1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

o WATIG,

HE

M 'NS;))\

D)

NS

NIH Public Access

Author Manuscript

Published in final edited form as:
Clin Ther. 2007 July ; 29(7): 1476-1486. doi:10.1016/j.clinthera.2007.07.026.

Plasma Pharmacokinetic Characteristics of Risperidone and
Their Relationship to Saliva Concentrations in Children with
Psychiatric or Neurodevelopmental Disorders

Michael G. Aman, PhD1, Alexander A. Vinks, PharmD, PhD23, Bart Remmerie, PhD#, Erik
Mannaert, PhD?, Yaser Ramadan, PhD1, Jessica Masty, MA®, Ronald L. Lindsay, MDS, and
Krista Malone, MA”

1The Nisonger Center, The Ohio State University, Columbus, Ohio

2pediatric Pharmacology Research Unit, Cincinnati Children’s Hospital Medical Center,
Cincinnati, Ohio

3Department of Pediatrics, University of Cincinnati, Cincinnati, Ohio

4Johnson & Johnson Pharmaceutical Research & Development, Beerse, Belgium
SFordham University, Bronx, New York

6Arizona Child Study Center, St. Joseph’s Hospital and Medical Center, Phoenix, Arizona

"Hospice of Central Ohio, Newark, Ohio

Abstract

Background—Risperidone is a second-generation antipsychotic agent widely used in the
treatment of schizophrenia and other psychotic disorders in adults. Risperidone is probably the
most frequently used atypical antipsychotic in the pediatric population.

Objectives—The goals of this study were to estimate the pharmacokinetic parameters of
risperidone and its enantiomers in a pediatric population and explore relationships between saliva
and plasma concentrations.

Methods—Eligible patients, between 4 and 15 years of age, included those taking a stable dose
of oral risperidone ranging from 0.01 to 0.07 mg/kg BID for =4 weeks to treat psychiatric or
neurodevelopmental conditions. A trough blood level and predose saliva sample were collected at
study initiation; the regular risperidone dose was administered; and paired samples of blood and
saliva were collected at 1, 2, 4, and 7 hours postdose. Plasma/saliva concentrations of risperidone
and enantiomers of its principal active metabolite, 9-hydroxyrisperidone (9-OH-risperidone), were
measured using a chiral liquid chromatography—tandem mass spectrometry assay. Standard
pharmacokinetic parameters were calculated. Cytochrome P450 2D6 genotypes of *3,*4,*5
deletion and duplication were determined.

Results—The study included 19 patients (age range, 4 years 2 months to 15 years 11 months).
Mean (SD) values for Cax, t1/2, and AUC 0 to 12 hours for risperidone in plasma were 15.9
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(22.2) ng/mL, 3.0 (2.3) h, and 92.1 (200.6) ng - h/mL, respectively. Corresponding values in saliva
were 12.0 (21.0) ng/mL, 3.4 (3.2) h, and 27.8 (38.7) ng - h/mL, respectively. Mean (SD) plasma
enantiomer values for Crzx and AUC calculated up to the last observation were: (+)-9-OH-
risperidone, 13.6 (10.0) ng/mL and 73.6 (52.3) ng - h/mL; (-)-9-OH-risperidone, 4.9 (3.1) ng/mL
and 29.3 (19.1) ng - h/mL. Corresponding enantiomer values in saliva were: (+)-9-OH-risperidone,
5.2 (8.8) ng/mL and 15.6 (8.9) ng - h/mL; (-)-9-OH-risperidone, 5.0 (7.9) ng/mL and 15.6 (9.1) ng
- h/mL, respectively. Large interindividual variability in risperidone and enantiomer
concentrations was noted. A highly significant relationship between predose plasma and predose
saliva risperidone concentrations was observed. The logarithmic regression model indicated that
the log risperidone saliva concentration = —0.100 + 0.594 - log plasma concentration (/2 = 0.93
[Spearmany).

Conclusions—In this preliminary pharmacokinetic study of parameters for risperidone and the
enantiomers of 9-OH-risperidone in a pediatric population, mean C 5« and ty/, of risperidone
were generally similar to those previously described in adults. The highly significant relationship
between predose plasma and predose saliva risperidone concentrations suggests that saliva
measurements may be a viable alternative to plasma sampling in children.
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INTRODUCTION

Risperidone is a second-generation antipsychotic agent widely used in the treatment of
schizophrenia and other psychotic disorders in adults, and is preferred over older
conventional agents for the management of adult and childhood psychiatric and neurologic
conditions.! Risperidone is probably the most frequently used atypical antipsychotic in the
pediatric population.2=6 Controlled clinical trials of risperidone in children with autism and
in those with disruptive behavior disorders have shown this medication to be very effective
in managing disruptive behavior. "= In 2006, the US Food and Drug Administration
approved risperidone for managing behavioral difficulties associated with autism.10

In adult subjects, the metabolism of risperidone and its principal active metabolite, 9-
hydroxyrisperidone (9-OH-risperidone), has been well described. Risperidone is rapidly and
well absorbed after oral administration and has high bioavailability.1! Metabolism is
catalyzed by the liver cytochrome P450 (CYP) system, particularly by CYP2D6 and
CYP3A4. 9-OH-risperidone has a similar pharmacologic profile and potency as
risperidonel?; thus, both compounds together constitute the active moiety. After drug
administration, mean Cp,,x Values of risperidone and 9-OH-risperidone are reached at ~1
and 3 hours, respectively.12 For the active moiety, the elimination t, is 20 hours.!! Steady-
state concentrations are reached within 1 to 2 days for risperidone, and 5 to 6 days for 9-OH-
risperidone. The metabolism of risperidone results in the formation of 2 enantiomers, (+)-9-
OH-risperidone and (-)-9-OH-risperidone.13 The enantio-selective hydroxylation is
catalyzed by CYP2D6 and CYP3A4, with the CYP3A4 pathway metabolizing at a slower
formation rate.13 High interindividual variability in risperidone and 9-OH-risperidone
metabolism has been observed.14

Several studies in adult patients with schizophrenia have investigated potential relationships
between plasma levels of risperidone and 9-OH-risperidone and their clinical response and
adverse effects.15-18 Although results have not been uniform, possible relationships have
been identified between active moiety plasma levels and improvement in
psychopathology,!8 is and between plasma levels and the severity of extrapyramidal
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symptoms.1719 Due to interindividual variability, strategic assessment of drug levels may be
helpful in determining these relationships in individual patients to optimize treatment.18

We are unaware of any published controlled clinical data in the public domain regarding the
pharmacokinetic parameters of risperidone in children. In the current study, we collected
plasma samples from children already taking risperidone for a range of conditions, with the
goal of gathering basic data to estimate pharmacokinetic parameters for risperidone and its
enantiomers in a pediatric population. We also collected salivary samples, in tandem, to
determine pharmacokinetic parameters in this sampling source. Salivary sampling may be
better accepted for assessment of drug levels than plasma sampling, particularly for pediatric
patients. Advantages of salivary measurement include noninvasiveness, sample collection by
nonmedical staff, and the fact that such sampling is unlikely to cause distress in contexts in
which mental or emotional function is being assessed.29-23 Specifically, we compared drug
exposure, as determined by the AUC, the rate of decline in the concentrations of risperidone
and its main active metabolite—9-OH-risperidone; (+) and () enantiomers—in plasma at
timed intervals during a single dosing interval at steady state; determined the concentration
ratio of risperidone and the (+)- and (—)-9-OH-risperidone enantiomers in plasma; and
determined the strength of any relationship between saliva and plasma concentrations of
risperidone and the 9-OH-risperidone enantiomers.

PATIENTS AND METHODS

Patients

Trial Design

This study was approved by The Ohio State University Biomedical Human Subjects
Institutional Review Board. Subjects were enrolled between June 2001 and May 2003.
Informed consent was obtained from the parent or guardian before beginning study
procedures, and participant assent was obtained if the individual was free of mental
retardation (some patients who had autistic disorder also had mental retardation).

Eligible patients were male or female, between 4 and 15 years of age, had been taking a
stable dose of oral risperidone for =24 weeks before entering the trial, and were consuming
risperidone BID. Any psychiatric or neurodevelopmental condition was permitted. Patients
were healthy on the basis of a pretrial physical examination, medical history, and results of
hematology tests. Children with significant medical conditions (eg, heart disease,
hypertension, liver or renal failure, pulmonary disease, unstable seizure disorder) were
excluded from the study. Disallowed medicines included anti-human immunodeficiency
virus medications, azole antifungal medications, calcium channel antagonists,
carbamazepine, cimetidine, macrolide antibiotics (erythromycin, clarithromycin), phenytoin,
propoxyphene, rifampin, or tramadol.1424 Females of childbearing potential were not
permitted to participate in the study if they had a positive result on a urine pregnancy test.
Children experiencing a transitory illness (eg, the common flu) were permitted but were not
allowed to participate until the illness had passed.

The study involved 2 visits. Visit 1 consisted of completion of informed consent procedures,
with subject assent obtained when possible (some young children and patients with autism
were unable to understand the study procedures). A medical history, physical examination,
and laboratory screening for kidney or liver disease were completed, and a urine pregnancy
test was provided for female subjects of childbearing potential.

In most cases, Vvisit 2 occurred ~1 week after visit 1. On the evening before the second visit,
the parents were asked to give the child his or her second daily dose of risperidone at 8:00
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em. Subjects were asked not to eat breakfast on the day of the visit and to arrive at the study
center early in the morning. A trough blood level and predose saliva sample were collected
at the initiation of the study (~7:45 aw), and the regular risperidone dose was administered at
~8:00 au, followed by a measured volume of water (100 mL). Paired samples of blood and
saliva were subsequently collected at 9:00 am, 10:00 am, 12:00 v, and 3:00 »u (i€, at 1, 2, 4,
and 7 hours postdose). Given that the patients were at steady state of a BID regimen of
risperidone, the 7:45 am trough sample can also be considered a 12-hour postdose sample
because it followed the previous evening’s dose by 12 hours. Subjects were given breakfast
after the second blood/saliva sample was collected (ie, after 9:00 aw). Subjects were paid $20
for each blood/saliva sample obtained and $10 if only one type of sample was obtained.

Sample Collection

The Salivette™ system (Sarstedt, Inc., Newton, North Carolina) was used to collect saliva
samples. This involved placing a cotton roll in the patient’s mouth for 3 minutes. Once
removed, the cotton roll was immediately placed into a plastic cylinder, which was later
centrifuged to extract most of the saliva. Because mucus is trapped by the Salivette roll, the
saliva samples were essentially mucus free. Saliva samples were stored at —20°C or lower.
An IV line was placed to collect blood samples. Blood samples were centrifuged, and
plasma was stored at —20°C or lower. Heparinized saline was added to the 1V line after each
blood collection to avoid clotting. The 1V line stayed in place for the duration of visit 2.

All samples were analyzed at Johnson & Johnson Pharmaceutical Research & Development,
Beerse, Belgium.

Determination of Plasma and Saliva Concentrations of Risperidone and 9-
Hydroxyrisperidone Enantiomers

Plasma concentrations of risperidone and the 9-OH-risperidone enantiomers were measured
using a chiral liquid chromatography—tandem mass spectrometry (LC-MS/MS) assay
described elsewhere.?>:26 The assay method for the enantiomers has been described
recently.26

Briefly, 2.0 mL of 0.1 M-phosphate buffer (pH 6), 100 wL of methanol, containing the
stable isotopelabeled internal standards (R215639 and R215640; Janssen Research
Foundation, Beerse, Belgium), and 100 pL of methanol were added to each 200-pL plasma
sample. The mixture was vortexed and poured over a Varian Bond Elut Certify solid-phase
extraction column (10 cc/130 mg SPE; Walnut Creek, California), which was eluted with 3
mL of a methanol/ammonium hydroxide 25% mixture (98:2 v/v). The eluate was evaporated
under a nitrogen stream at 65°C and redissolved in 200 L of heptane—0.01 M of
ammonium acetate (50/50 v/v). Fifteen microliters were injected into a LC-MS/MS system,
consisting of a Sciex API 3000 system (Applied Biosystems, Foster City, California)
operated in multiple reaction monitoring mode. Enantiomeric separation of (+)- and (-)-9-
OH-risperidone in plasma and saliva was achieved on a Chiracel OJ column (50 mm x 4.6
mm ID, 10-pum particle size; Daicel, Chiral Technologies, Europe SARL, IlIkirch, France)
kept at 40°C. The mobile phase consisted of a mixture of 80% hexane (A), 10% ammonium
acetate (0.01 M, pH 9) in isopropanol (B), and 10% ammonium acetate (0.01 M, pH 9) in
ethanol (C) for 7 minutes, followed by a step gradient at 10/45/45 (A/B/C), at a flow rate of
1.0 mL/min. Mass transitions (m/z) of 411.2 to 191.0 (risperidone), 427.2 to 207.0 (9-OH-
risperidone), 415.2 to 193.0 (internal standard [1S] risperidone), and 431.2 to 209.0 (IS 9-
OH-risperidone) were selected for ion monitoring. Methanol working solutions containing
risperidone and 9-OH-risperidone enantiomers were spiked to blank plasma, resulting in a
0.2- to 100-ng/mL concentration range. The lower limit of quantitation was 0.2 ng/mL for
risperidone and the 9-OH-risperidone enantiomers. Imprecision and bias were estimated by

Clin Ther. Author manuscript; available in PMC 2013 August 12.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Aman et al.

Page 5

analysis of independently prepared quality control samples (spiked at ~3 times the lower
limit of quantification, mid-range, and ~75% of the upper limit of quantification).
Imprecision and bias were <10% for each analyte, at all concentrations.

The saliva samples were analyzed by the same method after adding 200 L of blank plasma
to 100-p.L saliva aliguots, resulting in a 0.4- to 200-ng/mL concentration range.

Pharmacokinetic Analysis

Genotyping

Pharmacokinetic analysis of risperidone steady-state plasma concentration data was
conducted using standard noncompartmental methods (WinNonlin Professional, Version
4.0.1; Pharsight Corporation, Mountain View, California). Cyax and Tmax Were determined
by visual inspection of the plasma concentration-time profiles. The apparent terminal
elimination rate constant was estimated for each subject by nonlinear regression analysis.
The AUC was determined when possible using the linear trapezoidal method with the
“partial area” option of 0 to 12 hours, using each patient’s elimination rate constant estimate,
which was based on at least 3 observations. In instances where calculation of the elimination
rate was not possible, the AUC was calculated up to the last observation. Oral clearance,
volume of distribution, and terminal t;/» were calculated using standard equations, and
individual metabolite concentrations were determined by visual inspection of the plasma
concentration—time profiles. The concentration-time profiles of the (+)-9-OH-risperidone
and (-)-9-OH-risperidone enantiomers were explored graphically.

Predicted CYP2D6 phenotypes on all patients were based on genotypic determination.27.28
CYP2D6 genotypes of *3,*4,*5 deletion and duplication were determined by TagMan real-
time polymerase chain reaction (PCR), PCR/restriction enzyme digestion, and long-PCR
assay. The allelic discrimination TagMan assay, which includes the amplification primers
and hybridization probes, was provided by Applied Biosystems.

Statistical Analysis

RESULTS

All subject and pharmacokinetic data are presented as means and ranges. Associations
between saliva and plasma concentrations were assessed by Pearson’s correlation
coefficients computed across subjects where appropriate. Descriptive and inferential
statistics were analyzed using SPSS version 12.0 for Windows (SPSS Inc., Chicago,
[llinois).

The study comprised 19 children and adolescents, ranging in age from 4 years 2 months to
15 years 11 months. Demographic data for individual patients are provided in Table I. The
minimum daily dose of risperidone was 0.25 mg BID, and the maximum daily dose was 2.5
mg BID. Four of 19 patients were taking the liquid form of risperidone; the remainder were
taking a tablet form. All but 4 patients were taking concomitant medicines, and most were
taking at least 2 additional medications (Table I). The most common concomitant medicines
were taken to treat attention-deficit/hyperactivity disorder (n = 7). The mean (SD) age of the
study population was 10.1 (3.4) years; weight, 42.7 (17.3) kg; height, 140.6 (18.0) cm; body
surface area, 1.3 (0.3) m?; and body mass index, 20.8 (4.7) kg/m?.

The mean concentration—time profiles of risperidone and the (+)-9-OH-risperidone and
(-)-9-OH-risperidone enantiomer metabolites for plasma and salivary samples for all
subjects are shown in Figures 1A and 1B, respectively. The individual concentration—time
profiles showed large interindividual variability (data not shown). Pharmacokinetic
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parameter estimates were summarized for risperidone (Table Il) and its enantiomers (Table
[11) in plasma and saliva during maintenance treatment. The samples of 1 patient taken
immediately after dosing were outliers, having very high levels of drug. It is possible that
this participant did not drink a measured volume of water after taking the medicine, and this
aberration likely indicates the presence of residual drug in the oral cavity. In this patient
population, psychiatric or neurodevelopmental disability may hinder the ability to follow
protocols; these samples were excluded from the calculation of mean pharmacokinetic
parameters.

The mean Cax and AUC for (+)-9-OH-risperidone were ~2.8- and 2.5-fold higher than for
(-)-9-OH-risperidone, respectively, while in saliva the enantiomer concentrations and AUC
appeared similar.

One subject (patient 14) was a clear outlier. Based on CYP2D6 genotyping, this patient was
found to be a poor metabolizer, whose status as such corresponds well with the observed
concentration profile and AUC. When patient 14 was excluded, mean (SD) risperidone
concentrations were 10.6 (6.7) ng/mL (Cnmax) and 2.9 (3.4) ng/mL (predose trough),
respectively.

Relationship Between Risperidone Plasma and Saliva Concentrations

The relationship between risperidone plasma and saliva concentrations is presented in a log-
log plot in Figure 2, according to sampling time (predose [0 hour] and 1, 2, 4, and 7 hours
postdose, respectively). The logarithmic regression model indicated that the log risperidone
saliva concentration = —0.100 + 0.594 - log plasma concentration (/2 = 0.93 [Spearman]).

DISCUSSION

This study provides preliminary data on the basic pharmacokinetic variables for children and
adolescents taking risperidone. To the best of our knowledge, it is the first published study
to provide pharmacokinetic parameters for risperidone and 9-OH-risperidone enantiomer
metabolites in a pediatric population. The pharmacologic properties of one enantiomer can
be very different from the other; however, in vitro and in vivo pharmacologic tests indicate
that these 9-OH-risperidone enantiomers are equipotent (data on file, Ortho-McNeil Janssen
Scientific Affairs, L.L.C., Titusville, New Jersey). In these pediatric subjects, the Cpy,ax Of
risperidone was reached in ~1 hour, and the ty;, was 3 hours. The ty, of the active
enantiomer metabolites is 22.9 to 26.0 hours (Table I11). These parameters are similar to
those described in adult subjects.1? In 9 healthy adult volunteers, the peak risperidone
plasma level after a 1-mg dose was reached in 1 hour and the ty;, was 3.2 hours. In the
current study, the t1/, of the active metabolite was ~23 to 26 hours, whereas in adults it was
reported to be 20 hours.1! Our pharmacokinetic data suggest that QD dosing could be used
with children, as it often is in adult patients; however, this was not the clinical finding for
most of the participants in this investigation. Indeed, on presentation, only 1 participant was
receiving risperidone QD (patient 18), another 17 patients were taking the medicine BID,
and 1 was receiving TID dosing (patient 9). The issue of dosing is clinically important and
perhaps should be addressed through empirical trials.

In plasma, the mean Cp,ax and AUC for (+)-9-OH-risperidone were ~2.8- and 2.5-fold
higher, respectively, than for (-)-9-OH-risperidone. Overall, risperidone and enantiomer
exposure in saliva was lower. In contrast to plasma, the concentrations and AUC of the 2
enantiomers in saliva were similar. This can be explained by the fact that, in saliva, the drug
is not bound to proteins (free drug concentrations). It is important to consider the differential
plasma protein binding for (+)-9-OH-risperidone and (=)-9-OH-risperidone of 82% and
65%, respectively.2? This difference in plasma protein binding implies that the free fraction
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in plasma is 18% for (+)-9-OH-risperidone and 35% for (—)-9-OH-risperidone, and may
explain why saliva concentrations of the enantiomers overlap. Furthermore, the lower levels
of risperidone and (+)-9-OH-risperidone in saliva may reflect relatively poor penetration of
the drug in saliva. Although the administered dose in this group of patients ranged from 0.01
to 0.07 mg/kg BID, differences in the dose could not explain the large variability observed
in individual concentration—time profiles, Crax/Cmin ratios, and AUC.

Some (but not all) studies in adult patients with schizophrenia have noted associations
between plasma levels of the active moiety and clinical response, or between plasma levels
of the active moiety and the severity of extrapyramidal symptoms.15-18 One small study in
20 pediatric patients with autistic disorder found no significant correlation between
improvement in psychopathologic state and plasma level of the active moiety.30 Even so, the
potential for such associations suggests the value of drug level assessment in individual
patients, particularly in cases where there appear to be significant adverse events with low
dosing or a lack of clinical effect with high dosing.

Although these data must be confirmed in a larger population, the significant relationship
found between predose plasma and saliva risperidone and active moiety concentrations may
provide a way to make approximate estimates of predose plasma risperidone concentrations
by assay of readily sampled predose saliva risperidone samples. In general, the children
responded quite well to the saliva collections. All children were able to comply with the
collection procedures, even very young participants and those with autism, some of whom
had significant intellectual disabilities.

In our study of 19 patients, 1 was found to be a poor metabolizer, congruent with a
prevalence of 7% in the white population and 1% to 2% of other races.3! Genotyping of
patients before starting therapy may be helpful in guiding the rate and magnitude in dosing.

A significant limitation of this study was the relatively small sample size, which reflects the
difficulty of obtaining plasma samples in children with psychiatric or neurodevelopmental
disorders. Sample size also was compromised due to the procedural complexity, with the
potential for outliers and exclusion of samples. Furthermore, one pair of samples indicated
high levels of drug, likely due to residual drug in that patient, who, we speculate, did not
drink a measured volume of water per protocol. Such samples also were excluded, further
limiting the number of data points on which some analyses were based.

CONCLUSIONS

This study establishes preliminary pharmacokinetic parameters for risperidone and its 9-OH-
risperidone enantiomers in plasma and salivary samples. Although it must be confirmed in a
larger population, the significant relationship between predose plasma and predose saliva
risperidone concentrations suggests the viability of salivary sampling for estimating plasma
risperidone concentrations.
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Figure 1.

Mean (SD) concentration—-time profiles of risperidone (Ris) and the (+) and (=) enantiomers
of 9-hydroxyrisperidone—(+)-9-OH-Ris and (=)-9-OH-Ris, respectively—for (A) plasma
and (B) saliva in the 19 pediatric patients participating in this study. Although there are
obvious outliers, data from all patients are included here.
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Figure 2.

Relationship between risperidone plasma and saliva concentrations. Data are presented
according to sampling time (T): predose (0 hour [TQ]), and 1, 2, 4, and 7 hours postdose
(T1, T2, T4, and T7, respectively). The regression line is based on predose (TO) samples
only. The logarithmic regression model indicates that the log risperidone saliva
concentration = —0.100 + 0.594 - log plasma concentration (/2 = 0.93 [Spearman]).
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Table |
Patient characteristics.
Age, Weight, Height, Risperidone  Concomitant
Patient y,mo Sex Race kg cm Diagnosis Dose Medicines
1 42 M BW 204 109.2  Autism 0.25mg BID  Melatonin, * cetirizine *
2 42 M BW 263 1156  Autism 0.35mg am,  Melatonin, * cetirizine *
0.375mg pm
3 61 M W 28.1 127.0  PDD-NOS 1.0mgBID  Acidophilus, * multivitamin *
4 6,6 F W 26.3 119.4 Bipolar disorder, ADHD 0.5 mg Am, Lithium carbonate, lamotrigine
1.0 mg pm
5 7,5 F w 254 127.0  Autism 1.25 mg Am,
1.0 mg pm
6 7,11 M B, W 32.7 134.6 ADHD 0.5 mg BID Divalproex sodium
7 8,9 M w 39.0 1334 Tourette’s syndrome 1.0 mg BID Di\é::(ri:g:ﬁq;%(éitgm,ir?emphetamine/
8 9,2 M W 31.3 132.1 OCD 0.25 mg Am, Amphetamine/dextroamphetamine, fluoxetine
0.5mg rm
9 9,6 F W 30.8 134.6 Bipolar disorder 0.25 mg Am, Fluoxetine, dextroamphetamine
1.0 mg pm
10 10, 2 M w 59.4 142.2 Autism 0.5 mg BID
11 10,9 M w 445 152.4 Asperger’s syndrome 0.5 mg BID Amphetamine/dextroamphetamine, fluoxetine
12 11,5 M W 35.4 139.7 Bipolar disorder, ADHD 0.5 mg am, Amphetamine/dextroamphetamine, lamotrigine,
1.0 mg pm mirtazapine
13 12,1 M W 36.1 144.2 Bipolar disorder, ADHD 1.0 mg BID
14 12,3 M w 82.0 162.6 Autism 2.5mg BID
15 13,2 M W 54.0 157.5 ADHD 0.5 mg Am, Phentermine
0.25 mg pm
16 13,3 F W 52.1 169.6 Autism 1.0 mg Am,
1.5mgerm Buspirone, loratadine
17 13,10 M w 58.5 153.0 Bipolar disorder, ADHD 1.0 mg BID Topiramate
18 14,8 F W 60.6 1435 ODD, ADHD 0.5mg BID mttfr‘glgggf\‘/gate “clonidine, oral
19 1511 ™M w 67.6 1753  ADHD, ODD 1.5mg BID Bupropion, methylphenidate, desloratadine

M = male; B = black; W = white; PDD-NOS = pervasive developmental disorder, not otherwise specified; F = female; ADHD = attention-deficit/
hyperactivity disorder; OCD = obsessive-compulsive disorder; ODD = oppositional defiant disorder.

*
Concomitant medication was not taken on test day.
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Table Il

Pharmacokinetic parameters of risperidone in plasma and saliva.
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Plasma” salivat
Crnax, NG/mML Cmaxs ng/mL’t
Mean (SD) 15.9 (22.2) Mean (SD) 12.0 (21.0)
Median 10.8 Median 2.6
Range 2.3-104.0 Range 1.3-82.7
Interquartile (Q1-Q3) range 6.4-16.3 Interquartile (Q1-Q3) range 1.6-12.6
Timax N Trmaxe N
Mean (SD) 1.2(0.4) Mean (SD) 1.6 (1.6)
Median 1.0 Median 1.0
Range 1.0-2.0 Range 1.0-7.0
Interquartile (Q1-Q3) range 1.0-1.0 Interquartile (Q1-Q3) range 1.0-1.5
tip, h tiz, h
Mean (SD) 3.0(2.3) Mean (SD) 34(3.2)
Median 18 Median 2.0
Range 1.1-7.7 Range 0.7-11.6
Interquartile (Q1-Q3) range 1.6-5.1 Interquartile (Q1-Q3) range 1.7-4.7
AUC_35, ng - h/mL AUCq_,, ng - h/mL
Mean (SD) 92.1 (200.6) Mean (SD) 27.8(38.7)
Median 38.9 Median 16.6
Range 8.9-907.1 Range 5.1-134.0
Interquartile (Q1-Q3) range 16.8-68.8 Interquartile (Q1-Q3) range 5.8-27.7
AUC_,, (ng - h/mL)/dose (mg) AUC_, (ng - h/mL)/dose (mg)
Mean (SD) 118.8 (141.1) Mean (SD) 36.9 (30.9)
Median 46.7 Median 30.9
Range 8.9-487.3 Range 5.2-102.2
Interquartile (Q1-Q3) range 27.6-137.6 Interquartile (Q1-Q3) range 9.1-56.2
Clearance, L/h/kg Mean reaction time, h
Mean (SD) 0.6 (0.6) Mean (SD) 4.8 (3.8)
Median 0.5 Median 33
Range 0.03-2.2 Range 1.3-135
Interquartile (Q1-Q3) range 0.2-1.0 Interquartile (Q1-Q3) range 2.5-6.7
Volume, L/kg
Mean (SD) 1.6(1.1)
Median 1.6
Range 0.4-4.9
Interquartile (Q1-Q3) range 0.8-2.2
Mean reaction time, h
Mean (SD) 4.7 (3.3)
Median 31
Range 2.0-11.3
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Plasma® Salival

Interquartile (Q1-Q3) range 2.5-7.9

AUCp-2 = AUC 0 to 12 hours.
*
n=19.
fn =17 for Cmax and Tmax; n = 10 for all other parameters. For saliva samples taken directly after the morning risperidone dose, 2 samples from

1 patient were clear outliers, having very high levels of drug. These likely reflected that the patient did not drink a measured volume of water after
taking medicine and may indicate the residual presence of drug in the oral cavity. In this patient population, psychiatric or neurodevelopmental
disability may hinder the ability to follow protocols; these samples were excluded from the calculation of mean pharmacokinetic parameters. Other
samples were excluded due to insufficient sample or were not quantifiable.

iEchuding outlier; Cmax including the outlier: mean (SD), 51.9 (170.7); range, 1.3-731.0 ng/mL.
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Pharmacokinetic parameters of the risperidone enantiomers in plasma and saliva.

Table Il

Parameter

Plasma *7

Cax, NS/mL

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range
Trmax h

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range
ti h

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range
AUCp (ng - h/imL)*

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range
Predose trough, ng/mL

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range

Saliva¥

Cmax, NS/mL

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range
Trmax h

Mean (SD)

Median

Range

Interquartile (Q1-Q3) range

AUCq, ng - himL7

(+)-9-OH-Risperidone

13.6 (10.0)
11.4
2.4-44.0
6.9-17.8

2.4 (L1)
2.0
1.0-4.0
2.0-4.0

22.9 (45.8)
6.0
4.8-157.3
51-7.7

73.6 (52.3)
64.7
14.8-226.6
33.9-94.6

6.6 (4.3)
6.3
1.7-18.9
3.3-84

52(8.8)
26
0.6-40.4
1.8-6.2

26(23)
2.0
0.0-7.0
1.0-4.0

(-)-9-OH-Risperidone

49(3.1)
44
1.0-12.6
2.7-6.6

37(3.1)
40
1.0-12.6
2.0-4.0

26.0 (20.5)
185
9.2-63.6
10.9-41.8

29.3 (19.1)
27.2
6.2-79.5
15.7-33.9

3.8(24)
36
0.7-8.8
1.8-5.0

50(7.9)
3.2
0.8-36.4
1.5-5.9

2.6(2.6)
2.0

0.0-7.0

1.0-4.0
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Parameter (+)-9-OH-Risperidone  (-)-9-OH-Risperidone
Mean (SD) 15.6 (8.9) 15.6 (9.1)
Median 14.3 13.9
Range 2.2-36.2 2.7-373
Interquartile (Q1-Q3) range 8.9-21.0 8.5-20.1

Predose trough, ng/mL
Mean (SD) 3.9(9.2) 4.1(8.2)
Median 13 1.8
Range 0.6-40.4 0.9-76.8
Interquartile (Q1-Q3) range 1.0-2.3 1.0-3.1

AUC|ast = AUC calculated up to the last observation.

*
n =19, except for predose trough (n = 18) and half-life (n = 11).

fn =19, except for predose trough (n = 18) and half-life (n = 6).

t

AUC calculated until the last data point (ie, 7 hours postdose).

Page 16

§n =19, except for predose trough (n = 18). For saliva samples taken directly after the morning risperidone dose, some were clear outliers, having
very high levels of drug. These likely reflected patients who did not drink a measured volume of water after taking their medicine and may indicate
the residual presence of drug in the oral cavity. In this patient population, psychiatric or neurodevelopmental disability may hinder the ability to

follow protocols; these samples were excluded from the calculation of mean pharmacokinetic parameters.
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