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Abstract

A sensitive high-performance capillary zone electrophoresis (CZE) with head-column field-amplified sample stacking (FASS) in binary
system has been developed for the simultaneous determination of zotepine and its active metabolite, norzotepine, in human plasma. The
separation of zotepine and norzotepine was performed using a background electrolyte consisting of 50% ethylene glycol-borate buffer
(20 mM, pH 8.0) solution with 20% methanol as the running buffer and on-column detection at 200 nm. Under the optimal FASS-CZE
condition, good separation with high efficiency and short analysis time is achieved. Several parameters affecting the separation and sensitivity
of the drug were studied, including sample matrix, pH and concentrations of the borate buffer, ethylene glycol and methanol. Using clozapine
as an internal standard, the linear ranges of the method for the determination of zotepine and norzotepine in human plasma were over
3-100ng/mL; the detection limits of zotepine and norzotepine in plasma were 2 and 1 ng/mL, respectively. A sample pretreatment by
means of solid-phase extraction (SPE) with subsequent quantitation by FASS—CZE was used. The application of the proposed method for
determination of zotepine and norzotepine in plasma collected after oral administration of 125 mg zotepine in one schizophrenic patient was
demonstrated.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tract after oral dosing for schizophrenia and the binding ratio
of zotepine to human serum albumin is approximately 97%;
Zotepine is an atypical antipsychotic with a high affin- the serum half-life is about 8 h. In administration of the drug
ity for serotonin and dopamine receptors and it is effective for schizophrenia, serum concentrations vary among indi-
in the management of patients with positive and negative viduals; maximum plasma leveG¥,sx= 30—240 ng/mL have
schizophrenic symptomfl—4] and it demonstrates fewer been reported after a single dose of 100 mg of zotefihe
extrapyramidal adverse effects than conventional antipsy- It is suggested that there is wide inter-patient variability in
chotics, such as haloperidol. N-demethylation of zotepine, drug metabolism. There is little information on isoenzymes
the major metabolite of zotepine in humans, is pharmacolog- responsible for the metabolism of zotepine. At present, no
ically active norzotepine and shows an affinity similar to that definite relationship between clinical therapeutic efficiency
of zotepine. Zotepine is well absorbed from gastrointestinal and serum levels has been established. However, the side
effect of the drug, akathisia and prolactin level increase, re-
vealed a positive relationship with the zotepine serum con-
centration[1,5]. For these reasons, a reliable determination
of the plasma concentrations of zotepine and norzotepine
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is very important for evaluating therapeutic efficacy, mon- CH,

itoring drug safety and studying the mechanism of drug OCHchzN< OCH,CH,NHCH,

metabolism. | CH, N |
Several studies have been reported in the literatures® O O O O

including using gas chromatography-mass spectrometry s s

(MS), high-performance liquid chromatography (HPLC) Zotepine Norzotepine

with MS—-MS [6-9] or UV detection[10—12] on the study
of zotepine concentration and/or its metabolite in human

biological samples. To date, no capillary electrophoresis fFHa
(CE) method for determining the structure highly similar N
zotepine and its active metabolite, norzotepine, has been N_}
developed. CE is a powerful separation technique for the N—
determination of drugs in body fluids because of its high CI\O\b
resolution and short analysis time. Owing to the short optical

path length within the detection cell, a large volume of s
injection fluid is required for samples at low concentrations. Clozapine

However, a broadening of migration peak affecting the

separation efficiency has been observed when the injection Fig. 1. Chemical structures of zotepine, norzotepine and clozapine (I.S.).

volume is excessive. Various approaches have been shown o )

to provide sensitivity enhancement, including head-column ing liquid circulating in the cartridge. The sample tray was

FASS[13-25] FASS is a simple and efficient technique for at room temperature. Detection was carried out by the on-

sensitivity enhancement, first introduced by Mikkers et al. column measurement of UV absorption at 200 nm (cathode

[13]. This sample stacking is based upon the presence of a8t the detection side). The Beckma_n P/ACE MDQ Microsoft

short zone of low conductivity (water is usually used and the System was used for data processing.

zone is referred to as a water plug) at the capillary inlet end,

across which an electric field up to several hundred times 2.2. Chemicals and reagents

higher than that employed in normal CE is established which

permits charged analytes to be injected at high velocity. ~ Zotepine and norzotepine were kindly supplied by Fuji-

During this electrokinetic injection process, the sample ions sawa Pharmaceuticals (Osaka, Japan), while clozapine used

reach the high viscosity and high conductivity running buffer, as the internal standard (1.S.) was from Sigma (St. Louis,

they slow down and are condensed as a narrow zone. TheMO, USA) (asFig. 1). Disodium tetraborate, sodium hydrox-

head-column FASS may provide a sensitivity enhancementide, ethylene glycol, phosphoric acid, methanol and other

of up to 1000-fold[17,23-25] For example, based on this reagents were of analytical grade from Merck (Darmstadt,

stacking for determination of Hreceptor blockers in plasma ~ Germany).

and phenoxy acid herbicides, sensitivity enhancements of up

to 1000-fold have been reported by Wu et[@B] and Zhu 2.3. Capillary conditioning

and Lee[24], respectively. In this paper, we used SPE with

Cyg cartridges for plasma pretreatment and then applied the  Capillary conditioning before startup was undertaken with

head-column FASS technique to develop a sensitive andmethanol for 10 min, 1 M HCI solution for 10 min, deionized

accurate CZE method for trace determination of zotepine water for 2min, 1 M NaOH for 10 min, deionized water for

and norzotepine in plasma. Application of the proposed 2min and electrolyte solution for 10 min. The conditioning

method to analyze the analytes in one schizophrenia patientetween run was affected by rinsing with 1 M NaOH (5 min),

was evaluated and it proved to be satisfactory. deionized water (3 min), and electrolyte solution (3 min) un-
der positive pressure applied at the injection end. The cap-
illary tip was dipped for 3 s into a vial containing water for

2. Experimental cleaning and a short water plug was inserted into the capil-
lary. Then a water plug (application of 34.5 mbar for 0.1 min)
2.1. Instrumentation was introduced into the capillary. Samples were electrokinet-

ically injected at a positive voltage of 10kV for 20 s (anode

The Beckman P/ACE MDQ system (Fullerton, CA, USA) at the injection end) and the separation voltage was 20 kV.
equipped with a photodiode-array detector (DAD) and a Due to the low conductivity of the sample zone, the current
liquid-cooling device was used. FASS—CZE was performed gradually increased to 30A within the first 10 s of power
in an uncoated fused-silica capillary (Polymicro Tech- application and then slowly reached a level of abouj.A6
nologies, Phoenix, AZ, USA) of 40.2 cm (effective length at 30s. The background electrolyte was composed of 50%
30cm)x 75um |.D. The temperature of the separation was ethylene glycol-borate buffer (20 mM, pH 8.0) solution with
controlled at 25C by immersion of the capillary in a cool- 20% methanol.
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2.4. Sample pretreatment 3. Results and discussion

Waters Oasis HLB 3 ml (60 mg) g cartridges (Milford, On column FASS is a simple and efficient technique for
MA, USA) were used in a Varian (CA, USA) vacuum man- sensitivity enhancement. This approach can improve the sen-
ifold apparatus for the SPE procedure. The cartridges weresitivity of the detection of trace components in biological
activated and conditioned with 1 mL of methanol and then samples without modification of the instrument. In this work,
1 mL of water. An amount of 25QL of blank plasma spiked  we describe the application of head-column FASS to develop
with the various concentrations of zotepine and norzotepine a CZE approach to the antipsychotic drug, zotepine and its
and 50uL of 120ng/mL of clozapine (I.S.) or 250L of active metabolite, in microliter volumes of body fluids. Op-
patient plasma and 50L of 120 ng/mL of clozapine (I.S.)  timization and validation of injection process and separation
were loaded onto the cartridge. After loading, the cartridge mode were investigated.
was washed with 1 mL of carbonate buffer (0.1 M, pH 10) and
1 mL of water and dried under vacuum aspiration for 10 s. The 3.1. Effect of water plug and sample matrix
analytes were eluted with 1 mL of ethyl acetate and the car-
tridge was dried under vacuum again for 10s. The 0.8 mL of  This head-column FASS preceded as follows: The capil-
ethyl acetate layer was then brought to dryness under freezdary was dipped into water for 3sandthena 34.5 mbar 0.1 min
evaporator (EYELA UT-80 and EYELA CVE-2000) and re- water plug from a different vial was inserted. Dipping the cap-
dissolved with 3QuL of mixed solvent composed of 80% illary inlet end and electrode in a vial containing water was
ethylene glycol and 12@M H3PO, by vortex mixing and found to be necessary to prevent contamination of the sam-
then it was transferred into a 0.5 mL PCR sample vial that ple solution with the high conductivity running buffer. With-

could be placed into the sampler of the CE apparatus. out this procedure, smaller and irreproducible peak height
was observed. In principle, application of higher voltage and
2.5. Method validation a longer injection time period should result in more solute

injected resulting in more sensitivity. In practice, however,

The calibration graphs of zotepine and norzotepine in bi- higher injection voltage and longer injection time such as
ological matrix with five different concentrations of zotepine 99 s were found to yield only a broader peak but not higher
and norzotepine ranging from 3—100 ng/mL were established peak in our study. The standard solutions or extracted plasma
with the peak area ratio of zotepine or norzotepine to clozap- samples from SPE were injected using a voltage of 10 kV for
ine (1.S.) as ordinateyf versus the concentration of zotepine 20s. The injection time at 34.5 mbar of the water plug was
or norzotepine in ng/mL as abscissp The precisionandac-  optimized for the highest detection signal of the analytes. The
curacy of the method were estimated at 3, 20 and 100 ng/mLresults show the 34.5 mbar 0.1 min water plug injection time
and from back-calculated standard concentration. The intra-provided the highest detection signal. Comparing the differ-
day of mean precision was defined by relative standard devia-ence between presence and absence of water plug, we can
tion (RSD) and relative error (RE) from analyses on the same gain higher reproducibility and higher sensitivity when using
days. The inter-day precision and accuracy were calculatedthe water plug before samples are injected.
from repeated analyses of identical samples on five consecu- The stacking efficiency was affected by the sample ma-
tive days for these concentrations of zotepine and norzotepinetrix. The effect of the ethylene glycol concentration added to
and expressed also as RSD and RE. The limit of quantitationthe sample matrix on the sensitivity was studied. The data
(LOQ) is the minimum injected amount that gives precise presented irFig. 2 show the impact of the volume fraction
measurements. The LOQ in plasma defined as the samplg0.2—0.8) of ethylene glycol in the sample on the sensitivity.
concentrations generating a peak height 10 times the level of The peak height signal was increased when the ethyl gly-
the baseline noise. The limits of detection (LOD) were cal- col content in sample matrix increased from 20 to 80% and
culated on the basis of the baseline noise, which was defineddecreased in 100%. As previously reported, the addition of
as the sample concentration generating a peak of height thre@thylene glycol to the sample matrix drastically influences
times the level of the baseline noise (signal-to-noise ratio stacking efficiency, due to some conductivity modification

of 3). [19]. The optimal volume fraction of ethylene glycol was
found to be 0.8. With electrokinetic sample introduction,
2.6. Application the amount of solute injected is proportional to the effec-

tive electrophoretic mobility. Although pure solvent has the

A 42-year-old male psychotic patient was treated with lowest conductivity, neither water nor ethylene glycol has
a 125mg zotepine tablet (LodoffinFujisava). The patient  the ability to act as proton donator for zotepind4p7.0)
was in a steady state (he had been taking zotepine for morg26], norzotepine and clozapineKg, 3.7; Kaz, 7.6)[27].
than one month). Venous blood sample was withdrawn and Thus, to charge the analytes, phosphoric acid was added to
plasma fraction was separated immediately at 8 h after dos-the sample. It has already been demonstrated that the addi-
ing. The plasma sample was stored frozenr-40°C until tion of phosphoric acid to the sample matrix may enhance the
analyses. protonation of the cationic drugs and improve the sensitivity
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14000 of H3POy, poor reproducibility was observed. The optimal
Ls6a0 || H3P O, concentration was found to be about 1@ for anal-
ysis of positively charged analytes. Binary sample solutions
| of low conductivity and containing small amounts of weak
2 8000 - acid are demonstrated to be most effective for stacking of
:_EU 8000 - positively charged analytes. Thus, for robust operation with
oy high sensitivity, 80% ethylene glycol with 120M H3POy
| :gg{g&tﬁgme in sample matrix was used to prepare the sample. In order
2000 - —m—clozapine (1.S.) to optimize the separation of zotepine and its main active
0 ; i j j metabolite (norzotepine) by CZE with head-column FASS,
0 20 40 60 80 100 we studied the effect of several experimental parameters such
Ethylene glycol in sample matrix (%) as background electrolyte concentration, pH and additives.

Fig. 2. Effectofthe ethylene glycol concentration added to the sample matrix

onthe peak height of zotepine, norzotepine and clozapine each at 100 ng/mL.3.2. Optimization of the separation buffer
Separation CE conditions: uncoated fused-silica capillary, 30 cm (effective

length)x 75um 1.D.; wavelength, 200 nm; separation voltage, 20kV (de- . .
tector at cathode side); background electrolyte: 20 mM borate (pH 8.0)-50% For binary CZE, the running buffer was Composed of

ethylene glycol solution with 20% methanol. ethylene glycol, borate buffer and methanol. CZE with
head-column FASS with 50% ethylene glycol-borate buffer
detection during FASS injection because a larger amount of (pH 8.0) at different concentrations (5-25mM) with 20%
higher-mobility ions is introducefd.9,20]. For the maximum methanol was studied in this experiment. The resulsdgn3
stacking efficiency, the impact of the acid in sample solution show that the higher the concentration of buffer, the higher
was studied. With the sample solutions containing 3Q+90 the sensitivity that was obtained. It is indicated that sample
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Fig. 3. Effect of borate buffer concentration on the separation and sensitivity of analytes each at 100 ng/mL. Electropherograms: (A) 5mM, (B})10 mM, (
15mM, (D) 20mM, (E) 25 mM. Peaks: 1, 2 and 3 are norzotepine, zotepine and clozapine (1.S.), respectively. Background electrolyte: 5-25 mM borate (pH
8.0)-50% ethylene glycol solution with 20% methanol. For other CE conditionskig.i2
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Fig. 4. Effect of borate buffer pH on the separation and sensitivity of analytes each at 100 ng/mL. Electropherograms: (A) 7.0; (B) 7.5; (C) 8.(€)D) 8.5
9.0. Peaks: 1, 2 and 3 are norzotepine, zotepine and clozapine (1.S.), respectively. Background electrolyte: 20 mM borate (pH 7-9)-50% eihyidigime glyc
20% methanol. For other CE conditions as-ig. 2

condensation increased by introducing a high conductivity of timal ethylene glycol concentration is set at 50%, which can
running buffer to act as atemporary trap for solutes. The sameeffectively retain and separate the drugs. In this condition, a
stacking effect was obtained at 20 mM and 25 mM borate slightly higher sensitivity than at 60% and higher resolution
buffer. Peaks 1, 2, 3 and 4 represent norzotepine, zotepinethan at 40%Rs =1.9) were obtained.
clozapine and electroosmotic flow (EOF). During FASS in- Electrophoresis of the drugs in the absence of methanol as
jection, the positively charged analytes moved at higher ve- an additive results in partial resolution of zotepine and nor-
locity than the neutral water. Therefore, EOF moved to detec- zotepine Fig. 7A). Organic solvents miscible with water are
tor is behind the analytes. However, a higher concentration of widely used as mobile phase modifier to adjust the capac-
buffer caused a reduction in EOF, leading to longer analysis ity factor. The use of organic solvents can contribute to the
time. The optimal borate buffer is set at 20 mM.

The effect of pH (7.0-9.0) of 20 mM borate buffer-50%

ethylene glycol solution with 20% methanol on the sep- 16000
aration and sensitivity of analytes was also studied. That 16
the migration velocity of zotepine, norzotepine, clozapine 12000 -
and EOF is not obviously influenced by pH can be seenin Iﬁgﬁgi‘g:me > <
Fig. 4, however, pH obviously influenced the peak heights. g —A—clozapine | | 5
It was found when background electrolyte was set at pH ga‘: 8000 - " resolufion %
8, the highest sensitivity and good resoluti®ty = 3.1) be- o« g
tween norzotepine and zotepine were achieved as shown in 2000 | T
Fig. 5 2

The effects of ethylene glycol at 40, 50, or 60% (v/v) in
20 mM borate buffer (pH 8.0) with 20% methanol on the sepa- 0 : : ' 1

6 7 8 9 10

ration and sensitivity enhancement are discussed. The results
show the resolution and sensitivity effect of norzotepine and

zoteplne in ethylene glycol concentration aS.ShOMIgSQ Fig.5. Effectof pH (7.0-9.0) on the sensitivity of the analytes and resolution
More viscous buffer needs a longer separation time. The op-(0) between norzotepine and zotepine.
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Fig. 6. Effect of ethylene glycol (40-60%) on sensitivity of analytes and
resolution [J) between norzotepine and zotepine.

modifier on separation of zotepine and norzotepine were stud-
ied as shown irrig. 7B—E, respectively. Baseline resolution
for zotepine and norzotepine was obtainable at a methanol
concentratior=10%. The 50% ethylene glycol-20 mM bo-
rate buffer solution (pH 8) with 20% methanol was the choice
for optimal buffer concentration, pH and additives for deter-
mination of zotepine and norzotepirfeg. 8A and B repre-
sent the typical electropherograms for human plasma blank
and zotepine, norzotepine and clozapine spiked in plasma us-
ing CZE with head-column FASS. Peaks 1, 2 and 3 in elec-
tropherogram represent norzotepine, zotepine and clozapine
(1.S.), respectively. The results indicate that simple separa-
tion mode of CZE based mainly on the differences of charge
to mass ratios of the analytes in the tested conditions is able
to resolve the zotepine and its active metabolite, norzotepine.
The charge to mass ratio of norzotepine, N-demethylation
of zotepine, is higher than the parent drug, zotepine. There-

improvement of resolution or the alteration of selectivity. In fore, electrophoretic velocity of norzotepine has faster mi-
general, the addition of organic solvents reduces the EOF andgration in this CZE running buffer. The reproducibility of
expands the migration time window. Therefore, the effects of the migration rate of analytes was studied. With twenty re-
concentration of 10, 20, 30 and 40% methanol added in 50% peated injections of the samples, observed migration times
ethylene glycol-borate buffer (20 mM; pH 8.0) as organic were 7.6 0.03 min, 7.8 0.03 min, 9.16t 0.05 min and
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Fig. 7. Effect of concentration of methanol added in background electrolyte on the separation and sensitivity of analytes each at 100 ng/rherédeainsp
(A) without methanol; (B) 10%; (C) 20%,; (D) 30%, (E) 40%. Peaks: 1, 2 and 3 are norzotepine, zotepine and clozapine (1.S.), respectively. Baekgnalyted el
20 mM borate (pH 8)-50% ethylene glycol with (0-40%) methanol. Other CE conditiond-ig. i2
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Table 1
12000 1 (A) Regression analyses for determination of spiked zotepine and norzotepine
10000 | in plasma
Concentration Regression equation Correlation
8000 4 range coefficient ¢)
/mL
6000 (ng/mL)
Zotepine
4000 Intra-day?
3.0-100.0 y=(0.153+0.010x — 0.999
2000 1 (0.223+0.095)
0 T e Inter-day*
12000 - 2 3.0-100.0 y=(0.156+0.012) — 0.999
(B) (0.216+0.091)
10000 - 1 Norzotepine
® Intra-day?
@ 8000 1 3 3.0-100.0 y=(0.113+0.008x — 0.999
g (0.256+0.038)
g 60001 Inter-day?
T 4000 | 3.0-100.0 y=(0.116+ 0.009K — 0.999
(0.238+0.078)
2000 1 a |ntra-day data were based on four replicate analyses and inter-day were
from five consecutive days.
6000
3 () L : : I
5000 | 3.3. Validation of zotepine and norzotepine spiked in
o plasma
4000 | 1
To evaluate the quantitative applicability of the meth-
3000 ods, five different concentrations of zotepine and norzotepine
were analyzed using clozapine as an |.S. The linear regres-
2000 | sion equations in plasma samples are listedahle 1 The
straight lines obtained from four or five separate experiments
1000 . B N . o N had correlation coefficients of 0.999. The data indicate high

linearity of this method for the intra- and inter-day assays.
Repeatability was determined by RSD of the slope of the
Fig. 8. Electropherograms of zotepine, norzotepine and clozapine in biolog- linear regression equations. For plasma, the RSDs of intra-
ical samples determination. (A) plasma blank; (B) plasma spiked zotepine, and inter-day average slope of the equations of analytes were
norzotepine and clozapine each at 100 ng/mL; (C) plasma from aschizophre-pe|ow 7.0 and 7.8%, respectively. The precision of the pro-
nia patlent receiving oral 125mg pf zotepine tablet_. Peaks: 1, 2 and 3 are posed method for spiked samples was studied. The results
norzotepine, zotepine and clozapine (I.S.), respectively. Background elec- ] . . .
trolyte: 20 mM borate (pH 8)-50% ethylene glycol with 20% methanol. in Table ZS_hOW that the intra- and mter'day varlances at the
Other CE conditions as iRig. 2 concentrations were all below 9.7%. The relative recoveries

of zotepine and norzeptine were obtained from the calibration
11.67+0.08 min for norzotepine, zotepine, clozapine and 9raph constructed from plasma spiked with differentamounts
EOF, respectively. A high accuracy on retention times ©OfZotepine and norzotepine atlow, medium and high concen-
in intra- and inter-day was found with relative standard {ration levels.Table 2shows all the recoveries were >91%.
deviations (RSD) being generally less than 0.43%. The The LOQs in plasma were 3 and 3 ng/mL for zotepine and
apparent mobility ¢A) was calculated according to the horzotepine, respectively. The LODs of the proposed method
equation:pA = p.E + WEOF = (L/tV) wherel =length along  for zotepine and norzotepine (electrokinetic injection 10kV,
the capillary (cm) to detectory = voltage, t= migration 20s) were found to be 2 and 1 ng/mL, respectively. Stock
time (s) and L=total length (cm) of the capillaf8]. solution of zotepine and norzotepine in aqueous solution did
In optimized CE conditions, the apparent mobility val- notreveal any appreciable degradation after 20 daysa+4
ues of norzotepine, zotepine, clozapine and EOF are
1.32x 10 4cm?V—1s1 1.29x 104cm?V—1s1 1.10x 3.4. Application
104cm?V—1s1 and 8.61x 10 °cnm?V—1s71, respec-

Migration Time (min)

tively. According to the equatiopA = nE + L.EOF, the elec- After receiving 125 mg zotepine tablet (LodofinFu-
trophoretic mobility valueg(E) of norzotepine, zotepineand jisava) from oral administration, we measured the patient’s
clozapine in human plasma are 4530 °cnm?V-1s1, plasma 8 h later. The electropherogram of plasma is shown in
4.29x 10 °cm?V-1s1land 2.39% 10 2cm?V-1s71 re- Fig. 8C. The concentrations of zotepine and norzotepine after

spectively. dosing at 8 h later were 53.2 and 13.6 ng/mL, respectively.
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