H4F (toxicology) AT

#2TCAT 1500 FEEHR T TR TEMEII—ANILR - INEIVRIIC, BRR REDED

%J\zg‘aéo ERF P TCERXORN AT 1Y EIRITRICEZRDEEZENT

FRERIC/R > C, ER-#EMEN CIEEFOR I EMIEND/INSTIVA X ( Philippus

Aureolus Theophrastus Bombastus von Hohenheim-Paracelsus, 1493—-1541 )

MBICIFIRTEENSD  BEDBVEDIF RV YMEZEICTIDIFE] "Alle

Ding sind Gift und nichts ohn Gift; alein die Dosis macht dal3 ein Ding kein Gift ist"

("All substances are poisons; there is none which is not a poison. The right dose

differentiates poison from a remedy.") &\ \/z,

EEmVEEYEDE A DLZEEERFHICEEIAT SFEEHFTF (toxicology)

EWVD, 1960 FAFERICEZAM I NZFLUWFH. BYEEVCERERBEEDESFIL

ICHWVWEZED LAY, FRICHENMTHON TS

Hartung T (2009) Toxicology for the twenty-first century. Nature, 460, 208-212.

https://www.nature.com/articles/460208a

EER T, EMEEWERDNS X EEAEITERLRRE,

« IRFAED 10% ICRHEE Z i 9 AMBIEPL, 1000 ASH7ZVIADRNAVICEDREm
I (RIFRSE) [FBEITEFINGL

« 80% DEFEICBMNEFHUWIMDAZIL, FUVESCEBEENE > TEHED
N, HdBOBMRKICIFERRAFIZER,
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R T EDFEEFE=( LDS0 )

« LD50 [HMEEMBEZS VN, EIVEYNREDEREICIRS U, TDEEREDFEDEAER
HAfEIRICSE T 9 S FHE (dose) . 1B, # &S5 U8 50 %W d SREZAEHEZVYD
& (mg/kg) TRT (RAIUERSETETA INNS BREW) TITRENKEL))

- (EFYBEOREFIEDRES DARIEER

« EIC®Wk https://www.eic.or.jp/ecoterm/?act=view&serial=252
o FEYE B https://www.mhlw.go.jp/topics/syokuchu/poison/animal_det_09.html

1 mg/kg

(Zv FERT
0.015mg/kg )

i e

0.01 mglkg (X REE %ﬁ%“ e
BERN, REEEEZED—

R S 2

500 mg/kg
T 7S/
(RPRTIFS <
L(sz) B: k3%, & : =%, 8K R RE 85 R 2400 mg/kg

e, 18U, & 18%R HOJLEY T+ R =X |yl AP I N
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ppye || FR2 | o inseE
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FAFLTEMEAE

« BTRRENT DL

. 3F%EE'J-§1’FH§ (GFepEk, 83k, o077 —), DAMRIN 1)L ZREEHRE/A DIX
%( NPEP%HHS@:_)F; 129 =J10VICKDTMIVAERBE, AR RIG, BAATUAR
IgM Hu) 2

- [EN:Bo CIEBCDEGIIC K SERHE IEBCDV—HEL TONRZEERHAT D
RIERE, IEBCICKVEHR SN0 7 —IFICL Sl T RE

3F§'ﬂr RDE{RRAE
EYNHER IEBEEY Z KA ICRE UIEA BRI

o« XYOFARA2:Cu, Zn, CdFICLVFEEIND, EXEZTIYAAMRAICHEEIN
WI<LT20F(-SHEZEZZ<ES, MWE000-7000 )

e SEMEEZRIEER: SOD, H95—1Y, GPxiE
« DNABEERR EREFOIAVYFEER

s Eiyleup
=t 3. | y‘a:_ | \/\\}_
ok FRRORE| | BRORE
“Eae * * - | B
(BHT)
hracs . \ e o | e | RN
_73 -7‘)1/ \\:/ H A ZIN
g rb»ruxxrimﬁﬂﬁ@
Eie
INTT

BEOED/NY 7
Ha SH ETHENE Cd BEFZ2E22AYO0F AR
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IS ENE

o LR RS, R, B T A MRS PIRE R CRTIEIE N
S M T AN i e L

o FHERE KRXUERMBEEN RN SRINT N D, KRR E[LFEE U TH
(EEDSRININS LU, 3=SE U TN SBINS NS BHRENS )
« RERR Eéﬁ"@ﬂ'\ﬂﬂuu_&%@?,/Ié.l'ﬂ.’,E’Kbﬂﬂilu_tb/\TU&WJ‘jJXb\1Eﬁ<Fnﬁ%
}ﬁﬁ%%wmgn\%m\ BibixkR, /NSO —, INSFFD, TUIRE
o KEEEDT—YICLDE, TUDDEIEL, [fAEUTHITO0.1 g-
min/m?, Z[& T 15 g-min/m?®, JRIxAE U CTRZE T 1.7 g-min/m?

‘_
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ENSEIEE

* (EFMBEDEFEROBRIL, TARIDZDOYEICKT SRS

};‘ZT&; TDYE (%5L\(¢%0)ﬁu§1f*‘¢%)0)1’lf

. I:IIM_LT O)/’I_w

[

« EE(X, MRUN (Absorption) , 23 (Distribution) , {1t
(Metabolism) , HEitt (Excretion) D4 [X FH\S 7B KRB

(ADME) [CKYWUIREINS

- {EFMENHSHERBICES 25 A DIRED MRZEEFR

LD

e

» AICERFTREICZET i (37 E) = RHiHE (IRHERE ;

target organ ) &L\ D

» RAZMEOHEBICKIVEN DD T, BHHEBN R EIR

BROS7RL
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s KNDEEDRITIMEICL > TERD
. %%T FRHBRFND—FE) oFANRY—)V (CEEHERER) (XASRHHERBICETE
o HMOKIRIFE ﬂiﬁ(;?%‘cﬂﬂiﬁwﬂﬂﬂiﬁl;@ﬁﬁ‘ﬁa%73\‘, AFJUIKERIE 25 e
%aFa'i@éJ\?‘E%b\lJ\+< I CRRIEICEEBRBLYT LY
o NEIVALIEECBEICEREIT S
c DTHMBICLI>TERDRERE
s SAERINER: ZHEBADIMRECIKRAKEIFT (BBB) , MiRAAEEEIPT
(BPB) &L\ > 7= #HBEAPT
* VBERIQZER:3FORIT, lAEOER, IURRiERHIRIR D

EDfEalE
- HEHTJ%E%%%I:?%?E@“%% S (LEYFRIFRERD R
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- BRI, BANICE, MEOBIEE AT E S C LB ERT
IL,\

- BEREE, WEICL O TINHEDDANEEN KT VGEENHD
S>ARBBERE

y ﬁn%ﬂiﬁ@ﬁxﬁ”‘

%5 | I BR1E, 3&BTT, KD RRICKLDBREEBEA . EARNDEZLD
figigs CITHONBID, BN ®REEFE FFB=o0Y — LD
cytochrome P450 & L\ DALY INONETEEE b)iﬁ’é':%?%bﬁgo
7L I—IVDER{EIE P450 LW E ADH [CKWU7ILTERIZ, T5IC

ALDH [CKY VIR VBEARBT S NS HN E

» S IARIG:ZIVO0VERS, REERS, PEFIliEaRE, ARE
MEEDIEEICLVEBEI NP T<ARS
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FCHIE

R DECHZE

EYRBEER EoiE EELGLIEY REGFEEFE XEOZZE

B AH SN SEER) SEE

50 FiE
Cytochrome CYP2C19 i CTAMAEA BHATI%, H RSN LEYORIMER L IRIERE
P450 T UGE  AATH20%  HEL
7IILa—)L ADH1 TR/—)L BAT4-20% B  HEICHTH57IIL3— )L HEEICE
fR/KRER A AN T 90% BLEZLDT7EN7ILTERESE
7ILTER ALDH2 7Er7ILTE  BAEH 7 b7 ILTERAEE LB AL
fRKREBER N HARANE] 40% HAEIYDPITN(TSVIvy—)
N-7tFIL NAT2 hERE /= | BATH 60% EYORMERAMNEIY LT UIN(ZH
RSB R TR HARA$ 12% MR REE)
GILEFH GSTM1 ENAMEFE | GSTMI (X BUEIZLERNABZROAEEE L
S-EnfSEER GSTTH1 ERIE/KET | 50%, GSTTI X &

GSTP1 RER %9 38%
UDP-4')LY0  UGT1AT EYIEY ? Crigier—Najjar SEIEEF (3% H) 15
HRERFSEE R Gilbert JiE {& B¥
FATIIAF  TPMT B MRE, HATHERIER KBSNLIEYOEEEINGELGE D
IVELBB R R NI SR £ 0.2-0.3% LEIEA
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. MR, FRAE

o ERAPADHEM : Bl COREKAREE (ILKRD 25 % ARERIRICZEL, %035
5 20 %WNEBATIND, MW 6 FLLT IS EA), FREE COBIRIN, seEhEm
22 L DERMEAD DM (1 7 U ERY)E AT — Yy
I}r%frzry'l‘ijﬁi%l\iﬁf%ﬂ%ﬁyI\7>7\7|'\—9L<J:%>)tﬁﬂﬁﬂy(ﬁlbj R
FDREKDTEITTRS, BATEEIXEY TEBRRII NPT L))

* JEAAOHEM  FHEN SRET ERIRTRE & &6 ICAEE ZE D T IEBAN
HEE I NS BIENFU\PE li%wiiﬁﬁmkﬁhﬁ*néb\ R HME
At =1=v \Hﬁ’Cﬁﬂ&lX(ﬂﬁHﬂ@m XF)VIKERIRE) , T IV F faEP
JIVoOUBREUREYITEER T — A5 XR—9 MRP2 ZH) &

Ul DD AIR—%EFIC K WEEEIRIICAEHAHEE SN S (56 1 HRIE)

s fifGE (U IFIRE—BIDOEFEY), PCB, DDT &), F T (BEB 144
8), IS (EBEFREERDAD), K&, R, R
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. ZOMEDERRTONEDRY PRESHEDENCLY, Bt

HIRNR A<t AREEZIEHBRE &L\ D

ARSI LDEE, BHBRECRA I 91HERIITDTE

CORBIIH DD, HAICTRINS NIz R S rDL\OD%’KIE{c\@“

s CBREL, ZORBA ICBIEICBTT30T, ansith

L Y re i AR A e

E)‘CZBU CNSHAERRE SN2 3,

o HHESNDIREVHHRDE MR (NLSRR) ThdDEWY, /IND

;I:/% I;\(?Eﬁu —18) DENEREN CHh DI &, L<HS

-'ﬁecné@«awj@rezﬁ%ﬁg|*:ﬁ AR B, ST IR
E LTI TN D . FEIAFRIMERDIE X 2 Z & VSR

o« HHEE R (As) IIZERMUENBRVWITNEEENANENR S D H
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. SPEFE

* ERZEXR ARERRIIAA, Eunbk'::"ﬂ'#%ﬂgf 5 (B CEREL

7_ Ejﬁiwﬁunﬁlﬁﬁu éﬁ

WFEESRE D,

- FYRBRCEEMREROMREZI0MA,

HEAERDOTEE(Cf. O
,L,\IE%X HFEER:
- IRMEMGEER: 2
- ISR B

I%L% n”/\é)

ECD &I R>12)
51 2W #12%, 3l1%, LD50 31

J/)%))’(‘DE SR (KHIDOEENCBER

~ AW BHXS, BlItR, NOEL #E

38+ JFEmE, RIK 12 7 A RER

5. NOEL, ADI,
o T, 1E2EFE

FHEHIEAER, ZEEMSER (Ames HER), 2

TDI =&

DARIEHES TR, T EERR, — 1

vitro CiZ&Efia%

1L\D), XO'J—:JO%’I%JC%%,E

FEREFTER(in

R, RESHAR, EWE_9)7, &
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(Source: Collins FS, Gray GM, Bucher JR: Toxicology. Transforming Environmental Health
Protection. Science, 319: 906-7, 2008. https://doi.org/10.1126/science.1154619)

ERDARER RENGEER | wmmmpsn || 0T ORUM
~ 2 EF M EBR i fAR—X jn vitro
1~3WR/F 1000/ & 100 ~ 10000/ % || g2 {0000/ 4
BITS574va
aoay T N FEER
gﬂi (C.elegans) 1R 2 4m pa)
Z5lE
(LA

SR
(BFHWENS

2al—h)

-

1) T4 HILIE
= EFRIEZRD
B TE

@%t ~ (< REE
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BT DR

SEFMECDUVTIE, FEEGFEE (LD50) HEIEERE (LC50) , 33
2= (ED50) IEZHLD

E‘*ﬁﬁEb\T_ EECRSY

 EREE TOMEDBENREIC DT, BREGIRYTIDERET
B, HOBELIT CRRISKN UDI BT . CORDBARIER
[==] L=

EWIED\T_ FURWEE
* RESNEZHEDHT, HEHDWIBMELZBDSNEMN OTZRAD
J&%, NOEL ( No-Observed Effect Level: HE{EFE )37')5\,\(3:

NOAEL (No-Observed Adverse Effect Level ESEE) & E

- BlEEIE™ U b)ﬁﬁ@“éﬂﬁlﬂib\LJEE@“%TE‘E’IE?’J\.%IL_EB%)@‘C ZE
B S VI EXREREAZEZET D

. éE,\ﬁég (Virtually Safe Dose: VSD) :Z (T ANARERIU R ORIV %
XEL, TNLUTDOURIOUNRVWHEXEZEENICZE2ERRT
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e A (RfD: Reference Dose)

* ADI (Acceptable Daily Intake) (¥ 1HIERNZE, EMBICFIAIN

SYB (RECEmmIIY)ICDOWT, E - A —EEERLCHER

MNRNEEZ 5NBTHBY DERE

» TDI (Tolerable Daly ntake) :THA1HERNE, EXHIICEERTSD

CTIRWNRIE B fF%'E?Eé:L’)L\’C - OA—EEEEU TEBRM

RV\EEZ 5N 1BbEYDENE

é:’Sb’E»EéLL(im g/kg AE | H. mERXZEN SV \ESREN )2 FHL )
HEAER TIE 5 N= NOAEL (REHGI5EIE NOEL /2 (1&

LOAEL Lowest Observed Adverse Effect Level: T/ E) %,

ADI RS TR 1RE (safety factor) %, TDI 125 LS
(uncertainty factor) CZ|>TEHE D,

1%&0)@%&%&%@%4%‘6l:ﬁa<;@ I, —i%IC I FEMEERTE
7= NOAEL h'o:stE T3R5, BEICRE K10, BEAREIZR K10 T
N 100 Z@EF., NOEL H LOAEL €1§315A $E5(210 =HMNF
T 1000 ZBAT B EH%L)
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AERIGER

(dose-response relationship)

» A= (dose ) CIMAEE(ZIHU CTEREzs P EIR D Sty

*EfEFb\ 'ft

T EZEYINBEEE LT dose [T IRIGEIS

(res onse =L UTBREL,E D dose =T T=H2E

ﬁ@ﬂl)td)ﬁﬁﬁf*’&% LRIV TCHDE, SF %%(_735_

EMZBL\ BRI, [Ib(RES2E) [CE HKEN G DB
& B RN GRS NS,

. 5—?5(\0)1 AN RInZ T B 8a/E2s (ED50) &

5y, R _niﬁ%‘f [ LHFEENFEE (LD50) R <{F1

N, #ECIXTOEY b eOD bt (O o

Tla, T AY T BEDSAERE A5 )

s ASEEXWEEI CRSCEHEZL)
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AERIDERORIGET IV

'7/I: YEETIL: EBNAMEN1BIEGFIZEELEGEEAS

&, TOHBEMAINAIET S, BEED (I LTHENIDAIET S
FESR P(D) (X, 151 EEEELLRVEREZE| N -EELTED
1L, P(D)=1-h(0)=1-exp(—qgD) . 1K .Eiﬁfli%h\/u')XOb\ 1=
1= HE 451, tl:ﬁlli%:&q’é%hwxn TI7I3EMES,

MELEREET IV 1 DOMBENNAILT HF=0IZ k RFED R
MN—TEDEFTE_CAHAIVHENHY, FEREORIGENAED—RX
K TRINDHEEZ NI,
P(D)=1-exp(-(q0+q1D+q2D"2+..+qkDk)) ,

KE EPALRALTNSDIE, ZDETILIZ q1>0 EWNSEIFED T
f= Crump METIL. BEIL, PO)IZ&BYRIERWN-IREZ D
TOHENAIRY, DFYBE]) XY RD)={P(D)-P0)}/{1-P(0)} =&
2B, cODETILTIEID AN 0ITELESE RD) [XTLLAIIZ 1D &7%f
HNDT, BASETIEEE)RAIONBEIZLHIT 5,
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AERICERODTAE

=1 2
Probit: F*(X;) = ®(Bo + /1.X;), P(2) = —ﬁe—w 2dx
— 00 7T

Logit:F* (Xz) = A(ﬁo + BlXi)a A(Z) -

2- AVHFTRALEE T —ILOEMRERDHI

Table 1  Mortality and LI, value of rars in single dose oral roxicity test of 2-mercaprobenzimidazole

e
1+ e#

Sex |Gronp Number Houes aller administration Davs afier administation Total oumber LIvs0
{imng'ked of males 0-05 2 4 i i 2 ;] 4 3 5] 7 [:] o 10 11 12 13 i+ ol deaths (mg'kek
Control 0 3 0 0 1] 0 O L ] a ] 0 0 1] 0 1] L O a ] O
Z-mercapiobenrinidamale 7L 5 0 0 0 0 L1 L 4] 4] 4] 0 0 0 0 0 L L1 4] 4] L1
Z-mercapiobenrimidasale 119 5 0 0 0 0 ik Ly i} il i} 0 0 0 0 0 Ly ik il i} ik b i

Male  |Z-mercapiobenzimidazole 178 3 0 0 0 0 1 ¥ 4] 4] 4] u] 0 0 0 0 ¥ {k 4] 4] 1 (1ap==287 )
Z-mercapiobenzimidazole 257 3 0 0 0 0 1 3 4] 4] 4] u] 0 0 0 0 ¥ {r 4] 4] 4 a)
2-mercapiobenzimidazole 40D 5 0 0 i) 0 i 4 - - - - - 5 b
2-mereapichenzimidazole L] 3 4] 4] 0 [ i 4 - - - - - - - 5
Control 0 3 0 0 1] 0 O L a ] 0 0 1] 0 1] L O a O
2-mercaplobenzinmidarale TG0 5 0 0 0 [ L1 L 0 Q 0 0 0 0 [ 0 L L1 Q 0 L1
Z-mercapiobenrimidasale 119 5 0 0 0 0 ik Ly i} il i} 0 0 0 0 0 Ly ik il i} ik

Fenale | 2-mercapiobenzimidazole 178 3 0 0 0 0 {r | 4] 4] 4] u] 0 0 0 0 ¥ {r 4] 4] 1 el 1 b)
Z-mercapiobenzimidazole 257 3 0 0 0 0 {r 3 3
Z-mercapichenzimidazole 404 3 4] 4] D [ i 4 - - - - - 5
2-mereapichenzimidazole L] 3 4] 4] 0 2 3 - - - - - 5

0 Mumhber of deaths.  a): Probit method. B Behrens-Earber amethod.

Figures e pacenthesis mdicate 95% confidence it

https://drad4.nihs.go.jp/mhlw data/home/paper/paper583-39-la.html
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R COOHEI(dre /Ny —I%&FA)

if (require(drc)==FALSE) { install.packages("drc"); library (drc)
}
rats <- data.frame (

sex = factor(c(rep(1l, 7), rep(2, 7)), labels=c("M", "F")),

dose = rep(c(O0, 79, 119, 178, 267, 400, 600), 2),

ndead = ¢(0, 0, O, 1, 4, 5, 5, 0, O, O, 1, 5, 5, 5),

ntotal = rep (5, 14))

mx <- drm(ndead/ntotal ~ dose, curveid=sex, weights=ntotal,
data=rats, fct=LL.2(), type="binomial")

summary (mx) # 1 OVUYNETIL .
ED (mx, 50, interval="delta") # {EHEXREIITIVYE |
# Estimate Std. Error Lower Upper o pall
# F:50 186.636 60.373 68.306 304.97 %QP
# M:50 218.013 22 .809 173.308 262.72 g oa-
plot (mx, legendPos=c (50, 0.8)) 02 -
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