workstation (CHI 660c, USA) with ohmic drop (IR) 98% 
compensated. A three-electrode electrochemical cell with 
a platinum wire as a counter electrode was used for all 
electrochemical experiments. The Ag/AgCl, equipped with a glass 
tip, separated from the sample solution compartment by a salt-
bridge containing KCl and terminating in a medium porosity glass 
frit, was the reference electrode. Cell resistance, IR, as measured 
by the CH Instruments, was 98% compensated in all voltammetric 
experiments. All work was done at the ambient room temperature 
of the laboratory (23oC).

Electrode surface preparation Procedure 
Glassy carbon (area 0.07 cm2) was used as the working electrode. 
The working and the counter electrodes were obtained from 
Bioanalytical Systems Inc. (West Lafayette, IN). Use of glassy 
electrode required brief polishing in alumna (0.1 µm particle sizes) 
and rinsing thoroughly in pure water and finally ultra-sonicated 
in the same media prior to use. Glassy carbon electrodes were 
initially polished on 1 μm diamond polishing paste then ultra-
sonicated in ethanol and distilled water successively for 1 minute, 
followed by rinsing in pure water and then dried in air. This step 
was then followed by alumna polishing and thorough rinsing, as 
indicated above.

Chromatographic procedure
Separations were carried out at room temperature on a ZORBAX 
XDB-CN column (4.6 mm × 150 mm long and 5 μm particle 
size, Agilent Technologies). A Zorbax CN guard column (4.6 
mm cartridge, Agilent Technologies) was used to preserve the 
analytical column. The mobile phase consisted of a combination 
of acetonitrile methanol and de ionized water (59:27:14). The 
HPLC-UV was carried out using Agilent 1100 series HPLC unit the 
UV detector set at 254 nm wavelength. The chromatographic run 

was performed under isocratic conditions at the flow rate of 1 
mL/min. Every end of the run was followed by a post run step 
that included flushing the column again with more mobile phase.

Mass spectrometry procedure
The HPLC attached to the mass spectrometer was an Alliance 
HPLC System run using parameters established using HPLC-UV. 
The mass spectrometer used was a Micromass Quattro micro 
unit. Mass Spectrometer was set to ESI in positive ion mode. 
The settings of the mass spectrometer were as follows: the de-
solvation gas (N2) and flow was operated at 500oC and 5 L/min, 
respectively. The corona was operated at 2 μA while the cone 
voltage was set at 25 V. The extractor lens was at 5 V while the RF 
lens was at 0.2 V. The mass spectrometry collision gas was a N2 of 
high purity (>99.9995).

Results and Discussion
Electrochemical oxidation of ABZ 
A cyclic voltermmogram of albendazole on a glassy carbon 
electrode surface was obtained at a potential window of 0 V to 
2.0 V versus Ag/AgCl electrode. Two irreversible peak waves were 
observed (Figure 1). The first peak was at around 1.2 V versus 
Ag/AgCl reference electrode and the second peak was occurred 
at around 1.6 V. The first peak wave was later confirmed using 
LC-MS to be due to the formation of albenzadole sulfoxide while 
the second peak wave the conversion of albenzadole sulolfoxide 
to albenzadole sulfone. The first peak wave was similar to that 
observed for artemesini [21], organohalides and related pesticide 
formulations [22]. The measured peak current of the first peak 
wave was found to increase with the scan rate while the second 
peak also increased accordingly but disappeared at scan rated 
higher than 100 mV/S (Figure 1). The disappearance of the 
second peak wave suggests that the formation of albenzadole 
sulfone was not being generated at higher scan rates and hence 
disappearance of the peak. Oxidation of ABZ on glassy carbon 
electrode commences at around 0.7 V versus Ag/AgCl reference 
electrode. A broad peak for the oxidation is observed. A plot of 
this peak current versus the square root of scan rate gave a linear 
relationship, suggesting diffusion controlled mass transport of 
ABZ towards the surface of the glassy carbon electrode (Figure 2a).

Formation of ASOX from ABZ is an irreversible reaction. In 
addition, the peak potential was found to shift to more positive 
potentials with increase in scan rate. Equation 1 can be used to 
estimate αn, by plotting Ep versus log v [23]. 
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 k0 is the standard heterogeneous rate constant of the oxidation of 
ABZ, n the number of electron transferred, v the scan rate, and E0 
is the formal potential. Thus value of αn can be easily calculated 
from the slope of E vs. log v (Figure 2b). In this system, the slope 
is 0.08998 Volts/log, taking T=298, R=8.314, and F=96480, the αn 
was calculated to be 0.652. Oxidation of ABZ to ASOX is a totally 
irreversible process.
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According to the CV theory for irreversible systems, Ep as a function 
of scan rate, shifting by an amount of 1.15RT/αF (or 30/α mV at 
25oC) for each ten-fold increase in v. Thus, assuming α to be 0.5, 
the number of electrons (n) transferred in the electrooxidation 
of ABZ to ASOX was calculated as 1.3. However, α, n can also be 
estimated from using equations 3 and 5. Assuming the diffusion 
coefficients of the ABZ and ASOX species are equal, it is possible 
to estimate the coefficient of electron transfer using experimental 
data contained in Figures 2 and 3. 
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In equation 3, i is the current at any measured potential and il is 
the limiting or peak current (ip), α is the coefficient of electron 
transfer. A plot of left hand side of equation 3 versus 
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gives a straight line, which provides the slope and the intercept, 
pertaining to charge transfer characteristics (Figure 3a). 
According to Figure 3a, a value of E1/2=0.91 volts versus Ag/AgCl 
was obtained. A plot of Ln (ip) against (E-E(1/2)) gave a straight line 
whose Y- intercept and the slope provided the heterogeneous 
rate constant and electron transfer coefficient, respectively 
(Figure 3b). The value of Kh calculated was about 1.39 × 104 S-1 
cm2. A closely related molecule, oxfendazole OFZ, undergoing a 
similar irreversible oxidation process, exhibited linear relationship 
for the plot of Ep vs. log of scan rate [24]. Rotating disc electrode 
in acidified solution gave heterogeneous rate constant of ten 
magnitude lower than our system [25].

The average current density at 100 mV/sec was about 214 µA/
cm2, again supporting diffusion controlled conditions of ABZ. 
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Formation of ASON was only observed at scan rate lower than 100 
mV/s and at potentials higher than 1.5 V versus Ag/AgCl electrode. 

Again, the relationship between the peak current and the voltage 
scan rate was examined using a solution of concentration 
0.00755 molL-1 and recording cyclic voltammograms at different 
scan rates. Figure 4a shows a plot of the peak currents of the 
second peak wave versus the scan rate. The relationship of the 
square root scan rate with peak current was linear with a slope of 
0.998. As observed earlier, the formation of ASOX from ABZ was 
diffusion controlled mass transport towards the surface of the 
glassy carbon electrode. This phenomenon is observed again with 
formation of ASON from ASOX (Figure 4b). Figure 5a shows plot 
of E vs. Scan rate of the peak occurring at 1.6 V versus Ag/AgCl. 
The peak current shifted to more positive potentials with increase 
in scan rate. A plot of E versus log ν was linear with a correlation 
coefficient of 0.990. The shift of peak potential with sweep rate, 
confirmed the irreversible diffusion controlled system.

Chromatographic analysis of electro-oxidation 
products
The products of electro-oxidation were obtained in a stirred 
solution and filtered and analysed using chromatographic 
techniques. Electrolysis of albendazole solution 0.0075M/L using 
glassy carbon electrode was followed using chromatography. 
Electrolysis conditions involved keeping the electrode at 1.5 
V versus Ag/AgCl for six hours. The solution was stirred during 
the time of electrolysis to bring fresh solution to the electrode 

Figure 1 Cyclic voltammogram of 7.55 × 10-3 M albendazole 
in acetonitrile- 0.05M TBAB solution at glassy 
carbon electrode; Scan rate range at 30 mVs-1.
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Figure 2 Albendazole (7.55 × 10-3 M) in acetonitrile containing 
0.05M TBAB at glassy carbon electrode showing 
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vs. (E-E1/2) log at a scan rate of 100 mVs-1 for 7.55 × 10-3 M 
albendazole in acetonitrile containing 0.05M TBAB at glassy 
carbon electrode.
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surface. 1 ml samples of electrolyte were drawn using a syringe 
each hour during the electrolysis and filtered using a 0.45 nm 
filter and injected onto a chromatographic instrument. The 
chromatograms obtained are shown in Figure 6. The initial 
chromatogram before start of the electrolysis shows the highest 
peak at 1.9 minutes. This is the chromatogram of unaltered ABZ.

However, after one hour of electrolysis, another major new 
chromatographic peak appeared at 1.7 minutes and another 
minor peak at about 1.5 minutes. The major peak new peak 
grew with time of the electrolysis (Figures 6-8). The minor 
peak also grew but was saturated after 3 hours of electrolysis. 
Meanwhile, the peak for initial ABZ reduced in size with the time 
of electrolysis indicating consumption to form the product. The 
rate of ABZ peak decrease (1.9 min) was correlated to the rate 
of peak increase of the product peak (1.7 min). Increasing the 
voltage of electrolysis from 1.5 V to 1.7 V resulted in yet another 
new smaller chromatographic peak at 2.5 minutes (Figure 7) 
but disappearance of the minor peak at 1.5 minutes. In a bid to 
establish the identity of the new electro-oxidation products, the 
electrolyte samples were injected into another LC-Ms Instrument 
using same column and mobile phase flow rates. Figure 9 shows 
a mass spectrum of the initial ABZ peak obtained at 1.9 minutes. 
The initial drug, (A) has well known fragments with M/Z of 
the molecular ion at 266, other fragments with M/Z 234, 191, 
corresponding to structures B and C below. These fragments have 

been observed before for this molecule [26]. Figure 10 shows 
the mass spectra for the chromatographic peak at 1.7 minutes. 
This is one of the new major products of ABZ electro-oxidation. 
The growth of this peak was steady with time of electrolysis. 
The fragment with M/Z 282 (D) is most likely the molecular ion 
of ASOX. The fragments of this molecule were found to be 239 
and 207. The presence of 282 is a confirmation of ASOX. The 
fragments obtained are given as D, E and F below. Figure 11 
shows the mass spectra of the new chromatographic peak at 2.5 
minutes. The small peak at 2.5 minutes points to the formation 
of albenzadole sulphone (G) on the electrode surface. The 
presence of a 297 (molecular) ion peak leaves no doubt that the 
albenzadole sulphone is the product. Other fragments obtained 
include, masses of 159, and 206.

The minor peak initially obtained at 1.5 minutes was however 
not identified but we speculate that this could be an ASOX-
ASON intermediate product. Our results suggest that the 
electrochemical oxidation of albendazole on electrode surface of 
glassy carbon electrode occurs in two steps. Formation of ASOX is 
the first step where an electron is transferred. This corresponds 
to the first peak wave. The second step (b) in Scheme 1, results 
in formation of ASON (Scheme 1). This is the first time the peak 
waves are being associated with specific oxidation product.

The effectiveness of ABZ drug is related to the presence of the 
active metabolite albendazole sulfoxide (ASOX). In vivo, ABZ is 
usually converted by enzymes to the more active chiral metabolite 
ASOX [27]. ASOX is also known to undergo yet another round of 
metabolism to form the inactive albendazole sulfone (ASON) [28]. 
These oxidations we were followed on glassy carbon electrode.

It is interesting to note, the electro-oxidation products at the 
electrode surface match the enzyme metabolites. Although we 
have observed slow kinetics at the electrode surface (0.0143 S-1 
cm2), the amount of product obtained is a stirred solution was 
significant. LC-MS showed other fragments such as m/z 120.09, 
108.95 that we could not be accounted for. This points to possible 
other intermediates during electro-oxidation.
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Figure 4 Variation of peak current for 7.55 × 10-3 M albendazole 
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scan rate.
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Figure 7 Chromatographic analysis of electrolytic solution sampled at 
different times using UV detector at 254 nm and electrolyzed 
at 1.7 V versus Ag/AgCl electrode.
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Figure 8 Reactants and products profile measured as a function of 
time using chromatography.

Conclusions
Electrochemical and chromatographic methods were used for the 
first time 1) to determine the electrochemical kinetic parameters 
for activation of ABZ to ASOX and 2) to determine the products 
of the electrochemical oxidation. ABZ oxidation on glassy carbon 
electrode yielded albendazole sulfoxide as well as albendazole 
sulphone at 1.2 V and 1.6 vs Ag/AgCl respectively. Both ASOX 
and ASON are known enzyme metabolic products of ABZ in vivo. 
Electrochemical oxidation of ABZ on glassy carbon electrode 
was a totally irreversible process. Further work is underway to 
correlate the rate of ABZ metabolisvm with the rate of oxidation 
on electrode surface.
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