4. BEMEREFICK S DPAA DB
4.1 2MEH

DPAA O RMEFMEIZ DU TIE NIOSH CK [F [EN 55 8 22 24 A=A 72 T) @ RTECS® (Registry of Toxic
Effects of Chemical Substances®) (2~ 7 AIZH[EFE DG LIz & & OB E (LDs) & LT
17 mg/kg EWHEBPERS N TN D | Zide v 7 oREEZSIALEF = a0mtTr — 24
WL 22> TRV, RAF—2HE &R LIZEZ A, MoDL = 0.017 ghkg 2 Lit#i STz,
MoDL I mouse oral dosis letalis (= 7 AfREOESLE) OB T, <7 A2 17 mgkg Z# 0% 5 L7z
WZHEERHLNTE W) ZEZFRL TR, BEERITIAY (LDs lXfiE) Thotz, k. Z
& b F/WHET 5 & DPAA D53 F 87D 26214, E FDJREF 8 74.92 THDHT2H, 4.9 mgAs/kg (=
17+ 262.14 X 74.92) L7275,

LDso (2B LTI, DA DOEHE LW ORI B L < HhEOME LML ETIIAMTH-TH, 7
FEME DR AN e 5 03D 72 vy, 272w, EEMER & 5 & Ebitd WHO (2001) @ EHC
224 ITFR S LT I b LA D LDsy 3 4-1 12, At (LG D LDsy 3 42 (TR 30,

Mg e FAMICONTHD L, Bl GRERO#S) D20 mgkg, LM M) T AD ()
WNTES) D 14 mgkg /N LL D LDsy Th H A3, #i b g CIIANZIRE TR G L5812
1015, 7 F o A7 vMIANTEL LESAITIEN 20 5k E <, BEHEICL D ERKE N,

—J7. EHE e BILAEMORHED THDLE ) ATFAT VY VEE (MMA) ROV ATFILT VY VR
(DMAA), hURAFAT LA FHA K (TMAO), ENR EICEEENDLT IV ) REA
VIR LD FLEWD LDso ITER © R OMHE LV b7 10 fFLLERE W2, MMA Tl
M= ~ F O, DMA TIXT v FOYEDEW T LDso 5L EOERA LN TN D,

# 4-1 EHC 224 [T D & - -tk b FELA O LDsy (k)
R LAY | B | @ | i | e (mgfsfkg) (rg/kg : it
i i3 ~ A A i (s 26-39 34.1-52.5 Harrison et al. (1958)
i b fig ~ U A | BERLR | KE | R 26 34.5 | Kaise et al. (1985)
i =iy 7 vk RO | HE-ME] R0 15 20 Harrison et al. (1958)
il 3 Z v b B | e R O? 145 188 Harrison et al. (1958)
i b iR Fw b ERIR || R b 293 385 | Done & Peart (1971)
i = ol U A Ak 24 42 | Done & Peart (1971)
Hi B BT b 94 ~UA | BhE | #E | HAN 8 14 | Bencko et al. (1978)
v EETMYA ~ 7 A WA e | AN 21 87 Bencko et al. (1978)
Gl g 7 v b bk B | EEN 4-5°¢ 9.7 -10.9 ¢ | Franke & Moxon (1936)
v fa M A Z v b bES B | HEREN 14-18° 34 -44° | Franke & Moxon (1936)
v EEh VYA Z v b ERE M| RO 53 298 | Gaines (1960)
b WEdn 7y b EE M| &N 231 1,050 | Gaines (1960)
B ERI VYA Z v b | OEE HE | BRR > 400 >2,400 | Gaines (1960)
v eh 7 v b | R M| R > 500 >2,400 | Gaines (1960)

T a lZEHCRE TG, b I8 T F U 7 AR THRE L7,
e, IR G (a0 b BSN) . BN, AEAPTES, IERERN; IR R RS EAT
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c X LDy fEZRT,




42 EHC 224 I[ZNERDO B - - HH v FLAEW D LDsy (AlE)

B E HLAD ke | W | M || P Hist

(mg/kg)
MMA T | R He | RN 1,101 Gaines & Linder (1986)
MMA Z v b OERIR HE | #R0 961 Gaines & Linder (1986)
MMA Zw b BEILE | OME | RO >2,200 | Gaines & Linder (1986)
MMA ~ U A | BRI | M| RN 1,800 Kaise et al. (1989)
DMAA 7 v b OER e | RO 1,315 | Gaines & Linder (1986)
DMAA Z v b OER HE | ARO 644 Gaines & Linder (1986)
DMAA Z v | BEFLRE | OHE | RO 1,433 | Gaines & Linder (1986)
DMAA ~ U A | BEFLIE | M| RN 1,800 Kaise et al. (1989)
TMO ~ U A | BEFLIE | M| RN 10,600 | Kaise ef al. (1989)
VAT EV] ~oA | BEFLE | HE | F&0 | >10,000 | Kaise er al. (1985)
FAIAFVTVIZ b eI AY | o A | BERLR | ME | RN 580 | Shiomi et al. (1988b)
FNIAFWTVIZMAFR AN |~ A | BEFLIE | HE | A0 890 | Shiomi et al. (1988b)

DPAA [T HARFUZIXBEGFE L WA E RILEMTH Y . DX FZIL DPAA Z&TeH /KD
AHICIZFIFRE SN Z D, fikFEEIZL D LDsy DN EEN LD, FD L 5T —X 35
SiLie oz,

4.2 ®B~hEEH

DPAA # [UE# G UTc —ixatakiy (G~ rhilsEth) fEROBIEE 2 o jIER 112R L,

£7-. DPAA OHEME THHE ) 7 ==L 7Y U (MPAA) OfERZRIF21Z, 7==/L
AFNANT I R (PMAA) OfERZRIE 3ITR LT,

Z v b Tl DPAA 5 mg/kg/day % 28 H RsfH#E 0592 L -EX 10 T 3 JC (LLF, 3/10 T &
LT D, 2B 1 IRITEEEE, 1 IRIEHESIR 3 B H) . X 6/10 LB L7e ¥ | i~ %
TlX 5 mg/kg/day % 5 BB FRAE D FEG- L THITIEAR < 3032 50 ppm O TEOKIZEIN L Tl
HEA 10 PR~ 7 21T 28 ARG (oK., B 8.7 mg/kg/day, M 9.9 mg/kg/day) L 7-aklh Tl
1IEDOFLE Tho723

PRERA~DE ITEOZE L Z B L) ITEmHREZ G LD T v | 334730 <0y 2 313237739
H=T A Y280 CHEINTWS, LML, Smgkg/day OfEO#KETT » MMZiX 10~15 H T
IEEBUTHR AR (IRER) 2SENLZA 33 | ~ U R TOHBUTELS . £ 5 BERICR > TeK
ICHHND X DI o723 ) £72, 2 mgkg/day OFR OG- THET » M2IZ 71 B B 2> SRR AR
wORE) 2381, 78 A BUABRITA B CTA LD K O I2Ro7eid, MET » MR A R O
HEIXRL Y | HET » b ~OfkEES (1.8 mgkg/day) Tk 21 O 5 T b IRk & OFE
W BN o724 MEY /L TlE 2 mg/kg/day @ 100 O AEETIRPEICI A7 n—X &
BROIER D B G4 T - 72720 Thd D 249 | 4R 50 A OMEY /LT 1 mg/kg/day Z#J 100
HRRE &5 L 7=iBR 2 | MEEO Y LIC | mg/kg/day % 28 HRERE DG L7-Br 7 Cidfr#ho &
ALRFRRRIEIR X723 > T2

FFlf~ DB DWW TIX, 7> F Tk 28 AMRRH#& GO 5 mg/kg/day #. 91 AR HEREO 2
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mg/kg/day . ~ 7 A TiX 28 H KBGO 5.3 mgkg/day LA EORE, 5 BREFE O 50 5 mg/kg/day
BECEHEOHIN, GOT X GPT. ALP, ¥t U /LB 72 & 0% ONHE RS E 2 33 2 BiE o
S SRR O BN BTN D 3363 L Cld 2 mg/kg/day D 100 HREIOKROHKETH =
AUS OBERIEME OB BT IX /20> 7278 2240 | | mg/kg/day % 28 HREIFR OG- L7t 1T
IR DM (IEHAE, 77U Y U ORIEMERRIZE) BAabiiz?

7w FTIE 28 AR A& G0 1.2, 5 mg/kg/day . 91 HRI#E A5 2 mg/kg/day #F THR ML EREL
RNNET R EURE, ~v 2 Uy MEOIK T2 EOB MMM A A iz, L, 28 Af#E ST
VIR DA S EMRREIR T A2 AUE 3 2 MR M ERE OB 2 &3, B BEO K M AR B LT
=OIZx L, 91 AR5 TR mERE T L2 b O OB B B ITR < T 505 % 7R L
TWizd, =7 ATl 28 HRHOKE G OMED 9.9 mg/kg/day BE TR MBI R A DTz, HED 5.3
mg/kg/day BECHED 8.7 mg/kg/day BEIZIXIMIK ~DFEET 720> 7239, H LTl 2 mg/kg/day D 100
H R A5 T b MR~ DR EIT I H AL TR 240

Zofth, T > N TIE 28 HEEHO$ES-D 5 mg/kg/day BE. 91 H R O $E5-0D 2 mg/kg/day #f CTHafg

DFENB LTINS, RER~OEEBEEET H-OICEm LY o Y787 > MEHT CIX
DPAA (TR L7221 kIZE D biig o729

BrAERMIZ DPAA 285 LT-REOREIZOWTIL, £% 4 BEO 7 » M 28 A TR O£ 5
L7 BR T, 0.3, 1 mg/kg/day BEOMEDIRIMEKID A EITARD > 723, FRILVERDZEAITE 2 b D
T, EWEBZONIHAEEIT 2 L D70 b DT/, Z OREITRMERE DS M+ %
RPN S 7228, BEILREGE ~ORBEOREMERICL 2B bbb AN o Tc, ZOMITIE
mg/kg/day BEDMERE THTNEALR, M CHRESCITIREE~DORER ENH LN, (TEIOZELom
PR O B2 < | DPAA XA B3 L CRBINCER WV EMER 2632 L IZZ 2 bhvie o
=3,

INBHDT LG, DPAA O FELEERMEMIT AR « RAHRR, ITIBA OLER, Wik L 5z
LT, DPAA OFMEIZITFENH Y, T v MO MER R bR > T,

DPAA #5-F L% OEIEMEIZOWTIE, 7 v ho 28 B OES, 91 BRI D5 05T,
[ AR T IRELZIE DPAA IS Ko THRBL L 722 b DIF & A & TR, ZBALORRE I BLOWD 3 72
LIEEMENRBO LN &b, BEEMIIRIFESZ 26N, Ty Fo 28 ARMKELGTIE S
mg/kg/day #E T 14 HREORIEHIFE TRIZ S 1/2 FTIZHIRIRAS A B V7223, 91 H REBEG- O 2 mg/kg/day
BECI 2 ERINICIRERIT L L= Y,

DPAA DOBEME TH D MPAA @ 28 AR A& G TIE, FX « REFHHRR A~ 58 T = &=
Bt (15 mg/kg/day) @ 2/10 PECTHLHT HICIREN A SN2 TH Y, PMAA @ 28 AR O&KS-
TlImEMERE (5 mgkg/ay) TH X « RIFFHER~DEBEIIHA LR T3, I~ D 5%
NEBITRBHAERETAONT., ZHLDO/RENS, DPAA K UOBEME OBMELZ KT 2 & |
DPAA>PMAA >MPAA DJETH 72,

2B, BRI K BB OW T, 1,000 mg/kg/day &9 EHETO 7 BB EEA CHE
PRECHFIRDIER 72 £ D DPAA IZ K 5 &B 2 LN DEIEERIEA LTS, K - KRR ~DE

16



BITHB Lo T2?

4.3 ERH#iEH

DPAA % FE# G LTz — i tEakiR (RWIEEME) #ROME 2 Tk oRlF 4 (IR LT,

MERED Z ~ FIZ 0. 5. 10, 20 ppm DL T DPAA % 1 ERIFKIEE G L7-3BR Tid, BokENDS
ROT-FH-EITHET 0, 026, 0.48, 0.95 mg/kg/day, HET 0, 0.35, 0.70, 1.35mg/kg/day THY .,
FTHORZ b —RREA~ ORI 72 < | ARIERITHEBL L 722205 72, 20 ppm A D il C T K OV
OEEHIM, ALP, v -GTP @ ERICHEZEZRD, HHEORHCTRIRE OJLIESC EREER, B
MR OFRAED I BTz, 7235, 20 ppm HE TH DAL HED M/ MIE, MDD~~~ 7 U v MERAD T
BEAEDHDLENTH TR, EHHICHHEMANN <, ZEbBMARD, BETRIERIT
ZLWEBZ LB

Fo, WEED Z > M2 0, 5. 10, 20 ppm DOJEE T DPAA % 2 FFMIFOKE G- L 723k Tk, ok
BN OROT-FHEGEITHETO0, 023, 045, 0.91 mgkg/day, #ETO0, 032, 0.65, 1.3 mg/kg/day T&H
0. WTILOREZ HARRER O HBLZ 20y > 7223, 20 ppm BEOMETEIE N A 54, [AIBEOMECTHALF
B MERECRARERIIA B o 7o, RO B & O B I3[ 10 ppm LA EORER WY
D 20 ppm FECHBEIZHIMN L7, FEC SUTPESE & 72 > TREF% L7z 20 ppm BEOME 33/51 JCCRaEE
BR 358 D22 & Z 3T X DRI OYRsE, TS OANZ B v, 79 3 £ TITH T XITWESE & 72
> TR LT 20 ppm BEDHE 4 PEr D 3 JECHFRAHE OJRIEA & 5T 949

MEED~ 7 212 0, 6.25, 12.5, 25 ppm DIEEE T DPAA % 52 ERBIHUKEE L7-3Bk T, Aok
B ROT-FEHEITHET 0, 0.75, 1.57, 3.17 mg/kg/day, HET 0, 1.05, 2.74, 4.79 mg/kg/day TH V) |
WO & —IRBEA~ DB T 7 < | MRRIEIR D HBUE 72 22> 72, 25 ppm FEO I TR it
HEK O EROA RN, M (8/10 L) CTHEHEAEZRDZ, HTITZ oM 12.5 ppm A
@ 1/10 PE, 25 ppm FED 4/10 PECEMEARE J5. 12.5 ppm BEOD 2/10 PLTREE A 25 ppm FED 2/10
VCCERMEATMIRERE N DT, WTN b EEEDH DB TIX RN o72 49

£/, WMEEDO~ 7 2120, 6.25, 12.5. 25 ppm DL T DPAA % 78 H[M (1.5 4E[M) fok#&x 5 L
T2ikBRCld, BUKENDRDT-FGEITHETO0, 0.69, 1.46, 3.03 mg/kg/day, HMET 0, 1.09, 2.49,
5.43 mg/kg/day TH YD, WT IO S —BOREE~OREIT 2 < | ARIEROHBUT o7, 25
ppm FE DHEME TIREIINO G EARMH], M CEFROFBERIKTAA B4, 12.5 ppm FEOMET & 14
HEMOFE RGN BN, 28, AFERORTITREDERECIC K 2 EER, BokEOEN
25 DPAA EHEDIINZ: ENFEK &5 2 Bz 4D, 4TER 8 H b HipE, #2FLH$ T 0, 25 ppm
DIRFET DPAA UK G U, BEILZIIRE~ 7 R & [FERIC 84 i £ CTHOKE L L2 #ES, 25 ppm
FEDOMERE CREHIINOA B 2280, M TR EEOABERIINNZ Bl 4750

ZOXHT, EH~F MO DPAA #5- (1.2~9.9 mg/kg/day) TT v ho~ 7 AZA LT MK (&
i), #ft%R, HBE OMHER~DOFED 5 5, RHI# O DPAA 45 (0.66~4.79 mg/kg/day) T2

O T BRI NTIR S ONEIER A~ D BT T~ 72,
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4.4 HJE - RESME (REK~OEE)

DPAA DAGH « FA TN (RHERA~DRE) BUBREE R OMEE 2 (R ORIE 5 1ITR LTz,

7 v FTIIARBLNNER ., B ROTIEREROFARITH BRI Y | A THRE
BEIIHALN TN £ 2 | DPAA IZIHEFT BT Wb D L E 2 T,
AEFHREIC KT DB OV T, KRBT 14 AL RZRMIM AR TR 7 B B £ Tl &5
L7277 v k@ 3 mg/kg/day Ff TIRIEEAGIZME O “IRIRZRBERBDOIK T RA LN, ZRRITITE
BT o T, FT2. 3 mg/kg/day FE TIIHIIIRIE A~ DB L U THEINEL B IREKL OCAELEIRE D
KT, FHIE I, FRATE 7R D ONTRIRSE C RO 4 b2 As, K & U CHERE DR RERE:
BITHE D AL & MEREAE S AR ~ D EFERY « BIHEAN 72BN L0 A& U B b RS 2 bt Y,
i~ 7 A1 0, 12.5, 25 ppm DOJEE T DPAA 4Tz 8 H 2> HATHR 18 A £ THUKE 5 L7/ R,
HHPE S| PEVRAR BEFL I BT 72 < WIRMOBIRICB W T S R B RIERFHT RS 72030 729
m&%wﬁiy%:o2omm®%WfDMA%%m&5L MAAZMLTHEZ L A0S 21 H
(BEFL) £ T DPAA ZIEX<EHE L., BEALRIIRT v b ERFRIC 12 @ilsE THOKE G- L7- DD B, 6
WS E T DPAA ZHOKE S LIt IZKEKE 6 HIE 5 L7z DC BE, KiEK% 6 i E THOKE S
L7212 DPAA % 6 JEMEKKE G- L7z CD B, AKiEK% 12 HlisE TG L2 CCHEZREL T 6
T HRIE, 12 EEEREIC 2 T O BN 2 5206 L 72357 Cld, DPAA OEBREIIFAHORT » T
5.6 mg/kg/day 4~6 W DT 3.1 mg/kg/day, 6~12 kDI T 2.1~2.2 mg/kg/day Th o7, %
DR, YUZIX DPAA FHAZ K A REHIMOIMGI N~ B, A—7 27 ¢ —/L RiBR Tl 6 s D
Dcﬁ&UDDﬁ Wl CD #E. DD B CRBENFRRE, TR GEE A~ DA R A BEITHEM L
7o SZENAOIEREF R 3R T 6 @R DC BE, DD A%, 12 ##H> CD #, DC #%, DD £ CEXMIIL
DI HIEEIZAND ETORMBAREICE -T2 b, 6 BEORIER M H -7 DC BT
— 77 4=V RRBROBAEIZEIE D DAL 7e b O D 2B [EHEE 7 55RO B I X EIE 1T A
Niginotz S5

F£72. 5 ppm DOIRE T DPAA ZHKE G LTc R~ U AORF %/ U CTRILEIC DPAA ZIX<#& L
T~ 7 AOWTIE, 7 EERLAREIC I L7z AR T 7 Ao b L—= 7 BEICHE S Bifg ol
E (RN D% T 2 E CORMOIER, % TREEROWD) 135 BT ~TH Y | BAREERE
B OB RAATFRERBR CALZEZEOTTER A LN ERES TN D

— 75, MET > b ORI OB AL 0~1 mg/kg/day % 5RiflFE 085 L, RHAZ I L C DPAA %
< EE LA RISHR 2528 WD T, AR — IR, IR, ERIBRE b, SO BSOS
B IRE, FREE, ETERE O WIS BRI R o 7o, HHIR 7 B OH 2 B At AR TR AL
20 AR ECmAlR ARG LT v DR (F) ZHWTHER 4~5 Bl IcE i LA —7"0 7
—/b RRRBRCIE, AEHEE (TENER, XEREE, b B30 [EE, SfgV AT, i
. HERIEE) 09 b, HETITREARED 0.1 mg/kg/day B % & 7= 2 TOFRGRETIE S BV [EHK
& FREO TR N A B L=, TR EHED | mgkgday B2 & -2 ToHks
HECTWIThOHEBICHAREREEBII e holz, Lol 8~9 WERREIZHI O I T HHE U 72 3085k T3k
? 0.3, 1 mgkg/day B, D 0.1, 0.3 mg/kg/day BETYEH BNV FHEA RIS Lz, 20728,
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STHE7 B HA 5 0, 0.01. 0.03. 0.1 mg/kg/day % ISR OEE L2 v bR T4, 8 BT A—
77 4= NRRBRZ S5 U TR L7oRS R, 4 B OFBRIFIC 0.1 mg/kg/day #EOME TSI S B
D [EEE B LI LIS, WTNOROREE B IZH AR 221372 < | #lEl OB IZ
mg/kg/day BETH 572 4 HEFFO ZALITMERED R U, 8 Wl OB LIZIXFEMEN R o T2, 4 —
7T =)0 RERBRIE, MR - MR EEOFIZ W T IREMECIERITE 2 IE T Sk
L TLIZLIEAHVWLNZ DD, A7) —=2 7R B L TEMT N0 THY . £l
EHH OBWAHTIXREETH 523, 0.03 mg/kg/day TIXFEFER CHlEHH I T HoRlEEE
CHBORN LRI,

F 7o, iR 50 H B2 HPEE TOH 100 HEIC 1 mg/kg/day Z5@ilfE O &5 L X< @&
NOWRT, A% 30~40 BIZEM L-ridErEfd (B). BRbUG, BRI, BEALRS) 125
BIIHB DN

7eB, ATERABROFEGNIZ VD, £ ORGEIT—BCIRREOE L & Flix DR G 7o el
WY HERAEROE hA~ORIIREETH D Z LITHENLETH D,

4.5 EEFEEHE

in vitro FRBRR T, 1+ X X F 7 A (TA100, TA1535, TA98, TA1537) . K HE (WP2uvrd/pKM101)
D 5 EkAE ORI B i, REHEMEER (SO mix) BMOAH BT h b b TRt
FRDF B, DPAA IFERFEZH SN EEZEZ bz,

F ¥ A =— AL AL —filiffifatk (CHL/IU #ifd) 2 A7 QR R 558 T, S9 mix #no
AL O TYRARMERT 2558 L, PSR o Dy (R hEMiao 20% 12 2% 455
HKIHEDHTD Zgﬁ%£>i@%ﬁﬂﬁ%@@mkﬁ%M@*@T?O%mym\@mm%m
DM T T 0.92~0.99 mg/mL, HFALEEYE 24 FEFLEE T 0.11 mg/mL ThHo7-, Ll RS
[ZOWTIE, AR HAEE S9 mix IO ST THEERFIEDRWERN LA £ Do
S THR R E IR O HBBEE 1T 5% R CTh o7 Y, Fik, %&4:—xﬂAx&~%ﬁﬁﬁ%
fakk (V79 M) T 24, 48 KRB S BE CYL ARG SR T 23538 LTcs, ThiE &
WTi@ﬂokoﬁ%ﬂ%lﬁwfiﬂﬁﬂ@ﬁTﬁ%éﬂ@ﬁotﬂ 48 REEALBECIIARV VB
FEETHEEN RO, b, ARDREEO LA Z5 E# 2 U7o R Tik, R R QR EERAFRIIC
Sy ESRMNE O TR S E R OV AL S ISR L 72 SRR S DREFE N A BT 359

in vivo BRR Tl 7~ b OREREZ DPAA Z#& N # 5 U T30 L 7=/ MERBR T, BB/
FZREE 1T R & A 22 72 < . DPAA IVIMERRMEA B S 720 (Bath) LBz oni?,

4.6 HEMLAM

DPAA % JAE# G- UTe 383 ARk R OMEEE 2 A3k DRI 6 1ITR LTz,

MERED =~ RIC 0, 5. 10, 20 ppm DFEJE T DPAA % 2 BRI G L2k %, HEORARIC
AR D279, Filo, MO~ 7 2120, 6.25, 12.5, 25 ppm DOJRE T DPAA % 1.5 4
MIROKEEE LR, B ORERICHE BRI R0 o7 D, 2ok, BHEEEICL D%
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D AMEREBROFER DB, DPAAIZIZT v F KO~ 7 Z1T5xF U THB AT RV & s v 99

—J. MERMIO CD1 ~ U AIZEMK e RO+ 2 &, B U RoRECITNR,. M, B,
MECHIR, 7. BIBOEERAERICRET L ENREINTND 5550 I BITHIRRTN BT
PR, HM A ML TROEE L, BERLZR b RE U X ERBRICRICER G AR D L ECIINRSE, 1
I C & IS O R AR E MR A BN D K 9170 | METIHRIEH 0L 01X < I~
T, MBS DSK 3 fi5. FFMAQRE 25K 6 fi5. FEEAK 35 AL L dEShTnd 7,

Z D=, CDI =7 ADMEIZ 0, 12.5, 25 ppm DI T DPAA Z4EHE 8 H2xBIENE 18 H £ T
KEE L, 56702 84 Wil E CTHIE T 2N IE < #E8E. 25 ppm A 400 8 A6 HFE, 23
Wizam LT L, BRI R~ T 2 L RIERIC 84 iinE CHOKES Lo —AEEIZ< B2 R EL
TG D F AR 2 3R L 72,

Z ORGSR, —AEVET < BEREOMERE KL ORIAARIE < SRR O MECIIIRIE O F8 A SITH B2 BMIE 72 )
o7z, FRIRARIE < BEREORECIXFHM AR IRIE O 58 L SR B /2 BN L 72 22 o 72203, 25 ppm BE AR
S DFEAZN A T AR BN 7 & Au, IR BRI & R aE & & o8 7o R84 21X 12.5 ppm B EOFET
ABICHEM LIS DD, ZORAERITIIMERFEN LR o7z, 2D X 512, DPAA DfEfR
AT < BT K DG O ARDUTER b BORBRFER L RE B> THY . DPAA RIGRIT< #&
FEDRE~ 7 AN H BV IR OV TIE, Wb 2 OFAERD BRBAEDOHIANICH T2 &
175, DPAA ORI IZ BRI X D RN AMEOFEZPAMICHRTIT L Z I3 TERVWEEZLN
2o BT, HEORIZHOLNTEELTH T2 0D, T ORKORE~ 7 AHFAD A 1 =X AT
EDAEMELEZ DN, B hA~OIMFEICOWTH A TH 72, ZD7d, BIBEIESEICLY
R LTz~ 7 ZADFFIEBICOWTIE, BAEA D=L L b F~OIMEMED A A BN TH &
PICTDMENDH D LB BTz,

B, Ty MIENSAME DY =F L= Fa YT I (DEN) 0, 200 mg/kg % JEENEE L=
2 B D 0, 5. 10, 20 ppm DHESE T DPAA OFKFRH-% Bt L. DPAA #5-BI#ED 1 BRI
Tl > 2/3 % &R 53 BBk L T 6 i [H] DPAA D ¥ G-t i 7 b e AFIR O BT 2S A 28 DFERE Td 5 GST-P
BEPEMIAE B 13 DEN ALERE COABILE S 4L, DEN L& L7- 20 ppm (1.6 mg/kg/day) BETZE O L H
FUTAEISHEM L7z 4™ F7o, BRI N R D 5 BEORNAWE % 4 BREICD > THET
v MG L, 5HEHES DPAA % 0, 10, 20 ppm DO E T 27 BEHPOKKR G L=, 20 ppm B
D fiFhig T GST-P EPEAIRR S D% & mfE, IBEMOR AR L BN AFREICHEM L, LarL, 20
fhORERNERS (BEbE. B, HRRAR. KBB) TiL DPAA G L 2 HEERELITA N2~ T2, &
N DOFERNS | MORBAWEIC L DT v N ORI L ONBE R 5T 5 508 AAER 2R+ 5 {E
A (Fe'—T a3 AEH) S DPAAIZIEH D LB 2 DT 446459

4.7 HERaSEH

INET, V7= ouT vy (DA) RV 2= VT )Ty (DC) EWo Tl
A (K LA moznbo, ZOBEYED DPAA, MPAA . PMAA 72 FOfAkE #ZLAW
BT 2 HIFRONTZ b D L7, ZHEDOFMEIT OV TR —OEWFE - BRERRIC L0 [F—H
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BICRER L. MXAICEEM L BlT Do dz, 2o, bnfle ZoET 27k e F s
Y. e FEAMEOEORB Th LA E #EEMEOEGE 18 HE Ot RILAEWITONT
BHERBRAITO, 2O OEEE MK T2 L Lie, ZO5E. 7 v M EOFEREY
EHWCHLEZT Y RARA » ML REFEERBRO R S B 2 S, FHMo = B HEED
X CH D Z &, e ROBHEITMIENOT 4 —/L (SH) % & OfEEIC L DMaRHofE &5
AN EREND, BMEHEOREMLEE L, MIEERBRIC L VFMEEZITS 2 & & L,

FA M RBR CTIT O OHINFE 2 Ef & L7225, FEMESCHR D R 2 BB L., kb S H
SNTWHMfED—>Th o b M FEGRMLK (HeLa #ifld) Z8MA L, B RETER
LA % & Lok HC HeLa M A 24 WFFIRGEE L7= 1%, MIRABKSBRESRIGTE 2 JIE LT O,

e FBEAWICHON T, MRRANBIKFEEEREE O ERR L 0 B U7z 50%ERE (IC) &
UNDPAA O ICso & FEHE L U 72 M%7 (DPAA @ ICso,” & FALAM D 1Cso) & 3 4-3, K 4-1 ITRT,

43 MRS R (HeLa )
488 fLams 5 | i | ey | R
B U7 =)L a7 (DA) C1H pAsCl =i | 0.801 200
U7z = )T )T L (DC) CisHi0AsN =i | 0.567 280
B % U7 =)V T )V U ER(DPAA) C12HuAsO: B 157 1
A e REY F )T 2= )VT VY UFE(MPAA) CeH7AsO;5 Ffli | >201 <0.78
T == AT VY A X R(PAO) CsHsAsO =i | 0.0557 2,800
b A 722V V)Y b (BDPAO) CasHa0As,0 =Ml | 0.707 220
7 2 =)V AT VT IV UER(PMAA) C7HsAsO» FAili 25.2 6.2
KU 7 = =)L 7 L1 A(TPA) CigHis5As — il 200 0.78
U 7 = =TV F %L R(TPAO) CisH15As0 FA 460 0.34
e REY =Mk _tF (e As;03 =i 1.64 96
HiEfE b U oA NaAsO, Al 1.68 93
A e (BB A$,0s FAili 26.9 5.8
tﬁﬁﬁ/lﬁ/rji\ Ca3As;035 HAL | >422 <3.7
| e il D RVIN G oV &1L 7)) Na,HAsO,+7H,0 | Fifffi 83.6 1.9
MR e A E ) A %/W/v Y UHE(MMA) CH;sAsOs Al 886 0.18
PIGHITCHDO | & 4 707 1o BEDMAA) CHAO; | Hffi | 151 1.0
A RMLay TV ) KA L (AsBe) CsH11AsO» FA —° —°
D3O CERRRAIN]
LTSN | p-7 =)Lk CsHsAsNO; FAl | 1,410 0.11
Atk e # LAY

:a)DPAA D ICso & 1 & L7z & X OFEXHET, AT 2 7 ¥ TRR LT,
b) mAKIRE TS 20% L EDOHIIIN LK EBERTEELEDR 202D, ICo MR SN o Tz,

HeLa #ifid Ti&., DPAA OffiffamtEiTER  FIEAMORHY Th oAt FLEHD T A F )L
Ty o (DMAA) SIZIER LT THY . e R OmREE (& OHAMN) THEEL L
el ZA, HENTHMMTEHRT =D e FEEMO T REEITIRNEWIFERTH 72,

ZD XD, =MD e FEEY DT DPAA Z G e Tl b FMLEMOMIEME L Y HEun &

IRERIE, K 42 \TR LTy MO M N IR (RHMVEC #ifi) oY |~ o ZF{RAFHE
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fie 2 Z VoA E B T OO b T\ 5, RHMVEC #Mifld Tld, HeLa a2 o~ TAfikrY
(AR EE R I3 5R < BlAu T 7223, DPAA Ot T o g v F ket (e rU v a) &
FIFEETH Y . ~ v ZFRAHIIE T3 Ifh & =i o e 2 EamohHTh - 7,

F72. RHMVEC #ifld, ~ o7 AFMUTFHIARIZ 63 2 i gtk & Mifa N b 38D IAZ B OMET Tl
M ORI BWABEN 2 B v, FAMIZ AT =D & B LA OMBENER mOOIL, =flid b 5K
LAY OHIFEN~DOE Y ABERFENZ LITER L TWEHDEBEZ LR TND 0602

10000
1000 (B ERLEEY) ] (ZEDERLEEH)
100 - T
H
AT | | Hl
B ] EEES N .
W Hﬂ SRR ﬂ ]
001 L L L L L L ) L L
®oOos o= o4 Wk 4 o8 = A & A N L "\' = H’KA g
"???kﬁgﬁg'\ /\\-ﬁ\,,\ N = Eﬁﬁ&ﬁ
A2 2 2 ¥ud B A%z h2 2 o4 3 % Uu3
2222 2 F5 3 5 2232 AN N £ 282 4 KH
RERIRz, 8 E S REREXS R ooagaskEE 2 BT &
2SS g A= n 2 252X T osng8aFue 2 b
TR NN U oz ok ok 24 aSaSasRT R -
HoOH %] xRk = 2N > F I
N > H W AN m I 2 < |
NN T ow A I N
¥ H = é N DH -
N+ T NN D A
4-1 bHFAWD HeLa Mz xt3 2%t M (DPAA DM ENEIZ 3T 5 FHAHE)
(RHMVEC i) (= 7 AWl )
1000 — 120
(F {f) (= i) i
100 — I H < 100 ¢
— (=) r
s 10 — =1 H ~ 80 ¢
" 1
1 — - ] H i 60
= 4]
Z 0.1 [ A = 40
0.01 H H H H H HH 2 20 ¢
0. 001 ! ! \I_I\ | \\ \\ 0 } - }
E S8 8 &8 &% 0 1 10 100 1000
QQQQiQQQ:‘:ig R R (mo/|)
EEEF 8 3253 8 =g ga2 —a— BEEETMIL (Z1H) RI% \Mg
MeUE U XTRS U inainand —8—DPAA
~ ~ ~ " ~ ~ =
A ® o~ B 338y —a— EBKET L (KEI) (EAE)
¥R
IR

4-2  RHMVEC #fifa e O3~ o ZHHCAF I %95 & B L&Y O xt 73tk
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4.8 TILEAFAUAERORELEENE
e BILAEWOEERIRTREDILE ) ATF AT LY U (MAA), VA F LTIV U
(DMAA) THDHMR, EFRETNVZF A4 (GSH) OEAEMBIEHFICHRt S Z &N T > FT
RHHENTEY 97O ZfiicE sz #FE GSH OEARE FRIHY & LRGBS 5 L
SHEESNTWD ™, GSH &iE, ARNORLIETINCEEGT 5 L & bz, AFETFMELE S
VB FF AE TR L RSN HE T 2 B EHIC BB 5T 2WE TH D | MM bAAET
HH. FABANIZIE 100~1,000 [EEiRETEEFNL TV D,
N OFFEEAIEE (HepG2 Mifd) % FV7=3kBR Cld, AN GSH OF5BALEL X DPAA <° DMAA
O Z AR T S8, =fo M v SRoOMENEZ R U722y, B8~ ? GSH #RINiT DPAA
DOHIFRFENE 2 HE58 L. GSH F5¥81Z X o THITR S 4172 M b S8 Ofila #E & X T S, GSH 7% DPAA
ORI ZEMT 5 Z L AVRI Sz 3% 27, DPAG (DPAA & GSH Ofidik, v
W) & Ak U CHIRREEE &2 Mt L7255, DPAG OMiaEE X DPAA dFJ 1,000 55 < . il
N GSH OFEIBALEL CHITR S, B8~ GSH IR T L72 77, DPAG OHIFEN~DHELY
IAZT DPAA ITEER TR, 2865 10 52 <. GSH OB TH Y AL TBAZE (THHl S 4, Ak
BB CHI M LTz, —J7. DPAA OMANELY IAZ 51T GSH OUIIAEMLE DB A4 52T 727
S>7Z &M B GSH IZ X% DPAA Offifla D2 kiT DPAA ORIFIHNER D AL ENEL LT Z &
IZX D HDOTIHRD -T2, KiF&IEF O DPAG 1% GSH 177E F Tl L E Th o2, IEFIEF T
IR ETCRIEIC R SILD T2, DPAG O RIZ L - TH Utk « MGk O & WAL E 7
RS IR O FRINME TRV EBEZ LN TNS W)
FRARE O b FRE 2R S Wi AR 2 55 L (KN e RNy 7 77 0 FMEEBD S8T7-T v
~Z DPAA 1 mgAs/kg Z HialfE O &5 U723 Cix, JEH205 DPAA & 3EiZ DPAG 23 H S 4,
JRHHICHEE S - e BIEAMO 5 B K 85~95%28 DPAG Th o7z, F7-, WS 7 »
s D ifig = FHWTZ3RER D S . Fiflio> DPAA & LbEg L, =Afi> DPAG @5 23 HudIZ AR M ERIZH V) JA F
NTWBZ ERgmoTe, DI &%, DPAG BIIKGES L, N F A AAEMIEThD Z &
WCRVAERLEEZMOY 7 ==L e FAWARMERT DX VB LG LI ELZLND D
EMS ., ERNT, L0 AERYE L ORIGHEREW MO Y7 = =L e BEAW~E DPAA N7 )L
BF A EN LU TREILIND Z LR S L7z 2020
GSH K U GSH 5 DR 3 fRICAR D S8R (v -GTP) DFHEA] (GGsTop™) (XL 2B A T
N CHET L7 R, STHREED R 5 1% DPAA OB S 7= DI12% LT, GGsTop™ #%¢ 5-1¢
DIRF D 51X DPAA LIAMZH DPAG 2t S 47z, 2, GGsTop™ & 5D B figi TlX v -GTP
TEMERA BT L, GSH B IZA BN L Tz Z &35, DPAG N E L TRFICHEIES
TebDEBEZ BN, ZDD, v-GTPIEMMHERNIC XL 2 2h=2RA72 GSH IRE O INIL & RO #EME
BT 57 2 AR ES R S i ™
DPAA & N-TEF LT ZT A (NAC) ORIFFREIZL > TT v FOKEBD A TERITIH S
727 o NAC K TONGSH 1F & b ITHEIENIC SH R A FF O bW E CTh 508, b FEOEmMEITHIAEN O
SH 3 & OFEAIZ L DM OIRE L EZE X bhd Z Livh, DPAA @ As & NAC @ SH 2 A
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L T DPAA OEtE RS 7R R E B BT,

INHDZ L XD EAICHIR E 7z DPAA X, IFIICB W T GSHIZL Y =iy 7 ==Lk
FLEWTH %S DPAG IZEB I NS, DPAG DK RE 51 7 VB F A G BRI REIZ,
AREBRS RIS L, OWTIEFFESEREZREZTHO LHREIND,

4.9 HER~NDEZEHF

DPAA %< #& L7c HepG2 MR D & /N7 & Z AR IEAT L 72 fG SR ME— BN L7 & v
R EITEMEMREEYE Ch D 7N Z I VBORICED 2 EBE R TH DL /N H I T —
¥ (GAC) TH V., TORBRITIRE, FFRIIKFE L TIRT L, 70 I VRREAICK T D 128
FLEZONTNWD U UBIEMRIZ L2 27 —F (PAG) DIFME T2t~ T, Z 0% ) —
EOETITE FOFESEMIEE (HeLa) CMREZEMIMER (SH-SYSY) THAHIL ) | HepG2
Ml TlX DPAA LIZMZ & MPAA X° PMAA THIHIWERIIS - vz s, oK L FL P A F L b
F1L4%.BDPAO, DPAG, DPAA ° MPAA,PMAA D/KERHE%E A F /LI CEH L7254 (DPMAO,
PDMAO) . MPAA O 7 = =)VIZT IV REBANLIALEY (p-7 V=) CTIIAEREMI
Rinole, Zh7e, Yl b T = =V E KN E RIEAEWC LD 7 F =B oMl
VETHDZEERETHHOLEE X 5, DPAA IC X DR ~D B S LTV 5 alfetEn
ARSI, Lanl, 7y MRIEKMEEME WREEE) T/ I —E0RBmH 2389
=Hoo, 0, 7.5, 15, 30 ppm O T DPAA % 49 il F THOKEZ G Uiz~ 7 A TITE) RH & /MK
WNZLZ I —BIEMHR T ORREIREIC T 5 Z LIXTE enole P,

20 ppm O THIAER 12 R DPAA 20K G- L1727 v NO/NRTI LV I VRS REORE
RFEBURT & GSH G AkliER OFBUZEIT 2V S DD GSH IR EDOH BB N A Bl 2
—77. DPAA 15 mg/kg % Hi[a] XX 5 mg/kg/day % 5 BFFEHFE O£ 5 L= ICR ~ 7 A D CTHE—
I B VT ARRRIFR B PR 2 LI MR D 7 v % 2 ffifd A 3 & LTEEIRME T = Fr b X B LA RO
fEA B L RITHRT DSOS &R LI 70 & Sl OEEE TR E <L TnWe, £72, 2.5~15
mg/kg Z BA[A[3 G- L 7= 24 B Ot A b L A3/ CHEIHRIE L CTHEISHEIN L7225 K7
EOOFARE COBMIEZ2 < . /IR TIITEMERFEREZ W ET D2 7NV 2 F A~ A v 2 —Bigk
DEEREF LA LN, ZTRHODOREL MDY 7 2 =L e BLAEWROY A F L e FELEWmE M
W72 in vitro FBROFE RN D  DPAA NIRRT SN T TEX MO Y7 = =0 b B A/ MM TR
ST DAFE PR BICEEICH D —BEER LIS L T= hafb X M L RAZFHFRT D IEMEME
BHEUDAD=RLIRE S, BAEPER B L RITOWTE Z OFFPEREIC KRN 5 ATREMEAN E 2 5
e —M bZ IO BRI ET & MG B 12 B3 2 B MmN K Ol D4y A v & v
Ty —Th D7D, DPAA IZ L D/MEOBEREREFIZM(EA N L AR R= hafkA hLRIZL D7V
F T HIOEESC T X SN O~ EERREOETICL LS bD B2 b, —1k
HBRREOETIZE B2 /NUOMPEER T & GBI TE L L SN TND 2,

7> FO/NMERIR CRRESHIRL, 7 A bt A MEDOIRAERE) ([ DPAA & 48 IFRIIZ<E Lz &
Z AL K30 uM OFRFE TRIBLENT 50% 080 Li=23, Blg/AKE —F Y 7 ATiE 100 uM DXL FET
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HABERMREET R o7, L L, #REIFMIRIERE (Neuro2a) TiX 100 uM @ DPAA TH#J
30%FEEEDOMBBEIRINTE E 0 . 100 uM O e FEIKFE T F U 7 A TIEK 80% DD A b7 Z
B AMIEIZ L o T DPAA (T DI MEIZR R D LB X b D, Fio, /NI R,
7 A haY A MEOIRAEFE) 1250 uM D DPAA % 48 BFIZ< B L= & 2 A, MfuEkix 70% 38
L7 LAl CTH D N-T B F IV AT 4 (NAC) ZIRINT % & 20% DD T8 S iz 80

DPAA Z(I<# L7127 v + /Nt (REEEE) (ICoW TRERRRE AR TR BT 21T -
7o, b A b L RSB AR T B TGHEEH 2 A3 2 Wi~ 7"F RE{s 1 (Neuropeptide Y)
MAE AN BEREE 2 BT T 0~ 7 F Fi#{af (FGF-2) CTHEREBLEANT X hutA
N CHlE Sz, F£72 100 ppm DOPRJE T DPAA % 21 HREIUKES (8 5 mg/kg/day) L7= 12 #Hn
7 v FO/PET S FEROFER DG S 417z 3439

Z 2T, NHERSRMIEN S T A b YA NEELETHREERE ML L, DPAA X< B EEL
AW L72AE R, 2D ORI F OB LA K ORI ~D T F R AR BB D, 20
il & MAEPLRMES 7 F N s 1 Tldd 2 BSARA O —H N IE ESER 26T 2851 (7
RL /A2l 2) ZhEROEIRAZ LN ¥ | MANERIGES AT LEH ) 2RI BHY »
FRLBER O RFETEEAL D A DT 28 ) 2607 A hat A MIBIT 25 DPAA D2 NAC O
I X0 I3F T &z, £72, DPAA 17 A hu¥1 FBWT GSH ORF %25 & i
Z LAMMEN GSH ZAkVE S H 7z, & 512 GSH AR FLEAIOIRINIC & - T GSH Z#i¥e S ¥ % & DPAA
DRI SN,

TNHDFERNS MNIZEA LT DPAA 137 2 F a4 FNTERILA L AD LR & FEFRIC
B - M MEENE 7 F ROBEA « DB, Z 78 U bBEE O REEM b2 & 2 L,
PRRRRE R D FIEC IR MIE B IS T 5T 2D rTREMES R S 72 7, £/, DPAA ICBSE T 5 Ak
FBEDD T 2=V AF LT N B (PMAA), £/ 7 ==L T7 /LY B (MPAA), 7 x=/LY
AFNT Y A XY A K (PDMAO), ¥ 7 ==L AF LT L A% 4 K (DPMAO) % DPAA
ERIBRICIZKFE LT &L 2 A, PMAA OZ08 DPAA L RIFRODEEZ R LY, = OFEEIL DPAA 12
D LN holeZ Lnh | MR ~DOEBIIDPAA ICL Db D EEX BN *8

DPAA 27 v h/NIMHSET A hat A MIE X HEWFHEEL LT, MlaNo X 78
VIBLIZ X D EUREY AT ADOETH D MAP X —E L\ 5 U UERLEESE O BE TR LR
ENTZN | 2D MAP ¥ —EOMEAZ I CHEREZAYIZ DPAA I2X %5 MAP ¥ —F D5
FIEMALORE| Z M L7- & 2 A MAP 7 —1Y 1% DPAA IZ L D b A b L R GEKF DR E
A BRERF OB LA B XOMEE - EFEME~TF OB ZHIE L TnD 2 &30 5
Lol 348

PLEDORESITIFTEIZT » MMEHSRT 2 hath A R THRLNZED Tho72Z &b, B kD
MRAEAINE 2 IV T DPAA (T & 2 Al B4 i 50 B O Rl 22 57 7=, fEHT L 7o MiiakkI S T98G (277
TEAEMRAE) . U25IMG (7' 7 3EMIAE) . 132IN1 (7 A ha ¥ h—=), SK-N-SH (Fhit 250
N fE) . HepG2 (P HI kM) . MCF7 (FLIREHORARA) . AS49 (s kiifia) TH | i
FIAEE R RN RIS DOV CRIE L7z, Z OFEH, DPAA X< FEIC L » THIBBEIEE 2 R 2 B
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7=DiE, TI8G KN U25IMG TH V| FIWVRR LA HIZDIE, 132IN1 KT HepG2 Th o7z, il
DML TIL DPAA |2 & 2 ARt RIT A b7z, DE D | DPAA O TMfafEIZ &
DEIL LD L DOTH Y, AEFHE L7z MO s CIXRHC 7Y TS ESZ EO B O TH 5
ZERH LN E R oT, AHIT TN D OEEEMIIZIS 1T 2t DPAA IZ K DM AEY) T B 2 3
fliL, L7V THETHLT A had A NOEBEZMEDOIRREZREST DL L HICT v MKH
K7 A hatA MTEITHHBEDFHIRED A =X LERET 5 Z & T, DPAA OMFER~D
BT 2 PRI - IR OIRBIZ ORI D LB BND 8,

—7J7. DPAA Z B L7~ U ZADMMNIZIIT D MMRERE OE IO N T A 7 a AT I v
AEEFAOVTHRB LR T, BROEE L~ T A0 (BRE:1KR) T DPAA EREIC R—r83 v
MR T T BG83 B2y,
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