Drug Development and Industrial Pharmacy, 33:1158-1166, 2007
Copyright © Informa Healthcare USA, Inc.

ISSN: 0363-9045 print / 1520-5762 online

DOI: 10.1080/03639040701484338

informa

healthcare

Determination of Clozapine and its Metabolite,
Norclozapine in Various Biological Matrices Using
High-Performance Liquid Chromatography

Micheal Rodand and Priscilla Szeto

Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, University of British Columbia,

Vancouver, British Columbia, Canada

Ric Procyshyn

Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, University of British Columbia,

Vancouver, British Columbia, Canada

Division of Medical Services, Riverview Hospital, Port Coquitlam, British Columbia, Canada

Alasdair M. Barr

Department of Psychiatry, Faculty of Medicine, University of British Columbia, Vancouver,

British Columbia, Canada
Kishor M. Wasan

Department of Pharmaceutics, Faculty of Pharmaceutical Sciences, University of British Columbia,

Vancouver, British Columbia, Canada

Purpose. To develop and validate an HPLC method for the
quantitation of clozapine and its metabolite, norclozapine in
human plasma, rat plasma, and the various human plasma lipo-
protein fractions. M ethods. Using liquid-liquid extraction, clozapine,
and norclozapine are extracted from the biological matrix with
MTBE. After concentration, the residue was reconstituted in
ImM HCI and injected on to a C6 Phenyl column (3um,
2.0x150 mm). Mobile phase was 10mM Ammonium Acetate, pH
5—Acetonitrile—Methanol (5:3:2, v/v/v). Loxapine served as the
internal standard. Absorbance was measured at 254 nm. Results.
Quantitation limitsfor clozapine and nor clozapine was 100 ng/mL
and 50 ng/mL, respectively. Recovery for both clozapine and nor -
clozapine was near 100%. Percent accuracy for intraday variabil-
ity in human plasma, rat plasma, and human TRL, HDL, LDL,
and LPDP lipoprotein fraction was between 92 to 113% for both
analytes. Intraday precision for the same matrices was less than
9% CV for both analytes. Percent accuracy and precision for
interday variability in human plasma was 97 to 103% and less
than 10% CV, respectively. Samples wer e stabile in the autosam-
pler for 80 h at 10°C and on the benchtop for 2 h. It should be
noted, Clozapine-N-oxide, which isa known metabolite of Clozapine,
was not determined since it is not clinically active. Conclusions.
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This method is a simple, fast and robust HPLC assay for the
determination of clozapine and norclozapine in various matrices
and lipoprotein fractions.
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INTRODUCTION

Clozapine is an atypical, second generation, anti-psychotic
commonly used in the treatment of schizophrenia. Originaly
removed from the market due to incidents of agranularcytosis,
clozapine was reintroduced as it was found to be effective against
refractory schizophrenia and employed regular safety monitoring
to help reduce the incidents of toxicity. When compared to other
atypical antipsychotics, the full mechanism of action of clozapine
has not been fully uncovered, however it is known to have affin-
ity to the 5-HT,,, D,, and D, receptors (among others) acting in
an antagonistic fashion (Ananth et al., 2004; Byerly & DeVane,
1996; Horacek et al., 2006; Khan et d., 2005).

Clozapine has been shown to be metabolized by CYP1A2
and CYP3A4 to form 2 major metabolites, norclozapine
(N-desmethylclozapine) and clozapine N-oxide, respectively
(Khan & Preskorn, 2005). Of interest to our research is the
norclozapine metabolite because of its possible activity at the
5-HT,c, 5-HT,, and D, receptors (Kuppamaki et al., 1993) as
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thismay have arolein the efficacy of clozapineitself. It should
be noted, clozapine-N-oxide, which is a known metabolite of
clozapine, was not determined since it is not clinically active
(Kuppamaki et a., 1993).

It has been shown in previous work in our lab that clozap-
ine, a lipophilic compound, has altered in vitro distribution in
lipoprotein fractions in plasmathat contains elevated total cho-
lesterol and triglyceride levels when compared to plasma of
normal levels of total cholesterol and triglycerides (Procyshyn
et a., 2001). This atered distribution in lipoproteins may lead
to a change in the biocavailability of clozapine. In addition,
because of atered lipoprotein distribution in varying plasma
lipid profiles, we have aso investigated the roll other lipophil-
lic compounds may have on the distribution of clozapine, spe-
cificaly how it may displace clozapine and alter its
biocavailability (Honer et a., 2006; Procyshyn et al., 2005). In
vitro studies of this type typically use a radiolabel which
alows for good sensitivity and few concerns about recovery,
but there are several drawbacks, primarily cost and safety when
in vivo use is considered. Although many assays have been
developed for the quantitation of clozapine and norclozapinein
plasma (Ma & Lau, 1998; Mosier et al., 2003), none, to the
knowledge of the authors, exist for the quantitation in plasma
lipoprotein fractions in addition to multi-species plasma matri-
ces. For this reason, our objective was to develop a simple,
accurate and reproducible assay utilizing high performance lig-
uid chromatography (HPLC) with ultraviolet (UV) detection
for the quantitation of clozapine and its metabolite norclozap-
inein various biological matrices.

METHODS AND MATERIALS

Chemicals, Reagents, and Matrices

Blank, pooled human and rat plasma was purchased from
Bioreclamation (Hicksville, NY). Triglyceriderich (TRL), low
density lipoprotein, (LDL), high density lipoprotein (HDL),
and lipoprotein deficient plasma (LPDP) lipoprotein fractions
were isolated from blank, pooled human plasma as described
elsewhere using density gradient ultracentrifugation (Procyshyn
et a., 2001; Wasan et al., 1999). Clozapine and Norclozapine
were purchased from American Radiolabeled Chemicals (St.
Louis, MO). Loxapine and Methyl-Tert-Butyl Ether (MTBE)
were purchased from Sigma (Oakville, ON). Na,COg3, 1 M
Hydrochloric Acid (HCl), Glacial Acetic Acid, Acetonitrile
(ACN), Methanol (MeOH) and Ammonium Acetate were all
purchased from Fisher (Ottawa, ON). MTBE, ACN, MeOH
were HPLC grade solvents. Digtilled water was produced in
house. Separate 1 mg/mL stock solutions of clozapine and nor-
clozapine were prepared in MeOH for calibration standards
and quality control samples. 1 mg/mL stock solution of loxap-
ine internal standard (1S) was prepared in distilled water.
Appropriate dilutions of clozapine and norclozapine stocks
were made in MeOH for the preparation of combined clozapine-
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norclozapine working solutions for calibration standards and
quality control samples.

HPLC

Validation was done on two HPL C instruments. One instru-
ment contained a Waters 717 plus autosampler, Waters 600E
controller, a Waters 486 Dual wavelength detector. Data was
collected and analyzed with Shimadzu Class VP software. The
second instrument was a Waters Alliance 2695 Separation unit
with a 2996 PDA detector. Waters Empower 2 software was
used to collect and analyze data from this instrument. Samples
were kept at 10°C in the autosampler. Separations were done
with a Phenomenex Gemini C6-Phenyl, 3 um, 2.0x150 mm col-
umn with matching Security Guard cartridge at 30°C. Mobile
phase consisted of 10mM Ammonium Acetate (adjusted to pH 5
with Glacia Acetic Acid)-ACN-MeOH (5:3:2, viviv). Flow rate
was set to 200 pL/min with a 10 uL injection volume. Run time
was 16 min and absorbance was measured at 254 nm.

Design

For each extraction of the validation, a blank, blank with
internal standard and 7 calibration standards (100—21000 ng/mL
clozapine, 50—1000 ng/mL norclozapine) were extracted in the
appropriate biological matrix. This range covered most of
reported clozapine concentrations from clinically relevant doses
in various studies (Khan & preskorn, 2005). Quality control
samples were extracted in the same matrix as the calibration
curve to determine the accuracy and precision of the assay.
Quiality control (QC) samples consisted of concentrations across
the calibration range. For interday analysis, quality control sam-
ples were extracted and compared between days. For intraday
analysis, quality control samples were extracted and compared
to each other. Autosampler stability was determined by storing
extracted quality control samples in the autosampler for 80 h at
10°C before being analyzed. Extraction efficiency was deter-
mined by comparing extracted quality control samples with non-
extracted quality control samples. Stability on the bench top was
determined by preparing 3 of each quality control sample and
storing the samples for 2 h on the bench top before extraction.

Extraction

Adapted from Mosier et a. (2003), 300 puL of blank matrix
was aliquoted to labeled 12x75 mm culture tubes. To the cali-
bration standards, 10 uL of diluted clozapine/norclozapine cal-
ibration working solution was added. To the quality control
samples, 10 uL of diluted clozapine/norclozapine QC working
solution was added. 10 puL of 1S working solution (48 png/mL)
was added except to the blank and 100 pL of saturated Na,CO4
was added to all samples and vortexed to mix. 3 mL of MTBE
was added, tubes were capped and vortexed on high for 5 min
(VWR standard multi-tube vortexer). Tubes were centrifuged
for 2 min at 3000rpm (Eppendorf 5810 R) and the organic
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FIGURE 1. Extraction procedure flowchart.

layer was transferred to a correspondingly labeled 16x100 mm
culture tube. Samples were evaporated to dryness with nitrogen
in 50°C water bath (Zymark Turbovap LV evaporator). Resi-
due was reconstituted with ImM HCl and transferred to
autosampler vials (Figure 1).

Data Analysis

Chromatographic peaks were integrated and peak areas
determined by the data collection software. Peak area ratios
were calculated (Peak Area of anayte/Peak Area of 1S) and
calibration standards were plotted using weighted least square
linear regression with 1/y* weighting, as shown here (Almeida
et al., 2002), to generate a calibration line. Peak area ratios of
the calibration standards and quality control samples were
compared against the calibration line and a concentration was
determined. Percent accuracy was determined by comparing
the nominal concentration with the calculated concentration
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(Ceacuiaed’ Cnomina X 100) of the quality control samples. Preci-
sion was determined by calculating percent Coefficient of
Variation (%CV) of the quality control samples (standard devi-
ation/mean Ceyaeq% 100).

RESULTS

Chromatography of both extracted blank human and rat
plasma were free from interfering peaks at the elution times of
the analytes (Figures 2A and C). Norclozapine (~4 min), clozap-
ine (~6 min) and the internal standard, loxapine (~9 min) are
al well resolved from each other (Figures 2B and D). HDL
lipoprotein fraction was also free from interferences at the elu-
tion times of the analytes and the approximate retention times
of norclozapine, clozapine and loxapine were the same as
above (Figures 2E and F). All remaining lipoprotein fractions
had chromatography similar to that of the HDL lipoprotein
fraction (data not shown).

All calibration curves contained 7 calibration points and
were extracted from matrix as described above. Peak area
ratios of norclozapine and clozapine to loxapine were calcu-
lated and the responses were plotted and a calibration line was
determined as described above. All standard curves were linear
(R? > 0.98) within the calibration range for both analytes. Cali-
bration point responses were back calculated to the calibration
line to determine how close the concentration was to its nomi-
na value. All calibration points were = 20% of nominal con-
centration (data not shown).

Interday reproducibility in human plasma was determined
over 6 days. On each day, a calibration curve and 3 of each QC
sample was extracted from human plasma. The calculated con-
centrations of the QC samples were averaged and compared to
those on the other days. Norclozapine had an interday accuracy
of 97 to 104% and precision of 4 to 10%. Clozapine had an
interday accuracy of 98 to 103% and precision of 6 to 9%
(Table 1). Intraday reproducibility in human plasma was deter-
mined in asingle extraction of acalibration curve and 6 of each
QC sample. The calculated concentration of each QC was com-
pared to each other. Norclozapine had an intraday accuracy of
93 to 113% and precision of 2 to 7%. Clozapine had an intra-
day accuracy of 106 to 113% and precision of 2 to 8% (Table 2).
Extraction efficiency in human plasma was determined by
extracting a calibration curve, 6 of each LQC, MQC, and HQC
and 18 blank plasma samples. The calibration curve and QC
samples were extracted as described above. The 18 blank
plasma samples were extracted as described above but the QC
sample working solutions and the IS working solution were
added after reconstitution with 1 mM HCI (6 of each LQC,
MQC, and HQC). All extracted and non-extracted QC samples
were compared to the calibration curve and concentrations
determined. Extracted QC sample concentrations were com-
pared to non-extracted concentrations and % extraction effi-
ciency was calculated. Clozapine extraction efficiency was 101
to 107% and norclozapine extraction efficiency was 89 to 96%
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TABLE 1
Interday Reproducibility in Human Plasma
Clozapine (n=6) LLOQ (100 ng/mL) LQC (300 ng/mL) MQC (450 ng/mL) HQC (900 ng/mL)
Average 103.00 293.56 454.35 921.74
% CV 9% 6% 8% 7%
% Accuracy 103% 98% 101% 102%
Norclozapine (n = 6) LLOQ (50 ng/mL) LQC (150 ng/mL) MQC (300 ng/mL) HQC (900 ng/mL)
Average 49.65 145.73 303.37 932.45
% CV 7% 10% 6% 4%
% Accuracy 99% 97% 101% 104%

Extractions were done on 6 different days with each QC extracted in triplicate. LLOQ—Lower Limit of Quantitation, LQC—Low Quality

Control, MQC—Medium Quality Control, HQC—High Quality Control.

TABLE 2
Intraday Reproducibility
Clozapine (n = 6) LLOQ (100 ng/mL) LQC (300 ng/mL) MQC (450 ng/mL) HQC (900 ng/mL)
Average 108.27 325.65 510.71 954.90
% CV 8% 2% 6% 6%
% Accuracy 108% 109% 113% 106%
Norclozapine (n = 6) LLOQ (50 ng/mL) LQC (150 ng/mL) MQC (300 ng/mL) HQC (900 ng/mL)
Average 46.60 169.78 329.32 996.33
% CV 5% 2% 7% 7%
% Accuracy 93% 113% 110% 111%

Extraction was done on 1 day with each 6 of each QC. LLOQ—Lower Limit of Quantitation, LQC—Low Quality Control, MQC—Medium

Quality Control, HQC—High Quality Control.

TABLE3
Extraction Efficiency from Human Plasma
LQC MQC HQC
% Extraction Efficiency Clozapine 101% 107% 103%
% Extraction Efficiency Norclozapine 89% 94% 96%

For each analyte, 6 extracted QC samples were compared with 6 non extracted QC samples.
LLOQ—Lower Limit of Quantitation, LQC—Low Quality Control, MQC—Medium Quality

Control, HQC—High Quality Control.

(Table 3). Extraction efficiencies greater than 100% were
determined to be due to experimental error. Autosampler sta-
bility was determined by extracting 3 of each QC sample from
human plasma and storing the reconstituted sample in the
autosampler at 10°C for 80 h. The samples were then com-
pared to a freshly extracted calibration curve. Clozapine
autosampler stability accuracy was determined to be 94 to
107% and precision of 1 to 9%. Norclozapine autosampler
stability accuracy was determined to be 94 to 112% and
precision of 4 to 8% (Table 4). Bench top stability was
determined by preparing 3 of each QC sample in human
plasma and storing them on the bench at room temperature

for 2 h prior to extraction. The samples were compared to a
freshly extracted calibration curve. Clozapine bench top sta-
bility accuracy was determined to be 99 to 108% and preci-
sion of 0 to 2%. Norclozapine bench top stability accuracy
was determined to be 89 to 104% and precision of 3 to 7%
(Table 5).

Alternative matrices were partially validated by using the
same extraction and analytical conditions and determining
intraday precision and accuracy. For each matrix, a calibration
curve and 3 of each QC samples were extracted and accuracy
and precision were determined as above. Clozapine accuracy
was 92 to 113% and precision was 1 to 7% in rat plasma, TRL,
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TABLE4
Sample Stability in the Autosampler

Clozapine (n=3) LLOQ (100 ng/mL) LQC (300 ng/mL) MQC (450 ng/mL) HQC (900 ng/mL)
Average 107.01 281.72 422.04 892.81

% CV 6% 4% 9% 1%

% Accuracy 107% 94% 94% 99%
Norclozapine (n = 3) LLOQ (50 ng/mL) LQC (150 ng/mL) MQC (300 ng/mL) HQC (900 ng/mL)
Average 56.07 140.50 299.99 932.46

% CV 3% 5% 8% 1%

% Accuracy 112% 94% 100% 104%

Three of each QC was extracted from human plasma and stored in the autosampler for 80 h at 10°C before analyzed. LLOQ—Lower Limit of
Quantitation, LQC—Low Quality Control, MQC—M edium Quality Control, HQC—High Quality Control.

TABLES
Benchtop Stability in Human Plasma

Clozapine (n=3) LLOQ (100 ng/mL) LQC (300 ng/mL) MQC (450 ng/mL) HQC (900 ng/mL)
Average 107.85 296.07 458.80 901.62

% CV 1% 0% 2% 1%

% Accuracy 108% 99% 102% 100%
Norclozapine (n = 3) LLOQ (50 ng/mL) LQC (150 ng/mL) MQC (300 ng/mL) HQC (900 ng/mL)
Average 44.40 150.11 312.47 913.75

% CV 7% 7% 1% 3%

% Accuracy 89% 100% 104% 102%

Three of each QC were extracted from human plasma after clozapine and norclozapine incubated in matrix for 2 h on the bench top. LLOQ—
Lower Limit of Quantitation, LQC—Low Quality Control, MQC—Medium Quality Control, HQC—High Quality Control.

LDL, HDL, and LPDP human lipoprotein plasma fractions.
Norclozapine accuracy was 88 to 116% and precision was 1 to
9% inrat plasma, TRL, LDL, HDL, and LPDP human lipopro-
tein plasmafractions (Table 6).

DISCUSSION

The results show an accurate and reproducible analytical
method by HPLC for the quantitation of clozapine and its
metabolite norclozapine, in human plasma. The calibration
curves were with in the linear dynamic range of the assay for
both analytes. Both interday and intraday determinations
show less than 10% coefficient of variation and accuracy
within £ 20% of nominal concentration for the quality control
samples. We were able to show stable extraction efficiency
across the linear range was near 100% for both analytes and
that extracted samples were stable in the autosampler for
reanalysis if required. We found the chromatography was
sensitive to temperature and pH changes and could be a
source of problems when trying to separate analytes from
matrix peaks. Although our work shows clozapine and nor-
clozapine are stable in human plasma for up to 2 h on the
bench, other validations have shown clozapine and norcloza-

pine could be stable in matrix for up to 3 days (Mosier et al.,
2003).

The partia validation for the rat and various human plasma
lipoprotein fractions showed responses very similar to that of
the extraction of human plasma. Linearity of the calibration
curves, calculated concentrations of calibration points and
quality control samples were the similar to that in the human
plasma matrix. As the change in the matrix from human
plasma to rat plasma and human plasma lipoprotein fractions
did not appear to change the ability of the extraction to remove
clozapine and norclozapine or produce any significant matrix
induced interference, we feel confident this assay can be
applied to these additional matrices and have full confidencein
the data obtained as though full validations were performed.

Future studies in the lipoprotein fractions should include a
cross validation to radiolabeled clozapine and norclozapine.
The process of validating a HPL C method requires the addition
of analytes to blank matrix followed by their extraction, the
addition of analyte to separated lipoprotein fractions may not
be analogous to plasma containing analytes and then separated
in to the various lipoprotein fractions. This issue cannot be
resolved by any direct HPLC experiment and can only be con-
firmed by comparison to radiolabeled analytes.
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In summary we have shown a fast and easy extraction of
clozapine and norclozapine in various matrices. All of the
matrices show similar accuracy and precision and no interfer-
ences in the chromatography. If lower detection limits are
required, atransfer to a LC/MS or LC/MS-MS could be done
as al solvents and flow are MS compatible.

ACKNOWLEDGMENTS

The authors would like to thank Ali-RezaMerali for provid-
ing blank lipoprotein fractions, Sarah Stabler for her technical
assistance and Eric Altman from Phenomenex for his assis-
tance in column selection and trouble shooting advice. We
would like to thank Riverview Hopsital for providing funding
for thiswork.

REFERENCES

Almeida, A. M., Castel-Branco, M. M. et al. (2002). Linear regression for cali-
bration lines revisited: Weighting schemes for bioanalytica methods.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci., 774(2), 215-222.

Ananth, J., Parameswaran, S., & Hara, B. (2004). Drug therapy in schizophre-
nia. Curr. Pharm. Des., 10(18), 2205-2217.

Byerly, M. J,, & DeVane, C. L. (1996). Pharmacokinetics of clozapine and resperi-
done: A review of recent literature. J. Clin. Psychopharmacoal., 16(2), 177-187.

Honer, W. G., Thornton, A. E., Chen, E. Y. H., Chan,R. C. K., Wong, J. O. Y.,
Bergmann, A., Falkai, P., Pomarol-Clotet, E., McKenna, P. J.,, Stip, E.,
Williams, R., MacEwen, G. W., Wasan, K. M., Procyshyn, R. (2006).

M. ROSLAND ET AL.

Clozapine aone versus clozapine and resperidone with refractory schizo-
phrenia. N. Eng. | J. Med., 354(5), 472-482.

Horacek, J., Bubenikova-Valesova, V., Kopecek, M., Palenicek, T., Dockery, C.,
Mohr, P., & Hoschi, C. (2006). Mechanism of action of atypical antipsy-
chotic drugs and the neurobiology of schizophrenia. CNS Drugs, 20(5),
389-409.

Khan, A. Y., & Preskorn, S. H. (2005). Examining concentration-dependant
toxicity of clozapine: Role of therapeutic drug monitoring. J. Psychiatr.
Pract., 11(5), 289-301.

Kuppamaki, M., Syvalahti, E., & Hietaa, J. (1993). Clozapine and N-desmeth-
ylclozapine are potent 5-HT1C receptor antagonists. Eur. J. Pharmcol.,
245(2), 179-182.

Procyshyn, R. M., Ho, T., Wasan, K. M. (2005). Competitive displacement of
clozapine from plasma proteins in normolipidimic and hyperlipidimic
plasma samples: Clinical implications. Drug Dev. Ind. Pharm., 31(4-5),
331-337.

Procyshyn, R. M., Kennedy, N. B., Marriage, S., & Wasan, K. M. (2001).
Plasma protein and lipoprotein distribution of clozapine. Am. J. Psychiatry.,
158(6), 949-951.

Ma, F., & Lau, C. E. (1998). Determination of clozapine and its metabolite,
N-desmethylclozapine, in serum microsamples by high-performance liquid
chromatography and its application to pharmacokinetics in rats. J. Chro-
matogr. B Biomed. Sci. Appl., 712(1-2), 193-198.

Mosier, K. E., Song, J., McKay, G., Hubbard, J. W., Fang, J. (2003). Determi-
nation of clozapine, and it metabolites, N-desmethylclozapine and clozapine
N-oxide in dog plasma using high-performance liquid chromatography.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci., 783(2), 377-382.

Wasan, K. M., Cassidy, S. M., Ramaswamy, M., Kennedy, A., Strobel, F. W.,
Ng, S.P.,& Lee, T. Y. (1999). A comparison of step-gradient and sequential
density ultracentrifugation and the use of lipoprotein deficient plasma con-
trols in determining the plasma lipoprotein distribution of lipid associated
nystatin and cyclosporine. Pharm. Res., 16(1), 165-169.



Copyright of Drug Development & Industrial Pharmacy is the property of Taylor & Francis Ltd and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individual use.



