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INTRODUCTION

Zileuton [R,S-(±)-N-(1-(benzo[b]thien-2-yl) ethyl)-N-
hydroxyurea] (Fig. 1) and is an anti-asthma drug that differs
chemically and pharmacologically from other anti-asthmatic
agents [1,2]. Zileuton is indicated for the prophylaxis and chronic
treatment of asthma in adults and children 12 years of age
and older [3]. It blocks leukotriene synthesis by inhibiting
5-lipoxygenase, an enzyme of the eicosanoid synthesis
pathway [1]. Current data indicates that asthma is a chronic
inflammatory disorder of the airways involving the production
and activity of several endogenous inflammatory mediators,
including leukotrienes. Sulfido-peptide leukotrienes (LTC4,
LTD4, LTE4, also known as the slow-releasing substances of
anaphylaxis) and LTB4 [4,5]. A chemoattractant for neutrophils
and eosinophils are derived from the initial unstable product
of arachidonic acid metabolism, leukotriene A4 (LTA4) and
can be measured in a number of biological fluids including
broncho alveolar lavage fluid (BALF) from asthmatic patients
[6]. In humans, pretreatment with zileuton attenuated broncho-
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Fig. 1. Structure of zileuton

constriction caused by cold air challenge in patients with asthma
[7]. Zileuton is a very slightly soluble compound without any
ionizable functional group [8]. Recently, the molecule has been
reported in the literature as a new efficient and safe antiacne
drug [9]. The methods available for analysis of zileuton in pharma-
ceutical dosage forms and biological fluids are those utilizing
the principles of UV and VIS-spectrophotometry [10,11], HPLC
[12-14], HPTLC [15], RP-HPLC [16,17], LC/MSMS [18,19]
and polarography [20].

The advantages of electrochemical techniques in drug
analysis are their simplicity, low cost and relatively short analysis
time compared with other routine analytical techniques. In



the present study, electrochemical behaviour and oxidation-
reduction mechanism of zileuton at an activated glassy carbon
electrode was investigated using cyclic voltammetry (CV),
differential pulse voltammetry (DPV) and square wave volta-
mmetry (SWV). Determination of zileuton in spiked urine,
spiked serum samples and in pharmaceutical dosage forms
was also investigated using DPV and SWV.

EXPERIMENTAL

The electrochemical analyzer computerized system with 797
VA computerized software (1.0) from Metrohm, Swizerland was
used. A three-electrode system was used, including a glassy
carbon electrode as the working electrode. A digital pH/mV meter
(Jeanway 3510) with a glass combination electrode was used
for the preparation of the buffer solution. An Oxford adjustable
micropipette (Huawei, Ireland) was used to measure microliter
volumes of the drug standard solutions. The sigma 4-5 L centri-
fuge, Sigma (USA) was used to centrifuge the urine and serum
samples, which were then suitable for voltammetric analysis.

The chemicals and reagents used were of analytical reagent
grade and some of them were used as such without any further
purification. Distilled water was used throughout all experi-
ments. Zileuton (purity 99.8 %) were supplied by Spimaco
Addwaeih, Al-Qassim, Saudi Arabia. Stock solution of 1.0 ×
10-3 mol/L zileuton was freshly prepared by dissolving a calcul-
ated weighed of the active ingredient drugs in deionized water
and stored at 4 °C in PVC containers. More diluted solutions
were freshly prepared daily by accurate dilution. 0.04 mol/L
Britton-Robinson buffer between pH 4-12 were used as the
supporting electrolytes. All solutions were prepared from AnalaR
grade reagents (Sigma-Aldrich) in doubly distilled water. The
calibration curves for DPV and SWV analysis were constructed
by plotting the peak current against zileuton concentration.

Optimizations: To obtain the optimum pH, an appropriate
amount of zileuton working standard solution 1 × 10-3 mol/L
was placed in the electrolytic cell, which contained 25 mL of
Britton-Robinson buffer solution and the cyclic voltammogram
was recorded. The experiment was repeated by using buffer
solutions of different pH values 4-12 and the optimum pH was
obtained. The effect of different types buffer such as acetate,
phosphate and Britton- Robinson buffer on the peak current (Ip)
of zileuton was studied. The working electrode was immersed
in buffer solution of the optimum pH containing an appropriate
amount of the drug stock solution 1 × 10-3 mol/L, the cyclic
voltammogram was recorded. For analytical application, the
following parameters being employed: DPV-pulse amplitude
50 mV, pulse width 50 ms, scan rate 50 mV/s, SWV-pulse
amplitude 25 mV, frequency 15Hz, potential step 4 mV, electro-
chemical analyzer does the background subtraction automa-
tically. For cyclic voltammetry, the initial and final potential
values were variable, depending on the pH value and the cut-off
the electrolyte. Scan rate measurements in the range of 10-200
mV/s were carried out.

Pre-treatment of glassy carbon electrode: The electrode
was pretreated by cycling a square-wave potential with a frequency
of 350 Hz between the potential limits of ± 6 V followed by
the application of triangular potential sweep between ± 6 V
(frequency 3500 Hz) in 0.1 mol/L potassium nitrate solution.

Finally, the electrode was subjected to an electrochemical
pretreatment by applying a potential of +1.5 V for 5 min and
then -1.0 V for 2 s in 0.1 mol/L potassium nitrate solution. These
steps were repeated until the voltammetric response of the
electrode became reproducible. At the end of the procedure,
the electrode surface was so stable that for 40 measurements,
the electrochemical pretreatment alone was sufficient before
each scan [21].

General procedure: Voltammetric analyses were performed
in 25 mL of Britton-Robinson buffer. The solution was conti-
nuously stirred at 1200 rpm when accumulation potential
(usually open circuit conditions) was applied for a certain time
to the working electrode. At the end of accumulation period,
the stirring was stopped and after 5.0 s rest period was allowed
for the solution to become quiescent. The used drug was deter-
mined by using DPV method. Aliquots of the drug solution of
1 × 10-3 mol/L were introduced into the electrolytic cell and the
procedure was repeated. The voltammograms were recorded.
The peak current was evaluated as the difference between each
voltammogram and the background electrolyte voltammogram.
All measurements were carried out at room temperature.

Analysis of pharmaceutical dosage form: Tablets con-
taining 600 mg of zileuton per tablet were purchased from local
Saudi Arabia market. Ten tablets of zileuton were crushed into a
fine powdered in a mortar. A suitable amount of this powder was
accurately weighed and then dissolved in 25 mL methanol. It
was sonicated for 5 min. The content was allowed to settle after
stirring magnetically for 5 min. The sample solution was filtered
through a Whatman no. 42 filter paper. Appropriate solutions
were prepared by taking suitable aliquots of the clear supernatant
liquid and diluting them with bidistilled water in order to obtain
a final solution of 1.0 × 10-3 mol/L zileuton. Each solution was
transferred to a voltammetric cell and the voltammograms were
subsequently recorded following the optimized conditions. The
amount of zileuton per tablet was calculated using linear
regression equation obtained from the calibration curve of pure
zileuton.

Analysis of spiked biological samples: The urine and
serum samples, obtained from healthy volunteers was centri-
fuged (4000 rpm) for 30 min at room temperature and separated.
Serum samples were stored frozen until assay. After gentle
thawing, an aliquot volume of samples were fortified with drug
sample dissolved in deionized water to achieve final concen-
tration of 1 × 10-3 mol/L and treated with 0.4 mL acetonitrile
as serum denaturing and precipitating agent. Acetonitrile is
known to remove serum proteins more effectively. The volume
was completed to 3 mL with the same serum sample. The tube
was vortexed for 1 min and then centrifuged for 10 min at
4000 rpm to get rid of serum protein residues and supernatant
was taken carefully. Appropriate volumes of the clean solution
were analyzed in the voltammetric cell containing Britton-
Robinson buffer, pH 8.0. Quantification were performed by
means of calibration curve methods [22,23].

RESULTS AND DISCUSSION

Cyclic voltammetry: Anodic cyclic voltammogram for
the oxidation-reduction of zileuton in Britton-Robinson buffer
at activated glassy carbon electrode is shown in (Fig. 2). It is
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clear that the voltammogram exhibits one anodic and cathodic
peaks at 943 mV and 420 mV, respectively, which shows a
quasi- reversible behaviour, with peak-to-peak separation (∆Ep

= |Epc-Epa|) of -523 mV. The results suggest the redox couple
which shows reversible behaviour with equal number of
protons and electrons participated in the working buffer. The
zileuton may undergoes protonation with bond cleavage and
one electrone loss in the first oxidation step. Then the oxidized
product was reduced via gaining electron and deprotonation
of the oxidized product. The proposed mechanism of oxidation-
reduction reaction is shown in Scheme-I.
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Fig. 2. Cyclic voltammogram of 1 × 10-6 mol/L zileuton in Britton-Robinson
buffer at pH 8.0; scan rate = 50 mV/s

Effect of pH: The pH of the electrolyte medium is one of
the variables that commonly and strongly influenced the shape
of the voltammogram and therefore it was important to investi-
gate the effect of the pH on the electrochemical behaviour of
the drug. The effect of pH on the reduction of the drugs under
investigation at activated glassy carbon electrode was studied
over the pH range 4-12 at same concentration 1.0 × 10-3 mol/L
of zileuton solution in various electrolytes, such as acetate,
phosphate and Briton-Robinson buffers of different ionic
strength in the range of 0.04-0.2 mol/L. It was found that the
maximum peak size was obtained at pH 8 in Britton-Robinson
buffer, which allows wider range of determination than acetate
and phosphate buffers. Hence, it was used as a favourable buffer
throughout the study. Fig. 3 shows the effect of pH on the current
peak in a Briton-Robinson buffer of pH range from 4 to 10 for
2.0 × 10-6 mol/L zileuton.

The effect of solution pH on peak potentials of zileuton
at GCE was also investigated. Cyclic voltammograms at diffe-
rent pH values of 4-12 were shown in Fig. 3., which show that
an increase in pH of the solution caused shift in the oxidative
peak potential to the negative direction, indicating that the electr-
ode process is influenced by protonation reactions. A linear corre-
lation between the peak potential and solution pH was obtained
as shown in Fig. 4 with a linear equation and correlation of:
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Fig. 3. Cyclic voltammogram obtained for 2.0 × 10-6 mol/L zileuton in
Britton-Robinson buffer solution at (a) pH 4.0, (b) pH 6.0, (c) pH
8, (d) pH 10 and (c) pH 12 with potential; scan rate: 50 mV/s

Epa (mV/s) = 1.811-0.114 pH K ‘ r = 0.9911

The slope was found to be 0.114 mV/pH, which suggested
that the number of proton taking part in the electrode reaction
is similar to the number of electrons. Hence, the oxidation of
zileuton involves one electron and one proton.
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Fig. 4. A linear correlation between the peak potential and pH

Effect of scan rates: The relationship between measured
peak current and scan rate was studied over range 10-200 mV/s.
It was found to be directly proportional the peak current and
the peak potential of zileuton were evaluated as shown in Fig. 5.
Scan rate studies were carried out to assess whether the process
at the glassy carbon electrode was under diffusion or adsorption
controlled process as shown in Fig. 6. The anodic and cathodic
peak current of zileuton increases linearly with the square root
of scan rate, in the potential range from 10 to 200 mV, with
eegression r = 0.9954. A plot of logarithm of peak current
versus logarithm of scan rate gave a straight line with a slope
very close to the theoretical value of 0.5, which is expressed
for an ideal reaction of diffusion controlled electrode process
(Fig. 7) [24]. Also the anodic and cathodic peak potentials of the
electrode were shifted toward positive and negative potential,
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Scheme-I: Proposed mechanism of the oxidation-reduction reaction of zileuton drug
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Fig. 5. Cyclic voltammograms of 2.0 × 10-6 mol/L zileuton in Britton-
Robinson buffer at pH 8 at scan rates of: (1) 10, (2) 30, (3) 50, (4)
80, (5) 100, (6) 200 mV/s
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Fig. 6. The anodic (a) and cathodic (b) peak current of zileuton with the
square root of scan rate

respectively. This may be attributed to the accumulation of
the oxidation or reduction products on the electrode surface.

Effect of accumulation operators: The accumulation of
zileuton at GCE surface depends on operational factors, which
were additional investigations to ensure sensitive detections
of this drug [25]. So, the effect of accumulation time on the
efficiency of the collection of 1 × 10-3 mol/L zileuton drug on
the working electrode surface was evaluated by rising the
accumulation time over the range of 0-40 s. The resulting peak
current-optimum accumulation time is exhibited in 30 s (Fig. 8)
and as can be seen from this plot, a steady enhancement in the
peak current was observed over the range 0-40 s and after that
the peak intensity nearly decreased probably due to the satu-
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ration of the GCE surface. Hence, 30 s accumulation time was
selected for all the future experiments. In a different study, the
accumulation potential effect on the peak current of this drug
was recorded by variation of accumulation potential from 0.15
V to -0.6 V. The maximum anodic peak current value was
obtained with an accumulation potential of 0.1 V, which was
selected as the optimum value in future experimental studies.

Analytical applications: While the sensitivity enhance-
ment associated with the interfacial accumulation is significant,
the main advantage of the method is its inherent selectivity
towards the surface-bound analyte. For this purpose the working
electrode with the extracted drug was transferred from the complex
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sample to an electrolytic blank solution between the preconcen-
tration and measurement steps.

Differential pulse voltammetry: To develop a quanti-
tative voltammetric evaluation methodology for determining
the drug was established on the linear correlation between the
peak current and concentration. For analytical purposes we
selected the DPV and SWV mode. Differential pulse experi-
ments were performed on the GCE in Britton-Robinson buffer
solution at pH = 8 with experimental conditions were: scan
rate 50 mV s-1; pulse amplitude 50 mV; pulse width of 50 ms
and pulse period 40 ms. The potential was scanned anodically
from an initial to a final potential of 400-1200 mV resulting
voltammograms shown in Fig. 9, which show that while the
peak potential remained almost constant at 0.892V, the DVP
data for the determination of the drug under investigation (Fig.
10) shows a linear relation between the peak current (Ip) and
zileuton concentration (C) and was found in the following range:
2 × 10-6 – 1.2 × 10-5 mol/L.
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Fig. 9. Differential-pulse voltammograms with increasing concentration
of zileuton (2 × 10-6 - 1.2 × 10-5 mol/L) in pH 8 buffer solution on
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Fig. 10. Calibration graphs of zileuton drug by using DPV method

Square wave voltammetry: The SWV experiments were
performed at GCE in Britton-Robinson buffer solution at pH
= 8 with experimental conditions were: scan rate 50 mV s-1;
pulse amplitude 25 mV; 4 mV potential step and potential range
of 500 to 1000 mV and frequencies 50 Hz. The potential was
scanned anodically from an initial to a final potential of 400-

1200 mV resulting voltammograms are shown in Fig. 11. It
shows that while the peak potential remained almost constant
at 0.866V, the SWV data for the determination of the drug
under investigation  (Fig. 12) shows linear relations between
the peak current (Ip) and zileuton concentration (C) and was
found in the following range: 1 × 10-6 to 1.8 × 10-5 mol/L.
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Fig. 11. Square-wave voltammograms with increasing concentration (1 ×
10-6 – 1.8 × 10-5 mol/L) of zileuton in pH 8 buffer solution on GCE
electrode
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Fig. 12. Calibration graphs of zileuton drug by using SWV method

Validation of analytical procedure: The linearity of  calibr-
ation curve was obtained for both DPV and SWV techniques
and the loss of linearity was probably due to the adsorption of
zileuton on the electrode surface. The characteristics of these
graphs are given in Table-1. The precision of the method was
investigated by repeatedly (n = 5) measuring peak potential
and peak current of zileuton within a day and over three conse-
cutive days for both techniques. LOD and LOQ were calculated
as (3.3 s/m) and (10 s/m), respectively where s is standard
deviation of response (five runs) and m is the slope of the cali-
bration curve. LOD and LOQ values confirmed the sensitivity
of the proposed methods, These results demonstrated good
precision and accuracy [23,26].

Determination of zileuton in pharmaceutical: Both
proposed methods (DPV and SWV) were applied to the direct
determination of zileuton in tablet using the related calibration
curve of the straight lines without sample preparation and after
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TABLE-1 
CHARACTERISTICS OF ZILEUTON CALIBRATION  

PLOTS USING PROPOSED VOLTAMMETRIC METHODS 

Parameters 
Differential pulse 

voltammetry 
Square wave 
voltammetry 

Concentration range 
(mol/L) 

2 × 10-6 - 1.2 × 10-5 1 × 10-6 - 1.8 × 10-5 

Slope (µA. mol/L) 0.9281 5.4887 
Intercept (µA) 0.7121 0.2452 
Correlation coefficient (r) 0.9988 0.9973 
SD 3.67 × 10-10 3.84 × 10-10  
RSD (%) 0.0489 0.0885 
LOD (mol/L) 1.3 × 10-9 2.34 × 10-10 
LOQ (mol/L) 3.95 × 10-9 6.99 × 10-10 

 
an adequate dilution (Table-2). The proposed analysis procedure
was successfully applied for the assay of zileuton in its pharma-
ceutical dosage form. As far as, there is no official method in
any pharmacopoeias related to pharmaceutical preparations
of zileuton. For this reason, HPLC method [15] was used for
comparison and for the reliability of the developed procedures.
The results obtained for the formulation are listed in Table-2
and compared with HPLC. The recovery studies were carried
out by adding the known amount of pure drug to earlier analyzed
pharmaceutical formulations of zileuton. The recovery of the
drug was calculated by comparing the concentration obtained
from the spiked mixtures with those of pure drug [23]. Table-2
shows a good result, which demonstrates the selectivity of propo-
sed method for the determination of zileuton in commercial
tablet forms.

Application on spiked biological samples: The optimized
procedure has been successfully applied for the determination
of zileuton in protein-free spiked human serum and urine samples.
Acetonitrile is tried as a serum and urine precipitating agent.
No extraction steps other than the centrifugal protein separation
are required prior to the assay of drug. Calibration equation
parameters and validation data are shown in Table-3. The
obtained recovery results of spiked human serum samples are
given in Table-3. The recovery results of zileuton in serum and
urine samples are calculated from the related linear regression
equations. DPV and SWV curves of zileuton in serum and

urine samples are examined and typically compared with that
obtained from row material. It could be seen that no oxidation
of zileuton drug occurs and no extra peaks are detected in tested
biological material in the potential range; whereas the analytical
peak appeared.

Conclusion

In conclusion, the present work demonstrates that highly
sensitive electrochemical measurement of zileuton drug is
feasible utilizing its extraction on to GCE. The proposed methods
showed advantages, such as a short period of the real time of
drug analysis and no pretreatment or time consuming in extraction
steps were required prior to analysis. Moreover, because of its
very limits of detection and quantification, the proposed methods
applied in pharmaceutical dosage forms. It also has been success-
fully applied to the determination of drug in serum and urine.
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