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Abstract

Using the cyclic voltammetry technique and the Britton—Robinson buffer (pH 2—-10) as a supporting electrolyte, clozapine was found to
reduce at the hanging mercury drop electrode in a single two-electron irreversible step corresponding to reduction of the azomethine group
of the seven-member heterocyclic ring. Based on the interfacial adsorptive character of clozapine onto the hanging mercury drop electrode, a
validated square-wave adsorptive cathodic stripping (SWAdCS) voltammetric procedure was described for the quantification of bulk clozapine
with limits of detection and quantitation of%x 102° and 15 x 10-° M, respectively. The proposed procedure was successfully applied to
the quantification of the drug in pharmaceutical formulation (Lep&hard human serum without the necessity for samples’ pretreatment or
any time-consuming extraction or evaporation steps prior to the analysis. The limits of detection and quantitation of clozapine in spiked human
serum were found to bex1 10-° and 33 x 10~° M, respectively. The proposed procedure for quantification of clozapine in bulk form, tablets
and human serum has the advantage of being simple, rapid, sensitive, precise and inexpensive compared to most of the reported methods.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction II{
N—,
Clozapine:  8-chloro-11-(4-methylpiperazine-1-yl)-5H- 4 ©_Cl
dibenzo [b, €e][1,4] diazepine is the first atypical antipsy-
chotic drug to demonstrate superior efficacy to the typical =N
antipsychotic drugs in treatment-resistant schizophrenia. N
The drug is an effective antipsychotic with a low inci- [ j
dence of extrapyramidal symptoms and good antipsychotic N
efficacy in schizophrenic patient$]. cng

Clozapine has been effectively used in treating schizo-
phrenic patient§2]. The beneficial and adverse effect of
clozapine in both therapeutic and overdose situations can be
largely explained by its receptor pharmacology. The thera-
peutic effects of antipsychotic agents seem to be related to
competitive inhibition of dopamine Preceptord3].

( Structure of clozapine)

Several analytical methods have been reported for the
determination of clozapine in formulations and plasma
samples including spectrophotometf$—6], colorimetry
[7], high-performance capillary electrophore$d, cap-

- _ illary zone electrophoresis with amperometric detection
* Corresponding author. Tek20 40 3343398;

fax: +20 40 3350804, [9], capillary zone electrophoresis with UV detection
E-mail address: essamhammam2k@hotmail.com [10], high-performance capillary electrophoresis-frontal
(E. Hammam). analysis [11], capillary gas chromatographyl2], gas
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chromatography—mass spectrometry with single-ion detec-Analyzers Models 394 and 263A (Princeton, NJ, USA), in-
tion [13], liquid chromatography—electrospray tandem mass terfaced with a personal computer loaded with the software
spectrometry[14], high-performance liquid chromatogra- package 270/250 (from PAR). The PAR-303A electrode
phy (HPLC) with diode array detectiofi5], HPLC with assembly incorporated with a micro-electrolysis cell and a
UV detection[16—35] HPLC with electrospray detection three-electrode configuration system comprising of a hang-
[36] and HPLC with amperometric detectid87,38] In ing mercury drop electrode (HMDE) as a working electrode
addition, several electrochemical methods have been re-(area= 0.026 cnf), an Ag/AgCI/KCk reference electrode
ported in the literature for determination of clozapine in and a platinum wire auxiliary electrode was used. Stirring of
bulk form and tablets including dc- and differential-pulse the solution in the electrochemical cell was performed using
polarography[39], differential-pulse adsorptive cathodic a magnetic stirrer and a stirring bar to provide the convec-
stripping voltammetry at a hanging mercury drop electrode tive transport during the preconcentration step. The whole
[40], linear sweep anodic stripping voltammetry at an ac- measurements were automated and controlled through the
tivated glassy carbon electrodél], anodic voltammetry  programming capacity of the apparatus. A polarograph
at rotating platinum, glassy carbon disk and stationary car- Model 4001 Sargent Welch (Skokie, lllinois, USA) was
bon paste electroddd2] and a wax-impregnated graphite used for study of the polarographic behavior of clozapine
electrode[43]. The behavior of clozapine was studied by in B—R buffer of different pH values. The characteristics of
adsorptive anodic voltammetry in order to carry out its the dropping mercury electrode weme=1.03mgs? and
direct determination in biological fluidgt4]. Up to date, t=3.3s, at a 60 cm mercury height.

no square-wave adsorptive cathodic stripping voltammetric A Mettler balance (Toledo-AB104, Switzerland) was used
procedure was described for the quantification of cloza- for weighing the solid materials. A pH meter incorporated
pine in bulk, formulations and biological fluids. Most of with combined glass and saturated calomel electrodes (Cri-
the above reported methods for quantification of the drug son, Barcelona, Spain) was used for the pH measurements.
required samples’ pretreatment or time-consuming ex- A centrifuge (Epindorf 5417C, Germany) was used for
traction steps prior to analysis of the drug and/or used separation of the precipitated proteins from human serum
different kinds of solid working electrodes. The solid samples.

electrodes required several preparation, pretreatment and

activation steps prior to the application for analysis of the 2.3. General analytical procedure

drug.

Therefore, the aim of this work was to develop a simple, A known volume of standard solution of clozapine was
fast, sensitive, precise and inexpensive square-wave adsorppipetted into a 10-ml volume calibrating flask and then made
tive cathodic stripping voltammetric procedure for the trace up to the volume with the B—R buffer. Then, the solution
guantification of clozapine in bulk form, pharmaceutical for- was introduced into the electrolysis cell and de-oxygenated
mulation and human serum. with pure nitrogen for 10 min in the first cycle and 30s

for each successive cycle; the nitrogen was then kept over
the solution during measurements. The preconcentration of

2. Experimental clozapine onto the HMDE was performed-a0.7V for a
selected duration while stirring the solution at 400 rpm with a
2.1. Reagents magnetic stirrer. After an equilibrium time of 5 s was allowed

for the solution to become quiescent, the voltammograms

A stock solution of 1x 10~3 M bulk clozapine substance  were recorded by scanning the potential toward the negative
(Sigma, St. Louis, MO, USA) was prepared in methanol direction.
(Merck), and then stored at°€. Working solutions (10°
to 104 M) were prepared daily by appropriate dilution with  2.3.1. Analysis of Leponex® tablets
methanol. Clazopine solutions were stable, and their con- Ten tablets of Lepon&k (Novartis Pharma AG, Basel,
centrations did not change by time. Britton—Robinson (B—R) Switzerland) labeled as containing 25-mg clozapine per
universal buffer of pH 2-1145] was used as a support- tablet were crushed. Adequate amounts of the homogenous
ing electrolyte in the present study. All the chemicals used powder corresponding to stock solutions ofx110~° to
were of analytical reagent grade. The de-ionized water was1 x 10~3M clozapine were individually weighed and each
supplied from a Purite-Still Plus de-ionizer connected to an transferred into a 25-ml volume calibrated flask, and then
AquaMatic double-distillation water system (Hamilton Lab- dissolved in methanol by sonication for 10 min, followed

oratory Glass LTD, Kent, UK). by mechanical shaking for 10 min and lastly centrifuged
for 5min at 14,000 rpm. A portion of the centrifuged clear
2.2. Apparatus solution was diluted with the supporting electrolyte to

achieve the desired concentration. Then, voltammograms of
The voltammetric measurements were carried out using different concentrations were recorded as explained in the
the Princeton Applied Research (PAR) Electrochemical general analytical procedure.
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2.3.2. Analysis of spiked human serum graphicEy»—pH plot (Table 1. Also the achieved transfer
Serum samples were obtained from healthy volunteers coefficienta values of the electrode process by means of
and stored frozen until the assay. Into each of 10 centrifu- both dc-polarography and cyclic voltammetry techniques
gation tubes containing a certain concentration of clozap- agree well. The shift of the peak potenti&,j of clozap-
ine, a 0.1 ml of the human serum sample was transferred,ine to more negative values on the increase of scanwate
and then mixed well with 1.0 ml of methanol to precipitate confirmed the irreversible nature of its electrode reaction.
the blood proteins. The precipitated proteins were separatedThe plots ofE, versus logv at different pH values were
by centrifugation for 5min at 14,000 rpm. The clear super- straight lines, with slope value§{) of 39-46 mV {able J
natant layer was filtered through a 0.4% milli-pore filter proportional toon;.
to produce protein-free human serum samples spiked with  The interfacial adsorptive character of clozapine onto sur-
different concentrations of clozapine (10to 104 M). The face of the HMDE was identified by recording the cyclic
spiked human serum sample was transferred into a 10-mlvoltammograms in B—R buffer at pH 7-8 without and fol-
calibrated flask, completed to the volume with B—R buffer lowing preconcentration for 30 s at0.7 V (Fig. 1). Follow-
of pH 7, and then introduced to the voltammetric cell. After ing preconcentration of the clozapine onto the HMDE even
de-aeration for 10 min with pure nitrogen, the voltammo- for a short duration, a substantial enhancement of the peak
grams were recorded as explained in the general analyticalcurrent was obtained during the first scan (curve b) com-
procedure. pared with that of the subsequent scan at the same mercury
Recovery and quantification of clozapine in the different drop (curve c) or with that measured without preconcentra-
matrixes were performed by means of both the calibration tion at a new mercury drop (curve a). This behavior indi-
curve and standard addition methods. cated that clozapine has an interfacial adsorptive character
onto surface of the HMDE.
The adsorptive character of the drug was also identi-

3. Results and discussion fied by plotting logip) versus logv at different pH val-
ues for scan rates 25-500 mVisfollowing preconcentra-
3.1. Cyclic voltammetric studies tion for 30s; straight lines were obtained with slope values
0.85-0.96 mV, which are very close to the theoretical value
The cyclic voltammograms of .2 x 107*M cloza- of 1.0mV that was expected for the electrode reaction of

pine in B-R buffer of pH 2-11 exhibited a single surface-confined specig$9]. The cyclic voltammetric peak
irreversible cathodic peak. The peak current was practically potentials Ep) of the adsorbed species at different pH values
pH-independent over the pH range 2—10. The absence of anyshift to more negative values with the increase of scanvrate
anodic peak on the reverse scan indicated the irreversible naThe Ep—log v plots ¢acc = 30 s) at different pH values were
ture of the electrode reaction of clozapine. A displacement linear with slope values of 39-47 mV (slope59/xn,, mV).

of the peak potentialHp) to more negative values with the  Values ofan, (1.26-1.5) and (0.63-0.75) were obtained.
increase of pH indicated the involvement of protons in the

electrode reaction and that the proton transfer reaction pre-3.2. Electrode surface coverage

ceded the electrode process profgé]. The number of pro-

tons (Zy+) involved in the electrode reaction of clozapine The electrode surface coveragég(mol/cn?) was calcu-
was determined from its dc-plarographic data in B—R buffers lated using the equatiafp = Q/nFA, whereQ is the charge
(Table ) asZy+=S/S; [47,48]whereS is the slope (mV) consumed by the surface process as estimated by the in-
of the applied potentiaEge versus logi(i;—i) plots at dif- tegration of the area under the peak of the cyclic voltam-
ferent pH values an&; is the slope (mV) of the half-wave = mogram corrected to residual currgf0], n is the number
potentialEy > versus pH plot. The cyclic voltammetric peak of electrons consumed in the reduction process=(2), F
potentialE, versus pH plot was a straight line with a slope is the Faraday’s constant (96,487 C) akdk the electrode
(S) of 73mV, which agrees well with that of the polaro- surface area (0.026 &n Dividing the number of coulombs

Table 1
Data of dc polarographic and cyclic voltammetric studies f@ > 10~*M clozapine at different pH values; 2&
Dc polarography Cyclic voltammetry
pH S ang o S Znt ang o S ang o S ang o

(mv) ha=2) (mv) (S/9) Ma=2) (mv) (ha=2) (mv) (na =2)
1.0 42 1.40 0.70 75 1.8 1.57 0.78 73 1.6 0.80 43 1.37 0.68
18 42 1.40 0.70 1.8 42 1.40 0.70
7.0 44 1.34 0.67 1.7 39 1.50 0.75
8.0 45 1.31 0.65 1.7 45 131 0.65

9.0 46 1.28 0.64 1@y =2 46 1.28 0.64
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Fig. 1. Cyclic voltammograms of 2 10~8M clozapine in a B-R buffer at pH 7: (a) without preconcentratiga, = 0's; (b) following preconcentration
for 30s atEacc= —0.7V; and (c) the repetitive cycle at the same mercury drop, scan=2@0mV s,

transferred, 2.1Q.C, by the conversion factaA yielded a
monolayer surface coverage afl8x 10~ 19mol/cn?. Each

3.3. Square-wave voltammetric studies

adsorbed clozapine molecule therefore occupies an area of The square-wave voltammograms ok20~’ M clozap-

0.397 nms.

From chronocoulometry experiments for 10ml B-R
buffer (at pH 7-9) alone (blank) and in the presence of
1 x 10-5M clozapine, the total chargeQ{ota)) versus the
square root of timet¥/2) plots were obtained for the blank
and after preconcentration of clozapine onto the HMDE for

ine following preconcentration onto the HMDE for 30 s at
—0.7 V exhibited a single two-electron irreversible cathodic
peak over the pH range 2-16i¢. 2. The response pre-
ceded by preconcentration step increased extensively, and a
more developed peak current intensity was achieved at pH
7, which was chosen for the rest of the present analytical

30s. The amount of clozapine adsorbed onto the mercurystudy. The peak potentiaEg) shifted toward more negative

electrode surfacéy (mol/cn?) was estimated on applying
the following relation[51]:

Ototal = Qdiff + Qads+ Qdl

r 2nFACDY/2:1/2
Qtotal = /o idt = 1z T nFAID + Qul

whereQota is the total chargeq is the double layer charge
and Qaqs is the amount of charge required to reduce the
adsorbed reactant species. The plot of total cha@ga()
versust/2 has an intercept equal toRAID + Qqi). Since

Qg was measured in a separate experiment for the sup-

porting electrolyte alone, the contribution of the adsorbed

ip,uA

4 SuA
species can be determined. The deference between the in- ‘_J\/
tercepts 0fQiotal Versust/2and Qg versust'/? plots is the 3 — , . . ! .
amount of charge required to reduce the adsorbed reactant 0.8 1.2 1.6 2.0

species Qag9. S0, the surface coveragéy was found to
equal 423 x 10 1%mol/cn?, and each adsorbed clozapine
molecule therefore occupies an area of 0.393 nwhich
agrees well with the value estimated from cyclic voltamme-
try measurements.

-E, V/(Ag/AgCl)

Fig. 2. SWAACS voltammograms of 2 10-'M clozapine in B-R
buffer at different pH valuestacc = 30S, Eacc = —0.7V, frequency
f = 120Hz, scan incremenAEs = 10mV, pulse heighta = 25mV,
stirring rate= 400 rpm, and rest periog 5s.
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Fig. 3. Effect of accumulation durationa) on SWAdCS voltammetric
peak current of four different concentrations of clozapine: (&) B9,

(b) 2x 1078; (c) 5x 1078; and (d) 1x 10" M in B-R buffer of pH 7 at
Eacc= —0.7V, a = 50mV. Other operational parameters were as those
indicated inFig. 2

values with the increase of pH. This behavior also clearly
indicated the involvement of protons in the electrode reac-
tion of clozapine.

The dependence of the stripping peak current of
1 x 10~"M clozapine in B-R buffer of pH 7 on the pre-
concentration potentiaE;c) was identified over the range
—0.1 to —1.2V following preconcentration of clozapine
onto the HMDE for 30s. A potential of-0.7V (versus
Ag/AgCI/KCls) was chosen as the accumulation potential,

153

pulse amplitude of 50 mV was chosen in the rest of this
study to achieve a more developed and sharp peak. With
increasing the scan increment (2—10 mV), the peak intensity
also increased linearly; thus a 10-mV scan increment was
used over the rest of study. As expected, an increase of the
HMDE area yielded an increase in the peak height, so a
large electrode area of 0.026 €was considered suitable.
The influence of rest time on the peak current was also
considered, and a value of 5s was chosen.

Accordingly, the established optimal operational parame-
ters of the proposed square-wave adsorptive cathodic strip-
ping voltammetric procedure wer&gec = —0.7V, tacc =
60-200SAEs=10mV,a = 50mV andf = 120 Hz, area
of the HMDE = 0.026 cn, rest period= 5s and a B-R
buffer of pH 7 as a supporting electrolyte.

3.3.1. Validation of the proposed analysis procedure

This was examined via evaluation of limit of detection
LOD, limit of quantitation LOQ, repeatability, recovery, se-
lectivity, robustness and ruggedness. The SWAdCS voltam-
mograms of different concentrations of bulk clozapine were
recorded following preconcentration onto the HMDE for
different durations (60—200 s); four replicate measurements
were carried out for each concentration. The corresponding
calibration graphs were linear over the concentration ranges
reported inTable 2 The LOD and LOQ were estimated as
LOD = 3 /b and LOQ= 10 S3/b [53], whereSs is the
standard deviation of the blank atdis the slope of the
calibration curve. The estimated values of LOD and LOQ
(Table 2 show an improvement in sensitivity of the pro-
posed SWAdCS voltammetric procedure for quantification
of clozapine in bulk and tablets compared to that of the re-
ported[39-44] electrochemical methods (LOS 1 x 106

which has given a more developed peak current. Also, theto 8 x 1072 M).

effect of preconcentration duration was studied for different
concentrations of clozapine 6102, 2 x 1078, 5x 1078
and 1x 10~"M ). The plots of peak currentd) versus the
preconcentration duratiottd for 5x 102t0 5x 1078 M
were linear up to approximately 200's, while fox 10~' M
clozapine, the response was linear up to 126ig.(3).
Thus, a preconcentration duration of choice will be dictated
by the sensitivity needed.

The peak current of & 10~’ M clazopine in B-R buffer
of pH 7, following preconcentration for 30s dzcc =
—0.7V, was optimized by changing the pulse amplitude
(a), scan incrementXEs ) and frequencyf over the range
of 10-100mV, 2-10mV and 10-120 Hz, respectively. The
dependence of the peak curreff)(on the square-wave
frequency {) was linear according to the equatiap:(wA)
= 0.031 (Hz) — 0.17 ¢ = 0.995). The peak potentiaEf)
was linearly depending on the logarithm of frequenfly (
with a slope (5%ny;, mV) [52] of 43mV. Accordingly,
values ofang = 1.37 anda = 0.68 were obtained, which
agree well with those obtained by cyclic voltammetry tech-
nigue. Although the peak current intensity increased with
the increase of pulse amplitude up to 100 mV, however

The selectivity[54] of the proposed procedure for the
assay of clozapine was identified by studying the effect of
excipients that often accompany clozapine in pharmaceutical
preparations. An attractive feature of an analytical procedure
is its relative freedom from interference by the excipients.
Samples containingx110~8 M bulk clozapine in the absence
and presence of excipients were analyzed by means of the
proposed procedure. The obtained mean percentage recovery
(R%) and the relative standard deviations (% R.S.D.), based
on three replicate measurements.{@B81.4% to 979+ 1.8),
showed no significant interference from excipients; thus the
procedure was able to assay clozapine in the presence of
excipients, and hence it can be considered selective.

The intra- and inter-day precision of the measurements
by means of the proposed procedure was determined by an-
alyzing different concentrations of clozapine for three times
in 1 day and for 7 days over a period of 1 week. The intra-
and inter-day recoveries of clozapineble 3 indicated re-
peatability, accuracy and high precision of measurements by
means of the proposed procedure.

The robustned®4] of the proposed procedure for analysis
of 5x 108 M clozapine was also examined by evaluating the
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Table 2
Characteristics of the calibration plots of clozapine in B-R buffer of pH 7 by means of the proposed procedure
tace (S) Regression equatidp (nA) = bC (nM) + a r Linearity range Ss (blank) LOD (M) LOQ (M)
Slope b) Intercept )
Bulk
60 0.054+ 4.4 x 1073 0.16+ 1.80 x 1072 0.997 1x 108t0 2 x 1077 0.0190 1.1x 10°° 35x 1079
120 0.093+ 3.0 x 1073 2.10+ 1.87 x 1072 0.998 8x 10%to 1 x 1077 0.0198 6.4x 10710 2.1x 10°°
200 0.134+ 2.1 x 1073 0.70+ 1.91 x 1072 0.997 2x 10%t0 6 x 1078 0.02010 4.5%x 10710 1.5 x 10°°
Serum
60 0.020+ 3.5 x 1073 06+ 7.8x 1073 0.995 2x 108t0o 1 x 1077 0.009 1.4x 1079 45 x 1079
120 0.024+ 2.5 x 1073 1.3+ 85x 1073 0.996 6x 10%to 8 x 1078 0.008 1.0x 1079 3.3x 1079

S is the standard deviation of the blank.

Table 3
Precision and accuracy of determination of clozapine in bulk and spiked human serum samples by the proposed pregeaurEas ¢ = 5)
Concentration Intra-day Inter-day
(nM) (taken) - . - —
R (%) Accuracy (bias %) Precision (% R.S.D.) R (%) Accuracy (bias %) Precision (% R.S.D.)
Bulk
5 101.4 14 15 100.6 0.6 1.1

10 98.9 -1.1 1.0 99.1 -0.9 0.9

20 100.5 0.5 0.6 100.1 +0.1 0.6
Serum

20 97.9 -2.1 1.2 96.9 -3.1 14

40 98.6 -1.4 11 98.1 -1.9 1.8

60 98.8 -1.2 0.9 99.3 -0.7 1.1

influence of small variation in some of the most important pretreatment or any time-consuming extraction or evapora-
procedural conditions including pH (7-8), preconcentration tion steps prior to the analysis other than the centrifugal
duration (120-125s) and preconcentration potentid.{ separation of the precipitated proteins by methanol. Repre-
to —0.8 V) on the recovery of clozapine. The obtained mean sentative voltammograms of spiked human serum are shown
recoveries (9 +£1.8 to 97.4+2.1%) were not significantly  in Fig. 4. The linear dependence that existed between the
affected within the studied range of variations of some of stripping peak current and concentration of clozapine gave
the procedural conditions, and consequently, the proposed
procedure was reliable for assay of clozapine and it could

be considered robust. 4.0

3.3.2. Applications i

3.3.2.1. Analysis of Leponex® tablets. The content of M0
clozapine in Leponéktablets was determined directly using i
the proposed procedure, without the necessity for samples’

pretreatment or any time-consuming extraction steps prior i 2.0 -

to the analysis. The recovery obtained .®7# 1.8%)
showed a good agreement with that obtained by a reported -
spectrophotometric methdd]. The results showed that the
calculated~-value (4.6) and-test (0.45) did not exceed the 1.0~
theoretical values (95% confidence limits for five degree of
freedom), from which one can conclude that the proposed
procedure does not differ significantly from the reported . ) . . . .
method. s 1.2 1.6 2.0
-E, V/(Ag/AgCl)

3.3.2.2. Analysis of spiked human serum. A quantitative a4 R ative SWAACS volt " B_R buffer of bH
assay of clozapine spiked in human serum was carried out.'d: *: ~epresentaive ! votammograms in B—w Oulier of p

; 7 for different concentrations of clozapine spiked in human serum: (1)
by the proposed SWAdC.S voltammetric procedugeg = background; (2) 2 10-8; (3) 4x 10-8; (4) 6x 10-8; and (5) % 10-8 M; at
120 s andEcc = —0.7 V without the necessity for samples’ 1= 120, Eacc= —0.7V, f = 120Hz, AEs = 10mV anda = 50 mV.
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a calibration curve that extended over the range B0°

to 8 x 10°8M (n = 10). The LOD and LOQ were found
to be 1x 1072 and 33 x 10-2M, respectively. The recov-
ery of clozapine spiked in human serum was determined in
triplicate for the concentrations of 20, 40 and 60 nM clozap-
ine/ml of human serunil@ble 3. The obtained mean recov-

eries and standard deviation values indicated good accurac(xj

and precision of measurements by means of the propose
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[13] U. Bondesson, L.H. Lindstrom, Psychopharmacology 95 (1988) 472—
475.

[14] M. Aravagiri, S.R. Marder, J. Pharm. Biomed. Anal. 26 (2001) 301—
311.

[15] K. Titier, S. Bouchet, F. Péhourcqg, N. Moore, M. Molimard, J.
Chromatogr. B 788 (2003) 179-185.

[16] K.E. Mosier, J.X. Song, G. McKay, J.W. Hubbard, J. Fang, J. Chro-
matogr. B 783 (2003) 377-382.

17] Y.L. Shen, H.L. Wu, W.K. Ko, S.M. Wu, Anal. Chim. Acta 460
(2002) 201-208.

procedure. The results are favorably compared with those[18] H. Weigmann, S. Hartter, S. Maehrlein, W. Kiefer, G. Kramer, G.

obtained by means of a reported metlé

4. Conclusion

A fully validated, highly sensitive, simple and precise
square-wave adsorptive cathodic stripping voltammetric
procedure was described for quantitation of clozapine in
bulk form, pharmaceutical formulation and human serum
without the necessity for samples’ pretreatment or any
time-consuming extraction or evaporation steps prior to the
analysis. The estimated limits of detection and quantitaton
of clozapine show an improvement in sensitivity of the pro-
posed procedure to quantification of clozapine compared
at least to that reported in the literati&6—41] using the
different electrochemical techniques (LO91 x 1076 to
8 x 10°°M).
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