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FFIR I ANAIZ 31T D RN R ORBHC B E R xH 2 R L TRV . ATFEEM

el T O HE AR OTEPERF LM E IS, APICER Y A E N7 bE Y ot i

DR, H5WIHMETICED . LIXUIRAKIZBIT 25RA @t E2 R 2 &0

FHILTWD, EYRBEHIENIZE Y A FENTZIES DR E L EW %

BAMEIZ L THEH LT < 2LEOETH Y . EMREBERT 7 rn—24

P450 (CYP) IIAFlgIC 1T 21T & A EDRENZES 5 U, EREY % IE 7Y

(ff7) (CEHAT D70, ETTLT O A2 MBS D eEn & %,

Z DIz, CYP ORERFHEIIA IS L LN, TP e b 72 63 et

W% & DWENH LR, CYP OFELMFIC L 2B AENICRS

nNo, ZJv—7I7N—Y T a—RIGENDT T )7~V IEE B ORI

(ZHBLT D EW IR CYP3A4 G fHET A2 & ¢, g ErtEr vy

AT F ¥ ZINERE 7 2o OIMPEESY FRIXEAZ b, BE

I EAR T MRS SN TWABL CYP3AL ORI A= 1T AEKT L7 = F 20T

Fhary— i EO CYP3A4 FLEANZ L A EEN EF L, RERE 5| =

oM, Zo b Pa—r X U—h (B3 VA XU VD) (X CYP3AL &

FHE L. CYP3A4 DI 25T DB IdIAI > 7 v AR Y Xl PR E MK T



LB TN 22 7o BTS20 S 2T 2 & lE S TV 55, 5+

LUV T CYP BEEFHEIIENZBIRIC L > THIf S, 27t A XK

PEEIZIISNRANED U 7 o R3RE DEENZ BIR B G R+ TdH 5 B HERILK

FZRIR (AhR) ., BERKFOT o R 2 Z U2 85K (CAR) . BIX QT L7 v X %

BIK (PXR) IZfEARTHZ LIk > THth &S5, AhR, PXR, B XN CAR I3,

IZF3LFH CYPIA . CYP3A. B L ONCYP2B 7 7 I U — DA E % 353 |_I61718]

R A5 2 L I2NZ T, CAR, PXR 3 LY AhR 13 X Y K ELEE o A B

B RE (ZBAFR L T 5 72Dl fiFggit 2 5| & Z 9 mlREMED & 511, 1

nuu

2T, CYP 83t FOREEY 27 \IZEET L HERA XU MR M 4~
— =& LTHERET D720 (LB O IR & L CIRM IR I & 3~
52 EIFHEEFNICEE CTH DL EEZDND,

LW 2- A VI T R R XA 2 Z Y —)L (2-mercaptobenzimidazole, MBI)
BILOEDRATFNACTHFER 4-AFN-FTX 5-AFN2-ANT T R XA
%> —)L (4-methyle-2-mercaptobenzimidazole ¥ 7z 1% 5-methyle-2-mercaptobenz-
imidazole. 4-MeMBI £721% 5-MeMBID) [ZF 40 LY UAfdEL L L LcEs
Fro (Fig. 1)e RV AA IF Y —ABEEFFO(LAEWIL, PUEHE, iR, BE
LAVRETHR 72 8 ORI RGeS L o J g IR 4y BT

WHNTED, RUXALIEZV—LBIOZFOFERITIEEEZBIEARE LT



it Fl ST B 04081061 MBI 38 K OV D A F LTS BRI A » F070 T L%
BB A, $AZALBG IR W TR Y | T, EF#aEO/NMUEL 7 o — K
N RICE D REEDPDEHRIBEN KN R>TVWDL Z ENOHFRENEE -
TW5, ZD—JT MBLTAEGMEOIRVGRME L L ThH b TR b 1
MBI 5 Z TN A F/14K MBI OBEESWME T A~ D ZRBECRE T ORE M b B
FDREENRESND D Bra mEEH OFHE 2 E D B T 520,
MBI ZHF R REE(L G T FIRFE (TU) BLOB=F Lo FA4RFE (ETU) (I
MERETERY . Ty b 28 HHIER Q&G T2 R 2R L
TU £721X ETU & 0 &SR HRNRRI R 2R L72BY | [FERIZIR G A F vk
MBI (4-MeMBI:5-MeMBI=1:1 {&&#. 4(5)-MeMBI) [ZHUIRIREEOHMNZ 7R L
TZbDD 1.8 FOINC & EF 7220, T v b 2 RO KER D5 ICB N
TIEL, MBI ZMiEFHOBRRALE L T3 B LN T4 BEZIKT S8, FR AR
WAy TSH REA LR S, FRRIRBEREDIR T 2R L7 — 7 TAF vk
MBI %, T3, T4 B LU THS IBEICALITR 59 MBI LD b5 aEtEa R L
721231 BFUARR IR R A R T RIRAN LT 4T 2 RMeamTh v, 3K
WA FEMERTRE SR DWW ONOIEFI A HE SN TEY . CYP R, HHWMET7TE
VERE ATV —E (FMO) & W o T AR K o TARR S 7= ROk

K& DNTEIEZ 72 BT AREMED & 524, MBI OfFEEIC>WTIE, 7 v b



28 HMKE 55T ALP 35 L O AST 72 & O iR A LA 7 B LI VAT
JEEE LIS EIFEEZ R Lz, —7 . 4(5)-MeMBLIZTEEAZ NS, AT
ERZSIEEZ Licb OO, MEAFIZERRBD SN2 & o b g
FEFETHHECHBEEIRETHD Z LRSI LU, A
F L4k MBI 1% FMO &M% [HE UFEtE 42 = L7225, MBI 36 LY 4(5)-MeMBI
DI HOWTIE, 7 v b~ORE A BB G2 W TIMmMERLIZ XV i
ZOPRFIZHEM S 41, MBI & bRz U T H O 4(5)-MeMBI TN HA LT
TEBWESNTWBR, Ty WFR 7 v Y — AR DR ERER T E O
METTIZ. MBI 28 CYP2B IZRBEERNC/EM T 2 LISMIIT L A ERHERITH Y |
A F Ak MBI 1 FMO (ZBAFER)Tdh 2T & A & ORISR CREM T
bHolz, HTH 4-MeMBI iZ CYPIAL2 ZFIJIZFHEE L, 5-MeMBI I CYP2B1/2
ZE LSFHE LD,

INHOHENS, TERMEE L THWL TS 4(5)-MeMBI @ MBI £ &
Y 5-MeMBI (2% 9 2 A ARV EEME IR, 4(5)-MeMBI BMREGWITH 5 2 &)
5 4-MeMBI & 5-MeMBI & @ CYP 3538 % 7 (3R E 21 L 7o AR I F8 B4R
HIZEDEEZE2NTVWD, LLRBL IREWICEIT HHAESERIZ OV T,
BUED & Z ABE 723 M T IEBFE LR 02, ll 2 O E DV THF

THNGRARDVERNH D, ZDOX I MR EEE 2. RWIETlX invitro 7 vk



AFREHNDZ EIZE D, MBI 8L A TF /UL MBI OFMEICEIT S CYP DOfR
WD EERZAONCTE720, 7y MBXOE MBI 2 HBRHE
D CYP OFFEZ LI FICR T FH B DWW TR 21T 2 72,

#—3 TlX, MBI, 4-MeMBI, 5-MeMBI 3 & T 4(5)-MeMBI @ 7 54 [l | {7
AIREAR SIRC M 31T DMt EE ., 7 U A Z L« S F Ly YA aliRic
VAT,

BT, 7y MFIZ v Y —AIZEB1F 5 MBI, 4-MeMBI 3 L U 5-MeMBI
DARFHNZDWT, CYPs DFFEIC K % 5% %4 HPLC 1£ Ti~7z,

FoEm TR, AR T v MiTHas KO e FIFRIE 2 VT MBT £ 721 4-
MeMBI 1 & U8 5-MeMBI 12 & % CYPIAL/2 35 K TX CYP3A2 %7213 CYP3A4 D
8% HPLC I Tili~7z,

FINE TIE, 4-MeMBI 5L 5-MeMBI (2 L% CYPs ® mRNA DFHL %

Competitive RT-PCR 1% Tiff~<7=,

KL, TN DERFELEONIHRZFR L, BREZMATZ LD TH

éo

10



o
7 Y 4 [ B ORA AR SIRC AIEIZ IS 1T %

4-AFIVEBIONS-AFIN2-A )NV I T bR XA X — VD in vitro FiaEE
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2-ANHT FRUAXA IFY =)L (MBD) &ZDAFNVACHEKRTH D 4- 2
FIN2-ANT T NRU XA IH Y —)b (4-MeMBI), 5-A2 F/L-2-A )77 kX
VAAIHFY =) (5-MeMBI) 3 LU 4-MeMBI & 5-MeMBI @ 1:1 {£E5 4 4(5)-
AFN2-ANT T F R XA I E Y —)L (4(5)-MeMBI) 1= 2ELEHIERIE L
TIESHWSERD & EBIZ, T v Finvivo BERBRICE W THIRIREM S L O
JFEEtE 2 "9, AP TIX, MBI 38X O X FOULFHER (X F /11 MBI

EFRT D) IZHOWT AR LRGN SIRC M2 3615 2 M7t 2 fi A

L7z, SIRC iz BB E T C 2 Rl L, Z U RZ L - XA ALy
Y MR 2 O CTRllIa AR fF R 2 0 L, PEREUEIRE (LCs) ZZENZEi
DALEWNZHOWTEI L7z, LCso DR b ENZENOILEY Ol EtE D58
JE1E 5-MeMBI (761.5 uM) >4-MeMBI (796.3 uM) > 4(5)-MeMBI (822.9 uM)
>MBI (1002.9 uM) 7257z, AT /L1t MBI (% MBI & b U CEWW il st 2
BTz, ZHUET v b invivo BRERIZIH VT MBI 23 WO LR IR MR L O #
PEaFFD & DS LT ORERTE - 7Tc, T ORERIE SIRC MEA TR LY b
SEMGHBER OIEVEDNMENE B DD Z EI2E D A F L b MBI DRV

JREEIER X OWFRIENX in vivo (BT DN H 5 Z L AR LT,
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Afe — 4SS de B

5Bl B

4-MeMBI £ £ OV 5-MeMBI (35 47 L U U4 % £ MBI O A T /U LFEE R
ThO., FAU LY AEEIHREENS L OFEEICBEE LTV DT, 4(5)-
MeMBI /& MBI & [AIRRIZ = D ZABRG R8> 2 & LTINS WG
NTND ol 2 b o TR RS TR TORREE-PEREL H~D PRI
b h~OEENEEIND,

MBI 5 X' A F /UL MBLIZWT LS 7 v MZET % 28 HIFRE ARG
BRIz L0 BARIRTEVE & FEEME 2R L, MBI & Rl L C A F /(L MBI O35\ 55
PEA IR L72802203) 0 = pFPE o, SRR EN BT LB 20
. BERWE D invivo 7 v b 8 HREIRER ARGIZB I DI 7 vy — Lz
W72 CYP #BERER CTlx, A F /L1 MBI C CYP {EMEOFBEN R Hie—J
T, MBI T CYPIEHDHENRD B2, Z D L 5 (TR E O IEIE
WIZ DWW T CYP AR & OBSEMED B STV D03, BRI E AR O
FED. DOV L > ORLEFEENITIARHATS 5,

AHFFETIE, v Y A A IaRE SIRC #ifig 2 VT MBI 38 X OV A T4k

MBI O AE 1) 72 32N H % in vitro FIRFEIEIC X VA L7,
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BH MR ik

H—H ALFE

PERME . 4-MeMBI, 5-MeMBI 3 & O MBI O##1% 1% Fig. 1A 1278 L7z, MBI

(CAS No. 583-39-1, PubChem CID: 707035) %, & 17 A /L AFYEHiEREA S
O CRBR, BA) 2»HHEA L7Z, 4-MeMBI (CAS No. 27231-33-0, PubChem
CID: 3034478) 13 4(5)-MeMBI Z 73 BISEHTEPNC L0 5BET 2 Z L IC k0 &S
7o 4(5)-MeMBI % 2 % /) — /L CIEEfE L, MmEANCE D 1 RH\HEE LT 4-
MeMBI HEE : 85-90 %% fF7=, i\ T 1 IRF#E 4-MeMBI % =% / — L CllEA
R LIENC K0 2 S & L C 4-MeMBI HlE : 99.5-99.8 %% f5%7-, 4-
MeMBI (% 2 K& & FZBRIZH V=, 5-MeMBI (CAS No. 27231-36-3, PubChem
CID: 712373) % Merck ff: (Darmstadt, Germany) 7>5HEA L7-, 4(5)-MBI 13K

AT TR ARt R, AAR) Lviftani,

o5 IH e rERER

2T OB E DML, SIRC MIfLDOASFRE 7 U ALV « SA F Ly
e PRI K D BYRET 5 2 & THRE L7z, SIRC #liid (ATCC No. CCL

60: American Type Culture Collection, VA, USA) (%10 % v >R MiE (FBS,
Thermo Fisher Scientific., MA, USA) % & ¢» Minimum Essential Media (MEM,
Thermo Fisher Sientific) % M T 37 ‘C. 5% CO, XfH T CTH:#& L7, SIRC #
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Fa i ZAmfa EE MR BR 21T 5 AN 3 £ 72124 HEB X112 0.25 % Trypsin EDTA  (Thermo
Fisher Scientific) % AW CTHEREE R 21T/ o7, 2 TOHBRWEIIA by 7 %
400 mM/ DMSO CTii# L7z, MBI 137k < 0.1 g/100 mLat23.5 CTHY 6.6
mM Kiifi CKICFIETH D720, HEHTHIN L DMSO (KIRE = 0.75%) T
M7=, 4(5)-MeMBI (X 1000 uM THEfh, 4-MeMBI 13 350 uM THEdh, 5-
MeMBI 1% 2000 uM THEFEDENZ RO B, UL EOIRETRIKIZ DUV T
B IR 2 I T — 722 3 BUK 2 15 T EBRITH W 2, 96well ~ A 7 1
ZL—b (BB F v —96 U = /LEJE, Corning Inc., NY, USA ) (Z20.1
mL BB E 7R A R L. 0.1 mL SIRC HIR IR (2.0X 105 cells/ mL) %
WU 7=, SRR T 20 /rEERE L1k, 37°C. 5% CO &M FC 72 Bifil 1 > %
2= g v L, BEREZRELEZOBAEEICH > THREL L2 02 mL
PBS(-) (¥ /L~y 2 PBS(-fyR, HKEERRA S, Wat, AA) T2 B
. AZ =N LT 04% 7 VAZ « A F by MNAK (BE7An
DFeisRE A 4E) % SIRC HEfIZRIN L, =R T30 A v FaX— 3
YIAZ LI K AMEAE YA LT, SIRCHIlIXZ VAL - XA ALy |k
R A bR EL . AGEK TG LR L& 2 A1, iR 50% =X ) —
Vo 1% BERKERIR) % 0.2 mL WIN LBRPIRIRE, ~( 7 a7 L— KU —&

— (Model 450, Bio-Rad Laboratories, CA. USA) % H\ T 595nm W% 2
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EL, EMEBEHEE L, TNZENOLEWOEEEFERE (LCso) 13Kt
FEDINT L o T log-logistic curve fitting % R softwarel¥7l, drc /N 7 — B

KXVEHL,
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CELNER T Sy

7Y RBI « NA F Ly MYEPERER TIX, MBI i3 SIRC Hifa o> 4= 7738 % ik
D EET2, 200 M BL ETHEFFEIMET L, LCs X L% 1000 uM 72 - 7= (Fig.
2A), 4-MeMBI, 5-MeMBI 35 J U8 4(5)-MeMBI (2 331) % Mg FRIZEh 2
200 uM LA ETIE R L, LCso 149 800 uM %7~ L 7= (Fig. 2B-D), LCso DED 5
SIRC (235 1F 2 W O M EtE L~ 11X, 5-MeMBI > 4-MeMBI > 4(5)-
MeMBI > MBI 725 7=,

AHFFERE R TIE A F /AL MBIl L 7o Miflad e 42~ L, MBI KD &30

MlREEEZ R Lc, ZiUL, XUBUVBRIZA FVENEET S & MBLFERO

~

MlaEENEmEDL Z L 2R L TWD, ZoMRIE, EfnE LTHEHNSND

R R IEZ— )VBEIROAEYIERIZEELTEBY, XRUBVED SALOE

Hadllz ko THY5R & A BB MBI B L YA F Lk MBI O IEfE 72 g5t 2

A=A LTH LTI R, LPLABRRG, 28X F -7 u7 7 Y — LR KO

BHEBN R AEDHERS, a7 %S —BOEEFR HUNE O

BT JEPERR RO A2 &0 W O OMilaztE A B = XL RS D

xR EARDOIEET L E L TR A, I XY — UEEIIRIES N TS, L

72735 T MBI 38 XDV A F /(L MBI CHfEL L 7=l E A = XA E T

WA RIREMEDN B 5, AAFZRIC 1T 5 SIRC fRIZ 1T 5D MBI B LA F 11k

17



MBI OFIEEMEDTRE X, T v b TO invivo HFFEIZIE-S < 2 5 O BUARIREME
B L ONFRIEO IR & el U CHIIR~D, X 0 BN EEEZ R L TWD, In
vivo 7 v hEMERERIZI VDT A F /UL MBILIE, MBI & bl U CHURIRE & O
BRIB LOHIRIRA NV E > OARKRE R &0 L0 550 FRRIREE AR L, FE
BEODOT NN, EOHEESR CYP OFE L /R T 2 LI X 0 WO AFERE
ZooR L7223108) 0 5t 5T A F Lk MBI @ in vivo (23 () 5K\ FRIR R B
FOUFEMEIE, HEMARHEESR CYP DFE) WO RIRRIZ L Db DL
ZZ BTz, SIRC MR ITIEMRBEERTEMEDMR N T2 01T, AMFIERE R, B
BRYVE D ENES CYP OFFEIC L D ETIZH D EERADND ZvE TOGH

B XFELT,
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B S

o 4 S Sk AR RR SIRC % FU T MBI, 4-MeMBI, 5-MeMBI 33 L O
4(5)-MeMBI OFIEFFENEIZ DWW TLL T D Z ERH SN2~ 72,

1. LCso DEND . #EWE OMIdFEIEDRE L, 5-MeMBI > 4-MeMBI >
4(5)-MeMBI>MBI TH 5 Z & &R LTz,

2. AF UL MBI ALl L7 filamstE 2 or L, MBI XY &\ filaste 2R
L7oRERIL, RXUBVBRIZA FEDBGFIET S & MBI 8RO M
MEEDLZEERELTND,

3. SIRC M DKM EERTEEDMENZ & 226 A F L K MBI @ in vivo
(BT DIRWARR IR X TR, B REMREOFTIC LD b

DT D &V IR & SR LT,

AREILTREDm LICFELR I NI,

Yukie Kuroda*, Atsuko Miyajima*, Kazue Sakemi-Hoshikawa, Makoto Usami,
Katsuyoshi Mitsunaga, Yasuo Ohno, Momoko Sunouchi. /n vitro cytotoxicity of the
thyrotoxic and hepatotoxic rubber antioxidant 2-mercaptobenzimidazole and its 4- or 5-
methyl derivatives in rabbit corneal cells. Fundamental Toxicological Sciences, 7.6,

(2020): 249-252. * These authors equally contributed to this work.
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T LEABG T 4- A F VB IO 5-AFNL2-ANT T R XA I H S — )LD

invitro D7 > NFI 7 o — BT 5186
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4-AFN2-ANT) T "R XA I X —) (4-MeMBI), 5-AF/L2-A NI
R XA 2 H Y =)L (5-MeMBI) 13 = LAEZLHIEA] 2- AV BT F R XA 2
& —/L (MBI &RERIC, IR TEMEBHE LTHEA SN TEY . T v b invivo
w31 2 99 WITFEMEIT IR T 7 m— 4 P450 (CYP) OFfE
ICED2bDEBZLNTVD, LMLERL, Zhb{baniREmE LTHY
LTS ED CYP ZJr LI AR DWW TR 63272 > Ty,
AWFFETIL, M Sprague-Dawley 7 > "Ll L7=T > MiFX 7 vy — 2%
MBI, 4-MeMBI & LT 5-MeMBI f#(£ F TA > F 2X— 3 L, HPLC {EIT K
> T CYP IZ K DB E DR Z it U7z, FEEIRAY CYP BREH| SKF-525A %
WIMUTZF R 7 v Y — A TR TOWEBWE O IMET L CYP IKIFRY 722G
DIRIBEINT-, i< CYPHEAIB-FT 7 N7 IRy, T/ v EH—)L AV
=TV R LT v MO 7 vy — LSBT D8R E OREHEL, 75177 4-
MeMBI &3 5-MeMBI & X Vg L, FiZ7 = /20 E 7 — )VALELEE CRAZE C
Hotz, THITLY 4-MeMBI & 5-MeMBI @ CYP %/ L7-#1 EAEH % 5850191
BT H Z MM TE, 5-MeMBI (X CYP OFEHK| & L TE Z & T 4-MeMBI O

BRI IR NRE T T EER BN,
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5Bl B

4-MeMBI, 5-MeMBI, 4-MeMBI & 5-MeMBI @ 1:1 {EE#ToH 5 4(5)-MeMBI
X, ATF LS TWRW MBI & AR, = DGR EER] £ 72132k k Al & L
TR LI TEY | BB HEBEDE L L THbNL =T L FAIRE
RPN L L THOND AT~ — )L EREERETNEBIN S KNIk
F % 28 AIROKIERE A GHIETIX, 4(5)-MeMBI & MBI Ol 5 TFA4 7 LU
UHEEIC K D RRREEEZ R LA, MBI 20BN EETH DL EB X 6T
28122 U L7ed D, T v MF 7 v — A0SR HERLE ) R O
25 4(5)-MeMBI & £ 72 @M1 H 0 | mEFRIZIIT 5 4-MeMBI & 5-MeMBI
D TOMANEM L LT, 4(5)-MeMBI O RN & IFmtEil e oo n<
NOBEMEFCNLVITNZ LRI NTNDHE, ZOMEEHD A T =X 4
& LT, HEMHEERIEE DB EIL 4-MeMBI (2 X % 5-MeMBI O%h=#E1fEzb
D BHDHWIEZEDHD 5-MeMBI (2 L 5 4-MeMBI O%h#fiE w1t Cdb 5 Al RENE
MWEZBID,

AWFFETIX, 4-MeMBI, 5-MeMBI 35 XU MBI @ CYP #FEIC L 2G4 &
MZTHILEEAME L. ZNODOHEBRMEIZONTT vy MiFX 7 ey —20%

AWTREERBR 21TV, CYP OFFERCUEINZT v PO I 7 vy —AIZ
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£V CYP DFFHIZ L 5B E DR ~D B2 A LT,
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CORNEIIES 7% b Qe

F—IH LFME NI 7 vy — 20

4-MeMBI  (CASNo.27231-33-0) &, KRPUBEM L TEEMRASHE GRR. H
) B ST 4(5)-MeMBI (CAS No. 53988-10-6) % 43 BlEaATIEIC K 0 4B
T 52 & THLI, 5-MeMBI (CAS No. 27231-36-3) | Merck #1: (Darmstadt,
Germany) 75 A L7=, MBI(CAS No. 583-39-1) & F7 X% ' —/L (CAS No.
148-79-8) 1&'E L7 A L AFEMEEMR A St (KR, AA) 22HEEAL72, SKF-
525A (CAS No. 62-68-0) |3 Salford Ultrafine Chemicals and Research Ltd. (Manchester,
UK) 22588 A L7z, B-NADPH (34 U = Z VEERE TRt GO, HAS)
MOEALT-, T Ry, =& ) —)LICAIAETH HEHWE (10mM) & F 7
YEY = (1mM) 1FA S ) =R LA by 7 & LTl L T38RI
7=,

fiF 2 7 1 ' — 0% Xeno Tech, LLC (Kansas City, KS. USA) 7>5 A L7
Sprague-Dawley 7 v b BHELLZFI 7 0y — 2B L OCYP FEFI 7 0y
—Lx MW, 2y — VORI ey —2AE LT, ABEREAKLE

(product No. R1073) F7zida— > A A VLB (R1098) L7=7 v b7 — /LT
27 aY—AEEH L, CYP FEREONF I 7 v — A%, CYPIA OFFEIC B-
FT7 F 7 IR (R1083), CYP3A BLUNCYP2B OFEIZT = / /L EH
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—)L WL (R1078). BL N CYP2E OiFE |2 A4 V=T Y R LT v DT

/7y —2a (R1088) Z{H L7-,

9 I invitro {RHIFEER & HPLC 34T

BRIV (10 uM) 13, 100mM D Y e U 7 4 (pH7.4) .0.33 mM 8 -NADPH,
BLOIFIZ7vYy—2A (200pg ¥ /37 E/mL) 2> BAER 4172 250 pL SOSIR
BEFTA v FaX—hENT, KSIE, SOuLiFR 7 ey —A% 37 CTT L
AU Fa—T 3 L7200 pL ARG 5 Z & ThH S ¥, 1 F =
R—=T g A5 (2040 57) Ok, AF /7 —/v (200pul) ZHM L TRIGZE
IESH, EOICHBRYE D HPLC 53T OWNEIERE L LT 50 uM T 7 R Z Y —
N MU T AE 50 uL I LT2, BONRERF OWBRWEIXZTFT 7~ 2> —)v
ZWEMERE S LT HPLC {AIC K 0 ZHERIEIS & 0 ke L7228, fUSHE IR 12,000
rpm T 3 il LBl EEE 7o v b b—a s LY, U
% HPLC (74 ¥ A4 — K7 LA UV-VIS fiti% SPD-M6A % #5# L 7= LC-
10A, EEBUERT, 7H, HA) Tt L7, M5 7 A CAPCELLPAK C18 ODS

(4.6 nmex250nm, &4, HF) X, 7 F=FU/001M VU BNy T 7
— (pH7.0; 15/85 v/v) & lZH Wb, Z W, 1T A4 —7 2 ORI 45°C

T, MEEBHEEEIXZZFNE4 0.5 ml/ min & 300 nm 72> 7=, #ERW'E MBI 3
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L OA F1{b MBI O & &R 5L 7.5 ng/ injection (100 pl) 72572231 300 nm T
D — 7 PrFFRFE] T 4-MeMBI T 14.9 43, 5-MeMBI T 15.8 77, MBI T 8.17 43

FLTFTRULY =L TTINE ST,
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CELYEI T Sy

WTNOEBRME BN THUNEEGYOM I 7 vy — A28 2R &
XA U F 2= 3 VEFRMEIFRICHEIN L, 2 OFBRSM T T b oRE
BN FIRE T 5 Z & &7 LTz (Fig. 3A), #BRWE M ORHBMEITEL L
TEY, PLERINMIEHBOMIETH LT AU LY TORMmERI
5L TWLZEEREBL TS, ZHiET v kRN HEEIERG%ICHERYE
D AR LA PER 23 JR F I s T B Y S 7o AR R L 0 SRr s g
(26][23]

BRI CYP PHEAI SKF-525A OIRMNIL, T X CTOHBRWE ORBIF L R
{EAFHNCID S8, 26 ORI CYPs 235 L TW\W5 Z & %&7= L7z (Fig. 3B),
Z ORHRDOWBWAIEL, MBI >4-MeMBI > 5-MeMBI Th>72Z &2 5, 4-MeMBI
DORFHHE 5-MeMBI X YV 202 CYPs IKIFAITH D Z L DIRE STz,

CYPs §BENTF I 7 v Y — 5% W7o B E o AR RS R Tl 7847 4-
MeMBI (T 5-MeMBI &£ 0 J#i/b L, CYP2B 53X N CYP3A 2#5iE 457 = /
SV E X — )VALBERE CEAZE T o 72 (Fig. 3C) . 2T L Y 4-MeMBI & 5-MeMBI
OFEMEHFEOMANER %2 LA TSR T L D ICESMICHAT 5 Z LN TE 5,

AW 4(5)-MeMBI D1R#HHE.4-MeMBI (2 L D & S 7172 CYPIA 3 KOV 5-MeMBI

27



IZEVFEEI N CYP2B 12XV, 5-MeMBI 3 L X 4-MeMBI O F N F 15N

B AR S 102 RS IR R 2R S h e,

28



B S

Zy MFEIZ v Y —2A invitro FHFERBRE WD Z L THERME MBI, 4-
MeMBI 3 XN 5-MeMBIIZBI L TUL D Z E BB BT o7,
1. MBI, 4-MeMBI 3 L O 5-MeMBI [ ZBR{EAFAIIC CYPs (2 L » TREH S
7
2. 4-MeMBI & LT 5-MeMBI ORE#HHTIE, CYPs 1A B LU 2B 35 L, &
HLHH CYP2BIZX LT, KVIKFHITH T,
3. AFEREBERD invivo EEROFER G 4(5)-MeMBI ORFHIZIB T,

4-MeMBI 12X W FE X7 CYPIA BLO 5-MeMBI IZ L vFHEEI N~

1

CYP2B 2Lk V. 5-MeMBI £ L 4-MeMBI O Z N E DN RANAGHT S

ho &5 0 EIRS R AR 23R S vz,

AREILTREDm LICFELR I NI,

Atsuko Miyajima *, Yukie Kuroda *, Kazue Sakemi-Hoshikawa, Makoto Usami,
Mitsunaga Katsuyoshi, Tomohiko Irie, Yasuo Ohno, Momoko Sunouchi. In vitro
metabolism of 4-methyl-and 5-methyl-2-mercaptobenzimidazole, thyrotoxic and
hepatotoxic rubber antioxidants, in rat liver microsomes. Fundamental Toxicological

Sciences, 5.3, (2018): 113-116. * These authors equally contributed to this work.
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Jope —

B

7 v FBXLOE MIRESEFMRICE TS

-AFNVBEINSE-ATNN2-ANTT "R IZ Y —)LD

T k71— A P450 FEMGRHEEZTE M KIFE T2
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R 2 O 72 SR ARG R O 8B, BERBRIC BT 2L E O
HAEM QBRI BB R T 2 RTed, T LEMBIIER 2- AN T F R XA
27—V (MBI \ BEX N 4-AFIV2- AN T1 T "R XA I XY —)b (4-MeMBI)
ESATN2-ANTT FRUXAIZ—) (5-MeMBI) O 1:1 1REW (4(5)-
MeMBI) (FHUIRIRERME & AFEMEZ R L, 4(5)-MeMBI 13 MBI & bl U CTHWOAT
HBHEER L, TOMEAD =N E L TRYRBIEET 27 1 — L P450

(CYP) DFFEN L L, 2% TIZ CYPIAL2 38 L TN CYP2B OF%iE  CYP1AL/2
B L UNCYP2B F 7213 CYP3A (T & 2RI E DF I T 5 2 LR
W S LTV B 8181

ABFZETIET v MRS L Ot S MBS Z AL 2 AV CL MBI,
4-MeMBI 1 X T8 5-MeMBI @ CYP1A1/2 3 L U8 CYP3A2 %7213 CYP3A4 DF5iE
ZT-T hX T LY N7 42 O-=F ik (BROD) BL T A MAT Y 68 K
BRAL (TS6 B 7KFER{L) DIEMEEFRIE & L CE % HPLC JAIC KX - TRl L 7=,
7 v M OMREEEIFHIEIC BV Tk, 4-MeMBI B X OV 5-MeMBI (> 12.5 uM HiE
CYP3A2 {EMEZTHE L=, —J. 4MeMBI (> 25 uM) X 5-MeMBI (> 100

uM) OWFILh . CYPIALR IEEDOFESRAZRL, BESNTHWD T v b in
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vivo FHERER & FREORE R AR Lo, HlRERLE L THWZAAN R F—Hko
b MIMRITIZ DTSR E OFE TIIEAEZSRO i, 7 v b EITR
ROMMRPEFLNI b OO, [F CiBRIREHIPH T CYP OIGFTERIEN ATRETH 5
ZLARENT, BRI, T v FIZBWT MBI, 4-MeMBI 3 L U 5-MeMBI
® CYP3A2 DO ENEY TSR I X DM AEER 2R3 AlRetEn H 5 2
& CYPIAL2 OFENRBEDMMHAERICIZEE CHL L E2R LI, £
D—JT, & N TIX, #BWEN T > b TR LA S B B VR R 3 7l RE
PEMENZ &R LTz, DI, A XY —HLAEWIZL D CYP OFEH D
FEELZFMT2ICE LT, 7y MBXUe MMMREEEFMREZ WD Z &2

FHTHHZ LHaR L,
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Afe — AL de B

5Bl B

IR AR RN IZ 360T D RN B e e 2 Beie LR B O BtEIC T < B
9%, BN Z O 72 AR O SRR T, MlaNISS 2 RET s 2 L
M X0 SEEMERE invitro R TH Y | BERBRICB T 2L E O A
TER OBFRIZERRT D

= AHEEBS IER] MBI & & D A FOALFHEER 4-MeMBI £ X ' 5-MeMBI ®
1:1 DIEEY (4(5)-MeMBD) 1ZF 47 LU UG A I@EICR D, = 5 HEMP 1L
FE 721380 A FHREAINAI & L CLEMICRAS RIS TRy, fETR
THH SN HEEITTIRET OZTE N O b S ~OFmMENRE ST H I,
MBI ¥ XN 4(5)-MeMBI @ 7 v s OG5 Tld, MBI 25T 72 & DT
FMEA R T 7T, 4(5)-MeMBI TIIFIERLCHED TR DL EZN R 22 & D5
WIFEMEZ R L, ZOMY TH D 4-MeMBI, 5-MeMBI AL E UV HAR & [F] U A,
FVFHNZ EIRINTNWAHRI CYP (I MBI &5 Cidid & A ECTHENTH
V. —J7. 4-MeMBI, 5-MeMBI 5 £ O 4(5)-MeMBI & 5- CIZ#FEH) Th - 7225,
7 v MFIZ7 v —2A% MBI, 4-MeMBI X 5-MeMBI TALET 2 & #py
RS CYP IR A2 R L, S 512 CYPs FFEAILERIC X Y #BRmE D1

FNEEI M, o5 h CYPFBEA 7 =/ L E X — /L2 X - T CYP2B



B L CYP3A NFHFEIN-WIFI 7 oy — A TIE, 4-MeMBI 733 L < fR#f
N7 Z &6 CYP2B B LU CYP3A OFF IR E OmMEIC 8 4 KT 4 2
EMEBEZBND, Flo, 7= /L E X —)LTE MZEBWT CYP3A4 % #FiE T
Do

ARETILT v MU Z VT, MBI, 4-MeMBI & 7213 5-MeMBI D AF(E
T C 48 Ifids LN 96 IefHsE# L, £ CYPLAL2 DiEM 47 EROD
KO CYP3A2 DIEMEZFT TS6 B KL ZWES 2 Z £I2XK D CYPs D%
A L7z, SHICHANNT—HkoEEE MIRUIT#IaZ AT, 4-MeMBI 5
LTV 5-MeMBI O M %2 CYPLIA1/2 F721% CYP3A4 DIEMEIZ & o TR H T

HIICRRES LT,
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B KBRS T

I PBE
4(5)-MeMBI (CAS No. 53988-10-6) 1%, KPNHEULF T#EMEASHLYD AFL
72, 4-MeMBI (CASNo.27231-33-0) i%, 4(5)-MeMBI % 53 BIFBATIEIZ L 0 438 L
72 5-MeMBI (CAS No, 27231-36-3) , 3-AF /L= kL (3-MC, CASNo. 56-
49-5) . BEI WY 77 v (CASNo. 13292-46-1) 1%, Merck ff: (Darmstadt,
Germany) £ VA L7-, MBI (CASNo.583-39-1), 4 *~7 > —,L (CASNo.
73590-58-6) . BL T FH A ¥ (CAS No. 50-02-2) %, & L7 A /L LFk

FIFERRASAE L DA L7z,

HIH Ty MR O 2
AR —Fy N (JE 6 WE, AAT AT L —RS . B e 2 B
BE = Z 7 —BRERIAIC L 0 T 2 FHE L7z ), a7 B & 2 X 105 cells/cm?
CHRBLL7Z0b, 24-well =27 —4 v a— bE#E 7L — F (Corning® BioCoat™
Collagen I 24-well Clear Flat Bottom TC-treated Multiwell Plate, Corning Inc., NY)
(AR 2 48 FE LT, 37 “C. 5 % CO21Z T 3 R DRIRTEAAT 5 Z L CTH & &%

JEIRICHEAE S 72, PBS(-) (¥ /by = PBS(-R, AZKEEEMRA S, O,
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AA) T 1 EWEE Lcth, 4 well IZERE LTCIREE OPRERYE % & ¢ Lanford £5
o (H KBRS S, B, BHA) % 025 mL 32N L7z, 24 R EICHE
BR'E % 7 ¢e Lanford 35 MU CTHEFMIAZHA ATV, 48 R E 7213 96 RFfH £ THE#&E L
Too B % AV T2 52 E S 5 38 0 & An i AR 22 PB4 F28R oD i 1 72 FEHE 1 2 B

T DRRRICHE > THM LT,

B b MR OREE

2 ANO FF—_Sau0l (F A, BVE 17 5%, BIERE 1 B 14 1 45#]) 3 LT Sau06
(AL Zetk, 17 5k, B2 L), 2 ZHICHKRT D 24-well 7L — M
RIEFRE W e MM Z Corning #1: (NY, USA) »HEEA L THW =, fiia
1T 2 X 105 cells/cm? T, Corning BioCoat™ Collagen I Microplates (Corning Inc..
NY) (ZHi#E L72iRAE T, Lanford K7 (A KRR, L. BA) T 48
RFR L RS AR HA A 1T\, 37 CL 5 % COLIC C—MHE O Tt & 21T > 72, Al
HeaEth . B A BRS LR & & T Lanford K52 RN L 24 BRI HIAZ
#2147V EROD {EVEIEREIL 48 BFfA] £ T TS6 B /KERLIH M EREIX 48 W]

F 7213 96 Byl & THi#E L7,
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#UUIH  EROD {&MEHIE

EROD {&M1E, CYPIAI2 IZ K » TR SN HDIWMAEE 7-= FF o LY V7 o
YORBYTHL LY NT 4 COREMIZ L VF S/, EROD JEMHEIZ LY
CYP1A1/2 DIEMEZIRET 5 72 OITEFENITMIAIZ I 1T 5 EROD &4 HPLC &
(2 RV RGE LTz, BRI B AFAE T C 48 RffRIRT 8 L 7= flila A PBS(-) T2 [HIBEHA L |
REETHD 7-m F XLV IL7 42 (8 uM, CAS 5725-91-7, Merck,
Darmstadt, Germany) 33 KON V' V7 ¢ ORI R LET 57 ~m—1 (10
uM, CAS 66-76-2, Merck, Darmstadt, Germany) Z 1L T 37 C. 5% CO;
(2T 30 RS EWTete, RIGEEFEHR E U THRIL 72, RIERURHEIEE 05y
B (2500 rpm, 10 min, 4 °C) T X VR ZFR%E L7=1 0.2 mL 97> 96-well plate
LT, BHORIER £ T 4CICTRIF LT,

BERNZ, BBHR SRR IcEhEhn B-Ivrn=F—8 /T U LZALT 7
4 —<¥ (Roche, Mannheim, Germany) Z A1z, #t L, 37 CT2 RO E
FOSIZ X0 Fa Gk % o3 i Utz BEYERIIINE L7072, K=&/ — L&z
3 Sy ALER % 12 0B (2500 rpm, 10min, 4 °C) L C EEEHS7-, EiF 50l
ICEEND LY LT 4 % HPLC JEIC X W IE L=, HPLC ORIESEIZLLT
DOBEY ThD

HPLC == k @ —F—/ SHIMADZU, SCL-10A-vp
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HPLC 7> 7/ SHIMADZU, LC-10AS-vp
HOERR H#S SHIMADZU, RF-10A-xL
MTE# 7 2/ SHISEIDO, CAPCELL PAK C18UG-120, 4.6 ¢ x150 mm
7L 2/ SHISEIDO, GUARD CARTRIDGE, CAPCELL C18, UG-120. 4.0 ¢ x10 mm
717 LR/ 40 C
BEFE/ 20 mM U e U U AREETHE (pH=7.0): CH3CN=87: 13
it 8/ 1.0 mL/ min
FEAR/ 50 uL
a4/ EX=575nm, Em=595nm, RANGE=3, J&& =Med32 ¥ (SENS=2, GAIN
=1)
RS, LY L7 ¢ ;3.8 min
0-5000 nM L V' /L7  RFETAK ¥ — RaER LIRERE 15T,

BONTBREBRIILLTORT A —2 & WM L7,

CV (EEMREL, %) = BEHEREE FHIEX100

Accuracy (B, %) = (BfimfE/ HIEM) x100-100

FDA DH A X 2 ATlE, BREEITE15 %k EIE., FEIXE15 %CV O RN IR
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STV B8]
HEMOEE X, 10nM LL FTIiE 20 %24 F, 30nM LA ETIZEED 10 %L T4
RLUTZ, CVIX3 oM T65%ZmL7-MlZ10aM L ETS %L T ERo7-, L

2N TUYILT ¢ UPERE 10 nM UL T FDA O JEHEZRi7- LT~

FILE TS6 B /KER{LTE D HIE

TS6 B /KEE(LIE M 1X. CYP3A2 F£ 7213 CYP3A4 2 K » TIRET S D I E 7
A RATr ORI THD 6 BKIEIT A AT ORIEEIZL VGO
72. TS6 B/KEALIHMEIZ KLV CYP3A2 £7-1% CYP3A4 DIEMHEAZRET H7-0IC
I IC BT D TS6 B /KELIEM: A2 HPLC 1EIC X 0 IE Lz, WBRMElFfE
TC 48 F7213 96 BRI LM A PBS(-)T 2 [I¥EE L., IR E CcH LT
A MAT Yy (250 uM, CAS58-22-0, Merck, Darmstadt, Germany) Z¥#INIL
T, 37 C. 5% CO K FIZEWT 2 R RS S 7%, BEEZHIL7-,
BERL7ZEEIC I M 1la-t Ry 7 270 r 28k F L2z
T —THH L BE (2500 rpm, 10min, 4 °C) L. flHIAHZ BRE L RZ[EH
L7cte, 50 %A% 7 — MR L, K <HHR L CRBHE 2457, #UEHIE 100 pL
% HPLC TH#IE L7z, HPLC ODRERIIILLTO#EY Th 5 -

HPLC == h @ — 7 —/SHIMADZU, LC-10A
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UV #i %5/ SHIMADZU, SPD-MI10Avp
MIE #H Z 25/ Chemco, CHEMCOSORB 5-ODS-H, Size ¢ 6.0x 150 mm (6A)
7L 715 4/ Chemco, CHEMCOSORB 5-OD-UH, Size ¢ 4.6x 30 mm (W)
717 KR/ 25 °C (RT)
FEFH/ solution A= 10% Methanol, solution B= 90% Methanol
it &/ 1.0 mL/ min
AR/ 100 uL
Fitt/ UV =240 nm
VA HIRERE)/ 6 B -HTS:14.8 min, 11 o -HPG: 21.5 min
0-100 pM 6 8 /KER{LT A R AT v RETA X X — REEk Lk &R 25
Too BREMIILV I NV T 4 EERRICEHE L2, 68 KRBT A AT 1 REE,
1 uM LR & 50 uM BAETIFEEEN 20 %Ll B2 /R L2, ZOMOEETIE, B
FEIX 11.2 %LL T2 o7, CV X 1 uM BA EDOSAH: 25 pM T 17.8 %, 100 uyM T
173 %Z R L7cMiE 5 %L T2 o7, 68 KEE{ET A R AT v TiX 2.5 uM LA

|25 uM LLF C FDA O FEHER 7= L7=,

HRNH H NI EER

CYPIA1/2 3 XN CYP3A2 F7-13% CYP3A4 DIEMEA BT 5 7= BB ik
THRICEKE D 2 VBT DA 2 X7 B D& %#1T7%2 - 72,0.5mL @ PBS(-)
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TU /L ZHEIGEF L 0.54 mL @ 1 M OKER{ET N U T AR A i L — B
& LAl 2 iR Uiz, Wif U7 /IEIC 90 L @ 6 M DO FR/KIAHE & s LiRFN
L7z, #EWT 037 mL OFEFERIK 2N A TREM UKAERE 1.0 mL O ¥ 37 HiE &
#kE & L7z, BCA-Protein Assay Kit (PIERCE, ThermoFisher Scientific, MA, USA)

Z D TR ERFE S LOMIERE 2R L~ 4 7 v 7 L— K U —4%— (Model
450, Bio-Rad Laboratories, CA, USA) % HT 562nm WEEZHIE L # /37

HaErE LT,

HUIE WA

EROD /EMAE A L OVTS6 B KB LIEMEEIZ L Y v 7 ¢ B L OV6 B KR (LT A K

2T ANEMEE 7 R B e D TRlalt BT LV R LT,

EROD & MAE (pmol/ mg protein/ min)

— REMWILLE (pmol/ well)/ well &7= 0 4 7327 B Rk (mg)/ S H]

TS6 B /KEE{LIEMAE (pmol/ mg protein/ hr)

= REHIIE (pmol/ well)/ well &7= 1) & > /37 B fk(mg)/ [GHEH]
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MU RS RIT, FIBEICB T 21EEEZ ouM #88mE 2 = > b o —/L (100 %)
ICEREAE H B L, ) R EZE TR Lz, BRI IR, — i E S Y
WraiT-o72t%. X% v NOZEMBREEITIR -T2, p<0.05 D& X, Hi5#n

CHETHD LHE LT,
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U RER

—H T v MREEEFHIEO CYPIAL2 TEMEIC KT T 52

CYP1A1/2 DIEMEIX EROD IEHERIEIZ L W E L7z, 4-MeMBI (>25uM)
L OV5-MeMBI (>100 uM) OWFHICIHBWTE,  CYPLIALR {EMED EH 3O
DAL, BB L D8RSR S (Fig.4), 4-MeMBI 1%, 200 uM T 12
fEDOIEMEZ R L7228, 400 pM TIX 10 5 OEMEZ R L7z (Fig. 4A), 5-MeMBI ©
&ML, 4-MeMBI O3 F2 %77 - 7= (Fig. 4B), 4-MeMBI & 5-MeMBI T &
NIEFHENROERIT, ZOWHRWE D CYPIALR #HEIEVEN A F VLD E
\HAFT D Z & &R LTZ, MBI IZ CYPIALR JEMEZ DT IR T SEF5VHLE
k%~ L7 (Fig. 4C), CYPIA OFEAITH 2 3-MC Tld, REKFEHI
CYPIAL2 {EMED EF-H3388 541, 4-MeMBI 3 X OV 5-MeMBI X 0 & i@ E A

oL, BEIEMEO RIS HIZEmWZ ERme s/ (Fig. 4D),

HH Ty MIREFRITMIZO CYP3A2 FEIEIC I3 R
CYP3A2 OWEMEIT TS6 8 KEBLIEMEOHIEIC X W E LT-, BEEND CYP3A2
FHEANTHDT XY ALY % 48 B CTlX CYP3A2 i MEIC & b &2 MIE & 7

Mo T-—J5 T, 96 FEEALFE CIEEKFEN 72 CYPIA2 IEMOFEARL, 6T
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I AFRYF5 3 % 7/~ L 72 (Fig. 5D) . 4-MeMBI, 5-MeMBI 5 L O MBI (> 12.5 uM)
IZ CYP3A2 O EZN R Z /R L, 48 FFEALERIZ I\ T CYP3A2 I 1ME % R R A7
IZ 50 %LL BRI SH7=03, 96 BFEALEIC B W CIZFREORE /NS L 2D,

48 IFFHALER & b L TR R4~ L7z (Fig. 5A. B, C),

BT b MMREEEIFMIEO CYPIAL2 IEMEIC KT 358
CYP1A1/2 M1 EROD {EMERIEIZ £ 0 RE L7, 4-MeMBI (% K —Sau06 T
DI 2% (200 uM) OFENFED S (Fig. 6A) . 5-MeMBI | K —Sau0l &
Y Sau06 (2N TEILEIL 400 uM B LY > 100 pM TR FEIRIFHI 72555850 B8
BB, N F—7Z% R~ L7=(Fig. 6B), CYP1A1/2 OFFEA|ITH D 3-AF /L=
Fv by (3-MC) BXUA AT TV —/ (Omeprazole) 1T EKAFH)7255E
EER L, FNEI KT —Sau06 T 10-25 {53 L O Saudl T 5-15 fF (> 0.2

uM) . Sau06 T 4 536 LU Sau0l T 25 % (25 uM) TEMEAEEIN L 72 (Fig. 6C, D),

HIUE b MU O CYP3A4 JEMEIZ KT T 28
TS6 B /KfE{kIZT »~ b TIX CYP3A2 23l L. b kTl CYP3A4 A3 filifd 2
ZEMNH, B MR TO CYP3A4 IEMIE TS6 B KB (LIEMERIEIC X D IRE L

77, 4-MeMBI |% R 7 —Sau06 THO & CYP3A4 IEMEZ K 4 fZlctgin& 1 (75-100

44



uM, 48 Bfl]) | T OFFENEIC K —ZERH D Z & &2 LTz (Fig. 7A) , 5-MeMBI
I% KF—Sau06 T 48 WfJALHLES LN 96 REFALERIZR W CTIHMEAEM L, 2.5
EREE (>25uM) 2> B RcK 3FREE (50-200 M) & R L., #BEZh BN b
720 KF—Sau0l TiL 96 FFEALELIZIS VT 100 pM TrEE R B3 7—d bz,
D OFERIT CYP3A4 OFFEME L OMREIF BRI O FIZ R —M2E0
bHbHZ L ERE L (Fig. 7A, B), CYP3A4 OFERITHLY 77 B
(Rifampicin) TiX, K7 —Sau0l TOHH CYP3A4 OIEMHHIMMNRD S, 15N
1330 L BN L. 96 WEfHALER & bri LT 48 FERTALER T LV @ WV E R R
W Bz (Fig. 7C), —FH. F7F—Sau06 (2B TITHERME Bk E R % R

L2 EFERY, V77 B TR L Lo T,
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Z v MMRIFIE T 4-MeMBI 35 X O 5-MeMBI (2 L %5 CYP1AL2 OFFE %
/R L, 4-MeMBI O#FE1E 5-MeMBI L Y 572> 72, —J7, MBI (X CYPIAL/2 ®
FHEEZ DT NIE L, ZbORRIT, B EL 8 AMREA&KSG LT
> b in vivo FHERERTO EROD {EHERIE & % 237 B O EBMATIC LY
CYPIA1/2 @ 4-MeMBI > 5-MeMBI D550 R4 774 & [FRFIZ MBI Tl E %)
ReRmSheholct WHREBI L —F Lz, 7y b THESIN TS MBI >
4(5)-MeMBI O & EFER0ES I OYMBI > 5-MeMBI > 4-MeMBI @ BUR R EEPE 131230,
A TR ST AN E 1T D 4-MeMBI 35 X Y 5-MeMBI @ CYP1A1/2 353
NFANZ L DR R OREFIT L 0 50 < SCFF & A, 4(5)-MeMBI O EICEIT 51X
AR REIFE BAE A 21X, 4-MeMBI 35 X OY 5-MeMBI Z X315 % CYP1A1/2 O 4-
MeMBI IZ L DFFBENEETHH EEZ DN, S OICHBRWE OFEM 7S &
L T, 4-MeMBI 5 X T 5-MeMBI 3R K772 CYPIAL2 DFFEENRZR L,
4-MeMBI TIXERECHENTE 722 &0 D, BRE CIIMEH I3 3
L2 ENBEZBNT,

PERET & D CYP3A2 TEMEIC MIFE 52> Tl MBI, 4-MeMBI 35 LY
5-MeMBI DWW DB E T I T b IR EARAFRNTTE MR E N R &7~ LT,

Z U in vivo IZBVNT 5-MeMBI 2307 732 CYP3A2 # L /37 O3 H &2 HE T
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HESIE NS W & R D, ZOEMEENRIIEBRME I B L TWD Z &
O, BB OBOMEIZLSbDEEZHND, Ty MIBWTMBIEB XL
O A F AL MBI IZW 10 S BURRERLIC X - THESOIRE SN D Z & B3 mb i
TWDB XFNRTF I ORI CYP3A 23B85- L, CYP3A (24400
MR HILTE Y TS B KB OTENERRE & O BIE M R STV HH8172 8
BT DOFRELERBTEER B Lo 7o b D B b, £, By
B2 X HIFEIKAFR 7 CYP3A2 OFEIL, d-e) 72 Bt LA &L - TR
BRI SN b D EEZ BT, MBI IZOWTIEZ RV EEORED L &
HITEME ST 52 L0 6, BEFRBLOMFICEE L, 4-MeMBI 3 XU 5-
MeMBI £V HiWFEEZ R LTI Z EMB 2 b,

bt MNFMIRIZE1T D CYPLIAL2 OFFEIL, R —Sau06 Tl 200 uM 4-MeMBI
B L ORI 72 5-MeMBI OFEMRZR L, 7 v b EFERIC CYPIAL2 7%
B2 X B E OB S D ATRetE &2 R Lo, —J7. Sau01 TlE 400 pM
5-MeMBI CTOFFEELZRTICEEED | Ty M EHK L THRMEOFEIZL D
RN RIS Z R LI, R YT 4 7 ar hr— e LTHWE 3-MC B
F A AT Z Y — /UL CYPIAL2 DFFEAIE L THHI TS, CYPLAL2 DFf
BITER T LUV T S 40, ARR 2800 < & ST Y WM 3.MC

(T ARR O7 A=A b & LTEEB —FH T A AT TV — /IR < B,
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RF-—Sau06 TI% Sau0l IZBWT LY bmEm<<FFEIN, — ., TAT TV =i
£ % CYP1A1/2 OFFE T Sau0l 23 Sau06 LV & LV @<FHFEINIZZ LN,
Z O XD A FAHEER BT DRI D R EDE NS R —
o TN EBEZ BN,

CYP3A4 OFETIE, FJ—Sau06 Tl& 4-MeMBI 5 L T} 5-MeMBI 075 E%) F.
D3FRD B, 4-MeMBI (150 uM)IZ331T 5 48 FRfEIREFE T CYP3A4 DA 72 imE:
DAL, ZOIEHERFIC L 2 HEL R TR R D, RPT 47 ar hr—
NLE L THWEZ CYP3A4 OFFEAITHL Y 7 7 BV TN Z AR PXR ICHE
& L. i b S 7z PXRITMIAE ) BENICHEE) L &K% ER L T CYP3A4
EHETLZENMLNTNDB Sau0l TIEY 77 v EVIC L DB EERL
= —777C Sal06 CTIIiFE 2 R S 72022 72, > T, Sau0l 3 L U Sau06 @ CYP3A4

AHET LRI TN ENR LY, b FF—HEZTRTHERO—>L LT

CYP3A4 OFERIEOBENDE 2 DL, b MFHIETIX CYP3A4 OFE A

L7-—FH T, v FOFHIETIX, 4-MeMBI 3 X O 5-MeMBI % CYP3A2 OfH

Fam Ll &b, FEICL > THBRWE O BN R Z LW BN

f:o F‘hj‘b—sau()l v@&i S'MCMBI L J: D CYP3A4 0) ZFEPZPWL‘ &) %j/l/fk_\_ k 75)[5

b AR TIIRERE D Hl & 7 DARHPEY . £ 7213 D CYP3A ~D 22N

Ty hEBRAZLEZ N, 26O MBI AHBRMEOFHEILZT v
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TOFELITRRDZ LD, B MIBWTI 4(5)-MeMBI O R 12 B 5 At
HIEEA AR AR A 23 & 2 ATREME IR 2 L 2SR S Tz,

RIFFETHONTZT v MBI b yIEs &ML A B 72 g5 e o
CYPs D E I L OPHLFELRIL, CYP OFERHEME OmMEIC KRE S Fb D —
T [FA—#RWEICBN T, AV FERRICIVEONLMRPERD Z &
Ty heb FETRRNPELRDZE, SBIC R —HTHRRDERD Z LR
SNDH & ENTNNEMEIHMIICE L 520 Z MRS nzZ b CYP

DFERBICIBNTIET v B IO MFMlaOm G2 A5 Z ERAEHTH

gm

D2 EMPIRSNT
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7 v MIREEETME S O e MOIREEEITMIZ VT, #BmEIC L S

CYPs DFFEZF LU T DO Z EIZOWTHLMNZ LT,

1.

Z v NP TIX, 4-MeMBI (X CYP1A1/2 < #F#E L, 4-MeMBI B LW
5-MeMBI (X CYP3A2 % [HE L7z,

MBI X CYP3A2 # i< P& L. CYP1A12 #5335 < BAF L7,

IS ORERIE, BEROD in vivo OFBRFER S IXFENRD LT, 4(5)-
MeMBI O I BT 2 (RE# B R MAE A EFAICIEL, 4-MeMBI 8 X O 5-
MeMBI % X9 % CYPIAL/2 D 4-MeMBIZ X 258N EETH DL EEZD
iz,

B MFMIRTIE, R —I&F L T, 4-MeMBI L 5-MeMBI 12 X 5%
CYPIA 35 UV CYP3A4 DOFFWFHENTRD HivTz,

ZOFERNG, B MIBWTIX 4(5)-MeMBI D312 B4 2 A ISR [ 4H

AAEMDNE X L ATREMEIRN Z &R STz,

ARETTREOmm LITFER LT,

Atsuko Miyajima *, Yukie Kuroda *, Kazue Sakemi-Hoshikawa, Makoto Usami,

Katsuyoshi Mitsunaga, Tomohiko Irie, Yasuo Ohno, Momoko Sunouchi. Inhibitory and
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inductive effects of 4- or 5-methyl-2-mercaptobenzimidazole, thyrotoxic and

hepatotoxic rubber antioxidants, on several forms of cytochrome P450 in primary

cultured rat and human hepatocytes. Toxicology reports, 7, (2020): 979-985.

* These authors equally contributed to this work.
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4-AFNVEBINE-AFNV2- AN T NARUOZXAL IFZS—)LDT > bD

KAER O 5-4% OFIZ 31T 5 CYPs mRNA FHl 35

o2



4-AFN2-ANTT IR XA IHY—) (4-MeMBI) I 5- 2 F/L-2- 2
NWHT IR XA IHY—b (5-MeMBID) [EF ~7 v— 2 P450 (CYP) 4 17H&
AHEL, ZNFhORBHTHOWT CYP O AMERIC & 2 FEIER I VRIR S
TV L EIHE, CYP OFFEIIBANZ BRI L > TEEF L-VL THI S Tn
5703, 4-MeMBI 3 XN 5-MeMBI (2 £ % CYP OFFEITEMR T LUV TH 50T
STV,

AAFFETIL, 8 H B E 2 KER NG L= 7 » b OB HAE 2 v,
Competitive RT-PCR 7%(2 X 0. CYPs @ 9 43 FFEIZ-OV\ T mRNA R &2 E &
L. 4-MeMBI £ X T 5-MeMBI @ CYPs DOFFEIZ OV THEIE T L UL TRkl L
oo A RhBR—REEEL T, 4B LV 5-MeMBI OWTHIZHBNTE
CYP1A2, CYP2B1, CYP2B2, CYP2C11, CYP2El, CYP3A2 ® mRNA ¥ Hi &
FRLE, 202 EnD, 25D CYPs D EITEGFRE L~ THIEI S h

TWHZ tuERLT,
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— A El=N=R
Bl B

MBI (3= A Z(bPIILAIE 723 B A v FH & LTRSS TEY,, £
D AFNAVHEIRTH 5 4-MeMBLE L N5-MeMBIL D 1:1 DIEEW T 5 4(5)-
MeMBI %[RRI THERICIR Wbt Tl v, LR BRE TRIZHT 58
HH D NRICRIETHENRSEIN TS, 2 E TOFZEICE VT, MBI X
SRVHR IR ENE & P2 R U, Hl U T A Fu b MBL IR RS & 550
Ptttz md 2 & R STV 5828 X514k MBI O3 55 TR
4-MeMBI 2 & % 3R CYPIALR OFEEB L O 5-MeMBI 12 X %
CYP2B12 DFHIZ L DD TH D Z & NRE I TN LRI TIEZ

S D HY IR OFEICE L T mRNA OFHE 2 HET LT,
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B KBRS T

UA AL —F v b (., 488, BAT R )L —E S, FR)IC 4-
MeMBI (0.6 mmol/ kg / day) . 5-MeMBI (0.6 mmol/ kg / day) % =1— > JHICIAfi#E
LCEGEZ 05ml/kg/day & L, @i 8 ARG ORE Lz, &HEL
BB, DRTOFRICESW TRIRS 722, B a7 7 —BEIc &
o THFHR D % BEBE L iRS L 7= o 7" /L % RNeasy Mini Kit (QIAGEN, Venlo,
Netherlands) # VT~ = = 7 /LI > TR RNA ZfhiHH L, 8 L7, TaKaRa
RNA LA PCR Kit (AMV) verl.1 (E{fi&E, BAL. HA) I XL O Rat Cytochrome
P450 Competitive RT-PCR Set (Eifi&, H#, HA) 2T~ =27 /W
- T RNA WG 53 L OV PCR RS Z 17720y, Competitive RT-PCR {£(Z L
CYP ® 9 4377 (CYP1Al, CYPIA2, CYP2B1, CYP2B2, CYP2CII,
CYP2E1, CYP3Al, CYP3A2, CYP4Al) DB+ mRNA FEHL % JE &I
E L7z, CYP2B1 3 LU CYP2B2 D4 BilE &I IEHIBREESR Mun 1 (iFE, &
W, BA) 2RV, RBRTFOGRET T A ~—EINIEH S I ST
W TRTOEM IR, ESLEE SRR SEET OB EE R ICBE S 5 T A

R A ATHE- TEH S iz,
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CELNEI T Sy

ARFZEIZF DT 4-8 LT 5-MeMBI DWW 1I280 T CYPIA2, CYP2BI,
CYP2B2,CYP2C11,CYP2E1,CYP3A2 ® mRNA R EL &) E&H L7z, F5l1Z CYP1A2
IX 4-MeMBI T 32 50 EF %R L, 5-MeMBI @ 4 {55 Y K& ) o>72 (Table 1,
Fig. 8), ZHUIHERME % 7 v MR DO RKERG L7ZBRICFFE L7 EROD &Mk
R E T MFRE O ERBR O R 4-MeMBI > 5-MeMBI T - 7=
V) IREDSII L B L R E N EE T 50 TN CYPIA2 THDH Z & &
BEE L7z, CYP2B1 3 L TN CYP2B2 O mRNA FELDOFEE X 5-MeMBI > 4-MeMBI
THY ., Bl LB E DT~ b O invivo B X Winvitro #HEREBROF R TH
% 5-MeMBI > 4-MeMBI O RS L —9 25 & L 2, CYPIA2 {EMED
EH-EF T CYP2Bl B LU CYP2B2 iEHED LA B FREAE ) 2 & 20R
L7,

CYP2C11, CYP2EI 3 X U8 CYP3A2 ® mRNA %3ii% 4-MeMBI & 5-MeMBI (Z
BWTHBEOHMA R LTz, LOLRRL, 26D CYPIZBWTT v hD
in vivo HERERFER TIT CYP3A2 O X 2 /X7 BRBLN 5-MeMBI |2 L - T
ENAMITWERWE LD 2D CYPs DX L7 ERBULFR Ui 45 2
ERRESINTEE, BREFREEALIT B LRl

AHFFEARE 1T 4-MeMBI 35 X O 5-MeMBI (2 & % CYPIA2 3 X1 CYP2B1/2 #
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BRIV TRAPHE SN TS Z EZRL, ZRBHICE->TT v b
invivo T MERERIZ )T MBI DM F&EMEZ2 7R L7 — 77 T, 4(5)-MeMBI 2355\ JH

MERLEZELDEEZ B,
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B S

Competitive RT-PCR ¥5% ) C mRNA O EHZE(LIZ L D CYP 7535850 5 % T~

UTOZ EZH LM LTI,

1.

4-MeMBI B LT 5-MeMBI (% CYPs 1A2, 2B2, 2C11, 2E1 B8LTF 3A2 @

mRNA BHE2FHE LT~

2 CYPIA2 OFE N KX < | 4-MeMBI |2 L A58 &3 5-MeMBI (2 X 53

HED 8fFmn-oT,

W2, CYP2B2 OEE&E|T. 5-MeMBI 7’ 4-MeMBI O 2 {50 > 7~

IO DOFERENS | in vivo BRI L W in vitro RERIZEIT 5. CYP OIEMEH

MZ. mRNA O L-~ULTOIREBEINC LD EEZ BN,

AREITTFED web FIZAB IR TWA,

Yukie Kuroda*, Atsuko Miyajima*, Kazue Sakemi-Hoshikawa, Makoto Usami,

Katsuyoshi Mitsunaga, Yasuo Ohno, and Momoko Sunouchi. Inducibility of cytochrome

P450 (CYP) mRNAs by 4- or 5-methyl-2-mercaptobenzimidazole in the rat liver after

repeated oral administration. ResearchGate, (2020).

http://dx.doi.org/10.13140/RG.2.2.13690.93122/3

* These authors equally contributed to this work.
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MBI, 4-MeMBI 35 X OF 5-MeMBI 131 I ¥ Y — LB &L F AT L ) A4 3@
OHEEE LTHRD, MEIC LB bEmTdH L, LLRBE L, v b in
vivo BEMERERIC I\ T MBI IZIF#EMEZ 7R3 T, MBI O A FLFHELRTH 5
4-MeMBI 3 L O* 5-MeMBI % 1:1 TIEA L7z 4(5)-MeMBI (Z59 W &2 R 2
&M I TV HRARS] ) KT . ZDOFEMEOENZ OV CERY T &
CYP BESBE L TWD &E X | #BWE O & DRfRIZ OW TRl %
R L7, WRICHERE O CYP IZ L B2RE & CYP OFFE & OBIRIZ-OWTH

T 2720127y MFI 7 vy — 22 AW THRFZIT o T2, FRCEEICE
BhERIFT EEZEZHND CYPs 70 FF CYPIAL/2 B XUV CYP3A OFFEIZOW T
JFRIfa 2 VTR 2 & & biz, 7w XU MM 2 v TR
WE D CYP OFFEICHOWTEMEFINHERE Lz, &&IZ CYP OFHIZH
WTCEBEFRIIZ YW THR 21T > T2,

F—ETIX, UV ARSI SIRC #ifin % AV T MBI | 4-MeMBI, 5-
MeMBI 5 L O 4(5)-MeMBI Ot %2 4 L7z, A F /1 MBI IZ MBI & k.
L CEWIIREEZ R Lis, Z0UET > b invive SRER CTHAS S 4172 MBI O

O YRR TS K OWFEE & 1T DR RTE - 7o, LCso DFERM B ZN TN D
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L& OMIaFEEDFEE 1L 5-MeMBI (761.5 pM) >4-MeMBI (796.3 uM) >
4(5)-MeMBI (822.9 uM) > MBI (10029 puM) THDHZ L ZERLTZ, ZDOATF L
{b MBI 23l L7z fifa st 27~ L, MBI & 0 bR e st 2 on U723

X, RUBUVBRICA T AVERGFET S L MBI B EROMBEENSEHZ L&
AL TE Y, SIRC M T T BTG ENMRN 2 £ 6. A F/1{k MBI
D in vivo \ZE T DR FIRIRFRIER X OWFEEE. KRR OB EIC L D
HLDOTH D LW DL ZE SR LT,

BOETIE, 7y MFI 7 vy — A% VT MBI, 4-MeMBI £ £ O 5-MeMBI
ORI, FERINW CYP BLEH] SKF-525A MLERIC K 2 9B E OfRGEH, B8
FTRTIRY T2 )NV EX— VBRI, V=7 Y K TO CYPs iHE AL
HI 7Yy —AIBT BB ONRH 2T, RWEOWT b CYP K
RN &, CYPs BT R 7 v — AT E OB Mt S b =
ExERRLTC, FRZB-TT7 F 7 IR ATED CYPIA 58, 7=/ 2\ LEZ—)L
IZ& % CYP2B £721% CYP3A OFE X 4-MeMBI #3 LR L7z, 24Tk
V. 4(5-MeMBI @ 5-MeMBI Bl L Y 55\ EMEREL CYPIA, CYP2B 7213
CYP3A 2385 L. invivo #FHEHBRIZ LV #5472 CYPIA B8 KUV CYP2B D%

HSNZ LY 4-MeMBI OffgiMEE SNz b D LEZ 2 BT,

=TI, % 5 T 4-MeMBI B L O 5-MeMBI Ol CYP1A1, CYP2B
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FIXCYPIA BB ET L LR ENTZZ LD, Ty FBEIUE M)
RIFIEZ VT CYPIALR2 BX N CYP3A2 /213 hDT A Y 74— AThH
% CYP3A4 O 4-MeMBI 3 L O} 5-MeMBI (Z & B35 EIC OV TRRia LT, #83W
EIRBERICOWTIEL, 7 v F THUIRRENE & Tt 2R LI B i 5- & 0.3-
0.6 mmol/ kg® &= B FfHE L L TW\W5, ZiE, 60kg DRLAIZK LT 2.7 g DIREE
BICHY L, T2 (BhIEA & LT MBI £721% 4(5)-MeMBI 2MEf S 554
IZ. 2T A 100 g (2% LT MBI (% 05-2 g Off & & 72V (https://www.jp-
noc.co.jp/rubber_chemicals/antioxidant mb.html,
https://www.jp-noc.co.jp/rubber chemicals/antioxidant mmb.html), T35 & LT
HEISNLIHGETILE FPBBEINELIETHLIEEZIOND, 7y M@k
Zo L M TP B X MBI CIEI 113 uM M3 KIETH Y . 4-MeMBI TlE# 36
UM DI KIETH 223, 3> TRMFZEIZH W TR ERE LT ¥ b in vivo T
B R TIRE L2 S, ML R SR OVREORHA TOMFT L o TS,
ERIX, 7y PBIXOE MZBWTHRYE 100 uM 2L F O{KRE T
CYP1A1/2, CYP3A2 £721% CYP3A4 OB ENRD HTZ, T v MIBWTIEH
BB O FEARAFH) 72 CYPLAL2 DFEZNRZR L, CYP3A2 DIHEMREZTRL
72o CYPIAL2 IZDWTIE, RAEHEG-HBRIZB W THE ST 2 R EnESR

OFERER L FAROM R 2R L2 — 7T, CYP3A2 X B DR AR L7228 =
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® CYP3A2 OIRET, #BWE OBiRERIT K 280072 AR & B E o
FrOF A —//VHS TS B KL DTEMELTE & BES Sl LB 2 Hivlz, Zi
D DFERD B 4(5)-MeMBI D 1 IZ BE T 2 AREH RIS RIAE A AE 21X, 4-MeMBI
B L 5-MeMBI % {9 5 CYPIAL/2 D 4-MeMBI (Z X 5B ENEE TH S &
Ex b, B MIMUITMIZIZIWTIEL, CYP1AL2 38 LT CYP3A4 DWW LI
BWTH, 7 v M CTHELZ/RTHHANTORE & CREKRFN2FHEL R LI,
CYPIA12 OFENEETLHLEZLNDHDDT v b TRE I LT HEBRME
DFBIC L HEHIFITTH D EEX BN, 7y et M TIIHRYED
CYPs TR AR AR L, 51Tk MIBIT S CYPIALR 3 LT CYP3A4
DFEHFIL R T —KFHTH Y CYP OFERKEOE NN R —RzE L 2o T
WD EAERE LT, RS XY R T —MZED CYPs O8I RE AT L2
& xR Lz, WERWIE D in vitro DITAGENE in vitro FHUHES & R ORE R4 7R
LTHEY, Z0Z LiXinvivo DFFHEERIL invitro |IZTE S B AIRETH S =
EHERLTWD, T MFMlaE v MM Z O 72 AGHERER To R K5 R
X, B P OREFRRE T & U TR AEIEE R ORERBIT M T 2 v
LTENMHERSND, L LR s, AR EN TS L5128 P TIECYP D
FEEMRBEAZERHDLZ L, RT—&JIZIRY RH DL b Tk

FWVEICK U CR =R T TR 295 Z LT T onicomthitio 2o o
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MEREH 727 — 2 OWARREE LWV, — T, Rtk Tnd 7 v MIFESEETT
DOFERRFRETH Y MY IR LORBRITHE L TWD72d, B FOFEETHIICE N
TIE. 7y b FomGEM7ERIIHNT 5 Z e b ~DOREREHEE T O
REZmDLZ LI b B2 b,

55 DU T, Competitive RT-PCR V£ % VT #BMEIZ L 5 CYP OFFEIZD
T mRNA O EREAR T I BT 21T > 72, 4-MeMBI ¥ XU 5-MeMBI |3
CYP1A2, CYP2B2, CYP2CI1l, CYP2EIl LN CYP3A2 OBEm 3L %7
7. FFIZ CYP1A2 OFFENKE <, 4-MeMBI 12 L 5758 &1 5-MeMBI (2 X %

N

BEED S FmEmM-oTz, WZ, CYP2B2 DFFE &L, 5-MeMBI 7% 4-MeMBI O 2

h=(I1}
S

EmEole, ZNHODOFERNG ., in vivo sBRESIS X WY in vitro 3R 1T 5 |
CYP OIEMEHENINIE, mRNA O L~L TORBFEICL D EEZ BN,
PLEDORERIL, 4-MeMBI 35 L O 5-MeMBI 1%, {E&% 4(5)-MeMBI & L CTHW
LNTHEIT I CYP ORBFHEICL Y  BAVWORBEMET D 2128,
R EES L O EEEZ/D 5, L0 ) REEDMEEERZEZ 3635
Z DIV, RONEEE FOEWE ZIREGY & L THWZHA T, SRR
HEERICE D EHEEZHO 5. LW O FAHRBR % in vitro RBCRIZE > THS
M LTz,

EBER 72 A R 74 2 ICH IZED b AL EMEHRERBRBB LN v ask
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T 4 7 ABNZBW T in vitro BBRIZFEMERERIZB WD THRIBIF ZNLEIZH B,

UL 6, ARWFEIZIBT in vitro iRBRIZHERYE O B IEIZ SV CEE 72 1E

M F 2 R 2 LN TX-, X512, b MFflazZ AW ERB X5 v T

15 6T BT OB ERER & AR5 R 2R L, B BROF RITE b

ERMBETLHRBROMRLITLALE B LRV E SN TWLBID | LR

2B 5 e FMHECROMELZ FWTZ in vitro iRROEEME L R LT, 5 FEDT

M TEE2 T2 in vitro IRBCRIZ K VALY E OFEM 72 B ERBH 502720 . Al

I BT 2B RIEIIREEIZHM ELTWD, S%ITERD in vitro 7R

BROFERE L TEEOT v A NAREREERN M TH LAV /A K

SISO 0 7 1 2 =7 BT B~ A 7 vk S 2578 L OBI% T,

HEIC LD S0k L SNTALEW DO FRAMR/SA A EH S & o 728 Lub

B ~OFNMFHE~EHN SN 5 FITIA T, BMEEOB R D I ERD

HITBZ RS S D,
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SIRC il Z IV 7= i FEME3RBR Tl MBI, 4-MeMBI, 5-MeMBI 1 X O 4(5)-
MeMBIIZDWTELFD Z &R LIRS T2,

1. LCso DD, #BME OMIEEDTREIL, 5-MeMBI > 4-MeMBI >
4(5)-MeMBI>MBI Th 5 Z L /R LT,

2. AF UL MBI ALl L7 filamstE 2 or L, MBI X0 &\ flilaste 2R
L7oRERIL, RXUBVBRIZA FEDBGFIET S & MBI 8RO M
MEEDLZEERELTND,

3. SIRC M DKM EERTEEDMENZ & 026 A F Lk MBI @ in vivo
([ZBT DRV FRR LTS K ORI R R OB HIC L5 b0

THDHEVHI R E R LTV D,

7 v N &AW invitro 35 R Tl 4-MeMBI 35 X OY 5-MeMBI O #1220
TUTOZ BRGNP o7,
1. 7y MFIZ vy —AIZ80 T MBI, 4-MeMBI £ L O 5-MeMBI [ZRFf K
FHIZ CYP IZ X o TIREF S 4L, 4-MeMBI 8 L OY 5-MeMBI ORI,
CYPs IA BX U 2B 3B 5- L, Wb CYP2B IC X D IKFIITH -7,

2. T v MTFHIIETIX., 4-MeMBI £ X O 5-MeMBI X CYP3A2 #BHE L7-73.
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4-MeMBI 28 CYP1A1/2 #58< i L 7=,

3. Competitive RT-PCR %% H\ 72 mRNA BN CTid, 4-MeMBI 35 L % 5-
MeMBI /% CYPs 1A2, 2B2, 2Cl11, 2El 35 KT8 3A2 @ mRNA 84 #E
L. FFlZ CYPIA2 OFENKE < | 4-MeMBI I L 5758 51X 5-MeMBI (Z
L BHEED 8 f5E < | W, CYP2B2 OFFE &T, 5-MeMBI 2% 4-MeMBI
D 2 fEEm Do T,

4. ZHNHODOFRERNG . BERD in vivo BRI KX W in vitro BRITKIT 5, CYP
OIEVEHINF L ONVZ R 7 B3 BT mRNA O L~V TOFRBFHEIZ LD
EEZ BT,

5. AFEREBERD invivo REROFER G 4(5)-MeMBI ORI T,
4-MeMBI |2 LV #FE &7z CYPIA B X 5-MeMBI (2L W #HE Sz
CYP2B 12X ¥V, 5-MeMBI 35 X O 4-MeMBI O L2 3L A AR &
N5, AREPEEY R EAERA DN RE S LD L RIFFIZ, 4(5)-MeMBI O

(ZBET DGR MM BAEAIZIE, 4-MeMBI 3 X 1Y 5-MeMBI % {9

% CYPIA1/2 D 4-MeMBI IZ L DFFENEBETH D B2 BV,

b IR N in vitro 78R TIXEEBRWE OFHEIZOWTEL T Z &2

BN 22T,
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1. b MFETIE, FT—IZ&F LT, 4-MeMBI 8L 5-MeMBI 12X %
CYPIA B LN CYP3A4 OFHWFHFENEO bTz, ZOMRENDL, B MC
PN TIE 4(5)-MeMBI DO EVE B9 2 ARG A A/ 23 & % A6E
PRI Z & 3R S 7z,

2. CYP OFEIIHBRMEOmMICKE B —F T, FM—HBRYWEICR
W H X7 BBEBIR CYPs DIEMERIE 72 & % I 7o iEalBric L v 5 R
WY Ty bk e TH-RBROHERNPREALY, SHITRF—RT
FERDER Y | ZOZNEND NI B L 520 Z LRz
NG HEERE OFFEIZ OV T in vitro RERR &2 W TRHMIE S 5 12134
MR TR LIEMEER Z2lAG50EL 2 L MAEABI O N —HEEZBE

THIER, b MHCRMBIZIENT2 2 LPNEETHL EEX BN,

PLED invitro 3R 12 K - T, 4-MeMBI 3 L OF 5-MeMBI 1%, 4(5)-MeMBI &
LTHOWOLNTHAIZBW T, FCYP ORBFEIZLY . BAEVOH 2Rk
THZ LIk, FRREM S O EEE 59D 5, &y o REH Y RIAE A1E
MER SN L, 2, BOsEE LR FWE 2R E L THW S

i AREISERRN RIS £ B2 0 5. &0 HARBRTH S,
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K LDO—ERIFLL T ICAFK LT,

Yukie Kuroda*, Atsuko Miyajima*, Kazue Sakemi-Hoshikawa,

Makoto Usami, Katsuyoshi Mitsunaga, Yasuo Ohno, Momoko Sunouchi.

In vitro cytotoxicity of the thyrotoxic and hepatotoxic rubber antioxidant 2-

mercaptobenzimidazole and its 4- or 5-methyl derivatives in rabbit corneal

cells. Fundamental Toxicological Sciences, 7.6, (2020): 249-252.

* These authors equally contributed to this work.

Atsuko Miyajima *, Yukie Kuroda *, Kazue Sakemi-Hoshikawa,

Makoto Usami, Mitsunaga Katsuyoshi, Tomohiko Irie, Yasuo Ohno,

Momoko Sunouchi. /n vitro metabolism of 4-methyl-and 5-methyl-2-

mercaptobenzimidazole, thyrotoxic and hepatotoxic rubber antioxidants, in

rat liver microsomes. Fundamental Toxicological Sciences, 5.3, (2018): 113-

116. * These authors equally contributed to this work.
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Table 1 4-MeMBI F721% 5-MeMBI #NXEKZEO&REG L7 v MFIZEIT 5 CYP
mRNA =

mRNA (10° copies/ng total RNA)

CYP species Control 4-MeMBI 5-MeMBI
CYPI1A1 <1 <1 [n.a.] <1 [n.a]
CYP1A2 <1 32 [»32] 4 [>4]
CYP2BI <1 0.3 [»0.3] 0.6 [>0.6]
CYP2B2 <1 1.7 [»1.7] 34 [>»3.4]
CYP2Cl11 16 32 [2] 32 [2]
CYP2EI 2 4 [2] 4 [2]
CYP3A1 8 8 [1] 8 1]
CYP3A2 <1 4 [>4] 8 [>4]
CYP4A1 <1 <1 [n.al] <1 [n.al]

XD ZNOEKEITX =2 > b e — VST 278 MR A2 R~ T, nalI TR ER
T, YR 0.6 mmol/ kg/ day T 8 H D #HIRE D% 5217 - 7=,
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Abstract

1. Introduction

The toxicity of chemical substances is greatly affected by their metabolism in the

body. That is, chemical substances undergo detoxification, which weakens their toxicity,

or activation, which increases their toxicity, when they are metabolized. On the other

hand, cytochrome P450 (CYP), the enzyme that is quantitatively most abundant in the

liver and is involved in the metabolism of many kinds of chemicals due to its low

substrate specificity, can be induced or inhibited by chemicals. If the induced or

inhibited CYPs are involved in the metabolism of other chemicals, a metabolic drug-

drug interaction may occur in which the toxicity of the chemicals are affected.

Therefore, toxicological evaluation of chemical substances should consider the effects

of inducing or inhibiting CYPs and metabolic drug-drug interactions. However,

currently there is no uniform method for evaluating metabolic drug-drug interactions, it

is necessary to study each chemical substance individually.

Methylated-2-mercaptobenzimidazole in this study refers to 4-methyl-2-

mercaptobenzimidazole (4-methyle-2-mercaptobenzimidazole, 4-MeMBI) and 5-

methyl-2-mercaptobenzimidazole (5-methyle-2-mercaptobenzimidazole, 5-MeMBI),

which are methylated derivatives of 2-mercaptobenzimidazole (2-
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mercaptobenzimidazole, MBI) at position 4 or 5. The industrially used 1:1 mixture of 4-

MeMBI and 5-MeMBI is abbreviated as 4(5)-MeMBI, and when these methylated

MBIs are collectively referred to as Methyl-MBIs.

4(5)-MeMBI and MBI are widely used industrially as anti-aging agents for rubber

and are known to be environmental pollutants with low biodegradability. Therefore,

various toxicological studies have been carried out due to concerns about their effects

on human health.

By using rats, Methyl-MBIs and MBIs have been shown to have strong thyroid

toxicity due to their thiourea structure. In repeated and single-dose oral administration

studies in rats, the toxicity of 4(5)-MeMBI was weaker than that of MBI, and the

peroxidase inhibitory activity, which indicates thyroid toxicity, was also weaker for 4-

and 5-MeMBI than for MBI. 4-MeMBI was the weakest in these. Toxicity test using

thyroid weight as an indicator showed weaker toxicity with the mixture 4(5)-MeMBI

than with 5-MeMBI alone, suggesting that the toxicity may have been attenuated by the

interaction of the test compounds in the mixture. On the other hand, no difference was

observed between 4-MeMBI or 5-MeMBI and 4(5)-MeMBI in hepatotoxicity as an

indicator of hepatomegaly, which was thought to be related to their effects in the liver.

In a report on the effects of repeated administration on the activity and protein levels of
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hepatic CYPs, 4-MeMBI and 5-MeMBI strongly induced CYP1A and CYP2B,

respectively, but 4(5)-MeMBI had no additive effects on 4-MeMBI and 5-MeMBI.

Although these reports suggest that the relatively low toxicity of 4(5)-MeMBI is due to

metabolic drug-drug interactions between 4-MeMBI and 5-MeMBI via CYP induction

or inhibition, there is currently no uniform method of evaluation, so individual

chemicals need to be studied. In this study, we aimed to clarify the metabolic drug-drug

interactions induced by 4-MeMBI and 5-MeMBI. We investigated the cytotoxicity of

Methyl-MBIs and MBISs using the rabbit cornea-derived cell line SIRC cells. Then,

metabolism by CYPs and induction of CYPs were examined for 4-MeMBI and 5-

MeMBI by in vitro assays using rat liver microsomes and primary cultured rat and

human hepatocytes. These in vitro assays are expected to provide results that are easier

to analyze and evaluate than in vivo tests.

2. Cytotoxicity of 4-methyl- and 5-methyl-2-mercaptobenzimidazole in SIRC cells

The cytotoxicity of MBI and Methyl-MBIs in SIRC were detected by the crystal

violet staining assay. The half lethal concentration (LCso) was calculated from cell

viability, and the intensity of cytotoxicity was found to be 5-MeMBI > 4-MeMBI >

4(5)-MeMBI > MBI. Methyl-MBIs showed similar cytotoxicity and were more potent
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than MBIs, suggesting that the presence of a methyl group on the benzene ring increases

the cytotoxicity of MBI derivatives. In addition, SIRC cells have low drug-metabolizing

enzyme activity, supporting the hypothesis that the low thyroid toxicity and

hepatotoxicity of Methyl-MBIs in vivo are due to the induction of drug-metabolizing

enzymes.

3. Metabolism of 4-MeMBI, 5-MeMBI and MBI in rat liver

The metabolism of 4-MeMBI, 5-MeMBI, and MBI by CYP in rat liver microsomes

was investigated by HPLC method. The results showed that 4-MeMBI, 5-MeMBI, and

MBI were metabolized by CYPs in a time-dependent manner. From the metabolic assay

using liver microsomes treated with -naphthoflavone, a CYP1A inducer, phenobarbital,

a CYP2B inducer, and isoniazid, a CYP2E inducer, showed that 4-MeMBI and 5-MeMBI

were metabolized by CYPs-dependent manner. CYPs 1A and 2B were involved in the

metabolism of 4-MBI and 5-MeMBI, and both were more dependent on CYP2B. These

results and the results of reported in vivo experiments suggest a metabolic drug-drug

interaction in the metabolism of 4(5)-MeMBI, in which 5-MeMBI and 4-MeMBI are

efficiently metabolized by CYP1A induced by 4-MeMBI and CYP2B induced by 5-

MeMBI, respectively.
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4. Effect of 4-MeMBI, 5-MeMBI and MBI on CYP activity in rats and human

primary cultured hepatocytes

To further investigate the metabolic drug-drug interactions in 4(5)-MeMBI by

induction of CYPs, we evaluated the induction of CYPs in primary cultured rat and human

hepatocytes. As selected CYPs of CYP3A2/4 induction has not been confirmed in vivo

tests but is known to be frequently involved in metabolic drug-drug interactions, and that

of CYP1A1/2, which were strongly induced by 4-MeMBI in in vivo tests. Rat or human

hepatocytes were cultured for 48 or 96 hours in the presence of 4-MeMBI, 5-MeMBI, or

MBI. And then, the activity of CYP3A2/4 activity was determined by measuring 6f3-

hydroxylation of testosterone and that of CYP1A by CYP1A1/2 activity by measuring O-

deethylation of 7-ethoxyresorufin using the HPLC method.

In rat hepatocytes, 4-MeMBI and 5-MeMBI inhibited CYP3A2, while 4-MeMBI

strongly induced CYP1A1/2. MBI strongly inhibited CYP3A2 and weakly inhibited

CYP1A1/2. These results were consistent with the reported in vivo tests results,

suggesting that the induction by 4-MeMBI of CYP1A1/2, which metabolizes 4-MeMBI

and 5-MeMBY, is important for the metabolic drug-drug interaction regarding the toxicity

of 4(5)-MeMBI.
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In human hepatocytes, weak induction of CYP1A and CYP3A4 by 4-MeMBI and 5-

MeMBI was observed in a donor-dependent manner. These results suggest that metabolic

drug-drug interactions related to the toxicity of 4(5)-MeMBI are unlikely to occur in

humans.

5. Induction of CYPs mRNA by 4-MeMBI and 5-MeMBI in rat hepatocytes

(additional data)

To investigate the effect of CYPs induction at the mRNA level, the rate of change of

CYPs mRNA in rat’s oral administration with 4-MeMBI and 5-MeMBI for 8 consecutive

days was evaluated using the Competitive RT-PCR. The results showed that 4-MeMBI

and 5-MeMBI induced the mRNA expression of CYPs 1A2, 2B2, 2C11, 2EI, and 3A2.

The induction of CYP1A2 was particularly large, and the amount of induction by 4-

MeMBI was eight times higher than that by 5-MeMBI. Conversely, the induction of

CYP2B2 by 5-MeMBI was 2-fold higher than that by 4-MeMBI. These results suggest

that the increased activity of CYPs in in vivo and in vitro experiments is due to the

induction of expression at the mRNA level.

6. Conclusion
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In this study, we investigated the cytotoxicity of 4-MeMBI and 5-MeMBI, their

metabolism by CYPs, and their induction of CYPs in liver using in vitro assays. The

results showed that the strength of cytotoxicity of 4-MeMBI, 5-MeMBI and MBI was

Methyl-MBIs > MBI which is opposite to the toxicity reported in vivo. 4-MeMBI and 5-

MeMBI were shown to be metabolized by CYPs 1A and 2B and to induce CYP1A activity.

Furthermore, we showed that the induction of CYPs activity by 4-MeMBI and 5-MeMBI

was the mRNA level. These results suggest that 4-MeMBI and 5-MeMBI, when used as

a mixture 4(5)-MeMBI, cause a metabolic drug-drug interaction that weakens thyroid

toxicity and hepatotoxicity by promoting each other's metabolism through induction of

CYPs. This is a useful phenomenon in that when highly toxic chemicals are used as a

mixture, the toxicity is weakened by the metabolic drug-drug interaction of these

chemicals.
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