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Introduction

Clozapine (8-chloro-11-(4-methyl-1-piper-
azinyl)-5H-dibenzo)[b,e]-[1,4]diazepine (Fig.
1) is an atypical neuroleptic drug which has
been used extensively for the treatment of
schizophrenic disorders [1, 2]. Clozapine
(CLP) is clinically regarded as an atypical
antipsychotic agent because of its low propen-
sity to produce extrapyramidal effects and its
lack of stimulatory effects on prolactin
secretion. The major routes of metabolism are
N-demethylation and N-oxidation to yield the
N-desmethylclozapine (NCLP) and clozapine-
N-oxide (OCLP; Fig. 1) [3]. Progress in under-
standing the pharmacokinetics and pharmaco-
dynamics of CLP and its major metabolites has
been hindered by lack of a simple and precise
method of analysis. Analytical techniques that
have been used to measure CLP and/or its
metabolites include: GLC [4], GC [5], GC-MS
[6], TLC [7], RIA [8] and HPLC [9-16]. The
majority of these methods [4, 5, 8, 11-13]
assayed only CLP while others assayed CLP
and one metabolite [6, 9, 14, 15]. The TLC
technique [7] assayed CLP and the two meta-
bolites but required large sample volumes (3—
6 ml) because of its low sensitivity. There are
two LC methods that reported the ability to
assay CLP and its metabolites. However, one
of these methods [10] did not report data for

the metabolites while the second method [16],
which used automated solid-phase extraction,
required a comparatively large volume of the
sample (1 ml) and, therefore. cannot be applied
to animal studies. The objective of this investi-
gation was to develop a rapid, simple and
sensitive method for the simultaneous deter-
mination of clozapine and its major meta-
bolites in small volumes of human serum or rat
plasma.

Experimental

Chemicals

Methanol and acetonitrile were HPLC grade
(J.T. Baker Inc., Phillipsburg, NJ, USA). All
other reagents were analytical reagent grade.
Liquid chromatography quality water was
obtained by passing distilled water through a
Millipore-Q Water System purification unit.
CLP, NCLP and OCLP were gifts from Sandoz
Research Industries (East Hanover, NJ) while
N-methylspiperone (IS) was obtained from Dr
Robert Dannals (Division of Nuclear Medi-
cine, Johns Hopkins Medical School,
Baltimore, MD, USA).

Equipment

Isocratic chromatography was performed
using Waters Model 6000A solvent delivery
system, Kratos Spectraflow 783 detector set at
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Figure 1

Structures of clozapine and its major metabolites.

254 nm, Waters Intelligence Sample Processor
712 and a Hewlett—Packard 3392A Integrator.
Separation was accomplished using a pBonda-
pak C18 column (300 X 3.9 mm i.d.) obtained
from Phenomenex with a Waters C18 Guard
Column (50 mm) and a flow rate of
1 ml min~'.

Reagents

The mobile phase buffer was prepared by
dissolving 7.8 g of dibasic potassium phosphate
in 500 ml of water. The pH was adjusted to pH
4.0 with phosphoric acid and the volume was
made up to 11 with water (0.045 M). Aceto-
nitrile was then mixed with the buffer (360:640,
v/v) adjusted to pH 3.7 with 10% phosphoric
acid, filtered (0.45 pm filter) and degassed
before use.

The conditioning buffer for the solid-phase
extraction was prepared by dissolving 7.8 g of
dibasic potassium phosphate in water and the
volume was made up to 1 1 (pH 9.0, 0.045 M).
The wash solution was prepared by diluting
28 ml of acetonitrile to 100 ml with the buffer.
The eluting solution was prepared by diluting
0.7 ml of triethylamine to 100 ml with
methanol (50 mM).

Stock solutions of drugs and internal stan-
dard (CLP, OCLP, NCLP and IS) were pre-
pared in methanol to a concentration of 1 mg
mi~! and stored at —20°C.

Extraction

One millilitre of methanol was passed
through the solid-phase extraction (SPE)
column (Bond Elut® C18, Varian, CA, USA,
1 cm?) followed by 1 ml of buffer. The sample,
standard or control plasma or serum (100 pl —
rat; 250 wl — human) and 100 pl of the IS
solution (5 ug ml™') were added to the SPE
column and aspirated through the column
using a Vac-Elut (Analytichem International).
The SPE column was washed twice with 1 ml
of the wash solution. The compounds were
eluted with 1 ml of the eluting solution, the
elute evaporated to dryness under nitrogen at
50°C and the residue reconstituted in 100 pl of
mobile phase.

At the start of each day, standards in the
range of 60-800 ng ml™' of the drug and its
metabolites in rat plasma or 15-800 ng ml™' in
human serum were processed to check linear-
ity. Thereafter, samples were extracted and
chromatographed with 125, 500 and 750 ng
mi~" quality control (QC) standards with the
total number of samples and standards not to
exceed 10 (the capacity of the Vacelut module
used) in any one run.

Analysis

Fifty-five microlitres of the reconstituted
extract was injected into the equilibrated LC
system. For each run the mean response factor
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(peak height ratio/concentration) for the three
QC standards was calculated and used to
calculate the concentrations of the three com-
pounds in the samples processed in the same
run.

Results and Discussion

Baseline separation of CLP, NCLP and
OCLP was obtained using a mobile phase
consisting of acetonitrile—phosphate buffer
(360:640, v/v; pH 3.7). Optimum washing of
the SPE column was obtained using a solution
consisting of 28% acetonitrile in methanol.
Increasing the concentration of acetonitrile in
the wash solution drastically reduced the

Figure 2
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recovery of the three compounds, particularly
OCLP. The use of methanol alone as the
eluting solution gave reproducible recovery
(RSD <5%; n = 5) of the three analytes from
the SPE column but failed to give reproducible
internal standard recovery. The addition of
50 mM triethylamine to the methanol provided
reproducible recovery for the internal standard
analyte (RSD <5%; n = 5).

The internal standards that have been used
in previously published methods include di-
azepam, nitrazepam, oxazepam, protriptyline,
nortriptyline and amitriptyline. Although these
compounds were separated from the three
compounds of interest under the [.C conditions
used in this study. their recovery from the SPE
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Typical chromatograms obtained from human plasma. A, blank human plasma; B, human plasma spiked with CLP.

NCLP and OCLP (500 ng mi™'); C, plasma sample from

a subject 4 h after oral administration of 300 mg of CLP.

Retention times: NCLP., 5.0 min; CLP, 6.0 min; OCLP. 7.5 min: 1S, 11.2 min.
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Typical chromatograms obtained from rat plasma. A, blank rat plasma; B, rat plasma spiked with CLP. NCLP and OCLP
(800 ng ml™"); C. plasma sample from a rat 30 min after intravenous administration of CLP (20 mg kg™"). Retention
times: NCLP. 5.1 min; CLP. 6.1 min; OCLP. 7.8 min; IS, 11.3/11.6 min.
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column was not reproducible. The low repro-
ducibility of the recovery of these basic com-
pounds could be due to a strong secondary
retention process resulting from hydrogen
bonding or ion-exchange silanol interactions
with these compounds in the reversed-phase
system [17]. The most effective solution to such
secondary retention effects is the addition of
amine modifiers that will preferentially interact
with and block the silanol groups. Amine
additives such as triethylamine are commonly
used for this purpose at concentrations of 1-
50 mM [17]. Concentrations of triethylamine
>50 mM in methanol were found to adversely
affect the chromatography for the three com-
pounds of interest. The use of 50 mM of
triethylamine dramatically improved the repro-
ducibility of recovery of potential internal
standards, from the SPE column with the best
results obtained from the N-methylspiperone
internal standard (RSD <5%; n = 5 for N-
methylspiperone compared with RSD = 10—
15%; n = 5 for the others).

Typical chromatograms obtained with
extracts from human serum and rat plasma are
shown in Figs 2 and 3. Analysis of blank serum
and plasma shows that no endogenous sub-
stances interfered with NCLP, CLP, OCLP
and IS at 5.0, 6.0, 7.5 and 11.3 min, respect-
ively. Standard curves for CLP, NCLP and
OCLP fitted a linear model over the concen-
tration range of 60-800 ng ml™' in rat plasma
and 15-800 ng mi™' in human serum with
correlation coefficients >0.999. The typical
inter-run  variability (RSD) of the mean
response factor for the three QC samples (n =
4) of 125, 500 and 750 ng ml™' of the three
analytes was <5%. The intra- and inter-day
RSDs for the three compounds was <20% at
concentrations >15 ng ml™" in human serum
(Table 1) and <10% at concentrations >60 ng
ml ™! in rat plasma. The precision and accuracy
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of the method at the limit of quantification are
within the recommended value of +20% for a
valid analytical method used in bioavailability,
bioequivalence and pharmacokinetics studies
[18]. The mean accuracy (n = 6) of the method
at the low and high concentrations was >95%
(Table 2). Under the optimized HPLC con-
ditions the mean absolute recovery rates for
250 ng ml™" were 95.0, 70.0 and 65.0% for
CLP, NCLP and OCLP, respectively. Figures
4 and 5 show the CLP, NCLP and OCLP
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Figure 4

Concentration—time curves for CLP, NCLP and OCLP for
a human subject that received an oral dose of 300 mg CLP.
O, CLP; @, NCLP; A, OCLP.
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Figure §

Concentration—time curves for CLP, NCLP and OCLP for
a rat that was given an intravenous dose of CLP (20 mg
kg™"). O. CLP; @, NCLP; A, OCLP,

Table 1
Intra- and inter-day precision (n = 6) of the assay for CLP, NCLP and OCLP in human serum
CLP NCLP OCLP
Conc. RSD* RSDt Conc. RSD* RSDt  Conc. RSD*  RSDft
(ngmi™") (%) (%) (ng ml™") (%) (%) (ngml™") (%) (%)
16.6 18.5 18.7 15.5 17.6 18.7 16.5 17.8 18.5
66.6 7.0 6.6 61.9 8.4 8.5 66.1 8.7 8.9
133.2 37 1.9 123.8 4.6 1.1 132.2 4.9 3.6
532.5 3.0 1.6 495.0 4.2 2.4 528.5 2.7 2.3
798.8 2.4 2.9 742.5 4.4 29 792.8 2.4 2.0

*Intra-day RSD (%).
tInter-day RSD (%).
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concentrations for a human subject who
received a single 300 mg oral dose of CLP and
a rat which was given an intravenous dose of
20 mg kg ' CLP.

Conclusions

The method described in this report is more
sensitive than the previously published LC
method which used automated solid-phase
extraction; the precision of the two methods
are comparable [16]. The method is simple,
rapid and sensitive enough for routine appli-
cation to pharmacokinetic studies of CLP and
its metabolites in clinical and preclinical
research.
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