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a b s t r a c t

A validated, accurate and sensitive LC–MS/MS method for determination of olanzapine and its metabolite
N-desmethylolanzapine has been developed. The analytes were quantified by tandem mass spectrometry
operating in positive electrospray ionization mode with multiple reaction monitoring. Olanzapine and
desmethylolanzapine were extracted from serum or cerebral spinal fluid samples, 200 �l, with tert-butyl
methyl ether using olanzapine-D3 as internal standard. Calibrations for olanzapine and desmethylolan-
eywords:
lanzapine
-desmetylolanzapine
erum
erebrospinal fluid

zapine were linear within the selected range of 0.2–30 ng/ml (6–96 nM) in cerebral spinal fluid and for
olanzapine in plasma, in the range of 5–100 ng/ml (16–320 nM). The method was successfully used for
the analysis of samples from patients treated with olanzapine in the dose range of 2.5–25 mg/day.

© 2010 Elsevier B.V. All rights reserved.
andem mass spectrometry
C–MS/MS

. Introduction

Olanzapine (OLZ) is an atypical antipsychotic agent with
hienobenzodiazepinyl structure (Fig. 1). It has efficacy against both
ositive and negative symptoms of schizophrenia [1,2] and has
ecently been suggested to be also useful during acute manic and
he maintenance phase of bipolar disorder [3]. The side-effect pro-
le is characterized by a low degree of extra-pyramidal side-effects
1,2] and a low risk of tardive dyskinesia [4] but an increased risk
f metabolic abnormalities [5].

Following oral administration, OLZ is predominantly metab-
lized to 4′-N-desmethylolanzapine (DMO) via the cytochrome
-450 (CYP) 1A2 isoenzyme and to OLZ-N-oxide via a flavin-
ontaining mono-oxygenase (FMO3) [6]. The two most impor-
ant phase-II reactions include glucuronidation to OLZ-10-N-

lucuronide and to OLZ-4′-N-glucuronide. 10-N-glucuronide is the
ost abundant circulating metabolite at steady state after repeated

ral dosing but DMO is the most commonly investigated OLZ
etabolite.

∗ Corresponding author at: Department of Forensic Genetics and Forensic Toxi-
ology, National Board of Forensic Medicine, Artillerigatan 12, SE-58133 Linköping,
weden. Tel.: +46 13 252323; fax: +46 13 104875.

E-mail address: martin.josefsson@rmv.se (M. Josefsson).
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OLZ shows a large inter-individual variability in serum concen-
trations adjusted for dose (C/D) [7]. Analysis of OLZ concentrations
in serum (therapeutic drug monitoring, TDM) is therefore a poten-
tially useful tool for dose optimization, especially in patients
developing adverse drug effects, with suboptimal response or
potential drug interaction problems. However, the pharmacolog-
ical effects of OLZ could be expected to be more closely related to
its concentrations at the site of action, i.e. in the central nervous
system (CNS), than in serum. In general, there are only few studies
on the relationship between serum and cerebrospinal fluid (CSF)
concentrations of antipsychotics in man [8]. Such data would be
important in light of the recent findings on the potential impor-
tance of active transport proteins such as P-glycoprotein, for the
penetration of drugs into CNS [9]. Several methods have been
published for the analysis of OLZ in plasma or serum (human or
animal), using high-performance liquid chromatography (HPLC)
with ultraviolet (UV) [10], electrochemical (EC) [7,11–13] and,
more recently, sensitive and specific tandem mass spectrometric
detection (MS/MS) [14–17]. Moreover, for TDM use, a single state
LC–MS method has recently been used [18]. In some of the meth-

ods reviewed several other antipsychotic drugs have been analysed
[10,14,17,18] while methods for OLZ and its metabolites are few
[7,13,15]. Methods for the analysis of drugs in CSF are in general
rare, and, to the knowledge of the authors, no method has yet
been published for OLZ in CSF. In a previous paper a LC–MS/MS

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:martin.josefsson@rmv.se
dx.doi.org/10.1016/j.jpba.2010.03.040


M. Josefsson et al. / Journal of Pharmaceutical an

F
a

m
n
I
c
L
r
t
i
m
t
o
t
s
i
o
t
[
n
w
w
p
b
a
o
m
i
i
w
y
i
b
a
m

2

2

e

formance Liquid Chromatographic system (UPLC), equipped with a
ig. 1. Structures. Olanzapine (OLZ), N-desmethylolanzapine (DMO) and the deuter-
ted internal standard olanzapine-D3 (OLZ-D3)

ethod was described for 20 different antipsychotics and a great
umber of their metabolites in human blood, urine and hair [19].

n this multi-target method OLZ was less retained than the other
ompounds and showed unfavourable peak shape. Recently, an
C–MS/MS method for five antipsychotic drugs, including OLZ, in
at plasma [17] was adapted to rat brain tissue [20]. In an applica-
ion for human autopsy cases OLZ was determined by LC–MS/MS
n whole blood [21]. Interferences from complex sample matrices

ay cause either enhancement or suppression in the ionization of
he target analyte and may affect precision, sensitivity and accuracy
f the method [22]. Thus, even if LC–MS/MS is considered a selec-
ive and sensitive tool for quantitative determinations of drugs,
ample clean up most often is required for the analysis of bioflu-
ds. Different strategies have been used for sample preparation
f OLZ including simple precipitation [21], liquid–liquid extrac-
ion (LLE) [7,10,12,14,16,17,20], and solid phase extraction (SPE)
11,13,15,18,19] but LLE is by far the most frequently used. Sig-
ificant matrix effects were shown with electrospray LC–MS/MS
hen mixed-mode SPE was used for sample preparation of plasma
ith various anticoagulant agents [15]. Moreover, in some studies
roblems with stability of OLZ in plasma at room temperature have
een described [14,17]. In other studies, problems with adsorption
nd instrument carry over have been observed [21]. For studies
f drug transport over the blood–brain barrier sensitive analytical
ethods are required and co-determination of the parent drug and

mportant metabolites is desirable. In a clinical study investigat-
ng patients with schizophrenia or schizoaffective disorder treated

ith olanzapine as the only antipsychotic drug, we aimed to anal-
se the concentrations of olanzapine and its desmethyl metabolite
n serum and CSF. The concentrations of the drug were expected to
e significantly lower in CSF than in serum and thus not quantifi-
ble by the routine HPLC methods. Therefore, a novel LC–MS/MS
ethod was developed for this purpose, as described in this paper.

. Experimental
.1. Chemicals, reagents and reference compounds

Acetonitrile and methanol, gradient grade, tert-butyl methyl
ther and formic acid (98%, 25.5 M) were purchased from Merck
d Biomedical Analysis 53 (2010) 576–582 577

(Darmstadt, Germany). Tris(hydroxymethyl)aminomethane (TRIS)
and sodium hydroxide, both analytical-reagent grade, were pur-
chased from Merck as well. Ammonium formate, analytical-reagent
grade, was purchased from Fluka (Buchs, Schwitzerland). Deion-
ized water purified with a Milli-Q Gradient grade water purifying
system (Millipore Corporation, Bedford, MA), was used.

The reference compounds olanzapine (OLZ) (M.W. 312.4 g/mol)
and N-desmethylolanzapine (DMO) (M.W. 298.4 g/mol) were
purchased from Lilly Research Lab. (Indianapolis, IN) and
olanzapine-D3 (OLZ-D3) from Molcan Corporation (Toronto, ON,
Canada). Structures are shown in Fig. 1.

2.2. Solutions

Ammonium formate stock solution (1 M) was prepared by dilu-
tion of 12.6 g ammonium formate salt in 200 ml Milli-Q water.
Ammonium formate mobile phase buffer (10 mM, 0.05% formic
acid) was prepared by dilution of 5 ml ammonium formate stock
solution and 250 �l formic acid (98%) to a final volume of 500 ml.
TRIS buffer (pH 11 ± 0.2, 1 M) was prepared by dilution of 121.1 g
tris(hydroxymetyl)aminomethane in 900 ml Milli-Q water, and
after pH adjustment with HCl or NaOH, water was added to a final
volume of 1000 ml.

Stock solutions of the reference compounds were prepared at
1.0 mg/ml in methanol.

Working solutions were prepared as mixtures of OLZ and DMO
at 0.01, 0.1 and 1.0 �g/ml in methanol. The internal standard was
prepared at 1.0 �g/ml in methanol.

For the infusion studies on the LC–MS/MS instrument, working
solutions at 0.2 �g/ml were freshly prepared for each analyte indi-
vidually in methanol and ammonium formate (pH 3, 20 mM) (1:1,
v/v).

2.3. Samples

Plasma was used for preparation of standards and quality
controls since human blank serum was not available in higher
quantities. Drug-free plasma, collected from healthy volunteers,
was purchased from the local University Hospital (Linköping, Swe-
den). CSF standards were prepared in plasma diluted 1:10 (v/v)
with water. OLZ free reference samples of CSF were collected from
patients (n = 6) during brain surgery and drug-free plasma from
healthy volunteers from the laboratory staff (n = 6). Serum and
CSF samples were collected from patients with schizophrenia or
schizoaffective disorder, treated with olanzapine (Zyprexa®) as the
only antipsychotic drug, at steady state conditions. The daily doses
ranged from 2.5 to 25 mg. The selected 12 patients were 6 men and
6 women, aged 26–50 years (median 37 years) and a body mass
index (BMI) of 19–29 kg/m2 (median 24 kg/m2). The study design
and patient characteristics are described in detail elsewhere [22].

The Ethics Committee of the Medical Faculty of Linköping Uni-
versity, Sweden, the Swedish Medical Products Agency and the
Swedish Data Inspection Board approved the collection of patient
samples. All patients gave written informed consent before inclu-
sion in the study.

2.4. Instrumentation

An electrospray liquid chromatography–tandem mass spec-
trometry system (ESI-LC–MS/MS) for gradient chromatography
was used. The instrumentation consisted of an Acquity, Ultra Per-
solvent manager, a sample manager and a column manager for han-
dling of four columns (Waters, Milford, MA). Mass detection was
performed on an API 4000 triple quadrupole instrument equipped
with an electrospray interface (TURBO VTM source, TurbolonSpray®
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ig. 2. LC–MS/MS chromatograms. Ion chromatograms for olanzapine (OLZ) an
lasma/serum and 0.2 ng/ml (6 nM) for cerebrospinal fluid (CSF), respectively.

robe) operating in positive ion mode (Applied Biosystem/MSD
ciex, Stockholm, Sweden). The interface probe was set at 500 ◦C
nd the ion-spray needle was operated at +5000 V. Nitrogen was
sed as nebulizer gas (172 kPa), auxiliary gas (345 kPa), curtain
as (207 kPa), and as Collision Activated Dissociation gas, CAD
set on 5). Instrument control, integration, and calculation were
erformed using AnalystTM 1.4.2 software. Infusion experiments

or multiple reaction monitoring (MRM) optimizations and ion-
uppression studies were performed with a Harvard Apparatus II
lus syringe pump (Hollston, MA) at a flow rate of 10 �l/min. High-
erformance liquid chromatography (HPLC) was carried out on a
ynergi Hydro-RP 50 mm × 2 mm i.d., 2.5 �m (Phenomenex, Tor-
esmethylolanzapine (DMO) at the lowest calibration level, 5 ng/ml (16 nM) for

rance, CA) equipped with an Opti-Solv 2 �m column inlet filter
(Optimize, Portland, OR). Sample volumes of 2 �l were injected, fol-
lowed by a 0.5-ml strong needle wash consisting of 2% formic acid
in methanol/acetonitrile/2-propanol/water (25/25/25/25, v/v/v/v)
and a 1.0-ml week needle wash consisting of formic acid (0.1 M)
in methanol (50/50, v/v). The mobile phases consisted of ammo-
nium formate buffer (10 mM) with 0.05% formic acid for solvent A

and methanol with 0.05% formic acid for solvent B. A linear gra-
dient chromatography from 0% to 60% B-phase over 2.5 min was
run. Total runtime including wash and reconditioning was 4 min. A
flow rate of 0.3 ml/min at 40 ◦C was used. Reference chromatograms
are shown in Fig. 2 and the retention times in Table 1. An MRM
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ig. 3. Ion-suppression profiles. Ion chromatograms for olanzapine (OLZ) and N-des
erum samples (bottom) compared with blank injections.

ethod was prepared including the three most intense transitions
or OLZ, DMO and the internal standard OLZ-D3, Table 1. The most
ntense transition was used for quantification while the remaining
wo transitions could be used as qualifiers, Fig. 2. Matrix effects on
he ESI signal during chromatography were investigated with an
nstrumental set-up with post-column infusion of the test analyte.
he extracted ion chromatograms (XICs) from each transition were
nvestigated individually, Fig. 3.
.5. Preparation of samples and quality controls

To 200 �l sample, serum/plasma or CSF, 25 �l of IS (OLZ-D3,
�g/ml) and 100 �l TRIS buffer (1 M, pH 11) were added. The sam-

able 1
RM transitions and retention times (Rt). Optimized collision energy (CE) and col-

ision exit potential (CXP) at a declustering potential (DP) of 100 V, an entrance
otential (EP) at 14 V and a dwell time for each transition of 20 ms.

Analyte Transition Q1/Q3 CE (V) CXP (V) Rt (min)

Molecular ion Fragment ion

OLZ quantifier 313 256 32 15 2.1
OLZ qualifier-1 313 198 56 11 2.1
OLZ qualifier-2 313 213 42 11 2.1

DMO quantifier 299 256 34 15 1.9
DMO qualifier-1 299 198 51 11 1.9
DMO qualifier-2 299 213 38 11 1.9

OLZ-D3 316 256 33 15 2.1
OLZ-D3 316 198 55 11 2.1
OLZ-D3 316 213 41 11 2.1
ylolanzapine (DMO) from injections of reference cerebrospinal fluid (CSF) (top) and

ples were vortex-mixed for 10 s and 2 ml of tert-butyl methyl ether
was added as extraction solvent. After 10 min of horizontal shak-
ing, the mixture was centrifuged at 4169 × g for 10 min. The organic
phase was then transferred to clean 10-ml conical glass tubes and
evaporated to dryness under nitrogen at 40 ◦C in a TurboVap LV
(Zymark, Hopkinton, MA) evaporator. Residues were reconstituted
in 50 �l 20% methanol in water. A 2-�l aliquot was injected into
the LC–MS/MS. With each batch of samples, a set of controls was
prepared and analysed. To 1 ml plasma reference compounds were
added at a low concentration, LQC (7 ng/ml,), at medium level, MQC
(35 ng/ml) and at high level, HQC (70 ng/ml). To 1 ml CSF reference
(10% plasma in water) the reference compounds were added at a
low concentration, LQC (0.4 ng/ml), at medium level, MQC (4 ng/ml)
and at high level, HQC (15 ng/ml). Controls were then treated as
authentic samples.

For estimations of extraction recovery, spiked human plasma
and CSF reference (10% plasma in water) was used. Reference com-
pounds were added in five replicates at a low and a high level
for plasma (7 and 70 ng/ml) and CSF reference (1.5 and 15 ng/ml),
respectively. For ion-suppression studies, test samples (serum and
CSF) from six different individuals were analysed. Test samples
were then treated as authentic samples before injection.

2.6. Calibration
For quantitation, calibration samples were prepared in human
drug-free plasma or CSF reference (10% plasma in water) by addi-
tion of the reference compound mixture (OLZ and DMO) to final
concentrations of 5, 10, 20, 40, 60, 80 and 100 ng/ml in plasma,
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Table 2
Validation data. Precision and accuracy for olanzapine (OLZ) and N-desmethylolanzapine (DMO) determined for quality control (QC) samples.

Analyte Added concentration, ng/ml (nM) Within-day (n = 5) Between-day (n = 8)

Found concentration (ng/ml) CV (%) Accuracy (%) Found concentration (ng/ml) CV (%) Accuracy (%)

Plasmaa

OLZ
7 (22) 7.02 ± 0.05 0.7 100 6.06 ± 1.3 22 87

35 (112) 36.5 ± 0.9 2.5 104 33.0 ± 4.6 14 94
70 (224) 70.2 ± 1.8 2.5 100 66.2 ± 4.6 14 94

DMO
7 (23) 6.33 ± 0.48 7.6 91 8.24 ± 1.9 23 117

35 (117) 34.2 ± 3.5 10 98 37.7 ± 7.0 18 107
70 (235) 79.5 ± 6.3 7.9 114 78.5 ± 11.5 14 112

CSF

OLZ
0.4 (1.3) 0.40 ± 0.02 5.9 100

4 (13) 3.47 ± 0.18 4.8 97
15 (48) 14.7 ± 1.3 7.1 106

0. 4 (1.3) 0.36 ± 0.07 19 90
7.7

12
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DMO 4 (13) 3.47 ± 0.27
15 (50) 14.7 ± 1.7

a QC prepared in plasma, used for analysis of serum samples.

nd 0.2, 0.5, 2, 5, 10, 20, 30 ng/ml in CSF reference, representing
alibration ranges of 16–320 nM in plasma and 6–96 nM in CSF,
espectively. Standard samples for calibration were then treated as
uthentic samples and control samples.

. Results and discussion

.1. Method outline

A sensitive HPLC assay for OLZ and DMO with electrochemical
etection was used in a previous work [7]. However, 4% of the sam-
les in that TDM study were excluded due to technical problems
uch as interferences and for the analysis of the drug in CSF, a lower
imit of detection below 5 nM (1.5 ng/ml) was needed.

Therefore, a selective chromatography was developed for OLZ
nd DMO with sufficient separation from interfering matrix
omponents. According to our previous experience, the sulphur
ontaining OLZ is more difficult to retain than other related antipsy-
hotics such as clozapine, and peak shapes are often bad [19]. By
hanging chromatography from a Zorbax Stable Bond Cyano col-
mn (50 mm × 2.1 mm i.d., 3.5 �m) previously used to a Synergi
ydro-RP column (50 mm × 2 mm i.d., 2.5 �m), retention and peak
erformance were improved. In both cases acidic mobile phases
ith methanol were found to be the best choice. Sub-2 �m particles

or high resolution LC were not available for the Synergi Hydro-
P material but peak performance was found better than on other
cquity sub-2 �m materials tested. By using tandem MS a specific
etection was achieved. Three transitions based on fragments of the
arent ion were included in the assay but only the most abundant
ransition was used for quantifications. The remaining transitions
ould be used as confirmation ions (qualifiers). In this controlled
tudy no qualifier ratio was used for identification.

Initially, during method development when no deuterated OLZ
tandard was commercially available, Mianserine-D3 was used
s internal standard and poor precision was seen, probably due
o uncontrolled adsorption of OLZ and DMO on surfaces during
ample preparation and analysis. Moreover, severe carry-over was
bserved in the autosampler, indicating that OLZ and DMO are
dhesive compounds. Similar results have recently been reported
y others [21]. By changing the injection procedure, e.g. reducing

eedle overfill volume and increasing the needle wash volumes
strong and weak wash) carry over was markedly reduced but not
ompletely avoided. Thus, blank samples were run between every
nknown sample in the sequences. Carry-over of less than 0.2% for
LZ and 0.3% for DMO was seen in the blank samples after the HQC
87
98

samples. Moreover, by changing internal standard to OLZ-D3 the
precision was improved, more so for OLZ than for DMO.

3.2. Validation

3.2.1. Linearity and sensitivity
Calibration showed good linear response in the range of

0.2–30 ng/ml (6–96 nM) in CSF for both OLZ (r > 0.999) and
DMO (r > 0.998). In plasma linear response was achieved for
OLZ (r > 0.998) in the range of 5–100 ng/ml (16–320 nM) while a
quadratic curve fit was used for DMO (r > 0.993). In all cases stan-
dards at seven levels were used. Calibration was stable over several
days and the same calibration was used for between-day precision
studies. LOQ (signal-to-noise peak to peak ≥10) was estimated from
replicates of the lowest standard samples used for calibration and
was found to be 0.3 ng/ml for OLA and 0.9 ng/ml for DMO in plasma
and 0.1 ng/ml for OLA and 0.3 ng/ml DMO in CSF.

3.2.2. Precision and accuracy
Precision and accuracy measurements for OLZ and DMO were

acquired from the analysis of QC samples at three levels in plasma
(7, 35 and 70 ng/ml) and CSF (0.4, 4 and 15 ng/ml), Table 2. For
OLZ the within-day precision (CV) was equal or better than 7% in
plasma and CSF while the precision for DMO was within 7–19%. A
higher, but still acceptable, CV (19%) was achieved for DMO in the
LQC samples (0.4 ng/ml) in CFS since this concentration was close
to the LOQ for the method. Moreover, the better precision shown
for OLZ was due to the use of the corresponding deuterated internal
standard (i.e. OLZ-D3), not available for DMO. In this study, histor-
ical calibrations were used. Between-day precision data (with CV
14–23%) was based on concentrations calculated from the calibra-
tion curves generated day one. These CVs are somewhat higher than
what usually found in comparable methods for less adhesive com-
pounds. Most likely, better precision would have been achieved if
daily calibrations had been used.

The accuracy was 100–104% for OLZ and 91–114% for DMO in
plasma, and 97–106% for OLZ and 87–98% for DMO in CSF, in within-
day measurements. Lower accuracies were found for DMO at low
concentrations which could be explained by losses from adsorp-
tion on surfaces that were not compensated for by a corresponding

deuterated internal standard.

3.2.3. Recovery, matrix effect and stability
Relative recoveries were estimated from mean values of five

replicates at high and low QC level. Recoveries of 107% (7 ng/ml)
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F M (22 ng/ml) olanzapine (OLZ) and 23 nM (7.0 ng/ml) N-desmethylolanzapine (DMO) in
s (CSF), respectively.
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ig. 4. Authentic sample. Ion chromatograms from an authentic sample, with 70 n
erum, and 12 nM (3.6 ng/ml) OLZ and 7 nM (1.8 ng/ml) DMO in cerebrospinal fluid

nd 85% (70 ng/ml) were found in plasma and 75% (1.5 ng/ml) and
1% (15 ng/ml) in CSF, respectively.

No matrix effects were observed when drug-free reference sam-
les, plasma or CFS, were injected during constant infusion of OLZ
nd DMO. Ion-suppression profiles are shown in Fig. 3.

Previous studies have shown that OLZ is stable in human plasma
amples, without any added preservatives, for at least 12 months at
20 ◦C while a decrease with approximately 30% in total was seen

or DMO (unpublished work). For OLZ and DMO losses of <10% and
3%, respectively, were seen after one freeze/thaw procedure. How-
ver, after two additional freeze/thaw cycles no further losses were
een. In the present study samples were stored at −80 ◦C before
nalysis and no severe degradation has been observed in samples
hat have been re-analysed. Sample extracts, however, were not
table for re-analysis after one freeze/thaw procedure or storage
4 h in refrigerator +4 ◦C. Losses were especially pronounced for
MO.

.3. Application for authentic samples
The method was successfully applied for the analysis of serum
nd CSF from patients treated with OLZ doses ranging from 2.5
o 25 mg/day. Chromatograms from the analysis of serum and CSF
amples from a representative patient at a dose of 10 mg are shown
n Fig. 4. No interferences in the extracted ion-chromatogram or

able 3
atient data. Concentrations of olanzapine (OLZ) and N-desmethylolanzapine (DMO) foun

Patient Dose (mg) Serum

OLZ (nM) DMO (nM) DM

Pat 26 2.5 11 9 (0.7
Pat 01 2.5 28 10 0.37
Pat 27 5 30 10 0.32
Pat 05 5 80 13 0.17
Pat 08 10 54 22 0.41
Pat 13 10 65 32 0.50
Pat 30 15 119 29 0.24
Pat 23 15 126 26 0.21
Pat 03 20 81 20 0.25
Pat 17 20 171 51 0.30
Pat 04 25 101 40 0.39
Pat 06 25 226 58 0.26

Mean 91 27 0.31
Min 2.5 11 9 0.17
Max 25 226 58 0.50

utlying result between brackets not included in statistics.
Fig. 5. Patient data. Correlation of olanzapine (OLZ) concentrations found in serum
and cerebrospinal fluid (CSF) in 12 patients.

severe ion suppression on the internal standard signal were seen.
With few exceptions, all measurements were within the calibra-
tion range of the method for both OLZ and DMO in serum and CSF,
Table 3 and Fig. 5. OLZ and DMO concentrations found in serum
were in accordance with previously described concentrations in
TDM data [7]. As expected, lower concentrations were found in CSF

compared with serum. Especially the concentrations of DMO in CSF
were low and as described in 3.2 the precision of the measurements
was lower for DMO than for OLZ. OLZ serum concentration corre-
lated to the daily dose with tenfold higher concentrations found in

d in serum and cerebrospinal fluid (CSF) in 12 patients treated with olanzapine.

CSF

O/OLZ ratio OLZ (nM) DMO (nM) DMO/OLZ ratio

8) 1.8 �LOQ –
3.4 2.4 0.71
4.6 0.5 0.10
8.1 0.5 0.06
7.6 2.4 0.31
5.5 6.2 1.12

17 1.7 0.10
20 5.4 0.27
11 3.3 0.30
19 10 0.53
10 2.4 0.24
22 4.0 0.18

11 3.2 0.36
1.8 0.5 0.06

22 10 1.12
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atients treated with 25 mg compared with patients treated with
.5 mg. Correlation between serum and CSF OLZ concentrations was
een, Fig. 5. High correlation between serum and CSF OLZ is desir-
ble when discussing the concentration–effect relationship and the
oncept of therapeutic drug monitoring of OLZ. The DMO/OLZ ratio
n serum was not dose dependent and ranged moderately between
ndividuals (from 0.17 to 0.50). The concentrations of DMO in CSF
aried more than those of OLZ. The CSF DMO concentrations, how-
ver, were low and close to the lower limit of quantification in many
atients. The limited analytical precision with respect to CSF DMO
oncentrations cannot be excluded as a cause of these findings.

The method has recently been successfully applied in a larger
linical study examining the relationship between OLZ and metabo-
ite concentrations in serum and CSF in patients with schizophrenia
r schizoaffective disorder [23]. In this study the influence of gen-
er, age, smoking and pharmacogenetics were investigated.

. Conclusion

A sensitive and specific LC–MS–MS method for OLZ and its
etabolite DMO was developed for human serum and CSF. By using
deuterated internal standard, acceptable precision was achieved.
he method could successfully be used for the analysis of samples
rom patients with daily doses varying between 2.5 and 25 mg. To
ur knowledge, this is the first published method applied for analy-
is of the very low concentrations of OLZ and DMO found in human
SF. The method has been applied in a larger clinical study examin-

ng the relationship between OLZ and metabolite concentrations in
erum and CSF and the factors influencing it. CSF concentration data
re also of interest from a clinical point of view when dose–effect
elationships are addressed.
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