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Abstract: Oxcarbazepine (OXC) isacommon antiepileptic drugs. In this study, one hundred and eighty four
epilepsy patients with 196 observations of oxcarbazepine's active metabolite, 10,11-dihydro-10-monohydroxy
carbazepine (MHD) were collected prospectively from routine clinical monitoring. Nonlinear mixed effect
modeling was employed to develop a population pharmacokinetic model of oxcarbazepine in Chinese patients
with epilepsy to investigate the impact of gender, age, weight, co-medications and genetic polymorphisms of
UGT2B7 ¢.802T>C, ABCC2 ¢.1249G>A, ABCC 23972C>T on pharmacokinetic characteristics of OXC. The
population estimate of apparent clearance (CL/F) and apparent volume of distribution (V/F) was 1.84 L-h* and
275 L, respectively. Gender and UGT2B7 ¢.802T>C affected the clearance rate of MHD significantly. The
established model was: CL/F =1.84x0.848"°"5"x1 17°*\°ER  \Where the genotype of UGT2B7 ¢.802T>C was
CC, UGT2B7=0, otherwise UGT2B7=1. When the patient was male, GENDER =1, otherwise GENDER=0.
The final model was evaluated by normalized predictive distribution error (NPDE) and bootstrap method. The
model was stable and reliable, which offers a powerful approach for rational use of OXC in epilepsy patients.
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B P5F (oxcarbazepine, OXC) & H Hi #7447
WORZiM 2 —, NEGPEF 10-FHERATEY . OXC
A BEL T R AR S P B0, I T BEL T N B R PR 4 S
T8, MM ZE bl b S 4R, RIEDUR R AE M.
H T, OXC TR 4 Th 38 B 22 /R ARy kb 1
RAER) — 2R3t 21,

OXC FIR MR .56 4, 544 4 22 75 7 B:
B fe AR R, AR 0 A = 4 10,11-
A-10-#F £ T P57 (10,11-dihydro-10-monohydroxy
carbazepine, MHD) . 2 J&, MHD = T2 £ 4 ) i 5 1R
FLEEFL R (UDP-glucuronosyltransferase, UGT) 4R,
R E R AL 2 S HE R A SR BT OXC A&
JHWE CYP450 Fg i, 5 HAth 254 (8l A0 B.AE b,
WO BLSOBE R A AR D P AR . OXC A
BITIRE ) 3~35mg Lt FEAMALL LA 25 .

BRI RS R PSR R
X OXC [k FiEBR 2 MBI A= . T
EF L RIR: 25 OXCHERWAMH UGT A1 ATP
4E4 BiEIEE C2 (ATP-binding cassette C2, ABCC2)
FI R TIIRIE N 2 51 (SNPs) AT X OXC 4k 77 &
b R S B R [ JE A % 25k OXC 2532 %
O b R WARIE . R iE— D5 OXC EAR
7] S PO AR AR S (SR IR, R 1) 2 J A% DR 3R 0T
iR, AR R R 253 % (population

pharmacokinetics, PPK) 7572, | A I AR i 0 e 0 o,

ST OXCHEA LGB AR, SRATIOM & IR 2530
SFHRHE, R gs 2R IR A -

FE

BEMEAWE AiIEHENE T E B REHE
el R BE AR 22 N RHZ IR IR OXC B i3 1 5%
Bl Nifebrifk: ML E bR L 1989 fF bRt 2
BRIR IR L AR IR B2 AR TEE A
Mgy 24 7 HUL B B IR IER,; Hibkbrifk:
O HARKMNIELEE, @ SRARZNE . k257
MR EEY. fKE. ABCC2 1 UGT2B7 i) SNPs
HEHHAGERE—DMES, © HEIhRT N
B, @ RMEAER G e EE R
RE . A A% K& UGT2B7 (c.802T>C) #1 ABCC2
(3972C>T. €.1249G>A) (] SNPs {5 5. AWt 7 3k1E

HH R EE L ERCHEE RS, BE T
WIS AT 2 S F = 1.

MZERERGME I 249 B 0 I 5 7% % H
CLI6IF ) 5 RO A 03 (HPLC) 31, a3 4%
Agilent Zorbax RX-C8 il (250 mm x 4.6 mm,
5 um); MM FE-2E-01% =%/ LK (200 :
135 : 665); Wiik: 1.5 mL-minY; kEi: 40 'C; KN
K 215 nm. MHD & & £kl 1~50 mg-L™Y, H
PRI H (8] 748 55 35/ T-<15%.

EESE W EDTA prdt4i 1 mL, KA
OO FEVE PR B AN I R K 41 DNA . % Primer Premier
(Version 5.0, Premier Corp, Canada) it 514, ABCC2
M UGT2B7 (1) 3 /M st 51 W3R 1.

Tablel Primer sequence of different SNPs

SNP Primer sequence bp

UGT2B7 C.802 T>C F ATGGGGAAAGCTGACGTATG 127

R TTACCTTAGGCAGGGGTTTG -

ABCC2 c.1249 G>A F TCAATCCTTATCTTTAGGCAT 249

R ACAGTATCGCATTAATTGGG -

ABCC2 3972C>T F CAAATGATGAAGGCTTAGGG 236
R

CTGGGTGACTGATAAGAGGC -

KRB PR A Z (high resolution melting,
HRM) % ABCC2 ¢.1249 G>A. ABCC2 3972C>T.
UGT2B7 ¢.802 T>C AT 2K Yl & . PCR K MEAE 5
IR TaKaRa Premix ¥ 10 pl, DNA ik 1 pL Al
IERBIY% 05 ul, SYTO-9 4kl 0.6 pL, hnaliK b
SRR 20 plo MRAE F BORE s IR KR, PCR L
%A 95 CHIAE T 10 min, 94 ‘CAE % 20 s, 55~61 C
Bk 20 s, 72 ‘CHEAH 20 s, JE 40 NMEFR, 72 C LE{H
Smin. & fif i 2R FZ VG Y 70~90 'C. A T HiIRES
SAEE R E, A L8 B R AR Al G X R
RARJ A TR LB AR Al &7 X . @it PCR
TR 5 S fife e it 288 ) 7 s ] 43 2

WIS KA AEL MR A 8O K
£ NONMEM® (Version 7.4, Icon Inc, PA, USA) #i
gFortran %% ¥ #8 (Version 4.60, http://gce.gnu.org/
fortran/) FEATHEAAZ BN F 0 H1. KM R A (Version
3.3.2, http://www.r-project.org) F1 Xpose (Version 4.5.0,
Uppsala University, Sweden, http://xpose.sourceforge.
net) AT EFIAT AL VR o A A2 B At SR SR
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FAAS A 18] A 7t 55 5k 22 48 e 8 HAR IR — &
4 E5: (first order conditional estimation with 7—
interaction, FOCE-I) .

ERRAER AR SCER RIS, R — R o
HER— b5 EAEACSRA MHD FIfRN 2. 54k,
BT K o B AR S IR BE B, DR s 24 30
SRR E R H B (Ko [E N 0598 h o7,

A B] A S AR SR F AR RO (X 2):

P, =TV(P) x€' D

X1t POAE | Bl H M PK Z2HUH, TV(P)
NS HIRARIAUE, n & 2 1B A0 BI85 0.
T #N o AR A 5

B ZERLAL Ay R A AL (3K 2), befi i (X 3)
JORER (R 4) XHAR TG, WG R R .

Y=F +&q (2)
Y=Fx (L+e1) ©)
Y=Fx (1+g) +&p (4)

3 2~4 Y siME, FOBRL TG, & 2R
MIEIFN O 52N o IES AT IR .
HEEFFIE AU ROCRE T HIKE, BIE
8T FHIREX CLIF B2 i, Yeal. R,
UGT2B7 (c.802T>C) #l1 ABCC2 (3972C>T £ ¢.1249G
>A) HA% AT BR AL R 2 A 1 DL TR A A8 T R
A2 S0 (REPEF. Rz, RKE
%). NONMEM ETHE R TR/ —3fid i B,
RN i el 4R G A 4y ) 5] N AS &, LLBL
A ENNFTE AR H AR R A (objective function
value, OFV) )75, TRk IS iT 5504
AT R IZ A A1 A7 (stepwise regression) fif
AR R, ARG (forward inclusion) A1 [i)
HIEx (backward elimination) #/NdFE. A 49 NI,
PN & G IR S R A A AR L, OFV BRI KT
3.84 (C? Ky, P<0.05, df=1) I}, MIAiZA R NEE
AR R, BT T DR . W R, gk P
A JE I 5 JE B A L, OFV {ETH & KT 6.63
i (c® K, P<0.01, df=1), P BAERAFF LIEF
B . WhARETRILR, 0% &S AR & EE
BWRNTN Bk, SflBMA M (goodness-
of-fit) 112 Wr BIHEAT ELWLIEAY . & DL FE B2 i
FEAFE: BFABE-SCNE (PRED-DV). Mk
TR —S2AE (IPRED-DV). & 14K 5 5% 2 — I [
(CWRES-TIME) HI % {1 # 5 Fk 2 — B 44 il I &
(CWRES-PRED) M#isiEl. Hix, i&H Bootstrap i%
HATEPEY . BDNER n DMERMESIEE S

TR BE R n ANFEAR, AR — TSRS, A
J5kH NONMEM REHEMZHHE. FRdHES
2000 &g, IHESEZHBIPAE. 2.5%~97.5% X
6], HRMGTHEERAT G R AP T . B
J&, RAIEA T 4> A% 227% (normalized predictive
distribution error, NPDE) 1A #E8Y , HadFEan T A
TR AEMZS L EAE, RH MCS 774 2000 &
BEAOECHE 4 A B R G5 T 5 A6 50 =5 4% b o A4 T
AT o AZIE VPl B TR R AR R T
AT FL S HE 1) 4 ATRFALE

HWRINA RiEsART RS EAE, &
& MCS VLA B8 8 ik, BEAl 200 ik, ZiilA
) P R S RS IR o A R L L

SR
1 BE

BN 8 184 ) K LT 12 BE U 1L 259K
P 2 TR B R 196 A o N 14 R S 56 3 4G 2 W)
3 2. ABCC2 3927C>T F1 ¢.1249G>A F1 UGT2B7
C.802T>C ) 4k 5 B4 i 52 45 SR v W3 3, Y75 & Hardy-
Weinberg “V# (P>0.05).
Table 2 Patients’ demographic features. ®Expressed as number

of subjects (%). MHD: 10,11-Dihydro-10-monohydroxy car-
bazepine

Characteristics Mean + SD (range)
No. of subjects (male/female) 184 (107/77)
No. of plasma concentrations 196
29.8 + 15.1 (9-85)
61.0 = 11.7 (31-100)
250-2 000
15.6 + 6.93 (0.872—-35.2)

Age /years

Weight /kg

Dose range of oxcarbazepine /mg-d™*
MHD concentration /mg-L™*
Comedication information

Valproate® 36 (19.6%)
Topiramate® 9 (4.89%)
Lamotrigine® 3(1.63%)
Gabapentin® 1 (0.543%)
Levetiracetam® 3(1.63%)
Phenobarbital* 4 (2.17%)
Carbamazepine® 3(1.63%)
Phenytoin® 3(1.63%)

2 BAAENFEES

B ZE R G 4 ORI B R R L A R
T Lo ) B B A BB, WAOR PRI F B A . e fi
BER CLIF A1 VIF (R SR 43 3k 1.90 L-h 1
266 L.

AT AN R R, A UGT2B7 ¢.802T>C
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Table 3  Genotype frequencies of ABCC2 and UGT2B7.
®Expressed as number of subjects (%)
SNPs Genotype frequency®
ABCC2  3972C>T CcC CT TT
142 (77.17%) 40 (21.74%) 2 (1.09%)
C.1249G>A GG GA AA
130 (70.65%) 50 (27.17%) 4 (2.18%)
UGT2B7 c.802T>C T TC cc
18(9.78%) 89 (48.37%) 77 (41.85%)

FH 2 SN EEFTR CLIF AREEEm, (P<
0.05), ¥ ) 5 ok b P2 rpr I i ip A% R e O B A A
B (P<0.01). CL/F [ A LK 5.

CL/F = 1.84 x 0.848YCT%7 x 1,1 7CENDER (5)

X5, HEFNTEN GENDER =1, # %«
£ Il GENDER=0; UGT2B7 ¢.802T>C #; A TT/TC &
M UGT2B7=1, #7A CC %4, | UGT2B7=0. #x&
ML R NE 4.
3 REFM

BE AR AR R S A ALK 0L AP B 12 T T LA 1.

Table 4 Estimated parameters of final model and bootstrap analysis.

model) / Final model x 100%

P AT L, o 2 A R S B 2 A W 3 it . S AR
A1) PRED HI IPRED 5 WLl £ 4 siAE#kE N O,
RN LIEL (R0 y=x) PRGS040, [,
CWRES X i [A] Fl PRED I #K st I JC B S 4 M 40 A

Bootstrap i 545 52 W3 3. Bootstrap 15
I N 93%, bootstrap 15 3K1F 115 FUF i & AR Y
NONMEM At 58 1) 22 32 <10%, oniifa e . &
ot

NPDE f45 5 L 2: QQ KA1 NPDE 43 4ii H 5
K 5 bR vE IE A Aid2ie, NPDE XAl NPDE %}
PRED [, i 5 oA fe x Sl l, 76 8 B Am A% .
HAb, Giit2Eke I % B NPDE Y48 )9 0.0759, %A
0.978, t K56, J5 =AU (Fisher #56) K IESTER K
(Shapiro-Wilks £:5%) 1) P {H¥KT 0.05, Bk %
P {E°A 0.253, # AN NPDE 43 4ii 5 b5 IE & 43 A5
WA R EMEZE S BRI R A
4 1=BNA

MR H H H 77 &K 58 3% 4> v 300, 600, 900, 1200,

RSE: Relative standard error. Bias% = (Bootstrap — Final

Final model Bootstrap (2 000 times) .
Parameter Bias/%
Estimate RSE/% Estimate 2.5%-97.5%
CL/F/L-h? 1.84 6.8 1.83 1.74-2.06 0.543
VIF /L 275 10.5 275 254-291 0
Ka/h™ 0.598 (fixed) - 0.598 (fixed) - -
OcL-ucT287 0.848 6.7 0.844 0.803-0.858 -0.472
OcL-GENDER 1.17 7.0 1.17 1.12-1.33 0
Inter-individual variability
CL/F /% 19.9 62.7 19.4 14.1-36.8 -2.51
Residual variability
Additive error /mg-L™* 5.15 24.4 5.10 4.6-6.34 -0.97
a b T
1] ] jUJ 304
) & - V4 T ‘ # e
P / o & 4 £
= 5 / 2 204 3 Z 204 / £ 204 i3
> : Vl X > X = ] =S E: 'T,-" v
=10 g.f (1 T & |n| i ~ 104 5
; |
1 IO 2‘0 3‘! 1] | I{ 1] 2‘! il 3 If ) 1 Il] 3‘0 3‘0 EI{) 3‘( 4] 3‘{ ]
IPRED / mg-L"! PRED / mg-L"! IPRED / mg-L"! PRED /mg L
5 5 5
p 2 - ./' ufsgilessrsipprarasstsassrenassas ;;;2 ________________________________ m:. e et S RS T
o Bl Bl sl
o= PR -, S50 N e Lol lor S S L . N I e Y, I B . S
-5 T T T =54 T T T T -5 T T T =3=t7 T T T T
10 20 30 0 2000 4000 6000 8000 10 20 30 0 2000 4000 6000 8000
PRED / mg-L"! Time after dose / h PRED / mg-L~* Time after dose / h

Figure 1 Goodness-of-fit plot for the base model (a) and the final model (b).

DV: Dependent variable (observed concentration);

IPRED: Individual prediction; PRED: Population prediction; CWRES: Conditiona weighted residual
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1500 11800 mg 3t 6 2H, 45 2H 7 4% HE 4 0l A UG T2B7
FERA N AT, B UGT2B7 TT/TC & H R4 .

UGT2B7 TT/TC & M4, UGT2B7 CC & HE4 K&
UGT2B7 CC & et 4H . SRS IR A T E LA 3.

a 1 b
o 4 2

204

2 ensaid = 10

Theoretical quantiles
SR = @ =k
1 1 1 1
'
| \l.
w
Frequency
Led +
o (=]
|
]
,—'__

T T T T T
302 -1 0 1 2 3
Sample quantiles (NPDE)
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24 Xorv et

; st A, ¢
S . o] "
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e 0 & § ‘}’i‘,l- o2
z z .,9 g "u,r-_

s | L L
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Time after dose / h PRED /mg-L"!

Figure 2 Normalized prediction distribution error (NPDE) plots
of final model. a Quantile-quantile plot of the distribution of

the NPDE against theoretical distribution (semitransparent blue
fields); b: Histogram of the distribution of the NPDE against
theoretical distribution (semitransparent blue fields); c: NPDE vs
time after the first dose; d: NPDE vs predicted concentrations

0 2000 4000 6000 3000

D Female & UGT287 CC
D Female & UGT2B7 TTTC
B Male & UGI2B7 CC i i 1
@ Male & UGI2B7 10TC H ' I
70 4 e 2 : P l i
i

804

Trough concentration at steady state / mg L

b e TR ]
TR TR L
EIRIARA | H

I.‘%U 360 4.1\0 htl}n 7.:'\(} ‘Jtl)f)
Dose q12h / mg
Figure3 Box plot distribution of steady state trough concentra-
tion of MHD according to daily dose, gender and UGT2B7 geno-

type

g

HAT, EAAEAE OXC k2G5 m 7o,
SERPERMER . R RE BIFHAER R
OXC MZjZh 5o . (H BEAF 70 2 A X 8
BRI BEAT 70 AWFIEE IS NONMEM %, €

B#% 7 UGT2B7 (¢.802T>C) £l ABCC2 (3972C>T.
€.1249 G>A) HF ZEMEXT OXC Z53h 215, 2
ST BRSBTS T BRI S, YT
A 25 B R AR .

KT R T UGT2B7 (c.802 T>C) LK £ &M
5 MHD J& BRI AAAE R E MR R, #iF UGT2B7 %
AaiAF CC HEN MHD EMR BB AEgET TT
47 TC & MHD i BRR I 17.9%. X T
By LR R AR, A AR R DR AR IR R X MHD (1)
REP. HATC A X T UGT2B7 R &M 5%
WA AR 5% 10 2 R 4B, W UGT2B7 L[N % &tk
B2 ETSPA 3 e N S iR e o A e I B
PUBR 23 A . R TTRE 2 UGT2B7 Z:H £
SR EE AR, WM UGT2B7 i1
W, SRS A e

KRG RILeIR, otk BE RN MHD kR %
KT B k. XKW OXC 7EMR AN HIAR AT fE A7 76 13
Z 5. X5 Yu 2050 Peng 51 (AR 25 5 2 0F T 45
. Wang 252 ik [ 5 1 23 #7155 9 Lok
Sl (] B 7] B I 259K BE 72 e, R I 2k i )L MHD IfiL
HIREREETRME L ATRMER: © 5% %M
o, LB HA S BB Z, BNKIEE 2L, OXC
TERNRRENEZ Y, TERREARALT 51, @ sk
IR TR 2% 24 2 B ek B R, T 4N R A
UKL A P B 57 7 ik T J5 0 3 2 A7 A 1 o) 22 e,
sl 2 m TSP . IR AR OXC
Ay MHD HIfEALBE, AR5 ) OXC A MHD 44
WARBFTRefEEZE S, @ T REAA/E MR R 5k T
55 A ) 1) P A2 PN 97 ok 2 22 S

BeAb, AT 5T 45 SR 3% B b DO 5 1 MHD
ERRBAMAE N 184 L-h?t, 5E A AMRIER
2.13~2.38 L-h 16 79105 . AT 5L MHD £ M4
i BAEEA TG Sy 275 L, 5CERIkiER 14.2~
177 LM — g 2 5. XRS5 AN R FT R A
W9 77 ¥+ ML 24 34 5 SR B I ) DA B 56 (1 A B
7 R AR

AT B O, NIFEARZCE IR, B
R AMENE A R — BB IE . R, AHE S A SR
TSR EEHE AR 2 BURE R — AN L 25k
R, BRAR AT AR R SRR IR A, BT SRAS BN T 5
) CLIF 18, fEXF VIF (i ACRAME, HAE @Bl
WY ISR BT VIF S2m I, VIF B AR AR e R i
K, WHASEGE TR EZE. ik, NREEAN
AIREMISE IR, AHE TE A B S B CLIF 52,
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_F#

DU FUR AR IR A B R, DR

EH R, RAlgeHghBEX VIF fI52m,

2z PR, A E i NONMEM 2, %2235

FE R 0 OXC AR =4 MHD 245305 2 4 1) 5%,
L5 R F B UGT2B7 (€.802 T>C) Jik [l 22 2 Mk Al 1) 2
S0 MHD (5 BRI EEZ R R, A0 MR
2577 R HE SRR TS .
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