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Abstract

The sensitive method for the simultaneous determination of eight atypical an-
tipsychotic drugs (risperidone, olanzapine, quetiapine, clozapine, ziprasidone,
perospirone, aripiprazole and blonanserin) in human serum has been devel-
oped based on a high-performance liquid chromatography-tandem mass
spectrometry (LC/MS/MS) with electrospray ionization (ESI). The chromato-
graphic separation was performed on a Mightysil-RP-18 MS column (2.0 mm x
150 mm, particle size 3 um). The mobile phase consisted of 10 mM formic
ammonium buffer (pH 6.0) and acetonitrile and was delivered at a flow rate of
0.20 mL/min. The triple quadrupole mass spectrometer was operated in posi-
tive ion mode, and multiple reaction monitoring was used for drug quantifi-
cation. Solid-phase extraction of the eight antipsychotic drugs added to the
human serum was performed with an Oasis HLB extraction cartridges col-
umn. The method was linear for the investigated drugs over the concentration
range of 20 - 100 ng/mL. The recoveries of these drugs were in the range of
81.3% - 140%. The intraday and inter day standard deviation (SD) values for
all analytes were <0.10. Therefore, the selectivity, accuracy and precision of
this method are sufficient for clinical and forensic studies. This simultaneous
screening method will be also applicable to analyze other atypical antipsy-
chotic drugs.
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1. Introduction

The atypical antipsychotic drugs are one of the groups of antipsychotics used to
treat psychiatric conditions. They are prescribed much more frequently now and
became a first-line agent for schizophrenia as they show less side-effect than the
primarily used typical antipsychotic drugs [1]. These drugs are metabolized by
the liver extensively and excreted into the urine in animals and humans.

In forensic toxicology, atypical antipsychotics are of considerable interest be-
cause of their abusive potential such as their involvement in intoxications and
suicides. In recent years, because several new drugs dosed at low levels have also
become available, there has been an increasing need of analytical methods in or-
der to analyze biological samples.

Fatal poisoning due to these drugs is often reported. Because of their combi-
nation misuse or excessive dosage, various intoxication cases have been reported
to date [2] [3] [4] [5]. Therefore, it is important to develop a simple and sensitive
way to analyze these drugs.

Several methods for the determination of atypical antipsychotic drugs using
high-performance liquid chromatography (HPLC) [6], LC/MS and LC/MS/MS
have already been reported [7] [8] [9] [10] [11]. However, the simultaneous de-
termination of eight of them (risperidone, olanzapine, quetiapine, clozapine, zi-
prasidone, perospirone, aripiprazole and blonanserin) using LC/MS/MS has not
been seen.

Here for the first time, we developed a selective and sensitive way to deter-
mine eight atypical antipsychotic drugs at the same time, and a simple method
for solid-phase column extraction of the drugs from human serum using an Oa-

sis' HLB cartridge column.

2. Experimental Procedures
2.1. Chemicals

Eight atypical antipsychotic drugs were examined in this study. Drug standards
for aripiprazole, blonanserin, clozapine, perospironehydrochloride dehydrate
and ziprasidone hydrochloride were purchased from Waco Pure Chemical In-
dustries (Osaka, Japan). Olanzapine, quetiapinehemifumarate and risperidone
were purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Cloza-
pine-d, (internal standard: IS) was purchased from Sigma-Aldrich (Tokyo, Ja-
pan). Normal human serum was purchased from Millipore (Temecula, CA,
USA). Methanol (HPLC grade), water (HPLC grade), acetonitrile (HPLC grade),
acetic acid (analytical grade) and ammonium acetate (analytical grade) were

purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
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Oasis HLB extraction cartridges were purchased from Waters (Milford, MA,

USA). All other chemicals were commercially available and of reagent grade.

2.2. Preparation of the Standard Solutions and Calibration
Standards

Individual stock solutions of the analyte compounds at a concentration of 1
mg/mL were prepared in methanol (stable for at least three months when stored
at —20°C). Serum standards were prepared with concentrations of 20, 40, 60, 80
and 100 ng/mL of each compound by diluting appropriate aliquots of the stock
solution with drug-free serum (normal human serum). The calibration curves
were obtained by simple linear regression analysis of each drug’s concentration
and corresponding peak area ratio. The regression equations for the eight atypi-
cal antipsychotic drugs extracted from human serum are based on the ratio of

peak area of each drug to that of the IS.

2.3. Apparatus and Chromatographic Conditions

LC/MS/MS experiments were performed with an HPLC system, which consisted
of Shimadzu LC-20AD pumps (Shimazu, Kyoto, Japan), a SIL-20ACautosampler
(Columbia, MD, USA) and the 4000QTRAPmass spectrometer (Applied Biosys-
tems, Foster City, CA, USA).

The chromatographic separation was performed on a Mightysil-RP-18 MS
column (2.0 mm x 150 mm, particle size 3 pm; Kanto Chemical Co., Inc., Tokyo,
Japan) with a guard cartridge (2.0 mm). For the gradient elution, two solvents
were used: (A) 10 mM formic ammonium buffer, pH 6.0 and (B) acetonitrile.
The mobile phase composition was held initially at 60% (A) for 20 min and then
changed during the linear gradient elution from 60% (A) to 30% (A) over 10
min. The mobile phase was then returned to 60% (A) over 5 min for the next
run. The flow rate was set to 0.20 mL/min and 10 puL of sample was injected for
each analysis. The column and autosampler were maintained at 37 and 4°C, re-
spectively.

All experiments were conducted in the positive ion electrospray mode. The
TurbolonSpray source was operated at 600°C with the capillary voltage set at
5500 V. Nitrogen was used as the nebulizer gas, curtain gas (40 psi) and collision
gas (4 psi). The collision energy was set between at 20 and 35 V. The instrument
was used in Multiple Reaction Monitoring (MRM) mode (Table 1).

2.4. Extraction Procedure of the Drugs from Human Serum
Using an Oasis®HLB Cartridge Column

The human serum samples were stored at —20°C until analysis. These samples
were analyzed to determine possible endogenous interferences and were used as
“blanks”. An Oasis HLB cartridge column with a capacity of 1 mL was placed in
an Agilent VacElut system (Agilent Technologies, CA, USA). Each column was
activated by washing with 1 mL of methanol followed by 1 mL of water.
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Table 1. Retention time and tandem mass spectrometry parameters of atypical antipsy-
chotic drugs.

Retention time

Drugs (min) MW Precursor ion® Product ion
Risperidone 2.66 410.49 411 191
Olanzapine 423 312.44 313 256, 84, 213, 282
Quetiapine 4.78 383.51 384 253,279, 158
Clozapine 5.59 326.82 328 271,84, 297, 229,
252
Ziprasidone 5.77 412.94 414 194, 177, 221
Perospirone 6.60 426.57 427 177, 208, 167, 251
Aripiprazole 8.64 448.39 449 286, 176, 219
Blonanserin 16.97 367.50 368 297, 325,98
Clozapine-dj (IS) 5.53 330.15 331 272

QL.

Five microliters of phosphoric acid and 500 pL of water were added to 1.0 mL
of human serum containing 20 - 100 ng of each of the eight atypical antipsy-
chotic drugs and 100 ng clozapine-d, (IS). The mixture was applied to the Oasis’
HLB cartridge column and allowed to pass through. The column was then
washed with 1 mL of 2% ammonium hydroxide in a 10% methanol solution. The
atypical antipsychotic drugs were eluted with 1 mL of a methanol: 2% acetic acid
(70:30) solution. The eluent was dried under N, gas at 40°C. The residue was
dissolved in 200 uL of mobile phase, and an aliquot (10 uL) was then analyzed by

the chromatographic system.

2.5. Linearity, Accuracy, Precision, and Recovery

For the evaluation of the linearity of the standard calibration curve, the analyses
of the eight atypical antipsychotic drugs in serum samples were performed on
three separate days using freshly prepared samples and solutions. The calibra-
tion curves were prepared over a linear range of 20 - 100 ng/mL using five con-
centrations (20, 40, 60, 80 and 100 ng/mL).

The intraday assay precision and accuracy were obtained by analyzing six ali-
quots of the quality control samples in duplicate using a calibration curve con-
structed on the same day. The inter day assay precision and accuracy were eva-
luated by six replicate determinations for each concentration with solutions
made on different days. The recoveries were calculated by comparing the chro-
matographic peak areas obtained from the extracts of the serum samples (con-
taining the eight atypical antipsychotic drugs and the IS) with those obtained by

extracting the drugs from water instead of serum.

2.6. Stability

The stability of the eight atypical antipsychotic drugs and the IS in serum was
investigated at various concentrations. Freshly prepared samples were evaluated
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at room temperature, 4°C and —20°C over 14 days. The freeze/thaw stability was
determined after three freeze/thaw cycles. Stability tests were assessed by ana-

lyzing two replicates for each sample.

2.7. Limits of Detection and Quantification (LOD and LOQ)

The limit of detection (LOD) was determined from the injection volume re-
quired to produce a peak with a signal/noise ratio of at least 3:1. The limit of
quantification (LOQ) is the lowest concentration on the standard curve which
can be measured with acceptable accuracy (standard deviation, SD < 0.10). The
LOQ for the eight drugs in serum was determined by LC/MS/MS with ESI after
solid-phase extraction (Oasis HLB).

3. Results and Discussion
3.1. Selectivity and Chromatography

Clear separation peaks of eight drugs by LC/MS/MS were seen on the chroma-
tograms (Figure 1). The positive ion electrospray mode was selected, optimal
collision energies were optimized for each drug (Figure 2). All precursor ion
(Q1) of eight drugs showed the [M + H]". The [M + H]" ion peak was detected
clearly and product ion were obtained in the mass spectrum of each drug, with a

sufficient detection sensitivity (Table 1, Figure 2).

3.2. Linearity, Accuracy, Precision, and Recovery

The calibration curve (the ratio of the peak area and the concentration of each
drug) was linear over the concentration range of 20 - 100 ng/mL. The coeffi-
cients of determination (r) from the regression analyses of the drugs were be-
tween 0.9177 and 0.9986 (Table 2).

Nirogi R. V. et al. [11] developed a method for the determination of atypical
antipsychotic drug in human plasma by LC/MS/MS with ESI. Following lig-
uid-liquid extraction, the recovery was approximately 85.5% (£1.9%) for olanza-
pine.

In the our LC/MS/MS with ESI method for simultaneous determination of
eight atypical antipsychotic drugs, the SD values were always lower than 0.10 for
the intraday, inter day and total assay reproducibility, showing the acceptable
precision of this method. No significant interferences were also observed at the
retention times of the analytes and IS, indicating its high selectivity. The recove-
ries of the drugs were ranged from 81.3% to 140% (Table 3) and the matrix ef-

fect was insignificant.

3.3. Stability

A stability study was conducted to determine the best storage temperature for
the serum samples. The results indicated that the eight drugs and the IS were
stable up to 12 h at room temperature. Furthermore, these drugs were stable up

to three weeks when stored at 4°C and —20°C. Therefore, all extracted samples
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Figure 1. Chromatograms of atypical antipsychotic drugs (50 ng/mL). Column: Mightysil-RP-18 MS

column (2.0 mm X 150 mm, particle size 5 um); 1: risperidone, 2: olanzapine, 3: quetiapine, 4: cloza-

pine-d,, 5: clozapine, 6: ziprasidone, 7: perospirone, 8: aripiprazole, 9: blonanserin.

were stored refrigerated at 4°C for same-day analysis, whereas serum samples
were frozen at —20°C until they were analyzed by LC/MS/MS.

3.4.LOD and LOQ

The LODs of risperidone, olanzapine, quetiapine, clozapine, ziprasidone, peros-
pirone, aripiprazole and blonanserin were 0.00071, 0.031, 0.015, 0.046, 0.017,
0.0057, 0.012 and 0.027 ng/mL, respectively and the LOQs of the eight drugs
were 20.0 ng/mL (Table 3).
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Figure 2. Mass spectra of atypical antipsychotic drugs obtained with LC/MS/MS. *CE: Collision Energy.
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Table 2. Calibration curves of eight atypical antipsychotic drugs.

Drug Range (ng/mL) Curve r
Risperidone 20.0 - 100.0 y=0.0135x + 0.139 0.9936
Olanzapine 20.0 - 100.0 y = 0.0696x — 0.00557 0.9968
Quetiapine 20.0 - 100.0 y = 0.0445x + 0.0165 0.9986

Clozapine 20.0 - 100.0 y=0.012x — 0.0849 0.9941
Ziprasidone 20.0 - 100.0 y = 0.00752x - 0.0000295 0.9950
Perospirone 20.0 - 100.0 y =0.0056x + 0.0512 0.9977
Aripiprazole 20.0 - 100.0 y =0.00301x — 0.0932 0.9177
Blonanserin 20.0 - 100.0 y =0.0122x - 0.0854 0.9794

Table 3. Recoveries, precision, limit of detection (LOD) and quantification (LOQ) of
eight atypical antipsychotic drugs in human serum by LC/MS/MS.

Recovery (n = 6)

Drugs Amount Average LoD LoQ
SD (ng/mL) (ng/mL)
added (ng) (%)
Risperidone 50.0 97.0 0.086 0.00071 20
Olanzapine 50.0 83.7 0.055 0.031 20
Quetiapine 50.0 94.6 0.024 0.015 20
Clozapine 50.0 95.0 0.060 0.046 20
Ziprasidone 50.0 81.3 0.028 0.017 20
Perospirone 50.0 106 0.029 0.0057 20
Aripiprazole 50.0 140 0.044 0.012 20
Blonanserin 50.0 103 0.042 0.027 20

These results suggest that the detection sensitivity of this method is acceptable
for the determination of therapeutic concentrations of these drugs (for example,
therapeutic concentration of risperidone is 0.002 - 0.02 ug/mL).

Fisher D.S. et al [8] developed a method for the determination of some anti-
psychotic drugs (olanzapine, quetiapine, clozapine and aripiprazole) in human
plasma and serum by LC/MS/MS. Koo T. S. et al [10] developed a method for
the determination of atypical antipsychotic drug in rat plasma by LC/MS/MS.
The LOQ was approximately 2.0 ng/mL for lurasidone. Nirogi R. V. et al. [11]
developed a method for the determination of atypical antipsychotic drug in hu-
man plasma by LC/MS/MS with ESI. The LOQ was approximately 0.1 ng/mL for
olanzapine. Our LC/MS/MS with ESI method was developed for simultaneous
determination of eight atypical antipsychotic drugs. The method was able to
measure compounds at approximately the same concentrations as the analytical
methods of Koo T. S. et al, Nirogi R. V. et al. and Fisher D. S. et al [8] [10] [11].
In our experiments, the LOQs in serum were 20 ng/mL for risperidone, olanza-
pine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole and blonan-

serin.
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4. Conclusions

In gas chromatography-mass spectrometry (GC/MS) analysis, it is necessary to
gasify the sample and the analyzable samples are limited to relatively low mole-
cular gas, volatile compound or thermally stable compound. In LC/MS/MS, it is
possible to analyze difficult to volatile compounds and thermally unstable com-
pounds as long as they are dissolved in the mobile phase, which has the advan-
tage that the application range of analytical samples is wider than GC/MS [12].
We developed a sensitive and specific LC/MS/MS method for the simultane-
ous detection and quantification of eight atypical antipsychotic drugs (risperi-
done, olanzapine, quetiapine, clozapine, ziprasidone, perospirone, aripiprazole
and blonanserin) in human serum. Samples were treated prior to the analysis, by
solid-phase extraction with an Oasis HLB cartridge column. By using this me-
thod, samples were separated with sufficient sensitivity, precision and accuracy
and will be useful for the determination of the blood levels of atypical antipsy-

chotic drugs in clinical and forensic investigations.
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