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Adverse Outcome Pathway AOP ~
—

Molecular
Toxicant | | Initiating
Event
Chemical Receptor/Ligand
Properties Interaction
DNA Binding
Protein Oxidation
AOP

AOP

Cellular Organ Organism
Responses | | Responses | | Responses
Gene Activation Altered Physiology  Lethality
Protein Production Disrupted Impaired
Altered Signaling  Homeostasis Development
Protein Depletion  Altered Tissue Impaired

Development Reproduction

or Function Cancer

OECD

Population
Responses

Structure
Recruitment
Extinction

*OECD. 2011. OECD Environment, Health and Safety Publications Series on Testing and Assessment No. 138 ,
Report of the workshop on using mechanistic information in forming chemical categories.
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Adverse Outcome Pathway AOP

Hayashi, M. and Sakuratani, Y. 2011. Hemolytic anemia induced by anilines and nephrotoxicity induced by 4-aminophenols. In: OECD
Environment, Health and Safety Publications Series on Testing and Assessment No. 138 , Report of the Workshop on Using Mechanistic
Information in Forming Chemical Categories: Annex 8. 14
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AOP

RBC! , HGBL , HTCI
Peroxidation ' -
NO, NH, NHOH e T Reticulot , Met-Hb1
! Hb  -Hb Lipid S | T-bilr
ver - =t | Membrane of =D 2 =D{ Spleen o
Y Erythrocyte ) -hemosiderin
Liver ROS by ROS -Pigmentation
etc.
NO, NH, NHOH N G_OTT , GPT? ,y -GTP1
Adducts Hver
Liver Liver : -witt
— — — ===P| With DNA,  =P| Regeneration hepatocyte
Tissue protein -Necrosis hepatocyte
etc.
o o i Testis
’ Testis ’ ) =1 ol "Wt , -Sperm :
_— 33 5SS -Vacuolization sertoli cell
Sertoli cell ge o o S 3 [=P| -Atrophy seminiferous
NO, N 2o - -Degradation or necrosis

germ cell
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Dose level 3 doses (5, 25, 125 mg/kg) , 6 animals/sex/group

NOEL <5 mg/kg/day

Body weight 1: 12589

Food consumption 1: 12589

Hematology RBC |, WBC1: >254,125Q Hgb|: >2549 Hect|: >257

Blood chemistry

Chof: >59Q,>257, Alt, TP1: 1259  Alb1: >257, 1259 A/G1:

12539

Absolute organ weight

Spleen?, Liver(: >2579 Kidney1: 1259 Testis|: 1258

Relative organ weight

Liver?t: >57, >259
Spleen?: 579 Kidney?: 12539 Testis|: 1255

Anemia
Liver
Testis

Histopathology

Spleen-Congestion Red pulp brown pigmentation: >59, >257
Spleen-Extramedullary hematopoiesis: >53'%

Bone marrow-Hematopoiesis: >59, 1253
Cerebellum-Spongiotic change, Brown pigmentation perivascular
region: 12539

Liver-Extramedullary hematopoiesis, Kupffer’s cell brown
pigmentation: 1254Q

Kidney-Tubular epithelium brown pigmentation: 12539
T4estis-Seminiferous tubular epithelium degeneration,
Seminiferous tubular atrophy: 1253

Epididymis-Reduction spermatosis: 1255
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Chemical RDT Test data (mg/kg/day)*1 Chemical RDT Test data (mg/kg/day)*1
Structure NOEL, Observed effects Structure NOEL, Observed effects
LOEL elated to the target endpoint LOEL elated to the target endpoint*2
. . . o
NEES B Lot [RY sEver €y (et 3 2hoe N Hgby :100¢ , Hetl @ 100 , Rett : 1004
S ohaaly 6| o 525  |spl
o abswtt :>25¢ ¢, relat wtt : >259 ¢ ' hpeen_;j i 5254 hematonoiesis; 1004
1 Congestion: >5¢ , >255 , Red pulp brown pigmentation: >5 ¢ , cl CbSkE=E: o IRIUENIEERISE
1 _N ¢ <5, 5 |>25¢ , Extramedullary hematopoiesis: >5¢ ¢ Cl
0o <5, 5 |Liver- o
Extramedullary hematopoiesis: 125 ¢ , Kupffer”s cell brown l‘\‘l Hectt :>405 , Hgb! : >40¢ ,RBC! :>8¢ , Rett :>40¢
pigmentation: 125 ¢ 7| o <8, 8 Spleen-
(Bone marrow- deposit of pigment: >8¢
Hematopoiesis: >5 ¢ , 1254 ) a cl
Hct! :>209 , Hgb! :>20¢ , RBC! :>20¢ , MetHght :>20¢ Hett 1009 , Hgb! :100s , RBC! : 1004 , Rett :>204
Rett . >60¢ ? Spleen-
o s <20, Spleen- 04N Cl abs wt1t : 1007 , relat wtt : 100<
I 20 abswtt :>209 , relat wtt : >20¢ 8 <4, 4 Congestion: 100« o
2 o/N Extramedullary hematopoiesis: >20 ¢ , Spleen-Brown cl Increased extramedullary hematopoiesis: 100<
¢ <20, pigmentation: >20 Liver-
20 Liver- Deposit of hemosiderin: 100
Brown pigmentation Kupffer cell: >20 ¢ , Extramedullary
hematopoiesis: >20
Hety :>154¢ ¢, Hgbl :>154¢ ¢ ,RBC! :>154¢ , >462¢ ,
0 Rett :>15¢ ,>154¢ , Met-Hgbt : >462¢ ¢
(ﬁ Hctl :>3845 ¢ Hgb! :>384¢ ¢ RBCI :>192¢ ,>384¢ , I Spleen-
_N ¢ <48, 48 Retr : >384, MetHgbr : >48, >96¢ 9 o/N :ig ig abs wtt :>462¢ ¢, relat wtt :>4624 ¢
3/ 0 <48 48 LI o T ' Congestion; >462 ¢ , 1385 , Spleen-Pigment: 13854 ¢
! Hematopoiesis: >192 ¢ | >384 , Hemosiderin pigment: >192 ¢ , \O L=
>384 ¢ Pigment: 13854 ¢
Hctl :769< ¢, Hgbt : 769+ ¢, RBC! : 769 ¢ ? Q
CH) Rett :>384% 769 04N N*o »)
4l N & <48, 48 |MetHgb! : >192< , 769+ 10 16 - !
o 9 <48, 48 |Spleen- cl
Hemosiderin pigment: >48 ¢ |, >192 ¢
Congestion: >384 ¢ , 769
Hctt :>155 ¢, Hgb! :>15¢ ¢ ,RBCI :>155 ¢, Rett :>50
0 .
? Hgb! :>384¢  RBC! : >384 , MetHgbt : 7695 ¢ A |l i, |l -
= h4N s <48, 48 |Spleen- 17 A 2 1c qe  |relatwtr :>15¢,>50¢ , abs wtt :>50¢ ¢ , Hemosiderosis:

>50)
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Chemical RDT Test data (mg/kg/day)*1 Chemical RDT Test data (mg/kg/day)*1
Structure HOIEL Observed effects e — NOEL, Observed effects
LOEL elated to the target endpoint*2 LOEL elated to the target endpoint*2
v 0 -
N o |s 10, 60  [Hcti :>60< ™o Hgb! : >233¢
O 1 . R
12 jg/ ? - Rett :300¢ 19 HO <0.78,0.78 (RBCt :>0.78¢ , Hctt :>0.787 )
HZN NS,
[e] (€]
Hcty :>100¢ , 3004 , Hgbt :300¢ ¢ ,RBC! :300¢ ¢, Rett : o) o Hgb! :100¢ ¢ ,RBC! :100¢% &
Q 3009 ¢ N I Rett :100°% ¢
o. Ny Spleen- o So Spleen-
P N 20, 100 ,
13 j©/ ° Z gg 188 abs wtt :300¢ , relat wtt :300¢ < , Deposit, pigment: 300 ¢ 20 o 20100 [|ADSwWtr 11009 &
H,N ' ¢ , Extramedullary, hematopoiesis: 300 ¢ ¢ HO ' relat wtr :100¢ <
Liver- 04N§o Hemosiderin depostition: 100 ¢ <
Deposit, pigment: 300 ¢ , Extramedullary, hematopoiesis: 300 ¢ Extramedullary, hemotopoiesis, erythocytic: 100¢ <
o -~ o o
N { NN 1000, -
14| o Sb<192,192 | 21| SN ) ~
Ko~ 2 <102, 192 \©/ o 1000, -
H
Q 7 Q_oH
15| " 7 160,400 22|o" & 175,350 |- —
e |7 160,400 o
i I, i
16| " N | 125,250 230" o|¢ 20,100 |RBC! : 500¢
\Oi 125, 250 —
OH
o) Hectl :>192¢ , 7694 , Hgb! : 769 ¢ ,RBCI : 7694 ¢
o N OH | <100, 100 o Met-Hgbt :>48¢ , >385¢
17 \©: ¢ <100, 100 e g ag  |SPleen-
NH, 24|°© g 4g  |ADS W 17699 ¢
OH ' relat wtt : >384 ¢
? ? 5 Congestion: >192 , 769 ¢
18| " Yo [¢ 10,30 Pigmentation: >192¢ ¢
10, 30
i Pt
— \ 25 o&”:gf;w we L
H
&
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R, Rc=H, alkyl, halogen,
alkoxy, NH, or NO.,.

13 studies for 12 chemicals
MW: 123-203, logKow: 1.5-2.7

Hemolytic anemia was observed in 92%(12/13) of studies.

LOEL for hemolytic anemia: 5-192
LOEL for whole body: 5-100

Rank of reliability: A
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(1)

Number of LOEL for

Category (effect) category  target effect Rf:nalzlrl\gy
members (mg/kg/day)

Azobenzenes (Hemolytic anemia) 2 0.6+5.7 B
Imidazole-2-thione derivatives (Thyrotoxicity) 2 5.5+£5.8 B
Diphenyl disulfides (Hemolytic anemia) 1 30 B
Hydrazines (Hemolytic anemia) 2 20127 B
Acrylamides (Neurotoxicity) 2 21111 B
Oximes (Hemolytic anemia) 3 237 B
Aliphatic nitriles (Hepato toxicity) 4 33146 B
Nitrobenzenes (Hemolytic anemia) 12 54482
Hydroquinones (Hepatotoxicity) 2 55164 B
p-Aminophenols (Renal toxicity) 631476 B
Phenyl Phosphates (Lipidosis of adrenocortical cells) 4 7034 C
Anilines (Hemolytic anemia) 18 72140 A
4,4'-Methylenedianilines/Benzidines (Hepatobiliary toxicity) 5 75156 B
Aliphatic/Alicyclic hydrocarbons (Alpha 2u-globulin nephropathy) 6 76100 C
Aromatic Hydrocarbons (Hepato toxicity) 9 83151 C
N-A kyl-N'-phenyl-p-phenylenediamine (Hemolytic anemia) 2 100 B
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(2)

Number of LOEL for N
Category (effect) category  targeteffect Re“ab.l lity
members  (mg/kg/day) ranking
Halobenzenes (Renal toxicity) 9 101+79 A
Nitrobenzenes (Hepato toxicity) 12 108+96 C
Ethyleneglycol Alkylethers (Hemolytic anemia) 5 110£192 A
Organophosphates (Neurotoxicity) 7 116+98 A
Anilines (Hepato toxicity) 18 146+70 C
Aliphatic amines (Mucous membrane irritation) 6 148+202 C
Halobenzenes (Hepato toxicity) 9 151+129 A
Benzene or Naphthalene sulfonic acid (Less susceptible) 13 223+355 C
Ethyleneglycol Alkylethers (Testicular toxicity) 2 231+2077 B
Nitrobenzenes (Testicular toxicity) 4 237+278 C
p-Alkylphenols (Hepatotoxicty) 7 250+381 A
o-/p-Aminophenols (Hemolytic anemia) 3 254+606 B
Benzain sulfonamide (Toxicity to urinary system) 2 310+£2414 B
Nitrophenols/Ha ophenols (Mitochondrial dysfunction) 13 314+218 C
Phenols (Mucous membrane irritation) 25 405+231 C
Halogenated Aliphatic Compounds (Hepato toxicity) 17 5331756 C
Phthalate esters (Testicular toxicity) 3 886+1466 C
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Molecular Initiating Event

Molecular Initiating Event

Molecular Initiating Event

in vitro
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HESS
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(1)

(2)

(3) OECD QSAR Toolbox
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'| QSAR Toolbox 3.0.0.291 alpha

QSAR TOOLBOX

Profiling Profiling Schemes

¥
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About Update

Repeated dose (HESS) (Toxicological) - Profiling Scheme Browser
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4
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Repeated dose (HESS) - Cateqory definitions

Profile Description

4 -Repested dose (HESS)

| »

- 2-Imidazolidinethiones (Thyrotoxicity) Rank B
- 4, 4 -Methylenedianiines Benzidines (Hepatobi
- Acrylamides (Neurotoxicity) Rank C

- Aliphatic amines (Mucous membrane irritation)
- Aliphatic nitriles (Hepato toxicity) Rank A

- Aliphatic/alicydic hydrocarbons (Alpha 2u-glot
| Apilines (Hemalytic anemia with methemoglobi
- Anilines (Hepato toxicity) Rank C

- Azobenzenes (Hemolytic anemia with methem
- Benzene Maphthalene sulfonic acids {Less sus
- Benzenesulfonamides (Toxicty to Urinary Sys
- Diphenyl Disulphides (Hemalytic anemia with m
- Ethyleneglycol Alkylethers (Hemolytic anemia)
- Ethyleneglycol Alkylethers (Testicular toxicity)
- Halobenzenes (Hepato toxicity) Rank C

- Halobenzenes (Renal toxicity) Rank C

- Halogenated Aliphatic Compounds (Hepato to |
- Hydrazines (Hemaolytic anemia with methemog

- W-Alkyl-M'-phenyl-p-phenylenediamine (Hemal

- Mitrobenzenes (Hemolytic anemia with mether

- Mitrobenzenes (Hepato toxicity) Rank C

- Mitrobenzenes (Testicular toxicity) Rank C

- Nitrophenols/Harophenols (Energy metabolism

- o~fp-Aminophenols (Hemolytic anemia with me ™
n 3

Anilines (Hemolytic Anemia with methemoglobinanemia) Rank A

1.

Toxicity Information

The toxicant of methemoglobinemia induced by anilines 1= considered
to be N-hydroxyl anilines that are metabolites of anilines in the liver:2.
The hemolytic anemia induced by anilines iz conczidered to be related to
the oxidation of erythrocyte by N-hydroxyl anilines® 4.

1) Anilines are metabolized in hepatocytes by oxidases such as P450 to
N-hydroxyl anilines.

2) N-hydroxyl anilines react with hemoglohin (HGB) in ervthrocyte to
produce nitrosoaniline and methaemoglobin (Met-HGB). As a
result, increase of the concentration of methaemoglobin (Met-HGE)
12z obzerved in hematological examination.

3) Ervthrocytes are degenerated (peroxidation of lipid membrane etc.)

by reactive oxygen species (ROS) produced in the above reaction”.

4

4) Phagocyvtosis of degenerate eryvthrocvtes mainly in the cpleen ~
|

I

m |

k

OECD QSAR Toolbox

REACH
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