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Halobenzenes (B #1%)
Nitrobenzenes (FF&1%)
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1. Toxicity Information

reaction’.

observed in the spleen upon histopathological examination’.
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This mechanism: of toxicity is common to exp

5) Phagocytosis of degenerate erythrocytes, mainly in the spleen, results in ‘hemolysis®. £
6) As a result, decrease-of red blood cell (RBC), decrease of Hgb, decrease of hematocrit (Het) and increase of reticulocytes (Ret)
are observed upon hematological examination in the RDT test. In addition, pigmentation of hemosiderin and congestion are

ia) Rank A

The mechanism of hemolytic anemia induced by nitrobenzenes is considered to be the following.

1) Nitrobenzenes are metabolized to anilines by intestinal bactedal floral-

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

3) N-hydroxy! anifines react with hemoglobin (Hgb) in ervthirocytes to produce nitrosoaniline and methemoglobin (Met-Hgb)'2. Asa i
result, increased concentration of Met-Hgb is observed upon hematological examination in an RDT test, :

4) Erythrocytes are degenerated (peroxidation of lipid membrane; etc.) by reactive oxygen species (ROS) produced in the above

7). As a compensatory response of anemia, extramedullary hematopoiesis, mainly in the spleen, is observed upon histopathological - '
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Read across prediction of LOEL,
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Observed target value: N/A, Predicted target valut{ 17.7 mg/kg/day l
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Ligand MR " Target gene
r_» Hormone action

Endogenous
compounds
» Steroids
* Fatty acids
* Lipophilic
vitamins
* Thyroid
hormones
* others

GR: Glucocorticoid receptor
VDR : vitamin D receptor
LXR:liver X receptor
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Ligand | NR - “’?&rg@i gene
r_» Hormone action

Endogenous
compounds
« Steroids
» Fatty acids
* Lipophilic
vitamins
* Thyroid
hormones
» others

?

There are 48 memi@Bipldentifiedéphbonsan NR superfamily.



Xenobiotics

Omeprazole
Dioxins =~ =

Rifampicin

Phenobarbital

Cytoplasm Nucleus

PAH; polycyclic aromatic hydrocarbons, XRE; xenobiotic-responsive element,dNR1; distal nuclear receptor-binding element 1, prER6; proximal
everted repeat 6, XREM; xenobiotic-responsive enhancer module, PBREM; phenobarbital-responsive enhancer module,
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Liver, intestine /-\

Examples

Cyclosporin T
Carbamazepine

Human PXR DBD: DNA binding domain
Mouse PXR LBD: ligand binding domain
Human CAR

» Structural differences in LBD cause species differences in the
chemical-mediated NR activation and enzyme induction.

Nature Rev Drug Discov, 1: 259 (2002)



CAR and PXR play key roles in xenobiotic disposition
(detoxification) and liver toxicity

| Detoxification

Xenobiotic metabolism

CYP1A1/1A2 , i i
CYP2B/2C/3A . Carcinogenesi
uemar - N s S

Xenoblotic export‘ﬂ‘ ~ ____,__....-y Proliferation
ABCB,ABCC, == Foxo3 LJ
ABCG ‘/ \

| Pepck1 / ? Insulin signal ,‘,
G6pase Cott
DHCR24
Gluconeo- l B- oxida:iin l K I:IV;GCiZ d Cholesterol o
genesis etone boay § synthesis
synthesis

Yoshinari, Toxicol Lett, 2012 ; Shizu, PLoS ONE, 2013.
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Ligand NR Target gene
Endogenous Hormone action
compounds >

» Steroids
« Fatty acids

» Lipophilic vitamins
» Thyroid hormones
» others

Xenobiotic

compoun ds Xenobiotic disposition
D rugS_ ﬁ Energy metabolism

» Pesticides C osis

* Foods - -

* Industrial chemicals

* Environmental
pollutants

* others

Xenobiotic disposition
Energy metabolism
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Ligand NR Target gene
Endogenous Hormone action
compounds

« Steroids
. Fatty acids Vitamin action

« Lipophilic vitamins |
» Thyroid hormones

* others
Sterol metabolism

Xenobiotic Y,

com pOU“dS 4 Xenobiotic disposition
. Drugs u’ . Energy metabolism
» Pesticides Carcinogenesis
* Foods

* Industrial chemicals

* Environmental
pollutants

* others

Xenobiotic disposition
Energy metabolism

PXR and CAR accommodate structurally diverse chemical
compounds showing low ligand selectivity.

42 Pesticides activated PXR.

Cell-based reporter gene assays

C: vehicle, P: positive control (known ligand) unpublished

Fold—activation
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Pesticides

Mt

act as “xeno-sensors” in the liver.
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v CAR is constitutively active transcription factor, and its activity is regulated by
cellular localization (nuclear translocation by xenobiotics).

v" Nuclear translocation is regulated de-phosphorylation and phosphorylation by
PP2A, PKC and EGFR signals.

v PB does not bind to CAR, but indirectly activates CAR.

Cytoplasm
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Is phenobarbital a carcinogen in human?

IARC report

Evaluation

v There is inadequate evidence in humans for the carcinogenicity of
phenobarbital.

v’ There is sufficient evidence in experimental animals for the
carcinogenicity of phenobarbital. (liver and thyroid tumors)

Overall evaluation

Phenobarbital is possibly carcinogenic to humans (Group 2B).
(cf. clofibrate is classified in Group3)

Gourp Classification # of agents
Group 1 Carcinogenic to humans 107
Group 2A  Probably carcinogenic to humans 59
Group 2B Possibly carcinogenic to humans 267
Group 3 Not classifiable as to its carcinogenicity to humans 508
Group 4 Probably not carcinogenic to humans 1
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Liver histology Wild-type  Car-null

Diethylnitrosamine
(90 mg/kg, ip)

Diethylnitrosamine

+ phenobarbital
(500 ppm, 32 wk)

Incidences of proliferative liver lesions after 32 weeks of PB treatment
Genotype Treatment (n) Carcinoma/ Carcinoma  Eosinophilic Other

adenoma adenoma adenoma®
Wild-type DEN 20 4/20 1/20 0/20 4/20
Wild-type DEN+PB 20 20/20 8/20 19/20 8/20
Car-null  DEN 20 3/20 0/20 0/20 3/20
Car-null  DEN+PB 19 0/19 0/19 0/19 0/19

*Basophilic, mixed, clear cell, or amphophilic adenoma. DEN, diethylnitrosamine; PB, phenobarbital.

Yamamoto et al., Cancer Res 2004;64:7197.
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Human Constitutive Androstane Receptor (CAR) and Pregnane X '-‘i"?.
Receptor (PXR) Support the Hypertrophic but not the Hyperplastic :Sﬁ’iu
Response to the Murine Nongenotoxic Hepatocarcinogens

Phenobarbital and Chlordane In Vivo

Jillian Ross,* Simon M. Plummer,* Anja Rode,} Nico Scheer,t Conrad C. Bower. i Orntwin Vogel,§ Colin J. Henderson, i
C. Roland Wolf,* and Clifford R. Elcombe®!

*CXR Biosciences Lid, 2 James Lindsay Place, Dundee DD1 311, UK; $TaconicArtenis, Neurather Ring 1, Kéin 51063, Germany: $Cancer Research UK,
Molecular Pharmacology Unit, Biomedical Research Instinte, University of Dundee, Dundee DRI 98Y, UK; and §Toxicologic Pathology Consultancy,
Goethestrasse 26, Kiel D-24116, Germany

Liver weight CYP2B/3A induction
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Mice were freated with phenobarbital (80mg/kg) or vehicle (saline) intraperitoneally for 4 days, and
sacrificed 24 hr after the last dose.

Toxicol Sci, 116:452-466, 2010.

Phenobarbital treatment does induce hypertrophy but not :"‘»,}
proliferation of hepatocytes in CAR/PXR-humanized mice S

Liver histology DNA synthesis

15.0 oo

—""—] SWW Control

% BrdU positive cells

PXRRO/CARKO

WT PXRKOICARKO  huPXR/MuCAR

i

huPXR/huCAR

Ross et al., Toxicol Sci, 116:452-466, 2010.



v PXR and CAR are the member of the same NR1I subfamily,
and highly expressed in the liver.

v" They share numbers of target genes, which are associated
with xenobiotic disposition and energy metabolism.

v It remains unknown whether PXR activation is associated with
hepatocyte proliferation and hepatocarcinogensis.

Xenobiotic disposition
Energy metabolism

> Hepatocyte proliferation

Xenobiotics

Xenobiotic disposition
—» Energy metabolism
Hepatocyte proliferation?

Hepatocyte
48 h proliferation
‘ TR Ki-67 immunohistochemistry
C57BL/6) (J) t :gi(?:gl‘;?rsy(CcnaZ, Mcm2)

I.p. treatment
* Vehicle (Comn oil)
* PCN (100 mg/kg)
« TCPOBOP (CAR ligand, 3 mg/kg)
« TCPOBOP + PCN

\

TCPOBORP, 1,4-bis[2-(3,5-dichloropyridyloxy)lbenzene



) i . Shizu, PLoS ONE, 2013.
Immunohistochemistry (Ki-67)

Vehicle PCN TCPOBOP TCPOBOP+PCN

P Ki-67-positive

nucleus
Ki-67-positive/total nuclei mRNA levels
Ccna2 Cyp2b10
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Vehicle PCN TC TC+PCN Vehicle PCN TC TC+PCN Vehicle PCN TC TC+PCN
TC, TCPOBOP. Columns not sharing a common letter (a, b, ¢) differ significantly with each other (P < 0.05; Tukey-Kramer test).

Immunohistochemistry (Ki-67) Shizu, PLoS ONE, 2013.

Wy-14643
Vehicle (PPARg activator) A\‘Ny-1 4643 + PCN‘

P Ki-67-positive nucleus

Ki-67-positive/total nuclei mRNA levels
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Vehicle Wy Wy+PCN Vehicle Wy Wy+PCN

Wy, Wy-14643. Columns not sharing a common letter (a, b, ¢) differ significantly with each other (P < 0.05; Tukey-Kramer test).
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