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MBI AA/ER (drug-drug interactions: DDI) & (%, ZAIOFHABFCOFHIEEOEEIZ LY
MO ZEAT D52 L %209, DDI OFREIZHOWTH A GRS Tn o0, ¥
WREIERESS b T AR —=F —DIEEE PR T 25 — AR I<MmbhTnd 1, ZhE
TIZ DDI AJRK T b EFEMLPIHZ D2 H b e SN TR Y | BRKREDRIEIZIS W T
ARESE L THET L RETICHES T EFMERICEWNTHHg% O 2 4E L, DDI
DO FREMEZ RIRICIEGEET 5 Z ERAME L SN TWD, KERMEIEMDF (Food and Drug
Administration: FDA)2 (%, = 9 L7245 5 2012 F 23K FHBIFIZ R 1 5 DDI BFEIC
BT 280ERD KT 7 MA X ARFER LTz, ZORTE, FICBERET VEAWET
HOBEEMLZTRNTI Y, REEEEITER PR ERmERE LT vV a vy
V—OIERAZEHELE L T D, £ [AREO T A X v AR EZE T (European Medicines
Agency: EMA)3 <°[= 38 i £ i f 27 f8 5 4% 1%  (Pharmaceuticals and Medical Devices
Agency: PMDA) 25 H 3£ STV 5,

BIZERFRIMEML S OB DIEE D . T Z TIEREDILEMNRER I A A
N—T"y b AT ) == ZIC KBTI TOI D, LLRRG, bEMDT A7 7 VI
FERAZ V== 71T 02 A MIRELS fLEYOHERFHRN b2 v Ea—2 —&
WCTHERMEE R L BIRT D2 ENBEENTVD, S5, BREIFIEEHICE
T in vitro REE HWTZEERIZ LY FEREEW R Rod o7l & LTHE DBRF R D
FIHE < | in vitro-in vivo i FHIRST =~ A — LT At LT E 572 A TRIPED
] EAEIRF STV D,

ZOEO R REZT, FEIL, EMEEEROFEITERT 5 DDLICER L, KEHE
PR AT — VU TOR D =—XZkT 5 in silico T Y ¥ 7 FIEORENLIZE D FHAT,
BERTHEITEE T OEBTHREZE I ML~V TOBRETHY , LV TRE DR
OREHG LD EREICTRINEE LV, RFIETIE, EERENMEEE O
Cytochrome P450 3A4 (CYP3A4)7: &% < o 3pyEhaeRdE 7 o X7 B ORBRENCEbH 5
REBLRBENZHETH D Pregnane X THE (PXR) ICERERKY . MitaiT-7-, PXR
X, VA FREBICE > TEMIE SN DOBNZRERDO—2TH Y | MEDRR Dk A 723K
I Lo TEMHLE T 5 5, TOMREL L THEMIEEENFEIND &, KEEY DI
WIHIREME T T 25 L WO BIRNE Z 2 69, BifE, Z 5 L7z PXR 247 2 M EAH AR
MIFERR D72 5 FRIFEMIETH RE R E o T o, H-EHTIIPXR 7F=A hD
HEYEIEPEFA BEMEAT, B IR PXR VA RO U 77 BV 220 T in
vitro-in vivo fiZh FIRIC BT D058 41T o 72, LT, 24U ORFFERRIZ DV TEE L < Faid
T,



B2 FRYENELZFIE L7 Pregnane X ZREEMHACTRIT ¢
Va vV —DES

Pregnane X & (PXR)E. CYP3A X° P-¥§ & o /30 Bip CIW 2 HE 3 5 HER
B R ORBFHEII D ABNZRERTH S 510, U H > KB PXRICKHEAET % &, PXR
I ZIE ML L C retinoic X receptor (RXR) & — &R Z IR L, ~EKIFEN~ BT L CTiRE
K- & L CHRET 2 10, PXR IIMEERIC SRR I 07 6T 5 Z EBBRICA L TE
D, PXR 20 LIZBEEHESIC > CDDI IS5 Z bl ST 5,

t b PXR OfESEEMNT GHEA TR Y, THRIKE U D v FREGIREBICEB T2 U 2 Rk
AN OREGE SBEICfE I TV D 11120 PXR IZER OV 22 WBUK 72 Y T RSB EL A
FoThBh, ZOKRYZ v hOKE &1T 1,150A3 L ONZRIA L LT HIEFITRKEL
o TS N, 5|2, FOMHEIZT ¥ 70T induced-fit AA[EETH D . TN EEE
kB EMAEER X BB RSN TN D,

PXR LA{bEW L OMEAER Z TIT 23AIL N E TS MG ST & iz 1320, —jf%
WU A Ry X7 13716 [ 3T L 7 insilico PHIVEE L TEESNTNSH2, PXR DY
Y RREREMLORE L RMEDT-0I1Z, U H v R E PXR OFEA OE &R TIICIE—E
DR SN FF & R E RN E > TRV, 2o kS LT, FERT — 212D
WCRRBRAY 72 TR 21T 5 TR MERBIE S S C& 7z 151722, ZNETICH 77—~
27 ¢ T ET L 181922 ORI 1520 20 PEFIH LT, LAR—F =857 v eARET
BoNEFEBRT 2P0 THET VORBNED N TE, LrL, 2oLV T
RR—=Z2D7 70 —F TITET WEEDOIEMEL 25T — 2 OB L ENEETHY . PXR Y
Ay ROBEEMEMBITIC BN CTHL T — 2y hOWFEICELEZERMNE STV D,

EHDOFTRT HHFIEE TIX AV E TSR B AL A% -CYP3A4 FFH A AE %
GLE., #E, EEMETEITIRA A=V T VAT LRI L 28, KAV AT AL,
LERICERHE SN DAY & CYP3AL OATTZFFE K ORI —/VIZ L > THBIL, &5
\HESURIT T DD LR O L 72 3 DO X —T — ROJE/F» LA #-CYP3A4
MM EERE R AT %, B —o~ v F U TIETH LN, KV 2T MIMEEW
& O TIXFFHERN 87.4%, WARD 92.3%% ., MHANEMA O TITFEILEN 85.2%,
WO 92.0% % FEM LT-, SHICAT AT MTHRAD CYP 2y FHEICK LT S,
WEIETSPEARBARFIE D ST — % & U TR Sz 24,

ZHLEBEREOT T, AETIEET, (LAEY-PXR MMHAEREHREZ PubMed 7 — & X
— ALV T XA I~ A = T UAT AERHOTHREENICNET S Z L 2lkAi, ZhiaeE
BT 572012, £9 CYP OFEFELUSITR L THEIN8E U 2 N&, U v N2 8164
AR D MBHTICET 2 X 5B ) R P EEm L, SHIC, ZAUSX o TIEL
7ePXR7 A=A hELIET =2 MZET 2E# & . PubChem BioAssay 7 — % X— A K}
FSCEE T — & 1520 2454 L, PXR U 4> RICBT D EEIETERR BT 247 - 7=,



B THFRAbvA=0TILD PXRALEVRHEEERFRO
iiifau]

—RIZ, VAR—=F—BIETFT A FERAT V== T TRLND T —H3E D)
A RXEEATND, ZHUTH LT, T—Frz@ LT ) —=v 7 sl S
HHRIIEEDNFmSEEROENVWESF D, 29 LIEBlAND, EEOFBIIIEE Cliim 3
ENoibamE CYP L OMAFAEHMZINE L TE 224, L LAYV AT AIHARSEE
WLER 2 HAZ & F 5 7201, VTG U CHEEFEERCL— AN — 22 WET HMNEN D
Do £ 2T, AHiITIEPXR T AT A&t ZE UIETEMAR BT O 72 oD O FEREE 22 X
BT HLEBIT, KTXFAIMNIA =T VAT ADI LR DICHMEZHERT 272012, 3K
W~ T v AR—%—Td 5 P-glycoprotein (P-gp)~Di LA K & ik 7=,

1-a PXR @A FHEE Y R b DFERR

PXR 132V T FREEROZEERTH Y (HFETH D CYP LiHMba & OB O
FIREL RS, 22T, PXR ICHATHERELHE T 212H720 | FrTHE GO AR DIE
PALSEZ B 2 B 2 P ER L, U A FOWEEIT> 7= (Table 1), U A MZIXLEY
-PXR A AAEA 2~ 3 @b (5l 21X, activate, induce, inhibit)72 ) Cid7a < B4 () 2
IZ. activation, induction, inhibition) & & ® 7=, DM, FAHEAIER % Fo(bEW & R4 45
Bl 21, ligand)b U A MZE DT,

Table 1. Verbs and verbal nouns used for classification of data sets into PXR agonists and
antagonists

Category Verbs and verbal nouns

Agonist activate, activation, activator, agonist, enhance, increase, induce,
inducer, stimulate, up-regulate, up-regulation, upregulate, upregulation

Antagonist decrease, inhibit, inhibition, inhibitor, down-regulate, down-regulation,
downregulate, downregulation, antagonist

Unclassifiable affect, bind, interact, interaction, ligand, regulate, regulation




1-b PubMed EENSHD PXR 7 =X hKRUIET7 T =2 b OHIH

PXR &MfbaM & OMAAERNCET 2 FEHER AT 212H720 . PubMed 12BN T
PXR 4 Kk OVF DAF#E (pregnene X receptor, SXR 72 E) A B F— U — R & L THW, fiF
MRt GO LB S 28R Lz, Honz 12T HOBEFEOELE X e — KL, 7% A k
~A =2 T E T, RV AT L%, ALAY-PXR B AMERAEHROME 23X 2 & 12751k
WAL 7o THEY  ALEMA KO PXR A D ARG ENLL LT LTI HIZEFEY A L&
DB =~y F 2 TP T, WiEE X EA TR S5 A 1T E A PXR/@)E
MLa—RELTT—F X=X fF SN D, Table 2 1L, KT A7 AIZ K % PXR IEPEIC
B9 5 T O— Bl 2 R LT b D TH L, SRIOMHFTrTHLNTZLa—FD 5 b 35D
FHEERAT IV —ICpEShic L a— ROk 868 fHThH -7z, (LEMOLRNCERE
NHLHLOEHIFRLTYZ V—=7 LItk £ b OfEiEF#R%EZ PubChem OF — & ~X—
AL VEAF LT, PubChem X 0 #ENSELNTALEWITHR LT ka5 ADMET
Predictor 7> F5iilk 7 & 3 H L7z, M CTIERR T ALAMABER SN TV ZERdH 5
72, ZoDEMBIZENTETOSFil B3R U Th o513 F TlLaw Th 5
LRI LTz, RAREIIC 134 HD PXR 7 =& h & 11 HDOFH T T=RA ~, 23O T &% =
=A R, 1EHOIET v X T=R NEEDL ENTE T,

1-c PXREITHT ¥R b~A =0T VR T LOFHE

TXANYA =T VAT AORBEFMIZ B & LT, BEAICEATL 100 HOEE
WXt Ut a4 i) Rk O BEAE RS S HIC B 2 HHRR L ZOMAREFH L, =
ZCHEBERIL, i Sz BEE R o 2 REEE R T 2 A Th Y | AR
SN BEE RO SN e RERIICHT 5F 6 Th 5, FHIOR R, (bEWE 5
IZRWTHELER, WA RN IET 94.6%, {LEY-PXR MHAFEAAIE IS W THEBLER @#ER
NAEIZ 89.7% TH Y . KV AT MIFWMEREZ RO Z LR E T,



Table 2. A typical example of the interaction extraction processes

Step Process Result
0 Zearalenone could induce the expression of the CYP3A4 gene transcription
through activating PXR.
Part of speech and Zearalenone/NNP could/MD induceNB(in duce) the/DT expression/NN Oan the/DT
1 morphological CYP 3o ordico gene, transcription through,
processing aCtivating/VBG(activate) PXR e
Gazetter lookup ) ]
Zearalenone could induce the expression of the CYP3A4 gene
2 and name o o
. o transcription through activating PXR.
identification
3 Noun group Zearalenone could induce the expression of the CYP3A4 gene transcription
creation through activating PXR.
A Noun phrase [Zearalenone] (could induce) [the expression of the CYP3A4 gene
creation transcription] through (activating) [PXR].
. Noun phrase Zearalenone {could induce} the expression of the CYP3A4 gene
group creation transcription through {activating} PXR.
Clause o
6 ) Zearalenone activating PXR.
reconstruction
Interaction . . .
7 . Zearalenone activate PXR (agonist); rule: (Chem) (keyVerb, active) (PXR)
extraction

At Step 1, italics indicate the part of speech, and italics in parentheses indicate the base

forms. Definitions: CD, cardinal numeral; DT, determiner; IN, preposition; MD, modal; NN,

noun; NNP, proper noun; VB, verb, base form; VBG, verb, gerund or present participle. At

Step 2, bold indicates chemical or PXR names listed in dictionaries. At Step 3,

single-underlines indicate noun groups, and wave-underlines indicate verb groups. At Step 4,

square brackets [ ] indicate noun phrases, and parentheses () indicate verb phrases. At Step

5, shaded text indicates noun phrase groups, and curly brackets { } indicate verb phrase

groups. At Step 6, clauses involving relationships between chemicals and PXR are

reconstructed. At Step 7, chemical-PXR interactions are extracted by pattern matching

based on the order of keywords.



1-d PubMed EE b DILE4-P-gp BIAHEIEREHROHH

KT U AR—2—P-gp IZBI L THIAERICENT Y X M(Table 3)% %4 LIEMOHH Z17 -
7o B F—T — RITiE P-gp 4 K OVFAIFERE (ABCB1, MDR1 72 &) % V> PubMed T
2475 2 &T, 21509 D P-gp BIHOEFE R ARG L7z, ZHHOEFIZKLTT ¥ X
h~A = T aliTolz 2 A, oL a— NIREE, FHEA. EEAICH L TENE
AU, 8244, 669, 2939 fHTH -7, PXR OFELFIBRICL a— ROBEBEEHIBR L, —J7,
THRANYA =T VAT DORYMEERERT H72012, 200 8 OZE T A HEAFE 2 (2% A TR
fliLiz & 2 A, ALBEWAFINTIB W TEHFHZEDN 89.8%, &N 84.2%. {b&#-P-gp HH
AR TIEFEEDN 71.7%, #EEN 78.6% & W) MENSG L, HAEM
TR OHHITEE L TER0RR ENMED o 7272012, SCHRISH - TR ORBE 21TV, ik
BIIZIE 334 H DR, 104 8 OFHES K O 310 EHOBHLER 3G b7,

Table 3. Verbs and verbal nouns used for classification of data sets into substrates, inducer
and inhibitor of transporters

Category Verbs and verbal nouns

accumulate, stimulate, transport, accept, recognize, mediate, substrate,
Substrate

uptake
Inducer induce, inducer, up-regulate, upregulate
Inhibitor inhibit, inhibitor, down-regulate, downregulate

1-e TP-Search 7 —# ~X— X L Dl

SonlzTy—42% 7LV AR—H—FT —H_X—=AThb TP-Search?s OF—%t > L&
L L7z, TP-Search (Zi 747 {ED{bAH-P-gp A EAEAIEH (280 JLE. 38 #FE A, 429
FHEEAD 2L X C b, TP-Search & ARFEMT C7=7 — % THiE T 2L EWEIT 222
& (105 J'E, 15 FHEH, 102 [HEADTH 7=, iU, RN CTHR7Z 748 O ND 526
1 (229 H/E . 89 #HiEAl, 208 BHLEAI A TP-Search 7 — 4 _X— A Z/WMbLEWTH H Z &
L, TX¥AM~A =0 7 OFAMERHEERTE -,

1-f P-gp ZE & CYP3A4 EE M D ILE O AR

P-gp & CYP3A4 [JIEESRINEICHG@IEDR & U L /NBIZIB T 2 BRI XT3 7 &



L CHEMICE Z DRI TET 2627, L L, TN EIBRARZ 5SS S b ed
WOBITLT L L 2K ZORBMICITEMMNEZSND, £ 2 TEHOZEEN LI
WCTXARYA = T L THEIECYP DT —%y 2 L AEIE LT Pgp DT —F & v
NZ&thEg L, P-gp & CYP3A4 OB DOMLEAFTHE L7z, EDDIZETiEILH CYP
DOTF—H% v hOIEREREE L, CYPLIA2, CYP2C9, CYP2C19, CYP2D6, CYP2E1,
CYP3A4 ORE X2 Eh 147, 95, 86, 159, 95, 283 fHCTHDH Z &L e L=, HHE
ZHEPL L CYP3A4 SN DIE A 2 72 & Z ApEE 266 8 & 72 . CYP3A4 FEH & R4
T o7, Table 4 |Z1%, P-gp &4 CYP 7y FHEMICIIT 2 HE D Hfl 2 Jaccard-Tanimoto
JEDMEFR IR 2 ISR L2/ R 2 R Lie, ZofE R, Pgp 1Ifho> CYP »FHELD b
CYP3A4 L < OIEZ AT L Z LRI,

Table 4. Frequency of dual substrates of P-gp and CYP isoforms

CYP1A2 CYP2C9 CYP2C19 CYP2D6 CYP2EL CYP3A4 non-CYP3A4"

b
Number of CYP substrates 147 95 86 159 95 283 266
Number of P-gp/CYP dual
c 23 19 15 37 7 78 24
substrates
Jaccard-Tanimoto similarity
0.050 0.046 0.037 0.081 0.017 0.145 0.041

indicesd
aSum of the number of substrates listed in the database for the 5 non-CYP3A4 isoforms
(CYP1A2, 2C9, 2C19, 2D6, and 2E1), without duplication. This category does not include
chemicals that are also CYP3A4 substrates: for example, chemicals that are metabolized by
both CYP2D6 and CYP3A4 were not regarded as a non-CYP3A4 substrate, and therefore,
the number of dual substrates for non-CYP3A4 could be less than that for CYP2D6.
®Number of CYP substrates obtained by curation of our previous data set (ref 20).<Number of

dual substrates of CYP and P-gp. The total number of P-gp substrates was 334. dThe

Jaccard-Tanimoto similarity index (JT) was calculated using the following equation:

J =|ANBI|/|AUB]|

Where A and B are sets of P-gp and CYP substrates, respectively.
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WTHENA T A T H~T 47 AEBICBWTT XA M~ A =0 T VAT LAOFHANES
<HEESNTVWD 2882, LALARRDINLOKRETEE X v BRI OFHRbHTIC
Bt L7cbDTh Y, CEHEDOEND LLEW-% 7 BRMHAERICEESHT 5 Z
LIXNEETH D, BITEEESE A WAL EY-F Lo BRI EAER O bRA 5T
M 8334 TN D DFEIRITFIETIET ) T — 3 3 VIE RO KI5 HIR % 5278 I Wi
TEHOMERHLOICK L, LIEUITRKEBRICEET 2EREN VW2 EREE 220 Ik
FIERE SIS 3536, —F EH LDV AT MMIN—NA_R—=AE TR E =~y F o T %
TH96DOThHD, ZOT7 7 a—FIXFRIME O OV — VR NEL L T2 25, BE
\ZAT> 72 CYP IZBET 2 MmHc W O EE S TR Y 2824, Aa] B ) A k&
B2 URTEZ ) A NDOEBRIZL > UbEmE PXR OMAIERER T 25272,
WE LIV AT L0613 868 HD L a— R3E L, EEAZRVWTS 169 HOLE-PXR
MAAEEMICET 2EHREGL 2 kT, 612, RV AT MHMEEWA Odl, K&
O AEAE RS RO IR L TR EWWERER AT % Z L R S -,

TRV AT DA OMRENE X L X7 TH D P-gp IR L CHilA L7z, fHAVEREH
FH ORI PXR OBAIE EEWEIZE LR T2, BB F 2 L —32 3 U % T
7% T 334 EORE, 104 HOFHEHR KO 310 HOEAIN SN, BHFLNIHEHRO
HRMEZRFTT 2720, BT L > TR LT —# & TP-Search 7 — &~ —Z 25 [T
ENnb P-gp B L a— K& g L=, TP-Search (% F 7 v AR — X —HFFE D = F A/ —
MZESTIEENTZ N TV AR—HF =T —F X=X ThHV, 75 a2 HHMlak ~Z
AR—=H =L ZNOOEE, FHEAl, EAOEHREZEATHND, SRIOTFA b~ A =
T IRITIC & > TH LN ERITIE TP-Search 2814127 v 75— k &7z 2007 4F 6 1
26 HLBRICAB SNTERXOEENLAEERDO 271 ML EENDIN, 2L LT
TP-Search 7 — % ~— {272\ 526 HDL-EH-P-gp MAHA/ERE®R A2 2 & 3 k72,
WZ 525 il D TP-Search 7 — # X — 2D AEANERERPUIE T X 2o 73, BIHO—
L LT PubMed BEDOARENT L7 Z EREZX LI, EBE, WETER)h>72b0D5 5
3T%IIMEHNT L 7o L » MHITHFIE L RWMEEMTh - 7o, MOREIX, AT TiE P-gp
& EALEMA DR FE—DOXTIZH 556 LIMERIETERWRTH Y, HEROXORAKRE
FENT T D HIRIZASZOBETH D,

CYP3A4 [ Z{HILEIC HRBL L, P-gp & FAERIZER % 223 D% AW A HIRR 2 Z & 2350
HENTWS, EHIZ, 20 P-gp & CYP3A4 ORI THRENNELIT S Z &5, “intestinal
recycling” OBEERDEE I TS 26278738, Z 4UIT, FEMD/ NG Z @I T 5128V T
R MR A~DEY JAF & P-gp (2 X DEENA~OPEH 20 K32 L2k v, Eiphs R
HN T CYP3A4 12 & 2R3 & 52 1 DS MR LIFE~ORINA K E S HIREIND &
IBEZTHD, IHICTVI 2 b— 3 MR TIL CYP3A4 & P-gp OAERRFRIR A/ X
— (2% Y, CYP3A4 ORIBUTTA/NMGHINE L, —J7T Pgp T/ MHINZZ ) A
P-gp/CYP3A4 |2 3@ T 2 E O AN ZHIRT 2D L TWDH Z & bRrI TN 39

_8_



L722L.P-gp & CYP3A4 O EEIEIRMENIALLT 2 48 40 1T DWW TR R 2 3l 3 T o T
BOLT, FOMGREIZIZIE > T\ olz, 2T, KRBT, DRITFA h~vA =
YR o THSE LT CYP 7 FREDSEEE I 2¢ 2 k54 L. Jaccard-Tanimoto fEEUZEED
W Prgp JoE & OFEBDE A5 L7 & Z A(Table 4), ##E)NZ P-gp & CYP3A4 & DO Tk
B2, BEICREBINTEE T oM RN GOT,

b, REITET A MNYA U T VAT AVAT AEZWETSHZ T, fbEWE PXR
B2 WNEP-gp & OHEBNEMNCET D EMRA R RANTINE TE 5 2 & 2l L7, PXR IZF
LTI 169 EOMHEIERMEEMICBET DI WS OO T, LIEOHIZETIEI I 6 D
A T PEAR BT ITIE T LT,

B PXRIGEMICEE T 2 TS AE BT

AHITIE, @I PXR OREESMEMRBEITIC AW SN2 T — 2 > MTINA, ATEi T
BNTTHRA YA = TR, AR V== 77 =2 %2 52 LT, KEERT
— &2ty FAMEL, HIRSENEC LD PXR IEETHIET VOMELIT T,

2-a HEEMHMHEBEMITAOT — 4 &y b OMBE

HIEIOT %A b~A =2 7 THRONTALEWITH LT, & b PXR L OMAIERICK > T
Wik ECOEROEEEZITo72E 2 A, B FPXR 7 F=2 ML 6TH, T =2 ML 15
ThHolz, PRISNZEY, TN OIET T=A MIETHEREEDL Z IR TH
Slc, £Z T, ZOT—#|Z PubChem BioAssay 7 —# X— R |ZIi# bkt N PXR L
NG —=T v EARTORY V== 7T —4  WEOREEEEFRBEME CHW =T
— Xy b B0 2fidls, EETILEMEHIERLZE 25, BHAICIT 270 18 PXR 7
T=RA L& 248 DI ET A=A N ENBR DT =2y FBER I LT,

WEETEPEAR BIMRAT IC S > T, ETHELbEmT — 2By NOZRRMEZ R T 57
DIZ, ALEY O — G RICHE-S % ADMET Predictor 43 1ol 7 & 515 L. 504
wATo72, Fig. 11X, O —FEl KO ZFm a2 imX 7 e v F LR E R L
2HbDTHDH,IET T=A FD%< 7 PubChem BioAssay 7> 615727 — 4% TH - 7228, PXR
TA=ZRARNEIET T2 FOFHITHMEENNT R, T—FEy PREIZHKRERRFEY
T Z PR TE T,
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Fig. 1 Principal component score plots for human PXR agonists and non-agonists

The numbers of PXR agonists (blue circles) and non- agonists (red triangles) are 270 and 248,
respectively. Molecular descriptors of the compounds were calculated by ADMET Predictor 5.0,
and used for principal component analysis after highly skewed descriptors (skewness measure
of >5.0) were removed. One hundred sixty-one of 335 molecular descriptors were used. The
cumulative contribution rates were 24.6% and 36.1% for the first and second principal
components.

2b ERSBIBEICEL D PXR 7 d=R b OREEIEEFE RN

PXR 7 =2 F LIET =R b Z#BIT HHEENIR 2R3 572012, FE 7 EE
PEFIBIMENT 21T o7, T— X & > b & 41 OLETHT — & LT A b T —ZI1Z5HEI L. 415
EoEY 217 HOT F=A , 198 HOI T T=R MM bR 5T — % 2 H T
IR ENEIC K DT 21T o 72, Fig. 2 13X, 251 Z IR0V IR LAIFET — % N T4 R
AL 2 BIE &2 AT - TlRaiifb L7CIRERE T VAR T, T /UE 5 DO53IEL—L & 6
DX/ — KN b | B Z2FIT — 212 X2 NE TR 79.0% THh > 7,

SYEIEEICRIIN TS TR T OZ XS FOEMICET LD Thotz, RERT L
D7 7 A FEEOHEIEDO A FHPI_AFPI) A 20.12 L k& wd: PXR 7 I=A hMIR DX

_10_



TNEWIFER L7272, PXRT A=A MDD 87.2%XZ O H T IV — |2 & iz, Table
5121, TA MT—ZIZL DT IWINERAEOR AR Lz, 2RO THNEEIL 70.9% T,
P RREREIIZ NI, 67.9%., T4.0% & 72572,

T A WG A EBCEE T 572010, FERE 2 —IC Ko THET — X DORTRE(To
7=(Fig. 3), LI E = — 3L B m A it T 28 CThH v | lEtEmas R HEOFT,
KUDT —Z %7 —T A a2 TET, LIZTER LIREREITRNIC, PLAFPIe A5 20.12 LA
T CTH»D, FHEBEMEREGORFEEITxT 5E1E(F_AromB) A 0.365 UL EO{b&#23 PXR 7
=R MIDIZ<UNM29.3%) & VD Z EBRBRMICH B E7r o T,

[ Pi_AFPIC]
<20.12 520.12
F_AromB o
Agonist
<0.36 >0.36
FUnion [EEM_Max]
5.82 _
<0.2134 02134 >5.82
o @) N_Ntrgen S
Non-agonist Agonist Agonist
<0.5 >0.5

C @)

Agonist  Non-agonist

Fig. 2 Classification tree model for human PXR activators

The model was developed by a recursive partitioning method, where the Gini indices were used
for determination of each splitting criterion. Keys: EEM_MaxF, maximum sigma Fukui index;
F_AromB, aromatic bonds as fraction of total bonds; FUnion, fraction unionized at pH 7.4;
N_Ntrgen, number of nitrogens in molecule; Pi_AFPIc, sum of absolute values of pi Fukui(+)
indices on C atoms.

_11_



Table 5. Accuracy of prediction for classification tree model of PXR agonists

Training data

Experimental

PXR (+) PXR (-) Sum

Predicted PXR(+) 170 40 210
PXR(-) 47 158 205

Sum 217 198 415

Testing data

Experimental

PXR (+) PXR (-) Sum

Predicted PXR(+) 36 13 49
PXR(-) 17 37 54

Sum 53 50 103
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199 AFpIes202

PLAFPIC .
%le?i\ﬁﬁfhgg?szs ERM[laxF<a.525 A
_Ktrgen>0.5

EUnion<0.21345

Fig. 3 Heiankyo View representation of classification results
Red and blue colored icons represent PXR agonists and non-agonists, respectively. Nested
rectangular borders correspond to the hierarchical structure of the classification tree model.
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Fig. 4 Comparison in molecular descriptors between PXR agonists and non-agonists
Individual data points and their median are shown in each figure. Keys: MlogP, Moriguchi
LogP; MW, molecular weight; F_AromB, aromatic bonds as fraction of total bonds;
EEM_MaxF, maximum sigma Fukui index; Pi_AFPIc, sum of absolute values of pi Fukui(+)
indices on C atoms; FUnion, fraction unionized at pH 7.4.
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PR BN REESR S E T T LA LERIRICE 1T 5 DDI O Pl 2z, 22T, EK TR
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T = kcyp,syn -RNA- kcyp,deg -CYP 3
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IHT 4T 74— Ky JIEEK, EHEE PXR ORIEALHEEEEH TH D, 72, kmasyn
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KO)~@EUL FoORICEZHZ HiLD,
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Fig. 5 Curve-fitting to experimental data of the induction of CYP3A4 by rifampicin in
human hepatocytes

Fig. 5A represents the relative fold induction of CYP3A4 mRNA, while Fig. 5B represents that
of the protein level determined by enzyme activity measurements. The data for each donor is
presented in a different color. The baseline-normalized data and corresponding equations, i.e.,
Equations 6-8, were used for this analysis, assuming that inter-individual variability for

induction is because of differences in baseline CYP3A4 activity. The surface curves represent
the averages.
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QDD ke IZMRA L, £E#E(L L7 CYP fE(CYP’=CYP/CYP)IZ T % &
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L%, ZOXITE L T Emax ICEKMEE 2 B8 LT 21T o7, LINLRDBL, KET
MZBNWT, FAREYTEOHBEIZEID B TONTA—ZE2HET L LIXTE RN oT,
ZDJFE & LT, Kaeg OHEEITITHARITTHE D ST BERFEIC 31T D3RI BLRIME AN 32 & 25
ZHNTT2, REBRER E LT Kdeg (2RI L CIESTHRE 7071 2 AUV, ECs0 & Emax 234 ClXOFF

2RV Rk, kaeg % simCYP OFIMREEM(0.0072h) & L72EED ECs0 XY Emax 1
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p.h

dC C.-R V - fu 'Ch K h
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p,h m p ~h/™p,h
t <t (16)
+ 3 Ky -FaFy -D-0(t) - exp(—kq - (t—t;))
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ThbD, Cle & fup I CHRE W 2240, 1.8L/h, 0.2 & L7272, Qo SO Vi I3 3CEME L 0 £
NEIL, 96.6L/M KN 1.4L & L7257, FaFg KOV Ruix 1 & L, Vi, K. ka, Kpn. kin, kout
EFITERIBREREIZBIT DY 7 7 o B iRk 0GR f R EERFE dh#R 78125 L
TRMHZY TIEOFHEZBZ2 5 2L THE L, 6172 kae Vi, Koy Kphy kine kout
FOFEIZENEH 0.963h1, 17.2L, 0.370 mg/L, 10.6, 0.0193 mg/h, 5.75%¥104h-1,

8.64 L/img THhH -7z, Fig. 6 IFFERER N 2 L— g vz rd, £/, V77 F
3 UARNENEE D IR A HERR T 5 7212 300mg & 1 H 2 [ 5 L72Ki(b.id) &, 600mg
1 H 1S LB (Q.d® AUCen ZtHE L7(Fig. 7). — HEHGREIZFI L TH-TH,
300mg % 1 H 2[5 L7=F D AUC 12 600mg % 1 H 1 [BIDOER & L ~JEE I/ &< o iz,
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Fig. 6 Nonlinear curve-fitting to the blood concentration of rifampicin with repeated oral
administration

Clinical data measured on day 1, 4, 6, and 14 (Ref. 4) were simultaneously analyzed based on a
PBPK model considering an auto-inducible metabolic process (Eqgs. 15-17). Theoretical curves
are represented for each data set. Keys: 300 mg, b.i.d. (m, dotted line); 600 mg, g.d. (N, broken
line); 900 mg g.d. (&, solid line).
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Fig. 7 AUC measurements of the blood concentration-time profile for oral rifampicin with

different dosage regimens
The AUC values were calculated from clinical data (Ref. 4) using a trapezoidal method. Note

that 600 mg g.d. and 300 mg b.i.d. are the same in terms of total daily dose.
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Fig. 8 Simulation of the induction of CYP3A4 following repeated oral dosing of rifampicin
Fig. 8A represents the relative fold induction of CYP3A4 enzyme activity, while Fig. 8B
represents the blood concentration of rifampicin following oral dosing of 600 mg g.d..
Equations 6-8 and 15-17 were used for this simulation.
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Fig. 9 Simulation of DDI between alprazolam and rifampicin

Fig. 9A represents blood concentration profiles of repeated oral doses of alprazolam in the absence
(solid line) and presence (broken line) of rifampicin. Fig. 9B represents the comparison between the
predicted blood concentration of alprazolam with the orresponding clinical data (Ref. 5). Keys: 1 mg
alprazolam alone (N, solid line); 1 mg alprazolam with 4-day pretreatment with daily doses of 450
mg rifampicin (m, broken line). The pharmacokinetic parameters for alprazolam were estimated by
curvefitting to the blood concentrations following the sole administration (standard deviation of
residuals, RSD: 0.483), and then used for predicting those following the concomitant administration
(standard deviation of prediction errors, SDEP: 0.760). Both RSD and SDEP was the same in terms
of formula: RSD or SDEP=,/Y(experimental — calculated) 2/n
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Fig. 10 Simulation of blood concentration of CYP3A4 substrate drugs following their oral

administration

Keys: sole administration (e, solid line); 5-day pretreatment with daily doses with 600 mg
rifampicin (A, dash line). Pharmacokinetic parameters for each drug were estimated by

curve-fitting to the blood concentrations following the sole administration, and then used for

predicting those following co-administration with rifampicin. The pharmacokinetic parameters

are given in Table 6.
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FEIIEETE D LIE LT,

Table 7 1%, fixCYP3A4 FE LV 77 vy v 20O LB OEK DDI it 2 £ &
bDOThb, IRMEIZY 77 v rofkba, MR, ZB5AEEEEL. ABAOD
CYPDOW-HIfE & UTHERE L7z, IRE & KIHE D fmeypsas [EZ VT, UV 77 BV O
IZ X 2B EEHEY D AUC B F4 5 H L7=(Fig. 11, FHIOMBEHREQY) K O T RIFRZED
MR 22(SDEP)IX 0.684 & 0.0630 T&h Y, CYP3A4 #HEIZRIT 5 in vitro /87 X — 4 >
DR 73 D AUC JBib % 9 £ THRITE 2 Z & RENT2,

Flo, EROFELHEBET 272012, MEDIRETVICE D TFRIGIT 72, Simeyp
(0.0072h') & N in vitro-in vivo #iZMZ &= TR 5 A7 kaeg fE(0.08h1)70.71 Z W=D
Q2 EIXEEH 0.499, 0.570 E7podz, XHIT, U7 7 BV FRRE % 7= Bl
FRET LI L B FHITO Q2EIX 0.604 Th -7z,
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Table 7. Prediction of DDIs for various CYP3A4 substrate drugs with concomitantly administered rifampicin

Substrate clinical DDI” predicted pDI”
name fmCYP3A4a) - daily dose of days AUCratio Ref. ID induction ratio (IR) of AUC ratio I
rifampicin (mg) CYP3A4 activity
alprazolam 0.75 450 4 0.12 5 9.25 (6.51—19.0) 0.14
atorvastatin 0.68 600 5 0.20 4 9.64 (6.81—19.7) 0.15
buspirone 0.99 600 5 0.088 99 9.64 (6.81—19.7) 0.10
cyclosporine 0.80 600 11 0.27 6 8.16 (5.81—16.5) 0.15
gefitinib 0.39 600 16 0.17 102 7.68 (5.48—15.5) 0.28
imatinib 0.28 600 11 0.26 98 8.16 (5.81—16.5) 0.33
mefloquine 0.44 600 7 0.32 107 8.63 (6.14—17.5) 0.23
midazolam 0.92 600 5 0.041 109 9.64 (6.81—19.7) 0.11
midazolam 0.92 600 9 0.12 97 8.36 (5.94—16.9) 0.13
nifedipine 0.78 600 7 0.082 106 8.63 (6.14—17.5) 0.14
prednisolone 0.18 480 30 0.49 101 6.55 (4.71—13.1) 0.50
simvastatin 1.00 600 9 0.090 97 8.36 (5.94—16.9) 0.12
simvastatin 1.00 600 5 0.14 100 9.64 (6.81—19.7) 0.10
telithromycin 0.49 600 7 0.14 108 8.63 (6.14—17.5) 0.21
triazolam 0.93 600 5 0.051 105 9.64 (6.81—19.7) 0.11
zolpidem 0.40 600 5 0.28 104 9.64 (6.81—19.7) 0.22
zopiclone 0.44 600 5 0.18 103 9.64 (6.81—19.7) 0.21

a) Fraction of the drug metabolized by CYP3A4 (fmCYP3A4) and clinical DDI data were taken from the article
of Ohno et al. .

b) Clinical data were obtained from the articles shown with the reference ID (Ref. ID).

¢) Induction ratio (IR) of CYP3A4 activity was calculated from daily dose and days of administration of

rifampicin by using Eqgs. 6-8 and 15-17. The values for IR were represented as an average and upper and lower

limits when one S.D. for inter-individual variability of CYP3A4 baseline activity was considered.
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Fig. 11 Correlation between predicted and observed AUC values for various drugs
co-administered with rifampicin

This figure was produced using the values listed in Table 7. Error bars for predicted values
represent the standard deviation from the interindividual variability in baseline CYP3A4 activity.
Not that this variability was estimated using extended least squares analysis of in vitro data.
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Fig. 12 Snapshots of DDI models implemented in multi-hierarchical physiology simulation
platforms

Fig. 12A represents a PBPK model for rifampicin implemented on PhysioDesigner, and Fig.
12B represents a transcription/translation dynamics model for CYP3A4 following
administration of the drug, as implemented on CellDesigner. Fig. 12C represents a PBPK-based
DDI model, where the enzyme induction model was hybridized. Yellow and white rectangles
represent the capsule module and functional module, respectively. Modules can communicate
by connecting their ports with an edge.
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Fig. 13 Flint simulation of DDI between alprazolam and rifampicin
PHML/SBML hybrid DDI model was implemented in PhysioDesigner. Then, 5 days repeated
dose of alprazolam and rifampicin was simulated by using Flint simulator.
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