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Abstract: To develop a parentmetabolitt phamacokinetic model for risperidone ( RIP) and its major
active metabolite ( 9-hydroxyrisperidone) and investigate their phamacokinetics chamacteristics in healthy
male volunteers, twenty-two healthy volunteers were omally given a single dose of 2 mg RIP. Plasma
samples were collected in the period of 96 hours and concentrations of RIP and 9-hydroxyrisperidone were
measured by a validattd HPLC /MS method. CYP2D6 phenotypes were identified by the T,,, of RIP and
9-hydroxyrisperidone according to the littrature. Model structure identifiability analysis was performed by
the sim ilarity transformation approach to investigate whether the unknown parameters of the proposed model
could be estimated from the designed experiment Phamacokinetics parameters were estimated using
weighted least squares method, and the final phamacokinetics model were tested and evaluated by Monte
Carlo simulation. Eighteen volunteers were phenotyped as extensive metabolizers ( EM) and four volunteers
were identified as intemediate metabolizers ( IM). The final model included central and peripheral
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compartment for both parent ( RIP) and metabolite ( 9-hydroxyrisperidone) respectively. Model structure
identifiability analysis indicated that the proposed model was local identifiable. However, if the ratio of
RIP converted to 9-hydroxyrisperidone was assumed to be 32% in EM, and 22% in IM, the model could
be globally identifiable. The predicted time-concentration curve and AUC, ,, C,,., T,. of RIP and
9-hydroxyrisperidone estimated by the established model were in agrement with the observations and

noncompartment analysis. Rate constant of RIP conversion to 9-hydroxyrisperidone was (0.12 0. 08) h'

and (0.014 £0.007) h™' for EM and IM, mspectively. Elimination mte constants of RIP were ( 0.25 *
0.18) and (0.05 £0.23) h™' for EM and IM, respectively. Model validation result showed that all
parameters derived from the concentration data fitted well with the theoretical value, with mean prediction
error of most PK parameter within *15% . The established model well defined the disposition of RIP and
9-hydroxyrisperidone simultanecously and showed large inter-individual phamacokinetics variation in
difffrent CYP2D6 phenotype. The model also provide a useful approach to characterize phamacokinetics of

other parent-metabolite dmugs.
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Figure 1 Chromatograms of blood samples. A: Blank plasma; B: Standard sample ( the concentmtion of each

analytes was 10 ng* mL™' ); C: Blood sample from the volunteer with oral adm inistration of rispe ridone
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Table 1 Mean plasma concentration data of risperi- dX .
done and 9-hydroxyrisperidone in extensive metabolizer e (Ko Tha)s X ths X+
and intemediate metabolizer administrated with a ky* X, (11)
single oral dose of 2 mg risperidone ( x Es) dx, ’
Time  Risperidone/ngs mL™'  9-Hydroxyrisperidone /ngs mL"" dt =Lt ket Xo- ey Thy) s Xt
MUEM(n=18) M(n=4) EM( 1 =18) M(n=4) k,* X, (12)
0.25 0.62F0.83 1.83%2.32 0.62*1.39  0.47 £0.94 dx,
0.5 6.73%5.45 17.17%1.41 4.24%3.56  3.37 £1.66 T4t =ks* X -k X (13)
1 12.15%6.12  23.69 £5.53 11.46 £8.33  6.69 £4.34
1.5 11.93£5.22 25.67 £5.08 14.47 £9.56  8.97 £6.22 dX, =k,* X, - k,* X, (14)
2 12.09£5.04 24.65%5.90 16.95 £10.02 9.50 £6.19 dt
3 10.09 £4.27 22.27 %6.40 18.73 £9.65 11.17 £7.11 dX —k - X, (15)
5 6.59 £3.56 17.10 £4.77 19.35*8.04 12.73 £7.80 dt
8 3.40 £2.50 12.66 £4.32 17.68 £8.25 13.82 %6.92 klOl =k, +k, (16)
12 1.46 £1.41  7.94%3.29 14.44%7.66 13.66 £5.92 .
16 0.78 £0.91  6.12*3.56 11.91 *£6.27 12.09 5.20 hko =k, (17)
24 0.3210.40 3.22+1.96 8.08 £2.38  9.63 +3.26
48 NA 1.09£0.46 3.38 £1.25 5.51 +2.51 X, o1 RIP
72 NA 0.4510.18 1.5720.67 3.36 £1.78 » 2 9- , 3
96 NA 0.29£0.20 0.74 £0.49  1.86 £0.56 RIP , 4 9- ,5
EM: Extensive metabolize; IM: Intemediate k;; , ] RIP
metabolizer; NA: Not available, under the limit of 9-
quantitation ( 0.2 ng* mL™' ) (5 ),
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Figure 2 The parntmetabolitt phamacokinetics fie ke -k tk) 0k, 0
model used for risperidone and its active metabolite 9- A ks 0 -ky 0 (18)
hydroxyrisperidone. 1: Central systematic compartment 0 k,, 0 -k, O
of risperidone; 2: Central systematic compartment of 0 0 0 0 -k
9-hydroxyrisperidone; 3: Peripheral compartment of 0
risperidone; 4: Peripheral compartment of 9-hydroxyris- 0
peridone; 5: Gastrointestinal tract compartment, k, : B= o0 (19)
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Table 2 Comparison of risperidone and 9-hydroxyrisperidone phamacokinetic parameters derived from the

observed concentration and proposed parentmetabolitt phamacokinetics model using noncompartmental analysis

(n =22, x*ts)

Drg Pammeter Observed concentration Proposed parent-metabolitt phamacokinetics model

EM(n=18) IM( 1 =4) EM(n=18) IM( 1 =4)

R ispe ridone Ty /0 1.5%1.0 1.5%0.4 1.7 %1.1 1.1 %0.3
Cpa /ngs mL™! 15 £5 26 6 13 £5 25 *6

AUC, ,/ng* he mL"! 83 *43 330 117 89 +46 330 *115
9-H yd roxyispe ridone Ty /0 512 10 5 5 %3 11 %5
C,a /ngs mL™! 21 %10 15 %7 20 %10 14 %7

AUC,_,/ng* h* mL"! 550 £174 630 £259 558 %158 632 1213

EM: Extensive metabolizer; IM: Intemediate metabolizer

Table 3  Risperidone and 9-hydroxyrisperidone phamacokinetic parameter estimates from the proposed

parentmetabolitt phamacokinetics model ( n =22)

Pammeter Meaning EM(n=18) M(n=4)
kg /h7! Absorption rate constant of RIP 2.4%3.4 3.9 %1.4
fig /0! Lag time of RIP 0.3%0.2 0.23 £0.03
ko /h! Rate constant of RIP conversion to 9-hyd roxyrispe ridone 0.12 %0.08 0.014 £0.007
ko /b Elim ination rate constant of RIP 0.25 %0.18 0.05 +0.23
k5 /h! Rate constant from central to peripheral compartment of RIP 0.3 %0.4 0.05 +0.04
k, /h°! Rate constant from peripheral to central compartment of RIP 0.3 *0.6 0.06 £0.03
kyy /h” ! Elim ination rate constant of 9-hydroxyrispe ridone 1.4%0.9 2.0 £2.2
kyy /h! Rate constant from central to peripheral compartment of 9-hydroxyrispe ridone 10 £7 13 12
ky, /h” ! Rate constant from peripheral to central compartment of 9-hydroxyrispe ridone 0.5 *0.3 0.37 £0.08
V, /L Apparent volume of distribution of RIP 89 +45 74 20
V, /L Apparent volume of distribution of 9-hyd roxyrispe ridone 212 0.5 %0.6

EM: Extensive metabolizer, IM: Intemediate metabolizer; RIP: Risperidone
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Table4 Accurnacy of phamacokinetics parameters estimates ( Mean) from
data sets using Monte Carlo methods (7 =100, 10% random error)

simulated concentration-time

EM(n=18) M(n=4)
Parameter
Proposed model Simulation data MPE /% Proposed model Simulation data MPE /%
kg /b7t 2.43 2.70 11.11 3.94 4.15 5.33
by /D7 0.32 0.32 0.004 0.23 0.23 - 0.008
klz/h'l 0.118 0 0.1311 11.10 0.01418 0.013 57 - 4.30
ko /h! 0.250 7 0.290 6 15.92 0.052 08 0.049 00 -5.91
k5 /h! 0.260 0 0.347 1 33.50 0.052 88 0.055 44 4.84
Ky /h! 0.285 6 0.285 4 -0.07 0.017 35 0.017 74 2.25
km/h'l 1.419 5 1.588 0 11.87 2.044 0 1.956 0 - 4.31
kﬂ/h'I 10.01 11.65 16.38 13.43 13.20 -1.71
kyy /h! 0.487 4 0.492 6 1.07 0.373 1 0.3828 2.60
Vi /L 89.5 86.5 -3.35 73.9 75. 4 2.03
V, /L 1.75 1.74 -0.57 0.52 0.54 3.85
EM: Extensive metabolizer; IM: Intemediate metabolize; MPE % : Relative mean prediction error %
20 -.. A
18 _.-'N" 0 Observed concentration of risperidone
16 ® Observed concentration of 9-hydroxyrisperidone ’
14 9 ..“. — Predicted concentration of risperidone
12 , ‘ - Predicted concentration of 9-hydroxyrisperidone
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Figure 3 Mean plasma concentration-time curves of b °
risperidone and 9-hydroxyrisperidone in extensive °
metabolizer (A, n=18) and intemediate metabolizer >
(B, n=4) administated with a single oral dose . ,
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