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ZFFAaEIND (LU, 2oL [CYP &) Lno,) &L Tw
oy

7B, L= runZa X OREICEET L7V F A S-iEBRESE  (GST)
REE LT2E 1320,

2 HKFEBROBE

L2-v7umu7aqf, X0, i@ eE LT, 32DALH Y
V— L (VT EF-S- (B RaXxs7Fat’)l) -I-v AT A T EFL-5 (2-
FxV T N) L-VATA UV EORNT2FL-S(1-HVERF T ) -L-v &
TAY) ETBUIRFEEERTHEINTND

Timchalk & (1991) NE, WAIEL FTEFEBR (?)i%};% : 5ppm, 50ppm, 100ppm, (< 52
P[] = 6 IRPfH]) 12 & r@%lmﬁ%@%ﬁ%%%&tk:é\ﬁﬁéhth
V&mmﬁmﬂy@5&%%ﬁﬁ¢mfwwfy~w@gbf\mw%%ﬁ:@m
R L LT, 1.7~6. T%NIEFMEDEHEME (Z D55 61~8T%R 1,2-T/ an
Tray) L LTHRt SR L HE LTV D,

7B, HREEMICOWTIL, ZHZFEMICH 52T LIeimE 13720,

3 CYPRIERDEMRE

—RIZ, CYP RREEICH T H2REHE, X< BEREN —EOREIET H Lafid 5
k%i%ﬂfwéﬂ\L%/&mm7mﬂymowf\:@%ﬁ%ﬁ%%%ﬁmb
T 1720,



4 BMEER
(1) BIEEMHICERLHER
HKNMBEET 2 EE 2 ONDIBEEMECOWTL, in vivo RBR TIXEMED

RENH DN, in vitro BERTIX, R AXIF 7 AT JZZM"E T GEIRIE B B0
CHO MAEIT K 2 Gy th (A 2 5 5k K OVlik e 8. 55 IR ASHAEABR S5 | 2 Fo U TRGE & s
IhTnsd (BIfkE4),

(2) EMNAMICEET 58
7 U.S.NTP m#R& (1986)

(7)  U.S.NTPViZ. MEHERFE 50 IO~ 7 2D 1,2-2 7 mu 7 r S iglikn
B akBR (55 1 0, 125, 250mg/kg/H., # : 5 B, I 103 #HE)
W, HED 250mg/kg/ A 58 K O D 125mg/kg/ B DL O 57 TR
R & SRR S A DR AN A EIZHIM L7 2 &b WD~ 7 212
U CRNAMEEZ RTINS 5 & LT Y, TARC (1986, 1999) %
t, ZORERIZEB T D HRESE OB AIITHEMBERSH S L LTnDd (B
£ 5),

(f)  F7=. USNTPVIZ, MEEREESOPED T » M 1,2-Y 7 mr a0k
e O P 5kl (Elc oW, #5850, 62, 126mg/kg/H. # : 5 H,
HAMT 103 M, WEC>WT, #5581 0, 125, 250mg/kg/H., # : 5 H, #
103 W) &4T-> TWBR, BECOWTIERN AL/ < . 1S
DUWNTCIE, 250mg/keg/ B % 5BETHIRD RN A DIFARN DTN L 7=
HLOD, FEHVAE i&ﬂot_kﬂ% FEDN AUME D B 72 FERLI L 72 0
A LTV D, TARC (1986, 1999) *% ¢, > 250mg/kg/ H £ 58 CTHe
5%Tﬁ®$ﬁ@ﬁm&wok:&“%ﬁmkbf\:@ﬁﬁ@?~&ﬁ
Dl sl EHEARNWE LTS (Bfk#FE6),

14 BERNAFTT7vEAHARELZ2—0DFHE (2006)

HANA AT v AR & =%, MESRE S0 KO~ T AD 1,2-Y 7
nu 7 a N ANT ERBR (B 0. 32ppm, 80ppm, 200ppm, 1 H : 6K
i, 8 : 5 H, B : 104 EF) ITBWT, B ~—F —[IRIREOFRE AT,
HHE LA SV SRl B R S A& B e IS OB bl 2 &b,
HEZ % U CIEN ARMEZ R~ 3 D el #EIZ % U TIEA AR Z R 9 5E L C o
HERELTWD, iz, B2 =", MEIESEES0EDT v b 1,2-Y
7 ana7a U N < ERER ((}E}Jﬂ 0. 80ppm. 200ppm. 500ppm, 1 H : 6
BER, 8 : 5 H. WIRD : 104 W) (2T, MEREIC SRR - E R FLEENE O %
i%%ﬁ%@%ﬂk:kﬁ%\#AE@%mﬁ&%f%ékﬁ%bfwé(%
MET7TROERS),

5 EFHEMS
L2-YZuaaXa/RrO3NANMEICOWNTIEL, B N TOEFMZEHREIL 0,

,10,



6 FEMNAUVANZXLOHE
(1) FELNAAHDZXLIZET 28|
L2->7maua7a/N Al 0N TCOEYERTII, Aitd D&Y, Binmtk
OB IAMEETRTRERR DD LOD, HERAA D= ALMIETLHEITRINT

[/\fcﬁ[/\o
2) #ooMmE (1,2->vooxz4, 1,2-CJAaEIF V%) OFENAUA DXL
o DEHE

B ERDRBIR T2 3O WERTEZ 2500 1,2-vV7rara XU iixt L,
A CHOERIR T2 b ONEHRERDIRBITFN2OTHDH 1,2-Y7un=xH
VEVERERDIRBIR TN 2 OTHEHFERTFORDVICEZ R 2225821, 2-
DT RETH L DINIA T = AL OWTIE, TARC (1999) * . ATSDR CK[E
{RpEE LS A EWE - BRIR Bk R) (2001) °9 U, S. EPA (2004) *” & TY SCOEL (2011)
WEOEMBEOMERDH D, Zhb 2WEORBHREK L LT, CYP &KL, CYP
IR K DB LA 72N T GST I L 0 I 7 V2 F A G S b #kg (UL
T IGSTRREE ] &\v9,) DL L= BT, OGST fREEA., CYP RREE DA
L VIEMHAE L, @GST RIKICB W T/ V2 F 4 (GSH) A ENT [h—T< 2R
Z— K| EMEIND T NVE T F AEERPER S L, @Z BN TmEALT =
U LA A TSI T DNA &G LC DNA AR Z FE AL L. DNA #8154 2 =
TEVIEBAAD=ZALNEZLND EHMEL TS GBIIHK 3 KUK 4),

F /2. Guengerich(2003)™ 1%, TiF L A ED 1,2-0O " FRREDT VI v
(1, 2-bifunctional alkanes) X, Z/VHZ F A4 NEKFT DRI L - TiEEH
PRI L 2HEEEZECESE S D, ) £ L. £/, Anders (2008) %, 1,2-Y 7
nTXy, 1,2-V7 T XN, 2-Y T aE-3-7ana a0 2RI Y
FFT, B F A AR T DERNEEIC L > T, TR LT =T 4
A F BB EI., ZORISHESEO P REM 2B+ 5,0 L LTEL,
GST BEICEBNWT I N E T A LG SNTESGAICAE U LT R RN A A S
SANIEERERE R L0 RERFRESN TN,

PLEDOHENG, 1,2-Y 7 aa7a N if, S EENEN LW 1,2-V7
PRI R 2V BRI H U ERENBAA T AL EmE NS D E LT L
. BRI 5,

7 GST #FPR & GST EE R

L,2-Y7mu 7/ lonT, GSTRREDFIEIZ DWW TH BT L7 X

TN MEEITER R 53 E URFER, HEHE 21, 3-V 7 e ayw

IZOWTRE L7ZE ST DWW THERR L= & 2 A, Tornelo-Velez ® (2004) "V,

7w FOMEME A>T, 1,2-Y 7 enra N LEESFRTHDH, 3-Y

7un 7R wEGSTTI-I TR S Y723 T, 1,3-Y7ra a5

TIE, GSTRESICE W T NV Z FA VA SNHEEICE L2 FHRED TH

HIS-@B-7muara V) IVEFEy ] LNWIN—TTAZ—K (FLET

F AR DR ES EHE L T D,

L2-vruanuruas\f, 1,37 aarany EEECRIGMENRRR D =

,11,



ICHEBETHOVENDH DM, GSTRENFEIE L., CSTRIBICE G 2B HE X

Gﬂnﬂf%ékﬁﬂﬁé_kﬁﬂbfaéo

1 CYPRBOBIRE

@O Timchalk & (1991) *%. Z v KT 5ppm, 50ppm 100ppm OILFED 1, 2-
a7 aRrEWMANE S &I FEROMGR, X< BG4 KRRy
Sofd o L2—/7EN37EU\/%d§i\5mm.0i%\5mmm092~L0Q
100ppm: 3.87~4.55 (HAL : ug/g) THoT=Z &b, FHEIZEKTT L CTfafn
THAREMEZRIB LT\ 5, LavL, FEBRoO#EN CRLrHE 22z b
L7z LiEdE T i T ey,

@ Spreafico & (1980) ¥}z W Reitz & (1982) %, 5 v KT 50ppm. 150ppm,
250ppm DIRED 1,2-Y 7 v W AT < 8 S 7 ER T X< ERG
#% 6 IR S o F o 1,2-Y7onx X OEE X, 50ppm : 1. 37,
150ppm : 9.4, 250ppm : 31.29 (H{Z : pg/ml). EWORRTHoTZ LA L
TWb,

@ ATSDR (2001) 1%, ERE@oOTF—4 %&b L2 1,2-Y7rrTH O CYP %
O FIFIIEFE 1% 150~250ppm & LT\ 5,

@ 1L, 2-v7ZuuZaX 3T A T — g (556~65%) & “fE{bir#E
(16~23%) & LTHMENDZDIZH LT, Y7 ma X H 3 E &mf
F. L2-Vraux Z AIANT Y= (84%) & RbRE (T%) T
bHZ LMD, L2-vr7aa7aXrofREHE. RS- wE ) o REHET
Az, Yruaa AR 0 ,2-Y e U lliENnEDEEZ NS,

® L2-vZunrZaxroTy MBS CYP BRI EL2MRGET. ERROK

V@H 5, 150ppm~250ppm O FETHRIFIT 56 D L HERT 2 Z &L A AIEETH

X8
® RFIFEEFEADOIDERBY, Yr7un A X0 CYP REOMFIEE L, Foth

FHTIXEB L% 500ppm, b b Tl 400~500ppm & X3, ZIERIBEBECHAHZ &

MH B MIBITA L 2-Y7uaa a0 CYP RBRKIZ L AREICHOVWT .,

150ppm~250ppm DEETHIFIT 5 & D EHERI S5,

D TJILAFFUBEERDORERK

IN= T AH— REMEEIND TNV Z T A BRI, GST BRIV TIN
a7 NH D 2O S URFO OB TENEE L. FOMEDRZRT &
TNEFF R L T DRREFT (sul fur) 3B L THEL DO THY |
ALY CHib 7= B0, 1,3-Yr7rara X ijcB8nCix, IS-@-rmn”
BEI) TINETFF ) END T NEF A AGEEROEE ARG SN TWD Z b
N, L2-vrZana 7l a/NU N BRI NVE T A R E SN EIT DN T
H, TNVETFEAAIEERNTERE NS EHERT D Z ERARETH D,

BB, L2-vr7uaZuaRr VA F A AEERICONWTL, 1,2-Y 7 1
07N OREESENS  [S-(2-7 aa 7 a e)L) 7 L& F 4 | (GSCH,CHCICH,)
EWVOWENRELD LD EHERI S D,

I IERLIAZDLAAUDRK

,12,



TERNVT =7 A A (episulfonium ion) X, ¥ ~\xa T Vb RNT )L
B F A REERETRR LTI, o T o a7 U R 1N S SIS BiEE L
T, ZOMEDOREZERTFE TNV EZF A ORERTFRHELTELDLEEZLD
ITE Y, Guengerich (2003) *Vix, BEY & H(EIZH D 2 HDRFEF TN
a7 VR DEES L CWDMEOSGAIZE LTV ERE LTS,

L2-v7ueura/NionC, TEALT =T LA F U BAER LT ET
LTINS, 1, 2-Y T e a0l 0N TR, Zoetemelk & (1986) ¥
D, Ty NOBEBRIERNS TRV T AT AL FURELB LD EHE
FLTWD BHEX 5, 728, Lee 5 (2005) * & Zoetemelk & (1986) >
WMEZEEE 2T, FROHEEZIT>oT0D GBI G6),),

L2-U7uEr/a /NIRRT 2 EATELT, FEEOZEEI 2D &Iy
PFLHEEZRWVWR, ,2-Yroara by A F o e RNS T e AL
THA=TBAFUNELD EHERT D Z LT ARETHD Y,

1 HKEHRBOHETE

FRT~znb, L,2-Y 7 ua e X0 OREHREIZ, KK 7 0 X 9

HEHEETHZ ENRRETH D,
h BBAANDZXLOHE

PLEDOKENS, 1,2-70a a0 ORI A = ALEL, ROXIIC
HETHZLnTE D 2]

O L2-vZuun7a"rOEREIX<E (150~250ppm) 12X, CYP FREEH

fafn L, GST R NEMEALT 2,

@ GST BBV T GSTITI-1 1T LY L, 2-Y 7 aa a0 NI VEZF 44

BEN, TNVEFHAEERNEL B,
® EBIT, INEFF AR ENR AN T = A FAIEWE T,

ZDO—HA DNA & i LT DNA fHInfk & 720 | DNA BG4 5 &t Z 7,

3 BEEIZHITARH
ATREER 4 D 6 D) LRI, METICBIT L L2-Y 7 anra X iied s
PEER L, misE OS54 IR IS JE B s %48 U CiX < 8 LT, GSTT1-1
MIRTET 2 IHE FRHIR TR TR B2 b b,

7 FED
L2-Y7mua7a /N AZ 0N TERFRIZBWTH 60 STV 5 E RUIEERE
HITH DT, i TAEEICHEEMERRD HILD 1,2-V 7 ma ¥ VOB DR IN
WA= A LCREBNCET A LB BIC L oOHERI L FHAE L ODH L, LT
DEBY ThHD,
@ FLEBRELRBHFER @1 RUV60DQ2)
t MROEICEBITS 1,2-Y7 na a0 OREREICIE, Wb CYP
PREE & GST ARBE NMFAE L AR D1X < 82 TIE CYP RRIRIZ L DT 5 73,
FIREDIX & Lo T2 BT, CYP BRI 5725, GST R EME(L
L. GST BRI L AR T D L 01T/ s EHEHI S5,

,13,



B, REIEEEIC OV T, CYP BRIRICIS 1T DA TlE CYP2EL 23, GST #RE&IZ
B D TIX GSTTI-1 ABIET 5 L HEH SN D,

@ CYPREBOIFEE RFILIRV6D2ADAT)

ERCBITAL,2-Y7ra a0 CYPREKIT, 1,2-Y 7 anxZ |23
% ATSDR (2001) *9 D& A5, 150~250ppm DT < FEIEE TRIFNT 5 & #HEHl S
Do
@ HEMNAME GST B (RIE6 D(2)

L,2-Y /7 mnxZ SEOYE T, BEROERG, ST BT/ VEF
TS ENTHEAICE L AT AN T =T AA A5, DNA & KOt LT DNA
fIEEER L, DNA BEAZEZ T LWV RBPAAT=ALNEZ LN TED
CORENIVAI=ANE, ,2-Y7uaraXrThAEUES LHERlEn D,

@ GSTT1-1 D5 % (FIEEEE 4 D6 M)

b FOEEFO GSTT1-1 1%, N O DOREE 2RIZ 72 - T Rl Aa

DN TEWREDZHR I TN D
® mﬁlawéﬁﬁ(m£6®®>

MEFICRIT LI 1,2~V 7 ea ra X 32y 52 iie L. SBEEDEAs . iE
IZBWTIE GSTTI-1 B RET HIHE B TR T EE 2 b5,

¥£6 AUEEBICETAHEBREDMRIZDONT

AEFREGICB O TKRIEHRZEBICEE L W g@FH IR ory 7o A 2 v
T L, 2-v 7 vearasr Ol BREIZOW TR, NI TEE N G 2 A
TR WFSTHT 25 Tl U 7o B SEBR OFE R (L P E O &0 b HEE S D 1EES O
BREEIRE K OB EE 21T > TV BE OIX< BEN LV @< 2 @M 2B E %
X, L, 2-vr7mra 7 a Nl on i, EOMAEIE (Bkieia 16 4) 2@l
T 150ppm ZHB XD ERE Th T2 EHERIT 5 Z E X A[RETH D,

Fiz, v/ A X UOIEL BBEIZOWTL, FEOEEGATICBIT 2 BRIER
FE LYV EZERFIZ B CTIE 400ppm 2B A D EIRECTH 72 b O L HEHIT 5 Z L
FRETH LN, ZOWEITEBLR3IFETH -7,

£7 WYEORFECECKDEMMIEZEIZDONT

U.S.EPA (2011) i, ¥ 27 mm A& L CYP2EL IZ X AR BEA T AWEIC
HELZ i<%btﬁm\)ﬁmm%&ywﬁ%@mmﬁ%ﬁgmﬁﬁ%mﬁﬁbfw
<ELTWA,

AEFEEGECII Y EOY 7 un A2 o E N, 2-Y 7 na 7 a R Ul FRFIE <

Z LRI O biv, MEICFRIRFIXSKET S Z &2k v, mMWENEE N A D
FIEICFIMANC B L= /REER H D LB 2 DN D0, REF ORI HIE, B
BN ED X DI, EOREHST-ONEHLNITHETIC ii%ﬁﬁoto

vr/aaAX RN L2-vruan Rl /lRREKELEENIX. A% LD

HEBZOLNDZ EMND, MR ONTL, BIEHEEMFTL T BERH
HEEBEZOLND,

,14,



F8 MYEDHRENKEIMICLSIDNABEBLEBEENADHKIEIZ DT
(1) AMRFEADTROESOTOLBY, Y7ua AL RO 1,2-Y7 a7 BN
ATOWTIE, BIREEIE < BT K 0 GST #REE THH S N BRITAE U 2 A 3
REAE ERZHIMIZ DNA HBEA R T 2 LI K D BDBAMERE LD EEZX LD,
DNARIEZE Z T LB b TV D HRREM N AR I TH AHHRRIZ BV T,
ESICHIOMEICREEIN TN Z e 2B Lot . DNABEZ R = A H
Mix—E iz EELEEZIOND, o, FRIGHIC X - TR LRI IZ DNA
BENECTZE LT, @HIL, DNAEEEMA @S, B85 L2 DNAIFEE I D
:.kckf£E34®o
2 LaL, BMF. GREE<ELSA, ME LT Y7 am 28w
X 1,27 m a7 asy OERERRESREBTONSL 2 L L) ZoilkT
DNA Z B8 S8 5% < o FEREm A E L T, £< OJRE ERZAIIIC DNA 85184
LHLDEEZBID, ZOXIICLTELK DN BB, BESATS, EEO
BT =B U0 HDH VL, DNA BEBEE S PICZ 0 REFT 554
bHDHEEX LI, EO%, FEINERFEORE 2T, BE LR Ak,
RO BIENADRIEIZORDALDLELZ LD Y,
@) 7B, KREIX BOLA ORBIREE CTH 5 CYP REIZRIT 2 FRMAHIZ OV
T, HERAERIESEDLZ LidhntEzons &,

F£9 [F<KEHRERETTORRIMIZONT
1 7 AYhO=ErEEt /L O — Rk T 150 REH
Lanes & (1990) *i%, 3HIORENAJEF DY 7 v 2 X 43 EHIFIL, 28
L 20 B TR A LTV a0, BIEE TOBKRBIRIZOWTITEmE LT
b\iﬁb\o

2 AREGEEEZOEH
AFEELO 16 FIORERADIEF D S5, 1,2~ 7 aa 7 a/ S EluE< &
MWEIER], YZ7un A KON, 2-Y7aararORAGESEN 11 EFTH
D, Traa A OEMITEOIEFITL,
(1) 1,2->ooo7asvoEREKE
1,2-Y 7 a7 a /XU EMOX< @& O S EF Tk, X< BEHIMIX 3HE8 A
~T7THESNA CFYSFEINA) ., X< ENLRIEE TCOBRMBII 7HFE500H ~
1343 H CE114ESMNH) L72oTn 5,
(2) 1,2-vovnopJanréoonnArA8 U nESIEKE
L2-vruau7a/ XU ROV r7an XX o ORAIELEEO 11ERTIE, X<
WL A4 11 DA ~13 200 H (R 84E 10 22 H) | IEKBENLRIEE TD
BRIMEIEXSFET7T0A~19F 10000 CEE 1BHFELSNA) LleoTWn5b,
k. FHUEBEHRNL. 1,2~y rvunurar ity ran A X2 ORAIEL
BRI LN, -7 aea X o< B2 BE L0 TH D,

,15,



F10 5w
1 VBRI CELBEENARE L OERRB R
HW%>:1%@ﬁE$mﬁEW%%%1@2®ﬂﬁ et C TGRSy S STS0 AN
Fo, WEICHIEEN A ZEF Lfﬁkbfmmbt$miﬁmo_@tb\x
RETRIE A FESICB T D IRE R AEF ORI OV TR ZITY £ & b
vr/iaa A X UKW L,2-vrzanaranRrERGE UTHENAA D= XL
DN THRFEIT o TR, B OEZHILE LT UTOERBVED &9,
JREN AT 7ana 22 o3 1, 2- 7 aa 7 a XUl BB, BRI &
HT LR VRIE LGS EEFIICHEE CX 5 L Of5amIZE LT,
O RBEBEREELSAM
vruaa AL ONREHREIZIX, CYP R & GST BEED 20030 . EiRE
X< EIT/ D & CYP R L 2R 9 5728, GST REEEMEIL L, GST
REEICE DR DITOND Z LI KV EPAMENELD EEZEX LN, 1,2-V7
a7 asRNlON T, [AEEOMEHIREE & DA AT =X LRI SN D,
@ fMEE
rmau AL D CYP BRI K AT, 400~500ppm O AT < #& Thy
FREEIC /2D B2 HNDMN, 1,2-Y 7 a7 a0 T, 150~250ppm
D=l FEIE < 88 T CYP BRIKIC L DB BFmR AR 22 2 L HEHI S %
@ MEENADRIE
Crmu AR RN 2-Yraa X uasNro ST BRI L AT, BEE T
&5 GSTT1-1 MR ET DB EEAIROEZNICIB W TIERIZ T, £ D
THRMCH Y DNA 52T &F 26N b, YZ7rue A X T
L2-vZunZu"rOoREMOEEEILSEICLY ., BE FEGHRO D AL,
TROBIEENAVDORIEICORND EEZBND,
@ (X< ELME
L2-Y7aa7a /X lonTid, AEHEESOBE D ABIEFNIZIB VT
HEWIE EMENII3FE 8 A TH Y . YWIMIIRIERK ZMRHT 25 ETo
BELRVEDLEBE XD,
B, Vrua X2 AZONTE, AMEFEES TORMIT S BEOREFIT RN
ZEnD, FIERRZREFTT 5 ETOSE L0 E2IE<EHRIIAHTH 5,
©® BREARM
L2-v7mua 7 a /Al TE, AMEEZESOE D ASIEFIC I W T
HEWVIBREIMIZ 7HES5 0 THY | YZHMIFRERKZ KT 5 L Tos
BLRVBHEEZD,
kB, Traa AZAIONTIL, AFEFEEL TOREMIE S BOIERNII 20
Z MDD, BIERKNERHT D ETOSE LRV ELIEIREFITIRHATH 5,
® EERERF
JHAE 23 Ao DFIE TR IR DMEHZ 2 72 > TiE, JHE R OB MERIE S O R 112
DONWTHLBRETLHMLEND D,
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@ REMR
JEAE 23 A % J0E L= IC 3l 4 200 BT R (AT 3 0 2) 13, BN A
IR ZREST D ETREELZ2DLOTIIRWVWA, ZNOOFTARNRALNDEGE
X, BIERREZHHT s ETosELrnGsr &tz 5,

2 ARBEZEEBITBITHHRENADRERRE
ﬁ#%%%?%ébk%ﬁﬁhmomfm\%ﬁ%%\L%l@ﬁ%ﬁ%&@
ATRLE 6 DL BRFEZ R EMICEIR TS L L 2-Y 7 ua T a2 R HBIH,
EREIE Lt_&#Elfﬁfbtfﬁéﬂﬁbfmmkﬂmﬁé
Flo, Ur/aBAZATONWTIL, BIRLE 70D, BENSARIEICHEE KIF
LIZA[REMENEZE X HNDEM, 1,2-Y 7o 7a Rt 0RAIEETHDH Z LI
LDOWEBOEASWVIRHTHLZ &, F7o, AIEE 6 D, EEEE < SO HEH
SNOHENRRENTH D Z &b BIERK E L THEET 2ITITES R o7z,

F11 #bHYIZ

A EFIT, BT SGEREFROEBEREDHEI Y-, Y r7ur A2 X
X L,2-v7uauara L BER AL ORFEIZOWT, BIFFR TOESFHH L%
FLOEELDTHINACFEWE LIS N A L DBRIZOW I oA ST
5 EXEWEES | BUE, EATBR RIS EEIC B W TITOILTW S8 TED
Fill 57 812 ﬁ%ﬂéﬂﬁﬁﬁ%ﬁ%\?f@f%éﬁﬁ#'ﬂﬂkﬁlﬁ | 2T U, ERNAOES
IEDHERIZ L > TH BRSO NTGAITIE, TN 2 E 2T, 5 KGER
HROEBRKRMEOHE 21T O & Th D,

,17,
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Bartels & Timchalk (1990) * (BURIX 3) 1%, 1,2-Y 7 w7 a Su 3@ i 417
WCITNEFAAEINT G, TEALVT =LA FUPAELDEBEL, 7 v MK
SHERNCREROEARFR 25T ,2-Y7arrrsXr (DgDCP) Z##EO#5 L= ER%21T-
Tl A, TERANT =LA T NERT DRI BRAD=ZALFTELC TRV ERE LT
W5, LrLZaent, ROBHENSL, 1,2-Y7va7a/ il T, TEALT F =07 LA
FATER LN ENS) T LI TERNWEE X BND,

@ TERNVT =0 hA A DRI, CYP BREE AR L CGSTRE T/ M Z T A fasgsh

Gl Z D03, %ﬁﬁifimmy@@1szmmfmﬂy%%mﬁﬁbfﬁw

OD&ELET CYP #REEMEFI LTV DH 02 E D I B TRV & (Timchalk & (1991) 2§

1m%&g@L$y7mm7mA/%@D&5LT\ﬁ#%@%@g%ﬂmtfwé#\:n

2L - ThH, CW%N%ﬁ%ﬁubtﬁx85ﬁ>i%%ﬁr6i&b\)

@ 1990 FEOMETIL, TE AL T =0 A AN EUEEAICERSND EE LT AL
ﬁ7/~WM®$&il%uTT%ok&Utitxw7j:ﬁb4ﬁ/#iﬁféfﬁ:
AMFECTTWNZRNE LTNDED, EBRIZE > TELUTEYHANLD T — VIRV ETIEH
L0, BLAEALTHRVWDITTIERNZ &,

@ 1990 FOHETIL, TEALT A =T LA FUBAELD ETHUT 6 BMOEKEDHER S

2T THDLIOIL, MFESNTZOEI3EThH-T-Z b, M7 EFL-SO-FFYTaE

W)LV ATA Yy (1) &ENTEFL-SC-t Raxrrabt ) -L-v A7 A (1) O

LIBRTIGC X D P2 RE L, EENR VB F A AR EZ T THOTE AL T =0 A

AFUBELDAD=ANFIRNE LTINS, LML, ZORED F T, BENR T LE

FTAH BRI L VT AL T 3 =T DA A PELTINAETZELTH, 105 DI~O

B Z#ED Z & CERAKFROBEBBRMBEZD 5 5720, EERERIL, 2FLboEA LT 4=

VAAFTUDPEL DR EGET DRI L TR bR L,

%%wr%(w%)mi 7w MZ50ppm D 1,2-Y7muxX 2N NI @EIELH & L
HiZ (1 H 7 FFf, :5 H., WM - 2 4F#M) . CYP2El DIEHZETHVALVT 4 T L%
Beh L= %R, T, HWW£#A®%F# T 49 ) th 9 i, Mt 50 Frh 17 FllzEFh
RSN EHE LTS, 0da B (1996) ®iL, 7 v hDGSTTI-1 ZRBLT LR AITF 7 A
E OO NMB004 BRIZ 1, 2-Y 7 m =X o 2 X< BESET0FER (unuillR) T, DNA G B S
Ni-EHELTWDZ L, Mainwaring & (1996) 2V} O Sherratt & (1998) %, 7 v hZ
FUWTIZ GSTT1-1 23 AFHAE & bl U CHRAE BRI o@D L To3i LTV 5 & s
LTWDZ %MD, Cheever HOMEIL, HEHICBWTHELZ 1,2-Y7nurm/ro
HINIWA T = AL LDIERAVORIEEZXFFTH2b0LEEZx NS (e, RIEFRTIL,
HED RSB K OMIE D FLRZ & I OTERBIZ STV 508, ZOBRH & LTI, MEEENALIT,
JEAE X0 HARN L~V T GSTTI-1 BSR4 L TV D AEEMER B X bivd, ),
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Drma AL AZOWTIE, CYP R TORRIAEMI IR AMENR & D & DSR2,
L2-YZ7un7a/sRq2onTlE, Jones & Gibson (1980) 2Pz kiuiE, ZOMEHHEREICE
WT, L2-=ARFv7uxXy, g-ruai 7 hT7ATE REQR2,3-=AhRFFar-1-4—
ANRAELDEEINTWVWD (1L, 2-mRF 7 X N2, 3-mRF v 7 a /R u-1-4— /LD T
I, FEBRFEER D DHEE SN HREAEY) . S OBEIE, DNA SUGTECFE S ANEICBIFRT 5
VbR TRFUVE (ZRFUR) IT AT FEEZHTIMETHLZ 0D, IBEN
e DBMRERFTT D L. 2D OWEIX, Wb CYP2EL 23R 595 CYP BRI W TA L
HEEZBN5M, Lakehal & (1999) °21%, CYP2E1 DOHEFICHBIT A 0MITIKIRE THDH & L
THEY, InxBEZ 5 L. BE TORHRFEREICENT, ZOOMERAELZE LT
b, EARTIFEF IO MOPRIAEDICAEH S AT ZENE, ZRHDOWEIZEY
JEAZ 23 A 2 504 5 ATREMEIZIER IR VW & Z 2 Bl b,

72¥5, CYP2EL ITMAEN T & U CT/MUKRDFEREENITIEET 72D, CYP ROV
THART DIEMEFFEREIZ DNA L0 LI HICH D 2 B L AT 2HENENZ &0
5 CYP #RIKIZ X D IHME R A O e st E R TR EEELSN O st ich 2 B 2
bivs,
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®1 REMRBIMAICERELEBEFBEORENADERYRY

BZAEA FAEFIRIERY (70 44)
B A I 0.01306
BZR R 16
IR LR (SIR) 1,225. 4
95% (= HEH X [H] 700.2~1, 989. 6

(%)

1. 1991 4% 4 HLARE 2012 4F 12 A £ CORIERIRERFATE O B M5 @#E 70 4 2888 & LT,

2. EHECRBLLOR IS - - Tk, £FA B LOAER LIRHEAER OWT BRI 22 E 2R LTz,

3. HIFFRBE RO REICHEN LI ER AR, wi, IWB, @, RIEOHIES ABREROT —F 2K Lese
FEHERHE (1990~2007 4F) A L7z, REHEFHEOHE HIEIL, EAETBEE 3 KN AREGHEISIFEEE [N
ATRER - SR BN O REHYRICRI T 28198 BrE R UFEE AW, BIEE2LE ST 5720, 3SEREBELE AN
Too STGERALIEIF NI 28 A0 K OFAMIBAE 28 A (1994 AELLRITIE 1551 K& OV 1561, 1995 AELAREIE C221 K R C240) & L
720 7235, 2008 4EM B 2012 AREIT DUV TITHUIE S AU BER DT — Z 3720 T2, 2008 42 5 2012 4EIZ-DUV T 2007
FOKMEEMFER LT,

4. 95%EFEX EIX. Fisher' s exact test IZX W EH L,

5. X< B R O RIINIEB R L Ty,
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K1 SooOirAf 0OREREKE
(REBGHIZ. ITIZRT)
(1) IARCE/HS7 71 (1999 )

0,
CH,Cl, —» CHOHClL, ———»HCOCl ——— CO*+ HC1

|

HCOOH — CO,"

GSH + HCHO®

GSCH,Cl — » GSCH,OH

|

GSCHO ——» HCOOH ——» CO5°

2 Metabolites identified in vivo
b Metabolite identified in vitro
All other metabolites are postulated intermediates
GSH, glutathione; GST, glutathione S-transferase

(2) U.S.EPA(2011 &)™

Dichloromethane
H-C-H
GS‘TT) I CYP2E1
ol Cl
H —(.?— H 9
GS Ao
S-(chloromethyl) Cl H \
glutathione o co
Formyl Chleride ’ )
'e) Carbon Monoxide
OH Il ; |
1 (minor pathwray) 0
.
H-C-H == H C"H (I:I COHb
Formaldehyde -~
GS Y G '|S H Carboxyhemoglobin
S-glutathionyl methanol Jf H l
0]
('5 Cco, l
G- § “H CO,
~. O

H Formic acid — CO,
- ~ -

OH H

Adapted from: ATSDR (2000); Guengerich (1997): Hashmi et al. (1994): Gargas

et al. (1986).



x£2 /0o ir3 0EGEMEHRER

[/n vitro]
Rk %
& AR RENEMEILA | (BRI b
R Y o /ER +
AN NN ~ DAY 7 p—<Hlifd L5178Y + +
Fx A == ANLAH— + +
b NI 2R Not tested -
AEH] DNA A itk F v A =— AN AHX—VT9 Not tested -
b RRIE Y o EK - -
TR RS HGAER | T v A =— AL AKX —VT9 (+) (+)
Sal lla typhi /
a IIIOH’QIC:’Agg TZ[;OSIIIUI”JUIII + +
IR IR AR :
BIRRRA 9 Salmonella typhimurium ~ ~
TA1535, TA1538, TA1537
W — o REME BBt () 580D EETE,
(BheAZE S NERACBIKEHME®E Y rao A& (2008411 H)J 50 kv 5H)
[/n vivo)
R PO i A
. . ~ A (BHBE. HAA) +*
TSR NN —
- Fv h CEBEHIT) -
~ 7 A (CRAEIRILER) + *
IR ~ A (HHE) -
~ A (HHE) -
fti ik e 3 AR A A <A R Y Nk, i) + *
PR EE SR <7 A -
~ A (., ) +
DNA 21555k ~ A (H., B, B, N FE) -
7 vk (AF) +
. ~ A (}F) -
RIEH] DNA A Al iR —
- 7 vk (AF) -
. ~ A (. i) -
DNA 7 /L3 )ALkt —
g Z v b (. i) -
M ME I 22 IR B R vawyyg AT (+)

e — B + B () BVEEE ko 10 BT 8

=
[2]8]

(&
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£33 USNPOIRIRDEBRHER (/OO Ar%Y) (1986 &) ¥

Oppm 2, 000ppm 4, 000ppm
Bl - A SRy | e | 261 ( 4%) 10 51 (20%) | 28 51 (56%)
Ao GRS e | 1 2%) 1361 (27%) | 29 51 (60%)
M« &SRS | M | 3 ( 6%) 19 il (38%) 24 51 (48%)
Ao (BMEEES) ME | 261 ( 4%) 23 51 (46%) 28 131 (58%)
. e | 13 51 (26%) 15 1 (31%) 26 1 (53%)

FHRR DS A
A W | 16 (20 |11l @3% |26 (67%)
1E | 10 %51 (20%) 14 51 (29%) 14 51 (29%)

S

A Al i W | 2 (4% | 6@ (1% |22 ] (a6%)

X 2 Timchalk & (1991) P AMRIEL - 1,2->~ 00 70/ DK HHRER

ORAL / INHALATION ROUTES

|
|

¥
o
c e EXHALED DCP
/)\;/’ »
| \‘\
GSH | N
oD
Y N[ om
or
| Lo
| | 7 \f(
(bod ] , GSH L |
! f ! |
SR
o ' \
on G, AL° t» co
A SR a— N
NS ! Acety-Col
o OH
' u U] *
TCA cycle
el |

Fig. 1. Proposed metabolic scheme for 1.2-dichloropropane in the rat {R = N-acetvicysteinel.

(F) MYy oswEasix, koY,
I 7t FL-50@C-b Faxs 7o) -L-VAT A, D: 7T vFL-50-FFY
Ta ) -L-v AT A v, MNFTEFA-S(INVRZFZF )~ AT A
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F4 1,2->HooJanrnEcslEBiEe
DNA 815 ZESRAR L | YL KRB | Fofh
NI TIT - + ND ND
B - BERE - FEWY ND + - ND
B ND - ND ND
el +, - + + ND
FFLEM (invivo) ND - ND ND
W — B, + B ND T —H L

(ML AR TERERE . (i) TSR AR AR (2005 4F) TP E O Y 2 7

AHIE Ver. 1.0 N0.39 1,2-YZ7wunrusNi | (e X— - FEELING G B REIER

ZREFEE) P L5

%5 USNPOYTHRMODERER(,2->osoo7ossy) (1986 &)

0 mg/kg/ H 125 mg/kg/ H 250 mg/kg/ H
BT | HEL 35/50 il 33/50 i 35/50 {4
peEse TR | ME | 35/50 29/50 151 26/50 11
e 7B (20%) 9 %1 (27%) 15 51 (43%)
Sl e
IR e T o) 551 (17%) 561 (19%)
. HE | 8 B (23%) 10 51 (30%) 9 51 (26%)
FRA DN A
AP WE| L1 Gw | 3B ok | 4% (15%)
e | 15 51 (43%) 18 {51 (55%) 24 1 (69%)
FFRm B SR - 23 A
A fE | 26 (6%) 8 {5l (28%) 9 5l (35%)

(1> A ND%fEI,

#6 USNPOTvMkBERERO, 2-C>y0n70/y) (1986 &) °

B b T MR ARSI B A AR DB %R

0 mg/kg/ H 62 mg/kg/ H 125 mg/kg/ H
R TR | JE| 39/50 {4 41/50 13 41/50 1]
B 51 X D REEFRE A OIS B,

0 125 mg/kg/ H 250 mg/kg/ H
Bhse TR | ME | 37/50 43/50 il 16/50 3]
FLIRS v e |1 (3%) 2 151 (5%) 4 51 (25%)
FLARBRHERRIE | 1 | 14 5] (38%) 20 51 (47%) 511 (31%)

(1 aNDO%EE, MRS HIT, BGRTRAEFSIS T 2 FIEGIEOEIE 28T )
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=7

(1,2->Hon7asy) (2006 &)

O JEFF DI AL

BARNAFTT v A HARLLZ—DITIADERER

+ AU S _E RS A

TR XHRAE | 32ppm #F | 80ppm ff | 200ppm #E
I (RAEE) (50) (50) (49) (50)
N IR 1 2 3 6
e (BB ) (50) (50) (50) (50)
Jifi A St b R R 1 4 4 4
B SR St B2 A% A 1 1 1 4
AU S - fi_b R B 5 A - o

- AR

MERE & HITAEFER R MEREITITHERRD bivmnoie,

< BN

HEZ~N— 2 — RO RRIED FE AN ZRD B ATz,
BV 5 S 1 B8 A 2 e RSSO0 6 AR HE AN 233880 H AL T,

x®8 HANAMAT7YvEAHAEELUIEA—DT Y FOEEHFER
(1, 2->Hon7asy) (2006 &) 2

O JEFFDIE L

R SHREE | 80ppm A | 200ppm B | 500ppm A
1 (RAEWE) (50) (50) (50) (50)
ae RV bR ALEENE 0 0 2 14
e (RAEE) (50) (50) (50) (50)
) L R oy I 0 0 0 9
- AR

B G REDELFRITMERE & S ITBITRD bR o T,
REIL, BEOEGH CEREDK MHMAZ S, MED 200ppm LL_EORETIIEGIF ORTIZ, 500ppm fF T

(3G OB Z 7R L7z,
o BRI

MEREL . BIVEDRY LA BEOR MNP D bz,
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K3 1,2->/00I4% > OREFIERE (ATSDR, 2001 &)

Figure 3-3. Proposed Pathways for 1,2-Dichloroethane Metabolism*

/\/Cl
Cl
Cytochrome P 450

o, V 1.2 -Dichlorosthane
cl
ol /\( i
OH s /\/

S-(2-Chloroethyl}-glutathione

Glutathione-S-transferase
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Cellular o NADH oH
macromolecular -e———— ¢ /A — /\/
adducts NADT Gl cl+cs @
2 -Chloroacetaldehyde 2 -Chloroethanol

Aldehyde
dehydrogenase o
-OH
MAD(FH
OH 0 OH
— GSH
CI/\( s /\// — s
o S-(2-Formylmethyl)-glutathione S+(2-Hydroxyethyl}-glutathione
2 -Chloroacetic acid
Aldehyde
GSH MADIFIH | ganydrogenase
Unne metabolites |
SG
GS GS/\\/
o] 3,5'-Ethene bisglutathione
S-Carboxymethyl glutathione ¢
y-Glutamyl
franspeptidase

- |

CH,=CH,
ethene

GSSG, HCl

Glutathione episulfenium ion

Protein
DNA
RNA

Cellular
macromolecular
adducts

5_5'-Ethene bis-L-cysteine

0 "
OY\ M OH 'L
I\II W Urlne metabolites
0 H NH o]

2
S-Carboxymethyl-L-cysteinylglycine / \
Dipeptidase | H.0
O
OH OH
OH  pcatyicon rwen g S
/Y NAceryiLransﬂemga — 0 o
HN.  CH, O

Thiodiacetic acid
S-Carboxymelhyl-\_—cysleme (thiodiglycolic acid)

0O
N-Acetyl-S-carboxymethyl-L-cysteine

Derived from NTP 1991a
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4 1,2->7OFIH UORBHRIRE (US. EPA, 2004 £)°"

(CYP #Z8)

Metaholism of Dibromoethane I. Oxidative Route

cytochrome P-450

EDB — —32- bromoacetaldehyde (binds to microsomal
oxidative metabolism proteins)
HH
g further
Broip=fe-Br oxidative -G
H H metabolism
2- bromoethanol and 2- bromoacetic acid
+GSH
+GSH +GSH
- (2 hydroxyethyl) S- carboxymethylglutathione
glutathione
(HEG)
(GST #21%)
Metabolism of DBE Ir. Conjugative Route
glutathione-
EDB + GSH S - transferase = S - (2 - bromoethyl) glutathione
+GS

(spontaneously)

S, §'- (1,2 - ethanediyl) bis Thiiranium
{ glutathione) (episulfoniumion)

(GEG) l hydrolysis

Binds to DNA S - (B-hydroxyethyl) glutathione
(HEG)

S - (hydroxyethyl) mercapturic acid

excreted in urine
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Zoetemelk & (1986 &) “AHMRIBL1=1,2-C 7 0E J O/ DR BHRER

,,,,,,,,,,, ]@_._

o
N f

(0

(E) Kb osmEsiE. &
DERY,
j:ﬁ [ M7 eFL-SQ-F%Y
I TREN)L-VATA
0: V7EFnr-5-2-t Fu
¥ ) -L-V AT A
v
M:»F7EFL-S(HLAR*x

VEFN) LV AT AV

e
A

H m

V: VT2 F-50-7nrax

—2-7uX=)L) - AT

FIG. 4. Proposed pathways for the formation of mercapturic acids I-1V from 1,2-DBP in the rat, Fava

SR, SCH,; CH(COOH)YNHCOCH,).

(Zoetemelk 5 (1986 &) DLHFFHE (& 7)

Br

1,2-Dibromopropane

R

Glutathione S-transferase
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s
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NH, u °
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H
o SV

NH, w
HOOC)\A“’N\)I\ H/\COOH
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°© s
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M.W. 365.4

|
i
|
v
0]

y
T
© s
Metabolite 3 L_oH
M.W. 221.3

wi

0
/lK/Br
-

Glutathione S-transferase

smme—
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ZHEITERSNIZE D)

NH, b 0
HOOCWN\/LN/\COOH
o N A
s
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YN\ELOH
0 g
Metabolite 4 0
M.W. 219.3 \T/

F
Metabolite 2 : 2-A XY NI NZFF
Metabolite 3 : V7t F/N-S(2-& Rafx 7

OEL) -V AT A
Metabolite4 : V7t FN-S(2-4FY n v

V) L=V AT A

Figure 1. Proposed pathways for the formarion of glutathione conjugates from 1,2-DBP. The coacs
indicate the glutathione conjugates identified in the present study.
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