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ABSTRACT

A selective, sensitive, stable and rugged high performance liquid chromatography tandem mass spectrometric
method was developed and validated for determination Quetiapine in human plasma, then successfully applied in
pharmacokinetic study for two different tablet doses of quetiapine (50 and 200) mg. The mobile phase consisting of
(70% methanol: 30% water), pH=3.0. The method was validated according to European guideline for its linearity,
accuracy, precision, selectivity, recovery and various stabilities. The standard curve was linear over a
concentration range of (2.25-500.0) ng/ml, R? was 0.999 and CV% of intraday accuracy and precision for the
validation of QC samples was ranged between (1.82-3.61) %. A randomized, double-blind, two periods crossover
full study was designed to investigate two different tablet doses from Quetiapine (50 and 200) mg. 40 healthy male
volunteers were participated in this study, and the oral administration was occurred after overnight fasting. Blood
samples were withdrawn from each subject at different time intervals and analyzed for Quetiapine concentrations.
The pharmacokinetic parameters were performed and show that the maximum time of absorption (T ) for both
doses was the same at 4.5 hr. The maximal plasma concentrations were (49.058 and 262.355) ng/ml and the Kg
(0.07993 and 0.09207) for the (50 and 200) mg doses, respectively. However, based on these statistical data,
guetiapine low and high doses were well tolerated and an obvious significant variation (p value less than 0.05) was
found between them in human plasma.
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INTRODUCTION

Quetiapine (QUE), a derivative of dibenzothiazepiilsean atypical a second-generation of antipsychethich
indicated for the treatment of many disease sudthizophrenia experiencing an acute exacerbafitred illness,
acute mania in bipolar disorders, and bipolar degiom especially in adults. Also quetiapine is @ffe as a
monotherapy and as an adjunctive to a mood stabi[i-5]. Quetiapine (Figurel) is an antagonistmatitiple
neurotransmitter receptors in the brain: 5 hydmyptophan (5HT1A) or serotonin and 5HT2, dopamimeiro
transmitter D1 and D2, histamine H1, and adrenergianda?2 receptors [10].

Therapeutic drug monitoring is an important requieat in antipsychotic treatment to control the cbamge and
preventive of extrapyramidal side effects [6, 7heTmultiple-dose pharmacokinetics of quetiapine dwse-
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proportional within the proposed clinical dose mngnd quetiapine accumulation is predictable upaidtiple
dosing.

In addition, pharmacokinetic data suggest quet@pias a plasma half-life of nearly 6 hours, whishslightly
increased with multiple dosing. Thus, in spite of@imination half-life that averages 6 hours raif§s8 to 6.8)
hours [8, 14].

For this reason it is important to perform accuratmitoring and dose adjustment of QUE levels wollin order

to reduce the side effects and to optimize treatragainst schizophrenia and depression diseasengutie key

pharmacokinetic variables that guide dosing ofumgrasma elimination half-life, the presence weatre of active
metabolites, whether the drug exhibits linear plenokinetics, and the time taken to achieve stetatg-$evels of
the drug. Therefore, quetiapine, which exhibitsn@dr pharmacokinetic profile over its therapeutisage range
(150 to 750 mg daily), which needs 2 days to resigady-state. For maintain steady-state plasmdslefe
quetiapine, it would follow that quetiapine needshte administered 2 or 3 times daily. Quetiapirseshort

elimination half-life, so when administrated a $endaily dose, it might result in a greater adheecto treatment by
patients in the long term.

The current study was conducted to determine tlagive bioavailability of two different tablet dosef quetiapine
(50 and 200) mg in healthy human volunteers, fds fhurpose an accurate, sensitive and selectivadliq
chromatographic mass spectrometer method was g@maland validated. Moreover, all pharmacokinetic
parameters were calculated in terms gf,CTmax AUC, P value, Rate of elimination {Kand half-life [15].
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Figure 1: Quetiapine chemical structure
EXPERIMENTAL SECTION

2.1. Reagents and chemicals

Nanopure deionized water, methanol, sodium hydexidformic acid and acetonitrile advanced
gradient grade (Fisher scientific). Human Plasnaavg@sted from donors), and quetiapine raw matewale kindly
obtained from Jordan Pharmaceuticals Manufactu@did1) Co., Amman-Jordan.

2.2. Instrumentation

An API 3200 Mass Spectrometer was used which wagpoged of a constant auto Sampler (Agilent 1200k A,
C18 (50 x 2.1 mm), 5um. Solvent delivery systemilgg 1200), a 100 pL fixed volume injector (Agiteb200),
on-line vacuum. Degasser (Agilent 1200).
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2.3. Bioequivalence study protocol

According to declaration of Helsinki, this study sveonducted with good clinical practice [11]. Thetpcol was
approved by the local institutional review boaraf@e the study participation, a written informeshsent and
consent form were obtained from all volunteersthis study 40 male healthy adult subjects partieipan the
clinical study, in order to investigate and cortelpharmacokinetic parameters of Cmax, Tmax, lif@f-AUC, and
rate of elimination (Kel) for quetiapine 50 mg aB@0 mg in plasma. Safety examinations were appbedll

subjects at Pre- and post-study, and they weredsti8 and 50 years of age and within body masxirghge of
17.1-28.6 kg/m2, and they were selected upon ifmilexclusion criteria. Blood samples for quetiapenalysis
were drawn (5 ml for each) pre-dose and at 1.0, 23.00, 4.00, 4.5, 5.00, 5.50, 6.00, 6.50, 77080, 8.00, 9.00,
10.00, 11.00, 12.00, 16.00, 24.00, 36.00, and 48shpost dose. Blood samples were collected fronows by
direct venipuncture of an antecubital vein into d@sibcontaining lithium heparin as anticoagulant tevent
coagulation process, and then tubes with blood weneediately centrifuged at 5000 rpm (2683 x g)demroom
temperature for 10.0 min. The separated plasmatraasferred into polypropylene tubes, and then idiately
stored frozen under —40.

2.4. Preparation of solutions
2.4.1 Preparation of stock solution of Quetiapine
10.0 mg of quetiapine working standard dissolvetldrml methanol to get concentration 1.0 mg/mtktsolution.

2.4.2 Preparation of working solution of Quetiapine
1.0 ml of quetiapine stock solution was taken aihgtet in 10 ml of Methanol to get 100 pg/ml of tjapine.

2.4.3 Preparation of internal standard solution ofPropranolol

A known quantity of Propranolol (10 mg) working stiard dissolved in 10 ml Methanol, to get concditunal.0
mg/ml stock solution. 100 pl of stock Propranolalusion was diluted in 2500 ml of (5% T.C.A), whicbnsidered
being working solution that contain 0.04 pg/ml oépranolol.

2.4.4 Preparation of Quetiapine standard serial diltion and quality control samples.

Samples of standard curve in plasma were prepasegd) lseven concentrations, not including zero drebe
concentrations are: (2.25, 4.5, 10, 30, 70, 150,a3@ 500) ng /ml.

Each concentration of the plasma sample was dividl®d05 ml in an Eppendorf and kept at {&€)Q standard samples
were given daily together with the quality contsaimples Low, Mid1, Mid2 and High (6.75, 40, 250 d00) ng/ml,
respectively.

2.5 Sample preparation

Protein direct precipitation is the drug extractmmocedure for plasma sample by adding A 500 |{0d¥4 pg/ml of
Propranolol (1.S.) in 5%T.C.A) to 0.05 ml of Plasmaan Eppendorf tube; the mixture was vortex aiixkeohfor 30
seconds by using a Vibrax Type VX-Z, VXR BasicVaee (IKA-Werke GmbH & Co., Staufen, Germany) and
then centrifuged using Multitude Sigmal-15 (Sign@ermany) for 10 minutes 10,000 rpm (14,680 x g)e Th
supernatant was transferred to an autosampler vialoand then 15 pl was injected into the anabjtcolumn.

Table 1: Chromatographic Conditions and Mass Spectmetric Conditions

Column ACE 5 C18 Column (50 X 2.1 mm), 5u
Solvent system | 70% (A) Methanol
(isocratic elution) | 30% (B) Deionised water adjust pH to 3.00 by T.@n8l ammonia|
Detection MRM Mode, Quetiapine : At m/z 384.029 253.2
Propranolol (IS): At m/z 260.075116.2
Injection Volume | 5 microliters
Retention Times*

Quetiapine 0.25 minutes

p 0.28 minutes (Internal Standard).
Propranolol
Flow Rate 1.0 mi/min.

2.6. Chromatographic Conditions

The mobile phase composition was a prepared by puiring of Methanol (70%) and deionized water (30%H
adjustment of deionized water by the following: Bese pH value to 3.0 by T.C.A. An analytical cauACE, C18,
with dimensions of 50 mm x 2.1 mm, 5 m was used #ow rate of 1.0 ml/min under column oven tempaa
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maintained at 5C. The auto sampler tray temperature was setGtafd the injection volume was 5 pl. The
chromatographic conditions are indicated in table 1

2.7 Method validation

According to the European FDA guideline and UniBtdtes FDA guideline requirements, the method vadidated
in human plasma [12, 13]. Both guidelines were wered as protocols for all validation sectionse Malidation
was performed in order to evaluate the methodrimseof specificity, accuracy, precision, dilutiartagrity, matrix
effect carryover, sensitivity, calibration curvin@arity of response), recovery and stability.

2.7.1 Specificity

By monitoring 6 individual sources of the approfidblank matrix, the specificity of the method wasen
evaluated, which were individually analyzed asiogés and evaluated for interference with comparis LLOQ.

Carryover effect was evaluated to ensure thatitfeng solution used to clean the injection neésllable to avoid
any carry forward of injected sample in the subseguuns. Also specificity test was applied on @ividual

sources of the appropriate plasma blank (figureNgymally the absence of interfering componentsdsepted
where the response is less than 20% of the lowst bf quantification for the analyte and 5% foetmternal
standard in the plasma.

2.7.2 Linearity, accuracy and precision

The accuracy and precision of done evaluationsdbas determined by running analytical batch witlef@ications
from LLOQ, every level of QC had a calibration caifimcluded blank and zero, separately for plasmainD three
separated days, three sets of within run batches weed to determine linearity, accuracy and pi@tiseach
precession run was from freshly spiked eight lewalsstructing standard calibration curve, QC samjplefive
levels (LLOQ, low, mediuml medium2 and high, n 06 each level), in addition to blank and zero sk®p
Results evaluation acceptance criteria for linealibcation curve and QC samples were based on [Earop
guideline on bio-analytical method validation [12he linearity assessment was done by a weighted (dast
squares regression analysis.

2.7.3 Stability

A triplicate from both of QC low and high samplesre estimated stability validation sections, anduated upon
freshly spiked calibration curve. The stock solntamnd spiked plasma has been kept under room tetaperfor 20
h in order to examine short term stability, afteménths further examination of long term storage wane under
—-40C. Freeze—thaw cycles stability of the sampleshie&s obtained over five freeze-thaw cycles by thgviiom
frozen state at room temperature for 1 h and refrdbr 24 h. In order to evaluate the stabilitytloé injectable
processed samples, they were kept for 48 h undmisampler cooling condition @) before being injected.
Acceptance criteria of the outcome evaluation fabiity section-related QC samples were based orofean
guideline on bioanalytical method validation [12].

RESULTS AND DISCUSSION

3.1 Validation

3.1.1 Precision for Quetiapine

At the intraday one of validation, the variabiliy errors (precision) in predicted concentrationged between as
low as 2.21% observed with high target concentnat&®0 ng/ml) to maximum coefficient of variatioh(€V%) of
4.44% with the LLOQ target concentration of 2.23mig table 2. The precision for low and mid concatibns of
target were 2.35%, 3.61% respectively, (table 2)fegures (4, 5).

At the intraday two of validation, the variabiliof errors (precision) in predicted concentrationged between as
low as 2.25% observed with the QC Mid target cotre¢ion of 70 ng/ml to a maximum coefficient of iaion of
(CV%) of 3.09% at the high target concentration4®0 ng/ml, table 3The precision for low and LLOQ
concentrations of target was 2.63%, 2.71% respalgtijtable 3)

At the intraday three of validation, the precisioh predicted concentration ranged between as lowl.82%
observed with the mid concentration of target afg/tnl to a maximum coefficient of variation of (%) of 3.15%
at the High target concentration of 400 ng/ml, éadbl The precision for LLOQ and low concentratidrianget was
2.19%, 2.76% respectively, table 4.
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The precision (CV %) was not exceed 20% for LLOQ¢ d45% for the other concentrations which prove the
closeness of the measurements.

3.1.2 Accuracy

At the intraday one of validation, the accuracyntdan predicted value compared to target concemtraitinged
between a minimum of 98.14% at the Low concentratibtarget 6.75 ng/ml to a maximum accuracy of.66% at
the LLOQ concentration for target. Accuracy rangedix replicates of LLOQ, QC low, QC mid, QC higamples
was (97.84%- 108.48%), (95.73%-101.74%), (94.96%-48%), (95.72%-101.74%) respectively, table 2.

Table 2; Intra-day one accuracy and precision of getiapine

Day 1 LLOQ QClow | QCmidl| QC mid2 | QC high

2.25 ng/ml| 6.75 ng/ml| 40 ng/ml | 250 ng/ml| 400 ng/ml

107.63 96.94 105.23 98.84 97.60

97.84 95.73 99.13 94.96 100.11

Accuracy % 102.01 96.74 102.83 96.11 95.72

108.48 100.12 98.91 100.76 99.77

101.99 97.56 97.54 103.48 101.74

98.04 101.74 101.31 103.35 100.5(

Mean accuracy% 102.66 98.14 100.83 99.58 99.24
STD 4.56 2.30 2.86 3.60 2.19
CV% 4.44 2.35 2.84 3.61 221

Table 3; Intra-day two accuracy and precision of qetiapine

LLOQ QClow | QCmidl| QC mid2 | QC high

Day 2 2.25 ng/ml| 6.75 ng/ml| 40 ng/ml | 250 ng/ml| 400 ng/ml
102.93 94.24 102.78 96.24 98.69
98.83 96.27 96.58 99.89 101.39
Accuracy % 101.92 94.07 104.54 100.34] 102.53
105.76 100.74 99.29 97.92 100.23
100.2¢ 97.2¢ 101.4¢ 102.5¢ 107.9:
98.55 98.31 103.12 100.90 101.67
Mean accuracy% 101.37 96.82 101.29 99.64 102.0Y
STD 2.75 2.54 2.91 2.24 3.16
CV% 2.71 2.63 2.87 2.25 3.09

Table 4; Intra-day three accuracy and precision ofjuetiapine

LLOQ QClow | QCmidl| QCmid2 | QC high

Day 3 2.25 ng/ml| 6.75 ng/ml| 40 ng/ml | 250 ng/ml| 400 ng/ml
102.52 96.83 99.65 100.90 97.06
98.10 103.32 97.48 98.36 99.50
Accuracy % 101.18 98.32 97.85 98.74 100.95
104.86 99.26 99.89 96.24 98.48
102.80 95.69 100.08 101.12 106.2]
101.5¢ 96.9% 101.7¢ 99.4¢ 100.0(
Mean accuracy% 101.84 98.40 99.45 99.13 100.37
STD 2.24 2.71 1.56 1.81 3.16
CV% 2.19 2.76 157 1.82 3.15

At the intraday two of validation, the accuracyréan predicted value compared to target concemtratinged
between a minimum of 96.82% at the Low concentnatibtarget 6.75 ng/ml to a maximum accuracy of.Q@% at
the QC mid target concentration of 70 ng/ml. Accyreange for six replicates of LLOQ, QC low, QC m@IC high
samples was (98.86 105.76%), (94.07%-100.74%), (96.24%-102.54%), (9%6.07.92%) respectively, (table
3).

At the third day validation, the accuracy of meaedicted value compared to target concentratiogadrbetween a
minimum of 98.40% at the low concentration of tar§g&5 ng/ml to a maximum accuracy of 101.84% atltbOQ
target concentration of 2.25 ng/ml.

Accuracy range for six replicates of LLOQ, QC Id®C mid, QC high samples was (98.10%-104.86%), @5:6
103.32%), (96.24%-101.12%), (97.06% -106.21%) rethpady, table 4. Comparing with the accepted cid@tavhich
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is 85-115% for all concentration except for LLOQietis 80-120%, the accuracy obtained was withenrdquired
criteria in terms of accuracy.

3.1.3 Stability
The spiked plasma and stock solutions kept undanremperature on bench top were stable for 2Gahles 5, 6,
and 7 illustrates freeze—thaw cycles, auto-sangidrlong term stability test results with theirratge condition.

Table 5: Quetiapine QC low samples stability at 1@ (auto sampler stability). QC Low (6.75 ng/ml)

Time Accuracy % | Stability

99.50
0.0 hours 103.69 100.00

101.08

99.52

24.0 hours 97.87

99.04

99.22

Table 6: Quetiapine QC low samples stability at 16 (auto sampler stability). QC high (400 ng/ml)

Time Accuracy % | Stability

103.51
0.0 hours 100.89 100.00

102.14

99.09

24.0 hours 96.93

97.88

100.16

Table 7: Quetiapine QC High samples stability at fozen temperature (freeze thaw). QC high 400 ng/ml

Time Accuracy % | Stability

103.51
0.0 hours 100.89 100.00

102.14

103.25

72.0 hours 98.14

99.07

98.51

From the table’s data, it was found that the aaraer stability test was passed according to toefted criteria
where the accuracy% doesn’t exceed £15%.
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Regarding short term stability at room temperatur@rocessing temperature, freshly prepared 0.0 tvan QC's
concentrations were taken as a reference uponlatatgustability of quetiapine at room temperatuk#.the results
were within the accepted criteria which were intttiege 85% - | 15%.

3.1.4 Linearity

Linearity was determined by calculating the regmsdine using a mathematical treatment of the lteqiie. least
mean squares) vs. analyte concentration. The dietation coefficient (R) measures the amount of variation in the
response (dependent) variable explained by chandgbs explanatory (independent variable).

A value of 1 for R indicates a perfect linear relation between tacgeicentration and predicted concentration. The
closer the value of Ro 1 the stronger was the linear relation. A siroegression indicates a strong dose-response
relationship between predictor and outcome, whictuin supports a stronger validity for predicteticentration of

the drug. The Rwhich represents the strength of the correlatmefficient of standard calibration curve was greate
than 0.99 during the validation course. Data ofsfa@dard curve with regards to correlation, sléfend intercept

are shown in table 8 and figure 2.

Table 8: Standard curves with regards to correlatim, slope, R, and Intercept for quetiapine

Correlation Slope R Intercept
0.999970 0.000593 0.999928 -0.007665

[any
1

0 100 Drugaﬁoncentraggﬁ ng/ml 4(50 500 600

Figure 2: The mean plot of linearity for calibration curves mean ratio
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Figure 4: LLOQ (2.25 ng/ml) chromatogram
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Figure 5: QC Mid1 (40.0 ng/ml) chromatogram
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Figure 6: Plasma blank chromatogram, taken from paticipant volunteer in this study before dosing

3.2. Clinical study applications

After oral administration of quetiapine ®50 mg a®@00 mg tablet dosage forms, investigation andetation
pharmacokinetic parameters of Cmax, Tmax, half-lfgC, and rate of elimination (Kel) for quetiapia® mg and
200 mg in plasma for 40 subjects are illustratethbie 9. The comparative mean plasma concentgtiersus time
are plotted in figure 7. Table 10 provides the piarokinetic parameters for both doses, there idifference in
Tmax Values between the two doses, while highly sigaift difference in the maximum concentrations attCA
were observed. The relative extent of absorptiors wapressed by the area under the curve of que#iapi
concentration versus the time 0-48 hours. Theivelagreement between quetiapine two doses is wiber
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Fig. 7. lllustrated mean concentration—time profileof 40 subjects for of Quetiapine 50 mg in plasmapompared to mean concentration—
time profile of 40 subjects for of Quetiapine 200 m over 48 h following oral administration of Quetigine

Table 9: Comparative Quetiapine concentrations in &h time interval for both doses

Time Quetiapine 50 m¢ Quetiapine 200 my The Difference P Value
C(ng/ml) | Std. Deviation | C(ng/ml) | Std. Deviation| Lover | Upper
1.00 12.266 12.98 52.209 35.29 -51.65 -28.24 0.001
2.00 24.031 19.09 109.393 58.61 -104.54  -66.18 0.002
3.00 29.755 19.19 146.822 93.38 -146.y1  -87.42 0.00
4.0C 33.57: 17.6¢ 168.23¢ 99.8¢ -166.2( | -103.1< | 0.001
4.5C 49.05¢ 29.7¢ 262.35! 167.2¢ -266.17 | -160.47 | 0.00C
5.00 47111 23.67 255.234 130.82 -249.46  -166(79 0.00
5.50 45.371 22.59 221.759 107.05 -210.41  -142{37 0.0p0
6.00 44.964 24.95 212.287 101.36 -199.f9 -134{85 0.0p6
6.50 43.370 22.56 198.638 95.81 -185.88  -124|66 0.0p4
7.0C 43.04: 21.3¢ 182.98! 86.4¢ -167.6¢ | -112.2¢ | 0.00C
7.50 41.459 19.63 175.15]] 81.90 -159.88 -107|50 0.0p0
8.00 42.504 18.86 168.864 80.69 -152.13  -100}59 0.90
9.00 40.308 15.52 158.531] 74.52 -141.90  -94.55 0.000
10.00| 40.376 13.67 182.520 79.29 -167.16  -117|13 0.0p1
11.00| 36.794 13.11 164.324 71.88 -150.25 -104}81 0.0p0
12.00| 34.805 12.76 146.774 72.56 -134.88  -89.06 0.00
16.00 | 24.428 12.34 104.547 58.18 -98.62 -61.62 0.001
24.00 | 13.216 8.31 51.136 35.49 -49.26  -26.58 0.0p
36.00 5.030 3.10 16.282 14.21 -15.7f -6.78 0.00
48.00 2.255 1.27 4.969 5.35 -4.42 -1.0 0.0d

Table 10: Pharmacokinetic parameters of Quetiapine

AUC S Half-life
Drug Cmax (ng/ml)| Tmax (h (mg*h/ml) | P value Rate of elimination Kel (1/h 0.5 (h)
Quetiapine 50 mg 49.058 4.5 837.401 0.000 0.07993 8.6
Quetiapine 200m 262.355 4.5 3551.602 0.09207 7.5
CONCLUSION

Accurate, selective and sensitive LC tandem MS ptettor estimation of quetiapine concentrations umian
plasma was developed and validated upon relatiwétie dynamic range, in order to cover all study nmkn
samples from both deferent dosing (50 and 200)athgalidation sections were satisfied for all Epean and US
guidelines for bioavailability studies. This stufiyind that the maximum time of absorption of quatia in human
plasma for both doses is similar, while significand linear increase in the maximum concentratiohigh dose
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was detected. In spite of the elimination time ¢ansof 200 mg dose was a little bit higher thann&® dose, it's
clear that the tolerance of quetiapine was smoatbhyeved.
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