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a b s t r a c t

A new analytical method, based on the use of liquid chromatography with coulometric detection, has been
developed and applied to quantify risperidone and its main active metabolite 9-hydroxyrisperidone in
human plasma and saliva. The analytes were separated on a reversed phase C18 column, using a mobile
phase composed of acetonitrile (26%) and a pH 6.5 phosphate buffer (74%). Pipamperone was used as the
internal standard. A high sensitivity coulometric detection analytical cell containing two flow-through
working electrodes was used: electrode 1 was set at +0.500 V and electrode 2 at +0.700 V. The detector
response was linear over a plasma and saliva concentration range of 0.5–50.0 ng mL−1 for risperidone
and 0.5–100.0 ng mL−1 for 9-hydroxyrisperidone. The limit of quantitation and the limit of detection for

−1 −1

iquid chromatography
icroextraction by packed sorbent

aliva
lasma

risperidone and 9-hydroxyrisperidone were 0.5 ng mL and 0.17 ng mL , respectively. A novel clean-up
procedure of biological samples was developed using the microextraction by packed sorbent technique,
which gave good extraction yield for both the analytes, with absolute recovery values higher than 90.1%.
The intra-day and the inter-day precision results, expressed by relative standard deviation values, were
lower than 5.8%. Accuracy and selectivity assays were also satisfactory. The validated method has been
successfully applied to the analysis of risperidone and 9-hydroxyrisperidone in plasma and saliva of
psychiatric patients undergoing therapy with risperidone.
. Introduction

Risperidone (3-{2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-
iperidinyl]ethyl}-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-
]pyrimidine-4-one, RISP, Fig. 1a) is an atypical antipsychotic
ith a benzisoxazolic structure, approved for the treatment of

chizophrenia and for schizoaffective and bipolar disorders [1].
ecently, the Food and Drug Administration approved RISP for the
reatment of irritability in children and adolescents with autism
2].
RISP is available as oral tablets and solution (Risperdal®)
nd it is usually administered at doses between 4 mg day−1

nd 16 mg day−1 for the treatment of schizophrenia and at
–6 mg day−1 for mania. A depot intramuscular injectable formula-

Abbreviations: RISP, risperidone; RISP9-OH, 9-hydroxyrisperidone; TDM, ther-
peutic drug monitoring; CNS, central nervous system; MEPS, microextraction by
acked sorbent.
∗ Corresponding author at: Laboratory of Pharmaco-Toxicological Analysis,
epartment of Pharmaceutical Sciences, Via Belmeloro 6, 40126 Bologna, Italy. Tel.:
39 051 2099739; fax: +39 051 2099740.

E-mail address: mariaaugusta.raggi@unibo.it (M.A. Raggi).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.02.067
© 2010 Elsevier B.V. All rights reserved.

tion has become available; this formulation could be administered
at 2-week intervals and seems to have comparable efficacy of the
oral administration [3].

The drug effects are mainly related to the blocking of sero-
tonine 5-HT2A and 5-HT7 receptors and dopamine D2 receptors
[4], thus RISP is also very effective against negative symptoms of
schizophrenia.

RISP is rapidly and completely absorbed after oral administra-
tion and it undergoes extensive hepatic metabolism mainly via
cytochrome P450 (CYP) isoenzymes (CYP2D6 and CYP3A4 iso-
forms); 9-hydroxyrisperidone (RISP9-OH, Fig. 1b) is the major
active metabolite [5].

RISP is extensively bound (90%) to plasma proteins, while pro-
tein binding for RISP9-OH is lower (77%) [3]. For the patients under
RISP treatment it is evaluated the “active moiety” which is the sum
of RISP and RISP9-OH concentrations. The levels of the active moiety
are considered therapeutic in the 10–60 ng mL−1 range [3].

Therapeutic drug monitoring (TDM) of RISP is usually rec-

ommended to avoid severe side effects, such as extrapyramidal
symptoms (at high doses), hyperprolactinemia, weight gain,
headache and dizziness [1].

Numerous papers have been published on the analysis of
RISP and its active metabolite in different matrices. Most
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ig. 1. Chemical structures of (a) risperidone (RISP), (b) 9-hydroxyrisperidone (RISP
-OH), and (c) pipamperone, used as internal standard (IS).

f them concern with liquid chromatographic (LC) methods
ith UV or diode array detection [6–16]; other methods use

lectrochemical detection [17–21] or mass spectrometry (MS)
22–33]. The sample pre-treatment is carried out by means of
iquid–liquid extraction (LLE) procedures with organic solvents
9,11,12,14,15,17–22,24,25,29,31,32], solid-phase extraction (SPE)
6,7,13,16,23,28] and deproteinization techniques [10,26,27,33].
oday, there is a constant need for the development of faster
nd more selective sample clean-up procedures. Recent develop-
ents of sample handling are directed toward miniaturization and

utomation. The microextraction by packed sorbent (MEPS) is a
ew technique for miniaturized solid-phase extraction because it
educes the sample volume and the time necessary for the analy-
is; thus, it is suitable for the rapid analysis of biological samples,
s already reported in the literature for the determination of other
rugs [34–38].

The aim of this study is the development of a sensitive, selective
nd fast analytical method which allows the analysis of RISP and its
ain active metabolite in human plasma and saliva. The proposed
ethod is based on the use of LC with coulometric detection and a

ovel MEPS procedure.

. Experimental

.1. Chemicals and solutions

Risperidone and 9-hydroxyrisperidone were kindly provided
y Janssen-Cilag (Titusville, USA); pipamperone dihydrochloride

used as internal standard, IS, Fig. 1c) was purchased from
igma–Aldrich (St. Louis, MO, USA).

Potassium dihydrogen phosphate, 85% (w/w) phosphoric acid
nd 2 M sodium hydroxide, all pure for analysis, methanol and ace-
onitrile (HPLC grade) were from Sigma–Aldrich. Ultrapure water
81 (2010) 1547–1553

(18.2 M� cm) was obtained by means of a MilliQ apparatus by Mil-
lipore (Milford, MA, USA).

Stock solutions of RISP and RISP9-OH (1 mg mL−1 of each one)
were prepared by dissolving 5 mg of each pure substance in 5 mL
of methanol. Stock solution of the IS (1 mg mL−1) was prepared by
dissolving 5.9 mg of the hydrochloride salt in 5 mL of methanol.
The stock solutions were stable for at least three months when
stored at −20 ◦C, as assessed by LC assays. Standard solutions were
prepared fresh every day by diluting the stock solutions with the
mobile phase.

2.2. Human plasma and saliva collection

Blood and saliva samples were obtained from 6 patients (4
men, mean age = 28 years; 2 women, mean age = 35 years) sub-
jected to oral therapy with Risperdal® at daily doses between 2 mg
and 16 mg or to depot therapy at biweekly doses between 25 mg
and 50 mg. Written consent form was obtained from the patients
after their acceptance of the criteria for the analytical investigation.
The biological samples were usually drawn early in the morning
from fasting patients (12 h after the last drug administration in the
oral treatment). Blood (3 mL) was stored in glass tubes containing
ethylenediaminetetraacetic acid as the anticoagulant, then cen-
trifuged (within 2 h from collection) at 4000 rpm for 15 min at 5 ◦C;
the supernatant (plasma) was then transferred to polypropylene
tubes and stored at −20 ◦C until LC analysis.

Unstimulated saliva samples (0.5 mL) were collected from
patients half an hour after blood sampling, with a disposable plastic
pipette. It was put into polypropylene tubes and stored frozen at
−20 ◦C until the time of LC analysis, when they were centrifuged
at 4000 rpm for 15 min at 5 ◦C; the assays were carried out on the
clear supernatant.

Blood and saliva samples from healthy volunteers, used as
“blank”, were treated in the same way.

2.3. Apparatus and chromatographic conditions

The chromatographic apparatus for the determination of RISP
and RISP9-OH was composed of a Jasco (Tokyo, Japan) PU-
1580 chromatographic pump and an ESA (Milford, MA, USA)
Coulochem III coulometric detector equipped with a high sen-
sitivity analytical cell (model 5011 ESA) and a conditioning
cell (model 5021 ESA). The high sensitivity analytical cell con-
tained two flow-through working electrodes positioned serially.
They were made from porous graphite with large surface area.
The applied voltages for electrodes 1 and 2 were +0.500 V and
+0.700 V, respectively. Electrode 1 was the screening electrode
for potential interfering substances; electrode 2 was the detec-
tion electrode. The conditioning cell was set at a potential of
+0.050 V and was used as an additional screening electrode for
interference. Data handling was carried out using a DataApex
(Prague, Czech Republic) Chromatography Station (CSW 32 v. 1.4)
software.

The chromatographic separation was carried out on a Gem-
ini C18 reversed phase column (150 × 4.6 mm I.D., 5 �m) from
Phenomenex (Torrance, CA, USA) equipped with a C18 cartridge
precolumn (4 × 3 mm I.D., 5 �m) and kept at room temperature.
The mobile phase was composed of a mixture of acetonitrile and a
7.07 mM, pH 6.5 phosphate buffer (26:74; v/v). The mobile phase
was filtered through a Phenomenex membrane filter (47 mm mem-
brane, 0.2 �m, NY) and degassed by an ultrasonic apparatus. The

flow rate was 1.5 mL min . The samples were injected into the LC
system by means of a 50 (L loop.

A Crison (Barcelona, Spain) MicropH 2000 pHmeter, a Univer-
sal 32 R centrifuge from Hettich (Tuttlingen, Germany), a Büchi
(Flawill, Switzerland) RE 111 rotary evaporator, an Elma (Berlin,
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ermany) Transsonic T310 ultrasonic bath and a vortex agitator
ere also used.

.4. Microextraction by packed sorbent procedure

Using the MEPS procedure, the sample pre-treatment takes
lace on the packed bed, available in a variety of SPE sorbents and

nserted inside a syringe between the barrel and the needle (Barrel
nsert and Needle Assembly, BIN). The MEPS BIN is easily installed
nto the syringe housing and then secured by a locking nut. In the
resent work, MEPS was carried out using a BIN containing 4 mg
f solid-phase material silica-C8, inserted into a 250 �L gas-tight
yringe from SGE Analytical Science (Melbourne, VIC, Australia).
he packed syringe was activated with 100 (L of methanol three
imes and then conditioned with 100 (L of water three times before
eing used. The volumes of methanol and water were picked up
nd then discarded every time at a flow rate of 20 (L s−1.

For the analysis of biological samples from patients aliquots
f 25 �L of IS working solution (20 ng mL−1) and 100 �L of ultra-
ure water were added to 100 �L of plasma or saliva sample.
or the preparation of the spiked blank samples, aliquots of
5 �L of analyte standard solutions at different concentrations
containing the IS at a constant concentration) and 100 �L of
ltrapure water were added to 100 �L of plasma or saliva sam-
le. The prepared mixtures were put into polypropylene tubes;
hen, they were drawn up and down through the syringe 15
imes (at a flow rate of 5 �L s−1) without discarding it. The solid-
hase was washed once with water (100 �L) and once with a
ixture of water and methanol (95:5, v/v) to remove biologi-

al interference. Then the analytes were eluted with 250 �L of
ethanol. The eluate was dried under vacuum (rotary evaporator),

e-dissolved with 100 �L of mobile phase and injected into the LC
ystem. All MEPS steps including activation, loading, washing and
lution were carried out manually. After each extraction, cleaning
f the sorbent was done with 3× 100 �L of methanol followed by 3×
00 �L of water. This step decreased memory effects, but also acted
s the conditioning step for the next extraction. The same packing
ed was used for about 50 extractions; then it was discarded due
o low analyte extraction yields and clogging of the sorbent.

.5. Method validation

Method validation procedures were carried out according to USP
XXII [39] and Crystal City [40] guidelines.

.5.1. Extraction yield (absolute recovery) and precision
Standard solutions at three different concentrations of RISP and

ISP9-OH were added to 100 �L of blank plasma or saliva, in order
o obtain concentrations of 0.5, 25.0 and 50.0 ng mL−1 for RISP and
.5, 50.0 and 100.0 ng mL−1 for RISP9-OH; these mixtures were
ubjected to the MEPS procedure and injected into the LC system.

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 (intra-day precision) and six times
ver six different days to obtain intermediate precision (inter-day
recision), both expressed as percentage relative standard deviation
alues (RSD%).

.5.2. Calibration curves, limit of quantitation, and limit of

etection

The calibration curves were constructed by adding aliquots of
5 �L of analyte standard solutions at ten different concentrations,
ontaining the IS at a constant concentration, to 100 �L of blank
lasma and saliva; the resulting mixtures were diluted with 100 �L
81 (2010) 1547–1553 1549

of ultrapure water and, then subjected to MEPS procedure and
injected into the LC system. This procedure was done in tripli-
cate for each point. The analyte/IS peak area ratios (pure numbers)
obtained were plotted against the corresponding concentrations
of the analytes (expressed as ng mL−1) in the following ranges:
0.5–50.0 ng mL−1 for RISP and 0.5–100.0 ng mL−1 for RISO9-OH. The
calibration curves were constructed by means of the least-square
method. One stock solution was used for each replicate; differ-
ent working solutions were prepared from the stock solutions and
added to the blank plasma and saliva samples to obtain the different
concentrations.

The values of limit of quantification (LOQ) and limit of detection
(LOD) were calculated according to official guidelines [39,40] as the
analyte concentrations which give rise to peaks whose heights are
10 and 3 times the baseline noise, respectively.

2.5.3. Accuracy
Accuracy was evaluated by means of recovery assays. Aliquots

of 25 �L of analyte standard solutions at three different con-
centrations (i.e. additions of 2.5–5.0–10.0 ng mL−1 for RISP and
5.0–10.0–25.0 ng mL−1 for RISP-9OH), containing the IS at a con-
stant concentration, were added to 100 (L of plasma and saliva
from patients treated with Risperdal®. The resulting mixtures were
diluted with 100 �L of ultrapure water and, then, subjected to the
MEPS procedure. Recovery values were calculated according to the
following formula:

100 × [after spiking] − [before spiking]
[added]

3. Results and discussion

3.1. Choice of the chromatographic and detection conditions

Preliminary assays were carried out using a cyano column as
the stationary phase, while the mobile phase was a mixture of
acetonitrile and a pH 6.5 phosphate buffer [21]. These chromato-
graphic conditions were found unsuitable for a good separation
of the analytes. A C18 column together with a mobile phase
more hydrophilic (74% of phosphate buffer and 26% of acetoni-
trile) provided a better separation of the analytes in an acceptable
run time (<10 min), coupled with a good selectivity and peak
shape.

The next step was to find the best electrochemical condi-
tions for improving the sensitivity of the coulometric detector,
being RISP and RISP9-OH difficultly oxidizable compounds. Fig. 2
shows the hydrodynamic voltammograms of RISP and RISP9-OH,
monitored at detector 2 keeping the detector 1 at 0.000 V. As
one can see, for values of potentials higher than +0.700 V the
sensitivity improved, but since the signal/noise ratio worse, the
+0.700 V value was selected as the working potential. For detec-
tor 1, used as the screening electrode, some trials were carried
out in a range from −0.200 V to +0.500 V. An oxidation poten-
tial of +0.500 V was chosen obtaining a satisfactory cut-off of
biological interference without any significant oxidation on the
analytes.

Pipamperone was chosen as the internal standard, having an
acceptable retention time and chemical–physical properties simi-
lar to the analytes.
The chromatogram of a standard solution containing
12.5 ng mL−1 of RISP, 25.0 ng mL−1 of RISP9-OH and 5.0 ng mL−1 of
IS is reported in Fig. 3. As can be seen, the peaks are neat and well
resolved. Retention times (tR) are: RISP, tR = 9.1 min; RISP9-OH,
tR = 5.9 min; IS, tR = 7.5 min.
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Fig. 2. Voltammograms of RISP and RISP9-OH (50.0 ng mL−1) monitored at detector
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. Chromatographic conditions are as described in Section 2, except that detector 1
as set at 0.000 V.

.2. Development of a microextraction by packed sorbent
rocedure

The biological sample pre-treatment is an important step of the
nalysis since it influences the overall method time, accuracy, sen-
itivity and precision. Moreover, proteins and other interference
rom biological matrices may result in precocious deterioration
f the performance of chromatographic columns. As concerning
he analysis of RISP and its metabolite, the most frequently used
xtraction procedures was LLE with organic solvents. In the last few
ears, SPE has also become widespread and it is used to extract,
re-concentrate and clean-up the analytes from the biological
atrix. Today, miniaturization, short extraction times and con-

umption of small organic solvent volumes are useful parameters
specially for TDM purposes. Furthermore, the procedure should
e highly selective and reproducible, grant acceptable extraction
ields and involve a minimum number of steps. MEPS is a novel
evelopment for miniaturized solid-phase extraction in the field
f sample handling and preparation. In this paper, some factors
ffecting the performance of MEPS and the absolute recovery such
s the composition of washing and elution solutions, the number

f extraction cycles and the flow rate were studied using C8 as
orbent.

ig. 3. Chromatogram of a standard solution containing 12.5 ng mL−1 of RISP,
5.0 ng mL−1 of RISP9-OH and 5.0 ng mL−1 of IS.
Fig. 4. Mean absolute recovery of RISP and RISP9-OH as a function of (a) applied
sample volume; and (b) elution volume. MEPS conditions are as described in Section
2.

3.2.1. Effect of number of extraction cycles and flow rate on
extraction efficiency

In MEPS an aliquot of the volume of the sample can be drawn up
and down through the syringe, once or several times (cycles) with-
out discarding it. Fig. 4a shows the effect of such procedure: sample
response increased as applied extraction number and sample vol-
ume increased. The recovery increased from 40% to 90% using 15×
150 �L sample volume compared to 5× 50 �L using. Moreover, dur-
ing method development, it is important to evaluate the effect of
different sample flow rates on the efficiency of analyte adsorption
and desorption. The response increased by 15% with flow rate of
5 �L s−1 compared to flow rate of 20 �L s−1 and using in both trials
15× 150 �L sample volume with C8 sorbent.

3.2.2. Nature and volume of washing solutions and elution
solutions

The effect of different washing solutions on the absolute recov-
ery of the analytes and on the cleanliness of the extracts was
investigated. The only step washing with water is inadequate
to remove interference from the matrices. Thus, a low amount
of methanol in the washing mixture was also tested. Clean
extracts were obtained using an aliquot of 50 �L of the mixture of

water/methanol 95:5 (v/v). The elution efficiency was tried using
acetonitrile and methanol as solvents. Acetonitrile proved to be
almost ineffective (analytes extraction yield <60.0%); better results
were obtained using methanol. A linear relationship was there
between the analyte response and the elution volume (range of
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The method selectivity was evaluated injecting under the opti-
ig. 5. Chromatograms of (a) a blank plasma sample; (b) the same blank plasma
ample spiked with 12.5 ng mL−1 of RISP, 25.0 ng mL−1 of RISP9-OH and 5.0 ng mL−1

f IS; and (c) a plasma sample from a patient taking 9 mg day−1 of risperidone.

ethanol between 50 and 250 �L), as reported in Fig. 4b. Thus, a
olume of methanol of 250 �L was used to obtain the best elution
fficiency: the organic extracts were evaporated to dryness and,
hen the analytes were re-dissolved with 100 �L of mobile phase.

The chromatograms from blank plasma and saliva samples are
epresented in Figs. 5a and 6a, respectively. Figs. 5b and 6b show
lank plasma and saliva samples spiked with 12.5 ng mL−1 of RISP,
5.0 ng mL−1 of RISP9-OH and 5.0 ng mL−1 of IS. The peaks of all the
nalytes are neat and symmetric without any interference in both
he biological matrices.

.3. Method validation

Calibration curves were set up for RISP and its metabolite and

ood linearity (rc > 0.9990) was found in the concentration ranges
tudied (Table 1). The limit of quantitation (LOQ) and the limit
f detection (LOD) for RISP and RISP9-OH were 0.5 ng mL−1 and
.17 ng mL−1, respectively.
Fig. 6. Chromatograms of (a) a blank saliva sample; (b) the same blank saliva sample
spiked with 12.5 ng mL−1 of RISP, 25.0 ng mL−1 of RISP9-OH and 5.0 ng mL−1 of IS;
and (c) a saliva sample from a patient taking 9 mg day−1 of risperidone.

Extraction yield and precision assays were carried out at three
different concentration levels, corresponding to the lowest level,
highest level and middle 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 higher than 90.1%.
The mean extraction yield of the IS was 89.8%. The precision was
also satisfactory, with RSD values always lower than 5.8% for all
analytes.

3.4. Selectivity
mized chromatographic conditions standard solutions of several
drugs usually co-administered in clinical practice. Retention times
were compared with those of the analytes. The compounds tested
for possible interference are reported in Table 3. As one can see,
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Table 1
Linearity parameters.

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

a b

RISP 0.5–50.0 0.0695
0.0729

0.0035
−0.0473

0.9996
0.9990

0.5 0.17

RISP9-OH 0.5–100.0 0.0719
0.0813

−0.0012
−0.0158

0.9993
0.9993

0.5 0.17

The values in italics are referred to linearity parameters on saliva samples.
a y = analyte/IS peak area ratio; x = analyte concentration (ng mL−1).

Table 2
Validation parameters.

Analyte Amount added (ng mL−1) Extraction yield (%)a Repeatability (RSD%)a Inter-day precision (RSD%)a

Plasma Saliva Plasma Saliva Plasma Saliva

RISP 0.5 92.0 96.7 4.6 4.9 5.3 5.8
12.5 91.2 95.0 4.3 4.5 4.7 4.9
25.0 90.8 92.0 4.1 4.2 4.5 4.5

RISP9-OH 0.5 95.0 96.0 4.5 4.9 5.1 5.1
50.0 93.0 95.8 4.3 4.4 4.6 4.9

100.0 90.1 93.4 4.0 4.2 4.1 4.3

IS 20.0 89.5 90.0 3.5 4.0 3.7 4.0

a Each value is the mean of 6 independent assays.

Table 3
Compounds tested for interference.

Drug Retention time (min) Drug Retention time (min)

Antipsychotics Sedative-hypnotics
Aripiprazole n.d.a Clonazepam n.d.
Clozapine 15.6 Flurazepam 24.0
N-desmethylclozapine 12.6 Lorazepam n.d.
Clozapine N-oxide n.d. Antiepileptic agents
Amisulpride 1.8 Valproic acid n.d.
Olanzapine n.d. Lamotrigine n.d.
Ziprasidone n.d. Topiramate n.d.
Antidepressants Oxcarbamazepine n.d.

n
o

3

s
m
o
p
i
t

T
P

Chlomipramine n.d.
Fluoxetine n.d.
Sertraline n.d.

a n.d. = not detected within 30 min.

one of the tested drugs interfered with the chromatographic peaks
f RISP and its metabolites.

.5. Analysis of patient plasma and saliva samples

The method was applied to the analysis of plasma and saliva
amples from some patients treated with Risperdal®. The chro-

atogram of a plasma sample from a patient taking 9 mg day−1

f RISP is reported in Fig. 5c; the chromatogram of a saliva sam-
le from the same patient is reported in Fig. 6c. As one can see, no

nterference from the matrices is apparent and the analyte separa-
ion is good. The plasma analyte levels found were: 22.0 ng mL−1 for

able 4
lasma and saliva concentrations in patients under therapy with risperidone.

Patient Gender Age (years) Risperdal® dose (mg day

1 M 18 9
2 F 36 2
3 M 21 50 mg per depotb

4 M 28 12
5 F 34 25 mg per depotb

6 M 45 9 (+37.5 mg per depotb)

a n.d. = not detected.
b Depot administration of Risperdal® to patients was carried out every 15 days.
Antiparkinson drugs
Orphenadrine n.d.
Biperiden n.d.

RISP and 48.7 ng mL−1 for RISP9-OH; the saliva levels found were:
21.0 ng mL−1 for RISP and 47.9 ng mL−1 for RISP9-OH.

Method accuracy was evaluated by means of recovery assays at
three different concentration levels for the analytes (n = 3 for each
level), as reported in the Section 2.5.3. Results were satisfactory:
recovery values were always higher than 90.0% in both plasma and
saliva samples from patients treated with Risperdal®.
Then, the method was applied to the analysis of plasma and
saliva levels of RISP and its metabolite from 6 psychiatric patients.
The results are reported in Table 4, where a good correlation can be
seen between plasma and salivary levels of the analytes. For three
patients of 6 the value of the active moiety (RISP plus RISP9-OH

−1) Plasma levels (ng mL−1) Salivary levels (ng mL−1)

RISP RISP9-OH RISP RISP9-OH

22.0 48.7 21.0 47.9
n.d.a 12.0 n.d.a 15.0
5.1 16.0 4.0 14.0
5.5 50.0 9.0 75.0
3.3 6.6 3.0 6.0
9.0 44.0 8.2 40.0
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oncentrations) was in the therapeutic range (10–60 ng mL−1) and
he patients were found to be responder to the therapy. Patient 1
howed an active moiety of 70.7 ng mL−1 without any severe side
ffect; patients 2 and 5 had sub-therapeutic drug levels and were
ound to be non-responder to RISP.

. Conclusion

It was developed an analytical method based on the use of an
C system coupled with a coulometric detector for the determina-
ion of risperidone and 9-hydroxyrisperidone in plasma and saliva
amples from psychiatric patients. A novel pre-treatment of the
iological samples by means of a microextraction by packed sor-
ent procedure has provided good extraction yields.

MEPS procedure by means of C8 sorbent if compared to con-
entional extraction techniques (LLE and SPE) is more selective,
imple and rapid in execution, limiting the use and volumes of
rganic solvents and minimizing the time of one analysis. In addi-
ion, good results in terms of precision (RSD < 5.8%), sensitivity
LOQ = 0.5 ng mL−1 for both the analytes) and accuracy (recoveries
lways higher than 90.0%) were obtained.

In comparison with other analytical methods for the simultane-
us analysis of risperidone and its metabolite, the present method
s more advantageous for the shorter time of the sample pre-
reatment and the chromatographic run and for the use of a more
ensitive and selective detector (i.e. coulometric vs UV detection).
urthermore, compared with an LC–MS method [27] that analyzes
ISP and its metabolite in plasma and saliva, the method presented
erein is fully validated on both the matrices and it is more sensi-
ive, accurate and less expensive.

The proposed method is suitable for the analysis of the active
oiety in plasma of patients with psychiatric disorders treated with

isperidone, hence for TDM of these patients. Moreover, the use of
aliva as a biological specimen for TDM of RISP seems to be a good
lternative for patients difficult to treat (such as children and the
lderly).

Assays are in progress to apply the present method to a numer-
us number of patients in order to confirm our hypothesis.
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