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Purpose: Cyclic voltammetry and differential pulse voltammetry were used to explore
the diffusion behavior of two antipsychotic drugs at a glassy carbon electrode. A welldefined oxidation peak was obtained in Britton-Robinson (BR) buffer (pH 2.0). The
response was evaluated as a function of some variables such as the scan rate, and pH.
Methods: A simple, precise, inexpensive and sensitive voltammetric method has been
developed for the determination of the cited drugs Olanzapine (OLZ) and Quetiapine
fumarate (QUT). Results: A linear calibration was obtained from 3 × 10-8 M to 4 × 10-6
M and 2 × 10-8 M to 5 × 10-6 M, with R. S. D. were 1.6 % and 1.2 % for OLZ and
QUT, respectively. The limit of detection (LOD) was 1 × 10-8 M, while the limit of
quantification (LOQ) was 3 × 10-8 M. Conclusion: The method was applied to the
determination of investigated drugs in urine and serum samples and dosage forms.
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Introduction
Olanzapine (OLZ) I, and Quetiapine fumarate (QUT)
II are psychotropic agents that belongs to the
thienobenzodiazepine class, a relatively new
benzodiazepine, which has been found useful in the
treatment of, among other psychosis, schizophrenia.1-3
The cited drugs are the antipsychotic that has the
highest serotonin/dopamine binding ratio,4 being the
serotonin type 2 (5-HT2)-receptor blocking effect about
twice as strong as the dopamine D2-receptor blocking

effect.5 The chemical formula of olanzapine is 2methyl-4-(4-methyl-1-piperazinyl)-10 H –thieno [2,3- b
] [1,5] benzodiazepine and Quetiapine fumarate (bis [2(2-[4-(dibenzo[ b,f][1,4]thiazepin-11-yl)] ethoxy)
ethanol]. The molecular formula is C17H20N4S and
C42H50N6O4S2·C4H4O, which corresponds to a
molecular weight of 312.44 and 883.11 (fumarate salt)
for OLZ and QUT, respectively. The chemical
structures are shown in Figure 1:

Figure 1. Chemical structures of Olanzapine (OLZ) I and Quetiapine fumarate (QUT) II.

A literature search showed that until now, highperformance liquid chromatography (HPLC) has been
the major technique used for the quality control of
pharmaceutical formulations containing these drugs.
Therefore, the aim of the present work was to design
easy electrochemical method for determination of the

cited drugs in pure, in the pharmaceutical formulations
and in biological fluids.
Several methods have been reported for analysis of
investigated drugs in pharmaceutical formulations
including biological fluids and flow injection titration,6
voltammetry,7
gas
chromatography,8-10
high
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performance liquid chromatograpgy,11-16 capillary zone
electrophoresis,17
HPTLC,18
X-ray
powder
19
diffraction, and Spectrophotometry.20-22
However, these methods require multi-step extraction
procedures and selective detectors. Therefore, it was
felt useful to develop electrochemical method for its
determination. The problem in the reported assay is the
precise, specific and easy measurement of this potent
drugs in dosage forms especially they only possess a
very low absorption in the UV region. This weak
absorption means that a conventional UV
spectrophotometric assay is susceptible to interference
from excipients. This work reported an example of
using electrochemical method in drug analysis. The
possibility of performing more in this field is still
opened for further trials. I have tried to contribute to
the field of drug analysis as much as possible and
according to available facilities. The research is in
progress with a direction to apply the analytical
techniques in clinical studies and to solve problems
facing the local pharmaceutical industry. Hence, the
proposed electrochemical method to analysis our cited
drugs are simple, accurate and inexpensive. They can
adapt for quality control testing and drug stability
monitoring (antidepressant, vitamins, antibiotic, etc).
Good electrical conductivity of the electrodes is an
important factor. Carbon-based electrodes usually have
a wider potential range than the other solid electrodes
because of their broad potential window, low
background current, rich surface chemistry, chemical
inertness, low cost and suitability for various sensing
and detection applications.
Glassy carbon electrode (GCE) is a class of
nongraphitizing carbon that is widely used as an
electrode material in electrochemistry. It is also known
as vitreous carbon. Glassy carbon electrode is used
very commonly because of its excellent mechanical and
electrical properties, impermeability to gases and
extremely
low
porosity.
Electro
analytical
application23,24 of carbon based electrodes to determine
pharmaceutical compounds in their dosage forms and
in biological samples using modern electrochemical
techniques were published.
Materials and Methods
Materials
Olanzapine and quetiapine were provided from Lilly
(Brussels, Belgium) and AstraZeneca (Mölndal,
Sweden) respectively. Pharmaceutical preparations,
Zyprexa (olanzapine, Lilly), and Seroquel (quetiapine
fumarate, AstraZeneca) were used for quantitative
determinations. Stock solutions of 1 × 10–3 M of OLZ,
and QUT were prepared by dissolving a calculated
weight of the active ingredient drugs in deionized water
and stored in dark bottles at 4°C. More dilute solutions
were prepared daily just before use. Britton–Robinson
(B–R) buffer solutions (pH 2 – 6) were used as
supporting electrolytes. All solutions were prepared
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from Analar-grade reagents (Merck and Sigma) in
doubly distilled water.
Instrumentation
The cyclic and DPV experiments at a stationary
electrode were performed using 797VA Computrace
software
(1.0)
from Metrohm,
Switzerland,
electrochemical analyzer. A three electrode cell system
incorporating the glassy carbon disc electrode as
working electrode: an Ag/AgCl (3M KCl) reference
electrode and a platinum-wire auxiliary electrode were
also used. Before each measurements the glassy carbon
electrode was polished manually with alumina (φ =
0.01_m) in the presence of bi-distilled water on a
smooth polishing cloth. The data were treated with
Microcal Origin (Ver. 5) software to transform the
initial signal. A Mettler balance (Toledo-AB104) was
used for weighing the solid materials. A cyberscan 500
digital (EUTECH Instruments, USA) pH-meter with a
glass combination electrode was served to carry out pH
measurements. A micropipette (Eppendorf-multipette®
Plus) was used throughout the present experimental
work. Deionized water used throughout the present
study was supplied from a Purite still plus deionized
connected to a Hamilton-Aqua-Matic deionized water
system.
Test solution
Ten tablets of Zyprexa and Seroquel, were weighed,
and the average mass per tablet was determined. A
weighed portion of a finely grounded powder
equivalent to the calculated weight of pharmaceutical
preparations was dissolved to produce a 1 × 10–3 M
solution. The solution was then filtered through a 0.45
m Millipore filter, in order to separate out the
insoluble excipients, and reject the first portion of the
filtrate. The solution was directly analyzed, according
to the general analytical procedures without the
necessity for sample pretreatment or any extraction
step.
Biological sampling
Accurately measured aliquots of OLZ, and QUT
solutions were pipetted into centrifugation tubes
containing 500 μl human urine or plasma, then vortex
was done for 5 min. Into each tube, 0.5 ml of methanol,
0.1 ml NaOH (0.1 M), 0.5 ml ZnSO4.7 H2O (5%
w/v),25 were added, then centrifuged for 8 min at 4000
rpm. The clear supernatant layer was filtered through
0.45 μm Milli-pore filter. A 0.1 ml of the supernatant
liquor was transferred into the voltammetric cell then
completed to 10 ml with a pH 2.0 BR buffer. Then,
OLZ, and QUT were quantified by means of the
proposed voltammetric procedure.
Voltammetric analyses
Voltammetric analyses were performed in 25 ml of BR
buffer. The solution was continuously stirred at 1200
rpm when accumulation was applied for a certain time
Copyright © 2013 by Tabriz University of Medical Sciences
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and potential to the working electrode. At the end of
accumulation, the stirring was stopped and a 5 sec rest
period was allowed for the solution to become
quiescent. The used drug was determined by using
Cyclic CV and differential pulse voltammetry DPV
methods. Aliquots of the drug solution were introduced
into the electrolytic cell and the procedures were
repeated. The voltammograms were recorded. The peak
current was evaluated as the difference between each
voltammogram and the background electrolyte
voltammogram. All data were obtained were carried
out at room temperature.

Effect of the Scan Rate
The influence of the scan rate on the peak current (Ip)
was studied Figure 3 within the range 10 – 200 mV s–1
for OLZ and QUT. The peak potential moves to a more
positive potential with increasing the scan rate, which
confirms the irreversibility of the process. A plot of the
peak current versus scan rate for OLZ and QUT gave a
straight line. linear relationship between log Ip and log
υ over the scan range 10-200 mV s-1 with slope values
of 0.51 , 0.47 is close to the theoretically expected
value of 0.50 for a diffusion controlled process.26
5.5

Figure 2. The effect of pH on the peak current in a B-R buffer.
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Results and Discussion
Influence of the Type and pH of the Supporting
Electrolyte
The effect of different supporting buffers (B-R, acetate,
borate, citrate and phosphate) on the current response
of OLZ, and QUT were studied in order to assess their
impact on the monitored electroanalytical signal. The
best results with respect to sensitivity accompanied
with sharper response were obtained with B-R.
Anodic cyclic voltammogram peaks for the oxidation
of 1 × 10–5 M of OLZ and QUT in B–R buffer of pH 26 at GCE was studied. The pH of the electrolyte
medium is one of the variables that commonly and
strongly influence the shape of the voltammogram, and
therefore it was important to investigate the effect of
the pH on the electrochemical behavior of the drugs.
Definite anodic peaks, corresponding to oxidation of
the used drugs, were observed at +0.60 and +0.65 V for
OLZ and QUT, Figure 2. In a forward scan, a single
anodic peak was observed with no cathodic peak in the
reverse sweep, which indicates that the oxidation
process of OLZ and QUT is irreversible. The graph of
Ip vs. pH (Figure 2) revealed that the peak current
decreases from pH 2.0 to 5.0. The decreasing in
magnitude is related to interaction between the
electrode surface and the positive charge of nitrogen
atom. After the pKa value, there is no charge and the
intensity is almost the same from pH 5 to 12.
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Figure 3. Anodic peak current response of (1 × 10 M) OLZ
and QUT as a function of the scan rate (mV/S) at a GCE.

Effect of Instrumental Parameters
It was found that the peak current was increased with
the increasing pulse amplitude and scan rate, while it
decreased with the increasing pulse width. To obtain
relatively high and narrow peaks the values of 50 mV,
30 ms, and 10 mV s-1 were finally chosen for pulse
amplitude, pulse width and scan rate, respectively.
Interferences
The tolerance limit was defined as the maximum
concentration of the interfering substances that caused
an error less than ±2%. Under optimized experimental
conditions, the effects of potential interferents on the
voltammetric response of 3.4 g/mL OLZ and QUT as a
standard at GCE were evaluated. The experimental
results show that 200-fold concentration of glucose,
starch, lactic acid, dextrose, talk, gum acacia,
magnesium stearate and ascorbic acid did not interfere.
In brief proposed method has good selectivity for
determination of OLZ and QUT.
Analytical Applications
Validation of the Proposed Method
In order to develop a voltammetric methodology for
determining the drugs, we selected the DPV mode,
since the peaks were sharper and better-defined at
lower concentration of OLZ and QUT than those
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obtained by cyclic voltammetry, with a lower
background current, resulting in improved resolution.
The peak potential versus pH plots were similar to that
obtained by cyclic voltammetry for DPV. According to
the obtained results, it was possible to apply these
techniques to the quantitative analysis of OLZ and
QUT. The precision of the method was evaluated by
repeating six experiments on the same day and in the
same standard solution (repeatability) and over 6 days
from the different standard solutions (reproducibility).27
For these studies, 1 × 10−7 M OLZ and QUT standard
solutions were used. The results were given as shown
in Table 1.
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Table 1. Characteristics of OLZ and QUT calibration plots

Parameters

OLZ

QUT

Linearity range (M)

3 ×10-8 M to 4 × 10-6

2 × 10-8 - 5 × 10-6

Correlation Coefficient

0.9970

0.9956

1.4

1.1

(R.S.D., %)

–8

–8

LOD (M)

1 × 10

1 × 10

LOQ (M)

3 × 10–8

3 × 10–8

98.5

99.1

Repeatability (%)

In order to provide the DPV quantitative procedure, the
dependence of the peak current on the drugs
concentration was investigated. Using the optimum
conditions described linear calibration curves was
obtained in Figure 4.
The characteristics of these graphs were as shown in
Table 1. Related statistical data of the calibration
curves were obtained from three different calibration
curves. The limit of detection (LOD) and quantification
(LOQ) were also as shown in Table 1. The LOD and
LOQ were calculated on the peak current using the
following equations:
LOD = 3s/m

LOQ = 10s/m

Where s is the standard deviation and m is the slope of
the calibration curve.27 Sample solutions recorded after
48 h did not show any appreciable change in the assay
values.
The F- and student t-test were carried out on the data and
statistically examined the validity of the obtained results.
At the 95% of the confidence level, the values of t- and
F-tests (calculated from the experiments) were less than
that of theoretical t- and F-tests values showing that
there is no significative difference between the proposed
DPV method and reference HPLC method.
The reproducibility was evaluated in terms of
repeatability and between-day reproducibility. The
coefficient of variation (cv) of ten consecutive
measurements of the peak current corresponding to an
OLZ and QUT concentration of 1× 10-7 mol/L was
calculated as 0.5 and 0.7%, for three times in four
successive days which demonstrates the good
repeatability of the voltammetric method.
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Figure 4. Anodic differential voltammogrames of OLZ at scan
-1
-7
rate 10 mV s with concentrations (a) 0.4 (b) 0.8 (c) 1.2 × 10
M , The (---) line represents the blank BR.

The robustness28 of the results of the procedure is the
ability to remain unaffected by small changes in its
operational parameters, such as the pH. In the present
work, this was examined by studying the effect of a
variation of pH (2.0 –2.7). The recovery values were not
significantly affected by these variations and
consequently the optimized procedure was reliable for
the assay of drugs. It could be robust. The ruggedness is
the degree of reproducibility of the results obtained by
analysis of the same sample under a variety of normal
test conditions, such as different laboratories, different
analysts, and different lots of reagents, Table 2. This was
examined by applying the proposed procedures to an
assay under experimental conditions using two different
analysts. The result obtained due to lab. (1) to lab. (2)
and even day to day were found to be reproducible, since
there is no significant difference between the recovery
and the SD values.
Table 2. The robustness and ruggedness of the conditions of
the proposed procedure for determination of OLZ and QUT.

Variables
Robustness results at pH =2.5
Ruggedness Analyst 1
Ruggedness Analyst 2

Drug Recovery % ±RSD
OLZ
QUT
OLZ
QUT
OLZ
QUT

98.0 ± 0.60
98.7 ± 0.70
98.4 ± 0.60
98.9 ± 0.50
98.1 ± 0.60
99.0 ± 0.70

Determination of OLZ and QUT in Tablets
The proposed analysis procedure was successfully
applied for the assay of OLZ and QUT in their
pharmaceutical formulations. For this reason the HPLC
methods8,12 were used for comparison and for the
reliability of the developed procedures. The results
obtained for the formulation are listed in Table 3 and
compared with the HPLC method which has been
described in the literature.

Copyright © 2013 by Tabriz University of Medical Sciences
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Table 3. Statistical evaluation for Assay of OLZ and QUT in pharmaceutical dosage forms by the proposed and official methods.

% Found

Proposed method (%+RSD, n = 5)

Reported method (%+ RSD)

F – testa

t– testa

OLZ(Zyprexa) 5 mg\tab

98.8

98.8 + 0.50

98.7 + 0.42

1.60

0.60

QUT (Seroquel) 25 mg\tab

98.1

99.0 + 0.40

98.7 + 0.55

1.30

0.80

Sample

(a) Theoretical values of F and t - test at 95% confidence limit (n = 5) are 6.39 and 2.61, respectively.

Determination of Spiked Biological Samples
The modified DPV method could be successfully
applied to the determination of the investigated drugs in
spiked urine and serum. Calibration curves were
constructed by using the standard addition method of
the prepared spiked samples. The percent recoveries in
spiked urine were 98.2 ±0.42, and 98.0 ±0.65, while in
spiked serum were 96.7 ±0.75 and 97.0 ± 0.58 for OLZ
and QUT, respectively (Table 4).
Table 4. Statistical evaluation for Assay of OLZ and QUT in
biological fluids.

Proposed method with
GCE in spiked urine

Proposed method with
GCE in spiked serum

OLZ

98.2 ±0.42

96.7 ±0.75

QUT

98.0 ±0.65

97.0 ± 0.58

Conclusion
This paper on the electrochemical behavior of OLZ and
QUT at glassy carbon electrode has described how the
compound is irreversibly oxidized at positive
potentials. voltammetric technique has been developed
for the determination of OLZ and QUT in
pharmaceutical dosage forms and biological samples.
Application of the DPV technique to pharmaceuticals is
possible after a simple dilution step. The principal
advantage of the proposed methods, over the published
HPLC procedures, is that the excipients do not interfere
and the separation procedure is not necessary. The
methods are rapid, requiring <5 min to run sample and
involves no sample preparation other than dissolving
and transferring an aliquot to the supporting electrolyte.
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