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Risperidone is an antipsychotic drug mainly used to treat schizophrenia. In
this paper, for the first time a three-phase hollow tiber liquid-phase microextraction (HF-
LPME) method combined with high-performance liquid chromatography (HPLC) with
ultraviolet (UV) detection was presented to detection and quantification of risperidone
in urine samples. Different factors affecting the HF-LPME extraction recovery were studied
and optimized. Under optimal extraction condition, risperidone could be determined
within the linearity range with a good correlation coefficient (r* > 0.9980). The limit of
detection for risperidone was 0.2 ng mL”, and the intra- and inter-day relative standard
deviations were no more than 1.2% and 3.2%, respectively. This procedure afforded a
simple, sensitive and inexpensive method with a high extraction efficiency for
determination of risperidone. Finally, it was applied to determination and quantification

of risperidone in human urine samples.
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Risperidoneisan atypical antipsychotic,
approved for the treatment of schizophrenia and
for schizoaffective and bipolar disorderst 2. The
chemicd structure, [UPAC name, the octanol-water
distribution coefficient, and acidity constant of the
target drug are classified in Table 13. Risperidone
belongs to a class of drugs called atypical
antipsychotics. Risperidone is used to treat the
manifestations of psychotic disorders. It appears
to produce a significant improvement in both the

* To whom all correspondence should be addressed.

positive and negative symptoms of schizophrenia.
Risperidone is a selective monoaminergic
antagonist with astrong affinity for serotonin type
2 (5-HT,) receptors and aslightly weaker affinity
for dopamine type 2 (D,) receptors [4, 5]. The
antipsychotic activity of risperidone may be
mediated through antagonism at acombination of
these receptor sites, particularly through blockade
of cortical serotonin receptorsand limbic dopamine
systems. It works by helping to restitute the balance
of certain natural substancesin thebrain. The exact
mechanism of action of risperidone is not known,
but, like other anti-psychotics, it is believed that
risperidone affects the way the brain works by
interfering with communication among thebrain’s
nerves. Nerves communicate with each other by
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making and releasing chemicals called
neurotransmitters. The attachment of the
neurotransmitters either stimulates or inhibits the
function of the nearby nerves. Risperidone blocks
several of the receptors on nerves including
dopamine and serotonin adrenergic receptors. It is
believed that many psychotic sicknesses are
caused by unusual communication among nerves
in the brain and that by change communication
through neurotransmitters, risperidone can alter
the psychotic state®8. People who takerisperidone
may suffer from anumber of side effects, such as
movement disorders, diabetes, pituitary tumorsand
heart problems that can lead to death®*2. Thus, it
is necessary to introduce new methods that
improve detection and measurement of risperidone
inbiological samples.

Numerous papers have been published
on theanalysisof risperidonein different matrices.
Most of them concern with reverse phase high-
performance liquid chromatography (HPL C)*318,
HPL C with electrochemical detection® 2, Liquid
chromatography—mass spectrometry?-?, capillary
zone electrophoresis?®, spectroscopic?-?°, and
electrochemistry techniques®®3,

Today, there is a constant need for the
development of faster and more selective sample
clean-up procedures. To best of our knowledge,
microextraction technique has not been reported
for extraction and preconcentration of risperidone
from biological fluids. Theaim of thisstudy isthe
development of a sensitive, selective and fast
analytical method, which alows the analysis of
risperidone in biological fluids. In this work, for
thefirst time, three phase hollow Ober based liquid
phase microextraction (HF-LPME) technique
followed by HPL C with ultraviolet (UV) detection
was optimized and validated for detection and
determination of risperidonein biological samples.

The concept of HF-LPM E was devel oped
by Pedersen-Bjergaard and Rasmussen in 1999%,
InHF-LPME, target analytes are extracted from an
agqueous sample, into the organic membrane
solvent immobilized asaSLM in hollow fiber wall
pores, and into the acceptor solution placed inside
the lumen of the hollow fiber®. Today, HF-LPME
is carried out in two modes: First, in two-phase
HF-LPME, both the organic membrane solvent
immobilized in the Gber pores and the acceptor
phase are same*¢. Second, in three-phase HF-
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LPME, the analytes are extracted from the aqueous
sampl e solution into the organic membrane solvent,
and then into the aqueous acceptor phase inside
the lumen3®-*, Two-phase HF-LPME was
performed in direct immersion and headspace
extraction modes, whereasthree-phase HF-LPME
was performed only indirect immersion extraction
mode*®. Compared with two-phase HF-LPME,
three-phase extraction has a much cleaner
extraction.

The aim of this work was to develop a
one-step method for extraction, preconcentration
and sampleclean up for the analysis of risperidone.
To optimize the conditions of three phases HF-
LPME, all effective parameters, including the
organic membrane solvent, sample solution and
acceptor phase pH, extraction time, stirring rate
and salt addition effect, were optimized to the
determination of thetarget analytein urine samples.

EXPERIMENTAL

Chemical, reagentsand standar d solutions

Risperidone standard, kindly provided by
Drug and Food Administration (Tehran, Iran). 1-
Octanol, dodecane, isobutylmethyl ketone, and
n-heptanewere purchased from Merck (Darmstadt,
Germany). Methanol and acetonitrile (HPL C grade)
were from Sigma-Aldrich (St. Louis, MO, USA).
Sodium hydroxide, sodium chloride, and
orthophosphoric acid were obtained from Sigma—
Aldrich. All of the chemicals used were of
analytical-reagent grades. Ultrapure water was
obtained by means of a MilliQ apparatus by
Millipore (Madrid, Spain).

PPQ3/2 polypropylene hollow fiber was
used in the extraction process from Membrana
(Wuppertal, Germany) with the inner diameter of
0.6 mm, wall thickness of 200 um, and pore size of
0.2pum.

A 1000 mg L stock solution of
risperidone was prepared in methanol. The stock
solutionswere stablefor at least two monthswhen
stored at -4 °C. Working solutions were prepared
every day by diluting the stock solutions in pure
water.

Appar atusand chromatogr aphic conditions

AYounglinY L9100 HPL C (Seoul, Korea)
equipped with a Quaternary9110 HPLC pump
(Seoul, Korea), a4-channel mixing valvewith a20
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pL sample loop, YL 9101 vacuum degasser and a
YL 9120 UV-Visdetector was used for Separation
and detection of the target analyte.
Chromatographic datawere recorded and analyzed
using Younglin Auto Chro 3000 software. The
separationswere carried out on an ODS-3 column
(150 mm x 4.6 mm, with particle size of 5 um) from
MZ-Analysentechnik (Mainz, Germany).The
mobile phase consisted of 20 mM phosphate buffer,
methanol, and acetonitrile (65:15:20), under
isocratic condition. The flow rate of the mobile
phase was set at 1.2 mL min, Total analysistime
was8 min.Theinjection volumewas20 L for al of
the samples and detection wavelength was 276
nm.

Samplesolutionswerestirred usingaMR
Hei-standard magnetic stirrer from Heidolph
(Schwabach, Germany). Sample solution and
acceptor phase pH were adjusted by means of
GPHR 1400 digital pH meter from Greisinger
(Regenstauf, Germany).

HF-LPME extraction procedure

A new 8.5 cm length of hollow Ober was
cut and washed with acetone in an ultrasonic bath
for 10 min and dried at room temperature. Then,
50iL Hamilton syringe stuffed full of acceptor
solution and the tip of the Hamilton syringe was
inserted into the lumen of the hollow fiber from
one end. The fiber was then dipped in the organic
membrane solvent (1-octanol) for 10 stoimpregnate
the pores of the hollow fiber wall, and then inserted
the hollow fiber into the water for 3 sto wash the
excess organic solvent from the hollow fiber
surface. Then, the acceptor solution from the
Hamilton syringe was filled into the lumen of the
hollow fiber. First, 30 iL of acceptor solution was
flushed out of the fiber in order to remove any
organic solvent remaining inside the lumen of
hollow fiber, and then 20 L acceptor solution was
remained in the lumen and the lower end of the
hollow fiber was mechanically sealed by apiece of
auminumfoil. For each experiment, 15 mL of sample
solution wasfilled into 220 mL samplevial. The
fiber was dipped into the sample solution and
extraction was performed for a 40 min. During
extraction, the solution was stirred at 750 rpm. After
extraction, 20iL acceptor phase was collected into
the micro-vial by syringe and finally, acceptor
solution was injected into the HPLC instrument
for analysis.
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Biological sampleanalysis

Urine sampleswere collected from healthy
young volunteer. The sampleswere stored at “4UC
until required. Thefrozen urine samplewasthawed
and shaken at room temperature before use.
Calculation of preconcentration factor, and
relativerecovery

The analyte preconcentration factor (PF)
iscalculated by thefollowing formula:

c
PF = }{_: (1)
where C_ . is the final analyte

concentration in the acceptor phase, and C, g 1S
theinitial analyte concentration within the sample.
Relative recovery (RR) was calculated by the

following equation:

RR = Sound“Cresl » 100 (4
Cadded
where C, . C_,, and C_, . are the

concentrations (ug L) of the analyts after addition
of known amounts of the standard into the real
sample, the concentration of analytein real sample,
and the concentration of known amounts of the
standard which was spiked into the real sample,
respectively.

RESULTSAND DISCUSSION

Selection of the or ganic solvent

To find an ideal extraction condition in
HF-LPME, selection of an organic solvent is
necessary for enrichment of the analyte. The
sel ected organic membrane solvent should have a
good tendency for the analyte, beimmisciblewith
donor and acceptor phases, be compatible with
the hollow fiber nature to be immobilized in the
poresof hollow fiber wall, and have alow volatility
to avoid evaporation during the extraction process
[40]. In this work, different organic solvent such
as 1-Octanol, dodecane, isobutylmethyl ketone,
and n-heptane were compared for theimpregnation
of the Ober pores. Asshownin Fig. 2A, 1-octanol
showed the highest extraction recovery for
risperidone extraction. Thus, 1-octanol was used
infurther experiments.
Optimization of thepH in thedonor and acceptor
phases

The pH of both the donor and acceptor
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phasesisavery important parameter for extraction
of target analyte. It can influence the transfer of
analyte from the donor sample solution to the
organic membrane solvent, and then to the
acceptor phaseto obtain high extraction efficiency.

In this work, the donor sample solution
was made alkaline to ensure that the risperidone
wereinamolecular formin order to increasetheir
transfer from the sample solution into the organic
phase. For this purpose, donor sample pH was
investigated in the basic pH from 9to 11. Asshown
in Fig. 2B, the highest extraction efficiency for
risperidone was obtained using pH=10. Therefore,
pH=10 was chosen for future experiments.

In current work, the acceptor phase was
made acidic to ensure that the risperidone werein
aionized formtoincreasetheir transfer from organic
phase into the aqueous acceptor phase. For
determination of the composition of acceptor
phase, pH of acceptor phase was studied from two
tofour. AsshowninFig. 2C, the highest extraction
efficiency was obtained at pH=3.0. Therefore, the
optimum pH of the acceptor phase was selected as
30.

Effect of stirring speed
Improvement of the extraction efficiency
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with stirring speed was evaluated. As a result
shown in Fig. 2D, extraction efficiency was
improved by the increasing stirring speed up to
750 rpm. Inlower stirring speed, increasing stirring
speed, dramatically accelerated extraction and
shorten thetimeto reach the extraction equilibrium.
At higher stirring speed, extraction efficiency
decreased because the organi c phase was removed
from the Ober pores.
Effect of salt addition tothesamplesolution

In this work, the effect of salt added to
extraction recovery of target analyte was examined
by the addition of different concentration levels
(0-30%, m/v) of NaCl to sample solution and result
is shown in Fig. 3A. The aqueous solution
viscosity would increase by addition of salt, which
lead to difficult mass transfer and decrease
extraction efficiency. The extraction efficiency,
decreased when the NaCl concentration was
increased from 0to 10% (m/v). Therefore, extraction
without salt addition was chosen as best condition,
and used in the next experiments.
Effect of extraction time

The mass transfer is a time-dependent
process. Masstransfer hastwo partsin HF-LPME:
First, partitioning of thetarget analytesfrom donor

Table 1. Chemical structures, pK, and logP of risperidone.

Name Chemical Structure IUPAC name pK, logP
Risperidone TJ]\'N‘[: 4-[2-[4-(6-fluorobenzo[ d]isoxazol -3-yl)- 876 263
JTT 1-piperidyl]ethyl]-3-methyl- 2,
~ }{IVJ 6-diazabicyclo[4.4.0]deca-1,3-dien-5-one
Table 2. Figures of merit of HF-LPME in distilled water sample

LOD LOQ Linearity R? PR RSD% °

(ngmL2) (ngmL1) (ngmL1) Withinday Between day
0.2 1.0 1.0-2000.0 0.9980 157 12 32

2 Drugs were present at 1.0 mg L.> Within day and between day RSDs% were obtained by five replications.

Table 3. Determination of risperidone in urine sample

Sample C. (MgmL™) C,igea (Mg ML)

Cfound(mg le)

RSD% (n = 5) RR%

Urine nd? 0.2

0.173 55 87

aNot detected
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phase to organic solvent and second, diffusion of
the analytes through the impregnated solvent to
the acceptor phase. Hence, the extraction recovery
depends on both the transfer of the analyte from
the donor phase to the organic membrane solvent
and then the transfer from the organic solvent to
the acceptor phase*. Thus, the effect of the
extraction timewas studied from 20to 55 min. The
result in Fig. 3B show that the extraction recovery
increased rapidly by theincreasing of the extraction
time up to 40 min. Further increasing during the
extraction time to 55 min, lead to dramatically
decreasein the extraction recovery dueto organic
membrane unstability in sample solution. therefore,
40 min was chosen as the best extraction time in
the next experiments.

Hamilton syringe
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ﬁ\/,
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Fig. 1. Schematic diagram of proposed HF-L PME setup.
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InGuenceof temperature

The effect of temperature on the
extraction recovery of risperidoneby HF-LLLME
was examined over atemperature range of 2060
°C and result is shown in Fig. 3C. Increasing of
temperature from 20 to 40 °C increase extraction
recovery. Increasing extraction temperature
acceleratesthe masstransfer rates of analytesand
increase extraction recovery. But when the
extraction temperature increased higher than 40
°C, tangible changein extraction recovery was not
observed. Therefore, 40 °C was selected as the
optimum temperaturein thiswork and used in next
experiments.
Method validation

Under the optimized conditions, a series
of experiments were carried out to determine the
linear ranges, repeatability, preconcentration factor,
and LODsof thismethod that listed in Table 2. The
calibration curveswerelinear in therange of 1.0—
2000 ug Lt with coeflcient of determination (r?)
morethan 0.9980. Therelative standard deviations
(RSD %) for extraction and determination of
risperidone were less than 1.2% and 3.2% for
intraday and interday experiment, respectively.
LODs less than 0.2 ng L' was observed for
risperidone. PF values 157-fold were viewed for
the extraction of risperidone.
Applicationtoreal samples

The optimized HF-LPME method was
applied to the determination of risperidone from
untreated urine sample. In order to reduce matrix
effects, calibration curveswere plotted in drug free
urine sample.
Extraction from human urinesample

Drug-free human urine was spiked with

Table 4. Comparison of the HF-LPME with other analytical techniques for determination of risperidone.

Analytical Sample preparation  Sample LOD Linearity RSD% Ref.
method method (ngmL-1) (ngmL-1)

HPLC HF-LPME Urine 0.2 1.0-1000.0 32 This work
HPLC-MS-MS SPME Water 50.0 50.0-3750.0 <10 [1]
HPLC-EC SPE Plasma 0.5 1.0-100.0 <13.9 [42]
HPLC-UV LLE Plasma 5.0 10.0-160.0 <8 [19]
LC-Coulmetric MEPS Plasmalurine 05 0.5-50 <58 [43]
HPLC-UV MEPS Plasmalurine 0.07 2.0-200.0 <4.4 [2]
LC-MS-MS SPE Plasma 0.1 0.1-250.0 <4.5 [44]
HPLC-UV LLE Plasma 15 2.0-100.0 <15 [45]
LC-MS LLE Plasma 0.1 0.2-24.0 <15 [46]




544 CHARMAHALI et al., Biosci., Biotech. Res. Asia, Vol. 12(1), 539-548 (2015)

1800 i — = B
1600 [
1400 2000
1200
1000
800 1500
600
400
200

Peak area

1000

N

& o N
& F& 4 S &
§ 7 2 9 10 1 12
Organic membrane solvent Sample solution pH

1800 2500
1400 2000
1000 1500

1000

Peak area
g

500

0 1 2 3

s
o

0 200 400 600 800 1000 1200

Acceptor phase pH Stirring rate (rpm)

Fig. 2. Optimization of (A) organic membrane solvent, (B) sample solution pH,
(C) acceptor phase pH and (D) stirring rate for extraction of risperidone
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Fig. 4. Chromatograms obtained after HF-L PME extraction of urine sample ((A)
non-spiked sample and (B) spiked sample at a concentration level of 1.0 mg L%)

the target drug and extraction was accomplished
after dilution of urine samples(1:3) and theaddition
of proper amount of NaOH solution to achieve pH
10. Theresultsare summarized in Table 3. RSD%
values less than 5.5% confirm the acceptable
precision of proposed HF-LPME method. To
evaluate the applicability of HF-LPME for human
urine, a urine sample was analyzed with the
proposed method. Since no risperidone was found
in the sample, urine sample was spiked with the
target analyte at aconcentration of 1.0mg L. The
chromatograms of HF-L PM E extractsfrom aspiked
and non-spiked samples are shown in Fig. 4.
Comparison of the proposed method with other
methods

Comparison of the proposed method with
different extraction methods for extraction and
determination of risperidoneissummarizedin Table
4. 1t isshown that, the proposed method provided
good linearity range, high repeatability, and a
suitable sensitivity.

CONCLUSONS

In the current work, a three-phase HF-
LPME followed by HPLC was developed and
validated for the detection and determination of
risperidone in urine sample. An effective sample
cleanup with a high preconcentration factor and
extraction efficiency were abtained, aswell asgood
linearity. This method is demonstrated to be a
simple, sengitive and inexpensive analytical method
for thedetermination of risperidonein real samples.
Altogether, the advantages of this method will
allow itsfacility application to the analysis of low
concentration levelsof risperidonein urine sample.
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