4. BMEREFICKL S DPAADEH
4.1 2MEH

DPAA DRMEFMEIZHOWTIE, [BHEMED H 2 SCERE I 727 > 72, NIOSH CKI[E [ENL 57872 2 E
WFFEFAT) @ RTECS® (Registry of Toxic Effects of Chemical Substances®) (2~ ™7 A ZHi[EIRE O #% 5 L7
& ZXOPEESLREE (LDs)) & LT 17mgkg & W IOENNGEEINTWER P, Zhidne U7 oXE
IR LT = a0@tETr — X ERHILE 2> TRY, AT — 2 52#HERLT-E 25, MoDL =
0.017 g/kg 3 & fdl 41TV 72, MoDL (& mouse oral dosis letalis (~ 7 AL O ESEHE) OIS T, v
A2 1T mglkg R AOEE LT-FHIEERA LN E VW) Z EE2BERLTRE Y, BIERIIARH (LDs
EREEW) THoto, 2B, ThE B FBHRFE T 5 & DPAA D4 -8 262.14, b FEOFT-EA 74.92
THHID, 49mgAskg (=17+ 26214 X 7492) L7225,

LDso (2B L T, DA DOWHE LW ORI b L < HEOME LML ETIIAMTH-TH, 7
FENME DR A N e G5 03D 72 vy, 272w, EMER & 5 & Ebitd WHO (2001) @ EHC
224 |2k S LT © LA O LDso 3K 4-1 12, A e FLEWD LDs 23 4-2 12730,

e RILAWICO W THRD &, HieE GREEO#EE) ©20mgkg, HEET N vAD (f)
WINTES) O 14 mg/kg B /N LL D LDsy Th H03, #i b g TIFEICIRE TG LS A 12130
105, B F o 7BV AN TEE LIZGAEITITR 20 fRE S, EFIEIZLDEDKRE,

—J7. B BILAEMORHED THDLE S ATFAT VY VEE (MMA) ROV ATFILT VY VR

(DMAA), hNURAFAT N FFHA K (TMAO), BENR EICELEENDLT IV ) RE A
VIR L e FLEWD LDso 13 b FEEHMOME L D B 10 fFLL ERE WV, MMA Tl
M=~ F O, DMA TIXT7 v FOYEDEW T LDs I EOERA LN TV D,

# 4-1 EHC 224 [T D & - 1ot b FELA O LDsy ()
mHC Lo | B | | M| (mgf;)kg) (rﬁgfjg ) it
i ~ A bk JAi &1 26-39 34.1-52.5 Harrison et al. (1958)
i b g ~UA | BERLIR | ME | RN 26 34.5 Kaise et al. (1985)
i 7 v b EAR | HE-ME) R0 15 20 Harrison et al. (1958)
il = 7wk B | HE-ME| RRO? 145 188 Harrison et al. (1958)
i b iR Fw b ORI | e | R 293 385 | Done & Peart (1971)
i & {74 Fw b ORI | e | R ® 24 42 | Done & Peart (1971)
iyl VA ~UA | A e | AN 8 14 | Bencko er al. (1978)
t et M A ~ 1A A e | AN 21 87 Bencko et al. (1978)
il = A 7wk IS B | HEEN 4-5° 9.7-10.9 € | Franke & Moxon (1936)
= 7 v b bk B | e 14-18°¢ 34 -44° | Franke & Moxon (1936)
t EEh VYA v | ERIE M| RO 53 298 | Gaines (1960)
b iEeh 7w b | OEE M| #RD 231 1,050 | Gaines (1960)
E FEhvy oA Fv b | IR M| RRR > 400 >2,400 | Gaines (1960)
=ivsiE 7 v DAL M| R > 500 >2,400 | Gaines (1960)

T a JEZEE TR G, b I BT F 7B AN TR G L7 BR,
EE; RS O G (a, b SN . BRI, AERNTES, IERER; IS BRE BOE AR
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7 4-2 EHC 224 (2RO - - HH e FLAW D LDsy (AlE)

Ak #Zbaw hifE | PE | R LDso HigL
(mg/kg)
MMA 7 v b DAL He | #RN 1,101 Gaines & Linder (1986)
MMA Zwv b OEK HE | #R0 961 Gaines & Linder (1986)
MMA Zw b BEILE | OME | B0 | >2,200 | Gaines & Linder (1986)
MMA ~ U A | BRI | HE | RN 1,800 Kaise et al. (1989)
DMAA v b OERIR e | RO 1,315 Gaines & Linder (1986)
DMAA 7wk RAR HE | #RO 644 Gaines & Linder (1986)
DMAA Zwv b BEFLR | OHE | RO 1,433 | Gaines & Linder (1986)
DMAA ~ U A | BRI | HE | RN 1,800 Kaise et al. (1989)
TMO ~ U A | BRI | HE | RN 10,600 | Kaise er al. (1989)
TVEIN LY <~ A | BEILR | HE | O | >10,000 | Kaise ef al. (1985)
FNIAFVTV) =g AN |~ o A | BEFLR | ME | RN 580 | Shiomi et al. (1988b)
FITAFVIVIZgMMAY AN |~ A | BEZLIE | HE | &RD 890 Shiomi et al. (1988b)

DPAA [ZHARFUZITBEGFE L WA E RILEMTH Y . DX FZIL DPAA =& Te /KD
MAICIFITEESND Z b, K EIZ LD LDso DA EENDIN, F0D L5 5 —F (35
SiLie oz,

4.2 J|~hEAEH

DPAA # [UE# G Ul —ixa ek (G~ rhilsEih) fEROBEE & o jIER 1 1TR L,

F7-. DPAA OEME CTHEHE /) 7 ==L T /LY U (MPAA) OFERERIE21Z, 7x=b
AFNT Ny g (PMAA) OfERZRIZE 3ITR LT,

7w N TIX DPAA 5 mg/kg/day % 28 H[FS&HIFE Q#5342 &k 10 P 3 T (LR, 3/10 Pt &
T 5, 20O B 1 PR FERSE, 1 PLIXEESIF 3 B H) ., MEE 6/10 [EAFELT L7 Y, v D X
Tt 5 mg/kg/day % 5 HFEFRFIFR OG- L THIELCIEZR < 323, 50 ppm O E THOKIZHIN L T
HEA 10 PR~ 7 21T 28 ARG (BUK$ G-, 1 8.7 mg/kg/day, M 9.9 mg/kg/day) U 77kl Tl
1EDFETTH -7 3,

IR ~DOEE (TEOE(LEET) IXEHEEZ L LI ED T » k333 <y 2 32333840
B =7 AP BOTHEIN TS, LL, Smgkg/day DR OHE5TT » MIIE10~15 AT
FERECHRPARE (R 2PBN2 5% v U XA TOHBITELS, 5 BH%ICR>Ta
Bl onbd ko2 -723, F7=, 2mgkg/day OFR OG5 THET » M2IZ 71 B H 2> Sk
R (R 238, 78 A BURBITREE CTA LN D L D27, MET v MMTITMREm
B OB ), HET v F~OfKkE S (1.8 mgkg/day) Tl 21 #HE O 5T LR X0
FRIEIRIZ I AR o 72 9, EY /LTl 2 mg/kg/day @ 100 B ORE A5 T 12 L2 427 1
— X AREDIER N 55 IR A B2 TH Y 24 R 50 B OMEY/1IZ 1 mg/kg/day %
#1100 HERE D #e 5 UzikBr 2, #EED Y112 1 mg/kg/day % 28 H R O#F S L7-akB D CIiddT
B OB LOMRER X 72 o T2

FFlf~D B DWW TIX, T > F Tk 28 AIRRAHKEG-D 5 mg/kg/day #E. 91 AR AERELD 2
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mg/kg/day #f, ~ 7 A TlX 28 HMKEE O 53 mg/kg/day UL EORE, 5 8RN 55D 5 mg/kg/day
FECEEORN, GOT =° GPT. ALP, At U /LB 7 & OATHE K OREIE R FEE 2 w3 2 HE o -
. FFlBckERR DS PEIN Fx 5 AL TN D 33239 H)LCld 2 mg/kg/day @ 100 HIF OO G TH 2 b
DOEEZTEVEDEME I E 1L 720 > 7223 24D 1 mg/kg/day % 28 H MR O #eE L7 MERED 5L Clrdfi
Mot (EHEAE, 7V Y VORIEEMIZE) 8457z 9,

7w FTIE28 HRERE A& 50 1.2, Smg/kg/day #f. 91 HE# N #5-0D 2 mg/kg/day #f TR MLEREL
%A%ﬁmEV%E\A?%ﬁUy%ﬁ@ﬁTﬁE®§m@mﬁ#6mkoLﬂb 28 A 5T
VIR DO BEFEE MR EEIR T 2 AU A MR M EREL O BEIMNE 2 B3, B BE O 1 A AN B LT

DIZxt L, 91 HH# G CIEMRmERE I L72 b o oF cﬂ%i&< FIRT 2 RS%7R L
Tz 9, = AT 28 HMFUKEGOMED 9.9 mg/kg/day B TEMAEA N A H7-53, HED 5.3
mg/kg/day BECHED 8.7 mg/kg/day BEIZIZMAE~D BT~ 72 39, YL TlX 2 mg/kg/day @ 100
A EIRE ¢ 5T b MR~ DR EIT I H AL TR 34D,

Zoft, 7w P T 28 HRERRHO&ED 5 mg/kg/day £, 91 H B 05 D 2 mg/kg/day BE CTHafi

DN B LTINS, RER~OEEBEEET H-OICE LY o EKY 787 > MEHT TIX
DPAA TR L 7= ZAITFR D bz o 72 9,

BrAERMIZ DPAA 285 LT-REOREIZOW T, £% 4 BEO T » M 28 A TR O£ 5
L7 BR T, 0.3, 1 mgkg/day FEOMEDIRIMEKID A EITAK Do 7223 ARIMERDOZE(LITEIS /2 & D
T, EFLEZONAHMAELHEMT S L9200 T2 < Z ORI RMERED S #m+ 5
RPN S 72208, BEILREGE ~ORBOREMERIC L 2B kb AN o Tc, ZOMITIE
mg/kg/day FEOMERE THIRAER, M THRE-CHTIBE &~ DB R EN B LT ATEIOZE L0
FRFEIR DO HBLX 72 < . DPAA IZE B3 L TRIBNZIRWEMEIER 2632 L1382 biizn-o
7=,

IRBHDT LG, DPAA O FELEERMEMRIT AR « RAHRR, ITIRA OLE R, Wik L5z
DAL=, DPAA OFMEICITFEERH D . 7 v NORZEN R bR T,

DPAA #5-F L% OEIEMEIZOWTIE, 7 v ho 28 B O #S-, 91 BRI D5 05T,
[E] {2 H I T IRFICIE DPAA IZ > TRILLIZZEDIE & A & T, ZALOFREE LTI DO P 28
SREEMENRBO N2 b, BHEMIIRIFEEZX 6N, 7y D 28 AMKEETIE S
mg/kg/day #£ T 14 B OREEHIRE TRHZ S 172 PTIZIRERDS A H AL 72 25, 91 H M5O 2 mg/kg/day
BECIE 2 RIS g L= 9,

DPAA DBHEME TS MPAA @ 28 AR A G- TIEX, FX « RIHHR R~ 8 T = =
#t (15 mg/kg/day) @ 2/10 PETHLHT B IZIEEA A L7217 TH Y . PMAA @ 28 AR O#&S
TldRmE HERE (5mgkg/ay) TH X « RIGHFRERA~DBEIT I D N2 Do T2 03 FTlg~ D52 B3
ELICREBHAERECA LN, ZILDOREEN G, DPAA K OBIEYE O i35 & | DPAA
>PMAA >MPAA DNIETH - 7= 9,

2B BRI X B EEIZ OV TIE, 1,000 mg/kg/day &9 EHETO 7 HER S EAT ClE
PROFIRDIER 72 £ D DPAA IZ L D & B2 b D EmMEERNEA B2, X - RIFHRR~DE
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BIIHBL L 22 0o 729,

4.3 EHEH

DPAA % UG- Ule — i tEakiR (RWITEME) #EROME 2 Tk oRlF 4 (IR LTz,

MEfED = >~ M2 0, 5, 10, 20 ppm DHEE T DPAA % 1 MK G- L7-lBR Tk, BUKENS
KO- G5 EITHET 0, 026, 048, 0.95mg/kg/day, HET 0, 0.35, 0.70, 1.35mg/kg/day TH Y, \
FTHORHT b —BRIEA~ DRI 72 < | ARIEIRIZHBL L 722> 72, 20 ppm #E DM T &% Ol
DOEEIN, ALP, v-GTP O _EFICHEZEZR D, MO 2E CRILE OILiRSC _ERGEZ AR, BN
EOIRAED T BT, 7235, 20 ppm FE TH DAV RED /MG, #ED~~ k27 U v MERDITHE
BEDHLENTH T2, EH LI HEMEAMENZR L ZE B0, BHETFHERITZ
LWEEZ BT %),

F7o, MEED T~ MZ 0, 5. 10, 20 ppm DL T DPAA % 2 4ERIUKEE 5 U725k CTid, fok
BN ORDO TG EITHET 0, 0.23. 045, 0.91 mg/kg/day, HET 0, 0.32, 0.65. 1.3 mg/kg/day TH
0. W OREZ HARIEIR O HIIT 220> > 7228, 20 ppm BEOMECTEIE A DAL, [RIBEOMECTALT
MR TR EITARICE o 7o, RO B & & OFE T B &IX D 10 ppm UL EORER Y
D 20 ppm BETHENIHIN Uiz, 01T UTPASE & 72 > TRER L 72 20 ppm FEDME 33/51 PLCHRAEE
BR 58 D22 & 23T K BRI ORsE, IFNARE OEAN B v, 79 3 £ TITHE XITWESE & 72
> TR L7220 ppm BEDHE 3/4 VT T FNRE OPLFRN I H ATz 4440,

MEED~ 7 212 0, 6.25, 12.5, 25ppm DI T DPAA % 52 B RIEKE G L 7-3Bk Cld, fokE
MERD - EIZHET 0, 0.75, 1.57, 3.17mg/kg/day, MET 0, 1.05, 2.74, 4.79 mg/kg/day TH Y |
W OREZ & —fIRBEA~ DR T e < | FRRER O BT 220> o 72, 25 ppm BED TR MR Dt
HEK O EROA RN, M (8/10 ) CTHEMAZED -, HETIXZ OMIZt 12.5ppm Bf
@ 1/10 PE, 25 ppm FED 4/10 PECEMEARE 25, 12.5 ppm AL 2/10 PLTREE LA 25 ppm BED 2/10
VECELRMERFESE DS 2 DT, WIS A EZED S HETIX R o724,

£/, MO~ 7 A2 0, 625, 12.5. 25 ppm DO T DPAA % 78 #M (1.5 4E[) flok#EsE L
T2iBRCld, BUKENDRD -G EITHETO0, 0.69, 1.46, 3.03 mg/kg/day, HET 0, 1.09, 2.49,
5.43 mg/kg/day TH Y | WTHOREZ S —BARBE~DOR BT/ < | ARUER O HBIX e o7, 25
ppm FEDMEME TIRESINO A E AR, M CTEFLEROFERIK TR 541, 12.5ppm FEOMET & 1K
HEMOFE RGN BN, 28, AFEORTITREDERE I KL D EER, BoKkEOEN
\ZFE S DPAA BERE O/ ENFIK LB 2 o7, k8 Hb HE, M E TO, 25ppm
DYEEE T DPAA 8K G L, BERLZIIR~ 7 % & RIBEIC 84 Wil £ THOKE S L7555, 25 ppm
FEOMERE CIREMINOA 22 I0H], HE TR EEOR B RIINN I b iz 950,

ok Hiz, E~FhHo DPAA #h5 (1.2~9.9 mg/kg/day) TT v ho~ T AZH B ILTZIMIR
(&), MR, L OILER~OFED 5> 5, EHI O DPAA 5 (0.66~4.79 mg/kg/day)

TR T BTN OREE R~ DBTE T Th o 72,
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4.4 HJE - RESMHE (REK~OEE)

DPAA D5 « 38475 (AR A~D ) (2o T, RERFE RO E 2 (8D RIFE 5125 L=,

7 v N TIEHARZRRNIER ., BEROFESCEROFARIHEEZRIMNE2< D, P THRE
FIEALN TN £ D P, DPAA IZITEFTEMEIT WD LB X BT,

iﬁ%;ﬁ#é%@ ZOWTIE, REHT 14 26 ZRHIM 288 THElk 7 A B £ Tl 0 &5
L7=7 v h® 3 mg/kg/day BETIREEE(LICHE O RIRZREOR T RA LN, ZHRICITE
BT o T, 72, 3mg/kg/day FETIIVIIRIEA~OZE & U CHRIKE B IREKL CAELFIRE D
KT, FHIE I, BRI D ONTRIRSE C RO 4 B3, K & U CHERE DR RERE
LI 5 24k & MEREAE TR AR ~ D EHERY « BR8N L0 A& T2 B LD AR E 2 b 9,

e~ 7 212 0, 12.5, 25 ppm O T DPAA ZiTHR 8 A DALk 18 H £ THUKE 5 L7/ 2.
FHEE R E VA BEFL RT3 70 < L WEIRAYBIZRIZ I W T B R S RMER T L b 72 o 72 49,

MF%®E7VFCO20Wm®%WTDMA%ﬁ*&5L MAAET L CTHESL I BB 21 H
(BEFL) £ T DPAA ZIX<#E L., BEALZIZR T v b L [EERIC 12 s £ CTEOK$ES- L7 DD ., 61
linE T DPAA Z KIS L7 t2IZ/KIEK % 6 G- L7z DC B, 7KEK% 6 @il E THOKEE- L
7-#\Z DPAA % 6 MK E L7z CD #f, 7KiEK%Z 12 linE TG L7 CCREZREL T 6
W, 12 JEEREREIC 2 B OITEIRER A J0E U723 TlX. DPAA OEEEIIRAWORZ v M T
5.6 mg/kg/day, 4~6 MDY T 3.1 mg/kg/day, 6~12 HErD T 2.1~2.2mg/kg/day ThH -7, £ D
fik, JEIZIE DPAA BHIC K DEREIIMOMEIN b, A—7 7 4 —/v FilBRTld 6 Hiisd
DC & U DD #. 12 #ifs> CD #. DD #f THRBEIEERE, TR~ ORI A ZITHEN L
7o SZENROIEREF R 3R T 6 @R DC BE, DD A%, 12 ##H> CD &, DC #%, DD £ CEXMIIL
Do HIEFEICAD EFTORMPAREICHEN -T2 L0 b, 6 HEORIEIIF & -7 DC BTl
— 77 4= FRBROBRICEEN A LN TS OO ZBEREEE 5 3R O fdE 21X EIE 1T A 6
Motz 359,

72, Sppm OYRE T DPAA A HKE G LT~ U ADORFL 2 U TIERILEIC DPAA ZI1X<&#E L
Tew U AORTIE, 7 EERLEICE i Lz BlEEERER T 7 A0 N L —= 7 BEUTPE S B O 1)
E (REEEN D T 2 £ CORMOIER, % TREEROWD) 13 BT ~TH Y | BAREERE
K OV R ATk BB CARLIRZ MO TLEN A DL A ST s 39,

—J5. WMET >~ N ORI O 0~1 mg/kg/day Z FRHl#E 05 L, A% LT DPAA %
< EE LA RISHR 2528 DD T, RO — KRB, IR, ERIBRE b, SO BSOS
SEEN T IERRE . R ERE, ATEBEREO W T b RBNI R o T, WEIRT B A NS4 ﬁ%ﬁfﬁ%
20 HHE TG Lz y holid (F) ZHWTHER 4~5 BEFICER LA —7"> 7 ¢
—/b RRRBRCIE, WEHEE (TENER, XEREE, b B30 [EE, SfgV AT, i
. HEREE) o5 b, HECTITRIEAED 0.1 mg/kg/day BEE & H- 2 TORERETY. b B2 Y [
& T REO TV A BRI L=, M CI3REHED | mgkg/day B2 & O ETOHRE
BECWINOEBICOAEBEREET N7, L L, 8~9 @I HI O W T3k L 72 38k Tldi
® 0.3, 1 mg/kg/day #. D 0.1, 0.3 mg/kg/day BETIYEH BV FEBAEIZHD Lz, 2D,
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fER 7 AR5 0, 0.01, 0.03, 0.1 mg/kg/day Z[FERICRR O Li=T > hORT4, 8 A —
77 4= R A S U C ARG L 7oA R, 4 8 s OB IR 0M@@@wﬁ@%?i%iﬂ
O R IR LI DAMIE, WP OREORAETE B I b A E 220372 < | PR ORI
mg/kg/day BETH BT 4 BEFFO ZALIIMERED R U, 8 Wl O LIZIXFEMEN 2o T2, 4 —
T T b RRRBRIE, AR « RSB EIE ORISRV T IREM SRR I TE A e T Sk
Brl LCLIZLIEFHVWON DD, 27 ) —= 7R BrE L UEMT LN LD THY , &l
FEHH OB WA IXREETH 523, 0.03 mg/kg/day TIXFEFER CHlEHEH I T HoflEHEE
IZHREO RN LRSI,

TR 50 B H 25 HPE F T 100 H I 1 mg/kg/day Z 58HIRE 035 L QE ESEVLolR
T, % 30~40 BICHEN Lo rhitgreiid (B, SIREUG, BEREOG, BEFLEOG) (58345
nighoiz ),

B ATERBROMEIE —REDE L2 & fix OB LS T mRERH . REBFEROE
F~OIMFIZREECTH D Z LICHENPLETH D,

4.5 EEETFEEH

invitro iR TlX, % X 2 F 7 A& (TA100, TA1535, TA98, TA1537) . KIFE (WP2uvrd/pKM101)
D 5 EkAE T IR 2SR BB i, RBHETEER (S9mix) BIMOAEIZ Db b T RatED
FRDFF O AL, DPAA IIERFHEAZ A SV EEZ B,

F ¥ A =— AN LA Z —filiffifatk (CHLAU #fd) 2 A7 QR R 5 ER T, S9 mix @0
AL O P YAMREERT 2555 L, EKRERT O Dyl (A THIMILD 20% 12 2% 43
KL OICE R HE) ITRERFRELERE O S9 mix ﬁ%ﬁﬂﬂ@*ﬁﬂr’f‘ 0.93 mg/mL, S9 mix ¥
DA T T 0.92~0.99 mg/mL, HHEALERYE 24 FREALEEC 0.1l mg/mL Th o7z, L, R
OV, FRFRLERE S9 mix WD SME T CHEERFEMED IR WFEREN L LNTZR, E OO
ST RO HBBEE 1T SR CThH T2V, £T2. Fr A =— AL R X — i
fakk (V79 M) T 24, 48 KRB O S B CYL ARG SR 23558 LIcs, ThiE & Es
WTi@ﬂokoﬁ%ﬂ%lﬁwfiﬂﬁﬂ@ﬁTﬁ%éﬂ@ﬁotﬂ 48 REEALBRE Gl VB
ETHERPH LN, B, ARDEIEEO LR 251 & 2 L7 Tid, Rfi L ONREEIKAFRIIC
5y SLHIIE OO HUDMR S R OV AL B IS B U 72 WK L 5 D FR R AN A a7z 3459,

invivo RBRCR Tld. 7 v b OMEEIZ DPAA Z# 0 # 5 L T30 U 7=/ MEallik ik, FiMiao /)
BRIk & A B 72 <, DPAA IIVMESRRIEE B S 700y (Bath) L& 2 ohied),

4.6 FEAAM

DPAA % AEH G- LT D3 A MHERRBRAS R O 2 A3k DRI 6 1TR LTz,

MEED Z ~ M2 0, 5. 10, 20 ppm DI T DPAA % 2 FERIFOKERE UI-FHR, EEORAERIC
AR D272 %9, F70, WEED~ 7 Z1Z 0, 6.25, 12.5, 25 ppm DR T DPAA % 1.5 4
IR EE G U7, IS ORARICHER RN e o72 9, 2o, BIEE<EIC L %08
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AINERRBROFER S, DPAAIZIZT » B RO~ 7 Rk U TRN AL &l S duiz 4649,

— 5 MERMID CD1 ~ U AZEEM e R ARG T 5 & R LI R ORECHTNR, M. BB, i
TIPER, 75 BIBOIERENAEICRAET 2 2 E MG STV 5 357, X B IZHEHRRT D IR,
BRAHM A B L TROKLE L, BELEGE OE~ 7 R L RBRICIRICE G2 il 2 L fECIXARgE, M CIhT
i C & G O ARITHERBMNR A LD L 21270 | HETIIREHOADIX BITHT, fi
BRI 3 %, AR 23D 6 5. F R I3 3.5 fFICHIN L7z S s S Tun g %9,

Z D=, CDI ~ 7 ADMEIZ 0, 12.5. 25 ppm DOIEE T DPAA Z iR 8 H s HIER 18 H £ T
KEE L, o iz 84 Wil E CTHIE T 2N IE < #&8F. 25 ppm Z4LHR 8 A6 HFE, 23
HAEBLTRE L, BELBIIR~ T R LERRIC 84 Bl E CHOKE G L —AIEIZ BREEREL
CTHEBORARDLZ B LT, 2 OfER, — AT < BEREOMERE R OIGRIE < BREOMECIXEE
DI RERIGINE 20> 7o, BRIGR T < SEREDOIE T ITAT AR IRIE D FE AL RIAH B2 i 78
Do 72703, 25 ppm BE CHAIERE DR AERITH E /2NN 2 5 v, AR IRIE & T 2 57
FARIT 12.5ppm UL EOBETHBEICHMLZb DD, FORARIITHEEEEN A BT, HIK
HEOHENIZH -T2, ZD7H, BIEERIXSEOREIZEHR L, 6.25ppm 2B L 1 #EOILE A
2FEICHERP L CHRBRLIZE Z A, 6.25 ppm BE. 12.5 ppm B TIIIES O R ERICE B R BINX 72 )
S 7273, 25 ppm Ff T AR AR O 58 A SEAVE TGN L, ARG ARIE & R 2 & o 7o 58 AR
LbABICELS o2 bDD, ZOBRBMCTORAERT, PIEFRBRICIK T 2HERERERL, B
FAEOFFNIZ S o 72 26,

Z 2T, T ATIENFEGEO HRBAERNE -T2 D, 7 v S OMEREZ 0, 1.25, 5, 20 ppm
DY T DPAA ZHUKE G L TRIBIZS BIC X DR N AMETM L- & 2 A, FFEEORERIC

BRI S8 272 89, Z DT, i~ T ATRAD AN = AL LD ATREMNE 2 5
i,

B, Ty MIENAMEDOY =F =r Y7 > (DEN) 0, 200 mg/kg % fEFEN&E L7-
2 B D 0, 5. 10, 20 ppm DESE T DPAA OFUKIEEH % Btk L. DPAA #5BI#ED 1 BRI
ITNEo> 2/3 Z& 3 BBk LT 6 JH[H] DPAA D52t (T 7ot R AR O FI A AR ZE DFREE Td 5 GST-
P B B I DEN ALERE COABIEL S, DEN ALE L7220 ppm (1.6 mg/kg/day) BETZ D&
AR A ISE N L7z 4200, F7- | KRB B2 5 S FEORNAME L 4 BRI bz > TS
v MG L, 5B D DPAA % 0, 10, 20 ppm DO T 27 ORI G- LIfEH, 20 ppm B
DOl T GST-P BRI OB & mifl, IEEORARE BAKNEEICHMLZ, L1rL, Z0
fhORERNERS (BEbE. B, HRRAR. KBS) TiL DPAA G L A HEEREITA N -T2, &
N DOFERNS  MORBAWEIC L DT v N ORI L OWBE BRI 5T 5 508 AAER 2R+ 5 {E
M (Fet—T a3 UMEH) B DPAA IZIEH D LB 2 bl 2474867
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4.7 HERasH

INET, V7x=rmarr vy (DA) RXVZ =TT 2Ty (DC) Enolodh
F (K LeBA) fotobo, ZOBEHE D DPAA, MPAA, PMAA 72 8 OA e FELAEWIC
BT 5B HIIRONTZbD LR, 25 OB OWTE—DEYFE - SRR X0 [F—H#E
TRBR U FIRTICREAM L 72503 D 22 o 72, T D728, Skl & % OBET 241 & H AW,
I e RIEAW R OEOREY ThH 2 A e FLAWEOEF 18 O v ZLEMIZ OV TR
RERZITV, ZTNOOFEEZMRMMICHK TS L, ZOBE. 7y M EOERTYZ A
WTHTZ T RARA M LT @MEEERBRO I &2 2 Hiv/on’, -l 3 B 8953 3@ MO8t
i ThH sz L, e BOFMEITHNOF 4 —/L (SH) H L DOFEA I L HMaR#oREL E2 5
NDZERENG, BMEHEORMLBE L, MiEERBRIC LV FMEZ1T) 2 & & LT,

HEAE FERER CTIT O OMIFE 2 4 & U722, BT R E 2 BB L, kb2
SNTHHMEED—>Tho e M FES Mk (HeLa Mifl) ZHHA L, Bpo7mRE TR
LA % & Lok T HeLa M4 24 RERFIRGZR L7oth . MIR PN B/KSERESRTS M 2 1 E L7z ),

K e FE AW HONT, MIEANILKERERTEEOEIR L B U7z 50%MERE (ICs) &
N DPAA O ICso & FEHE L U7 fRx#ME (DPAA @ 1Cs/ B FLEW D 1Cs) %3 4-3, X 4-1 [TR

7
# 43 MRS (HeLa fifa)
. As D IC R
Ger Lam4 bk J. (mgj‘)L) PSR AU
B 7 x=Ararar i (DA) C1H10AsCl A 0.801 200
T 2= T ) T ADC) C13H0AsN — i 0.567 280
S ) U7 2= VT VY U ER(DPAA) CizHuAsO: FAif 157 1
ke FLEw E ) T2 =TIV UE(MPAA) CeH7ASO; Bl > 201 <0.78
T == AT VY A F Y R(PAO) CsHsAsO = 0.0557 2,800
LA 722V VY)Y (BDPAO) CasHr0As,0 =X ] 0.707 220
T =)V ATFIVT VY CEEPMAA) C7HoAsO, AT 25.2 6.2
U 7 ==L 7 L3 (TPA) CisHisAs =i 200 0.78
FY 7 ==V TV A3 R(TPAO) CisHisAsO A 460 0.34
R E LAY = e FE (e As;03 = 1.64 96
HHEfg) U oA NaAsO, Al 1.68 93
A e (BB As;0s FiA 26.9 5.8
LI A Ca3As:05 En ] >42.2 <3.7
b ik b U o A(EAKFI) Na,HAsO4-7HO | Fifff 83.6 1.9
R E SR LB EF ) AFAT VY CEEMMA) CHsAs0; En ] 886 0.18
PIRHITCHD [ o 4507 1o BHDMAA) CHyAsOs | Hiffi | 151 1.0
A RLah 7 ) KA (AsBe) CsH11As0, B —b —b
23D CHAEHRI
L LTSN | p-T =L CsHsAsNO; B i 1,410 0.11
AR AW

¥ :a) DPAA D ICso & 1 & L= & T OMKRHMET, HEkT 2 7% TER LT,
b) BRI TH 20%LL EOFMIEN LK EREEIE L E N 722D, ICs BRI S o7,
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X 4-1 EHFAWO HeLa M3 2 %M (DPAA O EMEIZ k2 FH%HE)
HeLa #ifid Ti&., DPAA OffifflamtEiTER  FIEAEMOMRHY Th oAt FLEHD T A F )L

Ty o (DMAA) CIZIERCTHY . e REAEWOMIRIE (S X O FAl) THEMEZ i L
72l ZA, HOPICHMIEASTEMO e BEAEW O T RFETRNE NI FERTH o7,

ZD &, =i v FLEYOTTH DPAA Z G e Tl b FMLEMOMIEMEL Y HEun &
IRERIT, K 4217 L7 T v MO M N ERIiaRk (RHMVEC #ifd) ), < o ZFUFHIf
0% AWz iladE R T LR 5TV %, RHMVEC Mifid Cid, HeLa MR b~ TRMRAVIZH
FaTgErEITsR < BT =28, DPAA OFMMEEEIX EM oMM e Hea®w (el Y v o) LR
FEThHO, ~ v AYMRIFIECIX AL & Mo &g e BbamoTTch oz,

F72. RHMVEC #ifld, ~ v AFMUFHIARIZ 63 2 i gtk & fifa N b 38D IAZ B O Tl
M O BV DAL, AT =Moo b FEAOMIEESEVOIX, =flio b 3
LB OMIAN~DOE IAHERE N EIZEKH L THNDEHDEBZ LTINS 970,

(RHMVEC #ilfa) (= 7 AP R)
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SEEZERERE £ S T Re w0
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~oR s o~ B XEX3F —8—DPAA
N 5 = A —A— EBKERZFNYL (£KENY) (i)
gy
IEERAN
[X] 4-2 RHMVEC #ifid }z O~ 7 ZAPMRAFHIARIZ 33 2 & LA D%t
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4.8 TILEAFAUAERORELEENE
e BILAEWOEERIRTREDILE ) AF ATV U (MAA), VA F LTIV U
(DMAA) ThH D, eFELITNVEFA L (GSH) OEGIRBIEFFICHRt SN 2T > BT
RHENTEY N ZfiE TSNz e FE E GSH OEAERE FRIHEY & U7 RUEHRREE 2S5 L
SHEEINTND ™, GSH &iX, ARNOBETKINIEET 5 L L bic, AERFWEE 7
S F I G 2R LIS BE I T 2 R E I b B 5T 2 E TH D | MM b IFET D
23, HARPNIZIE 100~1,000 (5 EEE CEHEEL TV 5,

b N OFFEMIE (HepG2 Mifld) 2 HW7-5RBR Tk, MIEAN GSH OF5BLEE T DPAA <° DMAA
O Z AR T S8, =l HER v FoOMEEN: 2R L7223, $BEK~D GSH RINiT DPAA
OFffaFEMEZ IR L, GSH 78I L o TR S i B e ROMRBEHE A K T SE22 &b,
GSH 7 DPAA Offifa it 2 &3 2 Z & R S fLiz 359, Zd7=®, DPAG (DPAA & GSH @
AW, BFRITEM) 26 L CTHIIREMEZ MG L7/ R. DPAG OMifazMEIL DPAA @K 1,000
Frmm < MIAA GSH ORGVSLEL THITR S 41, H538 1~ GSH #NTIR T L 72 %9, DPAG Dl
WASDOHLY JAZE DPAA IZHARTRLS, F2& B 10 52 <. GSH OWRIITH Y A X EEE 1240
il AL, AEVBALBE TN L 7=, —J7. DPAA OAIfPNIR Y A Z &l GSH ORGSR D 52 8 %
2ol 2 &b, GSH 1T X % DPAA OiffiffaattdZE{kiE DPAA ORI A & D324
L7=Z LiCk B2 b 0TI o7, 52T O DPAG 1% GSH 1E(E F Tl L E TH 508,
TFIE T CIIARZE CRBICHR SN D T2, DPAG OARIC & - TA U=t - fll@EEEoE
RN E R P REMEDS IO RME TR WM E B Z BTN D 78,

FREER O b SRR 2 S S/ R A B 5 L RN RNy 7 7T v REEBD 72T >
N Z DPAA 1 mgAs/kg & BRI O 5 L7-akBRCix, B 7225 DPAA & 3£(Z DPAG M3 S,
ARz S - e BIEA D 5 B, K 85~95%7 DPAG Th o7z, £z, Rk 57 v k
DI A AW & | FAli> DPAA & HLlg L, =ffic> DPAG @ J5 23R AR MERIZHL Y A
TWDZ ENyhole, 2O i, DPAG WIKBIREI, TV EFHAAENTTND Z LI
VAR LEZMOY 7 2= e BALAMBRINEKF O X o Ry LA LIZEEZOND 2 L
E L, AERNT, K0 ARYE EOKISEREW MO Y7 = =)V e BEEW~E& DPAA N7 V4
FHLEN L TRILIND Z LRI 222,

GSH K U GSH A A DR 314D 1R (v -GTP) OFLEA] (GGsTop™) 12K 24 T
v N TCHRET LR, RERBEO R 5 1% DPAA O AR SN 7= DIZkt LT, GGsTop™ #: 5-4%
DIRHF D 51X DPAA LIAMZ E DPAG 23 &7z, Ziuid., GGsTop™ 5L D& Clid v -GTP iiF
PENAEEITART U, GSH XA EITEIN L T2 Z & 225, DPAG NV E L CRTICHEE S vz
bDOLEZ LN, ZOTD, v -GTP IEMEFLFEANC X 2 20872 GSH IREE QBN b 38 D a3t
WU 557 2 FTREME DS RIB S iz ®9),

DPAA & N-7EF NI ZAT A (NAC) DRIFFEGIZL - TT v b OEEBA D 522ITHH S
728, NAC K ONGSH 1E & b IZHEENIZ SH B2 RO CTh 53, e Ro@mMHEITMEN O
SH 2 & OFfEAIZ L 2/ ORE &2 bd Z Lvh . DPAA @ As & NAC @ SH A
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L T DPAA OEtE RS 7R R E B b,

T, =V~ AFlEb sk RTL-W1 a2 A 72l s EstBric s\ VTl DPAA ITHKREL D &
GHS &R D7 3 i ag k& 7= Lz 39,

INHOZE LD, RNIZEI S 7z DPAA (X, FFIRICEBW T GSHIZE Y =iy 7 ==Lt
FLAWTH D DPAG ICEB SN DM, DPAG MBIKDIRE 5 1 72 F 34 i s iz e
EREBS IS L, OWTIIHESEREAEZT O LHEIND,

4.9 #HBER~NODEEWRF
(@ = AR FLRARUEIER FLRIZK DHATREM

DPAA Z X< #& L7z HepG2 MIfuD & /X7 B % HAFEDIIZIRNT L7 fE R, ME—RBLOK T L7724
VR BITHEEMRIGENE CHH TN I VBOMKGICED 2 BEERME TH L VY )
—E€ (GAC) THV ., TORBEITRE, FHIKFEL TRT L, 7 I VBREAICKIT 5 33
BRLEZONTWDY VERIEHR 7 L4 2 F—F% (PAG) OFEMEK T2~ Tz, Z v I
—EBDIKTIXe bOFESEMaE (HeLa) OMREMILERE (SH-SYSY) THAHi 839 HepG2
HifEl TlZ DPAA DIAMT 6 MPAA X° PMAA CHIHIWER A A b2y, =MMOEE e FLo A F e
F1L4%.BDPAO, DPAG, DPAA ° MPAA,PMAA D/KERIE%Z A F /LI CEH L 7-{LA% (DPMAO,
PDMAO) . MPAA O 7 = =)VHZT IV REBALIALEY (p-7 V=) TIIAEREMI
Role, 2Dl Mle &b T = = )VELE KRR e FUEMIZ LD 72 I —BoMiilicix
VETHDZEERETDHHOEE X B, DPAA IC X DR ~D B 5 LTV 5 alfetEs
AR INTZ 8, LovL, 7 v MERKMEERE ®IREEE) T/ I —BoRBMfl 45807
HLOO, 0, 7.5, 15, 30 ppm DL T DPAA % 49 iR £ THOUKIRE L=~ 7 A TITEN R & & /MM
TNE I —BIEHIR T OBMRAPIREIC T 5 Z LIXTE R o728,

20 ppm DIRETHA 12 [ DPAA ZHUKEE- L2 T v NO/NRTI NV H I VISR EORE
IRFEBUKT & GSH A kBER OFBUCEILIT 20 DD GSH B E DA ZERBD NI bl 9,
—7J7. DPAA 15 mg/kg % Hi[a] XX 5 mg/kg/day % 5 B FFEHIFE D85 L7= ICR ~ 7 AD{ CTHE—
I B VT ARFRIFR B PR 2RI IR D 7 v % o mffifd A 3 & LTEEIRME T = F e b X B LA RO
LA N L RICKT DB EROG 2 7R LTe 70 v S OB X R & <HINL Tz, £72, 2.5~15
mg/kg ZH[AFEE L= 24 B ORI A N L A T/M CHEIERIE L CHEIZHEM L7=25, KM
72 E OO TOEIMIT e < | /MM CIREEMFRLIEET 27NV ETF A~ A o 4 —BTE
HOREREFLALONT, TNOORRE MOV 7 2=V e BLEHST AT Ve RILEWE
ATz in vitro SRBROFERD . DPAA PIETL SN T TE =MD Y 7 = = v FLEWH/IMET
MR T OFE FIMKERBEICEEICH D —MIbEFR LKL L T= bR VA EFHET HIE
MFEZ AT D A= X LDRE I HL, BBEMER N L RIZDOW T Z OFESHREICE R T 2 "TaetEn 5
Z BT, —BLEFRIT/M ORI & MsAE R 2 BIFR T 2 HE MR K Ol 053 1 A >
Y —ThHD7, DPAA IZ L D/MNHOBEREREII(LA P L AR = Frfb A2 FLRAITED
Tk OGRS N O — B EERIREDETICH L3 bD LB B, —
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WAL 2RI E DR T & b2 O /MO MR R T & SBIICHATE 5 L ShTnd 9,

(b) /MENT R kYA MxE BETHREM

7 v b O/NERIRG (IR, 7 A h et A NEORAEFE) |2 DPAA % 48 FEEIIX< B L &
A, K30uM (7.9mg/L) DOYREECTRIBIEIE 50% 8 Lo, B EE/KkFE =7 F U D A TlE 100 uM
(16mg/L) DX FETHHAELRMEEEIZ o7, L L, ¥ 7 2O EMIafELE (Neuro2a)
TIX 100 uM (26 mg/L) @ DPAA T 30% 2 DML AN £V . 100 uM D & iEKFE )
FU DL TIEK 80% DDA HNTZZ LG M Lo T DPAA 1T 2R MEIT R 5 &
EZ NS, £l MG RS, T A et A FEORAREE) 12 50 uM (13 mg/L) D
DPAA % 48 IFIZ< #& L7z & 2 A, ML 70% L=, BBk THdH N-TEF LV AT
A v (NAC) ZIFRINT D & 20% D/ I S iz *,

DPAA Z (I BE L7127 v b O/Ng Rl (WIREEER) 12OV TREFEIE IS IS BURAT 217
SToRER. LA b U ANEBI . EIGEEN 2 A 2 0wk~ 7"F F#ElsF (Neuropeptide
Y) . MAEFANCEEREE 2 BT 0WETTF FEE 7 (FGF-2) THERBIL LN T A b
YA hTCTEE Iz, £72 100 ppm O T DPAA % 21 HEEKE S () 5 mg/kg/day) L7z
12 857 > b O/MKT b RIREDORE R DG BTz 353,

Z 2T, MMEHRESRAIIEN DT A ha A M EE LT AR R AN L, DPAA (£ BOREL
FEAM L 72 A5, 20D OBIRTFOFRBL EH R MRS~ DT F R5W EAB R bl 39, Z ot
(2 b MR T T R IR Cldd 2 B RTRIEO — AN T EAER A3 2861 (7 K
L AT 2 ) 2) ICHRBROZER 530, MFANTERIRES AT A& 5 2 VR 7B Ut
BERORFTEMEL D A O 2%, ZRbOT A hath A MIEBIT 5 DPAA O FET NAC ORI
L vizFeTml N, £72. DPAA I7 A hua¥A FBWT GSH OREFEHHEZ IS Z L
72o S 5IZ GSH AR EHRIOUIIC X - T GSH #4518 S5 & DPAA OFENMIH S 7= 3,

IO DORERNS | MR A L2 DPAA (X7 A ha ¥ A FNTEEA b L AD E5 &[RRI Hf
B - MAEMEEIES 7T ROREA « DA, 0B b0 BRETE b2 & 2 L,
FRRRAE IR OO FIEC M M FE A T 532 ATREMEDS /R Sz ), 72, DPAA ICBEET 5 A
FIAEYD T 2=V AF LTIV U (PMAA), &/ 7 ==L 7)Y g (MPAA), 7 ==L
AFNLT N FHFHA R (PDMAO), ¥ 7 ==L AFILT NI F X314 K (DPMAO) % DPAA
ERIBRICIZSBE L& 2 A, PMAA D727 DPAA & RIREDEBZ R LIZ0S, % OFLEIL DPAA 12
RBENENoTeZ D, MRRRA~ORBIIDPAA IZL Db D LB X iz 0,

DPAA 737 v h/INIMEIRT A b e A M2 D4EWFENREL LT, ilaNO X 378 Y
VA KD TERIBES AT LOETH L iy FURERFIEML 2 X7 B % F—F (MAP %7 —
V) LD U R EEESE O BRE RS S D, 2O MAP T —E OREARE VTR
BFAYIZ DPAA ITHL D MAP ¥ —EBDREFETHEMLOKEEIZFHLI-L Z A, MAP 7 —EIZ
DPAA (T X DB b A b L ZIRERF OFBL L5 S5 K7 OFHL L7 R ORRE - g FE I~
FROBHZHIFEL TSI ERHLNER ST B39, X612, 7y MMEBRERT A et A b
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Z 0, 0.08, 0.4, 2uM (0, 0.02, 0.1, 0.5mg/L) ® DPAAZ 4, 7. 14, 21, 28 HMIX<FE L= &
ZA, 2 uM Tl 14~28 HIFIE< #E. 0.4 uM TiX 28 HRENELK FET D Z & CTREIRHEAN AL
7z 9597,

PLEDRERIZFEIZT » MNEHECRT 2 heth A R THRLNZED Tho7Z &6, B kRO
RRALARAG 2 FHVN T DPAA (2 X 2 Al AE ) PO BE O 3TA 2 30 7=, EHT L 7 MiakkiE T98G (7'
T HFMIAE) . U25IMG (7Y 7 3EHIfRAE) . 132IN1 (7 A hu ¥ h—=), SK-N-SH (FhfFH1I
JEE) . HepG2 (T Hkifia) . MCF7 (FLIE FRMIIE) . AS49 (s rikififi) Toh v, SE913M
RO TR E BN B DV CRET L 72, Z OFEH, DPAA IE< fBIC L » THIKEBEIEE N 3 < A b
DI, TI8G KT U25IMG TH Y | 5372 b AL DIE, 132IN1 KU HepG2 Toh o7z, flLd
ML Tl DPAA 12 K 2 Ml et RIT A b oo 7z, -DE D DPAA OB TMIEAEIZ LV
LGSO THY  AEFHE L /- MO CTIssc 7 ) 7N ESZ O B Wl Th 5 2
EMHBMNE RS, BT, B MMKECSRT A huth A MIT y MMEERT X et A M
b~ DPAA DSt D B mi 2> o 72 9100,

F 72, DPAA IC X ZHIN Y It 7 F ARTEMR E O FEIR 2R 5 72, Ml Er I
DWTHRET LT & Z A, DPAA S MAP ¥ —EX7 B 7 A ¥ —8 C O RFIEHL A5 i =
FZ & 0D DPAAIZ KDWY S RIEEESR DRBLFEE, DPAAIZ K DN, = P v 7 AR
Zua7usrT—t8, IERFTh D NF k B OIEMELENR STz 597,

PLEDOT A bt A FEFETEE(LE R L LT, DPAA OMFRR~OEBIC KT 5 RN - 1RE
M ZRR LT L 25, PUBILAI L b F A —NEEETHT I VB AT A L OFERTH D
N-TETF N ATA v, BEBEXL—FITHDL Y ANVDT FanyigE (DMSA) ° D=7 3
> 75 DPAA 1T X DN O BEFIEVAL 2 IH T 23 E L THETH L Z LR 1%, =
HD 3 DOHEMIZOWNT DPAA IZE DT A hutA FBREIEHAL D DORIEEZ RO 5080 H
DMEDIPBERILIZE 2 A FHERERNRIT A S L7807 2597,

(c) ZDHDATHEME

MR BRI BT 2B DO— D2 ThH X U X LI HIZONWT, B hOX VEETZEAL
7o~ U AR IEARAERE (Neuro2a) % FHUNCTHRET L7245 58, DPAA OFRINC L > CTH Vils D%
BAMNEIML, Z 0 _TEREM LT 199,

—7Ji. DPAA kA4 H- L7 DO~ 7 AN BRI DENTIR) 1Z31T 2 #miZmE D22k
ONTC~A 7L AT VA (BUNEHT) EE AV TR L7ZFZE Tl 0.5~4 mg/kg O ¥R
T RN AREDHINT DA 3B S 7z 820109,
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