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IARC 587 147 87 (59%)
NCI/NTP 224 149 80 (54%)

IARC Monographs, Supplement 7, 1987
E. Zeiger, Cancer Res., 1987
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Animal: Male F344 rats, 6—week—old
V:DEN 200 mg/kg, i.p. 1 : 2/3 partial hepatectomy.
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Animals : Male F344 rats, 6 weeks of age  [isersmn e v
. Vehicle BN et i s 5 e
. Test chemical

. DEN, 200 mg/kg BW, ip injection ST
: Saline, ip injection b e

© Two-thirds partial hepatectomy e
. Sacrifice for GST-P immunohistochemistry

o <o [

Protocol of the Medium-term Liver
Carcinogenesis Bioassay (lto Test)



Results for 327 Compounds in the Medium-term
Liver Carcinogenesis Bioassay

Positive/Examined (%)

Carcinogenicity of

Test Compounds Mutagenicity (Ames test)

Positive Negative Unknown Total
Liver 31/32(97)2 29/ 33(88)" 1 /1(100) 61/ 66(92)
Other than liver 7126(27) 2/ 15(13) 1/ 2(50) 10/ 43(23)¢
Not carcinogenic 0/ 6( 0) 1/ 42( 2)° 0/ 2( 0) 1/ 50( 2)d
Unknown 4/14(29) 32/ 90(36) 15/64(23) 51/168(30)
Total 42/78(54) 64/180(36) 17/69(25) 123/327(38)

a, Negative; 4,4-Diaminodiphenylmethane
b, Negative; Clofibrate, Di(2-ethylhexyl)adipate, Di(2-ethylhexyl)phthalate, Trichloroacetic acid

c, Postitive; Malathione
d, A total of 11 chemicals were positive in this model although hepatocarcinogenicity is not apparent.



List of the Test Compounds

Compounds

Use

2-Nitropropane
(2-NP)

1-Nitropropane
(1-NP)

Quinoline

Hexachlorobenzene

Di-(2-ethylhexyl)
phthalate(DEHP)

on |[to Test
Ames Hepato-
Test carcinogenesis

+ +

+ +

— +

— +

Solvent, Component
of Ink and Paint

Gasoline additive,
Intermediate for
chemical

Solvent, Dye, Source
for pharmaceutical

Fungicide

Plasticizer




2-Nitropropane

(mg/kg)
* %% . P<0.05, 0.01
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Numbers and Areas of GST-P-positive Foci in the
Livers of Rats



Quinoline

(Ppm) )
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Numbers and Areas of GST-P-positive Foci in the
Livers of Rats
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Animals : Male F344 rats, 6 weeks of age
[—1 : Vehicle
4<¢v : Saline
B : Test Chemical
[—1 : DHPN, 0.1% in drinking water

1 . DEN, 100 mg/kg BW, ip injection
\ . MNU, 20 mg/kg BW, ip injection
S . Sacrifice

Experimental Design of the Medium-term Multi-organ
Carcinogenesis Bioassay (DMD model)



(I) 2 4 2|8 wks

Animals : Male F344 rats, 6 weeks of age

1 : Vehicle

I ¢ v : Saline

B : Test Chemical

I : BBN, 0.05% in drinking water

[1 : DHPN, 0.1% in drinking water
1 . DEN, 100 mg/kg BW, ip injection
v . MNU, 20 mg/kg BW, ip injection
v . DMH, 40 mg/kg BW, sc injection
S . Sacrifice

Experimental Design of the Medium-term Multi-organ
Carcinogenesis Bioassay (DMBDD model)
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GST-P [Z14#HAZ & Glutathione S-transferase placental (GST—P) positive foci
TEH)TRE: Aberrant crypt foci (ACF)



Results for 65 Compounds in the Medium-term Multi-organ
Carcinogenesis Bioassay (DMD/DMBDD method)

Positive/Examined (%)

Carcinogenicity of

Test Compounds Mutagenicity (Ames test)

Positive Negative Unknown Total
Liver 12/12(100) 5/ 5(100) 0/0( 0) 17/17(100)
Other than liver 10/11(91)a 8/10(80)b 1/1(100) 19/22(86)
Not carcinogenic o/ 1( 0) 0/ 4( 0) 0/0( 0) 0/ 5( 0)
Unknown 0/ 1( 0) 8/13(62) 3/7(43) 11/21(52)
Total 22/25( 88) 21/32(66) 4/8(50) 47165(72)

2 Negative; B[a]P
b Negative: Sesamol, Daminozide
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GSH SAM SAHC GSH
H,AsO, = As(OH), ==p CH,AS(OH)O, ====p

Arsenit
Arsenate mse?h;le hGSTOL1-1/MMAS
AsV reductase Asll! transferase MMAV reductase
SAM SAHC GSH SAM  SAHC

CH,AS(OH), === (CH,),ASO, === (CH,),As(OH)=== (CH,),AsO,

MMA3 DMA3

transferase reductase transferase
AsV: arsenate As'l: arsenite MMAY: monomethylarsonic acid MMA": monomethylarsonous acid
DMAV: dimethylarsinic acid DMA': monomethylarsinous acid TMAQO: trimethylarsine oxide

SAM: S-adenosyl-L-methionine SAHC: S-adenosyl-L-homocysteine hGSTO1-1: human glutathione S-
transferase omega 1-1

Pathway of arsenic metabolism
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Initiation with five carcinogens

DMBDD

DMAV: 0, 50, 100, 200, 400 ppm in the drinking water

Target organs of DMBDD (DEN, MNU, BBN, DMH, DHPN)
DEN: Liver, kidney; MNU:
BBN: Urinary bladder; DMH:

Forestomach , mammary gland, urinary bladder, thyroid

Intestinal tract; DHPN : Lung, kidney, thyroid

Enhancement of carcinogenesis by DMAY

Liver ' ' I
Bladder " " " "
11
LI

(v.s. 0 ppm DMAY group)

Kidney

Thyroid

Others & /= = <=

(DMAY, ppm) 50 100 200 400
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Arsenics: MMAY, DMAY, TMAO

Animal: Male F344 rats, 6-week-old, 20 rats/group.

Vv: DEN 200 mg/kg, i.p. l : 2/3 partial hepatectomy. S: sacrifice

GST-P-positive foci
8-OHdG formation
Number (No./cm?) Area (mm2/cm?)

2 1 0 0O 01 02 03 04 16 7
'] '] [l '] 1 [ ] *

0 12 - *
MMAVY
DMAVY
4

TMAO
100ppm

8-OHdG/10°dG
o
']

*: Significantly different from O ppm group.
Control MMAY DMAY TMAO



Groups 1-6

No. of bladder lesions / rat

DMA®D BERt F M AIEER1E.
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(20 rats each) |[BBN DMAY, 0, 2, 10, 25, 50, 100 ppm
Animal: Male F344 rats, 6-week-old Tumor
Papilloma Carcinoma (papilloma + carcinoma)
3 = p<0.01
* Significantly different from O ppm group
* pr—
p<0.05 |
2 - * p<0.01
L
* [ *
p<0.001
—;( p<0.01
1 — -
*
|_| *
10 25 50 100 10 25 50 100 0O 2 10 25 50 100

DMAV (ppm)
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0 104 Wks

| DMAY (0, 12.5, 50, 200 ppm in drinking water) |

Animal: 10-week-old, 144 male F344 rats

Incidence of urinary bladder tumors

‘)0 UU UO UUUU m z),\ggv) | Incidehce(%)
{)'J 00 t:*) UU w 0{, Papilloma Carcinoma Total

Control DMA 12.5 ppm 0 0 0 0

12.5 0 0 0

0O W) I 0o 50  2(6) 619  8(6)
000000 o 00 00

100 2 (6) 12 (39) 12 (39)

| DMA 50 ppm DMA 200 ppm

.. _ *: Significantly different from O ppm group.
Macroscopic view of urinary bladders
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