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pouf

I

ATEBREE TICIX, b ORISR L RIET /RO H 58~ 72— (L FEY
BERFMAELTWD, Zhbo—ibywE L, LEMRS AEH &S, btk
FOEESEOZKERFRE LTHERAIRLTBY . —BLEWE T N OEE
WCRERBEEZ5Z TS, EHIC—KILFMEZ AN~ AT 2 & 13D
RV B MER & —RAETFYEICEREE S T TV D, AR O SR AT B
firom kv, v hofmPis L BRPEND PSR 2 O — L2 E D
REFHRE L THREINAL TS, LALERBL, TUHOEEMENBREIND
— AL WE O v bRk AR RO G RIS KON O REE & AERNIRE & 0%

T+ IZBET S LTV 22,

HEMEARILEW THL AT L IE, RV AF LU EZFEE LT T AT
v 7 OB BRGSO D T E L O O MEHESE IC 5 F LTV D (Withey,
1976; Alwis et al., 2012; Niaz et al., 2017), 7 = U U LH A VA TF N7 =V U FHE
RI%, LEPRIIA, SMELE, (b B L OEERLFOFE L LTHEH STy
% (Stabbert et al., 2003; Pauluhn, 2004; Bugosen et al., 2020; Chinthakindi and Kannan,
2021; Chinthakindi and Kannan, 2022a; Chinthakindi and Kannan, 2022b), Z i1 5 ®
ICFEWEIIRED MY X7 OFlaetE s KOs O fRER R E STV D
(Lewalter and Korallus, 1985; Goncalves et al., 2001; Sexton et al., 2006; Chinthakindi
and Kannan, 2022a), LEHBH THLI T vERX B 12-UV T rEXRVE
1,4-7 0 EXCEBEUVBIORERERFN THLT VT T BEERAT =) — b
A (TBBPA) &, A{HERE PR MPEEICHTE L TV 5 (Lau and Monks, 1988;
Chakrabarti, 1991; Szymanska et al., 1998; Hakk and Letcher, 2003; Hays and Kirman,

2019; Wang et al., 2019), 7 X LB T AT L CTHHKEH A DT X LB T



T (DBP) BIOREHI DT X NLgEY A Y 7=/ (DINP) (X, 7T AF v
7 WL ERE S OEFEORMMETEAE L THAMIZAEESATWVD
(Hellwig et al., 1997; Wine et al., 1997; Silva et al., 2003; Koch et al., 2006), L 2>L
RS, T OB E, IFEtE, A E OBIER R ESS m U A 7 3
RS S LTV B (Kluwe et al., 1983; Lau and Monks, 1988; Chakrabarti, 1991; Hellwig
et al., 1997; Szymanska et al., 1998; Hakk and Letcher, 2003; Hays and Kirman, 2019;

Wang et al., 2019),

— AL F I E O SZARIREAEN Y R 71, AL WE O A K OGS S o BN
BT 2R (kL) ICES&, —&kIZT v FEDIT > #WEIC 28 A M ER A
B LIeBE O AR~ O BEOR RN (REXST Y O FEWE S &
ZHWTEHMM SIS, LL2R6, 2hvbad b MIEHAT L7202, B—IZ
Lt b EOFEZE 10, EAZE 10 DG GEF 1/100 DL 2EB 2 # T - REE S L
TR b, ZNOEOEENEEBOERTIZLEALEZRI N TR,

t NUETLVEYM THLIRERE~Y T R MFEZBE LI~ Y X (E
FMFF AT~ 2) 1%, WEROMZELZZETHZ < MUTFRBLZHBIE T
x| HEWENRENF TR S A < FIH I hh D Ty b (Hasegawa et al., 2011), Ao &
HaBRET LR E MFF AT U R invivo 7T —F ZEBEEL MTHME L,
fbFMmEO e MENEER X OV EME 2 FF il L C & 72 32/ 5 & 5 (Adachi et al.,

2015; Miyaguchi et al., 2015),

AR R EHRE (PBPK) £ 7 /b id, A o0 A B S 1 e & B o0 A BE
iz L2, LEMOEYB R Z T T 2B ENET VL TH D, EY
ft=210 0 7ERLm S 2 EMIC TR 28H 2 PBPK €7 11d, &



SHE A il <0 = 3K B 7 R C— R IS A < BV S LTV D (Zhou, 2009; Huang
and Rowland, 2012; Wambaugh et al., 2018; Sayre et al., 2020; Emoto et al., 2021), L
ML G, TS EMEZ PBPK £ 7 VILEEEICARNEIEZ PRIT S 2 &0
AEECH D —FH, MO THEHMELET L THY BESHEHALPRECTH S, Fig. 112
AP X oD, EHEE TR S TWS Full PBPK €7 Vicxt e LT, /MG, BT
e, 2HFEEB LN/ ELLITRMOR/INaT X=X N THERINTHS
PBPK £ 7 /L%, EHE AL EDE O LR D ORI TE R L ERNORE %
MG ORBIZFHET HZ ENAETH Y, FRHHE L D LRHESICHRY
WHZEMTEHWHET/LTHD (Adachi et al., 2015; Miyaguchi et al., 2015;

Yamazaki et al., 2016; Miura et al., 2021),

LLEDEF S ALFEME O ARSI D S OBRE B D AN E % fifm X 12
T# 9 5 [Forward dosimetry ] 35 X OVEKRWNIRE O AERINDIRBEREL % A E

\Z T3 % [Reverse dosimetry| O HM%Z FH L, & MANEIREZ Z[E L - 4E
BHRALFMEDO ) A7 M FENEETH L, & MIETLEIWE LU S
PBPK E7 V& MMAEDED Z LT AL FWHE O DO BREE & & ARNRE 2 X7

WFRIL, & MERNEIBEZ ZE L7bEE ) 27 FH oA FIEL 25 W]
REMENH D, £ TAIZETIX, v MUET L#3WE L U5 PBPK £7 /v %
WAL, B MEROERRKE O ENE LI FEME LR L, HEEL
LTCORAGERE S AFRNIREZNGRICTHIL, & MEANEIREZ IR 51k
FYWEO) A7 M TEORMEBRMNE Lz, B 1 ®CiX, X@EodH -7
i FEMRE S L < TiR/NROEY FEER 2 HIZ, SN e NME T LEY o
e s X ORPIREZFTIRSICTH LGS S PBPK E7 L2 L
LA OEERNE RS K OFEEO PRI FELHRE L, 8 IETIE, & M



KOERKENDRE L L TR EINTILFWE LY LiF. 8% PBPK €7
ANBHEF LIt b PBPK 7V AEH L, BEle A A E=4 ) V7 RE
MORAGRERLZZAMEICTRIL, EERE TR T 2MFWEDO Y X 75T
i ZMFt Lic, ARIFRICE - T, & MET LVEMIES KLU S PBPK £7 /1%

MeEbE, & MANBEZ ZE LI LEWE Y 275 i O# FEZ /0T,

N — =3
LITICFR 4%,
(A) (B) Peripheral
compartment

a Intrinsic/extrinsic factors b PBPK model components Xperipheral

. k .

Oyt compone Ou dapendens Substrate 127Ky Metabolite
gt ) Central Central
e ADME. PK. PD, and compartment compartment
perfused organs ™ MOA Vlfsubstra!e, Cp V1_metab0|ite, Cp
L Sicsty bacecf_} Metabolism
orgens A::Nv transport ‘LCLrisubstrate J'CLrimetabolite
Passive dffusicn
I 'lx'd“"" 3 Protein binding Qh Qh
I Drug-drug interactions
'lLrvler Receptor binding
o Liver Liver
PBPK model Vh' Ch Vh' Ch
F.F CLh,intisubstrate E CL, . .
T 1 T alg ka v h, int_metabolite
Predict, learn, confirm Gut
Xg
Individual or combined effects on Dosing .l Elimination T L. .
human physiology Dose (p.o. administration)

Fig. 1. Full (A) and simplified (B) PBPK model structures. The schemes in panels A
and B were taken from (Huang and Rowland, 2012) and (Miura et al., 2021),
respectively.



FO1E S oim Ry REHES 2 BT L@ S AR EDEET T VI X
% T d K OVR i BE O HEE

HEREEEILEMW THLIAT LT, FRVRAFLUEEFREE LT T AT
v 7 BMOBMBHRSCRBY DT v T B I OMBOBHEFICEENTEBY . R
APED U R 7 3 & & 3T D (Withey, 1976; Sexton et al., 2006; Alwis et al., 2012;
Niaz et al., 2017), AF L &b FDORABIED KR B %2 7R 3% F AR ML 13 B
52> TIE 22V 23 (Rueff et al., 2009), 5 E OFER MG AL A O B HIMRE L A
RERMEE~D Y 27 OEMHEAH RIS E 570, EERESANFEHEE TIX X
FLrEaglhe NEBNAWME I NV—7 B OERBRMEERILEMOREZELHE T
52 EATBL A E E o TV D (Sexton et al., 2006), I MEH AL S W D FM: TR
D712 PBPK £ 7 /L 23 & 41T & 72 (Ramsey and Andersen, 1984; Kirman et
al., 2003; Krishnan and Johanson, 2005), A F L > ® EER PP L, TH% 0
TEEMFEIRTOBRBEET =4V 7 L #HE I T 5 (Takeuchi et al., 2019), K[E
RREH T 2 —OREAMFEVEOE P ~OREICHT LA

(https://www.cdc. gov/exposurereport/data_tables.html) (Z K % &, b b IME#E
DAFLVUVREFKECTChH T EHMESNR TS, LOALEBRLBEET, X

FL oDt b ~DOREERE & AERNEEOFFMIZSEMm S LT 7Zeu,

THREXCEBUITFEICFR CESREFRET S LEMBLE TH % (Lau and
Monks, 1988; Chakrabarti, 1991; Szymanska et al., 1998), 7 =EX ¥ 12-V
THERCYEUBLY L4V T B ACHET 2 MREB L OEMEE. K 20

HFLL BRI B A 6 4L T & 72 (Szymanska et al., 1998; Szymanska and Piotrowski,



2000; Szymanska et al., 2002; Dodd et al., 2013), &3 R #MR A CTH 5 TBBPA 134
EREE FTRRMPICHFELTEY, ITFE, B MEEAND b S Z & h
5. TBBPA DO IFTERI 72 U A 7 8RR /& S 41TV 5 (Hakk and Letcher, 2003; Hays
and Kirman, 2019; Wang et al., 2019), TBBPA (3= DO H HMEO & & L HEANYF— K
DIRE I, bBIELSFEHINTWDREFERHEERS O — > TH 5 (Hakk and
Letcher, 2003; Borghoff et al., 2016; Hays and Kirman, 2019), ¥4, {LZHE Db
FDOIREF MR E =2 ) 2L T D708, XA FTE=HF T T
HETFT—ARNETETER I NBD TV D,

THENVEBRY T ATV TH HIRFEH 4 O DBP B X URFHEH 9 @ DINP (%, 7
FAF w7 WESCERBOOEEDOPLHMER Al L L TR EE I T
V% (Hellwig et al., 1997; Wine et al., 1997; Silva et al., 2003; Koch et al., 2006), T
L RFMBEOE DBP 1E, HHEOBLREN L RBMUEHLI RN T Z VB R (2-

T F)L~F L) (DEHP) ° DINP £ IR EBEINIZLH TV 5,

=V YBROVAFAT =D UFEERIE TRPRAE, MR (EHE R
K OEE G F R LT &4 T U 5 (Stabbert et al., 2003; Pauluhn, 2004;
Bugosen et al., 2020; Chinthakindi and Kannan, 2021; Chinthakindi and Kannan, 2022a;
Chinthakindi and Kannan, 2022b), 2020 F=(Z1%, 840 5 h > b D7 = U 5t
THEEISNTWLE LT, 7=V rBIUOVAFAT =) UFEEKTE FTO
TS A D R REME 23 i 15 & 41T A (Chinthakindi and Kannan, 2022a), 7 =V »
BLOVAFAT =V FEEERT, MiEwEEP#BE STV D N-KR(BIEE X
PR AIRER 7 X/ RO 7 v 7 o RS ER~AE ESh s Z A sh Ty
% (Lewalter and Korallus, 1985; Goncalves et al., 2001), #:iZ. 7=V > B L 2,6-

VAFNAT =Y 0%, HEOETIRESNTZENOZER, ERNOIEFZINEBIT



721X 2 OB & 4L TV 5 (Palmiotto et al., 2001; Stabbert et al., 2003;
Zhang et al., 2017; Chinthakindi and Kannan, 2021; Chinthakindi and Kannan, 2022b;
Chinthakindi and Kannan, 2022a), ZiL I3 —fKEJIIZXy FE L TOA XKD
JRFEF 25 H M H & LTV 5 (Chinthakindi and Kannan, 2022b; Chinthakindi and

Kannan, 2022a),

HxbEE OB & b b OKRNEIRE T3 X O Z 31l LS 2 FikE K
HDHNTWD, 22T, b MIETFLENE L OR/ha s /"—F A MZEH
L7=fii% PBPK E7 LA G LY, (bFWEOMEEN B ILH, Friik X
OCRPBEZHEE LG22 E THIFEEZBRL, FIFREOSBELHMEL -,
B 1ETIE, AR~OFBERIBRESN TV S HEHIERS FoEmE 20 L
. B MUETLEMYE KOS PBPK £T LVAEIEH L. {LFWE OWE &

SEom, b XIOCRPREZATINSICTHTS 22 H0E L,

H2HE RBRMER X OHIE

2-1 WU, EBRMEIE LOERBY

AZF L (CAS FEH 100-42-5) X7 AV AFEHE (KB) »HEEAL
7o 7BREXE L (CAS F S 108-86-1).1,2- 7 HERE L (CAS FH 583-
53-9), 1,4-Y 7 mE_E L (CAS %5 106-37-6) ., TBBPA (CAS %5 79-94-
7). DBP (CAS %% 84-74-2), 7 X )VlE /7 F /) (MBP) (CAS &%
131-70-4) . 7 =V > (CAS &% 62-53-3) . 2,3-P A F LT =V > (CAS &= 87-
59-2), 2,4-CAF LT =V (CASEZ 95-68-1), 2,5-VAF /LT =1 > (CAS

%5 95-78-3), 2,6-V A F LT =V (CAS &5 87-62-7) . N2-PAF/NT =1



> (CAS %5 611-21-2), 3,5-V AF )7 =1V > (CAS %5 108-69-0) 1. H AL
bRk T3 (HR) X VWEEA L7, DINP (CAS FH 28553-12-0) 1L, "B U8R
#4372 1YC 244 % "“C-DINP & L C Curachem (Cheongju, Korea) TAR L7- b
DERWE, w2 Ay a B (UDPGA) BLOB-Z 7o =4
— ¥ X, £ F 1 Sigma-Aldrich (ST. Louis, MO, USA) B L WE L7 4 /L A Fx

MNP GEAN LT, ZOMORIITH G OREMED S D2 M L7,

Sprague—Dawley 7 v b ®JIf X 7 v v — A% Yamashita © (Yamashita et al., 2014)
MBI b DEFHA L, CD-1 v7 AR LWL b (HLIS0) O F—/LEhiz
X 27 v — A%, Corning Life Sciences (Corning, NY, USA) oA L 72,
Sprague—Dawley 7 v F I Xt O 7 — /L Z 72 iF 9000 X g supernatant fractions

(S9). 72 b NZ Sprague—Dawley 7 v k| CD-1 ¥ UV AB L UNE FOTF =L

7-/hi% 2 7 a > — A%, Xenotech (Kansas, KS, USA) mHlEAL 7=,

MIAARF v — R« U= (OGRR) 6 6 lEHEMET v b (140-220 g
BW) ZIEA L7, B NFEXF AT~ U ZAB LR~ T 2L, TNENAEMH
ENFEBREY P RMFEITICB W TER S L 7e 17-18 BimkEME & L < 1T TK-
NOG ¥ 7 A (20-30 gBW) 725 NI E MFFF XA T~ &2 (20-30 g BW) % fili [
L 7z(Uehara et al., 2021), MiEH e F 77 I VBEORIEICZE D . 90%LL LoD
~ U AHKFMBEAE SITFHBICERL VWD E MFXF AT~ 7 X & EERICH

V)72 (Hasegawa et al., 2011; Yamazaki et al., 2016), FERENY O 1%, TR K

l

FLOHHARZR L OERBIYM T RIEFTOSEMEERICEBWTAR SN

b THFgE A S hE LT,



2-2  Invivo LW E ARETE &

Zy b BT ABIOE MFF AT~ TR (4% 3-50L) 125 2 i 2-1 I
FLH L 7oA E & 25-1000 mg/kg HLEIRE O &5 Lo, &5 813, $b¥ME
DR, FFigk L OEgEttET — ¥ X—X RSN TV G a5 KICIRE
L 7z (Jenkins et al., 1972; Hakk and Letcher, 2003; Sakuratani et al., 2013; Borghoff et
al., 2016; Hays and Kirman, 2019; Kamiya et al., 2019; Kamiya et al., 2020), DINP (%
ZLDRMEEBETHER I TWDLZ Enb, XUBUVERESIC UC 25T 25 1C-
DINP % EE L7, FEWMEHURT, HIERE Q45 0.083-24 KFHEZ ISR L |
40-160 uL 7 h=hK UL H LIEAF  — &R L, 20000xg, 4°C T 15
DO HEEITV, FEV AR (~20puL) L LTHML7e, B MIFFR AT
~ U ZADMFEFEEHT, HEROER G 2 K% O AE f i Lelek e L TEREL
oo BELTZ-AFIERE (~15g) ZFREPR—FL7ZHE, 15mLOT7 & F=F
ULZEmU, 10 MBS AR L, 20000xg, 4°C T 15 im0 BEZ 1TV )
Pradet & L7, SR ERCRHI, HERE DR G1% 48 RO F IR L OEHE L
LCEREBL7Z, BEL7ZRHEN (10-20 pL) 12 40-90 uL 7 & b=k U L&
L. 20000xg, 4°C T 15 i OB IT W drakel & U7c, B L 72 #3508

(50 mg) (ZHEHRIAK (~500 L) ZHEML, FEVR— FEITWV, 2HFEOT &

k= kU JLERME 20000xg, 4°C T 15 i OBz T Wtk & L=,
2-3  In vitro LW E AEHTE &

H2Hi2-1 MR LB HHOTFI sy —45 FSOH LIFI/NHBI I m
¥ — 2 (0.10-0.50 mg protein/mL) (Z 100mM U eV o AfEE R (pH7.4) b

L < 1% 100 mM Tris-HC1 (pH 6.5) ., NADPH p£4:% (0.25mM NADP*, 2.5mM G-



6-P. 0.25 unit/mL G-6-P DH) % L < % 20 mM UDPGA, 1.0 mM 7 & F /L CoA,
Smg/mL 77 ATF 2, 50 mM L~ 7 3T A LSO 2 fi 2-1 THIZFEHE L
7o HE (10-100 pM) Z Nz, 2% 100-200 pL & L., 37°C T 20-30 /7M1
VX aN—va i, RSk, kKETTE =KV (100-200uL) Z¥RML

BOis Z 45k S 72, #EH% . 20000xg, 4°C T 10 oMELDBEEL ., B 57 EiE
(10-20 uL) Z=ofrakkt & L7, &BERIRE H WAL FZWE O in vitro REHE K
WL, REOWEEERNLREM L,

2-4 AR RECE R O3 4T

KRB OWEF, K7 v~ b7 7 7 (Prominence-i LC-2030C,
SHIMADZU, Kyoto, Japan) 33 XA 7 ¥ 7 F > (CI18) # 7 A (Mightysil
RP-18 GP Aqua, 5 um, 4.6 mm, 250 mm, KANTO CHEMICAL CO. INC., Tokyo, Japan)
EHAELTHEHL, IEAEIZ10pL, 7 7 ARET 35-40°C, Jit# % 1.0 mL/min
RIEARALLE, BIshE LT, 7RERVEP U, 12-V 78X P B IO 14-
V7 aERBUOHIERFONEIE 0.3 mL/min & L7z, FBIEDEIZ)ILLT T,
BEMBIONNEREEAZEELE, 70X Br 12-V 782X 0B Uik
W 1,4-v7mEXC B EROBEEIZ, A% 7 — LB XOEE (55:45) %
i/l L7z, TBBPA BL U ZD 7 V7 o i RRNERROBI:MEIL, A% /) —
VB X01%EHE (70:30) M L, rFFREIIZZ L4, TBBPA 7 /L7 1
VEERARIX 5.3 4r, TBBPA I 16 3 Th o772, MBP BLUNED I/ V7 o g
RERHEROBEMEIT, 7 h=hMU LB LQ 0.1%HE/ (60 : 40) & L7,
REERFIZZNZ, MBP 7 v 7 v URISA KA 4.8 43, MBP 23 5.1 43 Th -
7o In vitro WIEREIE LTOT =V b LKL 2,6-UAF AT =V VRERED
BEhMIL, 20%H L<IX30%7 b= U VEMHEHLZ, &HEDWEONE K

10



Ri3ENZi, 7008 U EAREIERIY UV 210 nm, TBBPA B X2 D
s a oA RAIERIX UV214 nm, MBP BXORXZFD 7V 7 o U Bieik
HIERFIZ UV240 nm, 7=V VB ILR2,6-CAF LT =V HIERIL UV254 nm

& L7z, EPIAD s L ORMICTHIE L7ZWE Z . U TICRRE T 5,

AFVATHE B ELEDE TH L0, B AR EEDRH o ¥
— 2T EITo T, MIEICRKKZ e~ T T7 0 —%BAL, DD T A
WZF 7 BT Ty (C18) AT A (YMC-Triart C18 plus 3 pm, 2.1 x 50 mm,
YMC, Kyoto, Japan) B L OMILA L LTH v F LAEEBESHAt2EH LTZ, BE)
FIZ. (A)0.1% gL (B) A%/ — /L& HWTHOMN Lz, HWIESMEE. (A) @
BIEZ 30% NOHBML, 2 900 10% IIKRTSE, 20% 2 5500 4 0F
T 0% ZMEFFLT2.4 300D 30% & L7c12.6 40 F THEFF L7, JitdlE 0.3 mL/
7y FEAEE SpuL, 77 AT 40°C L Lz, AF LD RTrYya il
m/z 1042 — 103.1 ZfEHL, AF L rvds DTV a o id mz 1092 —

108.1 CTHIE L7, ¥+ T VY —iREIX 600 CITRE LT,

SERE R DINP B L O OEB OB OME ITHIE s v~ N7 T 7 1 —
vroFb—varh ¥ —3 A7 A (LC equipped with Tri-Carb 3100TR
scintillation counter; PerkinElmer, Waltham, MA, USA) ZfEH L. JRZEFEEF o M|
ETBIK 7 a~ N7 74— FT7A4Y h—"7FKtia> A7 A (LC equipped
with Radiomatic 625TR detector; PerkinElmer, Waltham, MA, USA) #{EfH L7=, 7
Z L% UK-C8 7 7 A (3 mm, 4.6mm, 150 mm, Imtakt, Kyoto, Japan) % i/ L 7=,
BEIFIZ. (A) 7 F=FU L& (B)0.1% FEAKEREZ AW, (A) & B) OV
T MTEOSW LT, 7TV ML, (A) DEEA 2 % 5

L. .45 FETIZ90% FTEHEH 500 THFELZ, Z0% 60 % £ TIZ 2%

11



TS, J#EIE 1.0 mL/min, # 7 AiREIX 40°C & L7z, DINP B X O
ZTOBEEOR#MIT, VA7~ N7 T LX0VHELEBRY — 27 mEND
EE LI, TNHLOHMEL, mLV 7 P RTF VL —XTT 47 A FMEE—F
TH T LE &M et & Accela/LTQ orbitrap XL (Thermo Fisher Scientific,
Waltham, MA, USA) Z HHWTHIE L7z, Z7XNWEE /) A Y /) =/ (MINP) 1% m/z
291.15976—291.16031 . carboxylated MINP (X m/z 321.13397—321.13440 .

hydroxylated MINP X m/z 307.15469—307.15515, carbonylated MINP (&L m/z
305.13925-305.13953, MINP 7 /L7 1 Ui AKIX m/z 467.19177—467.19223,
carboxylated MINP 7' /L 7 v > B ¥ 5 AKX m/z 497.16547—497.16641 , hydroxylated
MINP 7' /v 7 v BRI A K1 m/z 483.18646—483.18735, carbonylated MINP 27 /L

7 u RS IRIT m/z 481.17084—478.17178 & L7~

Invivo JIERAELE LTOT =V UV BIRVAFAT =V VFEEROREEL X
O ORET, Kk e~ 7T 74—, C18 7 & (YMC-Triart C18 plus
3um,2.1 x50 mm, YMC) BX O o F 2 EESWHZMHH Lz, BEMIZ. (A)
AR ) —E B)IOmMEIR T =T A&V, (A) & B) /I k
WZE 0T Liz, 77 V=0 FEMAIT, (A) OEEZ 5% OB L, 6.5 T
65% £ TEHEH, ZDO% 100% & LT85 FETHFFLZ, D% 5% £T
N S8 105 40 % CHEEF L 7=, ¥W#IX 0.3 mL/min, EAEX 10 pL, 7 7 AR
FEIX 40°C & L7z, T2V UVBIXRPATFAT =V UFEEROLSRFEFRR- ()
BERIN 7oV va i, Fig I IZKRT 5, 7= BRIV AF LT =
VHERORBWIT, KKk~ N7 T T 0 — X0 WIE LB Y — 2

MOV THERE LT,

12



NH, NH, Hac)LNH (E)

(A) NH, NH, HaC NH
N HsC \CHa HiC CHy  HC CHs
| JOH  —=— —> \ —joH - —

Aminophenol Aniline Acetanilide 2,6-Dimethylaminophenol 2,6-Dimethylaniline 2,6-Dimethylacetanilide
tz 2.6, m/z 11065 tz 3.4, m/z 9477 tz 4.8, m/z 13677 (2,6-Dimethylaminophenol sulfate)  tg 6.6, m/z 122—105 tz 8.9, m/z 164—122
o t 2.2, m/z 218—138
[e]
NH, NH, HsC NH ( HaC_ HaC_ )L
NH NH H3C NH
N CH3 CH; CHj
CH. CH. CH
‘ —OH - — x 3 3 3
P ‘ —OH <— —
CHj CHj3 CHj -
2,3-Dimethylaminophenol 2,3-Dimethylaniline 2,3-Dimethylacetanilide . . X » »
(2,3-Dimethylaminophenol sulfate)  tg 3.0, m/z 122105 tg 7.1, miz 164122 N,2-Dimethylaminophenol N,2-Dimethylaniline 2-Methylacetanilide
tg 1.1, m/z 218138 O (N,2-Dimethylaminophenol sulfate)  t; 6.7, m/z 122—107 tz 4.0, m/z 150—-91
tz 2.2, m/z 218—138
o]
©) NH NH. H c)LNH
CH, 2 2 3
_) X
— - —>
COOH /@QH
CH, SH HsC CH;  HsC CHs HsC CH,
2,4-Dimethylaminophenol 2,4-Dimethylaniline 2,4-Dimethylacetanilide 3,5-Dimethylaminophenol 3,5-Dimethylaniline 3,5-Dimethylacetanilide
(Aminotoluic acid) 12 3.0, m/z 122106 tn 7.1, m/z 164107 (3,5-Dimethylaminophenol sulfate)  tz 3.5, m/z 12279 tg 8.8, m/z 16479
t; 5.6, m/z 152134 o t 1.1, m/z 218138
()] NH, NH, Hac NH
N CH, CHj, CH,
| on =— >
H3C H3C H,C
2,5-Dimethylaminophenol 2,5-Dimethylaniline 2,5-Dimethylacetanilide
(2,5-Dimethylaminophenol sulfate) 1z 5.7, m/z 122—105 1 8.8, m/z 164122

1z 2.1, m/z 218—138

Fig. I-1. Predominant and minor (arrows) metabolic pathways of aniline (A); 2,3-
dimethylaniline (B); 2,4-dimethylaniline (C); 2,5-dimethylaniline (D); 2,6-
dimethylaniline (E); N,2-dimethylaniline (F); and 3,5-dimethylaniline (G) to their
oxidative or acetylated metabolites in rats as determined wusing liquid
chromatography—tandem mass spectrometry.

2-5 MigHFH ~DJFH e N 77 2 mRNA #H

RNA /L, B NFF AT =0 2068 L 72 mEa0E (15 uL) 2> 5 miRNeasy
Serum/Plasma Kit (QIAGEN, Venlo, NLD) Z# H W\ T, #Esn s 7w ha—
VIZHE> T L7=, RNA (9.0 ug) % High-Capacity RNA-to-cDNA Kit (Thermo
Fisher Scientific) % V) Ci#ffzE L. Murayama o (Murayama et al., 2018) D J5 ik
2w, e " TNV T I T T A4 ~— TaKaRa LA Tag DNA R YU A 7 —E (¥
H T84 A EEE) B KO Applied Biosystems 2720 thermocycler (Thermo Fisher
Scientific) Z MW T, 33 VA 7 VDMERISEZIToTc, £DH%, 4% 7 H B —2A
TNERWTESKE L, S o /Ny ROMEIZ THIEZIT - 72,

13



2-6 &5 PBPK €7 /L& H WAL E=WE OB KN EYRE O Fij A & T H|

PBPK E7 V&AL P WE DY A7 G -EICIEN LG5 X 22T 272012 Fim T
k7= K H1C (Fig. 1B) ., WHALE Xo. I Vi, EEERODMAERE Vi B L O/ E 21X
K Xperipherat DIRE S 7c 2> 73— K A > b (Adachi et al., 2015; Shimizu and
Yamazaki, 2017; Kamiya et al., 2021; Miura et al., 2021; Kamiya et al., 2022) (2

R AL EWMIREORFRIHER 20k L, KR OEBIZIE T, —Holbaw
DML EY IR E O FHEIZIT, REBOREa =X FOEIN, BXT M
LB Vi OMIL, &5 WITREMIFRIZIRE LTz, BRSNS OBREEN D AR
PN % i) X (2 T % [Forward dosimetry | 35 & OV R PRI B s & A= (K44
R R A% A XIS THIT 5 [Reverse dosimetry | D X J5 [ T | & Al GE & L 7=

5 PBPK £ /L2 KA L7,

7y FBEO~ T ZAOAEMRMOELIT, CHEH (Ramsey and Andersen, 1984;
Davies and Morris, 1993; Brown et al., 1997; Eriksson et al., 1998; Hurst et al., 1999;
Clewell et al., 2000; Kato et al., 2008; Sweeney et al., 2008) X W LA F D X S IZERE L
7=(Tablel-1), & hFF A 7~ U ADERMUMOELITIF B~ A LFEEE L,
FiiiE (Q) OMEIIATMmEE (On) ERBEOESE Lz, MBIOT NITENE

NIMEERS LT —HHE7) OREEZRT,

Table I-1. Physiological parameters in rat and mouse

Physiological parameters Rat Mouse
Body weight (kg) 0.25 0.025
Liver weight (g) 10.0 1.50
On (L/h) 0.853 0.160
O (L/h) 0.853 0.160
Vn (L) 0.00850 0.000850
Vi (L) 0.00370 0.000340
Vo (L) 0.0160 0.00160
Vu (mL/day) 10.0 1.0
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AR THEA LI AEFPEB L OCZERL O ORI OMEICHEH L. Simeyp

(Certara, Princeton, NJ) . ChemBioDraw (HULINKS Inc., Tokyo, Japan) I J %
Percepta (Advanced Chemistry Development, Toronto, ON, Canada) Y 7 h U =7 %
MW TEBRALEFEZRE L, WHEAOFERELEY 7 U =T THRIL
To MR R B E 2 & g & 2 X 7 JERE B R (fup) Z MW BE#R (Uchimura et al., 2008;
Emoto et al., 2009; Tsukada et al., 2013) (25 & B H L 7= 1% 7 - 1 5% v SK 4 2 s
e (Ro) 38 KON & 72 13 % ik 43 Bl AR 2 (Kpn F 721% Kp.r) (Poulin and Theil, 2002)

% Table I-2 |2 /R ¥, Ko 1XIMLHR 75 BAARE 2 7~

0.02289-P +0.72621 fu,p+1 X

ph = : = (1)

0.00396- P +0.960581 2

Kb — 1010gKb :T:t (2)
1—fup .

logK,, = 0.617 - log( - > +0.208 X (3)

u,p
R, =045 (K, fup—1)+1 = (4)

%9 2 X 5, DBP it A& G-% oY miEh i L OIR T 72> 513 DBP (38 H
ST, BERORBHARE SN E LY, BRH Sz MBP & &2 o H4L
EW. MBP 7 V7 o UG RE RoT oM & K72 LT, PBPK €7 VA
AT T A —ZfE P8 Uiz, [RIERIC, DINP #% 04 5% o 8 m i h 5 L OYR
172 51X DINP (T S EE ORI BRI N2 L Xy Rmit&h
MINP BXOZTDO 7 V7 v gz aitL TRANTOBILEmE L,
carboxylated MINP, hydroxylated MINP, carbonylated MINP, 3 L OV & D 7 v
7 v R G IR E OBRLH RGBT & 5 LT MINP M5 o KB {b ik & f7e LT,

PBPK ET WV ATIRNT A —XfEmRE LTz,
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Table I-2. Physiological parameters for chemicals

Octanol-water

Molecular Plasma unbound Blood—plasma Liver (kidney)—plasma

Parameter . fraction, fu concentration ratio, Rp concentration ratio, Kp.n and K

coefficient, logP PP ’ P P
Styrene 104 2.86 0.136 0.859 0.859
Bromobenzene 157 3.01 0.118 0.847 2.69
1,2-Dibromobenzene 236 3.67 0.0636 0.793 2.94
1,4-Dibromobenzene 236 3.87 0.0524 0.777 2.96
Tetrabromobisphenol A 554 6.81 0.00126 0.602 2.89
gﬁﬁiiﬁ?lwhem A 706 5.20 0.00582 0.651 2.90
Diisononyl phthalate 419 9.76 0.000126 0.573 2.89
Monoisononyl phthalate 292 5.23 0.005 0.645 2.90
Hydroxylated
minoisgnonyl ohthalate 308 3.25 0.0244 0.723 3.29
Dibutyl phthalate 278 4.73 0.0222 0.717 2.94
Monobutyl phthalate 222 2.72 0.0376 0.752 2.17
:E:ﬂ’;ﬁephthalate 398 0.563 0.193 0.889 0.495
Aniline 93 0.915 0.539 0.906 0.709
2,3-Dimethylaniline 121 1.81 0.317 0.920 1.20
2,4-Dimethylaniline 121 1.86 0.306 0.918 1.25
2,5-Dimethylaniline 121 1.86 0.306 0.918 1.25
2,6-Dimethylaniline 121 1.81 0.317 0.920 1.20
N,2-Dimethylaniline 121 2.14 0.249 0.907 1.61
3,5-Dimethylaniline 121 1.91 0.296 0917 1.31




FAbFWE O ERMIE R EEHBR 2 LI, BiEEICESxa L =K A b
ETNVOMYMEZRE LTz, WIEXBEANE (F-F) O#HHEIZ. LTO
REHANTEHE L, —BHEERELTCLY & CLIZ 9 b IcRELL

(Kamiya et al., 2019; Kamiya et al., 2020),

FF=1 X (5)

h-Dose —Qn-AUC -CLr .
Cly =2 9 X (6)
Dose + Qn - AUC

TS ~
F=F =1 on = (7)

IS | FERIE B/ L7 v 77 & MULTI (Yamaoka et al., 1981) % H
W, 3= B A MET LD MBI ARENT Z1TO. Ve, ke BED ke
Z % M L7 (Suemizu et al., 2014; Adachi et al., 2015; Miyaguchi et al., 2015;
Yamazaki etal.,2016), HH L72% /T A —FfH & UL FICRTHEYEBAKXN S,

CLtot\ CLr\ CLh\ CLh,int%J:(ﬁ Vl%%ﬂj L/\ ’J@J/ﬂ\ﬁ’fﬁk L’C%L/’_:Ebf:o

Cliot = Vg kel :T:E (8)
CLy = CLyy, — CL, X (9)
Rb Qn-CLn .
Cluine = 2= 5r " Cin X (10)
Vi="Vq A (11)
Vi = (Veg =V = V- 122200y e ®(12)

#% k9% DBP # @ ICH R O &5 L2 MBP 8 X O MBP 7' L 7 11 Ui
WAEKROFERMAAFREICKSE, iR oRMa o X— 2 F&2i8
L . Fig. I-2A IZ#0H2R 9738 MBP & i) MBP 7 v 7 1 VR &K (IR

Fo) BT ERIRL, LR R (13) 225 (21) 28R L THAT L 7=,
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Xperipheral Xperipheral, m Cb Cb, m
Cb Cb, m Cb Cb, m Cr Cr, m
Ch E Ch, m Ch Ch, m Ch Ch, m
Xg Xg Xg
D E F
Xperipheral Cb
Cb Cb Cr
Ch Ch Ch
Xg Xg Xg

Fig. I-2. Six systems for differential equations solved to model the concentrations
of the substrate and/or its primary metabolite (indicated with subscript m) in this
study. X, and Xperiferal are substance amounts in gut and peripheral components. Cp, Ch,
and C; are blood, hepatic, and renal substance concentrations. /n vivo concentrations of
DBP and its metabolites, DINP and its metabolites, and TBBPA and its metabolites were
modeled with the differential equations A, B, and C, respectively. In vivo concentrations
of styrene, bromobenzene, and aniline derivatives were modeled with the differential
equations D, E, and F, respectively.

C%g:—ka-Xg when at t = 0,X,(0) = Fa- Fg- dose = (13)
hdd%:Q’l'Cb_%'{'ka'xg_c%,int'%'fu,p A (14)
Vldd%: _Qh.Cb-l_%_klZ'Vl'Cb+k21'Xperipheral_CLr’Cb A (15)
St =CL, - Cy X (16)
DCperpnerat kiz - Vi - Cp + ka1 - Xperipherat £ (17)

dt

AChm _ Qn'ChmRpm Ch Chm :
Vh,m - Qh ' Cb,m - — + CLh,int : : fu,p - CLh,int,m : ' fu,p,m :_Et (18)
dt Kp,h,m Kp,h Kp,h,m

dCb, _ Qh'ch, 'Rb, N
Vl,m dtm - _Qh . Cb'm + Kp:r:m = — klZ.m ' Vl.m ’ Cb,m + k21,m 'Xperipheral,m - CLr,m ' Cb,m :Et (19)
ac, .
Vu,m dtm = CLr,m ’ Cb,m f‘: (20)
dXperi .
peripheralm __
dt - klz,m ' Vl,m : Cb,m + k21,m ' Xperipheral,m f‘ (21)
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Xg iSJ:U\\ Xperipheral ﬁiﬁﬂjﬁéﬁio\ﬂ{% Lzﬁciégg%\ Ch\ C: j;SJ:U\ Cb &i

TNTONF, BRI ORFFEFICES T EEARELZRT,

EEREY) T O M R E R R A BT S, K = A b
ELEELRWEMGFET 5, AFFIZHEE T 25 DINP B AOKSE L
B> MINP 35 J O MINP B2/t A AR 38 4 o0 52 1 1 5 vp 32 B HE % |2 Bk 5 % | Fig. 1-2B
WEAIT R T Lo ic, B (15) BLOKX (19) 22 TN RKE~OME
BITZZE L2V TFEROR (22) BLORK (23) ic&E®E L, X (13). (14). (16).

(18). (20). (22) BL O (23) ZEIR L THEHT L 7=,

REERAF L o ORR M FREHERSICHK-S X Fig. 12D IZHEAXWICRT L
oz (13) 530 (17) 2 PBPK £ T VICEHHM Lz, ARk, RE(KIKT n=E
RoB 12-V7 8RB UBIN14-U 7 a0 0B O FE M A
B2 S X | Fig. I-2E (TR T/ 5107 PBPK €7 V%, WE I {#55]

iZE L, Bt (13), (14), (16) BL T (22) ZER L7,

v, Lo = Q- ¢y + 28R _cp ., £ (22)
dt Kph
Vl'm dfilzm =—Cn- Cb,m + thh'm.Rblm - CLr.m ' Cb,m K <23>
p.hm

TBBPA % Hi[a[#% 0 % 5 L 72 TBBPA £ & O TBBPA 7' /v 7 1 VR &K D
FE M AE R EHER IO RO X | Fig. 1-2C WIS T B A2 My S e g &
R 670% PBPK ET VIR LT, $7abb, X (15) BLT (19) #xh
ZHTROK (24) BLY (26) IZEFE L, #Hzick (25) LW (27) &8
L. 2 (13), (14), (16), (18), (20), (24). (25), (26) BL T (27) ZLRIR

L7,
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Vi = —(QnHQy) - Cp + St 4 Lo = (24)

dat Kp,h Kp,r

- CrR Cr N
_—Qr Cp— % CLy -~ fup A (25)

d ,m ‘“hm® m r'rm’ m >
Vim g = —(QntQy) o + 20 4 Sl X (26)

,hm p,rm

AdCrm QrCrm'Rb,m Crm >

Vr.m dt _QT Cbm K—b CL‘rm'K_ fupm :Et (27)

pr,m

N

REET =V VBRI AF AT =V 8 0 52 i A bR HERS 2
S% | Fig. [-2F \ZERMIC R T8 2 M S &7 PBPK 5 LA {LEWEICHRE

L. =0 (13), (14). (16). (24) BL O (25) ZER L THENT LT=,

BEWNT, H2H 25 HTRELZT v b, R~ T AL LT PIFF AT <
U A O FERNM PR EHERE 2 S ERIBEET AN Y 7 h Y =7 2 0 TR E
fEEEZITV, /ha v X— M A2 b b 515 PBPK ET /VHAT /AT A
—HEERE L, 2oL TREM L, PRI+ EE%Z PBPK €7
LIZTHBETLT v b, fil~2B8L 0 NFXF AT~ 2D PBPK 7 /L
NI NG A —FfEEZNZi, Table I-3, I-4 B L O I-5 12" 7, LED XKD
72 PBPK ET7 VAN NT A =2 fZ T, WELLMES PBPK €7 /110
b g o it T I XL OUR PR G- dft & 1 ) L. PBPK &7 L
JINT A =BT o 2RI EME (Cmax) 3 & OV H IR BERE ] AR #R T A% (AUC)
R LT,

2-7 R FHIFRAT

T—=nN LTy b, vURABLUOE NFEBLXO/NEI 7Y — 2726 T
SO IR L LIt b FWE D in vitro FRHITHE K EE O Rt aHEHT 13, GraphPad
Prism (GraphPad Prism Software, La Jolla, CA, USA) Z M\, HetHBR T, A&

KHEE p <0.05 IZF%E LT,
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Table I-3. Experimental and calculated parameters for rat PBPK models established in this study

Fraction absorbed Absorption Transfer rate Transfer rate  Volume of Hepatic Hepatic  Renal
Parameter x intestinal rate constant constant constant systemic intrinsic clearance clearance
availability circulation clearance

Symbol (unit) Fa-Fqg ka (1/h) k12 (1/h) ka1 (1/h) Vi (L) CLh,int (L/h)  CLn (L/h) CL; (L/h)
Styrene 0.910 240+0.5 2.56+0.30 1.69+£0.31  0.062 £ 0.001 145+ 0.3 0.595 0.001
Bromobenzene 1 1.63 +£0.57 na na  0.434 +£0.155 18.7+ 0.6 0.616 0.0616
1,2-Dibromobenzene 0.7 3.81 £0.82 na na 1.60 £ 0.20 17.1 £ 1.1 0.479 0.0479
1,4-Dibromobenzene 1 1.30 £ 0.45 na na 1.41 £0.23 0.390+£ 0.253  0.0200  0.0020
Tetrabromobisphenol A 0.0145 1.79 £ 0.11 na na  0.276 £ 0.001 20.3 £0.1 0.022  0.0020
Tetrabromobisphenol A na na na na  0.758 £0.078 20.6 £ 0.1 0.105 0.095
glucuronide

Diisononyl phthalate na na na na na na na na
Monoisononyl phthalate na na na na na na na na
Oxidized na na na na na na na na
monoisononyl phthalate

Dibutyl phthalate na na na na na na na na
Monobutyl phthalate 1 2.52+£0.98 na na 0304 +0.067 2.23+0.49 0.0763 0.0092
Monobutyl phthalate na na na na na na na na
glucuronide

Aniline 0.824 18.8 +1.3 na na  0.402 £0.061 3.43 £0.47 0.584 0.063
2,3-Dimethylaniline 0.279 11.3+£1.3 na na  0.579£0.053 0.299 + 0.045 0.0852  0.0089
2,4-Dimethylaniline 0.496 11.5+0.6 na na  0.503+£0.044 2.70+0.28 0.420 0.045
2,5-Dimethylaniline 0.260 10.8 £ 1.2 na na  0.314+£0.020 0.110 +£0.017 0.0323  0.0033
2,6-Dimethylaniline 0.292  7.02+£0.20 na na  0.367 £0.006 0.454 + 0.008 0.123 0.013
N,2-Dimethylaniline 0.321 2.40 £ 032 na na  0.480 £ 0.062 0.952 £0.119 0.185 0.019
3,5-Dimethylaniline 0.416 14.3+£0.2 na na 0.548 £0.023 1.88+0.10 0.336 0.036

na ; not available.
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Table I-4. Experimental and calculated parameters for mouse PBPK models established in this study

Fraction absorbed Absorption Transfer rate Transfer rate  Volume of Hepatic Hepatic  Renal
Parameter x intestinal rate constant constant constant systemic intrinsic clearance clearance
availability circulation clearance
Symbol (unit) Ka (1/h) k12 (1/h) ka1 (1/h) Vi (L) CLh,int (L/h)  CLn (L/h) CL; (L/h)
Bromobenzene 1 1.40=+0.28 na na 0.138+£0.020 1.53 £0.08 0.0848 0.0085
1,2-Dibromobenzene 0.9 2.92+0.25 na na 0.214+0.014 1.60 £0.11 0.0623 0.0062
1,4-Dibromobenzene 1 2.01+0.71 na na 0.276 = 0.045 0.537 =£0.131  0.0239  0.0024
Tetrabromobisphenol A 0.0107 3.63 +0.72 na na 0.0997+0.0114 5.01 £0.88 0.00609  0.0004
Tetrabromobisphenol A na na na na 0.00679 + 0.00276 0.390 + 0.081 0.00224 0.00205
glucuronide
Monoisononyl phthalate 1 0.767 = na na 0.0270 £ 0.0030 3.18+0.05 0.0145 0.0015
0.046
Hydroxylated na na na na 0.0227 +0.0021 0.289 +0.009 0.00675 0.00675
monoisononyl phthalate
Monobutyl phthalate 1 3.15+1.27 0.549 £ 0.320 0.0238 = 0.222+£0.085 3.33+£1.44 0.0702 0.0050
0.0342
Monobutyl phthalate na na 1.27+£3.41 0.0858+0.108 0.0266 + 0.0678 0.0275+ 0.0051 0.0060

glucuronide

0.0888

na ; not available.
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Table I-5. Experimental and calculated parameters for PBPK models in humanized-liver mice established in this study

Fraction absorbed Absorption Transfer rate Transfer rate  Volume of Hepatic Hepatic  Renal
Parameter x intestinal rate constant constant constant systemic intrinsic clearance clearance
availability circulation clearance
Symbol (unit) Fa-Fqg ka (1/h) k12 (1/h) ka1 (1/h) Vi (L) CLh,int (L/h)  CLn (L/h) CL; (L/h)
Bromobenzene 1 1.19+0.64 na na 0.152 £0.073 1.26+0.17 0.0771 0.0077
1,2-Dibromobenzene 0.9 3.64+0.29 na na 0.135 + 0.009 1.58+£0.09 0.0617 0.0062
1,4-Dibromobenzene 1 1.41+0.15 na na 0.290 £ 0.011 0.197 £0.014 0.00972 0.00097
Tetrabromobisphenol A 0.0142 1.53 £0.62 na na 0.106 = 0.030 32.0+0.9 0.0322 0.0004
Tetrabromobisphenol A na na na na 0.00422 + 0.00140 0.145 + 0.041 0.000837 0.000761
glucuronide
Monoisononyl phthalate 1 1.50+0.06 na na 0.0182+0.0023 4.56+0.06 0.0200  0.0020
Hydroxylated na na na na 0.0195+0.0030 0.576 £ 0.051 0.0129 0.0129
monoisononyl phthalate
Monobutyl phthalate 1 3.16+2.01 0.266+0.317 0.129 £0.185 0.162 +£0.066 3.07+£0.87 0.0670  0.0050
Monobutyl phthalate na na 0.773 £2.210 0.0991 £0.117 0.0293 £ 0.0775 0.0780 = 0.0138  0.0085
glucuronide 0.0629
Aniline 1 3.62 + 2.62 na na 0.0407 + 0.0199 0.0922 £ 0.0379 0.0040
0.0221
2.6-Dimethylaniline 0.442 4.09 = 1.47 na na 0.469 + 0.061 0.(())55)292; 0.0147 0.0015

na ; not available.



B3 AR
3-1 AbFWE OB A RN E)RE T

7w MZAF L (25mg/kg) ZHEREOKE G LIEEO 7 > bR E % 3
7E L. Fig. I-3 (2777, Withey 5 (Withey, 1976)2% 1976 #= 2 LR E L=, AT
LY (10mg/kg) ZHEREAOKRGH%O T v MMEHRE KRG EE2EHELL T
g L7z 2 A, AF v romiEF oI —2E L7 (Fig. 1-3A), xfH#
YUABLIVPE MFF ATV RCTy PEO b —HrmHEOXF L (200
mg/kg) ZHEROKLG LIZBEOMBERRELZHE LA, BRAKE 15 7
AT R LT (<0.10 ug/mL) ThHo7=—FH T, AF L U HEROEE 24
% ORI L O NFF AT Z2DFHRREZHE L E Z A, FHAF

HR L Z L E A 16.3 ng/g 38 L1 53.0ng/g Th -7 (Fig. I-3B)

. (A) Rat (B) Mouse liver
2 10 19 mg equivalent/kg - 10°r
- AR D 1n4L 24 h after oral dose
§ > 10 S_ 10 of 200 mg/kg
£ 5103 2 103
8 £ ® =
o | — n
£ E’ 10 4 @ 102 ll.
— 3]
o 101 > 101} —**e* -
o 25
2‘ oLy 1 ) 100 1 1
D, 10 0 1 2 &o\ &
Time after administration, h 00(\\ 8\\A
N
(e
\2\0

Fig. I-3. Reported, measured, and estimated styrene concentrations in plasma or
liver from rats (A) and control and humanized-liver mice (B) after oral
administrations and PBPK model analysis. (A) Reported plasma concentrations after
10 mg/kg styrene administration to rats (open circles) (Withey, 1976), measured dose-
normalized plasma concentrations data from the current study after 25 mg/kg oral doses
of styrene to rats (closed circles), and PBPK estimated plasma (solid line) and liver
(dashed gray line) concentrations after virtual administration of 10 mg/kg styrene to rats.
(B) Individual concentrations (plots) and means (lines) of styrene in liver from mice 24
hour after 200 mg/kg oral doses of styrene.
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HoMi2-6 MTHIHE LT v b PBPK EF /LA S /8T A —ZfE (Table 1-3)
ZIEICH D LIEATF Lo L O IRER G % Fig. 1-3 IR 5,
M L7z AF vy o B 5 dh#R 1. Withey (Withey, 1976)72% 1976 412 SCHk
WMELLEATF LTy MiHFRE L —E L7 (Fig.1-3A), AF L U OFH 1K

PR G RRx, AP EARGRE D LB VIREHEE 2R L7z (Fig. I-3A),

Zyv b, B ZABIOE MFF AT AT BERVEBEUFERTH
L7 rENCE Y (100-150mg/kg) . 1,2- 7 rEXE Y (100mg/kg) ., 1,4-3
7 urEX2E L (100-250 mg/kg) L O TBBPA (25-1000 mg/kg) % Hi[alf O #
5 LU DOREALER S L OV TBBPA 7' /L7 v v BRH A 18 o ifin 4 o i B 4 1 E L,
Fig. I-4 B X O Fig. I-5 IR 5, 7oExXoB ik, v b, B~ 2P
LU0t MFFAZ w7 2MBEPORBH LN ELNThH-Te—FH T, 14-V7 1
ERVEATMBEPRBERDIES N TH D Z BB Sz (Fig. 1-4), 1,2-
VIZRENCEL, B MFFRA T AMETORBIHEEN T nE B
CRIBETH-T—FH T, 7y hBIORB~T 2R ORBHEN T 2T
NRUB U EHEBLTRESHTHD ZENRBEO LN (Fig.1-4), BE, & FFx
AT TR TRER P UrBIWN 14-V 702X radEFN S NEEBIRAO
BhH 2 REZEOMBEZME L, HWHREZHELZLEZA, ZNEN B B LD

87 ng/lg THV | FMMBEFRE LKL TERETHL Z LDBRD LN,

Ty b xR~y 2BIPE MFF AT~ 7 Z{LKNTO TBBPA RELIKD ifi
FIRETIERGE KL TOTNTHY, KEDITZEDO IV o UBRAIE~
B S (Fig. 1-5) , R 0 ¥ 5 8% 1.0 mg/kg (= #E(L 255 L 72X © TBBPA
D7y MR ZABLUPE MNFFXF AT~ T ZAMF Coax [BIZ. L4 14.6,

41 BL 1.6 ngmL THY ., AUCHEIZZNZEIL 194, 40 B L V10 ng- h/mL T
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bolz, FERIZ, TBBPA Z v 7 v U BRIOEERD T v b, X~ T 2B L UE |k
X AT~ U ZAMF Crax fEIX, ZNZEH 1.1, 18 BL DV 36ng/mL TH Y, IfiLH
AUC X, ZnZh 7.1, 97 8L U 310ng-h/mL TH>7=, TBBPA B L UZE D
JNTa R A RE AR LK TBBPA & L7-FE. xR~ o 212 TBBPA % H.
[E#% A4 5 24 K[ # D% R L OVE #lE o8 TBBPA &iX, 2 Thixh
BIZHLT3% UTFTBLD13% THY ., & MFXF AT U RADOERLE KO H
B Of TBBPA &L, TN ENHEEREIZKH L T1% UTHEILN11% Tho
oo H2H 226 HTHRIHLET v b, WU RBLOE NFXF AT T XD
PBPK €7 /VH A )T A — % {i (Table1-3,4,5) ZHKIcHH L7 vEx¥
VIHERB LT O REY oM PR X O PR Gl A Fig. 1-4, 5 12X
TT D, ZABHMA L AR SRR I s R EN MR RE L —B L
(Fig. 1-4,5), F2Hi2-6 HTHIH LT v b, M~y 2BIPE NFF A T
~ 7 AD PBPK ETFTNAVHANNTGA=2ELY, Ty b, s~y 2B L UE
FFEA T~ T 2D 14-PT0FERXRCB O CLy, i fBIZ. 70X P oL
C12-V7mEXNCBUrOTRL LB L T, TAENIKEAL R L7 (Table I-
3,4,5, X~ 2ABLVPE NFF AT~ TR PBPKET VLV LT 1
ERVPUVBLION 14- V70X oo F R ARG, B L fE
AL G HREiE L CamWHEBEZ R L, B LEFPRE SR KL

(Fig. I-4) ,
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(A) Rat

(B) Control mice

(C) Humanized-liver mice
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Fig. I-4. Plasma and hepatic concentrations of bromobenzene, 1,2-dibromobenzene,
and 1,4-dibromobenzene in rats (A), control mice (B), and humanized-liver mice
(C) after single oral doses. Dose-normalized plasma concentrations of bromobenzene
(circles), 1,2-dibromobenzene (triangles), and 1,4-dibromobenzene (squares) are shown
with SD values (bars) for between three and five animals. Estimated plasma (black) and
hepatic (gray) concentrations of bromobenzene (solid line), 1,2-dibromobenzene
(dashed line), and 1,4-dibromobenzene (dotted line) are shown after virtual oral doses
using PBPK models with the input parameters. Rats were treated with the same doses
(100 mg/kg body weight) of bromobenzene, 1,2-dibromobenzene, and 1,4-
dibromobenzene. Control and humanized-liver mice were treated with 150 mg
bromobenzene/kg body weight, 100 mg 1,2-dibromobenzene/kg, or 250 mg 1,4-
dibromobenzene/kg for their potential toxicity.

(A) Rat (B) Control mice (C) Humanized-liver mice
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Time after oral administration, h  Time after oral administration, h Time after oral administration,

Fig. I-5. Plasma concentrations of tetrabromobisphenol A (circles) and its
glucuronide (triangles) in (A) rats, (B) control mice, and (C) humanized-liver mice
for a normalized dose of 1.0 mg/kg after single oral doses of 25 and 1000 mg/kg.
Solid and dotted line show the PBPK model results for tetrabromobisphenol A and its
glucuronide in plasma (black) and liver (gray), respectively, after a single virtual oral
dose of 1.0 mg/kg. Data plots show the means and SDs of normalized concentrations
for single oral doses of 25 and 1000 mg/kg for experiments in three rats and four mice.
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MEBLOE NIFXF AT~ U RICT7 X ViR AT )VEETH % DINP (50 mg/kg)
¥ LU DBP (100 mg/kg) # H[EIRE O &G L72BRORE KT L OHE#Y O i
F3 K OURFIRE A JE L7, DINP 38 KO DBP IIXHB L O FFF 2 T~
UAMIET L LR 26/ S 7. HL0 IS DINP O —REEHW TH 5
MINP B LMD 7 V7 v UGk, DBP O — &R #H% T 5 MBP ~ & 2 #i
SH. S 5IZ DINP O _RREMTH D MINP BRILIWRE MBS L OZD 7 L7
a2 AR . DBP O ZIRIHH TH D MBP VL7 o VRl AR~ B S
T=o 25D invivo EBFER %2 FIZ, DINP OfR#EHOH, MINP 7L 7 1 vk
AR EE D7 MINP ZHLAY (substrate) . BRILAIREHI O 7 L7 v v B
BREEZDIZH O % MINP LAY (Primary metabolite) & L. Fig. I-6, 7
MR %, i~ v 2offEd MINP BRI O IR E 1T MINP O &
L TIRMEAZ R L7—H T, & MFF AT~y 20 MHEF MINP BRI
DPEFEIL MINP OFEFE L [FFRE CTH > 7= (Fig.1-6), & MiFF 2 T~ A MmiEH
O MBP RIS IR~ 7 20 MR RE & i L CTEfEa " L7c—FH T, & MiF
F AT AMBET O MBP 7 /L7 v & R IEEE 13t B~ o & i i v B

ERIFRECTH - 7= (Fig. I-7),

AR, B L O MFX AT~ 7 2|2 DINP 5 L O DBP % Hial#k 0 # 5
Loz 0RO IRTIREZJE L, Fig.1-8,9 IZKRT 5, & FFF
AT < ZPRFO MINP JRE IR~ 7 2 JRPIREE L RIRE CTH 72— F T,
EMFFA T~ T ZRRFPO MINP BBLAIREI IR E X5 R~ 7 2O R FIRE &
g U CEfE%Z = L7z (Fig.1-8), B MiF¥ X T~ XJgH @ MBP 5 L Y MBP

s sREAREEIL, B~ X L L CRRE TH -7 (Fig. 1-9),

226 HCREHLIEGB~ Y ZB IO MFF AT~ T XD PBPK 7

28



WHANTI/NT A—ZfE (Table 1-4,5) % |2, MINP ZHi &%, MINP [2{tAY
Rt & A o @ & Lz ks X OUR R R R G- dh# % tH ) L. Fig. 1-6,
8 IZIRT %, FAERIC, MBP ZBUtA&W. MBP 7 /L7 1 U &K % T o
Rt & Lol L ORI G E ) L, Fig. I-7,9 ICRRT 5, Z
b7 L7z MINP, MINP fBRALFGE . MBP 38 X O MBP 7 /L7 1 [ fal &
KOXHEB L O MFF AT~ 0 2 RAER G- R IL. 3636 T 5201 i F =
L —H L7z, B~ AL L MFF AT ~7 X PBPK £E7 VX0 L
7= MBP 35 L O MBP 7 /L 7 v 2 R4 A AR OO - I DR Hh i BE TR SR TR R R & — 2L
L7gdrolo—J7 T, HJ1 L7 MINP 38 X O MINP 1 b f9 R o 7 IR iR

X, BBORERRFIRE L —F L7 (Fig. I-8),

(A) control mice (B) Humanized-liver mice
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Fig. I-6. Plasma concentrations of MINP (circles) and oxidized MINP (triangles) in
control mice (A) and humanized-liver mice (B) after single oral doses of DINP. Solid
and dashed lines show the PBPK model results for MINP and oxidized MINP,
respectively.
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(A) Control mice (B) Humanized-liver mice
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Fig. I-7. Plasma concentrations of MBP (circles) and MBP glucuronide (triangles)
in control mice (A) and humanized-liver mice (B) after single oral doses of DBP.
Solid and dashed lines show the PBPK model results for MBP and MBP glucuronide,

respectively.
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Fig. I-8. Urinary concentrations of MINP and oxidized MINP in control mice (A)
and humanized-liver mice (B) after single oral doses of DINP (open columns).
Closed columns show the PBPK model results for MINP and oxidized MINP,

respectively.
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(A) Control mice (B) Humanized-liver mice
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Fig. I-9. Urinary concentrations of MBP and MBP glucuronide in control mice (A)
and humanized-liver mice (B) after single oral doses of DBP (open columns). Closed
columns show the PBPK model results for MBP and MBP glucuronide, respectively.

Ty MIT =V 2,30 2,4, 2,5-, 2,6-. N2-B L3 4-VAF LT =V v %
HERE DL (25mg/kg) L7CBEEO T > MSEHRE 2 & L. Fig. 1-10 (X 7R
T5, FKFIZT =V BXOUATFAT =V UFHEROE & RERIEMHELIK &
RAREns —wkR#EHMELT, ZhbDOT7 B F LA ERE L OBILBRE YO
B —7 mEEZHAOCTEERL, Fig. -1 IZXRT 5, o7 =VU 8B
FOVATFAT =V UFBEEOREMEOMAETIREL Y, 7=V 2,4-T R
TFAT =V rBLW35-UATFAT =V E 7y MUEFOWHE LN ESLHTH
STz —JT, 2,3-, 2,5, 2,6-BEUN2-UAF AT =V id 7 v blSEF 0K
WIEWZ LR b (Fig. 1-10), % 2 fi 2-6 HHTHME L7727 v h® PBPK
ETNVHANTINT A—FME (Table1-3) ZXICH N L7 =V VBILURTY ATV

=V UFHER oM PR G R E Fig. 1-10 (KR35, HWAOLEZT =10~
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BIOPAFALT =V VFERO T v b PR R G ki, A2 ) i g
L —F Lz, vy MilFOT =V v 24-TAFALT =Y UBIO3S5-VAT
NT =V rOT7TEFAREGRBEIIZNGDORE LY EZWVW—FHT, 23- BIW
25-VAFNAT =) OT B FAMERBEIEINOOEE LFBRE TH o
(Fig. I-11), TN HICH LT, 2,6-B L ON2-VAF LT =V »OT v FLins
KR, TSSO 7T =) UFHEREKEL TR OBAD RV ERRBDO LT

(Fig. I-11),

T v ML PAREITE AN ELN R T = U > (100 mg/kg) 35 & OREY & 28 B
2,6-CAF T =V (116mglkg) & MNFF AT~ v RITHERE OS5 L7
OMAFEFREAZRE L, Fig. 1112 IZHRT 5, 7=V gk MFEF AT~ X
I F O IRB LN TH 5 72— T, 2,6-F A F AT = U LM o E RN
FEWZ ERRBO LN (Fig. 1-12), 7=V BIWR2,6-AFALT=U Dt
MFXA T~ T ZMAD Crax BT, THLEN 26 B LR 24 pg/mL THY | %N
eh 4% D LI 7 B £ T AUC fHIX, 2245 H L< X 12 pg-
h/mL THo7-, H2H 2-6 HTHHLZE NFF AT~ 2D PBPK 7 /L
ANTJ/xZ7 A —2ZfE (TableI-5) ZRICH N LIZ7 =) U BLO2,6-VAF LT =
U ol PR G- iR %2 Fig. 1112 IR 5, O LT =V BLO2,6-
VAFAT =V O MFX AT < A PR G d R, E R S i AR

EE—% L7~ (Fig. 1-12),

T=U2Db MFFA T~ T AMAD Crax I, T > FHLH D Coax Il & LS
LT, MEESMETHLZENROOLNTL, TNOLOERLZFEST H-DIC
TN LTy b, vUABILOE FOFBLIO/NEI 7 v Yy — 28 LU S9
EFERERIL LT =V v BIW2,6-Y AF T = U O in vitro {REHE R EE %
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B L7 (TableI-6), 7 v b, ~UABLIOE POFFBIOWNNGEI 70y —A
ZEERIR L LIRS AEEICIIEZR IR O o272 — T, v S99 %
R E L7 =) OB RREEIX, v PIFSO 2R L L2 0L g

LTHEEEEZRLE (p<0.05),

(A) Aniline (B) 2,3-Dimethylaniline (C) 2,4-Dimethylaniline (D) 2,5-Dimethylaniline
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Fig. I-10. Plasma concentrations of aniline (A); 2,3-dimethylaniline (B); 2,4-
dimethylaniline (C); 2,5-dimethylaniline (D); 2,6-dimethylaniline (E); N,2-
dimethylaniline (F); and 3,5-dimethylaniline (G) in rats after single oral doses of
25 mg/kg. Mean observed plasma concentrations of aniline and its derivatives (circles)
are shown with standard deviation values (bars) for three rats. Rat plasma concentrations
of substrates (solid lines) estimated using PBPK models with the input parameters are
shown after virtual oral doses of 25 mg/kg.
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(A) Aniline (B) 2,3-Dimethylaniline (C) 2,4-Dimethylaniline (D) 2,5-Dimethylaniline
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Fig. I-11. Peak areas obtained from LC-MS/MS analyses of substrates and their
metabolites in rat plasma after single oral doses of aniline (A); 2,3-dimethylaniline
(B); 2,4-dimethylaniline (C); 2,5-dimethylaniline (D); 2,6-dimethylaniline (E); N,2-
dimethylaniline (F); and 3,5-dimethylaniline (G). Mean peak areas of aniline and its
derivatives (circles), their acetylated metabolites (triangles), and their oxidative
metabolites (squares) in rat plasma were detected using LC-MS/MS analyses and are
shown with standard deviation values (bars) for three rats.
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Fig. 1I-12. Plasma concentrations of aniline (triangles) and 2,6-dimethylaniline
(circles) in humanized-liver mice after single oral doses. Mean observed plasma
concentrations of aniline and 2,6-dimethylaniline are shown with standard deviation
values (bars) for four or five mice. Aniline pharmacokinetic data are taken from own
previous study.21) Solid and dotted lines show the PBPK model results for aniline and
2,6-dimethylaniline, respectively, after a single virtual oral dose of 100 and 116 mg/kg.
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Table I1-6. In vitro aniline and 2,6-dimethylaniline elimination rates by liver and intestinal microsomes or S9 fractions from mice,
rats, and/or humans

Metabolic disappearances, nmol/min/mg microsomal or S9 protein

Species Chemicals Intestine Liver
Microsomal fractions Microsomal fractions S9 fractions
Mouse Aniline 0.082 £ 0.039 0.36 £0.01 Not determined
2,6-Dimethylaniline 0.059 + 0.010 0.20 £ 0.01 Not determined
Rat Aniline 0.15+0.12 0.29 £ 0.03 0.45 + 0.02 *
2,6-Dimethylaniline 0.069 + 0.038 0.26 +0.02 0.066 + 0.012
Human Aniline 0.17 £0.04 0.33 £ 0.01 0.097 + 0.028
2,6-Dimethylaniline 0.076 £ 0.015 0.14 £ 0.01 0.072 £+ 0.008

Aniline and 2,6-dimethylaniline (10 puM) were incubated with liver or intestine microsomes or S9 fractions (0.50 mg/mL) at 37°C for
30 min in triplicate determinations. Data are means and standard deviations. * Significantly different from those in human liver S9
fractions (p <0.05).



3-2 ALFWME OB KT L ER LA

b NI EREE L CHYONAE FT A7 I mRNAOE MIFF A T~
T AMBEH~DOFHEZFTET 272010, £ MNFFATFTI TR T BERS T
FHEAREZEEREOESZOMmERE PO 707 2 mRNA BEZHIE L.
Fig. I-13A ICXR T %, MFEFRBHHEEAOESLCH 2T BERC BBV 1,2-V
ToERCPUEGHOE FFF AT ZMETE F 77 3 2 mRNA B
TEfEZ R L, &5 24 % BRI ATRE Th 72— T, P ARGETHE KD
W 14-VT7 nERCRUoRGHROME R E F 7L I mRNA R E IR 2 R
L. #4524 BB IZMRHBALL T TH > 7= (Fig. I-13A), 7 u XU B UFE
KO CLyfEE & MIFF AT~ AMFEFT~FHHE L2t F7 /07 I 2 mRNA R
COBBEMRELLEZA, TRERVEUFEHEKKERERZOE NFX AT~ T
ZMAERF~FHLZE R 707 I mRNA R REBE L T oo P o FEio

CLy i & ORI IEDOMEBIBIMR 1358 ® Hiv7e (Fig. I-13B),

fii % PBPK T 7 /L& W CILHWE OB %4 5 il dE & §El 4 5 729
I, BIE3-1HICTHELEZZ Yy b PBPKET VIOV AL S EOY AT
VT = UFEEERREEO TR T AUC fEEB X O A ST S IR O ik
/IME & (LOEL) L OBfBREFE L E Z A, BT EOEOHEBBEHRNTE

517 (r=0.83) (Fig. I-14),
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Fig. I-13. Plasma concentrations of human albumin mRNA (A) and relationship
between human albumin mRNA leaked into plasma and hepatic clearance (B) of
bromobenzene, 1,2-dibromobenzene, 1,4-dibromobenzene, and
tetrabromobisphenol A in humanized-liver mice. Humanized-liver mice were treated
with single oral doses of bromobenzene (circles), 1,2-dibromobenzene (triangles), 1,4-
dibromobenzene (squares), and tetrabromobisphenol A (rhombus). Four humanized-
liver mice were treated with 150 mg bromobenzene/kg body weight, 100 mg 1,2-
dibromobenzene/kg, 250 mg 1,4-dibromobenzene/kg, or 1000 mg tetrabromobisphenol
A/kg. Data represent mean concentrations with standard deviations.
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Fig. I-14. Relationships between reported lowest-observed-effect levels (LOEL) for
haematotoxicity and AUCo-4 values of aniline and its dimethyl derivatives. 2,3-, 2 3-
Dimethylaniline; 2,4-, 2,4-dimethylaniline; 2,5-, 2,5-dimethylaniline; 2,6-, 2,6-
dimethylaniline; and 3,5-, 3,5-dimethylaniline.
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o af B

AKETIE, e MUEETLVEMB X O/ a "= A MZER LS
PBPK E7 VA MG LY ALFHEOWE & LB M 3 KL OUR F IR E
EHEE LSS AT E THIT S FiEzma Lo, Zoffis PBPK £ 7 /L ORI &
THFEEZHANT, FH LD EOTMEENRIETTAERNEEOEED
F =T WE OBkt D F & TG L 72,

KPR TIE, AF V2 HBREAOKGHRO T v PR NL ZAF LRk
SNZ—FH T, E MFFXF ATV A~ORAKE 155%DOE FIFF AT DX
MFEFNEAF LV FRHBRALL T TCH-7Z E225 (Fig. I-3A), AF L 2D
7y FBEIOE MNEFXF AT~ U RMBEHF NS O RF L AR R I E D ETE
THZERHERSNTZ, U AERRNIZEBWT, AF LU O RBIEFNICET
NE WAk 36 K O~ D A F L REALARTR EE O I 28 #i 5 S 41Ty % (Lof et
al., 1983), ¥ U ADILATFT LN K DB N AMEBEEOEEZ &5 2 5T
BY ., ABEPHREEET L TIIAF LI L AM~DARPNERE S TE -
(Csanady et al., 2003), AF L > (XF F 7 17 A P450 (P450) 2E1 I XD =HF¥ ¥
IEEISIC R, TERBEM TCHDLAF LY 18- WX UIKICRBEN D 2 &N
W I TW B (Lof et al., 1984; Hartman et al., 2012; Hartman et al., 2013; Hartman
et al., 2015), & NOXKIEIZEL S AFIET D P450 2A13 ZAF L D 7,8-RF &
RO 2 2h 3 L < bt 4 % 2 & A &4 T % (Fukami etal., 2008), A F L >
D~ T ASOEBMER 2RI L DB OERICEH LT, AF L D DNA ~Dff
AFEE TRV & AME &4 Tv 5 (Boogaard et al., 2000), ~ 7 A |25 &
NI ATF LT, Wi X OMP OV 2 FF o REZZEIEKTIELLZ &

DN Z 4L TV D (Turner et al., 2005), & H 12, HEIRR O &5 24 K% O & MF
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XFATURAPFHFENLAF LU SN (Fig. 1-3B), 2N o6 O0F B LWV
RoERER LV, Ty hERLTE NFXF AT U AERNTIE, AF Lo
RN SIFFR~OBITHERE L, AF LU OFE~OZBO RN E NI &

WHEZR S LT,

TaENCE M MEIC L DO E T L0 D BERLFHE T
& % (Heijne et al., 2004; Koen et al., 2007), 7 2 EX B U HDOERREY %/ LT
MR EEPE IS 35T 2 AW F R BRI B3 5 BF 28 2% iy S 41T & 72 (Heijne et al.,
2003; Tanaka et al., 2007), 7 ® &2 B ORFHTEMA I L OEMEICE L T,
P4SO B L OB I NG T A VT KDMEISNEETH L Z EBHEINT
"\ % (Lau and Monks, 1988), AHf%E L0, 7oE_R0BrBLO12-YV7 1 EN
YECOT b, MU RABLIOE MNFX AT U 2 M OREHERIT,
1,4-V 7 BERXCB LR L THSNTho7Z D (Fig. 1-4), XU BV
BR/NTNLOD T v B W O A S L TP ARG R IR T A REME A R S
T 1,4-0 7 8 E_X B IR T L E L OB X0 R AR RS 23
— ., T aERCE I AN TALEBIL N AFLE L7220 T DA AR RO 23 <
TR R & D ITIREE DO RTREEN @V E A HER S Tz, S 612, il
5% PBPK EF VL OVH O LT oERUV BBl 14-VT7 020 EroF
B R L Wb E G 2 REE % O Z R F PR & B —% L7z (Fig. I-
4), ThooZ & Xv, f{i5 PBPK 7 V&AW THWE &N G AKRNRE %R
O HETE PHFEZ, 70w UoFEEOMm PRECHEIIZMA T, AT

TIREOTHIZWREL 372 2 & 2R LT,

WAEDER WL, BEMNRENEEZ LN TWNDHEA T =/ —)b A
~® TBBPA i & FEALIG T, BRI FICBWTHRAET S Z ERHEINT
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V) % (Hakk and Letcher, 2003), TBBPA [3#% 1 5%, AL & 0 3L TR &
W, BEILIFB TNV T v o Bgiasg S, Pk L TRz bk
MENDERESNTEY, BRELTAATTATEY T 4 BNMEWYE &
& TV % (Schauer et al., 2006; Borghoff et al., 2016; Hays and Kirman, 2019), A&
ek 0, TBBPA Z X~ T 2B L0t NFF A T~ AR OFE LD

FR ML PR E A2 I PBPK ET VH AN A—FHEEZRHLLEZ A, Xt
T ZABLNE NFXF AT T RAD F-F fEIZZNZE T, 0.0107 35 LT 0.0142
Té V., TBBPA O#E TP EIIIRTHFMEL Y bRETHo7Z, T HD I L
LV, TBBPA [T~ T AB LT MIFF AT~ T AENITBNT, A 47T

NATEVT 4 DERVEFEME TH D Z LRSI,

F ot~ & H O DEHP 35 L Y DINP Z#% N 5 U 7= B o A 5l 5 1 03 )
&R TV 5 (Kluwe et al., 1983; Hellwig etal., 1997), L7 L7225, DBP, DEHP
B LU DINP Ot MEHEEICETDHERITIFALNE 2> TRV, DBP Oiff
NRREEIL, 7y FBL R~ U ADOAJEMEEICEEEZ KIET T, NAR
A —CIx B L KT 02 LR & 40TV 5 (Oishi and Hiraga, 1980; Gray et
al., 1982; Wine et al., 1997), Z iU O FEEREMIZIRE S LD FTEBEMEOF 6
H K TI% DBP 3 X ' DEHP O ¥t B i KONl iE M o B 5 55 2 & e i IC B i3 5
B WEFE~OMHEM A, DINP O QIZT 52 L2 RE L LR R &S~

D3EE IE X 41T 5 (Dekant and Bridges, 2016),

DBP O —®RAR#MWTHS MBP BLO k@ chHr D7 N7 o ki
BRI, B FOAHB I CRF B STV % (Marsee et al., 2006; Koch et
al., 2007; Latini et al., 2009), DINP <> DBP ® 7 ¥ L 2 7 L% ViR 1%, HILEWN

DY R—=BEHEDZFEIMKSMHEIFEFRIC LY MINPS° MBP © 7 X LERE J 7 )L )L
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RIS MR S, HEE LS WRINE, T v nrgaeRk L O
FRAL AR PO 55 2 2 P IR PICHE S D 2 & A ST % (Albro et al.,
1982; Silva et al., 2003; Ito et al., 2005; Herr et al., 2009; Choi et al., 2012; Zeman et
al., 2013; Hsu et al., 2016; Koch et al., 2017), DBP B3 X O MBP = 7 v F B XU
DAL TG LIZRBRTIE, 7 v MRPO MBP JREN N L AL — R & g
LTC34EmEEZ R+ 2 & NHE SN Tu b (Foster et al., 1983), Z iU 5 D
B MBP ORHFIREDR AL, NL A —DETEMRE~EEZ LT I R WER &

725 A REME N & B (Foster et al., 1983),

ARBFFET, & MiFF AT~ XS AKEG S 7z DINP (&, MINP B X%
DAL I E R S L, PRI S e, 20— 5T st~ v
ZPRHD MINP B L OZ ORGAREDOPEEIZ, £ MFxF AT~ U ALk
L TheholzZ & kD (Fig.1-6,8), &t MNiFF AT~ U X Lxflfi~D XTI
DINP DIENENREICTEEN HDH Z LN RBEI N, ZOZ L LD, R~ T 2K
NTIZMINP B L2077 v o EBRE WITEHRM 2 U 72 BT8R 12 &

DRI RN ER T 5 Z LA HER ST,

EMFFAT U ZAB LR~ 7 2RO S Sz DBP X, MBP B LT
ZOT N v BERGRICESR S0, DINP O%4 & g U TR~k S
NEBIFEMETH o772 (Fig.1-7,9), ZDOZ b, ZHXNVEBRY = 27 )VEMEH
RFEFEORHMOZER T, M PR I 2 TR PPk X OVR H RS
W AT T AR R ST, 65 PBPK E7 /L LD L7z MINP B &
CEOBILHREH MO FIFF AT 2B LUK~ 7 20 PRI F I LT
REPEE L, ERMFBSIORPBEAMAFRST L2 ERWETH-T, &
DL XV, {5 PBPK T LEHWTHEENLARNIEEZ KD D A1 &
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TR FEZ, 72NRY 2T VEORE R X ONEY 2 & o 7 i iR E O &
A A T, IRPBEDO TR ZWRE L LT,

T2V rBIOVAFAT =T UFEEEITT I 7 KO NOKBRALISIZ X 2 1
REMEN A & T 5 (Lewalter and Korallus, 1985), 7=U VB L O 2 F L
=V UHERENEND N-AKBACERIIEISHER S W2 ORI P RETH D |
ARAFFETIERZEEITIN Z T N-KEBALEORERH D L LTN-TEF KB X
OEFROKBILAZEL L THRIHLE, 72U 0 24V AF AT =Y 0B X
V35-VAFNANT =V UV ENENDOREMED T > P IRAFREIL, 2,5-V
AFALT =Y rBIN26-VAF LT =) i L CTRMETHY (Fig. 1-10) |
2-VAFAT =Y VBRI 35-UAFAT =Y O ERLET EFAEE
REN23-VAFNALT =V 25-VAFAT =V VBRLY2,6-VAF LT =
YOTEFEGKRERE L CEETH -7 (Fig. I-11), 2O Z &L XY, X
BUBROT I KON OEBREOFEN P ORBIERICHEST L Z L2
BINT,24-V AT AT = U UFBISIIZE & LT aminotoluic acid % & Tp 2,4-
CAFNT I Tz —=VIIEBIRTZ, 22T, 7=V VBV AFALY
=V UFEAEOE MENBIRBAZFEMICHET 222 BENE L, 7y MiLho
B RDOEL) T =V B OREIERDOELNR 2,6-VAF T =0
AREREL L, B MFXF AT~ U 2%z in vivo fRENE KR EBR I X 0SB O
BRI & T invitro RETH R ERAERm L7Z, € MNFX AT~ 2Mp D7
=V VBRI Y 2,6-VAFAT =) CORBERERITT v FOLAE LFEKTH
ST, 7=V 20t MNFX AT~ 7 AMHF D Crax 1L, 7 v B ILH D Crax E
EH LT, —HEESMETH- (Fig. 1-10,12), X512, 7 v M S9 2%

WL LT =) ORBEEFEEIT, B bSO ZMHEPE LIbD LKL T
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FEICEMEEZ TR LT (Tablel-6), b2 kb, 7=V X7 v NMEEN

D

P

T SO W3 I BT DRBIE KN ELITT O D ATREMEN R S 4L, B MFF

AT =AM —HIREZSRE L LTEFT DI EBNHEREI NI,

7w b PBPK EFVEVH LI AF AT =V VFHERREARO I 7%
170 AUC fEF L ULk LOEL 6 & OBt M A L7 & 2 A, AT EDOEDHMH
BB RO b (Fig. I-14), ZDZEMB I AF AT =) UiFER 0N
WRIZEBWTR B VB 2 fLOA /v MLOBEBREOF N KIF T, ik w7
WHEINTWD NKBILEOREE L CHETEARR#D s T

FNERERGRE~ DR BENHER ST,

TRERVEUBLIRN 12-V7 0 EXRCOBUOEEHZOE MIFXE AT~ A MM
R oOE TV T7 2 mRNABEN 14-V 70T _RU0B o REHEHEBRLTH
ETHo7-Z &5 (Fig. I-113A), 70EX_RUPUrBIO12-Y 7 nE0 ¥
PRIET & MFBOGED TRIEN @V & RHELZ I 7z, TBBPA G r 7 1
ERVEUFEERKRAOESZOE MNFXF A 7 vy 2R ICKH L F 7L
7 X mRNA RE & BAFEWE O CLyfE & ORICIEDMHBBEE IR it/ Z
& LY (Fig. 1-13B) . AP LN B W Z LR METF~oe 77 2 Dl
I AN RIB I, T aERU P UHEROIEER B YRS RIS
b Mg~ OEEO R REENHERE SN, 202 L XY, 5 PBPK 7 /L%
AWTHEE» D ARNIREAZ RS 2810 & THIFEIL, RUBUBREHBIED
MESLEDOEALNRIETARNBES L OFHEOREL TR LD Z & SHEL

=i,

Loz &k, KETHER LIRS T O WE 28I R O #& 5
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BORPMGEPPEE LK, 5 PBPK 7 L2 W TWE RN b AR R
ERO DA E T FEIZ, ALEWEOLRRECHBIIMA T, FPBLWV
RAPRED TR AZAEEE Lz, 2D X575 PBPK £7 V& HW/Him & ¥
B FET, BHREOMESCEOE/LE X OB AN KIETERNERER L O

BEORBEE TR LED Z LRSI,
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% IE b MHEROARRE D OBRE SUS 2L WE O U R 7 G/

BIECTIE, v MUETFT LVEWEB LS PBPK 7 V2 L, R L
LFEHEOHEE» IR, T X ORPREZ i X I TR 25 F B4R
AELTo, TR ALTFWEE T v b AR~ T 2B LU E MNFF AT v T RI(Z
BRI O3 51 o ZR M AEh i 2 A2, i PBPK 7 v & W THEED
OAEKRNIIRE Z KO HHTm & PRIFEZ, ALFWEO M FREDOFBIZMZ T,
HhBIPRFPEBEOTRHAZESL Lz, 6T, 20O X5 72Him&E THIFE

BRI O ELHE O LB K OB MR ZEN KZTAERNBIEOEE L LU
—HOIFWEOEY ~DHEMEZM LGS 2 LRI N,

AF Lt hORABREOKR RS Z R TEFORILIEH S TiERunn
(Rueff et al., 2009), EFENAMFEEBEIZIATF L2 RBAME 7 Vv —7 B O
M BALAWIZIEE L TV 5 (Sexton et al., 2006), 2009-2010 4F o K [E 5K 55 &
Yyt Z— (CDC) 2»bH#E I iz 13204 O b MR EHZ L 5314 4
=% U 7 (https://www.cdc.gov/exposurereport/data_tables.html) XV, AF L >
e P2 LBREHSNTEY  MFHREE L THRA0.183ng/mL O X F L i
B S TWwbd, TBBPA (X, b F TOBIEMRERY X7 BNBESL TV DH R
(Hakk and Letcher, 2003; Hays and Kirman, 2019; Wang et al., 2019), T4, TBBPA
BXOZoM{#MIT, b b2 SE & L TR &3 TV % (Hays and Kirman,
2019), TBBPA [ZfEF & (NOAEL) 5 X Of/h#EME&E (LOAEL) BZiLEi

40 B LV 140 mg/kg/day ERESNTEBY, TNHDEIZE SO TIIHAE—H#

V’/

B (TDI) 23E% € X 41 C U % (Hays and Kirman, 2019), 7 # /VEE Y = A7 LI D
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R, FEREWICIRE LI AR HE STV D05, 1988 7 b fEfi
BIZ e MAEERN BB & il Tuy D (Herr et al., 2009; Zeman et al., 2013; Koch
etal.,2017), 7=V U BI OV AF AT =V VFEKRE, B hTOENALED A
BEME 23 # 5 X C U B (Chinthakindi and Kannan, 2022a), 7 =V VB LY A F
NT =V UHEERIIRICAN Yy hELTOA XBLXOR I ORFEF NS K
INTWHZ EIZMAT, B FOREND MM Z 4TV % (Chinthakindi and

Kannan, 2022b; Chinthakindi and Kannan, 2022a),

ZOXIICt FOMMBEICEEE RIETTHREEOH D —KIL B, AR
ICHFEELTHY, B MIH A, TALICHRE I AFIT TN D, 2 —fikik
FWE E B ENASTRD AT Z SR b 00, IEERBEESHICE D,
Ehofd s XORFENSFELY O—BALFWENREFRE L TPHRINTH
HINTWD, LoLaens, eSS N2 FWEOK N IREROE
WL TIERY, UEoF RN, b FHEREOERREI N LEE L L TR
S LRbFMEICHER L, 85 PBPK ET MIC K D% A E THIFIEL
HHT 22 LT, b MEFRRKBTOMTMEOREN S AIFRE FTOE MR
NREEELAHTE L. SEFEWED TDIEE OB F~D U 27 Z i+
HZENTEDLLEEZEZILND, AETIL, & MLH I LR F H kD A FFE
H bR S L7 AF L. TBBPA, DBP, DINP, 7=V VB LN 2,6-V A F
NT =V rOEEBLIOREMICEB L, £2 T, #F 1 EBCTHELLEE(LTE
WE OE PBPK £F /L2756 b b PBPK 5 LA/ L1Z, Wic, #E Lt
M PBPK ET7VZIE L, B MILHFdH 2 WITRP L B Eh 217 0E ORE
WA ATV T RENPORABREELZ L, & MERNERERZINKT 2
LM E DY 272175 2 &2 B & LT,
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28 FEBRIIE
2-1 f#i5 PBPK E7 /L& Wb FWE O b MANEIRE O #ifm < T

v b OAKMPOEE L., CHEkTE# (Ramsey and Andersen, 1984; Davies and
Morris, 1993; Brown et al., 1997; Eriksson et al., 1998; Hurst et al., 1999; Clewell et

al., 2000; Kato et al., 2008; Sweeney et al., 2008) L V5% E L7z (TableII-1), %I

i (Q) OEIFMFMmKE (On ERROMHEE L7,

Table II-1. Physiological parameters in human

Physiological parameters Human
Body weight (kg) 70.0
Liver weight (g) 1500
On (L/h) 96.6
O: (L/h) 96.6
Vn (L) 1.5
Vi (L) 0.280
Vo (L) 4.90
Vu (mL/day) 1500

Zv kb D PBPK EF VAN NI A—ZEEZNNETDE. 7> &
tEhofEE, FhifEB X OMEKEOHELBET L2 LI T, FEEA7
V7 TV ADFEZEBETHVERD D, TOKE, 1g DI %720 40mg O
suay —AKFZUNRIE, Ty NOKE (025kg) %70 10gOfFEE, B b
RKE (70kg) 4720 15kg DIFERL LT, 7 v FBXOE D RAF L invitro
FRACETE < 2 2 E R L 72 (Takano et al., 2010), UL Fo L (28) 75K
(33) WARTHMT AN v 7 X5 —V U 7EELZEN L, AFLroT v b
PBPK ET7 VHANNT A—=Hfl Db b PBPK EF VAT NI A —ZfE%E

S L T2,
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ka,human = 0.744- ka,rodent it (28)

k12,human =0.744- klz,rodent it (29)

k21,human =0.744- k21,rodent it (30)
B d i ht uman >

Vss,human(L) = Vss,rodent (L) L oY e EThuman it (3 1 )

Body weightrodent

CLF roden - E S
CLr,human = rodent (g) : BOdy Welghthuman (3) K (32)
Body weightrodent '3

— CLh,int,human,in vitro >
CLh,int,human - CLh,int,rodent X IT:E (33)

CLh,int,rodent,in vitro

Ty bOBELIFRRY . B MFXRAT U AL E MISMET DB T
F2 VT 7 ADFAERZERT DMHENR, ZD7=H, TBBPA, TBBPA 7' /v
7 v PRI AR MINP, MINP 2L HJfCE#% . MBP, MBP 7 /L7 & > fRfa & 14
T=UrBLWR26-VAF LT =U>rDt s PBPK T /VHAI T A —H i
. FEE, FIKEB X OKEOHEEZDAZFE L THHE L7 (Emoto et al.,
2009; Takano et al., 2010; Adachi et al., 2015; Miyaguchi et al., 2015; Nishiyama et al.,
2015; Utoh et al., 2016; Shimizu and Yamazaki, 2017), B H L7~ & ~ PBPK €7 /L

F/XF X — X {E % Table I1-2 (27177,

FALFEMEOWEE AR 1T, B I FESH 2 8 2-6 HIC /R LEZH DL FEBED
TEHEH L, (bW EDOE RN TO fip, EITEMW & FEEEE L, [/ UE %6 H

L 7= (TableI-2),

DBP # bt MIRAEHER A& G LZFEO MBP 3 XU MBP 7 /L7 1 UG
K@ PBPK €7 /LI, Fig. I2A I RT X D28 1 3H 2 H 2-6 HIZR
L7 (13) 226K (21) O FRRICHE U THEE L7, DINP &t MMIEAE
HL AR O 85 L 72 B8 MINP 35 X O MINP @2 {bf9 X3 % @ PBPK &7 /L%, Fig.

2B (ZHEAURYISR 4 L 9 I8 TR 2 fi 2-6 HITm L2 (13), (14). (16),

48



(18). (20). (22) BLV (23) OWH HERNITECL TRE L, AF L%t
MCRAB AR O 5 L 7=B8 D 2 F L > @ PBPK &7 /LI, Fig. I-2E (2R A9
ICRT EHIWCHE TES 2 H 2-6 HICRLEX (13) 265X (17) oy iR
IZHE L TR E L7z, TBBPA Z bt MZBHEEIR A& G L72EE D TBBPA kB LU
TBBPA 7' )V 7 1 el &K@ PBPK &5 /LiX, Fig. I-2C IZHMIC/RT X 9 (1
1 ES 2 fi2-6 HIoR L2 (13)0 (14), (16). (18). (20). (24). (25).
(26) BLO (27) OOy FRERKXICE L THE L, 7=V VBLW2,6-VAF
NT =V vEe MIRBERROBES LEZBEO 7T =0 v B8XW 2,6-UAF LT
=1 > ® PBPK &7 /Li%. Fig. I-2F IZHEXMICRT L O I25FH 13 2 € 2-6 I
WLz (13), (14), (16). (24) BE W (25) oMy FREAUTHE L THRE L

77:,
—o

2-2 f#i% PBPK 7 /L W ALFEME O e MENEIRED & AH1F & 1)

EVEBREE T TO—RILFHEOE b ~OfR OBREITMHEN TH DR, — A —
FORABRETCHLEREL, LFEWHORNBEEZRSMEIC TR LI,
BUNEEIHCTRTER LAFWEOMF B L ORFPOBEHRE b SA A E=
&) v JFE(Silva et al., 2003; Seckin et al., 2009; Koch et al., 2017; Hays and
Kirman, 2019; Chinthakindi and Kannan, 2022b) # EFIREDRETH D LIRKE L.
IO OWERENS PBPK E7 VLV H N LALFWEDO—H Y720 Ol
BELORT AUC % 24 B ThRL7ZFEHRE E — B+ 2 L0 R NREEL

‘AR SITHERE Lz, SAHFRIMATIZEH 155 2§ 2-7 HICHEL /-,
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Table 1I-2. Experimental and calculated parameters for human PBPK models from rat or humanized-liver mouse models by a
scale-up strategy established in this study

Fraction absorbed Absorption Transfer rate Transfer rate  Volume of Hepatic Hepatic  Renal
Parameter x intestinal rate constant constant constant systemic intrinsic clearance clearance
availability circulation clearance
Symbol (unit) Fa-Fqg ka (1/h) ki2 (1/h) k21 (1/h) Vi (L) CLn,int (L/n)  CLn (L/h) CL: (L/h)
Styrene 1 17.8 1.91 1.26 6.90 466 38.3 0.0428
Tetrabromobisphenol A 0.0142 1.14 na na 311 31200 28.0 0.088
Tetrabromobisphenol A na na na na 25.9 145 0.834 0.151
glucuronide
Monoisononyl phthalate 1 1.12 na na 270 457 2.23 0.397
Hydroxylated na na na na 54.8 57.7 1.39 2.57
monoisononyl phthalate
Monobutyl phthalate 1 2.35 na na 0.401 308 10.3 0.993
Monobutyl phthalate na na na na 1.29 7.82 1.48 1.69
glucuronide
Aniline 1 2.69 na na 116 92.2 32.8 0.811
2,6-Dimethylaniline 0.442 3.04 na na 1320 50.9 13.8 0.303

na ; not available.



HIH MR

3-1 B FILHFANAS AET=H Y o TREZ WAL E O iR &5

Ty FBEXOE NFI 7 vy — L Z2BEHRRF L L AF LD invitro FFHETH
KEEZFEHLIZEZA, ZNEN 711 B L O 814 pmol/min/mg protein TH Y |
7y bbb FORFWROFTEETBDO DN olz, ZORRLY, 2AF L
D7 > k PBPK ETVHASINT A —=2fEinb e ~ PBPK E7 /VH AT /8T R
—XfEEREE L, AF LDt b PBPK £F /L& L 72, 2009-2010 42 CDC
MHWE SN 13204 O MEAEHZ L AL AF=H VU 7 (https://www.cdc.
gov/exposurereport/data_tables.html) XV G o/, AF Lo MiH A 4 E
=2V THERED S0B LIS X=X A NEIX, TNEN 003 LT
FO0.132ng/mL THo7, W L7t N PBPKET AL EZHWNT, 2o oHE
EWEFEHOMmMPEEL LEBEBOAFLUOKEROBEEZ % A M &2 FH

(Reverse dosimetry) L72& 2 A, 0.66 3 X O 2.9 ug/kg/day & H#EE X417= (Table
M-3), #EEL-ROBEELHNCTAT L2 MC28 HIIXEROES Lz
BEoo i X O R AR G-l # &2 H ) L, Fig. II-1 KR35, LT RAF
Ly O fF AR B G dh AR i AR G R & B L TR A R L. B MAN

IZBWTATF L OFIBREIT O REME 2 RIB S vz (Fig. I1-1)

EMFF AT~ T ZAPBPKET VHATINT A—=ZENLHE M Lzt F PBPK
ETNVHAT ARG A—=H %I, TBBPAB L RZO 7 V7 v rBiaagikot
N PBPK T /L &4 L7-, Heys b (Hays and Kirman, 2019) L V #&5 Snuiz
TBBPA B XU D 7 V7 v U gfa &k z &it L2k TBBPA Ot ML /S A A

FE=Z Y U MEREOPIES X R KEIZ., £AZ£4 0.1 38X 0.8 ng/mL

51



Thotl-, WS L=t F PBPK EF L2 HWT, ThbLOHEMEAEFEHDE b
ML L7ZFED TBBPA KER NBRBEELZ KA MISICTRHILZEZ A, 28
X O 17 pg/kg/day & HEE &7z (Table II-3), #E LR AOBEEELHWT
TBBPA Z# t hMZ 28 HIIXER O 5 L72BR® TBBPA B L RED 7 V7 v U

EROMF I X ORGSR 2 ) L, Fig. 1.2 ICXRT 5,

102-
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[Styrene] in plasma or liver
ng/mL or g
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Fig. II-1. Plasma (black line) and liver (gray line) concentrations of styrene in
humans after repeated virtual oral doses of styrene (2.89 ng/kg/day) for 28 days as
estimated using the PBPK model. The dose of styrene was calculated using reverse
dosimetry based on the 95th percentile values of reported blood styrene concentrations
from human biomonitoring data in 2009-2010 published by the US Centers for Disease
Control and Prevention. No accumulation of styrene in blood or plasma was evident.

E MFFXF AT~ ZAPBPKET VAN T A—ZENLHE T Lzt  PBPK
TF VAT NG A—Z & FEIC, DBP O AT OBILAEWE L OR#®MTH
5 MBP B3 X U'MBP 7V 7 1 AR DOE h PBPK E7 /L 25 LT, Silva
5 (Silva et al., 2003) L W HE SN/ MBP B L O D 7/ V7 o U BiS Ik %2 &
L7ZHMBP Ot ML A A=Y VT HERED S0B LIS N—E X
ANMEIX, ZREN 144 B L0V 382ng/mL Tho7, #FE L7t N PBPK 7

NEHWT, 26 0oWEMEE LYo MLFEE & L= o DBP KE R O g
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BEABRAMIICTHILIZEZ A, 138XV 34 ug/kg/day & #HEE S 4L7- (Table
IM-3), #EE LR OBEEE42 AW T DBP #t biC 28 AMMEROEE L2
O MBP BLOZED 7 V7 a riRinE R h 85 dhiga 5 L. Fig. 11-3

R T 5,
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Fig. 1II-2. Plasma (black) and liver (gray) concentrations of free
tetrabromobisphenol A and its glucuronide (dashed and solid lines, respectively) in
humans after repeated virtual oral doses of tetrabromobisphenol A (2 pg/kg/day)
for 28 days. The dose of tetrabromobisphenol A was calculated by reverse dosimetry to
obtain the daily intake that corresponded to the reported central tendencies of total
tetrabromobisphenol A in plasma from human biomonitoring data.

(o))
o
o

300¢

[total MBP] in plasma, ng/mL

0 14 28

Day
Fig. II-3. Plasma concentrations of total MBP (combined free and glucuronidated,
solid lines) in humans after repeated virtual oral dose of DBP (34 pg/kg/day) for 14

days. The dose of DBP was calculated by reverse dosimetry using the reported human
biomonitoring data.
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Table II-3. Reverse dosimetry analyses using human PBPK models for chemicals daily intake after repeated virtual oral
administrations for 14 or 28 days based on the reported human plasma mean/median and (95th/100th) concentrations of analyte
in biomonitoring data

Reported biomonitoring, Estimated daily doses by
. mean/median(95th/100th) . reverse dosimetry,
Analyt 1 . . Ch 1 . TDI, pg/kg/d
nalyte in plastia concentrations in plasma, emiea mean/median (95th/100th) Herke/day
ng/mL doses, ug/kg/day
Styrene <0.01 (0.13)® Styrene <0.1(2.9) 7.7
Total Tetrabromo-
. .80) © ) 2 (1 ©)
tetrabromobisphenol A 0.6 (0.80) bisphenol A a7 73000
Total monobutyl
phthalate and its 14 (38) 9 Dibutyl phthalate 13 (34) 109

glucuronide

The reported plasma concentrations of analyte from biomonitoring in human and TDI values were taken from the literature (a, Human
biomonitoring data in 2009-2010 published by the US CDC; b, WHO, 1996; c, Hays and Kirman, 2019; d, Silva et al., 2003; e, Seckin
et al., 2009).



322 B RRHEANAASAFE=HY T REEZHWTALEWE O &I

EMFF AT U APBPKET VAN AT A—=ZELHE M L7zt | PBPK
TETFTNVHAATIRT A —FE%EFEIZ, DINP O AT OBLEDES L OR#®Y TH
% MINP 3 LY MINP BR{LAIfE % D b PBPK 5 V25 L7-, Koch &
(Koch et al., 2017) LV #& S 7z MINP BB{LRIRGEI & O MRF A A4 E
=X )T RERED 50 BEN 95 —k X A EIX, TNRER 53 BLO
33 ng/mL TH o7z, WE L7t h PBPK TF /L EZHWT, 26 OWEMHE%E F
Bioe MRPIRE L LB DINP RERABREZEEZHZASMSICTHILEZE Z
AL FENEI 023 B X 1.4 pg/kg/day & HEE Z4v7- (Table 11-4) . H#EE L 72 #%
OMgEEZ AW T DINP # b M 28 HIEIKER DS L2 MINP ¥ L OV
D FEALHI Y O JR P RAR B 5 i # & 1 J) U Fig. II-4 IZ X~ 3 %, Silva & (Silva
et al., 2003) L VW HE SN/ MBP BLUOZDO 7 V7 arBiaaKz 55 L2k
MBP Dt FMRFNA FE=HZ Y U THERED 50 8LV 95 N—& & A LA
X, N FN 308 L 149ng/mL Th -7z, % 11 FF 3 Hi 3-1 T Tk 7= MBP
BELOMBP 7/ v7 v rgiaaikoe h PBPK €74 Z2 0T, 2 OHAH
XD MRPPEE S L7ZBRO DBP KERAREELZHZAMESICTHIL &
A, FENTN 1.2 BLV6.1 ng/kg/day & HEE S 7z (Table I1-4), #EE L 7=/
Hig#E &4 MW TDBP b MIZ28 HIRIEMR A& G LIZEEDO MBP B X UVE O

s v AR O R RS G- 2 1) L Fig. II-5 ICMURT 5,

E MFFXF AT~ ZAPBPKET VAN T A—ZENLHE T Lzt  PBPK
TETNVHANNRTG A—=FfEERRIC, T2 UrBIXR26-VAF LT =0 Dt
N PBPK €7 /L& %4 L 7=, Sridhar & (Chinthakindi and Kannan, 2022b) & » # 5
SNTT =V R bW 2,6-VAFAT =V Dt NREASAS T E=FY T
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WMERED S0 BLT 9IS "=k Z A )VfHIZ, £ EH 6.0 B KT 13.7 ng/mL,
BN 38 B LN 133ng/mL Tho/o ME L7t N PBPK ET V&2 H W T,
INLOREMETFHOE MRPBEL LEBEOT =Y BRIV 2,6-V X F L
T2V URERABRBERELZRAMIICTRLEZEZA, TAEN 11 BLY 26
ng/kg/day. 725 NT 8.3 38 LN 29 ng/kg/day & HEE S+u7- (Tablell-4), #HEE L
ERABEBEEZH N TT =V BN 2,6-UAF LT =Y %k MZ28 HEX
EROBESGLEBEOT =0 VB 2,6-0AF T = U O R F R E 5 dhifk

ZH 1L, Fig. 11-6 (ZX/RT 5,
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Fig. I1-4. Human urinary concentrations of MINP and oxidized MINP after virtual
administration of multiple doses of 1.4 mg/kg/day DINP for four weeks. Solid and
dashed lines show the PBPK model results for MINP and oxidized MINP, respectively.
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Fig. II-5. Urinary concentrations of total MBP (combined free and glucuronidated,
solid lines) in humans after repeated virtual oral dose of DBP (13 pg/kg/day) for 28
days. The dose of DBP was calculated by reverse dosimetry using the reported human
biomonitoring data.
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Fig. I1-6. Human urinary concentrations (solid lines) of aniline (A and B) and 2,6-dimethylaniline (C and D) after repeated
virtual oral doses for 28 days. The doses of aniline and 2,6-dimethylaniline were calculated by reverse dosimetry to obtain the daily
intake [A, 11; B, 26; C, 8.3; and D, 29 pg/kg/day, respectively] that corresponded to the reported 50th (A and C) and 95th (B and D)
percentiles of human urinary biomonitoring data (dashed lines) [A, 6.0; B, 13.7; C, 3.8; D, 13.3 ng/mL, respectively].
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Table II-4. Reverse dosimetry analyses using human PBPK models for chemicals daily intake after repeated virtual oral
administrations for 14 or 28 days based on the reported human urinary mean/median and (95th/100th) concentrations of analyte
in biomonitoring data

Reported biomonitoring, Estimated daily doses by

Analyte in urine mean/median (95th) Chemical reverse dosimetry, DI,
. : . mean/median (95th) doses, ng/kg/day
concentrations in urine, ng/mL
ng/kg/day
Sum of oxidized
monoisononyl 5.3(33)% Diisononyl phthalate 0.23 (1.4) 150
phthalate
Total monobutyl
phthalate and its 30 (149)° Dibutyl phthalate 1.2 (6.1) 5-109
glucuronide
Aniline 6.0 (13.7)° Aniline 11 (26) 79
2,6-Dimethylaniline 3.8 (13.3)° 2,6-Dimethylaniline 8.3 (29) Not available

The reported plasma concentrations of analyte from biomonitoring in human and TDI values were taken from the literature (a, Koch et
al., 2017; b, European Food Safety Authority, EFSA J., 2005; c, Silva et al., 2003; d, Seckin et al., 2009; e, Chinthakindi and Kannan,
2022b).



3-3 PBPK ET /WVHANNRTG A—FELEBEFRANA A=Y 7 REDOER

AF L, TBBPA 8L DBP OHEE LI HAROBRER Y-V OXKREY
Bomp A4 Fe=4 ) » 7TREREMHEL, SHREBDEONZ VT T A ED
BIREZHAE L7 ZA, AT oAOMBEEE (r=-093) NN (Fig.
II-7A), [AFEIZ. DINP, DBP, 7= U VB LI N26-PAF LT =V L OHE LT
HAREABRBEELT Y OBRBEWEDOIRT AN AT E=2Y T HREREM L,
SHREMEOTF I V7 7 o AEOBRERE L Z A, FFRICERNTOAD
FIBEIREMR (r=-0.75) 2RO LN (Fig. II-7TB), & HITHIERR LN TEY

B SHTEMHBEREIZIARTIER 2720 OO WnT EoA ORI R

e X7z,
o , ®
n &8 n b
2 o 1.2r c 9 40¢
.% g Opgep .% 3
Co 5 &
g g % % DBP
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S g 0.6} S o 20(™.
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Fig. II-7. Relationship between biomonitoring concentrations in plasma (A) or
urine (B) of estimated reverse doses and the hepatic clearance of analytes.
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o af B

ARETIE, AF L iE7 v h PBPK £7 /L X 0 TBBPA & % DO\ #i%. DBP
EEDORBHY, DINP L 2D, 7=V vBLUN2,6-UAF LT =V idt
MFXAZ~U R PBPK £E7 VLD, BT A M) v 7 R0 =V 7ikz
WTk FPBPK E7VEZMEE LT, Zhbe k PBPK £E7 02 HWT, #Hid S
N FWEOMF S LAXRFANAAS A =2 ) VT REREL S KB
BEERORAREZREZZAMEICHE L, ML FWEOBIAT TDI E & kT

52 LT, ARRETTOE bTOREMEY X7 25kl L7,

2009-2010 4. Kk [E CDC @ 4+ (https://www.cdc.gov/exposurereport/data
tables.html) L0, AF L idb M2 5K K TO0.183 ng/mL & ORE L LT
BHENTWD, ZOAF LD MILF NS FE=X Y U T HEREN D
ELIZAF LR O EIX 2.9 pg/kg/day TH - 7=, BATAF L > @ TDIEIX
1996 4 (2 i R AR FEFE RS (WHO) L 0 7.7 pg/kg/day & 3% & STV 5 (WHO., 1996),
HELLLAF LU ORARE =L, BT TDIE & g L TRBREOHE TH 5
ZENFEO LN (Tablell-3), 2O Z & XV | EIFRE T TORAF L OBGEE
IZED, b MIERZELZ KT TSR I,

TBBPA |Z. & N COFEN MR Y A 7 NER& S 4 TEK Y (Hakk and Letcher,
2003; Hays and Kirman, 2019; Wang et al., 2019), {X3##% % & ¢» TBBPA (Xt ki
NHERKRTO0.8 ng/mL b DL L L TR &4 TV % (Hays and Kirman, 2019),
Z®D TBBPA ®t M NAAE=2Y v 7RERENGHE L7 TBBPA 1
WE % 13 17 pg/kg/day T o7, HAIT TBBPA @ TDI fE L 73000 pg/kg/day & &%

E STV 5 (Hays and Kirman, 2019), #£E L 72 TBBPA D% N MgEE & 1X, BT
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TDIfE & e L C3MTRRERME TH D Z & NE O 57z (TableII-3), Z D Z &
X0, EIEERE FTO TBBPA OIRZRITRD LN L OO, HEEIREICHE L

e, b MOEREZ RTTRETERZ LRI,

7 B VERY = AT VR DBP 8 X OV DINP 1%, EBREVICIRE L7z A dE R
##5 & TV 5 (Oishi and Hiraga, 1980; Gray et al., 1982; Kluwe et al., 1983; Hellwig
et al., 1997; Wine et al., 1997; Silva et al., 2003; Koch et al., 2006), — %% D k% A
PR O AR O DBP RE#HWIRE ) D HEE S 7z DBP O E — H B E
1% 1996 4= LLRE I 7] 2 7% L, 2003 4513 1.9 pg/kg/day & HEE S 47z (Wittassek
etal., 2007), DBP @ TDI fE %, 2005 F (N L 2ZEE I XY 10 pg/kg/day

&R E S HU7z(Seckin et al., 2009), 2005 DO KEOWHIETIX, TV VTR E %
Ml — i $EM O DBP OHEE ~HIREED 95 N—k ¥ A VEIE 2.68
ng/kg/day T 5 Z & DA ZdL7z (Marsee et al., 2006), 7 7 LFO G =
—7 4 7S D DBP (3.6 mg) X, ERJNTo DBP @ TDIfET&H 5 10
ng/kg/day K0 b EWIREA SIS R TR H D LI &b, B
T DBP @ TDI fiL. BARMLELZES LY 5 pgkg/day ERESINTND
(Seckin et al., 2009), DBP fX&## it M2 55K T 38 ng/mL H DIRE L L
THRHE SN TE Y (Silva et al,, 2003), Z @ DBP R#mo e Mt A =X
V> 7SR S HEE L 7= DBP £ OB 5E & 1% 34 ug/kg/day Tho7l=, ZOHE
E LR N gEE &1X, BT DBP @ TDIfE CTd 5 5-10 pg/kg/day & i L CiiE
THZLENEH SN (TablelI-3), 2?2 & XY, DBP O F MG~
FBASNTND DD, W I T LI EWE ORI kT 5 72 613

DBP At MZEFEELZ LIFT RISV ENHELRINT,

DBP i3 e bifnd & RERICIRFT 205 149 ng/mL H ORE L L TR I

61



TUW % (Silva et al., 2003), Z® DBP RO NRPANA FE=X U o TH#E

BEMNSHETE L7 DBP #% D8RR 813 6.1 pg/kg/day TH-o7-, ZOHETE L= N
W EIL, B3R L7-814T DBP © TDIfE & bhig L€, RRE S L <IiE—HiiET
5 AlREME R FR D H 7z (Table 11-4), Z D Z & kv AEJFEREE F ToO DBP DR

BICEY, B MOEREE RIS AREEEE N SRS,

RAYNRPAALFE=FY 7 X0 DINP REHIL 1988 470 b fkfi 112
B ENTWb Z & 25 (Herr et al., 2009; Zeman et al., 2013; Koch et al., 2017),
BT DINP @ TDI X, PR BHEREZBSIT LY 150 ug/kg/day & i E I 41T
W2, B PRI FE=F Y T HEREDHEE L7 DINP % 1BREE &3
1.4 pg/kg/day T&H v . Hi4T DINP @ TDI fi & bb#E L T 100 fERREKMETH D =
ERROH LTz (Tablell-4), Z D2 & X0 AIEEREE T CTO DINP OBEFEIC X

V. b MIERZEZ LTI REEIIENZ R ST,

T=UrBIR2,6-VAFALT =V ST —HKBICy FELTOAXBIW
FaADRERPOHRHIN TS ZEITMA T, B MEFNS 137 8L 00133
ngmL & O EE L L CTHMHE X4 TV % (Chinthakindi and Kannan, 2022b;
Chinthakindi and Kannan, 2022a), 215Dt MNRFAL LT =F Y v FHRIERE
MOHEE L7 =V U BEW 2,6-VAF AT =V UROBEEIZZNLEN, 26
BELO29 ug/kg/day Tho7-, BATT7 =V @O TDI 1T, KERERET LD
7.0 pg/kg/day & 7% S #UL TV 5 (Chinthakindi and Kannan, 2022b), #& L7=7 =
U ORAREEIL, Bfr7 =V TDIfE L L THBIRT 5 Z L BARD 5
7= (TableII-4), 2,6- A F /L7 =V @ TDIEIZHRES N TN, BT
T7=Ur®D TDIEE B LIZGE. #EE LT 2,6-P A F T = U » Ofk 1 BREE

(X, TDIEZ BB T 5 Z ENRD 6z (Tablell4), Zhvb0Z & XLy, £
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ERETTOT=2V U BIRN26-VAF AT =Y OBEICEY, B MNIEE

B KT agttidmna LR S,

AW COHFICHER L7 AN o ATV, 7= U B LN 2,6- A F
NT =Y B LT, LTI T 5, DBP R#WIXARMFEIC CTHE—, i
FORFOMAA FE=2 Y VT REREZNE TS ATV ETH D, M
BLXORPIAALAFTE=F T T HRERENOGHE LR OBRERZ T, E56 0
BIfTDBP ® TDIE & FRE S L T@l 3 25 2 L AR LT, EREYICR
E LT AR FEMEOBLE G RFEMEL DR DBP LK FEME D\ DINP I &
O'DEHP & 2B S nthd TR Y  DBP O T — BB #2372 & 21TV % (Oishi
and Hiraga, 1980; Gray et al., 1982; Kluwe et al., 1983; Hellwig et al., 1997; Wine et
al., 1997; Silva et al., 2003; Koch et al., 2006), L L7225, 2017 4EFE I N[
DERFEARERERERE Y A7 FME LY BRINTAETFHEDOE N ~DIREE
BT =4V > 7% (https://www.env.go.jp/chemi/kenkou/monitoring. html) £ ¥ |
bt MRF D DBP A TH T 48 1 ng/mL R SN EHE SN TEY, &
RTZDHK 100 £5EH O DBP AR OBH A HmE SN TNDL, ZNA6D I L LD,
DBP 78 —# D A AR NIC & BB 2 LT algEtEIXm W & #HEZ2 Sz, DBP OfR
BELTHEHAIN TS DINP OZ2MEFHEL BHAY L L T.2007 4 Koch & (Koch
and Angerer, 2007)IZ X ¥ | 1.27 mg/kg D AZF# b L 7= DINP % — £ IR 0 & 5
L7z ge 3 Toh, & MR ~JE X5 DINP U O X BN HE Sz, A
WFFEIC CTHEE L7 DINP #% A BREE &L, 4T TDIE L K L TIRETH -7 2
ED L AIREREE NIZEB VT DINP Ak NMIHEEEZ LTI eI Rn

DHEZE I T-,

UEDZ &b, AEFWEOBRBRAAAET=F) VT RENOROBRE R L
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BAHMSIHEE T DARFIEIL, VANV = ATV, 72U BIOVATF
NT =Y UFEEREOY A7 AREL LI Z LIZmA T, ALFEWE O 3%
i FHLHNC BT 2 B PRI OFERICR VG Z E R RB I N, ZLHEE
ROBEREL LORERAAS A E=F Y V7 REICEEZRITT EEDRLIEY
BN T A —FEEP LT 572010, FLFEMEOHEE U 72 HALKR 1 gER
BEYNVOFMEWEOM T B I ORI AASFE=F Y o 7HEREHEE . &
BRHEME O 27 V7 7 o AEORBBEME L E Z A, AT OROHBBR

Vi

Nidd b7z (Fig. II-7TA,B), D Z L kv EFEETFICBIT 5 b~k
WE OWREREIIRA THD0, B Ml L ORFPITHEFWERNRE S L TH
HENDERD—I, HBHEEWE OB IFAEIE L 3B 54 % al et 23 HE

BT,

WICAFZECH I Lzt N PBPK ET VHANRT A—FEL D 2,6-V A F
NT =V O CLhfEIxT =Y O CLyfEE L TR 3 FEETHY . HEL
o PREEE A W T 28 HIEHGRED 2,6-2 A F LT =V VRPARE 5
AT EREERRO DN N6 2,6-VAF AT =V ik MAEERNICE

By 2reEn s, VAZoOnEEsm< s 2 ERfEREInT,

Ubkomily, KEEZFLDHE, B PBPK EFAEZHWTE bflddH
DWVIERTLEOBESNDICFWEOERNA A E=F Y U TREDN DA
BEARDDLEAME TUFLEZ, HEB L FWEOAERRRKE T TOE MR
HIREEO TR ZAEEE L, & MUET LVEE LU S PBPK £7 /L4 M
Wk AmME THRIFEIL. 7=V 0F 2300 d o B U REEL L
L7 —ALZWE ORI R Z Mk Lz MENBEIREZ B E T 5 U 2 7 5EAf
ZAREE LIGDH 2 R LT,
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S
o

5

ATERE T TR, B hOREICRELZ MITTBENDH HHkx 2 —RILEY
BERFMEL, Bx b MI—BRIEFWEICRE SIHT TWD, EEEKRE ST
&V, b romPRXCRPENSTE L O —RILFEWEPREFHRLE L TH
HESnd0, BEENBRES N EFWE O ARE RO BT+ TIiER,
ZOXIBRILFME DL Y A 703 ALTEWE O % A K QLG % o #LH] 2 B
T oA (FFiE) 2SS — RIS > RIS 045 L2 BR o A FEC /A~
D BEDOERNG, FEYT) ORGEZHVTIMEs NS, LrL, Zhb
DFAIZIE, B e e F OB ORBENE —IZRY b, ZhbDAEKEN
HREOARITIFLEALEZREI N TR,

ULEOBER»L, ALFHEORAREEL L OERNIREZ N MICEE,
ENMENBIEA ZELCEAWNREFWEO Y RV FIENEETH D, b
NUETFTLVEY THDLRERE~Y T A Mz LcEe FIFF AT~
UL, WO ELZZE T S22 L2 b MUFR#LZHBE TE, EipBE et
FEIIRSFIH S ED T 5, HMEZ: PBPK E7 /L%, Mo TEMEZRN L b
EIHEK TOIEANBDO LN TS, B MFF AT~ T X EHEEERIN (k). &
R MER (V) BLOFREER (CLy, i) (Z&H L7 % PBPK €7 /L
EADLEDLZ T, (LW EOR N REE & ARNIREZ G THIL
KNEVREZ BB L) A7 O FIEL R RN H D, £ 2 TR
ZETIE, B NMEETLVEWMEB LU S PBPK E7 V2 0EM L. b MHCRAEKRR
Biorbt G o2y mE LY B, i, Fhis X ORFREZ THIL
E MENENVEAEZ KT 2L EO ) A 7 M FiEORGFEZ B E Lz,
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B ETIE, ARBEREATF L LEMBE T 0 e ¥ UoghiEMk, w]
MK 7 XNV AT VEB L OGP RET =) UFEERSICER L, BT
ER I LMK EAREOMEBEALER 27 Lic, (b&EHOMh & o8
7 B IERE B R R KO Bk i A 4y Bl R 5 & BERGE RN K Y Sk PBPK E 7 VA
NNFGA—=2EICFH LI, HH LW EZ T v FBLXUOE MFF AT~
U AR ARG LB o MR RE 2 BT K FERIL 72, 55 =2
MmAEFIRE 2 FE1C, PBPK €7 VAT ANT XA =2l (kay Vi, BE O CLiim) &
T4 T4V IHBICEVRENR L, B4 PBPK E7 VAME L, Zhb®Y
ETVE 0 M) LT Ab S E o i P RAR B G-t 3 52 I R R A B L T
MARELFRERICH T TFWEOHFREZRIET S0, 7T
PUFaRRngs 2 %O MNFX A7~ U 2OMFMARE L. 1 RERIC
THEPLZEZ A, PBPK ET /BT 2 AR G-l fg & e — B L7z,
P CHASNDRPIRELZFEIET D7D, B MNFF AT U RITT X LERBEY
AV )= VRNBEEHORAEEZREBLEZEZA, ~RNR#HTH D 7 ¥ VR
T T AT AR ZOMAEE O B R 23 oy BERE B S v, FEMIR PR EE 1)
WPBPK E7 /LX) LI TFRIRPREM R EMARETH T2 L ELD
HEEEME OB I hREZ IS, iS5 PBPK E7 LV EZ MW THEENL A
KNIRE 25K HA1m & THIFEZ, AP EOMPREOBIICMZ, Fh

BIORFPBEDO TR Z AL L,

BNETIE, R LIALFWEICB T S MFfd AT~ 720 PBPK £7 /b
AANNTG A —HEEINFFEL, & b PBPK ETLVEAHME L, 77X NLVBIA Y
JZNVTZ ATV TENVBRY T FNLVZAT N, T2 B 2,6-UAF LT =

VDR MRS A =X T BENS, B F PBPK 57L& HWNT
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HARBEELZAMEICTRIL, TDIEE K Lz, 72 AR A Y ) =D
BRI EIX TDI % FlRl> CWie—JF, ZHAAMBY TF LT AT )L, T =
JorBRO2,6-VAFNAT =0 ORI AOERERT TDIHEEREEDS LI
B 25 2 LR I LT, BIRS AL E o ALK O REE &2 72 0 o i
FHLIERIPIAALANTE=Z Y UV TREBIOGIFZ VT T 0 A & OBEGR %
HLILEZA, ENENANTOUWMHBEORBRPIRBO N, ZhAbD I L X
D, EBREETICBT S b~ FYWERERIIHKLA THL08, b Mild b
LSERIITHEFEEPRE L L THRE SN2 EK O —212, [ErHEDE N
PRGBS S D I, LEXY, & i dH 2V ITRP L0 s
NI FMEORRANANA T E=2 Y U TREND E M PBPK E7 /L% HW T
MR R Z RO D% AME THFEL, ALEWE ORI AZMK Lz E b
ANERRAZEZE T2V A7z ies L) D52 & xR,

UboZ Xy, v MUETZLVENE KOS PBPK £7 /L2 la b A
WL, AL E OB Wi h iR EHS 2 L, P REOHBICIZ THh B
FORPREATNT 22 L& REL L, {LFWE OB ~OR 1R &)
ARRETIREZAIM EICTRIT O FELRDLZIEEZHLMNTLE, SHITK
FFEIE, EEBRE TR 2/ EO e NERRKEHIREN D e N PBPK £
TNEHWTRABREBEREZZAMSICTNTLZ & amees L, IFREELE
kL7 MENBEZZET 5 ) AV TFIEL RV B 2R LT,
b, v MEETFLEE LO/NNEG, T, SRS IO/ EZETBENLRD
fii% PBPK 7 V&AM L. (L FWEOE MEOREER X OEERNRE 2 X
FZTRT 2R ERIL. FEELLET =V 0 F 2T eT 0B Ui
xRk L LR LR E S o NFREIWNAEBET DU A7 3l O H
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2 £ LI R AR B R A e = E 0T IR AR ER D
HEEZRLET S, BSEILHA L ETET,

KL DOEREE L TOITHEEZIGY £ L 7 B SR R S 2 A0F 78 8 2%
EBRLEAE, BIAEL LTIHFEZBY £ LCREMBRAMERAR KB
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EDICAHIICEZ S OHIMEB LOHEEL N IEE £ LIEARMMEITENE
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