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Introduction
Quetiapine (Figure 1), a novel benzodiazepine derivative, is an atypical psychotropic
drug.1 Quetiapine was developed by AstraZeneca Pharmaceuticals in 1985 and was
approved by the US Food and Drug Administration (FDA) in 1997.2,3 Currently, it has
been listed in more than 80 countries around the world. The formulations of quetiapine,
both immediate release (IR) and extended release (XR) tablets,4 are widely used in
clinical treatment of schizophrenia,3,5–7 bipolar disorder,8–10 depressive disorder,11–13
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Objective: The objectives of this study were to evaluate the bioequivalence of Quesero extended
release (Quesero XR) tablets and Seroquel extended release (Seroquel XR) tablets under fasting
and fed conditions and to determine the effect of food on the pharmacokinetic (PK) properties
of Quesero XR or Seroquel XR in Chinese healthy volunteers.
Methods: A single-site, randomized, open-label, two-period crossover design with a 10-day
washout period was conducted in 20 subjects under the fed and fasting studies. A single oral
dose of 200 mg Quesero XR or Seroquel XR was given to the subjects after an overnight
fast of 10 hours. Blood samples were taken at scheduled time spots from 0 hour pre dose to
36 hours post dose. Plasma concentrations of quetiapine were measured by a validated ultraperformance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method.
The PK parameters were calculated by non-compartment analysis using Phoenix WinNonlin
software.
Results: On both conditions, no significant differences were found among the main PK
parameters of the two preparations by analysis of variance (P.0.05); the Wilcoxon test of
maximum peak plasma concentration (Tmax) showed no significant differences (P.0.05); the
90% confidence limit (CL) of lnCmax, lnAUC0→36, and lnAUC0→∞ fell within the acceptable
range of 80%–125%. As compared with the fasting state, the Tmax was advanced and the mean
maximum plasma concentration (Cmax), AUC0→36, and AUC0→∞ were also increased in the fed
state; the geometric mean ratio and 90% CI of the main PK parameters fell outside the range of
the CIs; analysis of variance showed significant differences in the other PK parameters except
for apparent total clearance after oral administration (clearance rate; P,0.05).
Conclusion: The two formulations of Quesero XR and Seroquel XR are bioequivalent under
both fasting and fed conditions, and food may affect the PK profiles by increasing the rate and
extent of absorption of Quesero XR or Seroquel XR in Chinese healthy volunteers.
Keywords: quetiapine, UPLC-MS/MS, food effect, pharmacokinetics
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Figure 1 Chemical structural formula of quetiapine.

and conduct disorder.14 Quetiapine has the antipsychotic,
antidepressant, anxiolytic, and sedative pharmacological
effects and also reduces the incidence of extrapyramidal
symptoms.1,15,16
Quetiapine XR, first approved by the FDA and named
as Seroquel XR, as compared with other antipsychotics, brings better patient compliance, smaller oral dosage
once daily, fewer side effects, better safety, tolerance, and
effectiveness.1,16 So, there has been a growing interest in
the clinical application of quetiapine XR. Meanwhile, many
generic drugs of quetiapine XR have emerged. For instance,
Quesero XR tablet 200 mg was registered in Hong Kong
by Europharm Laboratories Co., Ltd. in 2017, which was a
generic drug of quetiapine XR. As we all know, before the
generic drugs are licensed in the medical markets, bioequivalence (BE) study remains important. Few literatures have
been found on the BE study of quetiapine XR in Chinese
healthy subjects.
Quetiapine was classified as a Biopharmaceutics Classification System (BCS) class II drug, with a low solubility and
high permeability, and was absorbed well and quickly after
oral administration in humans. Some papers reported the time
to the maximum peak plasma concentration (Tmax) of quetiapine IR to be 0.6–1.5 hours,1,17,18 while that of quetiapine XR
to be 5–6 hours.1,19,20 The elimination half-life (t1/2) of quetiapine was 7–12 hours.17–20 According to the study of Bakken
et al,21 quetiapine is primarily metabolized by CYP450 3A4
in the liver, and the main metabolites include quetiapine
sulfoxide, N-desalkylquetiapine, 7-hydroxyquetiapine, and
O-desalkylquetiapine. However, all other metabolites are
inactive except for N-desalkylquetiapine.22 Quetiapine is
mostly excreted in the urine.22 The plasma protein binding
rate of quetiapine is 83%, with an apparent volume of distribution (Vd) of 10 L/kg.23 As reported, the effect of food on the
pharmacokinetics (PKs) of quetiapine XR lies on whether the
food is of high fat or low fat,20 indicating that high-fat food
increased the mean maximum plasma concentrations (Cmax)
at steady state (Cmax, ss) by about 20% at a daily dose of 200
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and 300 mg quetiapine XR in patients.20 The effect of food
suggests an increase in the bioavailability of both the 50 mg
and the 300 mg quetiapine XR after a high-fat meal, and the
AUC0→24 was increased for both strengths by around 20%
after high-fat meal in patients.20,24 However, low fat did not
affect the PKs of 50 mg quetiapine XR in healthy humans
and 300 mg quetiapine XR in the patients.20,24 No report has
been found on the effect of food on the PK properties of
quetiapine XR in Chinese healthy volunteers.
This paper mainly aims to evaluate the BE of Quesero
XR (the trial preparation [T]) and Seroquel XR (the reference
preparation [R]) in Chinese healthy volunteers under fasting
and fed conditions with a validation quantitative analysis
of quetiapine by ultra-performance liquid chromatographytandem mass spectrometry (UPLC-MS/MS). We also
assessed the effect of food on the PK properties of Quesero
XR or Seroquel XR in Chinese healthy volunteers.

Subjects and methods
Subject selection
The study was designed in accordance with the Declaration
of Helsinki, Good Clinical Practice (GCP) guidelines, and
other related guiding principles. The study protocol was
reviewed and approved by the independent ethics committee
of Xiangya Boai Rehabilitation Hospital. The subjects were
selected according to the inclusion and exclusion criteria.
The inclusion criteria were as follows: both males and
females aged .18 years; body weight more than 55 kg and
45 kg for males and females, respectively; and body mass
index at 19–26 kg/m2, including the boundary value. All the
subjects signed the informed consent.
The exclusion criteria covered history of or suffering
from any serious diseases at present; allergy; surgical operations 4 weeks before the study or planned surgery during the
study; medication taking 14 days before the study; blood
donation and participation in any clinical trials 3 months
before the study; excess coffee, tea, caffeinated beverage,
or alcohol drinkers per day; smokers with more than five
cigarettes per day; abnormal alcohol breathing test; drug
abusers and positive drug abuse screening test (morphine,
methamphetamine, ketamine, ecstasy, and cannabis);
abnormal vital signs (systolic pressure ,90 mmHg or .140
mmHg; diastolic pressure ,50 mmHg or .90 mmHg; heart
rate ,50 bpm or .100 bpm); physical examination, electrocardiogram, or laboratory examination results of clinical
significance (according to the physician’s judgment); unable
to take valid contraception; may not complete this study for
some other reasons; or those the researchers think should
be excluded.
Drug Design, Development and Therapy 2019:13
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All subjects were fully advised of the nature, purpose,
procedures, and possible risks of the study by the investigators. All subjects signed the informed consent before
the study.

Drugs, chemicals, and reagents
T, Quesero XR tablet 200 mg (containing 200 mg quetiapine per tablet, lot: G075170726, expiry: June 2019, Hong
Kong registration no.: HK-65348), was manufactured by
Europharm Laboratories Co., Ltd. (Tai Po, Hong Kong); R,
Seroquel XR tablets 200 mg (containing 200 mg quetiapine
per tablet, lot: 60024255, expiry: June 2019, Hong Kong
registration no.: HK-57716), was manufactured by AstraZeneca Pharmaceuticals LP (USA). Both T and R were
provided by the sponsor.
The materials used were quetiapine fumarate standard
(United States Pharmacopoeia, lot: R065W0, content:
99.9%), quetiapine-D8 fumarate standard (internal standard
[IS], lot: 1118-048A1, content: 98.9%), methanol and acetonitrile (HPLC grade; EMD Millipore, Billerica, MA, USA),
formic acid (HPLC grade; ACS, Wilmington, DE, USA);
ammonium acetate (analytical reagent grade; Sinopharm
Shanghai, China), purified water by the water purification
system (Milli-Q Direct 8; EMD Millipore), etc.

Study design
This study was performed with a single-center, randomized,
open-label, two-period crossover trial design, including both
fasting and fed BE studies. A total of 40 eligible healthy
subjects were enrolled in the study, 20 in the fasting study
and 20 in the fed study.

Fasting BE study
All the 20 subjects were hospitalized in site 1 day before
the trial. Examination was conducted in line with the study
protocol before randomizing into two groups (group 1 and
group 2). The subjects were asked to fast for at least 10 hours
before the oral administration. All of them underwent two
study periods: taking a single oral dose of 200 mg quetiapine
XR (one trial preparation or one reference preparation) with
240 mL water. Group 1 was orally administered one trial
preparation, while group 2 was given one reference preparation. The two study periods were separated by a washout
period of 10 days before they took the other preparation
in turn.
After the administration, the hands and mouths of all
subjects were checked. All subjects were required to keep
their body upright and accompanied by the investigator to
the toilet 4 hours after the administration. Drinking water
Drug Design, Development and Therapy 2019:13
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was not allowed from 1 hour pre dose to 2 hours post dose
except when needed for drug administration. Standardized
meals were provided to all subjects 4 and 10 hours after the
administration. The same food was served to all the subjects
during the trial, and the recipe was consistent in the two
periods of the study.

Fed BE study
The other 20 eligible subjects participated in the fed BE
study. All the procedures were the same as those in the fasting
group, except for fasting for at least 10 hours before taking
high-fat and high-calorie meals at about 800–1,000 kcal
(approximately 150 kcal protein, 250 kcal carbohydrates, and
500–600 kcal fat). The subjects finished their meals within
30 minutes (eating all food) before taking drugs. Other processes were similar to those of the fasting state.

Sample collection
Under both fasting and fed conditions, before taking the
drug (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,
16, 24, and 36 hours post dose, 4 mL of the venous blood
was taken. Ten days later, the two groups under each condition were given reverse preparation and the same amount of
blood (4 mL) was taken at the same time points. The blood
samples were centrifuged in a vacuum blood tube containing
sodium heparin to separate the plasma and stored at -60°C
to -90°C until testing.

Analytical methods
Concentration of quetiapine was quantitatively analyzed
by a validated method of UPLC system (I-Class; Waters
Corporation, Milford, MA, USA) equipped with an Xevo
TQD tandem triple quadrupole mass spectrometer (Waters).
Chromatographic separation was performed on an analytical
column (Waters ACQUITY UPLC® BEH Phenyl 1.7 µm,
2.1×50 mm) with an in-line filter holder (Waters CRITICAL
CLEAN™). The analytical mobile phase included the water
phase (containing 10 mM ammonium acetate and 0.3% formic acid) and acetonitrile (v/v, 70:30) and was performed
in an isocratic elution mode. The flow rate of the analytical pump was 0.5 mL⋅min−1, the column temperature was
maintained at 40°C, and the temperature of autosampler
was set at 15°C.
Mass spectrometer was manipulated by a ZSpray™
electrospray ionization (ESI) equipped with a positive
ion polarity. Biologic sample quantification was accomplished in multiplex reaction monitoring (MRM) or
selected ion monitoring mode. The optimized operating
parameters were as follows: ion source temperature, 150°C;
submit your manuscript | www.dovepress.com
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capillary voltage, 0.5 kV; desolvent gas flow, 1,000 L/h;
and desolvent temperature, 500°C; the precursor–product
ion transitions monitored were m/z 384.10→253.14 for
quetiapine and m/z 392.15→258.19 for quetiapine-D8
(the IS). The cone potential for quetiapine was 44 V and
that for quetiapine-D8 was 50 V. The collision energy for
quetiapine was 20 eV and that for quetiapine-D8 was 24 eV.
All the data were collected through Unifi Data Process
Software (Waters).

Sample preparation

The plasma samples were processed by adding 600 µL IS
precipitant (prepared with 50% methanol) into 200 µL of the
plasma sample, vortexing for 30 seconds, and centrifugating
at 18,400× g for 6 minutes before 2 µL of the supernatant was
injected into the UPLC-MS/MS system for analysis.

Method validation
We established and validated a method to determine quetiapine by UPLC-MS/MS, in the light of FDA and China
Food and Drug Administration-related guidelines.25,26 The
method of validation included specificity, linearity, lower
limit of quantification (LLOQ), matrix effect, extraction
recovery, accuracy, precision, stability (storage stability of
the autosampler, bench-top stability, freeze-thaw stability,
and long-term storage stability), and the quality control (QC)
during the subject sample analysis.

Safety assessment
Safety of the preparation was evaluated by closely monitoring the vital signs (blood pressure, pulse, and temperature)
of the subjects at screening, baseline, 0 hour pre dose, and 2,
4, 8, 12, and 24 hours after the oral administration. Physical
examination, laboratory examination, and electrocardiogram
were conducted at the screening and at the end of study.
Adverse events during the trial were recorded in the source
document. Experienced doctors, nurses, and researchers
trained by GCP observed the entire study.

PK parameters and statistical analyses
The mean plasma concentration–time curves for each subject
at each sampling time under each condition were plotted.
Tmax and Cmax were obtained from the concentration–time
curves. Ke was the slope of a linear regression from the
elimination time vs concentration curve after the logarithmic
conversion. t1/2 was calculated as 0.693/Ke. The time of the
last measurable concentration was tn. AUC0→ t (area under
n
the plasma concentration–time curve from time 0 to tn h)
was calculated following the trapezoidal rule. AUC0→∞ (area
258
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under the plasma concentration–time curve from time 0 to
infinite time) was calculated as AUC0→ t + Ct /K e . MRT0→∞
n
n
(residence time) was calculated as AUMC0→∞/AUC0→∞. Vz/F
(the apparent volume of distribution) and apparent total
clearance after oral administration (CL/F) (clearance rate)
were calculated as single dose/(Ke×AUCinf) and single dose/
AUCinf value, respectively. The relative bioavailability was
calculated as (AUC0→∞[test])/(AUC0→∞[reference]) ×100%.
After the logarithmic conversion, the main PK parameters
underwent analysis of variance (ANOVA) to obtain the SD
in different groups. Tmax underwent nonparametric Wilcoxon
test; two one-sided t-tests were conducted to determine the
BE. If the 90% confidence limit (CL) of AUC0→ t , AUC0→∞,
n
and Cmax for the trial and reference preparations falls within
80.00%–125.00%, we may conclude that the two preparations are bioequivalent. The effect of food on the PK profiles
of Quesero XR or Seroquel XR was determined by comparing the P-value of ANOVA of the fed state with that of the
fasting state and the geometric mean ratio (GMR) and 90%
CI of the fed treatment to the fasting treatment for the main
PK parameters. We used scheduled PK time for calculation
of PK parameters. Phoenix WinNonlin software (Version
8.0) was used in the statistical analysis.

Results
Subject information
Totally 40 subjects were qualified for the study. According
to the order of signing informed consent, all eligible
subjects were randomized into two teams: one for the
fasting condition and the other for the fed condition. Their
demographic characteristics were listed as follows. The
fasting study comprised 20 healthy subjects (14 males
and six females) aged 18–43 years (27.2±7.0 years),
weighting 46.5–76 kg (62.3±7.5 kg), and height ranging
150–179 cm (164.2±8.5 cm). The fed study comprised
the other 20 healthy subjects (14 males and six females)
aged 19–42 years (26.2±5.4 years), weighing 47.3–85
kg (61.4±9.8 kg), and height ranging 150.5–182.5 cm
(165.4±9.5 cm).
Before being hospitalized, the females were asked to
take blood β-human chorionic gonadotropin examination.
All the subjects had physical examinations, laboratory tests,
and other necessary tests. All subjects were non-drinkers and
non-smokers without abnormalities detected by the physical
examinations and laboratory tests. All subjects had no history
of drug allergy or drug dependence, no chronic illnesses, and
had not taken any medications before the trial. During the
trial, all subjects were catered a bland diet without prescribing
drugs other than the preparations being studied. No tobacco,
Drug Design, Development and Therapy 2019:13
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–
97.5±0.1
–
95.3±3.7
–
–
102.8±0.1
–
101.4±8.5
–
–
100.8±0.0
–
98.6±1.3
–

Long-term
storage
stability
(at -70°C for
19 days)
3 freeze-thaw
stability (-70°C
to room
temperature)
Bench-top
stability
at room
temperature
(20 hours)
Storage
stability
test in the
autosampler
(20 hours)

–
103.4±2.3
105.9±2.3
105.6±1.3
103.5±1.7
IS, quetiapine-D8

Note: –, not done.
Abbreviations: IS, internal standard; RSD, relative standard deviation.

2.8
2
1.3
1.1
–
1
3
20
400
10

Interday
RSD
(%, n=18)

100.7±1.8
99.3±1.3
101.1±1.7
100.1±1.0
–

–
105.0±2.8
99.2±1.3
101.5±0.8
102.8±2.3

Mean±SD
Mean±SD
Intraday
RSD
(%, n=6)

1.8
1.3
1.3
1
–

Stability (%, n=6)
Recovery
(%, n=6)
Matrix
effect
(%, n=6)
Accuracy
(%, n=6)
Precision

Quetiapine

The validated UPLS-MS/MS method was used to successfully measure quetiapine in Chinese healthy subjects after
oral administration of the test and reference drugs under both
fasting and fed conditions.
In the BE study, the mean plasma concentration–time
curves of Quesero XR (T) and Seroquel XR (R) after a single
oral dose of 200 mg under both fasting and fed conditions are

Spiked
concentration
(ng/mL)

BE studies and effect of food on PK

Analyte

A UPLC-MS/MS method was established and validated to
detect quetiapine in human blood plasma. Method specificity
was tested by comparing the chromatogram of blank plasma,
chromatogram of blank plasma with quetiapine and the IS,
and chromatogram of plasma sample after the administration
in the subjects. The retention time of quetiapine and the IS
was 0.94 and 0.92 minutes, respectively. The plasma-derived
substances and other impurities did not interfere the separation and determination of the sample.
Good linearity was found at 1–500 ng⋅mL−1. The regression equation was Y=0.0606X+0.000375 (r=0.99985). The
lower limit of quantitation (LOQ) of quetiapine in the plasma
was 1 ng⋅mL−1. Plasma samples at 1⋅ng⋅mL−1 (LLOQ) were
prepared by adding the standard solution into the blank
plasma and were repeatedly measured for five times. The
intraday relative recovery (relative standard deviation) of
the LLOQ was 1.8%.
The average matrix effect and extraction recovery of
quetiapine were 99.2%–105.0% and 103.4%–105.9%,
respectively, at three QC concentration levels (Table 1). The
average matrix effect and extraction recovery of the IS were
102.8%±2.3% and 103.5%±1.7% at 10 ng/mL. The degree
of the influence of matrix effect and extraction recovery to
analytes met the requirements of biological sample analysis.
The accuracy of the method ranged 99.3%–101.1%. Both the
intraday and interday relative standard deviations were less
than 2.8%, which met the methodological requirements of
biological sample analysis.
The stability of quetiapine is summarized in Table 1, all
within 95.3%–102.8%, indicating that quetiapine was stable in
human plasma under these conditions. The relative bias% of
the control plasma samples with high and medium concentration levels should fall within -15% to 15%, while the bias% of
low concentration level should fall within -20% to 20%. The
results of the control plasma samples of every batch showed
that the testing condition was stable during the whole analysis.

Table 1 Precision, accuracy, matrix effect, recovery, and stability in spiked human plasma
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–
99.0±0.0
–
100.7±5.3
–

Long-term
storage
stability
(at -20°C
for 19 days)

alcohol, or drink with caffeine was allowed. In the fasting
state, two subjects quit the study due to personal reasons.

–
98.8±0.1
–
96±1.2
–
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Mean±SD
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conditions, respectively. The main PK parameters, P-value of
ANOVA, GMR, and 90% CI of fed to fasting treatment are
presented in Table 2.
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Figure 2 Mean plasma concentration–time curves of Quesero XR (T) and Seroquel
XR (R) after a single oral dose of 200 mg in 18 healthy subjects under fasting
conditions (mean±SD, n=18).
Abbreviations: Quesero XR, Quesero extended release; R, reference preparation;
Seroquel XR, Seroquel extended release; T, trial preparation.

shown in Figures 2 and 3, respectively. The main PK parameters, including Tmax, Cmax, AUC0→36, AUC0→∞, and t1/2 after a
single dose of 200 mg of the Quesero XR (T) and Seroquel
XR (R), are summarized in Table 2. The ANOVA of lnCmax,
lnAUC0→36, and lnAUC0→∞ and the Wilcoxon test of Tmax are
also listed in Table 2, showing no significance difference
between Quesero XR (T) and Seroquel XR (R) under both
fasting and fed conditions. The results of the two one-sided
t-tests and 90% CL of lnCmax, lnAUC0→36, and lnAUC0→∞ are
shown in Table 3. The 90% CL was within the acceptance range
of 80%–125%. The relative bioavailability of fasting and fed
conditions was 100.2%±2.7% and 101.2%±2.7%, respectively.
As to the effect of food on the PK, Figures 4 and 5 show
the mean plasma concentration–time curves of Quesero XR
(T) and Seroquel XR (R) after a single oral dose under both

0HDQFRQFHQWUDWLRQ QJP/
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7LPH K
Figure 3 Mean plasma concentration–time curves of Quesero XR (T) and Seroquel
XR (R) after a single oral dose of 200 mg in 20 healthy subjects under fed conditions
(mean±SD, n=20).
Abbreviations: Quesero XR, Quesero extended release; R, reference preparation;
Seroquel XR, Seroquel extended release; T, trial preparation.
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Safety assessment
During the test period, many subjects showed mild side
effects such as dizziness and drowsiness under both fasting
and fed conditions.
For example, under fasting condition, the rates of the
adverse events (AEs) occurred in the first test period were
somnolence 11.1% (2/18), nausea 11.1% (2/18), dry mouth
5.6% (1/18), dizziness 5.6% (1/18), vomiting 5.6% (1/18),
fatigue 5.6% (1/18), and irritability, anxiety, and chest
distress 5.6% (1/18) – in total 55.6% (10/18); in the second
test period, the rates of AEs were somnolence 11.1% (2/18),
nausea 11.1% (2/18), dry mouth 5.6% (1/18), and dizziness
16.6 (3/18) – in total 38.9% (7/18). Under the fed condition,
in the first test period, the rates of AEs were somnolence 5.0%
(1/20), nausea 5.0% (1/20), and dizziness 10.0% (2/20) – in
total 20% (4/20); AEs did not occur in the second period. The
rates of AEs in the fed state were less than those in the fasting
state, which may be because the food reduced the absorption
of quetiapine. The rates in the second period were lower than
those in the first period under each condition, which could
be due to the subjects’ tolerance to quetiapine.
The common adverse reactions ($10%) were listed in the
labeling of Seroquel XR®: somnolence, dry mouth, dizziness,
etc.,27 which is similar to the results of our study. All these
symptoms of AEs were transient. In addition, no other severe
AEs were observed during the whole study.

Discussion
Method development
As reported, there are many ways to quantitatively analyze
quetiapine in human biological samples such as HPLC,28
HPLC-MS/MS,29,30 and liquid chromatography (LC)/MS/
MS.19,24,31–33 However, method for BE study of 200 mg quetiapine XR in Chinese volunteers was only one; LC-MS/MS
technology was used.34 In this study, we used UPLC-MS/MS
to measure quetiapine in the human plasma, considering the
high-throughput sequencing, high sensitivity, strong specificity,
and time-saving aspects of UPLC-MS/MS. The method separated quetiapine at 0.94 minute, which is simple, rapid, and
sensitive in determining quetiapine in the human plasma.

BE studies
In all, 18 of the 20 subjects completed the study in the fasting
state, while all the 20 volunteers finished the study under the
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−1

2,840.87±1,340.03c
2,869.76±1,349.78c
5.30±1.08
0.14±0.02
636.89±268.25
84.29±36.68
8.49±1.70

2,107.58±570.51b

2,164.28±576.14b

6.15±1.67
0.12±0.03
890.69±359.83
100.46±34.39
11.98±2.45

5 (2–7)e
438.17±288.80c

0.04769
0.04769
0.01713
0.08825d
0.00000

–

–

–

202.93
(154.84–265.95)
127.02
(102.44–157.50)
124.92
(100.82–154.80)
–
–
–
–
–

67.33
(53.05–85.45)

6.72±2.48
0.11±0.03
965.40±428.07
101.04±39.11
12.36±4.14

2,181.06±579.71

2,097.35±571.72

5 (1.5–9)e
212.37±104.28

5.58±1.97

5 (1.5–12)e
209.30±127.60b

–

4.30±1.45a

6.53±2.69a

4.92±1.15
0.15±0.03
627.86±247.95
90.11±33.61
8.13±2.04

2,523.37±995.66

2,494.70±987.25

4 (1.5–7)e
409.83±241.11

4.23±1.26

Fed
(mean±SD), n=20

Fasting
(mean±SD), n=18

Fed/fasted ratio
(90% CI)

Seroquel XR 200 mg (R)
GMR

Fed
(mean±SD), n=20

Fasting
(mean±SD), n=18

ANOVA
(P-value)

Quesero XR 200 mg (T)

0.00140
0.00140
0.00326
0.28786d
0.00002

–

–

–

–

ANOVA
(P-value)

186.70
(142.75–244.17)
116.24
(95.92–140.86)
113.07
(93.29–137.03)
–
–
–
–
–

77.96
(62.52–97.20)

Fed/fasted ratio
(90% CI)

GMR

Notes: –, not done; Tmax, maximum peak plasma concentration; Cmax, mean maximum plasma concentration; t1/2, elimination half-life; Ke, slope of a linear regression from the elimination time vs concentration curve after the logarithmic
conversion; Vz/F, apparent volume of distribution; CL/F, clearance rate; MRT0→∞, residence time. aWilcoxon test, P.0.05 in comparison with Seroquel XR on both fasting and fed conditions, without significant differences. bANOVA,
P.0.05 in comparison with Seroquel XR under fasting condition data, without significant differences. cANOVA, P.0.05 in comparison with Seroquel XR under fed conditions data, without significant differences. dANOVA, P.0.05 in
comparison with the fasting treatment data, with significant differences. eTmax, median (range).
Abbreviations: ANOVA, analysis of variance; AUC, area under the plasma concentration–time curve; GMR, geometric mean ratio; PK, pharmacokinetic; Quesero XR, Quesero extended release; R, reference preparation; Seroquel
XR, Seroquel extended release; T, trial preparation.

AUC0→36
(ng⋅h⋅mL−1)
AUC0→∞
(ng⋅h⋅mL−1)
t1/2 (h)
Ke (h−1)
Vz/F (L)
CL/F (L/h)
MRT0→∞ (h)

Cmax (ng⋅mL )

Tmax (h)

Parameter

Table 2 Main PK parameters after a single 200 mg dose of Quesero XR (T) and Seroquel XR (R) under fasting and fed conditions
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State

Parameter

TL

TH

T0.05

P-value

Fasting

lnCmax

1.972

-2.711

lnAUC0→36

4.571

-4.227

lnAUC0→∞

4.711

-4.862

lnCmax

3.659

-2.360

lnAUC0→36

6.439

-2.524

lnAUC0→∞

6.385

-2.537

1.746
1.746
1.746
1.746
1.746
1.746
1.734
1.734
1.734
1.734
1.734
1.734

High side P,0.05
Low side P,0.05
High side P,0.05
Low side P,0.05
High side P,0.05
Low side P,0.05
High side P,0.05
High side P,0.05
High side P,0.05
Low side P,0.05
High side P,0.05
High side P,0.05

Fed

90% CL-L

90% CL-H

81.74

114.02

92.33

110.22

91.86

108.10

92.27

119.33

101.12

120.18

100.95

120.08

7UHDWPHQW 7
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Figure 4 Mean plasma concentration–time curves of Quesero XR (T) after a single
oral dose of 200 mg in 18 healthy subjects under fasting conditions and 20 healthy
subjects under fed conditions (mean±SD).
Abbreviations: Quesero XR, Quesero extended release; T, trial preparation.
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the TL and TH values were both within the critical value. The
two one-sided t-tests also presented no significance in the
main parameters, showing that with the 90% CL, the trial
preparation Cmax fell within 80.00%–125.00% of the reference preparation Cmax. The 90% CL of lnCmax, lnAUC0→36,
and lnAUC0→∞ was within the acceptance range for BE study
both in the fasting and fed states (Table 3).
In summary, we concluded that the test and reference
preparations are bioequivalent under both fasting and fed
conditions.
Compared with the parameters in Bui et al,20 in our
study, the Tmax, Cmax, AUC0→36, and AUC0→∞ of the quetiapine under the fasting condition for the Seroquel XR
(R) were lower but the t1/2 was higher, while under the
fed condition, in our study, the t1/2, AUC0→36, and AUC0→∞

0HDQFRQFHQWUDWLRQ QJP/

fed condition. Whether in the fasting or fed state, we were
able to detect the concentration of quetiapine in the human
plasma 30 minutes after the oral administration, indicating
rapid blood absorption of quetiapine. After the 10-day washout, we did not detect any quetiapine in the plasma, suggesting no residual effect from the first cycle of administration
on the second cycle.
Whether in the fasting or fed state, the main PK parameters
(Tmax, Cmax, AUC0→36, AUC0→∞, and t1/2) of Quesero XR (T)
and Seroquel XR (R) were similar (Table 2). No significant
difference was found among the main PK parameters between
the two preparations by ANOVA (P.0.05). Wilcoxon test
of the two formulations showed no significant difference
between the Tmax values (P.0.05). Although the lnCmax
ratios of several subjects fell outside 80.00%–125.00%,

7LPH K

Powered by TCPDF (www.tcpdf.org)

90% CL

Note: Cmax, mean maximum plasma concentration.
Abbreviations: 90% CL, 90% confidence limit; AUC, area under the plasma concentration–time curve; Quesero XR, H, high; L, low; R, reference preparation; Quesero XR,
Quesero extended release; Seroquel XR, Seroquel extended release; T, trial preparation.
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Table 3 Two one-sided t-tests and 90% CL of lnCmax, lnAUC0→36, and lnAUC0→∞ after a single oral dose of 200 mg Quesero XR (T)
and Seroquel XR (R) under fasting and fed conditions
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Figure 5 Mean plasma concentration–time curves of Seroquel XR (R) after a single
oral dose of 200 mg in 18 healthy subjects under fasting conditions and 20 healthy
subjects under fed conditions (mean±SD).
Abbreviations: R, reference preparation; Seroquel XR, Seroquel extended release.
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were lower; the Cmax was higher; and the Tmax was similar.
Compared with the study of Li et al,35 the Cmax and AUC0→t
of 300 mg quetiapine XR in Han patients were 1.5 times to
those of our study; in our study, the Tmax, Ke, and MRT were
higher; however, the t1/2 was a bit lower. We speculated that
the different PK parameters in our study may have been
caused by the different subjects, the sample size, ethnic
groups, sample detector and other unknown factors, such
as we studied healthy people, while Bui K et al20 and Li Q
et al35 studied patients.

Effect of food on PK profiles
We compared the main PK parameters of Quesero XR (T) or
Seroquel XR (R) in both the fasting and fed states (Table 2).
For Quesero XR, Tmax of the fasting and fed states was 6.5±2.7
and 4.3±1.5 hours, respectively; Cmax was 209.3±127.6
ng⋅mL−1 and 438.2±288.8 ng⋅mL−1, respectively. After the
meals, Tmax was in advance and the mean Cmax almost doubled
as compared with that of the fasting, demonstrating that
high-calorie and high-fat meals increased the absorption
rate of quetiapine. AUC0→36 of the fasting and fed states was
2,107.6±570.5 and 2,840.9±1,340.0 ng⋅h⋅mL−1, respectively;
AUC0→∞ was 2,164.3±576.1 and 2,869.8±1,349.8 ng⋅h⋅mL−1,
respectively. AUC0→36 and AUC0→∞ were all increased
by .30% after the high-fat diets, indicating that highfat diets accelerated the absorption extent of quetiapine.
Similarly, for Seroquel XR in the fed or fasting condition,
Tmax was advanced a bit, and Cmax, AUC0→36, and AUCC0→∞
were also increased. From the original data in our study,
we found that high-fat food may affect the PK profiles of
quetiapine; the GMR and 90% CI of food effect on Tmax,
Cmax, AUC0→36, and AUC0→∞ in this study fell outside both
equivalence intervals, which may be due to limited sample
size and interindividual discrepancy in the two groups. When
we compared t1/2, Ke, Vz/F, CL/F, and MRT0→∞ of the fed to
fasting state by ANOVA, no significant difference was found
in CL/F (P.0.05), but significant differences were observed
in the other parameters (P,0.05).
We can see from Figures 4 and 5, under fasting condition,
that the mean concentration of quetiapine was decreased a bit
from 3 to 4 hours after the oral administration of the preparation. All the subjects had standard meals 4 hours post dose.
After that, the mean concentration of quetiapine was rapidly
increased from 4 hours post dose to 5 hours post dose; the
concentration of quetiapine at 5 hours post dose was doubled
to that of 4 hours post dose, which indicated that standard
meals also affected the absorption of quetiapine. In contrast,
former studies mentioned that low-fat food did not affect the
bioavailability of quetiapine.20,24
Drug Design, Development and Therapy 2019:13
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Both high-fat food and standard meals have some effect
on the PK profiles of quetiapine in Chinese healthy subjects. It is recommended to reduce food intake or have light
diet at least 4 hours before taking the medicine every night
once daily to avoid the influence of food on the PK profiles
of Quesero XR and Seroquel XR, which is an important
guidance for clinical medication safety.

Conclusion
In this paper, we successfully validated a UPLC-MS/MS
method to measure quetiapine in the human plasma. The trial
preparation Quesero XR is bioequivalent to the reference
preparation Seroquel XR in Chinese healthy subjects under
both fasting and fed conditions. We also verified that food
may affect the PK profiles of Quesero XR and Seroquel XR
in Chinese healthy subjects. In our study, all the subjects
showed good tolerance of both preparations without any
serious or unexpected adverse reactions.
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