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Development and Validation of a New HPLC Method for
the Determination of Quetiapine and Its Metabolites 7-
Hydroxy Quetiapine and Quetiapine Sulfoxide in Rat
Plasma

Sakine ATILA KARACA, Isil Tan YIPMAZ, Erol SENER, Duygu
YENICELI UGUR*

Anadolu University, Faculty of Pharmacy, Department of Analytical Chemistry, 26470
Eskisehir, TURKEY

A new high performance liquid chromatography method was developed and validated for the
determination of quetiapine and its metabolites 7-hydroxy quetiapine and quetiapine sulfoxide in
rat plasma. Separation was performed on a C18 column (Zorbax Eclipse Plus 4.6 mm x100 mm,
3.5 pum particles) using a gradient elution at a flow rate of 1 mL/min. Mobile phase consisted of
acetate buffer (10 mM, pHS5) and acetonitrile. Analytes were detected with a DAD detector at 225
nm. Carbamazepine was used as internal standard in all analyses. Plasma samples were analyzed
after a simple, one-step protein precipitation with acetonitrile. Separation time was 15 min
including clean-up step. The method was validated in terms of precision, accuracy, recoveries,
matrix effect and stability. It was found to be linearin the range of 0.065-130 pg/mL for
quetiapine, 0.086-171 pg/mL for 7-hydroxy quetiapine and 0.042-83.35 pg/mL for quetiapine
sulfoxide. All validation parameters were acceptable. This method was successfully applied to
quantify the concentrations of the analytes in rat plasma.
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Sican Plazmasinda Ketiapin ve Metabolitleri 7-Hidroksi Ketiapin ve Ketiapin
Siilfoksit’in Tayini I¢in Yeni Bir Yiiksek Performansh Sivi Kromatografisi
Yontemi Gelistirilmesi ve Yontemin Validasyonu

Sican plazmasinda ketiapin ve metabolitleri 7-hidroksi ketiapin ve ketiapin siilfoksit’in tayini
icin yeni bir yiiksek performansli sivi kromatografisi yontemi gelistirilmis ve valide edilmistir.
Ayrim, C18 kolon (Zorbax Eclipse Plus 4.6 mm x100 mm, 3.5 pm partikiiller) iizerinde ve 1
mL/dak akis hizinda gradient ellisyon kullanilarak yapilmistir. Hareketli faz, asetat tamponu (10
mM, pH 5) ve asetonitrilden olugmaktadir. Analitler DAD dedektdr kullanilarak, 225 nm’de
saptanmistir. Tiim analizlerde karbamazepin i¢ standart olarak kullanilmistir. Plazma numuneleri,
asetonitrille gergeklestirilen tek basamakli basit bir protein ¢oktiirme yontemi sonrasinda analiz
edilmistir. Analiz siiresi, kolon temizleme basamagini da icerecek sekilde, 15 dakikadir. Yontem
kesinlik, dogruluk, geri kazanim, matriks etkisi ve stabilite parametreleri incelenerek valide
edilmistir. Yontem ketiapin i¢in 0.065-130 pg/mL araliginda, 7-hidroksi ketiapin i¢in 0.086-171
pg/mL araliginda ve ketiapin siilfoksit i¢in 0.042-83.35 pg/mL araliginda dogrusal bulunmustur.
Tim validasyon parametreleri kabul edilebilir sinirlar dahilindedir. Bu yoOntem, sican
plazmasindaki analit derisimlerini belirlemek i¢in basartyla uygulanmaistir.

Anahtar kelimeler: Ketiapin, 7-Hidroksi Ketiapin, Ketiapin siilfoksit, YPSK, Sican plazmasi
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INTRODUCTION

Schizophrenia, severely debilitating
psychiatric disorder affecting approximately
1.5% of the world’s population (1), is
characterized by positive symptoms (e.g.
hallucinations and delusions), disorganization,
negative symptoms (e.g. poverty of speech,
flat affectivity and apathy), cognitive deficits,
mood and motor symptoms (2, 3).

Since first generation antipsychotics were
developed in 1950s, drug treatment has
become widespread in treatment of
schizophrenia (1). These drugs were effective
in  treating  positive = symptoms  of
schizophrenia, however they have several side
effects, like extrapyramidal side effects (EPS)
and tardive dyskinesia (1). At 1990s, new
drugs which are more effective and reliable
were developed and were approved by FDA-
risperidone, olanzapine, quetiapine,
ziprasidone, aripiprazole, iloperidone,
asenapine and paliperidone palmitate (4).
They referred to as “atypical antipsychotics”
(4).

Quetiapine (QTP, Figure 1) is a relatively
new atypical antipsychotic used in the
treatment of schizophrenia, acute mania and
depression associated with bipolar disorder
(5), affecting both positive and negative
symptoms of schizophrenia with low potential
for EPS (3, 6). It has affinity for serotonin
SHT;4 receptors, adrenergic (o), muscarinic,
histaminergic receptors and minor affinity for
dopamine D, and 5HT;, receptors and very
low affinity for SHT,c, a, and D, receptors (6,
7).

QTP is metabolized in liver, primarily by
CYP3A. CYP2D6 is also responsible for
hydroxylation of QTP (7, 8). Major
metabolites are through sulfoxidation, N- and
O- dealkylation and 7-hydroxylation (8).
Quetiapine sulfoxide (QTP-SF) is a major
metabolite of QTP, accounting for 15.1 % of
total plasma  radioactivity,and7-hydroxy
quetiapine (7-OH QTP) is one of two active
metabolites of QTP accounting for 5 % of
total plasma radioactivity. QTP is rapidly

18

absorbed after oral administration with mean
time to reach maximum plasma concentration
ranging from 1 to 2 hours following both
single- and multiple dose administration (7).

Several studies for analysis of QTP in
different biological fluids (rat plasma, human
plasma and serum, microsomal matrix) were
reported by using liquid chromatography (3,
9-14), liquid chromatography-mass
spectrometry (15-25) and gas chromatography
(26, 27).

Davis et al. developed a HPLC method for
the determination of QTP and its 7-
hydroxylated and  7-hydroxylated, N-
dealkylated metabolites in human plasma (9).
The same analytes were determined in rat
plasma and rat cerebrospinal fluid by Tu et al.
using UPLC-MS-MS method (19). Ansermot
et al. and Peddio et al. determined QTP and
norquetiapine in  human plasma and
microsomal matrix, respectively, using LC-
MS methods (24, 25). Pullen et al. developed
both HPLC and GC-MS methods for the
analysis of QTP and 7-OH QTP in human
plasma (26), whereas Li et al. developed
UPLC-MS method for the analysis of QTP
and QTP-SF in in vitro samples (17). Only
two methods were reported for the
simultaneous analysis of QTP, 7-OH QTP,
and QTP-SF in biological fluids by LC-
MS/MS (28, 29). Most of these methods
involve liquid-liquid (9, 17, 19, 28, 29) and
solid phase (26) extraction of the analytes
from the plasma samples prior to analysis.
Time-consuming and expensive extraction
procedures increase the overall analysis time
and the cost of the analysis. Although two
methods including protein precipitation were
developed, the use of mass spectrometry
detection in these methods limits their simple
and inexpensive characteristics (24, 25). In
this study, one of the goals was to develop a
simple and one step protein precipitation
procedure to extract the analytes from rat
plasma. Higher recovery values for three
analytes, which are more than 87%, compared
to other HPLC/MS/MS and HPLC-DAD
assays (9, 17, 26, 28, 29) were obtained.
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Figure 1. Chemical structures of QTP (a), 7-OH QTP (b), QTP-SF (c)

A new, simple and specific method for
simultaneous determination QTP and its two
metabolites, 7-OH QTP and QTP-SF, in rat
plasma was developed using one step protein
precipitation procedure.

EXPERIMENTAL

Materials

QTP and carbamazepine reference standards
(>98.0% purity) were obtained from Sigma
(St Louis, MO, USA). 7-OH QTP and QTP
SF were purchased from Santa Cruz
Biotechnology, Inc. (Heidelberg, Germany).
Acetonitrile (ACN), methanol (MeOH) and
acetic acid were the products of Sigma (St
Louis, MO, USA). ACN, MeOH and water
were of high purity HPLC grade.
Instrumentation and
conditions

An Agilent 1290 Infinity Binary LC system
(equipped with a binary pump, a degasser, an
autosampler and a thermostatted column
compartment) was employed (Agilent

chromatographic

Technologies, Waldbronn, Germany).
Separation was obtained on a Zorbax Eclipse
Plus C18 column (4.6 mm x100 mm, 3.5 um
particles) using a gradient program. Mobile
phase consists of acetate buffer (10 mM, pH5)
and ACN. Optimum peaks were obtained at
35°C column temperature at a flow rate of
1 mL/min with an injection volume of 10 pL.
UV detection was monitored at 225 nm.

Preparation of stock solutions, calibration
standards and quality control samples

1.30 mg/mL QTP, 1.71 mg/mL 7-OH QTP
and 1.67 mg/mL QTP-SF stock solutions in
MeOH were prepared individually. Aliquots
of these stock solutions were mixed and
diluted with water and a stock solution of 325
pug/mL QTP, 427.5 ng/mL 7-OH QTP and
436.75 pg/mL  QTP-SF was obtained.
Working standard solutions were prepared by
serial dilution of this stock solution with
MeOH:water (1:1) and spiking them into
drug-free rat plasma to obtain analyte
concentrations in the range of 0.065-130
pg/mL for QTP,0.086-171 pg/mL for 7-OH
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QTP and 0.042-83.35 pg/mL for QTP-SF.
Plasma proteins were precipitated by adding
two fold ACN. After vortexing for 30
seconds, solutions centrifuged at 1699 x g for
10 minutes and clear supernatants were
separated. All solutions were kept at -20°C
until analysis and all solutions were filtered
with 0.20 um pore sized syringe filters prior to
analysis.

Sample collection
Adult male Sprague—Dawley rats weighing
about 250-350 g were obtained from the

Laboratory Animal Center at Anadolu
University. Rats were housed in a
temperature-controlled laboratory and

maintained under a 12 h light—dark cycle with
free access to food and water at the beginning
of the experiments. All animal experiments
were performed in accordance with the
principles of animal use and care approved by
the ethical committee of Anadolu University
(Approval File No. 22/2012). The rats were
anesthetized with urethane (1.5 g/kg) by intra-
peritoneal (i.p.) injection and remained
anesthetized throughout the experimental
period (30). Tail vein was used for blood
collection. 5 rats were used in the experiment
and 50 mg/kg QTP in DMSO was given by
i.p. injection. Following the dose, 0.2 mL
blood was collected at 1.5 h following the
administration of QTP. After the sampling,
0.2 mL SP was administered to sustain
isotonic fluid balance.

Sample preparation

Collected rat blood was centrifuged at 1699
x g forl0 minutes at 25°C. 600 uL ACN was
added to 300 pL clear supernatant to
precipitate plasma proteins and vortexed for
30 seconds. Mixture was centrifuged at 1699
x g for 10 minutes. Clear supernatant was
separated and all samples were kept at -20°C
until the analysis. Prior to analysis the samples
were kept at room temperature and filtered
with 0.20 um pore sized syringe filters.

RESULTS AND DISCUSSION

Method optimization
A Zorbax Eclipse Plus C18 column (4.6
mm x100 mm, 3.5 pm particles) was used for
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all experiments. Different mobile phases
including water, ACN and MeOH were
evaluated and the best retention time and peak
shape results were obtained with water:ACN
mixture. A buffer was needed to improve peak
morphology. Phosphate buffer was tested at
pH3, pHS, pH6, pH7, pHS and acetate buffer
at pH4 and pHS5. Acetate buffer at pHS was
selected because of optimum peak shapes and
resolution. Then, it was tested at the
concentrations of 10 mM and 20 mM. Finally
the mixture of acetate buffer (10 mM, pHS5)
and CAN was decided as mobile phase. A
gradient program was used to protect column
from plasma impurities and to decrease the
analysis time (Table 1). In order to improve
resolution, different column temperatures
between 25°C-45°C and flow rates between
0.45-1mL/min were tested. The best peak
shapes with short analysis time were obtained
when the column temperature was set at 35°C
and flow rate as 1 mL/min.

Maximum UV absorbances for the analytes
were obtained at 225 nm. Therefore analyses
were performed at this wavelength.

Atripiprazole, bupropion HCI, carbamazepine
and atomoxetine were tested as internal
standard. Carbamezapine was chosen because
of its proper retention time with no peak
overlap.

Method was validated in terms of precision,
accuracy,specificity, recoveries, matrix effect
and stability in accordance with bioanalytical
validation guidelines (31, 32). Peak area ratios
of the analytes to that of the IS were used
while evaluating data.

Linearity

Calibration solutions were prepared by
diluting a solution containing 325 pg/mL
QTP, 427.5 pg/mL 7-OH QTP and 436.75
pg/mL QTP-SF. Rat plasma samples were
spiked with these solutions and analyzed as

described above. GraphPad Prism v6.0
program was used to generate linear
regression equations for the calibration

curves. The method was found to be linear in
the concentration range of 0.065-130 pug/mL
for QTP, 0.086-171 pg/mL for 7-OH QTP and
0.042-83.35 pg/mL for QTP-SF. Statistical
data are shown in Table 2. LLOQ, defined as
the lowest concentration of the calibration
graph with acceptable accuracy (RSD and bias
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% less than 20 %) (31), was found to be
0.065, 0.086 and 0.042 pg/mL for QTP, 7-OH
QTP and QTP-SF, respectively, in rat plasma.

described above to obtain the concentrations
of 1.625 ug/mL QTP, 2.138 pg/mL 7-OH
QTP, 2.084 pg/mL QTP-SF; 8.125 pg/mL
QTP, 10.69 pg/mL 7-OH QTP, 10.42 pg/mL

Table 1. The gradient elution program of the method

Minute %B
0 35
2 35
3.5 55
5.5 55
7 70
8 70
10 35
15 35

Accuracy and precision

The intra- and inter-day assay precision and
accuracy results were evaluated using three
different concentrations of the analytes. Three
quality control (QC) samples were prepared as

QTP-SF and 65 ug/mL QTP, 85.50 ug/mL 7-
OH QTP, 83.35 pg/mL QTP-SF. % Relative
standard deviation and % recovery values
were calculated and shown in Table 3. The
intra- and inter-day assay
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Figure 2. Chromatograms of blank plasma (a), 1.625 pg/mL QTP, 2.138 ng/mL 7-OH QTP

and 2.084 ug/mL QTP-SF spiked plasma (b) (The concentration of IS is 360 pug/mL)
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Table 2. Statistical data for the linearity of QTP, 7-OH QTP and QTP-SF in rat plasma

Parameters (Units)n=8 QTP 7-OH QTP QTP-SF
Linear Range (ug/mL) 0.065-130 0.086-171 0.042-83.35
Slope = SD 0.0154+0.0002 0.0156+0.0002 0.0215+0.0002
Intercept + SD -0.0223+0.0116 ~ -0.0006+0.0110  -0.0058+0.0053
Determination Coefficient (r*)  0.9988 0.9994 0.9997

95% Confidence Limits (CL)

0.0149-0.0159

0.0152-0.0160 0.0212-0.0219

Specificity

Specificity was indicated by comparing the
chromatograms of blank rat plasma and rat
plasma spiked with the analytes. The peaks of
analytes were separated well and no
interference was observed at retention times
of the analytes. Chromatograms of blank
plasma and rat plasma spiked with 1.625
pg/mL QTP, 2.138 pg/mL 7-OH QTP and
2.084 pg/mL QTP-SF wunder described
conditions are shown in Figure 2.

Stability

Stability of the analytes were indicated with
two different concentrations, 1.625 pg/mL
QTP, 2.138 pg/mL 7-OH QTP, 2.084 pg/mL
QTP-SF and 8.125 pg/mL QTP, 10.688
pg/mL 7-OH QTP, 10.419 pg/mL QTP-SF.
Solutions were prepared by spiking rat plasma
with the analytes as described before.
Analyses were performed after storing
solutions under three different conditions: at
room temperature for 24 hours, at -20°C for 2
weeks and after 3 cycles of freeze- thaw.
Results are shown in Table 4. All results for
the stability of the analytes were found
acceptable.

Matrix effect

The matrix effect was evaluated by
comparing the peak responses of analytes
dissolved in blank sample extracts (the final
solution obtained from blank rat plasma after
protein precipitation) with those of standard
analyte solutions as references (33). For
standard solutions, 150 pL water and 300 pL
ACN were added to 300 pL stock solution,
the solution was vortexed for 30 seconds and
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filtered with 0.20 um pore sized syringe filters
prior to analysis. For plasma solutions, drug-
free plasma sample was precipitated with two
fold ACN, vortexed for 30 seconds,
centrifuged at 1699 x g for 10 minutes and
supernatant was separated. 150 pL clear
supernatant and 300 uL ACN were added to
300 puL stock solution, the solution was
vortexed for 30 seconds and filtered with 0.20
um pore sized syringe filters prior to analysis.
Both standard and plasma samples were
prepared at two concentrations; 1.625 pg/mL
QTP, 2.138 pg/mL 7-OH QTP, 2.084 pg/mL
QTP-SF and 8.125 pg/mL QTP, 10.688
pg/mL 7-OH QTP, 10.419 pg/m LQTP-SF.

As seen in Table 5, the peak area ratios for
the post-spiked standards versus references at
the QC concentrations were within the
acceptable limits (85-115%) and no matrix
effect was observed.

Method application

The concentrations of unbound analytes in
rat plasma were determined by administrating
50 mg/kg QTP to five individual rats and
collecting rat plasma samples after 1.5 hours.
Data for the concentrations of QTP and its
two metabolites in rat plasma are presented in
Table 6. Plasma levels were in the range of
140.96-587.13 ng/mL for QTP,373.32-909.87
ng/mL for 7-OH QTP and 91.62-179.82
ng/mL for QTP-SF. Plasma levels of 7-OH
QTP and QTP-SF for rat 3 and plasma level
of QTP-SF for rat 2 were lower than LLOQ
values.
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CONCLUSION

LC is a common and powerful analytical
technique for the determination of drugs in
biological fluids. This HPLC method is rapid,
reproducible and accurate to quantify QTP
and its two metabolites, 7-OH QTP and QTP-
SF. It involves a simple plasma deproteination
technique using one step protein precipitation

with ACN. The procedure has minimal
sample transfer steps and it does not harm the
analytes. Thus, it represents an alternative
procedure for routine therapeutic drug
monitoring of patients treated with QTP. This
assay was successfully applied for the analysis
of QTP, 7-OH QTP and QTP-SF in rat plasma
samples.

Table 3. Precision and accuracy of QTP, 7-OH QTP and QTP-SF in rat plasma

Added Conc. Intra day (n=7) Inter day(n=21)
(ng/mL)
Measured Conc. Accuracy RSD Measured Conc.  Accuracy RSD
(mean=SD) (%) (%) (mean=SD) (%) (%)
1.625 1.70+0.06 104.54+3.53  3.38 1.60+0.05 98.39+3.22 3.28
QTP 8.125 9.01+0.15 110.83+£1.86 1.68 8.68+0.10 106.78+1.19 1.11
65.00 66.21£1.15 101.86+1.77 1.74 64.51+0.83 99.242+1.28 1.29
2.138 1.91+0.04 89.26+1.81 2.03 1.87+0.04 87.66+1.68 1.91
7Q-’(l")l£I 10.69 10.79+0.06 100.98+0.60  0.60 10.66+0.07 99.731+0.70 0.70
85.50 91.52+0.92 107.04+1.07  1.00 90.52+0.51 105.88+0.60 0.56
2.084 1.96+0.04 93.85+1.72 1.83 1.90+0.03 91.13+1.46 1.60
QTP-SF 10.42 11.2740.11 108.12+1.07  0.99 11.36+0.04 106.232+0.39  0.36
83.35 83.51+0.68 100.19+0.81  0.81 81.408+0.33 97.671+0.39 0.40

Table 4. The stability of the analytes under different storage conditions

Short-term stability

Long-term stability Freeze-thaw stability

Theoretical (24 h, room temperature) (2 weeks, -20°C) (3 cycles)
(COI;Icrleil;ratlon Recovery (%) RSD Recovery (%) RSD Recovery (%) RSD
Hg (mean%SD) (%) (mean%SD) (%) (mean=SD) (%)

1625 100.71+5.58 5.54 85.96+3.04 3.53 87.28+0.76 0.87
QTP

2125 90.85+1.13 1.25 90.15+1.31 1.46 88.64+2.27 2.56

7138 99.71+5.24 5.26 94.28+1.54 1.64 103.37+2.92 2.82
7-OH QTP 10,688 93.52+1.60 1.71 104.60+0.99 0.95 102.304+2.63 2.57

2084 106.67+2.85 2.67 92.37+1.39 1.51 85.61+1.85 2.16
QTesE g 112285232 207 02.83+124 134  89.25¢1.08 1.0
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Table 5. The matrix effect of the analytes

Theoretical The matrix effect (%)  RSD
Concentration (meanSD) (%)
(ng/mL) °

1.625 96.52+2.05 2.12
QTP

8.125 101.02+0.21 0.21
7-OH 2.138 91.74+2.32 2.53
QTP 10.688 96.7442.07 2.14

2.084 106.69+2.55 2.39
QTP SF

10.419 95.42+1.83 1.92

Table 6. The concentration data for QTP, 7-OH QTP and QTP-SF in rat plasma

Rat 1 Rat 2 Rat 3 Rat 4 Rat 5
QTP (ng/mL) 274.01 140.96 346.57 587.13 488.69
7-OH QTP (ng/mL)
627.05 373.32 ND 770.83 909.87
QTP SF (ng/mL)
105.06 ND ND 91.62 179.82
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