HHF (toxicology) AFS

« #C7oHT 1500 FEERITI T TENMIETI—RIVR - INEIVRIIC, FRR EED
Egg%}\z@‘ﬁ%Eﬁ‘:#“uyvv\%mx|:|7\73\‘|r7r%“1\ytrjzﬁ%lcﬁéﬁééﬁé

« FHKIZED T, ER-#BREMEN CIEEFORIEMIND/INSTIVRAR
( Philippus Aureolus Theophrastus Bombastus von Hohenheim-Paracelsus,
1493-1541 )W MIBICIE TR TE NN G D : BEORVWEDE RV MEBEZE
IcdSDIE=] "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.") &E\L\/z,

« EEMVIEYBEDOENA DTSN ZRIZRNICHRIAT SFEM =SS
(toxicology) &ULVD, 1960 FAFIBEICERA S NIZFT UL\ FE. BMEEPESR

&%ﬁ@?‘% LICHWEZEEN LAY, FHRICHREI/MTON TS

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

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

« EFEMCIE, BZHEBIERDINT A BAAEITEERRRE,
» IRAED 10% [CHHEE 2 9 EARIEND, 1000 AF7ZUTADATVITRD
Bl (RERVSE) [FBI TEHEFS NG

+ 80% DRFRAICHENLHULLWIDARIL, HSWLWHESPEBESNECOTE
NN, 355@@511[[%(4&1:?*‘%‘]’2@%0
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https://www.nature.com/articles/460208a

RIS EDFEESL=E(LD50 )

e LD50 [FtEMEZES Y, TILEYNREDEREMICIRS U, FDOEREMOIEN
ME (dose) . 1 BF, IS5 UIZEMID 50 %h\%tvéﬁagéﬁzﬂ—_u_@
5 (mg/kg) CxR I (AURSETCETI IDNNSLBEY TIIZENKRTL))

- EFVBEOREBEDES DAKREIER

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

1 mg/kg

(T v FERT
0.015mg/kg )

i A

0.01 mg/kg (¥R %{%“ e
BN, REEEEO—

B, X xS 0)

500 mg/kg »
T 7S/ .' P '!
(Re@TEI<H \ =
y e

=THLT)
2,400 mg/kg
1Y | oo il SRR

2

Mﬁ)E:Ki,%:%i,ﬁ:@i,m:ﬁi,ﬁ:

e, U2, &% 18% A
20J)LED) 7+ R
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FABLTEIAE

« FTERZENT DEMAFAE

y 3F¢#EE’J BAER] (SAREK, BBk, YOOI 7—2), MARIRY I 1)L ARSI\ DIX
%%i( IRI/'K q.;ﬁm\ﬂ’%)%,«r VY= IOVICKRD VMV AERMEE, MirmEkic, BANAE
g 1L

« BEN B EIEECDERIC KDEMRAE, IFEHCDY—HEULTDMRZEEHT D
WHERE, IEECICKYUEH bESNAZY o0 7—IFIC KD EE

3F§ET FRODERFHIE
EYHER R IEEY KBTS UIAN AT

« XYOFAXA: Cuy, Zn, CAFICKYFETND, BER/RZIVAHANCHERHTS
nNv¥9g<gdn0F(-SHEEZ<ES5, MW6000-7000)

- SEMEREESR: SOD, h95—1, GPx &L
- DNARBEBRR EBEREGOIAVYFEER

TgA . (] DZZ ol I

) JF ) F—
BENT EHEMNGRE | | BENRE
E@j%é: i | i | - 135 42
[a==Lk=y - > B5E -5

(EST) k. | [ws-wm ] | kex
TRIVY ot zmamm
- Be:ieim ‘
&Eb*ﬁﬂ%@l\ )7 INTTUNEES L=HEOEArs

HaD SH ETHENE Cd BRFZE2EDAYOAFARAT Y
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DS ENE S

- SECEE CRSE, SRE, B TEE IR
I BB S 115, B CIEAg A 55
B MR E DRI 11D L\

- PHRE: RSB RME SN SIRIRS 5. KERL
SRR E L COBMEBE D SIRINE NS &Y, Fae LT
i SIS S B DEED B\

* RIEHEH: BFHLalC L DD T, /“'1|3§)<‘>Hﬂilg_tt/\‘c’ﬂ&
INSHEAME < BRI 7 S 72 VB NS L\ Y, Ptk
=, IN\SO—F, NSFFY, FUDREGIMSGY

» REEEDT—HICLDE, TIVDOEIE=E, A& UThHi

0.1 g-min/m?, EZFE"C15 g—min/m®, /&VFEL’C&fE'C
1.7 g~min/m°
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- {EFYEOEIERIBOREIL, THAIDZOYEICXT DRZ

e

s BEZE, TRIX (Absorption) , 0% (Distri

&, %O)%’E(%%L\(I%O)ﬁu%ifﬂ%)0)1’F

(Metabolism) , #Ett (Excretion) D4RFHN 572 DK

RE (ADME) ICKVUREINS
s {L=ELHIEBICEEZSZ D=

LD

- 5AICERTORE(CZE T Sl (3B ) = 1RBvilis (IREV2s

target organ )&\ D

» RAZIEOHBICKIVEN DD T, BHHEBHN R SR

BROS7RL
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EEAREH SNSRI E
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E NREHEE DERICLVIEES v T <B
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EYHRFESZE EEiNE BEELGLEY REBEGFERE XEOEE

B AAH SN EHE)EE

50 FiE
Cytochrome CYP2C19 @i CTANAEA BHAT3%, H KN LEYDRIMER L IRIERE
P450 IR 2RE RAATH2%  HEb
7IILa—)L ADH1 TR/—)L BAT4-20% B HFEICHTE7IL0—ILRBIBEICE
BRIk BEER A AT 90% BLEZELDTEMN7ILTERELE
FILTER ALDH2 T7EN7ILTE | BARH sz 7 ILTER N ETELEEALE
fRKREER N HA AN 40% HAEIYDPITN(ITSVIvy—)
N-7tFIL NAT2 hiEREI /= | BATH 60% EYDRMERANEIY NPT UN(ZH
RSB R TORE HA AL 12% 4R R E)
GILEFA GSTM1 ENAMEFE | GSTMI (X BUE(ZLDHRNABROAIRENE L
S-EnfSEER GSTT1 ERIE/KEFET | 50%, GSTTI X &

GSTP1 REUR %9 38%
UDP-4)LoA  UGT1AT EYILEY ? Crigier—Najjar SE{ZEf (B & EH)
ERERFSEE R Gilbert JiE & E¥
FATYAF | TPMT B mimE, BATHERIER KBSNLEYMOFREHIHELGE DR
IVERTS B R S 5 £0.2-0.3% LNl A
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- FYRERCEEMREROMNREZI0MA,

/||||r

F5(5
ﬂ/\%>)
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- BEERROIESA(cf. OECD HEEMRA1RZ12)

AEEMER: 2 ~4W E

. %’|‘§E%¥ B k5% 2W 2%, 5lIiR, LD50 53
. 5, 5ltR, NOEL#E

y ’| TE EE\BR - Z el + JEE RS, &=IK 12 7 ARIER

5, NOEL, ADI, TDI =&t

- TOM, BEEE DARITHESEEER, Ea2EaER, — 1N
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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)
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=2alb—hk)

EROIER PRdEEE | pmmmpmr | CTRIRUE
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¥IS5J409a
a3 /L N FEER
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kB
(LT
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= EFRIEZRD
BTE

@%t ~ (2 F8E
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=T DIER

RIEFEICOWTIL, FHESEs (LD50) WHEHEVLRER
(LC50), #ezEeE (ED5Q) REERMS

- BIENFET 5T

s RESETCOMEDEEFRIRICDONT, E%?F%ﬁ‘b‘ﬁk(')ijt{&
95, HHEEMU T CRRRBENATOICRSIET, CORNE
KEMEFE (RIE)

* BHEMMFELRVSZS

¢ RET ?mt‘ E@E C, EHDV\EBIENERD SN DL RAD
A=%, NOE iJ_QbsggLeglE_ffeﬂ_eA@ HE glﬁéh\
I%L Eff | BHES) &
T

» PIEEE YU S RINT DERDLIRT SAREMEDRICH DD T, B
R H D VTR REAEZET D

« EBZSE=E (Virtually Safe Dose: VSD) =7 AXLARIGER XL
NIVZESREL, TNLLTDUROUN G VWHEIFEBNICZEERRT
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245 (RfD: Reference Dose)

« ADI (Acceptable ai
FAINYE(BEFE ﬁ i IC DLW T, B4
TERRNLNEEZ SNB1HbY DIENS

|>:|/ take) ntF§1 T,H\HREO = E’J‘L_
AQ/

_F?EEYL/

TDI (Tolerable Dal I take) a1 HEHE, SEHYICHE
XY DD CRVRIRTER #%E 2ECDUT, l:l\h\—é_FTEHYL/T

BERIEVNEZZONSD’ 357&‘)@?53?%

. E‘BB’BEé{_Lli mg/kg AE / H,. RERESUENSV\EREY =

LWeEESAER TES T NOAEL (FERGSE1E NOEL
LOAEL= Lowest Observed Adverse Effect Le

F7z1&
vel; &/

B2HE2)%, ADI 52 2R (safety factor) %,
FEERE (uncertainty factor) CEl->TES,

TDI A5 R

* RIS EAE G Cld7ae SRR, —i(c [SBIYISERR C15

7= NOAEL ""o5tE T 345, BE(CRA 10, BERECEKA O
TEA 100 Z@F. NOEL A LOAEL EESBERIFTSIC10%

#FT 1000 ZEAT B NS
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A=&IHER
(dose-response relationship)

. _g(dose Y IMAEREICISU CTERMGes Y EIAD
IR N2
s HEEYDAEEELTD dose I T AIRIGEIS
(response —&FC\LJH K8 FD dose ==|F7=
ﬁ""*1ﬂ12|§$51)é:0)|59§1‘?‘%iﬁ LRIV CHDE, SFRIFRICA
5_&:73\%’7\,\ [REAL, &FC\(B?“‘*'V VCBREN G D
C o RE, BRSNS GRS NS,

. —”&51021 ' 12|:7J\ Ribvznd BREx¥FNEs (EDSO)
SN, 2% E'I*_nﬁ%ﬁ‘C(I——%@ﬂtﬁEg(LD 0) KR
Ehn, T’EA—LIOU v i Oy bt (O
S, WAy T gwﬁﬁ/la%ﬂ%ze:@ )

* -Ebﬁéﬁﬁlﬂ_fwég_tﬁ%\/\
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AERIDERORIGET IV

VeEyRETIL:-RAAYME N1 OEEFIZEELIEEEZEZS

%@%HH@##MI:@“% IREZE = D IZXL THIREMAI AT S
FEEPD) L, 1501 EHEELLENEREE|V-EELTES
., P(D)=1-h(0)=1-exp(-aD) . IEHEBTIIREANAIRINHE
[ZLEf, EefBIRE y&q’&%b\/uxn TI7IREME S

MU SEREET IV 1 o@%ﬁﬂﬂb\h\Mta‘ét&)L k E% [ @Jiﬁc
N—TEDIEFTEIAVLEINHY, BERED RILEDIFE — R
R TCRINSEEZEZANIL,

P(D)=1-exp(—(q0+q1D+g2D"2+..+qkD k)) ,

KE EPALAVTVDDIE, COETILIZ q1>0 ELVSFHIFIZDIT
= Crump DETIL, @EIL, PO) I2&BAYRIERWN-BRES D

THDFHERNAIVRY, DFEY1EE|) X R(D)={P(D)-P(0)}/{1-P(0)} &
2B COETILTIED N0 ITIELNESE RDD) (FIEELAIIZ 1D &74&

HNDT, ERA=ETILBE)RINA=IZHEIT 5,
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AERICERO DA

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

Logit: I (X;) = A(Bo + 81X3), A(z) -

1+ e#

2= AIVHTRAE5 T — L D E M EHERD 5l

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

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://dra4.nihs.go.jp/mhlw_data/home/paper/paper583-39-la.html
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R TOo#H(drc /Nwaor—2=FIH)

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

sex = factor(c(rep(l1l, 7), rep(2, 7)), labels=c("M", "F")),

dose = rep(c(0, 79, 119, 178, 267, 400, 600), 2),

ndead = ¢(0, 0, O, 1, 4, 5, 5, 0, 0, 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 OVYMETIL o
ED (mx, 50, interval="delta") # EHEXEIEXTIVYE ]
# Estimate Std. Error Lower Upper B pell
# 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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