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A BB R T o0 KA AR S (o xk LSRRI S RN 2 2% 2016 4F 4
H Lok, £PEHR - Bon a0 TH HRARN O Rk EE 5 23 K O
LNTWD, EENEE/R, Mok 2T, F—2ERKELHS —8& L THK
FIANZ b @ E R A BT 2 LER D . AR E L TOHRY MK 2
RENDZHFEFO 1| SICBEEYPHFE~OFIENE T N5, BE, BEYoiRE
RASCHEMKIZESZBARFRHE X —~ORWEDOEHEIIFEM 1| THEEE X
TV, FRICHZRERICE YV ZHEEIHKELEY 2 BERM L EE DETIBR=E
TOIRWE Z M HE L F 2 JE 5 23 0T 4F 2 50 25 S #u(Ichikura et al., 2016; Scanlon et al.,
2016; Alibegovic et al., 2019), fEEEAL L TWD, Zivo O Y Hh EXT LR
WLLEERAZ y 7RERT HHEIIHm TH . REREYCRRIEICE T 21
WMAENE L OO EICIRBIC Y - o MamEIc#HEDL I ER A ¥ v 7 0AHITK
YA

FEFIT, BBt F—HEREAME L CEBICEET L1 T, BERT
O BMEFEY P EIEFNIC W CTEYERECIHERICEH T 2B AR ZEMNLRD b
Do LLEYTHICHT LEBERIIVROATIEY . EyRERAZOE
ERNEREFRIZ T DICEE ST RY, FFICRAERG TRHEL SN EY D
MR BL & KRR E LT 2B Y P IREORMRICE L T MTBIT D

—HZIEARRL TS, 20X KW TIX, HEEEERM &S ERRIERD
R bz TR 2 2 L ITREETH 5,

PR 2 T TIgREW T =4 V) 7 O ZHEIZ T, &R EE O 5Ly i
FREZHE L, EHOr MENTOERY OEB) 20 L, 1RICE N TER



NWEEINTWD =), BEMICEYTEREOZANEZIT > T 5 ERER
Toh-oTh, M HPEEFE D EMETE 85341 25 7T 88 72 Be N ik M & fif 2 % Mk 134
¥}Thd, ZOXIRERNL, WELZEDOSETIRELSZDOETIHEHT S
ZEERAESTIE RV, EHICHTIR O AYEIEY T O KB RE R 7o MR ST
THRLVIBELEOMBE R b EET 5, W Z bR 32 FE LT, EWRA
B 1 REUATHOIEHEECEERE G O# IS & STV D 23 (Vale,
1997), T 5 ORERAIRHEIT 1980 FRVGBIFEICELIETEHINTE D
T B O WAL E WU BT B B R 72 AR PR IL I 22, 20 XD ICRURE R
BB W THBEEOIEME R G OB G %, BHAiRILIZIEE S Wz infR )7 #t &

—HIZEDDZ LITIRNETH 5,

il 2 DBEBIZBIT 2 EFO 2 MEFREORYE =2 Y 7 (Ereshefsky,
1996; Zhou, 2009)1%, —fXAIICEPERERET LV I 2 b —3 a3 VK> TTH
T& ., MR AR EYEIRRET LV (PBPK) 2V NIEEFEOHEYE=F
VI RERESREEICTT S 2 ENETHE & 72 > T X 72 (Zhou, 2009; Huang et al.,
2012; Ota et al., 2019; Notsu et al., 2020; Emoto et al.,2021), [ &/ B % O fHIkIZ %5
W, BRx A RIERZ b S ITHEFE S e PBPK E7 03 FH & T
5, LrL, ZTIH O PBPK ET WL OEYBERT AL EZLEBLTDH
BHEZR A X—= A FETATHY, BRIRBIGICEN T2 2 LIZRETH 2,
Fig. 1 (2”3 X o1c, H&/IBOa L — kX h THERIN-@FE{L PBPK E
7 /v (Kamiya et al., 2019) 3L FHEOE MANEIEL L @B PHITE S
Rz, —ZAE2F 5 RMAEROBLIZE W T, L FWEO b b i
B & {22 FIE TP LA b CE NI, OB OIRE S # 2 R EICIRET D

TEODEERERE L RDLAEMEN S L, £ 2 TARIIE T, KEWi & AR R
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FEROFAM ATV, 2 E CTREM CTh - 2R BLE OB HARM ISR L TEY
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Fig. 1. Diagrams of the general (A) (Huang et al., 2012) and simplified PBPK models
(B) (Kamiya et al., 2019) taken from literatures.




AR RSk F 41 & 7 o 7oA IR 1 5 ik Y 22 48 0 55 oD i IE $ B o A
PR S BN RE £ 7L A2 W T i R ) R o

HEREKIZEDVEDZBERH LICEBEEDPETBRETORELLEL TS
SiE 1) A3 3T 4E % B 45 & AL C W D 2 (Ichikura et al., 2016; Scanlon et al., 2016;
Alibegovic et al., 2019; Baselt, 2020), = O EFIKNEW I LFELETH 5, @7
BHTALE 72 N2 TRy L 7= B % 4 X %5 (Muraro et al., 2016; Kohl et al., 2020) %
Z<MESNDD., 2D OEY PR LIHER L7 ERA Y v 7B EET 5
MRIZETNIFZELL RN EB 2 bND, JRKEYCIBRIEICBT 2 16 W& IUE
LoD, EHICTHBEICH T RITNIERL R VWEFIREEEDERAZ v 7D

BT RE WD,

HREMHMEOBRRZ BN E T 2AIZEO BB N T, invitro IRBDOT
— & % HET invivo TOMETLEY OERNENEE THIT 2 in vitro — in vivo S+
HEND D, TORENRTEDO DL LT, invitro B TEHOLNIZIFEA 2
U7 72 A (CLuin)PEZ & &2 in vivo D CLyine %2 79 5 well-stirred £ 5
JVNEH ST & 72 (Braianetal., 1994), T4 Tl (EFBEFHERE b & ITER
Yo b N TORNENEZ T3 58T E T T L EH S viG D 72 (Madan et
al., 2012), 7 v hDEF 7 U7 T2 A (CLo)k YHIT 5B, &5 in vitro 3R
THLNTCEHROM, MIEZ N7 IEEEE (fp) BEO CLnine % insilico B
WFEET MICHARIAT Z & TP B35 2 &Rl E S 4TV 5 (Kosugi
et al., 2020), fbFWE D MM IREHE ZHERGTIETTRT 22 21T
ENIE, TOBROIRE G EZRET D OOEERIBEL 2D A8EEND 5,
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BIOTFHFEEZRIET 22BN E LT,

FH2HE RBRMEHR X OHIE

2-1 WFgEx5HE

2018 £ 4 HA2vH 2021 4 3 H ORI I TE L B A% 5UHL =R o
WCREEE N, SED TR EZ SN EE ARG L L, BTHRM
N TREZITV., SEFEY T E L2 ST EE 87 AB X OE O RIKEE
WFE~ 154 FEZFRA., 45 L. TableI-1 (Z#/RT 5, AHFIE D i 1% [E 795 B
AT ER v ¥ — ORI EB S ORKEE2 MG TITo L (OKEE S « 18-018, 7K
A H Rk 31 A 2 A 18 H),

Table I-1 Top 14 substances causing acute poisoning from overdoses that led to
admission to the emergency room of Kyoto Medical Center

Substance Number of poisoning cases (%)
1. Flunitrazepam 12 (7.8)
2. Diphenhydramine 8(5.2)
3. Etizolam 7 (4.5)
4. Quetiapine 7 (4.5)
5. Ethanol 6 (3.9)
6. Lorazepam 5@3.2)
7. Triazolam 5(3.2)
8. Brotizolam 4(2.6)
9. Diazepam 4 (2.6)
10. Loxoprofen 4 (2.6)
11. Risperidone 4 (2.6)
12. Caffeine 3(1.9)
13. Duloxetine 3(1.9)
14. Trazodone 3(1.9)
Total 154 (100)

A cohort study of 87 patients was conducted who self-administered substances that
resulted in acute poisoning and admission to the emergency room of Kyoto Medical
Center between January 2018 and March 2021.



2-2 fli 5 HYENRETE TV 2 o 7o M A IR B o HETE

2-1 HHIZHRAR7ZEDHFICBL2WMEMFBEOLZVWERMEY 7= RT3
VI FITTA, TN TERA T EBRA, JFTEUCBLIONNY T Y
WWEHEH L, TNODOEERHETCORNEIRERZ HET 5 H T, HiEIZ
eV, Simeyp 3 XY ChemDraw Y 7 b7 =7 Z{EMH L CHEYEAG O WHEHE %
WELE, bbb, (kEMEAOSTEEY 7 bU =T THMIM L BREHEE
ok itz X0 JERE A R (fup) & FI T HH U 72 i - i SR A R E L (Ry)
&R F 72 R R Sy BA AR B (Kpn F 7213 Kpy) (Poulin et al., 2002) % Table I-2 (2

N A

AEROEEIT, BAERHDLbODOFHEE L, B bD W & KiFENE
AU (15L0) &% (0.28L) AME. QWQr T2 EENOLHBLUOE = - /3— |
AV F~OEEMFEHEE (96.6L/h) (Katoetal.,2008) & L7-, X, (X7 LEICE
FHEEE, Ch. CBIN G IZERENN., B, LT ORMEFOICEST D
REREART,

—2% = —k,- X, whenat t =0,X,(0) = Fa-Fg-dose

acCp QnChRp Ch
Ve =kq Xy 9~ k. — Clpint 'a'fu,p'i'Qh -Gy

p.h

dCy 290 Cn Ry Qr-Cro Ry
Vi— -C
dc, Qr -Gy - Ry Cr
=0. . C,—~— T °_¢cL.. .
Vr dt Qr Cb Kp,r C r Kp,r

WEEEOEGH%OY 7 =8 K7 2 (Madan et al., 2009), 7/L= k7 E X
2 (Gafni et al.,, 2003), 7 = F 7 v . (Piper et al.,, 2019)., F U T V' 7 A
(Kotegawa et al., 2012) . 7 7 ¥/ A (Kamal et al.,, 2010) B X OQX=F V' T A

(Fracasso et al., 1991) Dt bl REHRBREMZ L &2, IERMB R/ FIE



7’1 77 - MULTI(Yamaoka et al., 1981) % W Tl bt R 217, HLE .
JE, Bl L OG0k a = Ay Eh b bfFEbsh/e PBPK €7
VAT & ARSI B W CRBRICER E L7, Hi L7z PBPK £ 7 V& AT
F/RF A —Xfti% Table1-3 (2. PBPK 5 /L7x 56 0 hi# % Fig. I-1 (2, %

NOEMNLEH LY EIRE /R T X — X {H % Table I-4 127”7,

2-3 HEMOKRNHREZMEIZTHT27200EER B IO THIFIEOK

Ak

FAEBER 2 —ICREE SN Bt Y 3 O R R EY L6 6 FIZiEH
L. o EYOYMHEE L ED P HEOBRKREFHLZD, Y7 by =712
THE LW, T7bb A % 7 — /KR (logP), 73 T & (MW) B
KO fup ZAAEEE L, ISBEEBEZN 7 VT 70 A (CLy) EB 2 VT TR
(CL) OFn1& Ll CLiw & LT, HERE, “ZEBIXOZEEMIT%Z Microsoft
Excel Z MW TAT o7, AREITIT t BUEEAT 7R, p DY 0.05 Kl &

FHC A E & 2272 L7 (Table I-5),



Table 1-2 Physiological parameters for PBPK modeling for the six selected chemicals

Molecular Octa}rl'ol—water Plasma unbound Blood—plasma Liver (kldr'ley)—phsma
Parameter weight partlt'lo'n fraction, fup concentration ratio, Ry concentration ratio, K, n and
coefficient, logP ’ Kp.r

Diphenhydramine 255 3.45 0.216 0.898 3.27

Flunitrazepam 313 1.78 0.324 0.921 1.17

Quetiapine 384 2.99 0.125 0.852 2.69

Etizolam 343 2.87 0.248 0.907 2.83

Lorazepam 321 2.37 0.750 0.827 2.82

Triazolam 343 2.62 0.167 0.877 2.29

Table I-3 Final calculated parameters for PBPK models established in this study

Parameter Diphenhydramine Flunitrazepam Quetiapine Etizolam Lorazepam Triazolam
Fraction absorbed x intestinal 0.436 1.0 1.0 1.0 0.977 0.496
availability
Absorption rate constant, 1/h 1.36 + 0.01 2.48 £0.05 2.86 £ 0.05 0.551 £ 0.041 15.7£0.1 2.86 £0.02
Volume of systemic circulation, L 117+ 1 80.7 £ 0.1 206 £ 1 51.0£0.2 79.4 £ 0.1 40.2 £0.1
Hepatic intrinsic clearance, L/h 100+ 1 15.8 £0.1 954 + 1 31.0+£0.2 5.30 £0.01 70.0 £ 0.1
Hepatic clearance, L/h 17.7 4.84 53.4 7.13 3.82 10.4
Renal clearance, L/h 0.3 0.48 5.3 0.02 0.41 1.10

Data are means + standard deviation obtained by fitting to reported concentrations (Fracasso et al., 1991; Gafni et al., 2003 ; Madan
et al., 2009; Kamal et al., 2010; Kotegawa et al., 2012; Piper et al., 2019).

The original plasma concentrations of triazolam, lorazepam, and etizolam were taken from the literature after oral doses of 0.25,
2.0, and 2.0 mg, respectively. The PBPK-modeled maximum plasma concentrations and areas under the curve were consistent with
the reported data (Fracasso et al., 1991; Gafni et al., 2003; Madan et al., 2009; Kamal et al., 2010; Kotegawa et al., 2012; Piper et
al., 2019) (i.e., within a two-fold range of observed values).
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2018 £F 4 A5 2021 £ 3 A OHHEICKEMRE S, BPIRRPLE L 72
STERBEHB X ORKIEY % Table I-1 (279, MEAFEIL 87 ATH
Slz, TORNIEY 154 FITZ b0 EAL 6 Tl O Y TR 2K D
25% & Sz, &0 6 FEIEY ORARRE A 5 1% o i R R R b #R 2 Fig. I-1

R T 5,

MR EZRET 2RYBRE AT A =205 IREEHE LT CLe %R L,
ZOMAEBEHRWE O, T7bbH logP. MW BE W fup & LIEHAE
w, _EEHDLWVITZEERIF IR R Z Tablel-5 |[Z/~°F, Predicted CLiot, L/h
=4.76 x (logP) + 0.059 x (MW) — 9.66 x (fup) —19.6 (p <0.01) & 725 ZZETHK
T, R AE TR EZBRIET 2720, BB X O TR CLo 18O B HE % 3
A7z, Fig. -2 1[ZR3 T K910, FANTHEPIZ T, REYOIREEOHEIE TH D
logP 7% CLwt & MHEARMRZ R L727Y (Fig. 1-22A) . stBHZEE MW B L O fu, B
M TIZBIY CLiow ORNCH E M BEBRIZRD b7 h - 72 (Fig. 1-2B,2C), K
WT, AL E AR ET L L WIT O ZEAERIFNHIE BN CLe &
FIBIBAFRIC H - 7= (Fig. I-2D-2F), & 52, itAZ A b ZA& L LIZEE
W2 MW B I logP ODFRBICHERBEZMHBEANRD b, =Z &R L0 HiH
L7 CLiot EBIEORICAZ2MBEBEBRIBRE SN (r=0.99,p<0.01,n=6,

Fig. I-2G),
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Fig. I-1. Plasma concentrations of the six selected drugs after oral dose-normalized (1.0
mg) administrations. The original plasma concentrations of quetiapine (dark squares),
diphenhydramine (dark triangles), triazolam (dark circles), lorazepam (open squares),
etizolam (open triangles), and flunitrazepam (open circles) were taken from the
literature. The plasma concentrations generated using the current simplified PBPK

models are also shown (lines).

Table I1-4 Output parameters for PBPK models established in this study

Parameter Diphen- Flunitrazepam Quetiapine  Etizolam Lorazepam Triazolam
hydramine
Estimated values
Cmax in plasma, 0.209 9.12 44.2 21.8 25.2 2.14
ng/mL (1.07) (1.08) (0.98) (0.94) (0.98) (0.94)
AUC in plasma, 1.46 52.1 172 245 337 9.91
ng h/mL (1.07) (1.02) (0.95) (0.97) (0.99) (0.98)
Reported levels
Cmax in plasma, 0.195 8.47 45.0 23.2 25.8 2.27
ng/mL
AUC in plasma, 1.36 51.2 181 253 339 10.1
ng h/mL

Values in parentheses are ratios to the estimated/reported values taken from the
literature (Fracasso et al., 1991; Gafni et al., 2003; Madan et al., 2009; Kamal et al.,

2010; Kotegawa et al., 2012; Piper et al., 2019).
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Table I-5 Correlation coefficients and factors obtained using univariate, bivariate, and

trivariate analysis for estimating CLiw: values for the six selected drugs from

physiological properties

Correlation

95% confidence

PIOPETY  oefficient p-value Factor interval
Univariate analysis
logP 0.84 0.035* 7.7 0.88 to 14
MW 0.59 0.22 0.072 -0.065 to 0.21
fup 0.60 0.21 -0.17 -39 to 12
Bivariate analysis
logP and MW 0.92  0.0097**
logP - 0.054 6.7 -0.22 to 14
MW - 0.21 0.046 -0.05 to 0.14
Intercept - 0.091 -24 -54 to 7.0
MW and fup 0.89 0.018*
MW - 0.092 0.080 -0.02 to 0.18
fup - 0.088 -15 -35 to 4.3
Intercept - -12 -46 to 22
logP and fup 0.88 0.020*
logP - 0.10 6.5 -2.2 to 15
fup - 0.40 -6.7 -28 to 15
Intercept - 0.52 -6.1 -33 to 21
Trivariate analysis
logP, MW, and 0.99 0.0002%%
fup
logP - 0.048* 4.76 0.10t0 9.4
MW - 0.047* 0.059 0.002 to 0.12
fu,p - 0.066 -9.66 -21t01.6
Intercept - 0.046* -19.6 -38 to —0.80

Predicted CLioi, L/h = 4.76 x (logP) + 0.059 x (MW) — 9.66 x (fup) —19.6. * p < 0.05: ** p < 0.01.
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Fig. I-2. Relationship between observed and predicted CLi: values for the six selected
drugs calculated using univariate (A-C), bivariate (D-F), and trivariate (G) linear
regression analyses. The details of the uni-, bi-, and trivariate linear regression analyses
are shown in Table I-5.

AT B

B ERAEFHOS HEERS 6 HOMMEE. T7205 log P, MW BL W
fup ZIEHAT DL, BEYWOMRBIERERET D CLnw 2L EBIFRICE D HEET
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L2 EMNAEETH o 7= (Fig. I-2), Table I-5 3 L O Fig. I-2 (/"3 X 52, 7
AR Z D120 T, T bt AR & JREE B OB R B3 58 m A
Hohle, ZOZLnb, TNOHAEREZHETHET VICHAZAL Z & T
RNBIRET IR EE N L4252 R ESnt, ZHIXERBWO ClLe % T
B L7t EH 7 VOSSR KT 2 H O TIELR VW (Kosugi et al., 2020),
EMMENBNENRT X=X DIFERB AR T 2HE W E L L0 LT D4 b FEWE
Th->Th, LiLOERNRWIEMBEOE®RE in silico FIEIZTTHIL, EARM
RMHEEFE AR THILL., T FWEOMBEF 6 DML, T rbbe
7 VT 7 AEEMBETE D Z ERRB SN, KRBT, 85589 i 4
FIREHES 2SR 1.0mg ICHE L Tl L, ik L7z (Fig. I-1), {KNE)

EENPARE L TWDIEMEORMIEFIZBWNT, HEALEZ 3 DOYHHE L =

N

ZBERFANO T L2 7 VT 7 A2 BRBEMOME LI+ 52 L T,

HEOHMZTFTHIL S 2 LHREIND,

EE L, DEESCEMEROE RS MANEIREE Tl 5 PBPK T L %
FAWTC R YA 7 # Ll 2 T )L (Adachi et al., 2015) DAL E=W'E O M FEA 2 17 -
7o FEAEBFFE B2\ T, Simeyp PBPK Simulator 25 M 4% 38 i EHER 2 T
HTHHEDOY 2 2 b—3 a3 Y — VIIFEIET D08, LB W EA O WPl RE
FIR &2 T2 in vitro ARBHE R E EE PR E R O igisn B R B &5, %<
DALEM B L OEEBBANT A —=ZERLETH DL, KEOMEHEE 2H 7 )
T T AMEOHBEMEN S EPENRE T A — X & THETHZ L, B R TOERN
HEICHTOEREGEDL LD TERVWERMEFEDEORNEREEZ THIT 2
TN RN D D, AFTRICE Y . SREIEY M REHER & 5 E
BICTHIEL, AL 2 2L TR EYBRER LN REREZLELLT RS,
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FriZ, EBRMICE MIZREGETERVWEMFEOE N TOERNERER RN TH D1k
FOE 2 ERICRALESETH-TH, HUBMHELZ b SEEY O M
NEWREZS . BEAIEAI E ARG ICHRT 2 Z LR T 2 AN HEN S iz, ZIC
7R IRBLYS CIX M2 72 KM BN RE P 7 X T A — X2 RN AT 5 2 L I13IN
HThorZ b, —AEaFHORAEROBGICE W THMER Y AT A&l
MT 22 LIFBFENTE RV, Ll BIKREY T PBPK £7/VI2X5
il B R B T A BRI IS 92 2 & T B O ERAEFE N REICH T X
L7 T, RIKFERY & &5 &N 00T Pk 5 B i o T A8 5 R
EHER 2 /T 5 Z ENAEETH D -0, EHERSCHEPEEEE . AN TEO
B2 REICRET D2 =20 KM E 2052, UEoZ &b, FAficH
HORK &2 WE D PBPK E7 /L& TOMEL, fiix T T LIiX, FF
ICHFRIERZ B SR ZTHEBEYOERELZIT R IOWB LR VR T,

WCH R 72EWR E 72 D ATHEME DS RIB S LTz,
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BITE X 70 B vh B FR R o0 o g BE SR & R A 0D [E R S 1)

3
3
o

il

B ETE, EEDoRNBBLZHEICTHT 27D 0EER B L OTH
FiEERFE LTz, £OfEFR,. PBPK £ 7 /LIZ3 Wi &R RO KN EEE O T H
CHRATH D AREMEN RS Sz, Loy L, 2RSS i 36 38 1 5 I 4
B R B R IR R AL RS R ORI+ i T TRk b3, PBPK ET VD FE
OB RAMEEZFMT 57200 TF =X FAR LTS, £Z T, BEETCHK
BRI S DY EE R R E 72 58 WS% | BIRICE T 2 BEHEENEH W
EEONDEYICE LTl RE AR RO AZIT oo, AETIX
EHRENVE LS TERREY THLIT anxET v, 7= KTE/NA,
JEZFTEY, FTYS R, VT2 RTIIv uax Y Tard 2y 7 A

Y. ZREFAUCERY BT D,

PLOOHET anXvF L, oPUFMHE L HBEICFA LTRSS Z
EnG, TaunXtF UNBEAENTERNMICKERMAS, 0 CH &I
FE T 5] A3 B BRI R S 70T D (Menchetti et al., 2009; Paulzen et al., 2009; Kruithof
et al., 2011; Pellicciari et al., 2012; Scanlon et al., 2016; Alibegovic et al., 2019),
BT LOIC, EEVPEH T L8 ERE 2 —Tld, 2018 £ 1 Anb
2021 4E 3 AORIC 3 [F = v % F 2 Oid Bk A% O K EIR S F & R L
72723 (Table 1-1) | 7 = 1 F&F > L MO PB4 0 &R L 72 B O i ik st
Bt OGIERI R T 24T o TS X, ANTZ# ISRy, 72 F 7o
B 5T K B EFE R 2 < i X TE Y (Montgomery, 2008), ZEFH 73 )
BT DIRBLGIZ TSR 7 BlOKBIEEF PN H D, TanxFtFr brsoFT
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o~

B D[RR IR S 2 BEAT L 72 R 2 R b T S

TR L L CIRS @5 Y 720 RT3, HI ZBEREHEETH D .
1 OBFR & 581X 50~150 mg/ H (Botch-Jones et al., 2014) & S, 7 L L —
DIBEPRLMENRE A H WS 5 A8, — A 72 FLH 38 THid 722 v (Simons, 2004;
Botch-Jones et al., 2014), ¥ 7 =t F7 I 0%, JFHERERREE O 885 55 O FIlE
FANFEET 25 Z L0 5 A (Simons, 2004), WU HTIIELERITHEHAT 5 Z
EMTE, RFZEELTZ T TRIAREEL LTHESENINLTWDS, IR
BT, P72 R I Vol EEIIC X2 THE L OIEETH A HE
SN TU 5 (Botch-Jones et al., 2014), 2016 ED I hHICEHT HEN A — b
MIETIL, Y7t RT3 B0 20 MEITIEREY L7223 (Ichikura et al.,
2016), FEFZ O R L o - RMEREY hEEH TIE, BEix 8 Bl itk S
., TORKEHEYWE L TE2IERDO 2 ThH o7 (Tablel-1), [[ U< MM & L
THMmEOEmWwWe XY a7 =03, ENTHEHH SN TWDIEAT 11 FHF
BEEmAICH Y . mE OIKK S BT 60~180 mg/H (Greig and Garnock-Jones,
2016) ENTWD, nx V77 =rOEREWERITBHEREETH D),
RN THNITZRIEHNTE2E M TH L, fAXTLHBAICENT, rXx Y7
07 xriEeEk L BEREE SR LIIEFDNHRE SN TWDH, EHENR
B LT JEBI O X 5 ICEEEE I LV EFHRRENPLE L R o LEFITRD b
RV, EEDPRAELZSHED TR EL TIE., 4 floREE N TEE I T
Lo EIHBIINESLT, BT E L THRSEMINTWDEL 7 = A %, —
BT & 40T B AR R SR I A C & B (Baselt, 2020), 7 7 = A > O &
BEEHNX. 39O BN AR 7 =4 U8 12g 2B CEBEL /R,

LW & 72 o T2 SE B 3 A S 4L T U 5 (Jabbar and Hanly, 2013), — 77, 39 % & 19
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MOBENRZENEN 50g & 40g DI 7 oA L E2BRERLZ,— X Tk, M
R & R AL D E N E LR LT % (Muraro et al., 2016; Kohl et al.,
2020), TNHDIEFILATEH, 7 =24 COWBEHERICEL 2 BEZRZKICL Y B
JE D EER A2 B U2 EFI S 25 S 40T Y (Nojima et al., 2019; Kitano et
al., 2021; Yasuda et al., 2021), H 7 = A > OMiEFEEZILOVHERKACTE =4
Vo352 3BRERLITIRAFRBRIIBVWTERINLIANETHY, Bli50
HEENPOOEEDFHRE W,

FRROERARBER RS- ERL E L CHT ) iT. BRI ELHAR
fER SN LRENMEFWE TH 5, i)y, ELH OB 23 TR < | &= ik
KEDT —ZPFE LR WEM B FET D, TO—fFIN= R¥H N ThdH, =
R 2 B S LR IR AR ZERRE DIRIE TR W T, £ OREFRIIH OIS S & Tl a]
RRKHEMEHOLD, VAV T7 7 IRV EHHIND X OICRoTz
(Parasrampuria and Truitt, 2016; Lu et al., 2020) . HiT OWFFE TIX, EER O HUEE
B (T EXFN  FEH T, U AR—a W) 1Tk BIEEICEEL -
HIfLA Xy MTE D ABRPZEEML TV D Z & NHE S TUV 5 (Parasrampuria
and Truitt, 2016), L72> L, E#HEZFE O HUEEIZOEYEREIZ OV TIE, RO

LN S B EMRMICET 2 FSITHH 7 #H TIIAAE LR,

11Tk, LY o B X 7238 b B o b iR E o SEH| & FEAm O R
HHIFEAZEY BT, F 1 2= TEE LAY ENREE T L O IR~ F
FAPERICE L CTERMICHEET LT,
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528 WFERRIB L Ok

2-1 B HOR AR O IR

2018 4 A2 DH 2021 4 3 AOHIMIZE W T, RERE & — 2R
EENTEYPEEE (Casel-5, #64) OMKARILL, Kyl HREE
PIE Lz, 2 bHEAEE OFEMZ Table II-1 (2R3 9, R REBRS, HLE
DRI SN WEY 2 smE L7 BF . 7o 6 O AR A &S00k H REE 23 R B
THDBEIIARRFIRI G LRI Uiz, EDTA IRINA E » Y ICTHRMZ{TV, B
HIZ 3000 rpm TiELo0BEL721%, MAEE-60 °C LLFOWEE CRE L=, Wf
FEAB, FECOWTRHE L7ZNAE 2 FHHmI TRZR LT REARNE TR
HENPORBEZMS, MEZMETX2 L) CABEMEICEZE L., FEZ M
Bl NG AEITEHESHICHIET S22 &L, EYzREERL-EEOLH
REBICEENLETH L7, Bl K OVDBIRENSE L, EHiA A
TA— LR arty NERGARE &CHIB L7 BBE T PR S E RN E
BXEZRGE L, B, ANIRIIREERE V7 —fMmEEEZE S0 HKR
ZRF TN Lz ORB&E S 18-018, AR H @ Fak 31 £ 2 A 18 H) .

2-2  RFIMAEPIEYRE ON E

BEOMPEY T NT 4 BEEDTERN=FNILVTRE NI 2 LTIk, 77
VU MR T a7 AWK e~ NI T T o — L ERICkLS X U T
LEEFH VAT Lo TEREM L, BRI, =L 7 br X7 L —R
T 4 T A A ALET — KT API4000 ¥ v T LE & /W EF (AB Sciex,
Framingham, MA, USA) (2, &2 # 53 /v 25 (C18) #1 7 L (XBridge, 3.5 um,

2.1x150 mm, waters, Tokyo, Japan)Z %% L7k 27 o~ ~ 7 Z 7 20A System
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( Shimazu, Kyoto, Japan ) Z#fE S CHIE L7z, K7 e~ T T 7 4 —D0
7 ADIRET 40CITHERF L, IR L= 7 v Q0pul) 24— Y FF7—7T
AL, BHEEYORE., 752 TPl 08L0F=20 7k

T va O TSR,

TanXktFr IV TERA JZFTEL, VTV R, VT E
RZIVvoEREIsve~ N7 77 4 —ORESRMHIZBERD Fikxd —HkZ Lz
(Patel et al., 2008; Zhao et al., 2009; Chen et al., 2019; Furugen et al., 2019; Koller et
al.,2019), ¥ A Z 10mM FEiE 7 > &= 7 AFEER (pH6.8) . W B &7 & b
=hUNELE, UFOZ IV 7T T AEFGE0.25mL/3ICi%E LTz :
0-8 7. 35%B & (v/V)-70%B % ;8-10 43, 90%B {i& TAH—/L K;10-15 47, 35%A
HCHR—=V LT, 4 BEOEMOBIRKEE=FZ Y T TPy a i 7
anX¥ktFr IV=bTFERA JZFTES, NIV R VT2 ERT
U, FNREN m/z 298154, m/z 314268, m/z 384253, m/z 372—176,
m/z 256—167 L Lz, ZO&METIH, MEFOTFaaxF e, 71r=rF7%F
N, JZFTE, TV R, V72 RTIVDOREITZ, £FRATER
A[HE (Z10ng/mL) B X OMHAIAE (Z0.1ng/mL) TH o7z, T2 FtF |
TNV=RTENRNL JZFTE TV R P72k RT I UF Fyjifilm

Wako Pure Chemicals, Osaka, Japan 72> 5 A L 72,

nXY IR EEOETLMENT ATV a— VR OEIK s v~ T
7 7 4 —IZ X 2 WE S IIBES O J7 15 (Shrestha et al., 2018) % —#ickE L 7=, &
BEAIX01%FmE L, %I B I1X01%¥8 - TEr=RFU VL LI, ATOD
7TV N Tu T AEE0.25mL/y EF%E LT 0-0.5 47, 10%B K (v/v)
TAHA—/ F;0.5-21 %7, 10%B #K -50%B ¥ ;21-22 47, 50%B % -95%B % ;
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22-2543. 95%B R CTAHA—/V K ;2530 47, 10%B R CH—/VRL7=Z, a¥x V7
BT EFEDOBAMNT AT A= LR ORI ISNE=FY T T
YUY a U, ENER m/z245583 & m/z2475191 L Lo, WNEEREME &
LC.exy a7z 3BLPN N7 Ay a7 r-d3 7 a— Lk
Ao, 2021 m/z248—-583 B LN m/z250>194 & L7z, ZOFKMETIE, v
V77 2 BIOREORTLA T AT L a— L o TR E X, 10
ng/mL I ETEEFETHY, 1.0ng/mL L L THRHEAETH- 7, LD E F
y7m 7zt M NI AT 02— )L RT Fyjifilm Wako Pure
Chemicals, Osaka, Japan "HiEAL, ¥ Y a7 -d3 EZEZD KT ATV

o — L% Toronto Research Chemicals, North York, ON, Canada 7> H A L 7=,

N7 2 A eRXTXHUFoDEE IO~ ST T 40— XD HIESMITEE
D J7iE(Emoto et al., 2021) % — KL LTz, W72 ENXTHRH U F DR
Krv~ 777 4 —OFKMEE, B AIX0.1% X, A5 B 1T 0.1% X - A
Z )= VR E LT, 0.20mL/3 DIETRO 7 Z V2 v a7 T AL
7250-145. 5%B {l(v/NV)TAH—/L K ;1-1745. 5%B i -100% B 7 ; 17-21 45,
100% B W CHR—/L K ;2124 43, 5% B CAHA— IV KLz, 7 =A2ERT
XV TFUOBRKIGE=F) T TV a JEENLI m/z 1955138 &
181124 L L, BC-H 7 = A 2 NEHIEEDE (m/z 198—140) & L THW I,
COERETIE, MEFOT T 24 B IUOUNT X U F UREX, 10 ng/mL LA
FTEEAEE, 1.0ng/mL UL ETHRIHFAIEETH o/, W7 = XTI FH L F
YOWMEMDOT vEABBLOET vEA NOEEIL, BEREEDO 15%LNTH
ST, 17 = A2 L /XF %Y 2 F L Fujifilm Wako Pure Chemicals, Osaka, Japan

M, 13C-71 7 = A % Sigma-Aldrich, St.Louis, MO, USA S HEA L7-,
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T REYANRCOPEICIF T TV NEH T 7 7 22 HWEERIEZ v~ b
777 4—&ENITH X T NE &S HTIZBER D J7 15 (Yamazaki-Nishioka et
al.,2019)% W7, EEFHZ MR T 5729, 5.0ng/mL OIENB I OAKLZ 10
& LR EM B R ORI RINIK 2 KEMETHIE L, BEREIER LT, E#R
MEHERTEXEREMR EOKICEEIE 1.0 ng/mL 2B HER, 2 FHOKEE

i 5.0ng/mL ZE& FIR&E L, 5.0-1000 ng/mL O FEFH THIE L7,

2-3 fi Gy EHRET T L & BV 7 g h KR o HEE

Casel 75 5 1% 1[-2-2 T/RLEFEICKESEGAEYEEETT L2 H\ Tt
SR B E AW E L, SEEYOWMEE A Table I1-2 &, AJj/%F X

— 4 % Table II-3 |2/~

Case I, 2IZB VT, 4OPUGHRER LGV 7= FT7 I 2@H OIR
WETHRAKLG LZEBEHEO e b F iR E o # &5 I1Z & D & (Gafni et al., 2003;
Grimm et al., 2006; Farkas et al., 2009; Gajula et al., 2013; Vale, 1997; Madan et al.,
2009). HAERE . HFHE. Bl EHIML, RMOFa "= F A2 Mpbied
Hili7e PBPK 7 /L& HBIIZF% E L 72 (Adachi et al., 2015; Kamiya et al., 2019;
Yamazaki-Nishioka et al., 2019; Kamiya et al., 2020a), && (¥ 1) 2> /X— K A
FPBRIE (5 2) 2= hA LV FP~OBITICHT 27V =7 BNABET
VZ7xr b R IVoEEER (k12/k21) OEICEALTTZ L= K7 EBRAT
k12=0.28 £ 0.02, k21=0.04 £ 0.01, ¥ 7 => &t 7 I % k12=0.107+ 0.001,
k21=0.0437 + 0.0001 %#BEH O FHiE%E b IR L7l %28 H L 7= (Miyaguchi et
al.,2015), #iR & L THELNTZU T oM AR 2 M Ko & 5 BF
O iy A I E A LT
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ng(t)

” = —k, - X,(t) whenat t =0,X,(0) = dose

Ch

acp _ Qn'CrRp
Vh ar Qn-Cp— Kpn + ke Xg - CLh,int ’ a ’ fu,p
dac Q Ch'R 0,CrR
Vi dtb = (Qh+Qr) Cp + Aoh b —kiz Vi Cp + kp - X peripheral + Kpr 2
dcr=Q'C —Qr.Cr‘Rb_CL.Cr.f
"t n Kpr T Ky TP

preripheral =k —k
dt — R12° V1 : Cb 21° penpheral

Case 3-5 IZBWT, vXY I u Ty &7 A v 2@FORKE CRAKE
L2 o bR E O #4512 55 & (Naganuma H, 1990; Shrestha et al., 2018;
Turpault et al., 2009; Tanaka et al., 2014), 1-2-2 & RO HEALE . K. Blgs &
OEH RO A /8= b A2 M b7 % HifliZe PBPK €7 /0 & JH & AHY)

(RTF ) ERNCRRE LTz, Zpds = R 33 0 0F 7 /0 (3 BE# (Yamazaki-Nishioka

etal.,2019) Z=FIH L7,

dXg

0 —kq - Xy when at t =0,X,(0) = Fa- Fg- dose

Qn-Ch'R [
Vh dt =kq Xy —% CLh,int'Khh'fu,p'{'Qh'Cb

p.h
Qh'Ch'Rb+Qr'Cr'Rb

Vl% = —(Qnt0Qy) - Cp + Ky Ky,

b=, —%‘ CLy '%'ﬁw

Vi diﬁm = Qn Com — %Z#M ¥ Chnine % Jup = Cluinem KC;_:; fupm
Vrmdf{;m 0y QT'K;’#R’”“— CLym KCJ—:” fupm

IEEDD fup. logP. R, Ky lX in silico > — L% W THEE L 7= (Takano et al.,
2010; Uchimura et al., 2010; Yamazaki-Nishioka et al., 2019), I3 X 5% H 2h =%
(Fa-Fo) B LV CLy OWMIME X, BB 1 23— F XA FETIVOHEME

BB HEE LTz, PBPK ET VD koo Vii CLpin & FERIZ VIR IHTIC LD 7 4 v
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T AT LU THEERELZRD . 2N DORER R NNT A= THD ki kiz ko

CLh,int\

DEEERENL 25% AN & LTz, 8L E H W THER L 7= 100 £ AR

wEREZHNT, BB FETEHAFZ VT T 0 ZED 95%E#HEXE (C1) %

HEE L 7= (Yamazaki-Nishioka et al., 2019), #iF & L CTH b L7l Oy R
AfEE . KNFE O ER G EE O MR IRy RE 2 TR L,
Table II-1 Patient information for each case
Case 1 Case2 A Case 2 B Case 3 Case 4 Case 5
Age 37 21 27 33 25 57
Gender male female female male female female
Body 64 52 67 55 43 69
weight, kg
Overdosed Duloxetine 780 mg  Diphen- Diphen- Loxoprofen Caffeine Edoxaban
medications  Flunitrazepam 18 mg hydramine hydramine 6000 mg 5900 mg 750 mg
Quetiapine 850 mg 900 mg 1200 mg
Trazodone 1100 mg
Main QT prolongation Disturbance of Disturbance of Disturbance of Disturbance of Disturbance of
clinical Disturbance of consciousness  consciousness ~ consciousness consciousness consciousness
symptoms consciousness Coagulation

abnormalities
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Table II-2 Physiological parameters for PBPK modeling for the eight selected chemicals

Molecular Octa}n'ol—water Plasma unbound Blood—-plasma Liver (kldr'ley)—masma
Parameter weight partlt'lo‘n fraction, fu., concentration ratio. Ry concentration ratio, K,.n and
coefficient, logP 7 ’ Kp.r
Duloxetine 297 4.26 0.114 0.843 3.18
Trazodene 372 3.85 0.0732 0.805 3.01
Diphenhydramine 255 3.45 0.216 0.898 3.27
Loxoprofen 246 1.97 0.0681 0.799 1.15
Reduced trans-
alcohol metabolite 01248 2.23 0.0559 0.782 1.49
loxoprofen
Caffeine 194 -0.04 0.758 0.822 0.681
Paraxanthine 180 -0.279 0.798 0.798 0.689
Edoxaban * 548 0.152 0.369 0.923 0.538
*Data are taken from Yamazaki-Nishioka et al., 2019.
Table 11-3 Final calculated parameters for PBPK models established in this study
Parameter Fraction absorbed x Absorption rate Volume of systemic Hepatic intrinsic Hepatic clearance, Renal clearance,
intestinal availability constant, 1/h circulation, clearance, L/h L/h L/h
Duloxetine 1 0.372 £ 0.007 7551 3851 30.2 3.0
Trazodene 1 1.12 £ 0.26 66.2+ 9.5 173 + 16 11.2 1.1
Diphenhydramine 0.436 1.36 £ 0.01 117+ 1 100 £ 1 17.7 0.3
Loxoprofen 1 6.17 £ 0.27 4.67 £ 0.17 76.3 0.3 4.93 0.10
Reduced trans-alcohol 10.7
metabolite of - 1.36 £ 0.01 1.36 £ 0.01 1.36 £ 0.01 1.1
loxoprofen
Caffeine 1 4.94 + 0.15 18.8 £ 0.1 2.70 £ 0.05 2.00 0.06
Paraxanthine - - 745+ 0.1 6.66 + 0.08 5.04 0.15
Edoxaban * 0.0657 1.33+0.20 127 £ 0.3 30.3£0.3 40.2 10.0

*Data are taken from Yamazaki-Nishioka et al., 2019.
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%3H R

H O K 72 5 vh 75 B o v R EE o0 FEI & B oD Bl IR S48 B 42 A L
T2 S FHIZBY L, 81 % CRE LAEBEZNEDERRET T L OBEK~D
WHZRF Lz, B N TOEERS D \VITD B AR O S L7 i bS8y 5 HE
B SCkE 72 & QNC B L7z PBPK £ 7 /L J1fii % Table I1-4 127 L it & N IR

B OT I YR EHER & FigdI-1 2>5 Figdl-5 [Z/R7,

Case 1

30 RFEM (KHE 64kg) WEHERAZENELT, TandtFr, 7Vv=1r7E
RA, JZFTEVBLEORNTY FrdZh 24 780 mg. 18 mg. 850 mg 35 &
W 1100 mg ZH ¥ THEAMR L 2RO MR REHERS % Fig. 1I-1 (277,
N 4 FEYOFERMAEPREMI. TNETAR 1 BEO 32 K%
=X tF0f 57 ng/mL & 126 ng/mL, /b= kT B/NAE 46 ng/mL & 26
ng/mL, 7 =F 7 0% 1140 ng/mL & 52 ng/mL, BL KTV K 1720
ng/mL & 1060ng/mL Toh > 7z, XL HPHICIENT, T avF v F ol fiRE
DI, PRERE I LT 2 HAOMWEE,N LV &EZ R Uiz, 380U IA
ERRINDIAMR 1 KE%EDO 4 AlomFEFRREZ, BFHEIZESNT
PBPK €7 /VICYFZdFIAR A &2 A L7z FllfE R (FigdI-1) & ORICHEE (H
B RO ST, — 0, FERARETH o7 32 RER% O M iR E & K iH
KMELTHMT A E, REFTO/F=FTELE NI Y RUOOEREIITZ, T

M A R EHER H AR D 95 % EHEIXEE L D bEETH - 7,
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Table 11-4 Output parameters for PBPK models established in this study

Parameter Duloxetine  Trazodone Diphenhydramine  Loxoprofen Reduced trans- Caffeine Paraxanthine Edoxaban*
alcohol metabolite
of loxoprofen
Estimated values
Cmax in plasma, ng/mL 44.9 (0.93)® 491 (0.72) 0.209 (1.07) 6940(0.97) 770(0.86) 5340(1.3) 649(0.45) 237
AUC in plasma 1210 (1.19) 3610 (0.77) 1.46 (1.07) ® 11400(1.1) 2380(0.90) 29300(1.1) 3440(0.40) 256
Reported levels
Cmax in plasma, ng/mL 48.5+8.3¢ 681 + 128 0.195 7160 896 4020 1450 1920
AUC in plasma, ng h/mL 1020 +£ 220 4670 + 790 1.36 10700 2650 26600 8680 1766

*Data are taken from Yamazaki-Nishioka et al., 2019
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Fig. 1I-1. Measured (filled plots) and estimated (lines) plasma concentrations of
duloxetine, flunitrazepam, quetiapine, and trazodone in a patient who took a single
oral overdose of these drugs. The patient took a single excessive oral dose of
duloxetine (780 mg), flunitrazepam (18 mg), quetiapine (850 mg), and trazodone (1100
mg) in combination. The modeled plasma concentration curves after virtual
administrations (solid lines) are shown with 95% confidence intervals (broken lines)
based on the hepatic intrinsic clearance values shown in Table II-2. Reported/observed
blood levels (open symbols) were taken from the literature: duloxetine [60 mg, (Gajula
et al., 2013)], flunitrazepam [1 mg, (Gafni et al., 2003)], quetiapine [25 mg, (Grimm et
al., 2006)], and trazodone [50 mg, (Farkas et al., 2009)].
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Case 2

20 Rzt (KH 52kg) & 20 REZME(RE 67 kg) (Case2A. 2B) 723 H & % (X
LT, ZNEFHN 900 mg & 1200 mg DY 7 =k RT7I U ZHEIEENRL
B OB IR IR A8 %2 Table II-5 |2, FEHMAE KW R % Fig. 11-2 (277,
IRFEAE & L CEBI SN Case 2A, 2B RAKG#K 3 B TOT AT F
7/ M7 A7 27— BBLIONTI7=0T7 3/ 70 A7 =7 —EBEIEFTW
THHIER ThHo7eh, Case 2A OHRIFEEORIEL R DB E U L E AMENRR
@& R L7z (TableII-5), Case2A OFEMPIMIEF 7 = b KT I VRET
900 mg ZRA L T H 2.5 Kl KO8 11.5 FE%ZIC, £AZF40 977 ng/mL
BELO 425ng/mL THo7=, Case2B TIEV 7=k RT3 1200mg % fARH
Lk, 5% 3 Rl L0 18 R o ZRMmEPRE L, T £ 1320

ng/mL X 475 ng/mL Th -7,

PBPK &7 /L& MW THEE L7z mAEHRERS L OBRFIEIC LV Rko T AUC &
X, P72 RZ7I2 900 BELO 1200 mg ZHERE D EER S LZBEOXE
BE L —F L7z, Fig. II-2 (2" T X 9512, PBPK ET /VIC LD MAEFEERL IO
AUC ED I BAF 72 & vE (B E o 2 Fo#MA) "o b, ¥7 =
YERZI2 900 BEW 1200 mg ZHEINR L 2 floT7T—2nbHH L
EEMITERER 75 BEB LD 10 BETHY MESN TV DIEEHE 9.2
+2.5 Wil (Simons, 2004) O#FFHN TH > 7=, PBPK T 7 /L Tl M4 H#E
B LRIRFICHT D 5 WVIXB HHEMIRE G RIRFICHERRN TR TH 2, W L DIEH)
t PBPK ET MLV, V7= b RT3t L0 b AFIRPIC @25
MNP Sz (Figdl-2), Case2A (900mg iR FH) T B U LB O/

MARFRD L7275 (Table I1-5) . Case2A F7-1% 2B (1200mg RAH) TEHID 5
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WIETPHIESNEZY 72 RIIVIMERRBEIZ, V720 RI7I UKD

mEMEREREE 2 SR ZFTIEEDGE b E 7 AT BRI (T8 L

MW EHER I T,

Table II-5 Clinical laboratory results in two patients who had taken single oral

overdoses of diphenhydramine

Time after administration of oral dose

Case 2A Case 2B
2.5h 11.5h 3h 18 h
Aspartate aminotransferase
20 26 21 19
(U/L)
Alanine aminotransferase
10 11 26 22

(U/L)
Total bilirubin (mg/dL) 1.6 1.5 0.5 0.6
Serum creatinine (mg/dL) 0.67 0.70 0.83 0.79
Creatinine clearance (mL/min) 109 104 108 113

E' (A) Literature ?%5 (B) Case 2A qa; (C) Case 2B

2 105 2 105 2 105

g 104k g 104k "",‘:\\“\“}; g 104k el

8 10% & o 109 i 5o 103

2 107 %? 102} ?“i? 102}

T 101 =5 w0t =S 101

£ 10°% 2 E 100 SE 100

g 10-1f g g 101} g g 10-1F

£ 102 S 107 2 107

(7] a3l 1 1 c 3l L : < Y 1 )

= 1075 12 a4 £ 10555 12 2 £ 107 12 24

= Time after administration, h =) a,

Time after administration, h

Time after administration, h

Fig. II-2. Reported/measured (circles) and estimated (lines) concentrations of
diphenhydramine in plasma and/or tissues of healthy subjects (A) and two
patients who took single oral overdoses (B, C). Plasma concentrations of
diphenhydramine were measured in patients who had taken single oral overdoses of
diphenhydramine of 900 mg (case 2A, B) and 1200 mg (case 2B, C). The modeled
plasma (solid lines), hepatic (broken lines), and renal (dotted lines) concentration
curves after virtual administrations of 900 and 1200 mg diphenhydramine are also
shown. In panel A, reported mean plasma concentrations of diphenhydramine after an
oral microdose (0.1 mg) were taken from literature (Madan et al., 2009).
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Case 3

30 B (KE 55kg) NEHZHEMT 6000mg OB XY 7 a7 imaEl
B U 7= B oo it S5 8 B o0 ) 2 i % Fig. 11-3 12, APtk O R MR A 2 Table 11-6
R T, REFICBT2eXx Y a7 BLXORZOELM NI AT L a—
RO IMAEFPREIL, 6000 mg ZNARL TH 5 4, 26, 50, 121 Wk, =
NE 52 BELO 24 pg/mL, 3.7 BL O 2.3 ug/mL, 0.81 HBL W 0.54
ug/mL, 0.015 B LW 0.011 pg/mL ThHhotlz, =X Y a7 ORIVHIZE
WTIE, IRERED 100 fFonxy 7u 7 =2 2% 5 L THBIEEOH AN T
b ERE L, Ziik, 6000 mg O AELENS 4 FFEZEOrFY 7>
2V BRIOEDO N T ATV = RO MEPREN, ¥ Iab—va v
L7-BEI a7y A0E—ELEZ LIZESWTWD (Fig. 11-3), — 7. 4%k
WMoy BIREIX, M2 Tz, 6000 mg 55 ICBIZE S L7 R
PRI 6~12 K] 2 2OT—FRA v P EHWTHEE) T, s T

WD FMEO 1~2 KFf] L 0D b &K fE & 5> > 72 (Cho et al., 2006),

Table II-6 Clinical laboratory results for a patient who took a single oral overdose of
6000 mg loxoprofen

Day 1 Day 2 Day 3 Day 6
Aspartate aminotransferase
(U/L) 45 39 46 32
Alanine aminotransferase (U/L) 30 27 29 28
eGFR (mL/min/1.73 m2) 77.0 62.8 68.9 90.8
Serum creatinine (mg/dL) 0.93 1.12 1.03 0.80
Creatinine clearance (mL/min) 87.9 73.0 79.4 102.0
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Fig. II-3. Measured (plots) and estimated (lines) plasma concentrations of loxoprofen and its
reduced trans-alcohol metabolite: measured values were from the literature (A) and
from the patient who took a single oral overdose (B). Plasma concentrations of
loxoprofen (circles) and its reduced metabolite (triangles) were taken from the
literature for 24 volunteers who were administered a therapeutic dose of 60 mg 4.14
(A). Plasma concentrations of loxoprofen are also shown for the patient who took a
single oral overdose of 6000 mg (B). The PBPK-modeled plasma concentration curves
for loxoprofen (solid lines) and its reduced trans-alcohol metabolite (broken lines) after
virtual administration of loxoprofen are also shown.

Case 4

fERRAEARN 4 HEBEAN 30 BAEXRIT, 7 =42 100 mg & H[ARE O
LD 7240 20— RREYTHL 7 XY FromiERREL
Fig. [I-4(A) (2R L7z, E SN TWDHARANDEE I 7 = A4 VIREIZA AN
RTCEL.R#EDTHDLIRNTXV U F U ORE LW 7 V—T TRIEETH - T,
BT x4 5900 mg HWMEERLEZ 20 KKHBREODN 7 =24 L ERXTHY
F o D 1A R B 00 FEINE 5 OV I i A IR EEHERS & Fig. 11-4(B) ([CR” T, U T

= A VIS EEE 12, 20, 30, 56 BB ON 7 = A g PR EE X 100, 81, 63,
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Fig. I1-4. (A) Reported (plots) and estimated (lines) plasma concentrations of caffeine and
paraxanthine in male volunteers administered single oral doses of 100 mg caffeine, and
(B) measured (plots) and estimated (lines) concentrations of caffeine and paraxanthine in
a female patient who took an oral overdose of 5900 mg caffeine. (A) Plasma concentrations
of caffeine (closed symbols) and paraxanthine (open symbols) were taken from the literature
(circles, from 4 Japanese volunteers (Tanaka et al., 2014); triangles, from 30 Caucasian
volunteers (Turpault et al., 2009)). The plasma concentrations of caffeine (solid line) and
paraxanthine (dash-dot line) estimated using the current simplified PBPK model and the
estimated caffeine concentrations for virtual Japanese (dashed line) and Causation (dotted line)
populations generated by the Simcyp simulator are also shown. (B) Measured plasma
concentrations of caffeine (closed squares) and paraxanthine (open squares) in a patient who
took a single oral caffeine overdose of 5900 mg. Solid and dashed lines are estimated plasma
caffeine concentrations generated by the current simplified PBPK model and by the Simcyp
simulator, respectively. The dash-dot line shows the PBPK-modeled paraxanthine
concentrations.

5000mg DO EHGRICBEINTZ I 7 =4 o EEMIE 27 M (1 BB &
2 HED 2 2OF—2KA v bE& 3 HED 16 KNG HEE) THY @i
NTWLHIEEED 2~12 B LY b EERI -T2, TOME. SRIOEBHE TH
BINTNR®%E 56 R CTOMETO—RARHH T X9 F U BEIT, g
ft PBPK E7 LV CTHISNIZMEEY & X0 ICmEE R LTz,
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Case 5
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Fig. II-5. Measured (circles) and estimated (lines) plasma concentrations of edoxaban
in a patient who took an excessive single oral dose of 750 mg. The plasma concentration
curve after virtual administration of 750 mg of edoxaban (solid line) is shown with the
95% confidence interval (broken lines) based on the hepatic intrinsic clearance values
of 100 virtual subjects created using random numbers, as described previously 10. The
open circle at 100 h indicates that edoxaban was detectable, but below the measurable
limit, using the present liquid chromatography—tandem mass spectrometry system.
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8 AR % ORERIC 33 5 = N30 ol 4% g B o ERIE T 3R i

e R E AR (CLyi DEENCHE S 95%CIFT &) ZENRTCF v b L7 (Fig.
II-5), = R¥FH N2 750 mg #@ERA L EFOBILE I - T YR E
X, PRS- mAERE BB O 95%Cl LV bREMEER L, ER o ENRE
100 Bl &£ T?D AUCo1001E 759 pg - h/L L HH S, MEET LTSN
AUCo-100 (24.6 pg+h/L) ® 3 fEThHo7c, L2rL, = FXH N2 DWHEKHEOH
L, ZoXkonRKREOWMERMCTH->TH, 42 PBPK E7 LT THI SN

fH& & —#% L 7=,

i

A B

—MRACERIRBLSS TlT & & 5% 1 R LANIC B v & 1E MR O 5 2 HELE S
N<CTWwWb, —J., JEHI# 4 (Pollak and Zbuk, 2000) TlE, HWNICEAFI N EFEL TV
L6, BIEERERAD THL ZEBRHEIN TV D, IEERIL. REMET =27 %
EF BB OB %R OWINZ LT 5 & #HE S LTV % (Howell and Chauhan,
2010), ABFFIZT Casel OMFAFER LD . FERE & £ 7 L HJIHEO HE D &
JXFTEETNVN= N T EBANLADHKRBIENME SN, — . /7 F TS
(TR AR < | JEMER OERT O @ RRH 1 KRN TH, 20 RITE L EHE
BRI, —H, IA= T ERLLE NIV FroBERAOE S, 2002
o2 BEfE 4 BERILLN COMRBERIEEREGE DA TH LA EERD D, 5 HE
ME L7 PBPK E7 NV TlE, 720X T U ORREEICET S E TORMMN
KeMMETHERZZEND, A 6 BFELINTH EEHK TIXIGMER O &S
MEMTHD EMMHFIN D, Case2 ODRFEICHBWTEH PBPK E7 V2 HWTT

WMLy 7=2ve FIIromPREMEZIT, Wb RRELZ HHR L2,
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IRALZEDPEHETH > THLZOHENREMEZ RTHAIT. ANEIEL H
HIEERGHEIC THEIT I N TE, 2EY P FEIEHN T PBPK 5T V42 HWWi-
MAEBEEFRHIZAEHAH O EHER I,

—J, Case3 IZBWVWT, Wlk”NH 4 RO X Y 772 BRIRZED L
FUAT L a— LR OMBFEFRREN VI ab—varLEZRBET T 7 A
N —FLlEZEnb, uXx Y T T 2 ORIAIZE W TIE, IBEED 100 %
orXY e 7z RALTCOHREGMEANTH L EHETE, —FH. HEAH
DI ENREIL, MIBFEIAS Th o 72, 6000 mg £ 5% 12822 S 472 18 R AH - 80
X 6~12 K] 2 2DOF =2 KA FEHWTHE) T, #fE STV D@ HE
D 1~2 R XD b EMEELS A EOES TIXEFEIEHED 100 {5 O#IFH Tr %
y7m 7= OHMEYEIRICHREIFRBERS D Z &N S L (Fig 11-3),
B, nx Y7 n T o 3REEETHOEEMNS 120 FFE ORI mEST 25 =
FHEIZHE R T DAL B ETERWVWE R INT, nF Y 7 = & FERIC
Case 4 IZBWTABOBRBIREEDO N 7 = 4 VIREOWER 1L, BIEEL 2
DIDNT = EBERLEBICHRBEAEMLEZZLEZRLTND, ZOFTR
. RVWHERBHICE T2 724 VOEYBIREROIERBMEELZ RE L TEDY
(Denaro et al., 1990), &A%~ — X Ofiilg{b 472 PBPK €7 LTy Ialb— 3 v

ENTEOEWIEICRELLE 2 T, Case 5128 W T, MEMOMEEIXIHIH T

h

Eeboo, THOEREZGEN L TWEEHB S LTIX, 2R EbEENRE 8

Bl E ComMBECTHRHM A L2t E 65,

WmEHEOME P EREMBORFICHESHVTHREENTZSEOMS PBPK £
FLORRIT. EHEOEYEZRMA L2 2L 5B IEHR ISR K S

LD Thole, W7 2 A OMFEHREEEL Simeyp 7 /L PBPK ET VIZEIT 5
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in vitro-in vivo SME AT ATTPTR LI LA, ZOERBHICL DEREL S
Flerote, TNHORERIL, A% PBPK Y alb—Ya A7 A%, H
E-REERMEO LRP Do TW DG EICETICmERREZ PRI TE 555
ZARBLTWS, flxiE, v b7V roE&ERAES TIINRES 5000 mg
FTCORMAICENWT, ZOMBEFREHERITRBEELRTZND Z ERHEINT
W% (Cooper et al., 2015 ; Hori et al., 2016), ¥ DR HE & HLOBAMEIZ SN
T EKRMNICEBEORWENEZ FOICEMNZ S HICEMT L2 ENEETH D,
— ), MFA PBPK ET WVITERMOMBAZED —R & 7220 BHEERE. IFHLE
fEESZ BB LAAVEEFHEEZERAL TS, Lo Lans, Kl &R R
FORHMELT 40 RUTOBENRRELEHEDD Z ERHRE S TEH Y (Kubota
eyal., 2015), $EkmREEEZ BB LT T L TR &b, BEICEDERNEIREZ T
TOHILBARTHL EHREREIND, EWHERMKETH . £ OEKNERE A A
M2 RTHRHENICEWTII IR ICHEARBBRETC TR TE L2 EPHALNEZRD
SOICHE-EEEMFEO ERZEM L CW2HEAaIcB W ThH, AH - Jhitofia
WCEASNLRVWEERAZO RHICRES S &amETREO TRIZ. & 5’
ErRAIETHDLZ R aIni, T"THER IR, BEEE 3R ELERL
B, RHNCRAEI MR TED0ENNRRKOBRTH Y | £ O I3 5HEFRIE D
Kehd, UbaEewdr e, fEICHEHERG®O TERSLTIRE L Z OB #E
REf 2 PRI L B ICHEY R R EE T 2 RN AREERIBERIRE VLS
Abd, SBRILICEDOBEREFEH LFMEFZERL TV Z LT,

PBPK 7 /WIXEK CORFHIZ+NZ 25D EEZE2 b5,

H e TE M R A G5 O R P O AL E XM ORI % 1 R L Sh TV D

D, ARKBIETIY ETF T2t F Ol ) RWRIOENER THITRA 1
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Brf L Bl L TV 2B & ThH, Mk 2 AN TH 5 ATREMEDN R S vz, i
5% PBPK £ 7 WIZERMUEFE L RBEICHHATE LAY v b2 H Y K GEY
EHREEP P, TRLTREHE Z TG T L2 LRARTHDLIID, IF
PERCHEPIEE LG A LB OB E 2 REICRET D —2>OHWHME L 2055,
LLE, wHEREEMDE O PBPK £ 7 /L& T OME L, il KO T 8L IZ i 2
HTLiX, BEREFEDOEESNMEEZF 2R VWHRIZE W T, B RIEHRE

HHRERD 2D ENHEEINT,
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CEEmERAZOE MARNBRERERIIFDICEFH I T2, 2070, i
EARAEBNC B W TR R EHSE 2 TR 28 @ E k5 & CORNEIEOIE
WELECORERKMIELND DO LNTRY, Y E2 MGl e 2 FEE LT,
HYRAHER 1 BHUANTHIEEREIEERZ S OIS L STV 58,
ORI 1980 FRNOHAICELIETEHR SN TEL T, fEulD
HALE WIS B3 2 B 2 AR LI 72 0

UEDEZNPS, FRERAZIZE DN THERFCEE KK G ORES %, B 7Y
MIWICFESWIZBGR Gtz —RICEDL L EFRNETHL e 0BEICBIT D
HRRMBEREOCEME =21 73— BRNICEYHEET LV I 2 b —
Va I Eo T TPHITE EERAEARTHEYHEET L HVNITEEOEY
FT=X VR REEBEICTTHT L2 LRARELE R TE L, ~A2F oK
REROBGZIZEBWT, (bW EO e PP REHER ZMELRTETTHL
AHEAETENE. CORORIRGTHEZRFICRET 27O D BEERBIEL 25
REVENDH D, € Z TANIE T, KEWiEERM KO v b i 5E bR HER 2 il {8
BRAETTHML, TRzt T 27200 EBE2HIT L EAMNELE, &6
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(Z B SRR MBS THRER LI BB 2Ky b a8 E FHIAFIE 2 LT iR
TR EYEIREREE K ROFMET . T ETREMTH > RN ED
WG RS 6 L CEY B RBLBLE O O RENATENRAET 5 2 & &2 AR

e L7,

HBIETE, KEVWORNGRELZHEICTHT 2200 EERFBLORTH Y
EAERIE LT, AR OB EFEF O B 25% % 505 6 EHY 7= B R
TV, FVTA, TNV TERLA, T EBRA, JFTELUCBIONRY
TYTAIERBL AV a— T4 — 2T — ¥ %% 02 5B ARy 3K
WEIREET VAR W THEERSROEYBHELBI L, EH LZEY oYt
EEYIM P HE OB ETH D72, Simeyp B8 L ChemDraw Y 7 b7 = 7
CTHEAE LR, Thbb A s % ) — VIKSEARE (logP) . 458 (MW)
BRO MAEY N BEIFR-EERE (fup) LR E L, BELEHEF B LIOH
VT T ADME LTER2HE 27 VT T2 A (CLi) & L CHFBEI L OV 4HE 5
WradTole, BEMD CLip 1T, FHEEY O 3 FYMEE L OMICHFEENRD L
tu. predicted CLi, L/h = 4.76 X (logP) + 0.059 X (MW) - 9.66 X (fu,) -19.6
D ZERBETMA LS B CLp e ZEBETHAISL D TR CLw I,
AR FEHBEICBW T, AERMABEBEGRRED Lz =0.99, p<0.0l,n=6), L
oz Enb, E MARNBIERIA—FOBERNIART2H5MWEZ I LD ET D
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bbaEg 7 V77 AEEMATE 2 2 ERRmani,
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> 780mg., F 7Y R 1100 mg Z it BN AR L 7 GE B o> S I fE & 7 0 i o 35 R HE
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