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ABSTRACT

Pharmacokinetic measurement of the psychotropic compound quetiapine and four related metabolites in
human plasma was conducted using a sensitive and specific liquid-chromatography tandem mass spec-
trometry (LC-MS/MS) assay that has been developed and validated for this purpose. The assay employs a
single liquid-liquid extraction of quetiapine and its N-desalkyl (norquetiapine, M211,803, M1), 7-hydroxy
(M214,227, M2), 7-hydroxy N-desalkyl (M236,303, M3), and sulfoxide (M213,841, M4) metabolites from
human plasma, and utilizes dual-column separation, using Luna C;g columns (50 mm x 2.0 mm, 5 pm)
and positive ionization tandem MS detection in the multiple reaction monitoring (MRM) mode of the
analytes and their respective stable labeled internal standards. The method provides a linear response
from a quantitation range of <0.70 ng/ml to at least 500 ng/ml for each analyte using 40 .l of plasma. The
applicable range was extended by dilution up to 100-fold with blank matrix. The accuracy and precision
for quetiapine were less than 6.0% and 6.4% for quetiapine, respectively. The accuracy (and precision) was
less than 9.4% (5.9%) for norquetiapine; 6.4% (6.2%) for M2; and 10.0% (6.4%) for M3; and 8.6% (9.5%) for M4.
This methodology enabled the determination of the pharmacokinetics of quetiapine and its metabolites

in human plasma, and an example of its application is presented.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Quetiapine fumarate (Seroquel®, ICI204,636) is a psychotropic
compound approved for the treatment of schizophrenia [1-6],
acute mania [7-12], and acute bipolar depression in adult
patients [13-15]. Quetiapine ([2-(2-[4-(dibenzo[b,f][1,4]thiazepin-
11-yl)piperazin-1-yl] ethoxy) ethanol], Fig. 1) fumarate is exten-
sively metabolized in the liver by the cytochrome P450 (CYP)
isoenzyme 3A4, and the major metabolites circulating in the blood
are the sulfoxide (M4) and carboxylic acid metabolites, which
are excreted in urine and feces [16]. Other circulating metabo-
lites include 7-hydroxy quetiapine (M2), norquetiapine (N-desalkyl
quetiapine, M1) and 7-hydroxy, N-desalkyl quetiapine (M3)[17] as
shown in Fig. 1.

Preclinical research has shown that quetiapine and norquetia-
pine have a combination of effects on several central neurore-
ceptors, including moderate antagonist affinity for dopamine D,
and serotonin 5HT,a receptors and mild to moderate affinity for
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5HT; receptors. Norquetiapine is also a potent inhibitor of the nor-
epinephrine transporter (NET) [18]. Imaging using positron emis-
sion tomography (PET) in non-human primates has extended these
findings to include occupancy at D,, 5HT;4, and NET at clinically
relevant plasma levels [19]. Interactions with the three principal
neurotransmitter systems involved in psychosis and mood disor-
ders (dopamine, serotonin, and noradrenaline) may explain the
broad spectrum of efficacy demonstrated for quetiapine fumarate
in the treatment of psychiatric disorders.

To investigate the pharmacokinetics (PK) of quetiapine and
four of its metabolites in humans, a sensitive and specific assay
was required. An early high-performance liquid chromatographic
(HPLC) method, performed well for quetiapine, but lacked sensi-
tivity to support low-dose studies, while a gas chromatographic
method with mass-selective detection (GC/MSD) afforded sensi-
tivity, but lacked ruggedness [20]. A sensitive and specific HPLC
assay utilizing ultraviolet and electrochemical detection to mea-
sure quetiapine and two metabolites was developed, validated,
and used to support a majority of the clinical bioanalyses for
studies conducted as part of quetiapine fumarate registration
[21], but none of these methods measured norquetiapine. With
the advent of robust LC-MS/MS procedures, this bioanalytical
technology was successfully explored and incorporated [22]. A
recent LC-MS/MS method measures quetiapine [23] but lacks
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Fig. 1. Structure of quetiapine and its metabolites.

the ability to measure norquetiapine, which is, at least in part,
responsible for quetiapine’s anxiolytic and antidepressant activity
[24].

The use of a dual-column HPLC system, with gradient or iso-
cratic options, allows for improved assay performance over a wide
concentration range, flexibility, and throughput, and has led to the
LC-MS/MS method presented here for the analysis of quetiapine
and multiple metabolites in human plasma, including the first
detailed technique for the quantitation of norquetiapine.

This LC-MS/MS procedure has been successfully validated, with
a quantitation range of <0.70 ng/ml to at least 500 ng/ml for each
analyte using a 40wl aliquot of human plasma. The applicable
range can be extended up to 100-fold by dilution with blank
matrix. The assay employs a single liquid-liquid extraction of
quetiapine, norquetiapine (N-desalkyl quetiapine, M211,803, M1),
7-hydroxy quetiapine (M214,227, M2), 7-hydroxy, N-desalkyl que-
tiapine (M236,303, M3), and quetiapine sulfoxide (M213,841, M4)
from human plasma, and utilizes dual-column separation and pos-
itive ionization tandem MS detection of the analytes and their
respective stable labeled internal standards (ISTDs). An example
of the application of this methodology to the determination of the
PK profiles of quetiapine and its metabolites in human plasma is
presented.

2. Experimental
2.1. Chemicals and reagents

Quetiapine fumarate, its metabolites (norquetiapine, M2, M3,
and M4) and the corresponding stable labeled ISTDs (!3Cg-
quetiapine, dg-norquetiapine, dg-M2, dg-M3, and dg-M4) were
synthesized at AstraZeneca. Acetonitrile, methanol, and isopropyl
alcohol were all HPLC grade and purchased from Burdick & Jack-
son (Muskegon, MI, USA), reagent grade ammonium formate, trace
metal grade ammonium hydroxide, HPLC grade methyl-t-butyl
ether from Fisher Scientific (Pittsburgh, PA, USA), formic acid from
Sigma-Aldrich (St. Louis, MO, USA), and HPLC grade triflouroacetic
acid from Pierce Chemical Co. (Pittsburgh, PA, USA). Water was
generated from an in-house purification system and used through-

out the analysis. Human K;EDTA plasma was purchased from
Biochemed, Inc.

2.2. Instrumentation

The HPLC system consisted of a Leap CTC HTS PAL autosam-
pler (Leap Technologies, Carrboro, NC, USA) configured with two
injection valves, a 100-ul syringe, a six port divert valve (VICI
Valco Instruments, Houston, TX, USA), Shimadzu LC-20AD pumps
(Columbia, MD, USA), and a Sciex API 4000™ triple quadrupole
mass spectrometer with Turbolonspray (MDS Sciex, Canada). The
chromatographic separation was achieved with two Luna Cig
columns (50 mm x 2.0 mm, 5 pm, Phenomenex, Torrance, CA, USA).

2.3. Method development

Methyl-t-butyl ether, ethyl acetate, and hexane were evalu-
ated as possible organic solvents for the liquid/liquid extraction
of quetiapine and its metabolites from plasma. The methyl-t-butyl
ether solvent was chosen because it provided superior recovery
and precision for the analytes of interest. Chromatographic condi-
tions were developed to optimize separation of the analytes and
improve analyte specificity, as two metabolites had the same pre-
cursor ion. The chromatographic conditions were also evaluated
with blank extracts for the presence of ionization suppression or
enhancement at the retention times of the quantified analytes.

2.4. Chromatography conditions

In general, two columns were held at ambient temperature and
two injectors were multiplexed together to collect a single chro-
matogram for all five analytes and their ISTDs. The divert valve was
programmed to direct the effluent of each column at the times of
interest toward the mass spectrometer. All of the analytes were
collected using a single acquisition method initiated with the first
of two injections. The autosampler program consisted of two 20-u.l
injections with a total run time of 6.4 min.

A portion of the reconstituted sample was injected via one
injection valve onto the first column at ambient temperature for
the separation and analysis of M2, M3, and M4 using a gradient
HPLC program at 0.5 ml/min. The gradient started at an initial mix-
ture of 84% ammonium formate buffer (pH 3.0; 10 mM) with 16%
methanol, increased to 47% methanol at 1.8 min and then to 95%
methanol at 3 min and was held for 1 min.

The separation and analysis of quetiapine and norquetiapine
was conducted with a second injection of the same reconstituted
sample. The second portion, injected immediately after the first,
was directed to the second injection valve and column with an iso-
cratic mobile phase consisting of 60% ammonium formate buffer
(pH 3.0; 10 mM) with 40% methanol, flowing at 0.6 ml/min.

2.5. Mass spectrometry

Chromatographic detection was carried out using positive
ionization with the Turbolonspray source with MRM and unit res-
olution. The monitored transitions are summarized in Table 1. All
of the analytes of interest were monitored using a dwell time of
75 ms, and the ISTDs were collected using a 50 ms dwell time.

2.6. Preparation of standards, calibration, and quality control
samples

All primary and secondary diluted analyte and ISTD solutions
were prepared in 1:1 methanol:acetonitrile and stored in the refrig-
erator. Separate primary solutions were prepared for each analyte
and then diluted into a single secondary solution (10.0 wg/ml for
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Table 1
Analyte and internal standard relationships.

Compound Precursor ion (Q1 m/z) Product ion (Q3 m/z) Internal standard Precursor ion (Q1 m/z) Product ion (Q3 m/z) Injection period
Quetiapine 384 253 13Cg-quetiapine 390 259 2
Norquetiapine 296 210 dg-norquetiapine 304 210 2
M2 400 269 dg-M2 408 302 1
M3 312 226 dg-M3 320 226 1
M4 400 221 dg-M4 408 254 1

quetiapine and M3, 13.8 pg/ml for norquetiapine, 12.2 p.g/ml for
M2, and 12.3 p.g/ml for M4). The calibration curve standards and
quality control (QC) samples were prepared from separate solu-
tions. The ISTD solution added to the individual samples was
generated through the dilution of primary solutions to the final con-
centration of 5.00 ng/ml 3Cg-quetiapine, 10.0 ng/ml dg-M4, and
50.0 ng/ml dg-norquetiapine, dg-M2 and dg-M3.

The eight calibration standards and four QC pool samples were
prepared in drug-free plasma with each sample consisting of at
least 95% matrix. The calibration standards were prepared at con-
centrations ranging from 0.500 to 500 ng/ml for quetiapine and
M3, 0.690 to 690 ng/ml for norquetiapine, 0.610 to 610 ng/ml for
M2, and 0.615 to 615 ng/ml for M4. The calibration curves were
plotted with the peak area ratio of each analyte and corresponding
ISTD using a weighted (1/x2) quadratic fit. Quality control samples
were prepared at each respective lower limit of quantitation (LLOQ)
and at three additional low, intermediate, and high concentrations
which spanned the calibration range, as shown in Table 2.

2.7. Sample preparation and extraction

A 40-pl aliquot of each plasma sample was combined with 50 .l
of an ISTD spiking solution and 50 .1 of a 0.4N ammonium hydrox-
ide solution and extracted with 700 .1 of methyl-t-butyl ether. The
mixture was vortexed to mix followed by centrifugation. A 300-
1l portion of the organic layer was transferred to a clean 96-well

reservoir and evaporated to dryness under a stream of nitrogen
at approximately 40°C. The dried extracts were reconstituted in
400 pl of an ammonium formate buffer (pH 3.0; 10 mM).

2.8. Validation procedure

The method’s accuracy, precision, specificity, and recovery were
demonstrated by a full validation using QC samples prepared at the
LLOQ for each analyte and at low, middle, and high concentrations
across the calibration range. Over-range QC samples were used to
validate a dilution factor of 100. All matrix stability experiments
were conducted at the low and high QC concentrations tested in
six replicates at each stability condition. Calibration standards were
spiked on the day of extraction with every batch containing matrix
stability experiments.

2.8.1. Accuracy, precision, and specificity

Intra- and inter-assay precision, accuracy, and sensitivity were
evaluated by comparing the mean measured concentrations of the
QC sample with their nominal concentrations and the relative stan-
dard deviations of the QC samples. On at least four occasions, six
replicates of each QC sample pool at the LLOQ, low, middle, and
high concentrations were assayed.

The specificity of the method was established by assaying six
lots of blank control matrix and comparing the response of each
blank relative to the lowest calibration standards. The specificity

Table 2
Inter-day accuracy and precision of quetiapine and metabolite quality control samples.
Quetiapine LLOQ 0.500 ng/ml QC low 1.50 ng/ml QC mid 120 ng/ml QC high 380 ng/ml
Mean £ SD 0.530+£0.023 1.57+£0.10 124+7 371+10
% CV 43 6.4 55 2.7
% bias 6.0 4.7 33 -24
n 30 42 42 42
Norquetiapine LLOQ 0.692 ng/ml QC low 2.08 ng/ml QC mid 166 ng/ml QC high 526 ng/ml
Mean £ SD 0.757 £0.035 2.17+0.13 171+£8 510+17
% CV 4.6 5.9 4.8 33
% bias 94 43 3.0 -3.0
n 30 42 42 42
M2 LLOQ 0.611 ng/ml QC low 1.83 ng/ml QC mid 147 ng/ml QC high 465 ng/ml
Mean £ SD 0.65+0.04 1.9+0.1 149+8 447 +£16
% CV 6.2 6.7 52 3.6
% bias 6.4 3.8 1.4 -39
n 24 36 36 36
M3 LLOQ 0.500 ng/ml QC low 1.50 ng/ml QC mid 120 ng/ml QC high 380 ng/ml
Mean £ SD 0.55+0.04 1.59+0.09 123+7 368+ 13
% CV 6.4 5.9 55 3.5
% bias 10.0 6.0 2.5 -3.2
n 24 36 36 36
M4 LLOQ 0.615 ng/ml QClow 1.84ng/ml QC mid 148 ng/ml QC high 467 ng/ml
Mean + SD 0.668 +0.058 1.89+0.18 148 +9 455+19
% CV 8.6 9.5 6.2 4.2
% bias 8.6 2.7 0.0 -2.6
n 24 42 42 42
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Fig. 2. Total ion chromatograms of quetiapine and metabolites at the upper and lower quantitation limits and of analyte-free plasma. (a) Total ion count at the upper limit
of the calibration curve (L to R, M3, M2, M4, quetiapine + norquetiapine). (b) Total ion count of analyte-free plasma. (c) Individual m/z transition for each analyte at the LLOQ

with 2 smooths (L to R, M3, quetiapine, M4, norquetiapine and M2).

was further investigated by preparing six QC pools (one replicate
of each)in the middle range of the calibration curve from individual
matrix donors and comparing the measured concentrations to the
nominal concentrations.

2.8.2. Recovery and stability

Absolute recoveries were determined by comparing the mea-
sured peak areas of normal QC samples with those of blank
sample extracts reconstituted with standard solutions prepared
at the expected final extract concentrations. The matrix stability
experiments included an evaluation of low and high QC pool con-
centrations held at room temperature for approximately 24 h, QC
samples after five freeze-thaw cycles (—20°C), and at least 70 days
of —20°C long-term storage stability.

3. Results and discussion
3.1. Chromatography

The use of a single Cyg column (50 mm x 2.0 mm, 5 wm) with
a gradient program yielded acceptable resolution between que-

tiapine and its 7-hydroxy (M2), 7-hydroxy-N-desalkyl (M3), and
sulfoxide (M4) metabolites. However, an unacceptable level of car-
ryover for norquetiapine was observed over the desired range of
analysis as a result of the gradient conditions used.

To minimize norquetiapine carryover levels, the chromatogra-
phy was divided into two HPLC systems, using an identical second
column with isocratic elution. The first system separated the first
three eluting metabolites, using a gradient to obtain the required
resolution, and monitoring the m/z transitions of M2, M3, and M4
and their respective deuterium labeled ISTDs. At 3min 10s, the
flow into the detector was diverted from the first HPLC system to
the second system. At the same time the m/z transitions monitored
changed to those of quetiapine, norquetiapine, and their corre-
sponding ISTDs. While the eluent from the second column was
being monitored by MS, a high organic mobile phase and multiple
injector valve rotations (injections) were passed through the first
system. The MS signal of the coeluting quetiapine and norquetiap-
ine was not adversely influenced by ion suppression, enhancement,
or within-source conversion.

The separation of the chromatography into two HPLC systems
permits the analysis of quetiapine and its four metabolites within
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Table 3
Dilution integrity.

Table 4
Specificity determination for quetiapine and metabolites.

Analyte Quetiapine Norquetiapine M2 M3 M4 Analyte Quetiapine  Norquetiapine M2 M3 M4

Theoretical conc. 2000 2770 2450 2000 2460 Theoretical conc. 120 166 147 120 148
(ng/ml) (ng/ml)

Intra-run mean 2010 2800 2470 2030 2520 Mean conc. +SD 118+2 16142 139+3 118+2 144+4
(ng/ml) (ng/ml)

n 6 6 6 6 6 % CV 1.8 1.3 2.0 13 2.6

Intra-run SD 489 51.4 37.6 37.4 75.4 % bias -1.7 -3.0 -5.4 -1.7 -2.7

Intra-run % CV 24 1.8 1.5 1.8 3.0

Intra-run % bias 0.5 1.2 1.0 1.5 2.5

a cycle time of 6.3 min, or the use of only the isocratic HPLC sys-
tem to analyze quetiapine and norquetiapine with a cycle time of
4.2 min.

Typical chromatograms of the total ion count at the upper limit
of the calibration curve (a), total ion count of analyte-free plasma
(b), and individual m/z transition for each analyte at the LLOQ (c)
are presented in Fig. 2.

3.2. Method validation

3.2.1. Accuracy and precision

Both accuracy and precision throughout the method’s entire
range were within acceptable bioanalytical limits. The intra-
assay precision was evaluated through four method-performance
batches. Quetiapine and norquetiapine data includes an additional
method-performance batch used to prove the feasibility of using
the isocratic chromatography part to analyze these two analytes
only. The accuracy and precision, expressed as % bias and coeffi-
cient of variation (% CV), respectively, for quetiapine were less than
6.0% and 6.4%, respectively. The accuracy (and precision) was less
than 9.4% (5.9%) for norquetiapine; 6.4% (6.2%) for M2; 10.0% (6.4%)
for M3; and 8.6% (9.5%) for M4. Over-range QCs presented a % bias
less than 2.5% with a % CV of less than 3.0%. Table 2 summarizes
the mean values of accuracy and precision for inter-day assays run

Table 5
Stability determinations for quetiapine and metabolites.

through the validation exercise, while dilution validation is pre-
sented in Table 3.

3.2.2. Specificity of the method

No interfering peaks eluting at the retention times of quetiapine,
its metabolites, or their respective stable isotope labeled ISTDs,
were detected in the blank samples prepared from plasma from
six different individuals. The analyte peaks from the calibration
standard samples at the limit of quantification level presented a
signal-to-noise ratio of at least 90.

Matrix effects were further investigated by spiking quetiapine
and the four studied metabolites at the middle QC concentration
level into six different plasma lots and comparing the measured
concentrations to the nominal concentrations. Table 4 summarizes
these results. The % CV between the concentration measured for the
six different spiked QC specificity samples was at most 2.6% with a
bias no greater than —5.4% of the theoretical concentration value,
indicating there is no significant matrix effect.

3.2.3. Recovery

Absolute recoveries were determined by comparing the mea-
sured peak areas of normal QC samples with those of blank sample
extracts reconstituted with standard solutions prepared at the
expected final extract concentrations. The recovery for each ana-
lyte (and corresponding ISTD) were as follows: quetiapine, 95.5%
(88.6%); norquetiapine, 85.9% (79.3%); M2, 87.0% (75.9%); M4,

Long-term Short-term (room

temperature, 24 h)

Processed sample Freeze-thaw

stability (228 h)

Low QC sample High QC sample

Low QC sample High QC sample Low QC sample High QC sample

Low QC sample High QC sample

Quetiapine
Theoretical (ng/ml) 1.50 380 1.50 380 1.50 380 1.50 380
Mean +SD 1.56 £0.04 372415 1.64+0.05 371+6 1.44+£0.05 371+8 1.51+0.03 375+4
% CV 25 4.0 29 35 2.1 2.1 0.9
% bias 4.0 -21 9.3 -24 -4.0 -24 0.7 -13
Norquetiapine
Theoretical (ng/ml) 2.08 526 2.08 526 2.08 526 2.08 526
Mean + SD 2.17+0.05 512+28 2.22+0.08 486+ 14 1.98+0.10 503+9 2.04+0.02 513+13
% CV 23 55 3.6 49 1.8 1.1 2.5
% bias 4.3 -27 6.7 -7.6 -48 -4.4 -1.9 -25
M2
Theoretical (ng/ml) 1.83 465 1.83 465 1.83 465 1.83 465
Mean +SD 1.88+0.07 449 +28 1.98+0.03 443 +8 1.76 +£0.05 432+16 1.78+£0.06 436+11
% CV 35 6.3 13 . 2.7 3.7 32 25
% bias 2.7 -34 8.2 -4.7 -38 -71 -2.7 -6.2
M3
Theoretical (ng/ml) 1.50 380 1.50 380 1.50 380 1.50 380
Mean +SD 1.58 +£0.04 377+16 1.59+0.07 361+7 1.39+0.03 336+13 1.44+0.06 363+7
% CV 23 4.4 43 1.9 4.0 4.2 1.8
% bias 53 -0.8 6.0 -5.0 -7.3 -11.6 -4.0 -4.5
M4
Theoretical (ng/ml) 1.84 467 1.84 467 1.84 467 1.84 467
Mean +SD 1.79+£0.09 457 +£19 1.95+0.06 443+ 20 1.82+£0.08 456 +15 1.83+0.07 465+5
% CV 52 4.2 33 . 4.1 33 3.6 1.1
% bias =27 -21 6.0 -5.1 -1.1 -24 -0.5 -04
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Fig. 3. Pharmacokinetic profile of quetiapine and its metabolites on day 6 from an
adult subject who received a 50-mg dose of quetiapine XR.

78.0% (71.9%); and M3 with the lowest mean recovery of 68.8%
(56.6%).

3.2.4. Stability

The stability of quetiapine and four of its metabolites in plasma,
under various process and storage conditions, was investigated. The
results of these experiments are summarized in Table 5.

Long-term storage stability was assessed by analyzing QC
samples stored at —20 4 10°C for an extended period of time. Que-
tiapine, norquetiapine, M2, and M3 are stable for at least 119 days
while M4 is stable for at least 77 days under these conditions. Long-
term storage stability of these analytes for up to 18 months at
—20°C has been established previously by a prior method [unpub-
lished datal.

Room temperature and freeze-thaw cycle stability were
assessed by the analysis of QC samples held at room temperature for
approximately 24 h, or QC samples subjected to five freeze-thaw
cycles (—20°C). The five analytes were stable under these condi-
tions.

The stability of the processed samples was evaluated by leav-
ing two sets of QC samples at room temperature for 228 h and
quantitating the stored samples from freshly prepared calibration
standards. There was no evidence to indicate lack of stability for
the analytes under these conditions.

3.3. Cross-validation study

The pharmacokinetics of immediate release (IR) and extended
release (XR) quetiapine fumarate and several metabolites have
been characterized previously [25,26]. To demonstrate the utility
of this methodology for the measurement of quetiapine and its four
metabolites in human plasma, the plasma concentration-time pro-
files shown in Fig. 3 were generated as part of a cross-validation
study using 20 incurred samples from a previously reported clini-
cal trial to assess the effect of a light meal on the pharmacokinetics
of quetiapine XR and its metabolites [27]. The average percent bias
for this method from the previously assayed samples was —0.9%,
3.3%, 4.7%, and —10.1% for quetiapine, norquetiapine, M2, and M4,
respectively. M3 was not analyzed by the prior method.

4. Conclusion

The validated method described here, utilizing a dual-column
separation and positive ionization tandem MS detection, allows for
the rapid determination of quetiapine and four of its metabolites in
human plasma. The method is robust, selective, and sensitive, with
a bioanalytical range over three orders of magnitude, and there-
fore, is suitable for use in PK studies. The option of an isocratic
configuration gives the flexibility for rapid analysis of quetiapine

and norquetiapine, and has been successfully used to determine
their plasma concentrations in recent clinical trials.

Conflict of interest statement

The authors have no conflicts of interest to disclose.

Acknowledgements

The authors wish to acknowledge Dr. James Hulsizer, Dr. Chad
Elmore and their teams at AstraZeneca Pharmaceuticals LP, Wilm-
ington, DE, USA for synthesis of metabolite standards and stable
labeled internal standards. We also thank Ms. Rebecca Doherty
and Mr. Bill Wolvey for assistance with manuscript preparation.
AstraZeneca Pharmaceuticals LP, Wilmington, DE, USA provided
financial support for this work under Study No. 1000-061009 and
editorial review of this manuscript.

References

[1] L.A. Arvanitis, B.G. Miller, Multiple fixed doses of “Seroquel” (quetiapine) in
patients with acute exacerbation of schizophrenia: a comparison with haloperi-
dol and placebo. The Seroquel Trial 13 Study Group, Biol. Psychiatry 42 (1997)
233-246.

[2] DJ. King, C.G. Link, B. Kowalcyk, A comparison of bd and tid dose regimens of
quetiapine (Seroquel) in the treatment of schizophrenia, Psychopharmacology
(Berl.) 137 (1998) 139-146.

[3] J.G. Small, S.R. Hirsch, LA. Arvanitis, B.G. Miller, C.G. Link, Quetiapine in
patients with schizophrenia. A high- and low-dose double-blind comparison
with placebo. Seroquel Study Group, Arch. Gen. Psychiatry 54 (1997) 549-
557.

[4] J. Peuskens, J. Trivedi, S. Malyarov, M. Brecher, O. Svensson, F. Miller, I. Persson,
D. Meulien, Prevention of schizophrenia relapse with extended release que-
tiapine fumarate dosed once daily: a randomized, placebo-controlled trial in
clinically stable patients, Psychiatry 4 (2007) 34-50.

[5] R.S. Kahn, S.C. Schulz, V.D. Palazov, E.B. Reyes, M. Brecher, O. Svensson, H.M.
Andersson, D. Meulien, Study 132 Investigators, Efficacy and tolerability of
once-daily extended release quetiapine fumarate in acute schizophrenia: a ran-
domized, double-blind, placebo-controlled study, J. Clin. Psychiatry 68 (2007)
832-842.

[6] J.P. Lindenmayer, D. Brown, S. Liu, M. Brecher, D. Meulien, The efficacy and

tolerability of once-daily extended release quetiapine fumarate in hospital-

ized patients with acute schizophrenia: a 6-week randomized, double-blind,

placebo-controlled study, Psychopharmacol. Bull. 41 (2008) 11-35.

C.L.Bowden, H. Grunze, ]. Mullen, M. Brecher, B. Paulsson, M. Jones, M. Vagero, K.

Svensson, A randomized, double-blind, placebo-controlled efficacy and safety

study of quetiapine or lithium as monotherapy for mania in bipolar disorder, J.

Clin. Psychiatry 66 (2005) 111-121.

R. McIntyre, M. Brecher, B. Paulsson, Quetiapine or haloperidol as monother-

apy for bipolar mania—a 12-week, double-blind, randomised, parallel-group,

placebo-controlled trial, Eur. Neuropsychopharmacol. 15 (2005) 573-

585.

G. Sachs, K.N. Chengappa, T. Suppes, J.A. Mullen, M. Brecher, N.A. Devine, D.E.

Sweitzer, Quetiapine with lithium or divalproex for the treatment of bipolar

mania: a randomized, double-blind, placebo-controlled study, Bipolar. Disord.

6(2004) 213-223.

[10] E. Vieta, ]J. Mullen, M. Brecher, B. Paulsson, M. Jones, Quetiapine monotherapy
for mania associated with bipolar disorder: combined analysis of two interna-
tional, double-blind, randomised, placebo-controlled studies, Curr. Med. Res.
Opin. 21 (2005) 923-934.

[11] LN. Yatham, B. Paulsson, ]. Mullen, M. Vagerd, Quetiapine versus placebo in
combination with lithium or divalproex for the treatment of bipolar mania, J.
Clin. Psychopharmacol. 24 (2004) 599-606.

[12] A. Cutler, W. Earley, D. Datto, A. Nordenhem, M. Minkwitz, B. Dettore, L.
Acevedo, D. Darko, Effectiveness of the extended-release formulation of que-
tiapine as monotherapy for the treatment of acute bipolar mania, Int. ].
Neuropsychopharmacol. 11 (Suppl. S1) (2008) 184-185.

[13] J.R.Calabrese, P.E.Keck]r., W.Macfadden, M. Minkwitz, T.A. Ketter, R.H. Weisler,
AJ. Cutler, R. McCoy, E. Wilson, ]. Mullen, A randomized, double-blind, placebo-
controlled trial of quetiapine in the treatment of bipolar I or Il depression, Am.
J. Psychiatry 162 (2005) 1351-1360.

[14] M.E. Thase, W. Macfadden, R.H. Weisler, W. Chang, B. Paulsson, A. Khan, J.R.
Calabrese, Efficacy of quetiapine monotherapy in bipolar I and II depression:
a double-blind, placebo-controlled study (the BOLDER II study), J. Clin. Psy-
chopharmacol. 26 (2006) 600-609.

[15] T.Suppes, W. Earley, C. Datto, M. Minkwitz, A. Nordenhem, C. Walker, D. Darko,
Quetiapine in the maintenance treatment of bipolar I disorder: Combined data
from two long-term, phase IlI studies, Int. ]. Neuropsychopharmacol. 11 (Suppl.
S1)(2008) 185.

17

8

[o



(16]

[17]

P.C. Davis et al. / Journal of Pharmaceutical and Biomedical Analysis 51 (2010) 1113-1119

C.L. DeVane, C.B. Nemeroff, Clinical pharmacokinetics of quetiapine: an atypical
antipsychotic, Clin. Pharmacokinet. 40 (2001) 509-522.

S.W. Grimm, N.M. Richtand, H.R. Winter, K.R. Stamms, S.B. Reele, Effects of
cytochrome P450 3A modulators ketoconazole and carbamazepine on queti-
apine pharmacokinetics, Br. . Clin. Pharmacol. 61 (2006) 58-69.

[18] J.M. Goldstein, S. Nyberg, M. Brecher, Preclinical mechanisms for the broad

[19]

[20]

[21]

(22]

spectrum of antipsychotic, antidepressant and mood stabilizing properties of
Seroquel®, Eur. Psychiatry 23 (Suppl. 2) (2008) $202.

S. Nyberg, A. Takano, S. Grimm, B. Gulyas, D. McCarthy, C.M. Lee, ].M. Goldstein,
C. Halldin, L. Farde, PET measured D5, 5-HT> and NET occupancy by quetiapine
and N-desalkyl-quetiapine in non-human primates, Eur. Neuropsychopharma-
col. 17 (Suppl. 4) (2007) S254.

R.H. Pullen, K.M. Palermo, M.A. Curtis, Determination of an antipsychotic
agent (ICI 204, 636) and its 7-hydroxy metabolite in human plasma by
high-performance liquid chromatography and gas chromatography-mass
spectrometry, J. Chromatogr. 573 (1992) 49-57.

P.C. Davis, J. Wong, O. Gefvert, Analysis and pharmacokinetics of quetiapine
and two metabolites in human plasma using reversed-phase HPLC with ultra-
violet and electrochemical detection, J. Pharm. Biomed. Anal. 20 (1999) 271-
282.

P.C. Davis, K.M. Palermo, S.D. Brooks, ]J. Havel, A. Xu, Development and vali-
dation of an LC/MS/MS method for the determination of quetiapine and three

(23]

(24]

(25]

(26]

(27]

1119

related metabolites in human plasma, in: Presented at the American Associa-
tion of Pharmaceutical Scientists National Meeting, November, 1998.

B. Barrett, M. HolCapek, ]J. Huclova, V. Bofek-Dohalsky, P. Fejt, B. Némec, 1.
Jelinek, Validated HPLC-MS/MS method for determination of quetiapine in
human plasma, ]. Pharm. Biomed. Anal. 44 (2007) 498-505.

T.J. Hudzik, Z. Zeller, ]. Zhou, B. Brockel, E. Sutton, C.M. Maciag, S.W. Grimm,
P.C. Davis, D. Widzowski, Further characterization of norquetiapine and que-
tiapine in rodent models of antidepressant and anxiolytic action: importance
of route of administration, in: Presented at the 21st European College of Neu-
ropsychopharmacology Congress, August-September, 2008.

H.R. Winter, W.R. Earley, J.E. Hamer-Maansson, P.C. Davis, M.A. Smith,
Steady-state pharmacokinetic, safety, and tolerability profiles of quetiapine,
norquetiapine, and other quetiapine metabolites in pediatric and adult patients
with psychotic disorders, J. Child Adolesc. Psychopharmacol. 18 (2008) 81-98.
C. Figueroa, M. Brecher, ]J.E. Hamer-Maansson, H. Winter, Pharmacokinetic
profiles of extended release quetiapine fumarate compared with quetiapine
immediate release, Prog. Neuropsychopharmacol. Biol. Psychiatry 33 (2009)
199-204.

G. Juckel, H.R. Winter, L. Stahle, F. Miller, S. Strid, The pharmacokinetics
of extended release quetiapine fumarate are not affected by a light meal,
Schizophr. Res. 98 (2008) 163-264.



	Development and validation of an LC-MS/MS method for the determination of quetiapine and four related metabolites in human plasma
	Introduction
	Experimental
	Chemicals and reagents
	Instrumentation
	Method development
	Chromatography conditions
	Mass spectrometry
	Preparation of standards, calibration, and quality control samples
	Sample preparation and extraction
	Validation procedure
	Accuracy, precision, and specificity
	Recovery and stability


	Results and discussion
	Chromatography
	Method validation
	Accuracy and precision
	Specificity of the method
	Recovery
	Stability

	Cross-validation study

	Conclusion
	Conflict of interest statement
	Acknowledgements
	References


