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FHEMEYEIE (population pharmacokinetic analysis, LA PPK) f##rid, W)
20T 6D X R OMERE B O M TR E ORFFHER 7 — 2 1256 L OB IR A 2R T
TN L DN Z1TO b O THD LD, T7hbh, PPKENITTIE. HDOFRESEDOH HEAD
1fi H A FE O T % (A O 3@ EE (pharmacokinetic, LA T PK) /35 A — & Tk
DI O OB E LT, £/, B - PSRy s o 8 AR 2 2 A 0 PK /3
T AL PERTEYE PR RT A—Z OV ICE#THZ LI b0E LTEXDL, 20
%Z PPK &7 /L LY, BEAN OB R R OMAPRET — 2126 L TH TITD, % PK/AT
A—Z OEFPEY), [MAMZBIO5E, THHE & BIEOZD S OHEE 21T 5, W,
PPK ity Tl S HIZ, & PK /YT A — 2 Off NHZE)TEE, M, BHRROMRE. Y
R#EER OB E OWREFEIC Lo THATE D LB 2, MAD PK /ST X —X &iff
REH, WBREFEEZ AR L TR E S 0RBEEL R OET VAR T 5 9,

PPK E7 /Wi, ENFHET NV EGDETEMOES LR - (FHOBREZRB L,
BT 5FETHDL, HFREINTNDET MIEDSWZEEGFT (model-based drug
development, UL~ MBDD) O#E& 4 O THLHREEIZRZTHOTHY . 2%
B 72 EHEMBAFE D 7o O OHAT R OZ L LTI S B0 AYE £ > T b, MBDD i,
EILFEABETIGEOND T — 2 25 0E L OERE b L ICAMETFRIREL TR T 2807
BT NVERFRE L. HERISHESCRERRBIE L &0 FHl7s & %28 L CTEELBHRE O MFE/L
D ENTEDLENWIEZEXFTTHD,

PPK €7 VORI HiN6E 2T, PPKAESTO HARIZ, FE2 &< (precise) 1EMER
(accurate) ETNNRTA—ZOHEEEGDHZ L THDHEV-TELL Ak, ZOHE
2% L CEb 2RI AN ToNONE ThHhDH, PPKENT ORISR LT 57 — % ZINUET
LHEMETIX, EIT, HBREDO AN, — AH 72V OFMFE SEE L OB IR R OB 23 R

L%, T AR A RS D kL LT, EREEICES < D oifb A% (D-



optimality criterion) Z{fi- T/38T A =X EMOIERERAEL /NS THZ L EBIEICL
TR 5 -7, BRRBRY S 2 L —2 a2 kW PPR NT A — X OHEERE L S &
O, INEFHEORIE & U TEBOMBRGE & ik 5 FEPS NS Tn S 8-10, 7
B EIMBIFE DI OFMBRERB BT %D 5 B PPKAFHTICOWTIE, TR
EHIEDENRE - FIVFRT A RT A4 () (2015)) Bdb D, £OPT, 7—2UHEG
ECOWTIE, TBRIMIC 72> Tk, 78T A —ZEOHEE I LB A SRR 7 — & %50 T
22534 TR 2 72T, BRIMKERSSRIFRI T SR/ 2 2 LERRVWEI ST, #BRED
HAEDE LR OBRMMF R A EERTE L TR ZEREE L, L&, BRI
DIETRITTRNA, TRIESR OEDFHIRFEERBR T A FZ A > (1997) ] 1281 T

[Cmax, AUC 72 EOFHMIZ+4378) 7 — X IEFHE L L ORI TN D THGERATIC
M, Cmax ([ZET 2 FE TIZ 1A, Cmax T 2 5, HREBREIZ 3 SOF 7 S EORHK
DERBRBULETHD. ] LWINENBEILRAS D,

Los LBFICIE, DA GE LIZBRRBRICAR SN D L)1, #FF SN D BME
- BOAFSRERI 2 M RICIRA 2 S 5 1, PPK T DSOS - 2athic B3 5 &
BEID & 2 BARRBRA~DBME VW HI B TEMEIND 12 72 EOFEMA L, PPK fET O Y
FILRABEHHRE G TET, 507 — 2o AHREREERT L L0 5Ga0D
72 TR 10 Fl TRNT — Z IUEFHENZ FE S 72 PPR fEFTHESLIZ DV T, 8T A —H
HEEMEDEFMEIZ DWW TRl TON T D HIZAR SN D Z LITEHF Y, ZIVUIERREE
HPORE FOBETH D EEZX DN, HoITHFEDEAL THRN,

AR TR, BRESh 27 — 2 EFHEIC &5 < 7 — % O PPK g ic i1 5 [
EORET 2TV, MRERET DL EHME Lc, I, NI A—FHEEKSE - IR
Z B L TR TR < BRREBR I L OflF B E D bivie 7 — Z IUEER I Tdh - T
30, BRI R0 e e L R FE DO R & R A E T AW HTIC RS XS b DO TRV

G, BRESNZT—XWESFHE (limited sampling design, LA F LSD) &MY, F72,



LSD (2 & W i & uf= 7 — & % limited sampling 7 —# L IE5, 1 #5455 3 3Tl
NDOWFREATV, T3 — /L O T EREMEAT 2 56 & L, PPK#TICR T 53T A —
2 HEEMEOFEAM 515 & BN & D358 ORI RIZOWTIRE, MitEiTo7, # 1 =TI,

H AR AR E C Ol S % O M 7 L 2 — VR D PPR f@HT 21T - 72, 2 AU IEf—
(MR EEBRO RO 7 — 2 &IV L 72556 @ limited sampling 7 — % OF| & & % |
% 2 FTIX, PPRK/NT A —ZHEEMOKEE & LM 57 — & IS5 18 O 58 4 fst
L. HEDRY LMz fiiEs 2 FIEZRE Lz, #3ETIE, ZhE TIgHE Sz
7L = — LR EE D PPK EHTHE Rz FRlifF M & L, 5 1 BT 7 AR A#ERE o
TN a—)VRET — X ORI T 5 Z Ll k- T, BiloT — % > N O CIdfs

DIV T T 7 B DB HEE LT,



AR
B 1E BARAERE CoOT v a— LV AEHERZ oM 7 v a — VR O RHE
TV — VEEHEE S O ML TV — VIR, R, MR RE, ERoAE B
g 28, 72— VREiEEREOBIR 2RO ELZ T 5 1314, ZHE THARANZX
G L Lz 7 v a— v d PPRENTIIAT DIV TR, K40 B AR N O B ORFEKS I
BUAHBERTHD 1~2 B (7T /v —/VEE 12~24g) 19 HYEA B L 2% oM
TN A= VREIZOWT PPKEENT 24T o 72, 7o, ZRETT L a— )L OWRIGHREIZE
Bk RIE TRV CEAMICER L7z PPK T O 13720, ARBFZETIE, 7=
— L OV FE (2 R 2 RAF T BN A it 5 7o O I R RE CIRH B D 7 L 20— L 248

B U 72 A% O MR Y > 7 /b % B BRI LTz,

REROFLN e FEMBNRE T A — 4 | FEEEE T A —Z O ANHEBORE X, {§
NDOSEWENRE T A — 42 L BHET 2 HBRERMEZ ST 2 2 812k FrEoWEE
R 2 RO BE ORI O PTG ORf T O e b 7 /b 20— VR EE &l N E) D FE
FEETFHTHZENTE, Ta— L OEIERORIFN 2O F RN,

1 =TI, HARAEBRE ToT L a— L AEHERR% O M F 7 v 2 — LD PPK B

FENTDOWNTIR R B,



J7ik
7L 3 — LR iR
AAROEEFE A BYE 21 A, bt 13 ARSI L7, MIEFIC L 2210 L0 @ERkiE%

MR L. WA B L T DIRBAE AT DHRE 2RI Uiz, BB L. ERBAO 12
RefIAT AR D v ) —BIRZPEZ D K o IR S, RBY B, 2gEiL. 10 R
FCT v a— VEE 14.0g ((KHE 1kg H7= 0 FHEH & 0.232g = &Gie B —/L—1F

(350mL) ##EH(L7-, fKMZET 5. 10, 20, 30 B LUV 60 MR A R LTz, BT
7wk avid RIRORFEE ST E A E AR L ORI A e mEFEEZAERIC L -

THRR SN, BHERENOEmLDFEZEHT,

i 7 /L= —/LE  (blood alcohol concentration, BL K BAC) 4347

Mg (1.0mL) %, 1.0mL ® 0.05% A F/LTF/Lur b (NERIERE) 22 - R&E
13mL D7 b r AT IF— "y F U T AT a—F v v T D& UL TN
BlLl, ~y RAXR=2FRA7u~ 777 (GC) EIH-» TREVEIE L, GC %
HriZ, 7 b—b A F MR A 2B GC-14A WA 7 v~ N7 7 72 W T T-o
72o 717 0% Chromosorb W 101 60-80 A v ¥ = (FFb TS, 27, BHA) %
FH L7 ImX3mm H 7 A BT LERWZ, #7745, FEAOD, RESOREX, £h2
1 140°C, 200C, 220C & L7z, MREMIE, RO ) — VRN T 5 B — 7 Hf
x7ay b5 ko T, =X 7 —/L1E 0.001~0.6g / L O#iPH T E A4 72 B
AR LT, HROFRERNB XN r EIX, y=2.2426x-0.014, r2=0.9992 ThH-o7,

=X ) —/VOEERRIL0.001g/L TH-o7-,

SNP &infZ PR E

ADHIBE X N ALDH2 2 H>W T O —HHLA (SNP) O@E=RIL, Zitmaind



(DNA R 7 0 B, HA) ICBWTIRE LTz, #BRE TN 2/KT 2 BEF L, HON
A ToR< &b 10 M- TR LM Z BRI L7z, MBI ORI Ttz &

NERBREICAN G, BEHIZHEE I,

BT VAL

WeBRE 34 A H1G-AEF 157 ® BACIZHOW T, Y7 7 =7 NONMEM 7.3 (ICON
Clinical Research LLC, North Wales, PA, USA) ¢ ADVAN2 i & 0 TRANS2 #~7'/v
—F LB, HEESEE S RIERE (FOCE) &L, R—RETVERE LT,

132 /8= RhA METADO PR AT A—2 O, WIIGHEES (ka), &0TF D45 FH

(Va/F) BLOWMISEE TR (k) ZHEE L7z, PK /ST A —X O ARZEEN LR
A RE LTz,
P; = Pop - €xp(ny,) 1)
72120, PiE NI DO PRATA=H bbb kgis Va/F, « ke TH Y i3, F
90 35 L U3 #w, 2 D IEBINATC LT3 5 AR O L RINE TDH B Bpop TR T4 PK
T A—=H Dky. Vi/F, kg ThHD, ia7ElT, UL TOBIREERMEEZIE LTz,
cobs =l (1 + &) ()

ZZ fvc}jfe"’ EEA LD jFROKEED PKET/MCED THIECTH Y . CHPSIZBLIIIEC
HY. g 3BT 1O ] FEROBREO TR L OThEERERTRLIZLDTHD, &
ZFH4 0, 38o?OERSAMIZ LIcis 5, HEATHI ORI AL 0 & UE LTz,

N—=RETNEHERL LT, BEETVEHE LT, PK/NT A —F —OEKFZEE)IC
%D PR A FEE OB A ST 5 729 1C, NONMEM CREEH &5 HRYEEE (OFV)
W, BEOETNVEOEO BRYT, BERKREZ W, REEEZH LI
ATeZ L1285 OFV 0Zft (AOFV) &, i, EFAMD/RT A — 2 H DTS

LWHHAE (df) OBhA ZFfOH5MINHKED, LIZN->T, 1 OOFEREIZHOWVWTAOFV
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AEMEL

-3.84 1%, a=0.05 OFFHAIEEMEICHY L, AOFV < -6.631%. a=0.01 OHEH

CHET D,

BEET M, UTFICRET D2 L9118, 4 AT v 7OFINEICHE > THE LT,

AT w71
R—=ZET)NGIE LD, BEERITE L TPK /XT A —# LSO 2
BEOEZREZHE L. NONMEM ® OFV #/47:< &4 3.84 (LELKRE p

<0.05 (ZxtI%) b SH, o, LB SEL LA AL EL L TETIVICE

iz,

AT w72

2T w71 TRALEETNANLIZLD, KD OFT X TOIREEBEGMHIZ OV TH

EEMEANTE LTTNONMEM @ OFV #47:< &% 3.84 b &8, 7o, &bl

HEFAEHEELEEEL L TET VDT,
AT v/ 3
ETFICEENDEBINEEEICHONT OFV 20 72< &b 384D+ 5 2 &

BRI, AT T 2BV LT,

AT v 4

Ry g J—REelLr7yard LT, BWEEED OFV O LN 6.63 L0 /&

W RITET VINOEB R,
AR & LT, AR Tl R, (R, EERA ST ER], ADHIB E{sF

ALDH2 {5 Rz A EFEM L LT PK/NT A—% L OEL R LTz, @A Eo%

Ak, FREEFLEL, LFO L2 ICET ME LT,
(3)

P,op = Op - (covariate/ median,,,)%ov

272U, Op I ERENRPRETH 5 & & DIARR PKANT A—=ZTHY | Oy TR

DAT—=NT 77 Z—=Tb%, MillZ. 0 (B £/ 1 (&) Oz & 2 FREAERK



(IND) #MW\WTfEEHE LTET /ML,
Pyop = 0p + 0.0y, - IND (4)
I T, 6plXIND =0 D & & DREEHIELEFEMENRE ST A —ZETH Y | 00,3 IND =
1 DRFD/RT A—HEDOETH D, B4, 2 20T LIAOMAEDEIND 3 >OEE
K. ADHI1B*1/*1 . ADH1B*1/*2. ADH1B*2/*2% X (", ALDH2*1/%1,
ALDH2*1/*2, ALDH2*2/*2% % % 7=, L L, AFROSINEIL, 2 DOEAK
(ALDH2*1/*1 #5 L CF ALDH2*1/%*2) % & OWERE DA Th o7, Tk, ALDH2*1/%1
BB ZE T HEERT NV a— NV EEZ ARG LD ThDL EEZ LN, £,
ADHIB*1/*1 ODWRFIL 1 L DI TH 72728, ADHIB*1/*2D 7 —T1HiA L,
ADHI1B*1/*2 & ADH1B*2/%2 £ DB OBRO %7 LTz, W7 OBEE 2O T 2D
DHT Y —=Lpo7eDT, Flotz fEEKE L H-7, ADHIBDHE, 013*

1/*2%m L, 1ix*2/2% L, ALDH2 O¥A. 01X*1/41 2R, 1IX*1/*2 %R

D

BTN T —Ta v

BT VORIED T2, BlHfE (observed BAC) xf THIfi (predicted BAC). #l
BME <t B A FHME (individual predicted BAC) . /N EF% 7 (conditional
weighted residuals) xf THIfE, SREEAINEKZE b M OBARZ#i -, R&E&EET
NOTREES & MGFES 572912, visual predictive check (VPC) %352 72-7=, VPC ®
72T, BAEET VAL LT, EIICERRIIZET — % % 1,000 & > FERRLE LT,
RART — X OEREETO BAC OFRAEE | 2.5% & 97.5% R DI Z 95% THIFIFH & L

T7my bL, BT —& L L7z,



it R & B L
WA R
WeBRE 34 NOFMEA Table 11T 3, HiE 21 AL 2otk 18 A, FEFH (FEER )
29.4 (12.9) wk. F¥IAHE 61.3 (10.8) kg ThoTo, T/ a— VHKEREBETL L 7L
7 b FIKRERER BT O, BAN 524 4 xR & LT-ii&Ri R (ADHIB
*1/*1 1 6.5% ; *1/*2: 33.2% ; 2/*2: 60.3%., ALDHZ *1/*1: 56.8% ; 1/*2: 36.6% ;
2/%2: 6.6%) 10 LIrha—H LT,

Table 1. Subject characteristics.

Number (%) or
Mean (SD, range)

Gender
Male 21 (62%)
Female 13 (39%)
Age, years 29.4 (12.9, 20 - 62)
Weight, kg 61.3 (10.8, 43 - 83)
Genotype
ADH 1B Arg48His (G > A)
GG (*1/*1) 1 (3.0%)
GA (*1/*2) 6 (17.6%)
AA (*2/%2) 27 (79.4%)
ALDH? Glu504Lys (G > A)
GG (*1/*1) 21 (61.8%)
GA (*1/*2) 13 (38.2%)

ALDH2, acetaldehyde dehydrogenase 2,
ADH1B, alcohol dehydrogenase 1B.

g7 L o — LR
BAERE DI T L 3 — VPR EE OREIHER & Figure 1 1O~ d, A KME 0.41g/ L, &

/M 0.0014 g/ L @ 34 NOERE S DFF 157 O BAC %7041 L7,

10



Blood concentration (g/L)

0 10 20 30 40 50 60 70
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Figure 1. Blood alcohol concentration vs time curves

ET AL

BE] —BAC 7 —XIZx L TR—RAET /N ELTLary = A METNAEZHTILD
72o BAC O{4&EE 1T Michaelis-Menten 2. TH HbH 25 & ST 5([2,14], LavL,
Figure 1 (273 K 2 ICTHRIRBFEOBLIME 23D 72 < | THIBFRICEHERfiRMT £ 7 L 2
HOIFEHLNEEB R T, T —F OFROHEBRN DI WG EIIT ST A= F DI TR
FLWEWSET K DT —Z T O & . Michaelis-Menten 2% BAC 2MEAE D
AT 1 REERRE TEETE L2 000, 1IRERIERD 1 a2 /3— R A MET VT K
VRN L7z, R—RAET IV EREETNORT A—ZHEEME, KETT L TOREMN Y
HKBRE R T A — & L A BEOMFRIE Table 2 17T, HIKETT LDk, Vy/FOHEMT-
BHEEIZ, TN, 0.023 minl, 48.3L Th o7, Fifiildk, & EOFENH Y |
Vy/FEEADOHBENSH > 7=, IKEIZV,/FEIEOFHENRH Y . 70 a— LK EREEOBEER
%, ADHI1B*1/*1 %7213 ADH1B*1/*2 2%} U C ADHI1B*2/%2 I3V, /F ODHEEMH Bl 72
572, Table 2 (TX—AFEF )LDk, Vyi/F. kg DHEEME Z R, MWL, kg Va/F. kg

FTANTUTENFEE I D AT, kg DIEAFRIEB OHEEEIT/ N E < BAHLS Z £
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TAMHRNTS OFV R KELSEDDL I LN oT2T20, REETANLERN,

BEET NAAEEDOBIE T, kX AT v 7 1 TAOFV =-31.4 THElin & BIENA ST,
HNT, AT v 7 2BLUOAT v 7 3I2BWT, Vy/Fix., AOFV=-14.3 T/KEL, A
OFV=-4.4 TH#n &, AOFV=-7.6 CADHI1B & L ZNENE#EN A Bz, MERNX
Vy/F L OREIIAE TIERo -2 (AOFV=-16), A7 v 71, AT v 7 2BLUORAT v
T3 LTR—=RAET IVGHAIAENTIERIT, AT v 7 4 THIREN o7z, &
KET NV THEE Sz PPK /8T 2 —4 % Table 2 IR L7z,

ZORERMNG | Lk, & ORNCIEOBEN, Fli &V, /F & ORICADOBEPFET D
TEDWRENT, ke, DEWERFE TIET L 2 — HEIR%IC BAC ARMIC EF L V,/F,
DIV Tld BAC S E 2R Lz, #ib &k, & OBRICET 285134 < 72
W, Pozzato L, HHERAL LOEROIET L3 — UKIFRE D BIERBRF 2BV T, K
#H 1kg H72V 0.3g DT V32— )L ZFHIRIN E 721388 05 L72% O BAC O Bi#R FifE o 72
MHEHTE 2 HENEEEH (FPM) 28, HEFICHETEmE TIX U3 I L2 &
EHALTND 1D, @iOgRE T4 57z BAC o0& EH1Z, FPM O Tl T
X572, Box OFERIL Pozzato ©O#WE L —HT 5, £io, AHFEORRELFKIC, &
B OBRE I IEFEOWHRE L0 BV /FBENE OWMERSH 5 1819, T a— )L OWRILHE
FEITHREE LD b REWTED, kI —27 BAC OEREERIEZEKXTHH D 13,2020 F
72, Va/FERBEOIEOREIIAEMTH 5,

AU TIL, Vy/FiX ADHIB*1/*2 D#RE KV ADHI1B*2/%2 D#RE 2B\ T
STz, ZORERIL. ADHIB*2/*2 DH&5RF TlL BAC BHIHRNZ L 2B L TV 5,

Fx OFERIZ. AHD1B OB B LD in vitro BERTEME 22 L O UL 2ENE 9,

12



Table 2. Estimates of population pharmacokinetic parameters for alcohol using the Base
and the Final model.

Parameter Bgse model Fipal model
estimate (SE) estimate (SE)
Fixed Effects
Population mean parameters
kg, min? 0.023 (0.009) 0.033 (0.010)
Vy/F, L 48.3 (14.5) 445 (14.5)
k,;, min?t 0.014 (0.005) 0.014 (0.004)
Fixed effects of covariates
OAGE (ky) - 1.86 (0.50)
OacEwa/r) - -0.66 (0.22)
Owrwa/m - 1.40 (0.29)
QADHlB(Vd/F) - 15.4(6.7)
Random Effects (Inter-individual variability)
Wy, %0 135 (33.8) 47.3 (11.8)
wy,/F, % 4.3 (6.9) 0.3(1.8)
Residual error
o, % 6.2 (1.2) 59 (1.1)
Structural model for pharmacokinetic parameters and covariates in the final
model:

Va/F, = (Va/F + Oapuiswv,r) X IND) x (WT/61.3)°Wrarp)

x (AGE /29.4)°465va/F) x ¢"ValF,
ka; = ko X (AGE /29.4)%4650) x ¢kai

k., absorption rate constant; V;/F, apparent volume of distribution; k,;, elimination rate constant;
WT, body weight; ADH1B: alcohol dehydrogenase 1B; w, coefficient of variation of interindividual
variability; o, coefficient of variation of residual error; unit of weight = kg.

IND =1 if ADHIB genotype is *2/*2; IND = 0 if ADHIB genotype is *1/*2 or *1/*1.

ET NN T — g

Ethe T L ClE, BUIE & A TRE OIS < (Figure 2 (b)), Sefhfhr sk 72
(X, PR ATREZREPH (T72 5, -5.0 & 5.0 L D) T, 4.6 71D 2.7 ETH TN L
Tz (Figure 2 (¢) B (d), HEET NV AZIMT 572010, VPC 2 FEfi L7, &
BT ITH &SNV TAERSNIZEFE RO BAC O 2.5~97.5%fl & i % EEo T — ¥
L L7z (Figure 3), 7/ =—/L O 10 5705 60 75 DRICHEILE SR DTE
REIZDWNT, 2.5%05 97.5% DFIFANIZ 87% M1 & £ T e, BUEICH T 2 ke T
MM XD TFINIRIFCTH -7 (Figure 2), #EE T 7 > b EZIIMOE T VFEARIEAE T

AT RIHLNT, FETADT—F~ODHTTEVNRRIUFTHD Z EPRINT,

13
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Figure 2. Goodness-of-fit plots for the final model: (a) observed vs population-predicted
blood alcohol concentration (BAC); (b) observed vs individual-predicted BAC; (c)

conditional weighted residuals (CWRES) vs population-predicted BAC; and (d) CWRES

vs time after alcohol consumption.
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Figure 3. Visual predictive check of the final pharmacokinetic model. Circles represent
the observed blood alcohol concentration. Lines indicate the median, 2.5th percentile and

97.5th percentile of predicted values based on the final model.
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/N

BANZ MBS & L, MEME (moderate drinking) # 0 ifil 17" /L =t — /LI FE O fE A
WA ORI L WA R EOBIRZ I S 20 Lz, Bl OWERE T Dl 73 Ll il
Va/ FRLHRERIE CTH 2 L HEE S, Zhid, @g Cixmd 7 a— VREO v — 7 ff
BIERFHI L R . E— 7 ENHBREETH D LR TE 72, SHI2, TUVTRIE
TOHIRTH D ADHIB*1 DEER (KGR % b OHRE CTlIV,/F AR < b
LEMEES, AR T v a = VRENEEEZ LD Z EITRHIE L TWD ERIRTE
Too —7. WFFRORRS & LT, MRS T — & 138K 60 3 & TOIfLH 7 L 2 — LR
DHTHY, MHFPT/Va—LOEKEFREE LTHLNATND I AT Y R - AT K
FRIZBT /37 A= Th D EKMSEEL KO 7= ) REROHEE 217 5 IITHFHRA
B Thole, BT VERMALL, 1 YHEERFE & (E LIHKRIEE EROHEE 21T 7203,

Z OHEEMEOFHEMEITITEER 235k - T,
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% 2% Limited sampling 7 — % O RHEMBEYENRE T A — & HEEEICEET
L H5E

PPK N D 72O DT — HZIEICEE L Tk, o 7Y U 7 EHROBRFNEE TH D, PPK
AT D BIED—21%, PPK /RT A —X & @WK - IEfEE CHET 52 & Ths, PPK
T A — A HEEEIE, R —BAC it AUC CBIEHE 2 2 2 R O R, 321
ETNEMBAEDETHERBRY I 2 L—va v ISR S, /8T A —ZHEEMD
FERE « EREREICIT, B 1 ADH T2 oV 7k, BRGBICkd 297U v 7 Mo
B, #BE OBNEET D,

L7 U PPK gt Cid, BRARABRIEM EomilH7 6 SRR S OEIR S iz T —
SNEFBEZEBTE RN ERH D, 20X I RTF— TS RT A—FHEEBDIE
FEEIZ DWW THREI SND Z LR ARIND Z LiF, BIREHFZOERE FOBRETH D,

FTNNT A=Z OREFIFEREHERT 2, ZWT T n—F L. ZORMEITHT 0
SOMNDIFRFEN N E TITRESNTND 2420, L)L, @BEORE THO LI i#T
EFT VLML PPKET NV ZBUEDINT TN T2 Z L NAHR TH D720, T DOHIENE
Z DGR OND, T — OGS E T, ZOFETRD BOBRE TR0,
TV 3= )UIFZEDE LI B TR BAC 7 — & OfHTE£7 /L & LT Widmark O R <
B SHL. O ROERNH 5, M7 L3 —L OPRBHT 0 Yl E R % (7 E L7
Widmark OziE, TELSHH SN TWDET L L TR | Pl TR E IR F L
BWERETHHDOTHDH, 2Tk, Widmark ORXD/8T 2 — ZHEEME AR E DI
(historical knowledge) & FE5,

TERMBERRBR Y R 2 L— 3 UIiE, T A= ZHEEEOEED B O V) 72 & O FHE
o THEO 7 — ¥ Bt I 2 i L, 5% LV RHEI 2 BRS 5 B CRubL T & e 14
0, 1 HEOMEE LSD ICL BT =4 OEFITHH L EX, H2ETH, LSDICLDHT

—ZIZOWT, PPK /T A—Z OHEEIEOREEE & IEMERE 25 Ffi3 % B B9 THERA IR R
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Yialb—va vk, R E 52 < L o7 —2IUERHE (dense sampling
design, LLF. DSD) 2L 5F—4 % Wikt & L7z,

Va2 lb—va AR DO R, BFEEMEICHER S D EBE X ONTNT A—HITD
WT, WBEOHEZFA L TLY EEISEWHEEEZ G2 BT, mEOMRLIZESNT
MERMNCRE ST — 2 2 RBT —2ITHET 2 HEEZRA, NREOHALZFRIH LA
A7 AHEEFIE] & LTRELL,

% 2 ¥ ClL. Limited sampling 7 — 4% ® PPK /T X — X #{EEEIZ BT D HFZEIC DT

ﬁ/\\‘éo
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J7ik
MR 2 2 L— g v LHEE
YIialb—varOHMIE 2507 —ZIERHEF T, £ PK T A —Z OH#E
TEREEE « EREEA T 228 Th D, X (5) IZ0- T RIHED 1 22 /3— | R

VRETFTAEHWCT La— L EBR%EDO BACEZ I 2 L— LT,

Dikg,
Cij = g rn oy (e3P (ke tiy) = exp(=ka;  ti))} )

12120 Va/F i kaps ke d3BN T D4 PRKAST A=ZTHD, Cyld, j&HORERLE;IZ
FHEAIOETATHRETH Y, Did, ENIBHET LT Va—LORTHD,

HNT A= O & OfEIE, &IF (6) 2> THRLNT,

Va/F, V,/F
0; = kai » Mo = kq
keli kel

(6)
O-Vd/FZ 0 0
logd; ~ N(logue, %), X = 0 ox,2 0
0 0 O-kelz

7212 LV [FIZRNT OB FEOEMTEITH U | kJJTRICHE EBOEMFEETH Y |
kol ZTH IR E B OERIFETH Y . NIZIERSfixRKDT, flx DT 2=, %t
BERDCHED DO EAE LTz, T Ty oy e’y Ok* B EDope®ld, % PK/NT A —
Z OENFIZEB TH 5,

ETFAOTHME L BIE & O oEEIZ, X () XS, WHET LV ERE LT

vij = Cy x (1+¢;), & ~ N(0,0?) ©)
ZIT, yld JERORAICET AL OB TH 2,
K (B) IZHESTLSD 77— &ALz, v Ialb—varOfRfid, 34 NOwRE

DENZININ 17.5g DT /L a—)LEZHEERER L, Z0%k, 5, 10, 20, 30 0B L0160 %
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TEBIEZSEL 02 5D THD, DSD T —HEAKT A0, 5% 5, 10, 20,
30, 60. 120, 180 3k L1V 24043 &, 8EIDY TV IR D Z L&ERWT, 7
oy Ta— L ER L OWHRESIEL, LSD LRI CIZ L7z, Table 3124 I = L—
IVREDNRTA—HADfEETRT, HE1DOVI2l—2ar T I A THDLI—A10D
NI A—=ZT, BEL -T2 1 EOET NIRRT A—FHEEE B EIZ LTz, PPK /3T X
— X DENNT— A1 LR DFEREZ LT LT NE I DERFTTHHMNT, 7 — R 2~4
BRE L, 7—A 2 TldV,/Fa 2f5IZHE L, 77— A 3 TIIEDICRE L, F—A 4
Tl, & PK /3T A —X OME AL %2/ S <RE LTz, Figure 412, il LTLSD &

DSDiZkD 15—ty FERLT,

Table 3. Population Pharmacokinetic Parameters in the Simulation Study

Parameter Casel Case2 Case3 Case4
Fixed Effect
Vy/F ,L 45 90 22.5 45
kq, min! 0.1 0.1 0.1 0.1
ke, min’ 0.01 0.01 0.01 0.01
Inter-individual Variation
oy, log(L) 0.4 0.4 0.4 0.1
Ok, log(min) 0.4 0.4 0.4 0.1
Ok, log(mint) 0.4 0.4 0.4 0.1
Inter-individual Variation
o,gL! 0.2 0.2 0.2 0.2

The parameters for Case 1 were determined by referencing the estimates of
the motivating example summarized in Table 2. V;/F is set to be twice in
Case 2, and is set to be half in Case3.
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Figure 4. Sampling Time Points for LS and DS designs in the Simulation. One
set of simulated data is presented for each sampling design. Limited sampling
design (LS design); dense sampling design (DS design).

A7 — 2kt LT K (B) DETFTNAEMTET L E L THEM L THER PK /YT A —
BEWMEL, Y7 hU=T71XSAS 9.3 O NLMIXED 7' 12 v — Y x & e, E&EHE
ERESY LT BB BIE I MRAT OIS BUS C & 22w Sl AT T ARy & O TR A
L. BEORKEOFEELE L THE=a— o7 AITY XLZHEH L, 7 —F%y O
£ PR X7 A —Z OHEMBOEMENH O OH Y 1X, X (8) - THE L, T—
2 ASFHEDMEE ORGEE & IEFEEE (Z F T T HBIE, % bias(fg, )7 2.5%fH, 9,

97.5%MH 21525 Z &1 K- T~

Rok™t0 o 100, (%) (8)

% bias(ﬁgk) =

TZIZU, PR AT A=H §iduy TREN, kFAOT =2t v M OHEEMEIZAe, &

60

W EOR R Z R UTe A 7 AHEE FIE
EEZAIZBWT, Widmark o X (9)) 2013, 7 r=a— A REEZHESNLT

L — L DOBICERT DI LS FERENTE -,

w _—_ Db 5 .. .. L~ ( 2)
¢ U T piXWEIGHT; Bi X tij + &, & N{0, 0 (9
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ZIZTC, OV L B OREL; COMMN L OMmHPRE, DB LT LV a— LD, p;
ITREDHTZ D O RE, BIET /Va— O 0 RIEFEE, B WEIGHT X, f8AN1id
KETH D,

EAND/RT A —2fE1ZA (10) 296> THERR LT,

=) wo=() v n. 2=(% L) o

ZIT. pIMEEYLTZY OSMEBMOEHFETHY . BIEMENEDT L= —/LD
B e RPEBREE O REMEE TH Y | NIZIERSMZRT, x0T A —Z 380k
BUARIRE D b D EUE LTz, ZI T 0,280,215, BT EOSARRE, WIGHE . 14
FRE D NEEE D TH D,

TR LT DD T A =2 fEid, LLFo@Y) THD : p=0.70L/ kg 0,=
0.07L/kg; B=0.140g/L/hr; gz=0.02g/L/hr; F¥{KE= 60kg (FEH(FA= 10kg),
0=0.036g/L, ZH5OfEIE, 1990 FALIERIZHE STV % Widmark ORXOHEE

ER SR LU TIRE LT (Table 4) 2832,

Table 4. Reported Parameter Estimates using Widmark’s Formula

Subject Mean p Mean
(SD) (SD)
M/F L kg g Lithr!
Yamamoto et al., 93 M - 0.136 (0.020)
1993
Gullberg et al., 108M  0.69(0.061)  0.133 (0.020)
1994
Nishimura et al., 151 M - 0.144 (0.020)
2006
Gullberg et al., 24M 0.73 (0.067)  0.148 (0.032)
2007
Dettling et al., 2007 68 M - 0.158 (0.028)
64 F - 0.179 (0.030)

-: Not reported. SD: standard deviation.

WEOMBICEASNTT — X Oflise 2k T-, 34 NOWEE (1 #BREIC-o X1 o0

Blg2) 22H 0 3 FHOREHFGEPH DR S CTO 34 OBLANEZ AR L. 5 1 mOMIE TR
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BrDT—% (B8R 34 A0 OBLAIE 157) LG DE -, Widmark O THARK L 72
T =2y MIUTERITE ENROR, BTICO7 ) PPKE7 /LTI EmA AR L L

TRELT D0, 5 1 EOMTROWERE O TR AT LIz, 60-120 53 (NRX¥—r
1), 60-180 47 (/3¥—12), BL1V60-240 57 (¥ —23) &, 3FEBOKRHEFAN D
R COBUMEZ AR LT, D72 0DIC, BARF = OfEET — 41 v FOfl% Figure

52”7,

T 04 04 04

“wb Pattern 1 Pattern 2 Pattern 3
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Figure 5. Patterns of Complemented Data. One set of simulated data for each
pattern is presented. Real data are presented as unbroken lines and complemented

data as dotted lines.
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s

LSD TOEMI Y] PK /8T A — % OHEENEE

T 2T, EEEY PK ST A — 2 OHEEEOMR Y O340 2 BEIC i~ T, r—A 1
DY a2 b—va YEETCOHEMOMmRY OomIEL, TR (Figure 5) (2R L7,
DSD (2 bt# L C LSD D5 1Tk \2fR > T4 - Tz, Table 6 1%, LSD 3L UNDSD IZ
K DEMVE PR /NT A—% (Vu/F. kov ko) D% bias® 95% 53 AidiPH %z ~7, LSD
TDky D% bias? 95%#iH (-40.7%. +51.0%) 1%, DSD (-12.7%. + 15.2%) DFI 3
BThHoTzDIzxt L, 95% Vi /F Lk, D% biasiIm#E TRE < B 57270 -7, Figure 5
IR E D12, 77— 1D LSD TOk, OHEEREORMEIZ, Mo XTOr—ATHRDL
iz (Table 6), &7 —ADIWHRFE TV L TB%THY, +3ICEmI>72, DSD D
LSRR T AR 2y~ 7278 (Table 6 1), LSD & DSD OB DL PK /85 A — & D
HEEE DA 7R 2T e d o T,

T Z VAR LT EERILRIC . TR TOEMFE PK ST A= TlE, AT AD R

BT O0 THY ., LSD BHEENA T AZB|EZ S7enolc 2 ERS T,
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Figure 6. Distribution of %bias of Population Pharmacokinetic Parameter Estimates in
the Simulation Setting of Case 1. The gray filled boxes indicate the LS design; the open
boxes the DS design. The precision of the estimated k,; was poorer in the LS than DS
design study. V;/F is the population mean of the apparent volume of distribution, k,
is the population mean of the absorption rate constant, and k,; is population mean of
the elimination rate constant. The centerline and vertical ends of the boxes represent
the median, 25th, and 75th percentile of the distributions, and the whiskers extend to
the full range of the data or to 1.5-fold of the interquartile range (IQR) from the median
value, whichever was less. The %bias outside of 1.5-fold of the IQR are plotted as
triangles for the LS design and circles for the DS.
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Table 6. Comparison of the Bias and Precision of Parameter Estimation Between
Limited and Dense Sampling Designs

%bias (%)

ka Vd/F kel
LSD DSD LSD DSD LSD DSD
Case 12 97.5 percentile 27.6 19.0 21.6 13.9 51.0 15.2
Median -14 0.8 -0.3 0.6 2.2 0.1
2.5 percentile -25.8 -15.2 -19.1 -14.7 -40.7 -12.7
Case 2P 97.5 percentile 27.3 15.5 21.6 15.6 47.2 13.4
Median 1.5 -0.5 0.7 -0.2 0.7 -0.6
2.5 percentile -22.4 -21.1 -18.8 -30.5 -40.5 -17.5
Case 3¢ 97.5 percentile 28.9 16.6 23.8 13.3 94.1 17.5
Median 0.1 -0.2 0.8 0.3 0.6 -0.3
2.5 percentile -32 -16.7 -25.3 -14.2 -93.5 -15.0
Case 44 97.5 percentile 22.5 10.3 14.2 6.0 49.0 4.7
Median -1.2 0.9 -0.3 0.1 1.8 0.0
2.5 percentile -21.7 -10.5 -15.8 -7.2 -34.3 -7.0

The parameters for Case 1 were determined by referencing the estimates of the motivating example
summarized in Table 1. V;/F is set to be twice in Case 2, and is set to be half in Case3. Convergence rate
= (the number of data set in which iteration converged) / (the number of the total data set).  Convergence
rates were 81.6% for LS design and 57.4% for DS design. ® Convergence rates were 73.8% for LS design
and 68.0% for DS design. ¢ Convergence rates were 87.2% for LS design and 59.0% for DS design. ¢
Convergence rates were 90.6% for LS design and 64.2% for DS design. LS design: limited sampling design;
DS design: dense sampling design.

WEOMALEFIA LA 7 AHEE T

WA= I PBNRE = 3 TT—ZDBMET ST I 2 b— a3 VORER, ko HEEMH
DM OFIAEIE 0.021 min! TH Y . ZOMEICHE L T, LSD ICL2BEDT — & TD
HEEAH 0.014 min! 1T 34.6%(X\VMETH - 7= (Figure 7)., LSD TN T HHEE A T AN
FIEL, BEEL Y bIRWETH -T2 E X BT,

LSD CDk, OHEEM A B L L T 30%IKVMETH B854, FHIN A e f—if i

FE AR FIHAEIC DWW T, 28% FfEIC R - 7= HEEME R SF 5D Z L 2 B3 5 (Figure 8),
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Figure 7. Distribution of k,; Estimates for Each Complemented Pattern. In every
pattern, the median of estimates of k,; was greater than the estimate of k,; (0.0140)
in the motivating example that is presented as a reference line. The centerline and
vertical ends of the boxes represent the median, 25th, and 75th percentile of the
distributions, and the whiskers extend to the full range of the data or to 1.5-fold of the
interquartile range from the median, whichever was less.
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Figure 8. Graphic Presentation of the Influence of Bias in k,; Estimates on the Area
Under the Time-concentration Curve. The solid line indicates the time-course of blood
alcohol concentrations calculated using the estimates of population mean
pharmacokinetic parameters that were obtained in the previous analysis. Dotted lines
indicate the calculated blood alcohol concentration using the estimate of k,; obtained
by using the proposed method.
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ARBFFETIE, LSD THE7-T — 4 & FIV CTHEE SV SEM ) PK /8T X — & OFEEE % 5F
L7z, BERHT Il —TarHfTIcly, LSDICh & S< EMTEYk,, OHE TR E
\ZIZED & B2, MOE Y PK /NT A — & OHEEREIIZMEN W2 ERREN
7o BEOHFRICES Mg EIT v I ab—Ya ik, LSDICL DT —H &%t
G b LTRATIZ B W T H DML PK /NT7 A — & 035K 30% i/ Nl S AL TV = Th A
LHERI =Tz,

BEOMRLEFI LTS 7 AR FIEL, ke % ERECHEE T 5 72012121 — BAC
HiFR D% L OBIRMENEE ThH 5 &\ ) BRI R FERIZ K-SV TS, Norberg 1%, T
HE D% PK /3T A — 2 BT DRSO R Z & OfftxtED 7' 1 v M LT, K
BAC Hiif# o>t - O BUHNE T AR (< B3 % PK /37 A —# (2B L T information rich
ThdHILamL TS 3, R —BAC #ifg D% - OBLAIE 2@ EDOHM LIS & DN T
BAESE, BT —FITBMT D &, kg OHEERBEIINIBICSZESND EE 2T, Fie,
LSD D7 =22 & 3< kol DHEEMEDRY ORE S L HMBPHETE D EE R,

AHFIE T, BIAEOMENT & LRI EE ST & O T /L OEWIZ) 1D 5T, LSD
IZBITDHEE PPK NT A= DIRY ORE S L HMERTET D HELZRE LI, 1ZEA
EO PPK iR BRI BN H DR RER O LR & L CEiSh, BT — X IUE
A ERT L2 X LIELIEREETH D, Lo T, RBGHE (B 2E, #5E 1A
Bl YT BTV T oA I T HRER) (X, B e EREHEIC LS
L DOTIEARL . BRRBRFEM EOHRFNIESNTND 1112 20 K9 RIS 5 8%
f7ext® L LT, PPKAEHTOFRERIE, T A — X {EMEOEHEIEOIE L . A T ADK
TS EHMOFHE & ZfE ) NETHD EEXT,

T3 =)L OHEYENGE « BT A BRI EME T D Z LIIEEF O TERELER
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STV, FIZIE, FEEORFBNICER L7 v a— L EOHEEIL, EXH OEER D5
WO B HTERRE DI B L TEERERTH 5, (EEFITHV T, Widmark O

R (9) 201%, P 7V a—VREAZHESNDT V32— )L ORIZEHES DT 0DIZIR <
EAINTET,

B DI R Z PPK fEHTICARNL T H 72012, A AFHETEZ 1L OV < O OfEEHY
FEPMRR I TS 2420, UL, T —AROEAIE, EHEEOE VB EDH R
I%. PPKEATICH WD EHTE T L & 13872 5 Widmark UZ L VB LN TE 2, i
LOFEFTHEMATER, Uk LT, BEFIEIL, BUE L IBEDORTOET L OEN

WO THWHZ LN TE D,
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T — Z R D PPK /T A — Z HEEMEDOREEE & IEMEEE T T D B At L. fiil
T, WMEOLEHWTHEMBORY & FnEH#E T 5 Hika e Lz, LSD TRbhi
T =2l LS PPK AT A= OHEEMEOFEE & IEMEE 2R I a2 L—a ik
HEE CREM Ly ko DHEEISEICRIEN 5D Z L &R Lz, f\TC, BEDT L a—/Lif5E
TRONTEET ML o TRAESEMENEDNEZ AT 27 — 2 27T oV Ialb—
T a itk LSD TOk,y DOHEEMITH 30%EVMETH 5 Z & 03RIB S vz,

B2 =TI, BERBRY I 2l — gtk P REHE IR B 8T A —
HEERE - EREEZMACE D2t 2m L, £z, BEFOMAZFA L, #HEHEORY
EHEET HDFIRELIRE LI, XA XMW EOH LA Z DT ROT — Z fENTIIERT 55
ERHOBIVTWADN, ZAUTHE L CREOH R ZFIH Lo S 7 AHEEFIRIL, @i

LT OMENTE T L OFFRIZ L HHIRD R VWETHHTH D,
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HIE NS R{T I —FIZ X BTV 3 — VIR ORHEM SR B RE RS

T a— ik, FEIETORACEORIT X - TERANBHEBR S dv. 70 22— AR

ThH T a—LlikERZE 1B (ADHIB), 75t Fhik#ER:ZE 2 (ALDH2).

771

J

vy —AxH )=V AT A (MEOS) (ZX - Cfitftsitd 19, ADHIB B LW
ALDH2 &5 DOBIG 2L, 7 a— RS OEERZEICEET 5L ShTn5 33
30, ADH1B OZ 5K (ADHIB*2) 1%, %48 (ADHI1B*D) &L TaEWEEEZ A
THMEFE L a— N L, ALDH2 OZERIK (ALDH2*2) 1%, &M/ ALDH2 Bk % =2— K
T % 39,

MDY TiE, 4 HOT )L=z—L D PPK T OfE R WA S TWD,  Clardy bl
REY72Y 0.12~0.93g DT V= — /L& HE LT-#BRE 55 An B D BAC 7— & % 434t
L. 1 IROWILEEE, Michaelis-Menten {HKIEfREZ & 67209 2 a3 /= M XAV MET V&
Wt Lehy, PK/NT A —F O ANHIEEB~OILEEO T HITMFT ST au 839,
Yang 5%, 0.5~0.7g/ kg D7 /L3 —/ /L&l Lo #8RE 184 AnH D BAC 7 —H 2o
WT, 1ay "= A METAOLEERERLE LT, SWEEL ], BIOMEEREALHRE L
7240, Lee bi%, 55.39g D4 ) —/LOFH G a A B L 2R 59 ADOF—4% O
fERTIZIVN T, Michaelis-Menten HKifEA & 6709 1 20 /8— h XA MET/LOIE
BE LT, Flin, WES LUK ORFIRRRE 2 W L2 49, Seng bk, Bk
54g, Mt 36g DT /L a— LA {HE LIk 1564 Ad BAC (2%t L T, Michaelis-
Menten HKIEFEZ & b2 9 1 22/ X—= RN AV NETMZHOWT, HEEFEME LT, M

L RE, TV — IR OB T2 A T 49, EF L 1 EITHR ARSI
WT, 13—k Ay FEFITT b a—/L 17.5g (A% OERE 34 A THIES -
BAC 7 —# &+ 2 2 Lick v, Fils, KE, ADHIB B4 &L LTS L
2o L2L, TNHOWFED /T, Seng b DB L OEHFIXT Va2 —/1L 0 PPKET /L

DI EA L LT ALDH2 DB L et Licns, ALDH2 B a2 L& L4257 1=
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—/L® PPK &7 /L aHE L TR,

A X7 T e —Fik, PPKET U U ZICBWTEROBAEDIZODOHEM Y — L Th
V. BUEDOT —Z TSR E O A2 FRE#R (prior information) & L THV AT Z &
INTED, i, PPRENTY 7 F 7 =7 & LTHA SN TS NONMEM (2~ /L= 75
BHEVTIr (MCMC) A RENFEIESH 9, FHLTWERENE -, F1®
TR LM 7 Vv a— VRET — % OF — 2 IR R, 7va— 8l 60 5% £ TT
HY., IHETMH T NI VREOHETET VL LTHRE STV OEMRET V. T
72bb, {HKHEE % MichaelissMenten & 45 1 £721% 2 23— K XA > MNET L&
FHZHWT S, BRTA—HEHETHIENTERY, ZOXI RIERAZEOT—X T
BHoTh, WEICHE SN PPK EFNRTF A —F %4 AFOEFIFHRE LTV A
WTIRITT 52 LICL > T, FiCAEREERZFET L2 LNTELLINTVND
), B 3 ETIEIANA X7 7 —FIC L DM 7 L 2 — VRO PPR AFFEIZ DV Tk

Do
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# 1 TN AR ANDRFRLA 34 NEXRE L TT o 1o 7 b = — VR SR TR

L72 157 @ BAC BLAE, *IGEH. $e551m, 7 — Z IUEEFTHE % Table 6 (225K L7,

A WSS

BAC 7 —# &4 & L7z MCMC ~A AEIC & % PPK fi##r 2 NONMEM 7.3 (ICON
Clinical Research LLC, North Wales, PA, USA) ZHWTHEM L7, E7 MIEED—
WOEEL, EFT AN T — 3 % SAS 9.4 (SAS Institute Inc., Cary. NC., USA)

BEIOR33.12ZH\TEMmL,

A SRR
SERLAEAT X B AT IZ. NONMEM @$ PRIOR NWPRI Xt % -, Zi
X, RHEMPEY PR XT A =27 h L@ &4 PR NT A—Z D457 RV Q OFERILY

iz, ZNZNIERAN, ¥ Wishart 5 & LTHRET 2D TH S 40, IERFRTZAMD

—_—

THO . ST 2HEET 5, OOfL, BEOERE TORMNEOHERZ A, T
fE1E. BEORETORNBOHEEDOHE H, FAERIT R Th D L E L
7o, AT Wishart S71E, T— FQ L HME (A ZEELE, QORAEEOMH
I, BEOWE TOERDEONROHEEEN DT, FERABEHRIL 0 LEEL, df 1
Karlsson 23 HELES 2 2 401246 - CTHHRE L7,

<~ aZEEE T rr (MCMC) ~A AHEEEIT-T-, N—r A VXEOY 7L
K% % 100000 & L, /S—2 oA VX TO MCMC %> 7 VO TRIEZIT- T2, T72
HPH, 100 DREZ &I, ZBRT A—2 L HREHEZ BZEE L L TRIBERZE1T L,

BIEEIFOMEERNT X TONRT A —=ZZOWTHAHFZMICHERIZ0 E RS 0EE, A
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—UA VKA T SET, NTA=FDOFERGMIOWTOHEERZAT O 729DIC, MCMC

7V E % 10,000 & LT,

IR

MHEENT TN (FEZRBLOA V RROV U HER—LAN) THDHZ L, Seng HD
WEDORMKET VORI R ((RE, 5, ADHIB#EERD) %8 1 EOHIECIEE L-
ZEinh, ST A= OHERINHIL, Seng HIZ K DHEN DG 2, FREM, B5E
Wi, 7 — X UEFE, f#ATE T L% Table 6 (C5) Lz, FAIMERIE. Oacray-

OacEw /F)s Oarpmawm) BRS TNTONRT A=ZIZwH L, HEERERTO M E LT,
0a6E(k,) s OacEw /r)~ OaLpuav m) P FHIE L ORERERR 22T 0.001 35 L T 1,000,000 (Z 3%

ELT,

Table 6. Study 2 designs

Population n Dose Sampling plan Basic PK model Ref.
Japanese 13F, 21M 14 g of ethanol 5, 10, 20, 30, One-compartment 43
(350 mL of beer) 60 min postdose

10 min in the fasted
Chinese 36F, 31M 36" and 56 ¢ g of ethanol 15,2,25,3, One-compartment, 42
Indian 43F, 44M  (200° mL and 300° mL 3.25, 3.5, 3.75, MM elimination

of a mixture of vodka 4,4.25,4.5,

and orange juice) 4.75, 5,

1 hr with a meal 6 hr postdose

@ The current dataset for re-analysis was obtained a study of ref. 43; the priors for population pharmacokinetic
parameters were obtained from ref. 42.

b a dose for female.

¢ a dose for male.

F, female; M, male; MM, Michaelis-Menten.

BT VA
UTDOAT v 7> TPPK & i Lz, A7 v~ (1) Tlk, Seng bDET L
D95 PPK/RT A — 2 LREROTNROFRNAM L RO DI LICEY | BEOT—X

Ty hOSHIIHEIERZEH LT, ZNE_X—RAETINVEMELE, AT v (i) T
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X, BMOREREOET ) 7 &7V, ZZTHE LEET A ERKEET IV ENRAR,
27 w7 (1) TR=REFTNEZHTUTDIHE, HAD PK /RT A —Z OFH P ARAE L 2
il ORRERTBAREZEENICRF L, #EREZR 7 ) —=2 7 L, BUEOT —
ZIZEHEND b ODOPERFERE (R, MERI, (KAH, ADHIB¥ XU ALDH2) OHT,
o> 8 BHN T TICR—RAET VCHEEN T2/, Filink L N ALDHZ2 =Rz O
THE L7z, v, PoEZ o s+ o8 AR s LTET ML L,
P = 0; - (covariate/median,,,)?cov® (11)
722 L. PIZEBOMIZOWTEMA & OERESE PK 8T A —2 | 0p1L PK /8T A —
Z QMM ME, bbb, HEBPPRIETH DOk, TT2XVy/FTH Y| OoppylT
PIZXT DA —NT 77 4 —TdbbD, ALDH21Z fEEM¥E L TET/LL, IND % 0
FT 1O MEERET D L
P = 6p + 0,0y - IND (12)
7272 L. Opix. IND 2% 0 DA DEFITL PK /85 A —ZETH Y . Ouplt. IND 23 1
DEFEDINT A—LEDOETH D,
ETMEEICBWT, BRETVCED L IERIT, ROBEHZH-T DL L,
D TET L AOFEZSAOTEIE (2 HBOLEICHY T 2) oRd. 0D FEAMES
DL, BROVERIE, A2 B L THIEOZE) DOBOFER S DE— RO,
(IID) /T A —ZEICxT 2 BRRANCER O H 58 (BEDOT —2 &y FTOYFEDE
BB DI L OBl % A 5 R © 20%Lh EOSER PK 87 2 =2 DR H 5

ELTERT D) OMEN0.8% LFESZ &,
N— 2 ETF )L
Seng b DA TIX, PPK#HTOIRAL L72ET /01E, 1 RWNGEFRE & Michaelis-

Menten HKIBEZ LB ) 1 a2 /X=X U MET L THoT2 42, ZOET /LTI, B
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K
Q
e

ac ~kgt _ Vmax  ~)._1
dt (k D-e Km+C C) Va/F (13)

7272 Uy kgs Dy Vipaxs K Va/FiZ, —RRIGEEE EER, #5-8, S RREHEHE,
Michaelis-Menten E#, HNTORMEMTH D, PK /T A—FZ OEANMZEEIX, i
OEBL A 2 5E L
0; =6 - exp(ns,) (14)
ZIT, 6iF, iBRDEERDPK AT A=ZTHY | neld. FHME 0 THHwe?
B AZHE O AR BN RTH Y . 0 1TRHEERITE PK NT A= TH D kg, Vingx, Km
or Vy/F& &b, L, plRdzEgEceT b,
cgs=cl - (1+¢y) (15)
2T M PR BT A TTRIS N i R HOMAD | F B OB, CHPEMSh
ToUREE, gl 1 FEADMEAD j & H OB E THEORETH D, g;. T2 0 TH
W2 Th D ERNMIIETH D, BERESEATHORIEFAILE 2T LE LT,
N—=RETZBWT, £ PK /T A —& L& & ORISR OBGRREE LT,
ka; = (kq + Osgxka) X FEMALE) x exp(ny, ) (16),

Va/Fi = (Va/F + Osgx(v,/r) X FEMALE) X (WT/Mediany)*"Tva/®) x exp(1v,/r)

17,
Km; = K X exp(nKm) (18),
2L, WT (3RE, FEMALE X0 (35) 71 (R) DOExE L% 2EEHTH Y |
Ocov(pk parameter) VIFEZE Tcov MNEGEAM DAL PK parameter D A —/L7 7 7 X —T
b AL Ecov N2 EEETH L5613 PK parameter DZALETH D, Vipgy, |E
ADHIB Y&{57EL)S ADHIB *2/%2 DY A kX%

Vmaxi = VmaxADHlB*z/*z X (WT/MedianWT)GWT(Vma") X exp(anax) (19),
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. ADHIB &= ADHIB*2/%1 D HI IR A IRET 5

Vmaxi =V

maxapH1Bs2/x X (WT/MedianWT)QWT(Vmax) X exp(nvmax) (20)

ETNANY T =g v

Ff&E 7 /LIX, visual predictive check (VPC) Z & e &L~ = > b CTriAfi L7z,
VPC i CTIX, 7—hA RT v 7H o7 U272k Y 1000 & v~ ORARR 72 5 4
DMERE S 7z, WIT, [EAD PR XT A —H Rk LTz, THKEE )Y Michaelis-Menten
KU 72D, RNy 7 —3 deSolve # HHWTHEMD FRERAAMES Z LTk FRERO

BAC #1457z, A L7= BAC D/ X—% o Mz Z 7y L, BT —# & ik L7,
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BT VAR

51 3T 34 ADOBARANPEERE 545 507z BAC (157 BUHIME) % FRAEAT Uiz, MERI,
{KE, ADH2&{5R % 58 L L CH e Mikaelis-Menten {25iEfe 4 & 6729 1 2223
—MAVRNETANTHILIR—RAET NET —XIZHTTDT, EHTFE PK T A —4
AL B D ERN RO F R AR ON2) LAEHER A, (BRI AT O SR04 OF— Fid, Seng
BT L o THE SN PPKET VDT A — X HEEED HFF72 (Table 8), Z&E%hH
NTF=odf (HHE) ZatHE L, 35 & LT

NR=ZRETNEBAEOT —ZThH TEHT-fER % Table 8 DX—RET /LD L
oo HEEMEITRBR, FAMERE B Lz, kg & wp, TIHEATSMN & FE A0 O R
REBREAN DN, ZHUE, ARIOT =2 Rk & wp i\ZOW TRV IFREZE > T

(informative) THo7=7mbTHDLEEZLND,

HEBOET Y 703, AEOT —ZIXHEFAOBIIED D7 < kel L THFRA R T
B DHIZDITky LV /FIZOWTORIRE LT, T AAERROmFED T 7 /L% Table 712
FL O, R=ARET N EHTUIDZOLO, HADk, DFEHHEEM & Fn, £721%
%t ALDH2 &=, BADV,/F OFELAEEM *F 486, F7213% ALDH2 &= 0%
BHEEM O WA % Figure 7 1R L7z, Flin Lk D HWIZICIEOFBERMABIE S L

(Figure 7 (a)), fFnix. X (11) @ X 5 ITHEBIEE T V2 UE LTz, Flo R fiid
294 CTh o7,

ko DIERE L L TERBR—RAET VTBEINSNIZ & &, T ET V 2AOFEL G DT

1%-1360 7> 5-1401 282> L 7= (Table 7, Model 0 3 & O Model 1), k, D A Z B w),,

HROME— NiX, Fzk,0®LEEIZED D E 0.66 205 0.35 IZHD Lz (F—Z I3
LTV, Dk RN CH B2 B e 5 2 DHEFRIZ 095 L ETHY . ZDOHE

BARKET IVICE DT, HEWT, Table 712777 XL 912, Model 1 ~DORI|DHZEE DB



MzE#E L7z, $72 5, Model 2 TIiZV,/FIZ4E k. Model 3 TV, /FIZ ALDH2,
Model 4 Tltkg\Z ALDH2 %4t L=,

Model 2-4 ® 95 %, Model 1 & kil LT, Model 3 TIZHFHRDAADT BT » A713-1401
51412 a0 | OB R b KED o7 (Table 7), E7-. BEOBOESL AT —
RiX. Model 1 & b LC Model 3 Ti 0.34 75 0.31 (23 LT, FEladSk (ZERRMIZ
HERBEN S DR & . ALDH2 2V, /FICERRICH B2 BN S 2 HERITOFh b
095 L ETHY, Zhb 2 DB REZFKET NMCEDT, £D%, FhiLVy/FED
Bf% % Model 3 |[ZiB/N L T Model 5 & L, Model 6 & LT ALDHZ2 &k, DREfRZEBNL
77

Model 3 1Z%f L T Model 5 Ti&, FE T » ADHEHK DA IE-1412 7> 5H-1424 (2D L,
RAED O FERECE— Fo?1X 0.31 205 0.28 12384 L7= (Table 7), Model 5 75
Model 6 £ Tk, 7 ET v ADOHEHHA73-1424 71 5-1436 1T L, wy 2O FZROAE
— FB L Q20 HESHHME— N E LR Uiz, EEREMD PK 8T A — & {EICERKEAIC
AEZREEN O DRI, Model 5 12& N5 3 >OIEEBEDOZNLINIZIWT 0.8 &
Z71=. L7»L. Model 6 TiZ, ALDH2 3k 2% L CHERRICAH B2 R 2 A4 DX
0.8 Kiii CH -7z, L7zh-> T, ALDH2 Lk, OMOBRITREET MZE TN -
77

P35 &, Model 5 (Table 7) DEIRENRN—AETZBMS N, ZNNRKET L
ELTIREENTZ, N—=R2AET )V EH XD HEEIE% Table 8 (23, AR Aok, fE
X, 29O BT 3.0 hrl, 40O BT 6.9hr! TH-o7=, WAV, /FIEIX, 29
%, REIL 61.8kg THho T, BIEMI ALDH2*1/%1 DBYETIX 49.3L THY |
ALDHZ2*1/*2 D3V TIL 289L Thotz, Fiz, #AKRV, /FIE, (KE 61.3kg.
ALDH2*1/*1 T - T, 29 #% D B TiE 49.3L T, 40 D BETIL 57.9L Th -7z,

X #E T /L (Table 8, Table 7 @ Model 5) TD., kg, & Vy/F; D32 & D BfEAUTRAD &
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B,
kq; = (kg + Ospx(kay X FEMALE) X (age/Medianage)eage(k“) x exp(ny,) (21)
Va/F; = (V4/F + BSEX(Vd/F) X FEMALE + QALDHZ(Vd/F) X ALDH?2) X
(WT/Median,,;)?wrvarr) x (age/Medianage)9“9‘"("‘1/” x exp(ny,/r) (22)
7272 L ALDH?2 genotype 73*1/*2 @ & & ALDH2 =1, ALDH?2 genotype 73*1/*1 ® & &

ALDH2=0 ¢ %%,

Table 7. Pharmacokinetic model building: effect of addition of covariates to the
Base model

Model number and Posterior mean
added covariates Relationship(s) ® Deviance g2
0: Base model @ - -1360  0.034
1:ageon k, k, = 0 x (age/29.4)046Eka) -1401  0.034
2:1plusageon V,/F k, = 0 x (age/29.4)046Ewka) -1401  0.034
Vy/F = 0 x (age/29.4)%46Evare)

3:1plus ALDH2 on V4 /F [k, = 6 x (age/29.4)%seta) -1412  0.031
Va/F = (6 + 6arpua(y,/r) X ALDH2)

4:1plus ALDH20n ko ko = (8 + Oarpmaqe,) X ALDH2) X (age/29.4)04656ka) -1401  0.034

5:3plusageon V,/F kg = 0 x (age/29.4)046E0a) -1424  0.028
Va/F = (6 + Oarpmaqv,/r) X ALDH2) X (age/29.4)%4c5(arr)

6:5plus ALDH20n kg, ko = (6 + Oarpma(k,) X ALDH2) X (age/29.4)%4cE®ka -1436  0.027

Va/F = (6 + Oarpmaqv,/ry X ALDH2) X (age/29.4)%Ace0arr)

@The basic compartment model, random effects for pharmacokinetic parameters and the error model are

described in Methods.

b The only different relationships compared to the Base model are presented. The relationships between
pharmacokinetic parameters and covariates in the Base model are described in the Appendix.

kg, absorption rate constant; V,/F, apparent volume of distribution; ALDH2: aldehyde dehydrogenase 2; 6, typical
value of parameter in the base model; o2, variance of residual error; 0acE(k,): Scale factor for age on k,;
Oacev,/r), Scale factor for age on Vi /F; O41pu2(v,/F), Change in Vy/F for ALDH2; 041pp2(v,,,,), Change in Vg,
for ALDH2.

ALDH2 =1 if ALDH?2 genotype is *1/*2; ALDH2 =0 if ALDH?2 genotype is *1/*1.
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Table 8. Parameter estimates of the Base model and the Final model for alcohol
population pharmacokinetic analysis, and the prior distributions used in the analysis

Mean (SD) of normal Estimate for parameters (95% Cl)

prior or

Mode of Inverse .

Wishart prior ® Base model Final model

Population mean pharmacokinetic parameters
kg, hrt 4.4 (0.48) 3.3(2.7-4.1) 3.0(2.4-3.9)
Va/F, L 50.2 (1.0) 49.7 (47.8-51.7) 49.3 (47.4-51.2)
Vinax app1psz/r M8/HY 7760 (255) 7827 (7327-8310) 7790 (7403-8264)
Vinax app1psz vz M8/HY 8060 (300) 8197 (7660-8731) 7966 (7422-8483)
Ky, mg/L 16.2 (6.9) 0.09 (0.01-0.47) 0.074 (0.001-0.391)
Regression parameters for covariate model
0AGE (ko) 0.01 (1000) - 2.7(2.1-3.4)
OncEva/F) 0.01 (1000) - 0.52 (0.19-0.83)
OaLpnz(vy/r) L 0.01 (1000) - -20.4 (-27.7--10.9)
Owrwa/F) 0.78 (0.09) 0.80 (0.63-0.98) 0.78 (0.60-0.95)
OWT (Vimar) 0.79 (0.06) 0.77 (0.66-0.89) 0.78 (0.66-0.90)
OsEx(kg), NI -1.9(0.5) -1.9 (-2.6--1.1) -1.3 (-2.1--0.56)
Osexvy/F) L -11.4 (1.5) -11.7 (-14.5--8.8) -12.2 (-15.0--9.41)
Between subject variance
wy,? 0.29 0.66 (0.45-0.95) 0.37 (0.24-0.55)
wy,/F° 0.025 0.028 (0.017-0.044) 0.029 (0.018-0.048)
Vinax 0.026 0.027 (0.017-0.042) 0.027 (0.017-0.042)

Wi 1.04 1.11 (0.69-1.77) 1.13 (0.69-1.83)

m

Residual error (%RSE)
0.2

0.034 (0.026,0.044)

0.028 (0.020,0.038)

Structural model for pharmacokinetic parameters and covariates in the Base model:
kay = (Ko + Osgxea) X FEMALE) % exp ()
Va/Fi = (Va/F + Osgxv, ) X FEMALE) x (WT/61.3)"*70a/®) x exp (ny, /¢, )

Vinax; = VmaxADHlB*Z/*Z x (WT/61.3)WT0Vmax) x exp (nvmaxi) b

Kin; = Km X exp (nKmi)
Structural model for pharmacokinetic parameters and covariates in the Final model ¢
ka; = (ka + Osgx(ka) X FEMALE) X (age/29.4)%c5%0) x exp (s, )
Va/F; = (Va/F + Osgx(v,/ry X FEMALE + O4,pav,/m) X ALDH2) X (WT/61.3)°W(va/e)
x (age/29.4)"%54) X exp (e, )

2 All of values for prior distribution of model parameters except Gace(k,), Oacewy/F) AN Oarpmav . /r)
were from Seng et al.*

b VmaxADHZ*Z/*Z is replaced with VmaxADHZ*l/*Z for the subject with ADH2 * 1/x 2.

¢ Structural model for V,qx; and K, is the same as those in the Base model.

SE, standard error; %RSE, percent relative standard error of the estimate, equal to SE/parameter estimate x
100; 95% ClI, 95% Credible Interval; WT, body weight; k, and ka;, the absorption rate and that for ith
individual; V;/F and V,/F;, the apparent volume of distribution and that for the ith individual; V..,
Vimaxir Vinax apuipeza and Vinax opH1pez )2’ the maximum metabolic rate, that for ith individual, that for
subjects carrying ADH1B*2/*1, and that for subjects carrying ADHIB*2/*2; K, and Kp,;, Michaelis-
Menten constant and that for ith individual; 84g(v,/r), Scale factor for age on V;/F; 6,46p,), Scale factor
forage on ky; @arpua(v,/r), changein Vg /F for ALDH2; Oyr (v, /r), scale factor for WTon V,/F;
Owr(v,,.,)» Scale factor for WTon Vi,qay; Ospx(r,), change in k, for sex; Osgx(v,/r), change in V,/F for

Sex; wkaz, inter-individual variance of k,; wvd/pz, inter-individual variance of V,;/F; meaxz, inter-
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individual variance of V;,4,; meZ, inter-individual variance of K,,; o2, variance of residual in the

proportional error model; n;, inter-individual random effect for ith individual.
FEMALE = 1 for a female subject; ALDH?2 = 1 for a subject with ALDH2*1/*2; ALDH?2 = 0 for a subject with

ALDH2*1/*].

TTNANRY T — g

ZDOETANLELILZ BAC OfE A THME (individual-predicted BAC) xt &1l

(observed BAC) DO#fii[X3 L ONE (1557 (weighted residuals) *f {E A T HIfE

(individual-predicted BAC) O#iAfitl% Figure 8 [Z/k L7z, B A THME & BHIE & O

FABIEE < (Figure 8 (a)) . HEAfTGETHFAHMA (T7obb, -5.0~5.0) (25

fiL Tz (Figure 8 (b)), “FhnfEilorsfH %t BAC ® VPC 7' = v k% Figure 9 [T

L7-. BACHIEZ, 5cOT—H% v hO#ERE O 1000 E D7 — KA ~T v 7L
ICOWTHEKETIZH E DWW THERKS S 2 L—3 3 TRAESET BAC OFKHE SO

N—t  MEOHER LI LTe, RE&ET ML, BEREOT — X 2 @R+ 5 2 &

DR ST,
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Figure 7 Plots of the natural log of estimated individual pharmacokinetic parameters
vs covariates: (a) In(k,) vs In(age); (b) In(Vy/F) vs In(age); (c) In(ky) vs ALDH2
genotype; (d) In(V,/F) vs ALDH2 genotype.
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Figure 8 Goodness-of-fit plots for the final model: (a) individual-predicted vs observed
blood alcohol concentrations (BACs); (b) weighted residuals vs individual-predicted
BACs.
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Figure 9 Visual predictive check of the final population pharmacokinetic model
stratified by age group: (a) subjects aged under 25 years old; (b) subjects aged equal
and over 25 years old. Circles represent the observed blood alcohol concentration. The
solid line denotes the median of 1000 simulated concentrations from the final model,
the dotted lines denote 25th and 75th
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FEAT R R DT — 2 ORFEIL. WRWER G Ok, ERSITRHIEL T60 0% Th

« RUGEFE & —2 BAC ORI%OBNEIXS 5 AT IGEROBBMEZ I 1E L A ERiZ 7
WZ L ThDH, H1FT, BAC OiEKIERIE Michaelis-Menten FZHE D Z & 3HI BT
WD A H b BT KRB OBUIED D 72 < Vipges km DHEER TE R0 712720
B eT e LCLREERBREZIGE L, S OICHMIL L, kO ARZENI 20 &R
ETDET NVEHTUTDEN, BELE LB LIZET L L IT0OWERN & 5 RN -
7oo B 3EDMIFETIX ALDH2 L V4 /F &\ 5 — RAPRAFRICH 23D 72 WO BEE A B
EINTB, 22T —HOERFEOMEPEEL WD LEEX LD, ZORIZD
WT, BRIk ~%,

RIFALRIOREH 2 21— N4 58 B ALDH2 #1657 (ALDHZ2 *2) %= AT 5H5E T
E, W72 7 AT NREDS EHT2Z2ERMbNATNS W, TEMTATE ROA
B EERIC LY, @REOTE FTATE RFTIXADH IZ Ko Tt s 2 7 1=
—IVBRALBOS A RE S L, P OT7 Va3 —VREN ERT2LE W A D= LRBEZ bR
% 49, EES Peng Hid, Hm (RIR, MRl F#n, BMI, S&iRKAEE, ADH B=H) 75—
LTk Y ALDH2 #&f5+8 (ALDH2*1/*1, ALDH2*1/%2% X N ALDHZ2*2/*2) 3872
% 3 DOWEREFERM TR — -4 BAC Mt &t 9% & B/AER (ALDH2%*1/*1) XY
LT g R (ALDH2*1/%2), ~7 u B8R 10 AT AR (ALDH2*2/*2) OWsE 7 v
— 7T BAC DD E THERS L7z 48),

AEET NV TIR. ALDH2%*1/%2 DYERE 61T DV [FIE. ALDH2*1/*1 DHERE LV
204L /N SV EHEE S NT-, ALDH2 @A KEHANDOV, & BEE T2 L& 2 b AR
FIZRIRILT 22 <. e LA, HEREICRET L 0BT e>Tnd, Ll BRI
Viax & ALDH2 DES#EZ G L= & 2 A, ALDH2%1/*1 DYRE (ZH T DVl T 5

ALDH2*1/%2 DYIRE \ZH1T DVpee D721, -246 mg/hr (95%(5 X[ : -1702, 1417)
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LHEE S, AERBEEIIAONRNoTz, LITERTZLBY | ITREOT — 2 13RI

W & B — 7 Fit% O BAC Th > THHARFHEDEAZIZOWTHERAE TH DL Z LB —K

L7¢ 5T ALDH2 5 LK EDOREN A Lol b BEXx bIvD, — KT, 7

— ZWEEN I Z e b2 K O BAC OEANZEDNV, /FOBAZEITER TS W) T L

MBERENTLEZDBND, Peng HOWME 49 (ITBWTH, B —7 1o BAC 1T, B4

M (ALDH2*1/*1) L0 b~T aZf (ALDH2%1/*2), ~7T nZER 10 {REAER
(ALDH2*2/*2) CTrfich o,
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