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Abstract

For toxicological purposes, a HPLC assay was developed for the simultaneous determination of risperidone and
9-hydroxyrisperidone in human plasma. After a single-step liquid–liquid extraction, both compounds were separated on a
C column and measured at 280 nm. A good inter-assay accuracy (,116%) was achieved with inter-assay precision less18

than 12%. Quantification limits were 10 ng/ml. This rapid method (run time ,5 min) is currently used for poison
management.  2002 Published by Elsevier Science B.V.
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1. Introduction the parent drug [2]. Suicide and suicide attempts are
very frequent in the user population for anti-

Risperidone (RSP), a benzisoxasole derivative, is psychotics [3,4], and several intoxications involving
one of the newer high-potency antipsychotic agents risperidone have already been published [5–7]. Con-
with 5-HT2 and D2 receptor blocking capacity [1]. sequently, it is essential to use a simple and rapid
These compounds are rapidly taking a large market method for the determination of risperidone and its
share for the treatment of schizophrenia and other metabolite in case of poisoning.
psychoses. RSP is effective in the treatment of The published high-performance liquid chroma-
positive as well as negative symptoms of schizophre- tography (HPLC) methods for both RSP and OH-
nia. It has a limited risk for causing extrapyramidal RSP analyses in biological fluids included UV [8–
side effects at therapeutically effective doses. Its 12] or electrochemical detection [13–16]. Among
main metabolite, 9-hydroxyrisperidone (OH-RSP), those different techniques, some require solid-phase
has an antipsychotic activity profile similar to that of extraction [9,11,16] or multi-step liquid–liquid ex-

traction [12,15] which is not easy to run for routine
application. On an other hand, the use of another
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The aim of this study was to establish a simple,
rapid and accurate HPLC method for the measure-
ment of risperidone and hydroxyrisperidone in plas-
ma after overdose. The assay requires a small sample
volume, involves a single step liquid extraction with
a specific internal standard (I.S.; methylrisperidone)
and a short chromatographic run. The method de-
scribed is especially adapted for RSP poisoning cases
leading to concentrations generally above the thera-
peutic range (1–28 ng/ml) [17].

2. Experimental

2.1. Chemicals

RSP (Fig. 1) was purchased from Sigma (St.
Quentin Fallavier, France). OH-RSP and I.S.,
methylrisperidone (R068808), were generously do-
nated by Janssen Foundation (Beerse, Belgium). All
reagents used for the assay were of HPLC or
analytical grade. Water was deionized and purified by
a Milli-Q system (Millipore, Bedford, MA, USA).
Heparinized healthy human volunteers plasma was
purchased from Etablissement de Transfusion San-
guine d’Aquitaine (ETSA, Bordeaux, France).

2.2. Equipment

Fig. 1. Chemical structures of risperidone, 9-hydroxyrisperidoneThe chromatographic apparatus (ThermoQuest,
and internal standard.

San Jose, CA, USA) was equipped with a constant
flow pump M 590, a Model 1000 ultraviolet detector
and a Datajet integrator. 2.3. Standard solutions

The chromatographic separation was performed at
room temperature on a Novapack C analytical Stock solutions of RSP, OH-RSP and I.S. were18

column (Waters) (15 cm33.9 mm; 5 mm particle prepared at a concentration of 1 mg/ml in methanol
size). and stored at 220 8C. They were stable for at least 3

The mobile phase consisted of acetonitrile–phos- months. The internal standard stock solution was
phate buffer, pH 3.8 (0.1 M) (68:32, v /v). The diluted daily in bidistilled water to yield a 3 mg/ml
mobile phase was filtered through a 0.5 mm filter and working solution.
degassed before use. The flow-rate was maintained at Plasma standards containing known amounts of
1 ml /min. risperidone and 9-hydroxyrisperidone were prepared

The compounds were chromatographed at 280 nm by spiking plasma to yield concentrations of 10, 20,
within 5 min. The unknown concentrations of RSP 50, 100, 150 and 200 ng/ml. Plasma quality controls
and OH-RSP were quantified using linear regression spiked with 10, 30, 70, 120 and 170 ng/ml were
of response (drug/ I.S. peak height ratio) versus RSP prepared to test the accuracy and the precision of the
or OH-RSP concentrations. method.
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2.4. Sample preparation assay precision is regarded as zero. This signifies
that no significant additional variation is observed as

To 200 ml of plasma was added 50 ml of I.S. (3 a result of performing the assay in different runs.
mg/ml) and 500 ml of borate buffer, pH 10. The
mixture was extracted in 5 ml of pentane–dichloro- 2.5.3. Accuracy
methane (70:30, v /v) by rotative shaking during 10 Accuracy was measured as the % difference from
min. After centrifugation, the organic layer was theoretical according to the equation:
evaporated to dryness under nitrogen. The residue

Accuracy (%)was dissolved in 100 ml of mobile phase and 80 ml
5 (concentration /concentration ) ? 100was injected into the chromatograph. measured theoretical

2.5. Recovery, precision, accuracy
3. Results and discussion

2.5.1. Recovery
Under the chromatographic conditions, RSP andExtraction recoveries from human plasma were

OH-RSP were sufficiently resolved from endogenousdetermined by comparison of HPLC responses from
plasma and tissue compounds (Fig. 2) with the threeextracted samples containing known amounts of RSP
compounds chromatographed within 5 min.and OH-RSP (30, 70, 120 ng/ml) to those from

unextracted and directly injected standards, spiked
3.1. Precision, accuracy and linearitywith the same amounts.

The results obtained for precision and accuracy are2.5.2. Precision
listed in Table 1 and Table 2. The method showed aThe precision of the developed method was de-
intra-assay precision ranging from 2.02 to 11.06%termined by analysis of five quality control samples
and from 2.10 to 11.17% for RSP and OH-RSP,containing 10, 30, 70, 120 and 170 ng/ml of
respectively. The inter-assay precisions ranged fromrisperidone and its metabolite. Each of the quality
2.37 to 10.69% and from 1.84 to 11.69% for RSPcontrol samples was replicated (n56) and analysed

on 4 consecutive days. Subsequently, the mean of
each set of the concentrations and the percent
deviation of the quality control samples were calcu-
lated. One-way analysis of variance (ANOVA), with
the day of analysis as variable of classification, was
used to calculate the inter- and intra-assay variation.

The following formulas were used in order to
calculate the inter-assay precision and intra-day
precision, respectively:

1 / 2(Day mean square 2 error mean square) /nf g
]]]]]]]]]]]]]?Grand mean

100%
1 / 2(Error mean square)

]]]]]]] ? 100%Grand mean

The day mean square, the error mean square and
grand mean square are expressions originating from
ANOVA. n is the number of replicates within each Fig. 2. Representative chromatograms of (A) blank plasma with
day (six) for each concentration. If the error mean internal standard (I.S.); (B) plasma spiked with 200 ng/ml of
square is higher than the day mean square the inter- risperidone (RSP) and hydroxyrisperidone (OH-RSP).
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Table 1
Precision and accuracy of the determination of risperidone and
9-hydroxyrisperidone in spiked plasma

Concentration Intra-assay Inter-assay Accuracy
(ng/ml) precision precision (%)

(%) (%)

Risperidone
10 11.06 7.19 113
30 8.36 10.69 111
70 5.87 2.37 109
120 2.71 5.43 108
170 2.02 4.09 108

9-Hydroxyrisperidone
10 11.17 5.13 97

Fig. 3. Risperidone standard curve (generated over 4 separate30 8.89 11.69 116
2 24days). Mean r 50.97; slope (mean6SD)5(8063.0)?10 ; inter-70 6.56 9.79 109

cept (mean6SD)50.02460.034.120 2.10 1.84 110
170 4.20 7.05 109

3.2. Extraction efficiency

and OH-RSP, respectively. The inter-assay ac- The recoveries of risperidone were (mean6RSD,
curacies were better than 113 and 116% for RSP and n54) 87.466.3, 84.463.4, 83.569.3% for 70, 120
OH-RSP, respectively. The lower limit of quantifica- and 170 ng/ml human plasma quality controls
tion was 10 ng/ml for both compounds. (QCs). For the metabolite data were 85.867.6,

From four calibration curves (Fig. 3) constructed 79.363.3, 76.969.9%, respectively. The recovery of
with six unique calibration points ranging from 10 to I.S. was 96.563.5%.
200 ng/ml a good correlation coefficient was found

2 24for risperidone [r 50.97; y5(8063.0)?10 x1 3.3. Stability
(0.02460.034); y5(mean slope6SD)x1(mean

2intercept6SD)] and its metabolite [r 50.99; y5 To determine the influence of temperature on the
24(10062.4)?10 x1(0.07460.027)]. stability of drugs, QC samples spiked with RSP and

Table 2
Data of the determination of risperidone and 9-hydroxyrisperidone in spiked plasma

Day 1 Day 2 Day 3 Day 4

Mean6SD Accuracy Mean6SD Accuracy Mean6SD Accuracy (%) Mean6SD Accuracy
(n56) (%) (n56) (%) (n56) (%) (n56) (%)

Risperidone (ng/ml)
10 10.460.5 104 12.361.6 123 10.761.1 106 12.061.5 120
30 34.560.5 115 33.7564.1 113 29.862.0 99 30.6761.2 102
70 77.364.8 110 77.563.4 111 75.666.3 108 73.462.5 105
120 133.061.1 111 128.064.9 107 119.863.8 100 136.363.5 114
170 187.064.7 110 181.062.1 107 179.661.8 106 189.864.8 112

9-Hydroxyrisperidone (ng/ml)
10 9.060.5 91 10.461.5 110 9.360.7 109 10.161.3 110
30 34.962.3 116 34.062.6 113 32.6761.2 101 32.262.5 102
70 81.065.7 116 83.860.4 120 72.568.3 104 64.063.2 105
120 146.761.0 122 138.862.8 116 125.564.4 104 118.263.4 114
170 207.567.1 122 198.862.8 117 173.367.7 102 159.8611.1 94
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OH-RSP were stored under different conditions: at
220 8C during 32 days; at 14 8C during 72 h; at
120 8C during 24 h. No decomposition of RSP and
OH-RSP was noted in the frozen samples over 1
month. Storage for 72 h at 14 8C produced no
significant decrease of RSP and OH-RSP concen-
trations. Storage at room temperature for 24 h
showed good stability of both compounds, with RSD
and bias values less than 10%. Both compounds
appeared to be stable after three repeated freeze–
thaw cycles, as evidenced by the RSD of less than
10% and the accuracy bias of less than 17%.

3.4. Specificity

Potential interferences with determinations were
investigated by assaying different blank plasma Fig. 4. Chromatogram of patient sample (diluted 1:1, v /v, in
spiked with drugs commonly found in voluntary drug blank plasma) at 280 nm. Specific absorption spectrum of ris-

peridone (RSP) performed on photodiode array detector.intoxications. No significant chromatographic inter-
ference was found with tested tricyclic antidepres-
sants (amitriptyline, clomipramine, imipramine), concentrations. The limit of quantitation and short
selective serotonin reuptake inhibitors (fluoxetine, duration of this assay are particularly adapted to the
paroxetine), benzodiazepines (diazepam, bromaze- management of acute RSP intoxications.
pam, zopiclone, flunitrazepam) and neuroleptics In this routine context, simplicity and rapidity are
(haloperidol, clozapine). clear bonuses. The relevance of plasma risperidone

monitoring in routine in clinical practice is uncertain.
3.5. Clinical case Its determination in overdose would help quantify

the dose taken, and alert to large overdoses which
In voluntary drug intoxications, the ingested dose may pose a cardiac risk.

and the beginning of intoxication are often unknown.
Nevertheless, the expected concentrations are gener-
ally above the therapeutic concentration. The thera-
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