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a b s t r a c t

A novel analytical approach has been developed for the determination of clozapine and its metabolites
in dried blood spots on filter paper, using a chromatographic method coupled with a microextraction
by packed sorbent procedure. The analytes were separated on a RP-C18 column using a mobile phase
composed of 20% methanol, 16% acetonitrile and 64% aqueous phosphate buffer. Coulometric detection
eywords:
lozapine
etabolites
igh-performance liquid chromatography
icroextraction by packed sorbent

was used, setting the guard cell at +0.050 V, the first analytical cell at −0.200 V and the second analytical
cell at +0.500 V. Clozapine and its metabolites were extracted from dried blood spots with phosphate
buffer and, then, a microextraction by packed sorbent procedure for the sample clean-up was imple-
mented obtaining good extraction yields. The calibration curve was linear over the 2.5–1000 ng mL−1

blood concentration ranges for all the analytes. The method validation gave satisfactory results in terms
of sensitivity, precision, selectivity and accuracy. The analytical method was successfully applied to dried

psych
ried blood spots blood spots from several

. Introduction

In the last few decades, several drugs for the treatment of men-
al illness such as schizophrenia have been introduced in therapy,
otably improving the quality of life of psychiatric patients [1].
breakthrough in the treatment of schizophrenia was achieved
ith the introduction of clozapine (8-chloro-11-(4′-methyl-1-
iperazinyl)-5Hdibenzo[b,e]-[1,4]-diazepine, CLZ, Fig. 1a) the
arent drug of the so-called “atypical” antipsychotics. CLZ is very
ffective against both the negative and positive symptoms of
chizophrenia and has been successfully used in patients who
re “non-responder” to the classical neuroleptic drugs [2]. More-
ver, the off-label use of CLZ has been reported in the treatment
f psychosis in L-Dopa treated patients [1]. The main active
etabolite of CLZ, formed upon interaction with cytochrome

450, is N-desmethylclozapine (DMC, Fig. 1b), while the other
etabolite clozapine N-oxide (CLZ-NO, Fig. 1c) appears to be gen-

rated in the brain by a flavin monooxygenase. CLZ usually has
higher tolerability with respect to classical antipsychotics such
s chlorpromazine or haloperidol; in particular it rarely causes
xtrapyramidal side effects or hyperprolactinemia. However, CLZ
an cause severe agranulocytosis and, to a lesser extent, sedation,
rthostatic hypotension, myocarditis and hypersalivation [3]. Mea-

∗ Corresponding author. Tel.: +39 051 2099739; fax: +39 051 2099740.
E-mail address: mariaaugusta.raggi@unibo.it (M.A. Raggi).

021-9673/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2011.01.071
iatric patients for therapeutic drug monitoring purpose.
© 2011 Elsevier B.V. All rights reserved.

surement of CLZ and its metabolites concentrations can help to
assess patient compliance, optimize dosage, and minimize the risk
of dose-related toxicity. Thus, an accurate therapeutic drug moni-
toring (TDM) of CLZ should be carried out in patients treated with
this drug. Being whole blood is the optimal matrix for the drug
analysis, the use of dried blood spot (DBS) technique could be an
attractive approach for TDM. In fact, the collection of blood samples
on filter paper is an established technique to screen for neonatal
metabolic diseases [4,5]. Recently, a number of papers have been
reported on the use of DBS for the analysis of a variety of compounds
including hormones, lipids and drugs [6–9]. The use of DBSs affords
numerous advantages, such as the elimination of the venous blood
withdrawal as well as the absence of post-collection processing.
Moreover, the technique poses a low biohazard risk and cost and it
is also feasible for sample storage and transport.

Several analytical methods are reported in the literature
regarding the analysis of CLZ and its metabolites in plasma
and serum [10–32]; some papers include high performance liq-
uid chromatography (HPLC) with UV or Diode Array (DAD)
[12,14,15,18,20–22,25,27,28], fluorimetric [23] and amperometric
[30–32] detection and with mass spectrometry [10,16,17,19,24,26].
Sample pretreatment is usually carried out by means of

liquid–liquid [12,19,20,22,23,26,28], solid phase extraction (SPE)
[10,14,15,17,21,30–32] and deproteinization [24] procedures.

To the best of our knowledge no paper has been published for
the analysis of CLZ and its metabolites in DBSs. Thus, the present
study is the first example of DBSs having been chosen as a represen-

dx.doi.org/10.1016/j.chroma.2011.01.071
http://www.sciencedirect.com/science/journal/00219673
http://www.elsevier.com/locate/chroma
mailto:mariaaugusta.raggi@unibo.it
dx.doi.org/10.1016/j.chroma.2011.01.071
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ig. 1. Chemical structures of (a) clozapine (CLZ), (b) N-desmethylclozapine (DMC), (
IS).

ative of the entire blood, with great advantages for the patients and
anagement procedure in terms of feasibility and easiness in stor-

ge and shipment. Moreover, an original analytical method based
n the use of HPLC with coulometric detection and a microextrac-
ion by packed sorbent (MEPS) technique has been developed and
alidated.

. Experimental

.1. Chemicals

Clozapine (CLZ, Fig. 1a), N-desmethylclozapine (DMC, Fig. 1b)
nd clozapine N-oxide (CLZ-NO, Fig. 1c) were kindly provided by
ovartis Pharma (Basel, Switzerland); 2-methylolanzapine, used
s the Internal Standard (IS, Fig. 1d) was kindly provided by Eli
illy (Indianapolis, IN, USA). Potassium phosphate monobasic, 2 M
odium hydroxide, 37% (w/w) hydrochloric acid, 85.0% (w/w) phos-
horic acid, triethylamine, acetonitrile and methanol were from
igma-Aldrich (St. Louis, MO, USA). Ultrapure water (18.2 M� cm)
rom a MilliQ apparatus by Millipore (Milford, MA, USA) was used.

.2. Equipment

Filter papers (type 41, 55 mm ∅) for blood spotting were sup-
lied by Whatman (Sanford, NC, USA). The sample pretreatment
rocedure was carried out by means of MEPS on a BIN (Barrel Insert
nd Needle Assembly) containing 4 mg of solid phase silica-C8

aterial, inserted into a 250 �L gas-tight syringe from SGE Analyti-

al Science (Melbourne, VIC, Australia). A Crison (Barcelona, Spain)
icropH 2000 pHmeter, a Universal 32 R centrifuge from Hettich

Tuttlingen, Germany), an Elma (Berlin, Germany) Transsonic T310
ltrasonic bath and a vortex agitator were also used.
zapine N-oxide (CLZ-NO), and (d) 2-methylolanzapine, used as the internal standard

2.3. Chromatographic conditions

The HPLC apparatus consisted of a Jasco (Tokyo, Japan) PU-1580
chromatographic pump and an ESA (Milford, MA, USA) Coulochem
III coulometric detector which is equipped with cells having porous
graphite working electrodes and �-hydrogen/palladium reference
electrodes. The conditioning cell was set at +0.050 V; in the ana-
lytical cell, detector 1 (E1) was set at −0.200 V and detector
2 (E2) at +0.500 V, with a range of 200 nA and an output of
+1.00 V. The analytes were monitored in oxidation at the analytical
detector 2. Data were handled by means of Software Chromatog-
raphy Station (CSW 32 v. 1.4) from DataApex (Prague, Czech
Republic).

The chromatographic separation was achieved by isocratic elu-
tion on a Gemini C18 reversed-phase column (150 × 4.6 mm I.D.,
5 �m) equipped with a C18 cartridge pre-column (4 × 3 mm I.D.,
5 �m) from Phenomenex (Torrance, CA, USA) and kept at room
temperature (25 ± 3 ◦C). The mobile phase was a mixture (20:16:64,
v/v/v) of methanol, acetonitrile and a 50.0 mM, pH = 2.1 phosphate
buffer. The flow rate was 1.0 mL min−1 and the samples were
injected by means of a 20 �L loop. Prior to use, the mobile phase
was filtered through Varian nylon filters (47 mm diameter, 0.2 �m
pore size) and degassed with sonication.

2.4. Preparation of solutions

The stock solutions of CLZ, DMC, CLZ-NO and IS were 1 mg mL−1
and were prepared by dissolving 3 mg of the pure substance in 3 mL
of methanol. These solutions were stable for at least three months
when stored at −20 ◦C, as assessed by HPLC assays. Working stan-
dard solutions of the analytes and the IS were prepared daily by
diluting the primary stock solutions with mobile phase.
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Calibration standards were prepared by diluting the appropriate
orking solutions with blank whole human blood from healthy

olunteers. The concentrations of calibrants were 2.5, 50, 100, 500,
50 and 1000 ng mL−1 of the analytes in whole blood.

.5. Dried blood spots collection and processing

The venous blood samples (3 mL each) were drawn between
.00 a.m. and 10.00 a.m. from healthy volunteers and psychiatric
atients treated with CLZ and put into test tubes containing EDTA as
nticoagulant. The study was approved by local review board and
nformed consent was obtained for experimentation with human
ubjects.

DBSs were collected applying calibrated pipette aliquots (25 �L)
f venous blood onto the sampling paper; they were dried at room
emperature for at least 3 h and, then, the spots were stored at
oom temperature (25 ± 3 ◦C with 45 ± 5% of relative humidity) in
sealed plastic bag containing a suitable desiccant (i.e. silica gel).

One dried blood spot (25 �L) from calibration standards
r patient samples was cut into small pieces and placed in
olypropylene tubes. Twenty-five microlitres of the IS (on col-
mn concentration of 50 ng mL−1) and 225 �L of phosphate buffer
50 mM; pH = 7.4) were added in the order as presented. The tubes
ere shaken on an ultrasonic bath for 5 min and, then, centrifuged

t 4000 rpm (1780 × g) for 5 min at 4 ◦C. An aliquot of the super-
atant (150 �L) was used for the MEPS procedure (see the section
elow). The eluate was directly injected into the HPLC system.

.6. MEPS procedure

The packed syringe for MEPS was activated with 3 × 100 �L of
ethanol and then conditioned with 3 × 100 �L of water before

eing used. Methanol and water were picked up and then discarded
very time at a flow rate of 20 �L s−1.

An aliquot of 150 �L of the extract from DBS processed (see the
ection 2.5) was drawn up and down through the syringe 10 times
at a flow rate of 5 �L s−1) without discarding it. The sorbent was
ashed once with water (100 �L) and once with a mixture of water

nd methanol (95:5, v/v) to remove biological interference. Then,
he analytes were eluted with 150 �L of mobile phase and injected
nto the HPLC system. All MEPS steps including activation, load-
ng, washing and elution were carried out manually. After each
xtraction, the cleaning of the sorbent was done with 3 × 100 �L
f methanol followed by 3 × 100 �L of water. This step not only
ecreased memory effects, but also acted as the conditioning step
or the next extraction. The same packing bed was used for about
0 extractions; then it was discarded due to both the low analyte
xtraction yields and clogging of the sorbent.

.7. Method validation

Method validation procedures were carried out according to USP
XVIII [33] and Crystal City [34] guidelines.

.7.1. Extraction yield (absolute recovery) and precision
For these studies, blood samples were prepared at three differ-

nt concentrations of CLZ, DMC and CLZ-NO whole blood (2.5, 500
nd 1000 ng mL−1). After spotting on the filter papers and drying,
BSs were treated as reported in the section above (Dried Blood
pots collection and processing), subjected to the MEPS procedure
nd injected into the HPLC.
The peak areas of analytes obtained in this way were compared
o those obtained from standard solutions at the same theoretical
oncentration, and the percentage extraction yield was calculated.

The assays described above were repeated six times within the
ame day to obtain repeatability (intraday precision) and six times
r. A 1218 (2011) 2153–2159 2155

over six different days to obtain intermediate precision (interday
precision), both expressed as percentage relative standard deviation
values (RSD%).

2.7.2. Linearity, limit of quantitation, limit of detection
Calibration standards were prepared in triplicate for each point.

The analyte/IS peak area ratios obtained were plotted against
the corresponding concentrations of the analytes (expressed as
ng mL−1) in the 2.5–1000 ng mL−1 blood range for all the analytes.
The calibration curves were constructed by means of the least-
square method. One stock solution was used for each replicate.

The values of limit of quantitation (LOQ) and limit of detection
(LOD) were calculated according to official guidelines [33,34] as the
analyte concentrations which give rise to peaks whose heights are
10 and 3 times the baseline noise, respectively.

2.7.3. Selectivity
The method selectivity was evaluated by injecting into HPLC

system standard solutions of several compounds usually co-
administered in psychiatric practice.

Blank DBSs derived from 6 healthy volunteers not receiving CLZ
treatment were processed in the absence of the internal standard.

2.7.4. Stability
Stability was tested in stock solutions of all the analytes by com-

paring the chromatographic peak area ratios (analyte to internal
standard) of a standard solution of 50 ng mL−1 prepared from stock
solutions stored for 3 months at −20 ◦C with those obtained from
the fresh stock samples (n = 3).

Stability assays were also carried out in DBS samples. Human
blood aliquots (n = 3) from 4 patients were spotted on filter papers
and stored at room temperature (25 ± 3 ◦C with 45 ± 5% of relative
humidity) for fifty days. DBSs were kept in the dark and in plastic
bags with a suitable desiccant (i.e. silica gel). After the extraction
of the analytes (see sections above), the measured concentrations
within fifty days were compared to those of the same samples
extracted and analysed immediately after initial spotting and dry-
ing.

2.7.5. Accuracy
Analyte standard solutions at three different concentrations (in

order to obtain analyte additions of 50, 100 and 250 ng mL−1) were
added to DBS samples from patients treated with CLZ whose ana-
lytes concentrations were previously analysed; then, the mixture
were subjected to the MEPS procedure described above. Recov-
ery values were calculated according to the following formula:
100 × ([after spiking]−[before spiking])/[added].

2.7.6. Bland–Altman plot
The Bland and Altman plot [35] is a statistical method to

compare two measurements techniques in clinical chemistry for
establishing if they agree sufficiently and therefore, if the new can
replace the old. The plot represents a graphical method in which
the differences between the two measurements (y-axis) are plot-
ted against the average of the two values (x-axis). If the differences
between measurements using the two assay methods lie within the
limits of agreement of the Bland–Altman test 95% of the time, this
indicates that the two methods are not producing different results.

3. Results and discussion
3.1. Optimization of the chromatographic conditions

The choice of appropriate chromatographic conditions was
made starting from an analytical method [32] previously developed
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f CLZ, DMC, CLZ-NO and IS; and (d) a DBS sample from a psychotic patient treated

or the analysis of CLZ and its metabolites by HPLC with ampero-
etric detector. In order to obtain a better resolution of all analytes
ithin a reasonable run time, the percentages of the aqueous phase

nd acetonitrile were changed to 64% and 16%, respectively, and the
8 column replaced by a C18 one.

Several trials were carried out to find the best working elec-
rochemical conditions for the coulometric detector, in terms of
ensitivity and selectivity. An oxidation potential of +0.500 V in
range from +0.200 to +0.600 V was chosen for E2, obtaining a

ood sensitivity. For E1, used as the screening electrode a reduction
otential of −0.200 V was chosen because of a satisfactory cut-off
f biological interference.

The next step was to find a suitable internal standard. Thus, some
lectroactive compounds such as melatonin, promethazine and
-methylolanzapine were tested. Among these the most suitable
as found to be 2-methylolanzapine which had a chromatographic

ehaviour similar to those of the analytes and was eluted in a rea-
onable time.

The chromatogram of a standard solution containing 50 ng mL−1

f CLZ, DMC, CLZ-NO and IS is reported in Fig. 2a. As can be seen,
he peaks are neat and well resolved. Retention times (tR) are: CLZ,
R = 7.8 min (RSD = 1.6%); DMC, tR = 5.9 min (RSD = 1.5%); CLZ-NO,
R = 11.7 min (RSD = 1.2%); IS, tR = 2.0 min (RSD = 1.8%).

.2. Optimization of the extraction from DBSs
In contrast to the determination in plasma, whole blood is a
eterogeneous and complex matrix in which the analytes are dis-
ributed between plasma and blood cells according to a partition
oefficient. Moreover, hematocrit, which has a notable effect on
-NO and IS; (b) a blank DBS sample; (c) a blank DBS sample spiked with 500 ng mL−1

500 mg day−1 of CLZ.

blood viscosity, may affect flux and diffusion properties of the blood
on filter paper. Despite the specific nature of DBS, after drying the
blood spots at room temperature for at least 3 h, the main prob-
lem was to find a suitable solvent for the extraction of CLZ and its
metabolites from the DBSs. The spots were cut into small pieces
so as to increase the contact surface with the solvent as well as
the extraction yield of the analytes. Organic and aqueous solvents
including methanol, acetonitrile and borate, citrate and phosphate
buffers were tested. The organic solvents did not allow a good
extraction of the analytes and a small amount of the analytes was
further lost as a result of the step of drying necessary before load-
ing onto MEPS device. It was decided to use an aqueous buffer
with a suitable pH for the quantitative extraction of CLZ, DMC and
CLZ-NO from the filter paper. Phosphate buffer (50 mM, pH 7.4)
was finally chosen as the extraction solvent which enhanced the
absolute recovery of all the analytes (Fig. 3).

3.3. Development of a MEPS procedure

In the analytical field, the choice of the suitable pretreatment of
a complex biological matrix like blood is certainly a delicate step.
Among the possible options of sample pretreatment (LLE, SPE and
microextraction techniques) it was decided to use the microextrac-
tion by packed sorbent. The MEPS technique has several advantages
over other methods of clean-up. First, its use saves a significant

amount for the time of preparing of the biological sample (i.e.
15 min of pretreatment vs 45 min of the SPE) and in the amount of
solvents used. Moreover, a less sorbent phase (4 mg vs 30–100 mg
used for SPE) reduced the matrix and carry-over effects, allowing
for a good clean-up of the biological matrix.
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Table 1
Linearity parameters.

Compound Linearity range (ng mL−1) Equation coefficients, y = ax + ba rb LOQ (ng mL−1)c LOD (ng mL−1)c

a b

DMC 2.5–1000 0.0206 −0.0200 0.9998 0.25 0.08
CLZ 2.5–1000 0.0212 −0.0127 0.9993 0.25 0.08
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freshly prepared stock solutions was −0.2%, indicating that all the
analytes were stable in methanol when stored at −20 ◦C for at least
3 months.

When the analytes in DBS samples on filter paper from 4 patients
were stored for fifty days at room temperature (see storage condi-
CLZ-NO 2.5–1000 0.0191

a y = analyte/IS peak area ratio; x = analyte concentration, ng mL−1.

b r = correlation coefficient.
c On-column concentrations.

For the analysis of CLZ and its metabolites a sorbent containing
BIN C8 was used. The loading, washing and elution steps were

arefully investigated.

.3.1. The effect of the number of extraction cycles and flow rate
n extraction efficiency

The retention of the analytes to the sorbent phase is affected by
he number of extraction cycles performed and the speed applied.
ractically, an aliquot of the volume of the sample can be drawn up
nd down through the syringe, once or several times (cycles) with-
ut discarding it. Assays showed that sample response increased as
he applied extraction number and sample volume increased. The

ean absolute recovery increased from 50% to 93% using a sample
olume from 5 × 50 �L to 10 × 100 �L (Fig. 4a). Moreover, during
ethod development, it is important to evaluate the effect of dif-

erent sample flow rates on the efficiency of analyte adsorption and
esorption. An increase of 15% in the response (10 × 100 �L sample
olume with C8 sorbent) was observed with a flow rate of 5 �L s−1

s compared to a flow rate of 20 �L s−1.

.3.2. Nature and volume of washing and elution solutions
Considering the complexity of a biological matrix like blood, the

ashing with only ultrapure water did not allow a good clean-up
f the biological sample, however, the addition of a further aliquot
f a mixture of ultrapure water and methanol (95:5, v/v) allowed
o achieve a reduction of the presence of biological interfering with
atisfactory extraction yields of all analytes (Fig. 2b).

Regarding the elution step, the use of the mobile phase as the
luent gave good yields by allowing the direct injection of the eluate
nto the HPLC system. An aliquot of 150 �L of the mobile phase
mong those tested (Fig. 4b) gave the best results.

The chromatogram from a DBS sample from a healthy volun-
eer spiked with the analytes and the IS shows neat and symmetric
eaks and no interference from the matrix (Fig. 2c).
.4. Method validation

Calibration curves were set up for CLZ, DMC and CLZ-NO and
ood linearity (r > 0.9993) was found in the concentration ranges

Fig. 3. Solvents tested for the extraction of CLZ, DMC and CLZ-NO from DBSs.
47 0.9996 0.25 0.08

studied (Table 1). The on column limit of quantitation (LOQ)
and the limit of detection (LOD) for CLZ, DMC and CLZ-NO were
0.25 ng mL−1 and 0.08 ng mL−1, respectively. Extraction yield and
precision assays were carried out at three different concentration
levels, corresponding to the lowest level, highest level and mid-
dle point of each calibration curve. The results of these assays are
reported in Table 2. As one can see, the results are satisfactory, being
the extraction yield values are higher than 90.0%. The mean extrac-
tion yield of the IS was 93.1%. The precision was also satisfactory,
with RSD values always lower than 4.1% for all analytes.

3.5. Stability

The mean difference in peak area ratios (analyte to internal stan-
dard) between a standard solution of the analytes (50 ng mL−1)
from stock solutions after storage and the standard solution from
Fig. 4. Mean absolute recovery (±SD) of CLZ, DMC and CLZ-NO as a function of (a)
applied sample volume; and (b) elution volume. MEPS conditions are as described
in Section 2.
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Table 2
- Validation parameters.

Analyte Amount
added
(ng mL−1)

Extraction
yield (%)a

Repeatability
(RSD%)a

Interday
precision
(RSD%)a

DMC 2.5 94.1 2.84 2.86
500.0 92.1 2.39 2.42

1000.0 91.4 2.15 2.29
CLZ 2.5 94.6 3.00 3.18

500.0 92.1 2.80 3.05
1000.0 90.2 2.63 2.74

CLZ-NO 2.5 96.1 3.71 4.11
500.0 92.8 3.00 3.30

1000.0 90.0 2.94 3.07

a n = 6.

Table 3
- Compounds tested for interference.

Drug Retention
time (min)

Drug Retention
time (min)

Antipsychotics Sedative-hypnotics
Aripiprazole n.d.a Clonazepam n.d.
Levosulpiride n.d. Flurazepam n.d.
Olanzapine n.r.b Lorazepam n.d.
Ziprasidone n.d. Antiepileptic agents
Antidepressants Valproic acid n.d.
Trazodone n.d. Lamotrigine n.d.
Fluoxetine n.d. Oxcarbamazepine n.d.
Sertraline n.d. Antiparkinson drugs
Imipramine 20 Orphenadrine n.d.
Reboxetine n.d. Pramipexole n.r.
Fluvoxamine n.d. Ropinirole n.d.
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a n.d. = not detected within 30 min.
b n.r. = not retained.

ions in Section 2.7.4), the comparison with the fresh spot samples
evealed a mean difference of −9%, −11% e−13% in CLZ, DMC and
LZ-NO concentrations, respectively, indicating that the analytes
ere almost stable under the conditions of storage. In fact, the per-

entages of loss of the analytes are not significant if one considers
he long time of storage (fifty days).

.6. Selectivity

The method selectivity was evaluated injecting under the
ptimal chromatographic conditions standard solutions of sev-
ral compounds usually co-administered in clinical practice, such
s antidepressants and sedative-hypnotics. Retention times were
ompared with those of the analytes. The compounds tested for
ossible interference are reported in Table 3. As one can see, none of
he tested compounds interfered with the chromatographic peaks
f the analytes within 30 min.
The analysis of blank DBS samples showed no evidence of
nacceptable interferences from endogenous compounds at the
etention times of CLZ, DMC, CLZ-NO and the IS (Fig. 2b).

Fig. 5. Bland–Altman plot for (a) CLZ; (b) DMC; and (c) CLZ-NO. The average dis-
crepancy between the two measures of the analyte concentration is acceptable lying
between the mean difference ± 2SD.

able 4
Results from Bland–Altman test.

Analyte Bias (ng mL−1)a SE (%)b SD (ng mL−1)c 95% Limit of agreements (ng mL−1)

Lower Upper

CLZ 4.1 2.9 15.8 −26.7 35.0
DMC −1.2 1.4 7.4 −15.7 13.4
CLZ-NO −0.5 1.7 9.1 −18.2 17.3

a Bias represents the mean difference in analyte concentrations between plasma and DBS samples.
b SE = standard error.
c SD = standard deviation.
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.7. Application of the DBS assay to the analysis of real samples

The method was applied to the analysis of DBS samples (n = 3)
rom several psychiatric patients (n = 30). As an example, the chro-

atogram of a DBS sample from a psychotic patient treated with
00 mg day−1 of CLZ is reported in Fig. 2d. The haematic levels
ound were: 350 ± 5 ng mL−1 for CLZ, 227 ± 4 ng mL−1 for DMC
nd 90 ± 7 ng mL−1 for CLZ-NO. Results from DBS samples from
0 patients were compared to those from plasma samples from
he same patients, analysed by means of another established assay
32]. We note a significant difference in all the analyte concentra-
ions between plasma and blood spot samples for the influence
f hematocrit on plasma/whole-blood distribution of the analytes.
herefore, we converted the analyte measurements from DBS to
lasma concentrations by multiplying by 1.8, assuming that hema-
ocrit is normally about 40–54% for men and 36–46% for women
mean 45%). The correction factor of 1.8 was calculated accord-
ng to the following formula: (100/[100−45]). Thus, the analyte
ematic levels of the patient from Fig. 2d have to be multiplied by
.8 to obtain the respective plasmatic levels (630 ± 9 ng mL−1 for
LZ, 409 ± 7 ng mL−1 for DMC and 162 ± 12 ng mL−1 for CLZ-NO);
he patient was considered responder by clinicians, because the CLZ
evel was in the plasmatic therapeutic range (300–700 ng mL−1).

The statistical analysis showed a good agreement between the
oncentrations of all the analytes obtained on DBS samples and
hose on plasma samples. The Bland–Altman plots are shown in
ig. 5a–c, for CLZ, DMC and CLZ-NO, respectively; while the mean
ifference or Bias (plasma concentration minus converted spot con-
entration) and the 95% limits of agreement of Bland–Altman are
eported in Table 4. All differences lay between the mean differ-
nce ± 2 SD.

.7.1. Accuracy
Method accuracy was evaluated by means of recovery studies at

hree different concentration levels for the analytes (n = 3 for each
evel), as reported in Section 2 above. Results were satisfactory. In
act, mean recovery values were always 92.0% (±2%).

. Conclusions

An original analytical method based on the use of an HPLC sys-
em with coulometric detector and a microextraction by packed
orbent technique for the determination of CLZ and its metabo-
ites in DBSs from psychiatric patients has been developed. The
oulometric detector combines better sensitivity and selectiv-
ty if compared with other detectors such as UV or DAD or
mperometric ones.

The main novelty of the present work deals with the analysis
f CLZ and metabolites in DBSs with significant advantages with
egards to sampling (minimally invasive), transport and storage of
iological materials (in plastic bags at room temperature), require-
ents for special biohazard arrangements and volume of blood

sed (25 �L). In addition, the development of an original proce-
ure for the clean-up of the biological sample by means of MEPS
extraction yields > 90.0%) represents another improvement of the
ethod in comparison with those previously published. In fact,
EPS is a technique for miniaturized solid-phase extraction which

educes the sample volume and the time necessary for the anal-
sis. Moreover, the MEPS procedure developed was simpler and
aster than conventional extraction techniques (liquid–liquid and

[

[

r. A 1218 (2011) 2153–2159 2159

SPE) and limited the consumption of organic solvents thus also
reducing the testing cost. Good results were obtained in terms of
precision (RSD < 4.1%), sensitivity (LOQ = 0.25 ng mL−1 for all the
analytes) and accuracy (mean recoveries = 92.0%). The selectivity
was also satisfactory.

Thus, the proposed method is suitable for the analysis of CLZ and
its metabolites in DBSs from psychiatric patients for therapeutic
drug monitoring purpose.
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