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Abstract: Carcinogenicity and chronic toxicity of 1,4-dichloro-2-nitrobenzene (DCNB) were
examined by feeding each group of 50 F344 rats and 50 BDF,; mice of both sexes a DCNB-con-
taining diet at a concentration of O (control), 320, 800 or 2,000 ppm (w/w) for 2 yr. In rats, inci-
dences of hepatocellular adenomas and carcinomas and their combined incidence were increased
in the 2,000 ppm-fed males, together with increased incidence of basophilic cell foci in the 800
and 2,000 ppm-fed males. A dose-related increase in combined incidences of renal cell adeno-
mas and carcinomas was noted. Incidence of Zymbal gland adenomas tended to increase in the
2,000 ppm-fed males. In mice, incidences of hepatocellular adenomas in the 800 and 2,000 ppm-
fed females and hepatocellular carcinomas in the 2,000 ppm-fed males and in the 800 and 2,000
ppm-fed females were increased. Incidence of hepatoblastomas was increased in all DCNB-fed
males and in the 2,000 ppm-fed females. Signs of chronic toxicity were characterized by cen-
trilobular hypertrophy of hepatocytes with nuclear atypia in mice, increased relative liver weight
in rats, a dose-related increase in incidences of chronic progressive nephropathy with advanced
grades of severity in male rats, and decreased hemoglobin concentration and hematocrit accom-
panied by increased bone marrow hematopoiesis in female rats. Carcinogenic activity of DCNB
was evaluated for the three different tumors, and sensitive signs of the chronic toxicity were dis-
cussed.

Key words: 1,4-Dichloro-2-nitrobenzene, Hepatocellular tumor, Rena tumor, Zymbal gland tumor,
Chronic progressive nephropathy, Rat, Mouse

I ntroduction

In recent years, various chloronitrobenzenes including
1,4-dichloro-2-nitrobenzene (DCNB) have been produced
in Japan® 2, and the annual production and importation
of DCNB were reported to total 2,100 tons in 20003.
DCNB is an organic solid used as an intermediate for p-
dichloroaniline, which is widely used in the manufacture
of dyes and pigments and as an ultraviolet absorber for
dabilization of polyolefins®4.  The Organisation for
Economic Co-operation and Development (OECD) des-
ignated DCNB as a High Production Volume (HPV)

*To whom correspondence should be addressed.

chemical and a Screening Information Data Set (SIDS)
chemical for initial assessment of toxicity and exposure,
in order to protect human health and the environment
from the hazardous chemical®. According to SIDS, expo-
sure to DCNB during synthesis might be excluded, and
exposure in the workplace was considered negligible,
because DCNB was produced in a closed system?.
However, it was reported that workers had contact der-
matitis with nitro and amino derivatives of benzene®, and
that a total of 52 workers suffered from acute poisoning
by aromatic chloro- and nitro-compounds in Japan during
the period from 1956 to 1985%. No epidemiologica data
is available for heath risk assessments of workers
exposed to DCNB. Severa recent in vitro studies showed
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that bacterial mutagenicity’® and mammalian clasto-
genicity! 12 of DCNB were positive with or without S9
activation. DCNB has been evaluated as one of the exist-
ing chemical substances with positive mutagenicity,
according to the Technical Guideline of the Japanese
Industrial Safety and Health Law, which requires that
occupational health countermeasures be taken to protect
workers from exposure to those mutagenic substances'®.
No bioassay study of rodent carcinogenicity and chronic
toxicity for DCNB has been reported. Carcinogenic
potential and classification of DCNB have not been eval-
uated by the International Agency for Research on Cancer
(IARC), the Japan Society for Occupational Health or the
American Conference of Governmental Industrial
Hygienists.

The present study was undertaken to provide dose-
response data of rodent carcinogenicity and chronic tox-
icity of DCNB for health risk assessments of DCNB-
exposed workers. The carcinogenicity and chronic toxi-
city were examined by feeding F344 rats and BDF; mice
of both sexes DCNB-containing diets at 3 different con-
centrations for 2 yr. This paper presented an evaluation
of the carcinogenic activity of DCNB for the DCNB-
induced tumors, and discussed sensitive signs of chronic
toxicity with reference to the prechronic toxicity of DCNB
reported previously* 19),

Materials and Methods

The present study was conducted with reference to the
OECD Guiddline for Testing of Chemicals 453
“Combined Chronic Toxicity/Carcinogenicity Studies’19,
and in conformity with the OECD Principle of Good
Laboratory Practice!”. The animas were cared for in
accordance with a guide for the care and use of labora-
tory animals'®, and the present study was approved by
the ethics committee of the Japan Bioassay Research
Center (JBRC).

Test substance: DCNB of guaranteed grade (> 98.8%
pure) was obtained from Wako Pure Chemical Industries,
Ltd (Osaka, Japan). The DCNB was anayzed for stabil-
ity by both gas chromatography and infrared spectrome-
try and for purity by gas chromatography before and after
itsuse. The analyses indicated that the test substance was
free from impurities and degradation.

Animals and husbandry: Four-week-old F344/DuCrj
rats (SPF) and Crj: BDF; mice (SPF) of both sexes were
obtained from Charles River Japan, Inc (Kanagawa,
Japan). After 2-wk quarantine and acclimation periods,
the animals were allocated by a stratified randomization
procedure into 4 body-weight-matched groups, each com-
prising 50 rats and 50 mice of both sexes. The animals
were housed individually in stainless-steel wire hanging
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cages (170 mm [W] X 294 mm [D] X 176 mm [H] for rats
and 112 mm [W] X 212 mm [D] X 120 mm [H] for mice)
under controlled environmental conditions (temperature of
23.2+ 0.2C and relative humidity of 55 & 2% with 15
to 17 air changes/h) in barrier system anima rooms.
Fluorescent lighting was controlled automatically to pro-
vide a 12-h light/dark cycle. All animals had free access
to filtered, UV-irradiation-sterilized water supplied by an
automatic watering system.

Diet preparation and feeding: A diet containing 320,
800 or 2,000 ppm DCNB (w/w) was prepared by mixing
DCNB with y-irradiation-sterilized CRF-1 powdered diet
(Orienta Yeast Co., Tokyo, Japan) in a spiral mixer for
20 min, and it was stored at 4 ‘C until use. The highest
dose level of 2,000 ppm was chosen, not to exceed the
maximum tolerated dose (MTD), based on our data of
both body weight gain and subchronic toxicity from a 13-
wk administration study'®. The criteria of the MTD used
in the present study were described in the guidelines of
the National Cancer Ingtitute (NCI)'® and the IARC?9),
The powdered diet containing DCNB was prepared at an
interval of 2 wk during a 2-yr administration period. The
feeder filled with DCNB-containing or control diet in the
individual cage was exchanged once aweek. DCNB con-
centrations in the powdered diet were determined by gas
chromatography, and were found to be 89.7 to 109.1% of
the target concentrations at the time of preparation. Those
initial concentrations decreased to 87.8 to 92.5% on the
15th day after preparation, when the concentrations at the
time of preparation were taken as 100%. The animals
were fed the control diet or DCNB-containing diets
throughout a 2-yr administration period, starting at age of
6 wk.

Clinical observations and analysis, and pathological
examinations: The animals were observed daily for clin-
ica signs and mortality. Body weight and food con-
sumption were measured once a week for the first 14 wk
of the 2-yr administration period and every 4 wk there-
after. All animals underwent complete necropsy. Urinary
parameters were measured at the last week of the 2-yr
administration period with Ames reagent strips (Multistix
for rats and Uro-Labstix for mice: Bayer Health Care
LLC, USA). For hematology and blood biochemistry,
blood samples were collected under etherization at the ter-
mina necropsy after overnight fasting. Methemoglobin
and other hematological parameters were measured with
a CO-oximeter (CIBA-CORNING 270, USA) and an
Automatic Blood Cell Analyzer (TECHNICON H-1,
USA), respectively. Blood biochemical parameters were
measured with an Automatic Analyzer (HITACHI 7070,
Japan). Organs were removed, weighed and examined for
macroscopic lesions. The tissues for microscopic exam-
ination were fixed in 10% neutral buffered formalin and
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embedded in paraffin. Tissue sections of 5 um in thick-
ness were prepared, and stained with hematoxylin and
eosin (H & E).

Statistical analysis: Incidences of non-neoplastic lesions
and urinary data were analyzed by Chi-square test.
Incidences of neoplastic lesions were statistically analyzed
by Fisher's exact test. A positive trend of dose-response
relationship for the neoplastic incidences was analyzed by
Peto test?D. Body weight, food consumption, and hema-
tological and blood biochemical parameters were analyzed
by Dunnett’s test. The Kaplan-Meier method?? and the
log-rank test23 were used to test statistical significance of
survival rates between any DCNB-fed rat or mice of either
sex and the respective control.

Results

Rat study

Survival, body weight, food consumption and clinica
signs. The Kaplan-Meier survival analysis showed no
significant difference in the survival rate between any
DCNB-fed group of either sex and the respective control
(data not shown).

Growth rates of the DCNB-fed groups of both sexes
were suppressed in a doserelated manner (Fig. 1A).
Terminal body weights of the 2,000 ppm-fed males and
females were decreased by 15% and 20%, compared with
the male and female controls, respectively (Table 1A). No
difference in food consumption between any DCNB-fed
group of either sex and the respective control was found
(data not shown). Yellow-colored urine was observed in
al the DCNB-fed groups of both sexes throughout the 2-
yr administration period.

Organ weights and macroscopic findings. Relative
liver weight was increased in al DCNB-fed groups of
both sexes (Table 1A). Relative kidney weight was
increased in all DCNB-fed males and in females fed 800
and 2,000 ppm. Relative testis weight was apparently
increased in the 2,000 ppm-fed rats, although no signifi-
cant increase in absolute testis weight was found.

In gross findings, incidence of dlightly tanned and gran-
ular surface in the kidney, indicative of chronic progres-
sive nephropathy (CPN)2¥, was increased dose-depen-
dently in the DCNB-fed males (control: 7/50, 320 ppm:
10/50, 800 ppm: 27/50, 2,000 ppm: 32/50). Incidence of
liver nodules was increased in the 2,000 ppm-fed males
(control: 0/50, 320 ppm: 2/50, 800 ppm: 2/50, 2,000 ppm:
8/50).

Hematology, blood chemistry and urinalysis: Significant
decreases in hematocrit (Ht) at 2,000 ppm and in hemo-
globin concentration (Hb) at 800 and 2,000 ppm were
noted in the DCNB-fed females, whereas no hematolog-
ical parameter were changed in any DCNB-fed males.

K YAMAZAKI et al.

(A) Rats
450
400
350
300
250
200 ,};‘
150
100 d
50
0

Mean body weight (g)

0 10 20 30 40 50 60 70 8 90 100

Administration period (weeks)

(B) Mice

Mean body weight (g)

0 10 20 30 40 50 60 70 80 90 100

Administration period (weeks)

—O—Male Control
—@— Female Control

—O—Male 320ppm
——Female 320ppm

—A—Male 800ppm
—A—Female 800ppm

—0—Male 2000ppm
—e—Female 2,000ppm

Fig. 1. Growth rate curves of rats (A) and mice (B) fed control diet
and DCNB-containing diets at 3 different concentrations for 2 yr.

Methemoglobin level was not increased in any DCNB-
fed group of either sex (Table 2A).

Neither AST nor ALT was increased in any DCNB-fed
group of either sex (Table 3A). y-GTP was increased in
all DCNB-fed groups of both sexes. Tota cholesterol and
phospholipids were increased in both 800 and 2,000 ppm-
fed males, while those two parameters were increased in
all DCNB-fed females. Triglyceride was increased only
in males fed 800 and 2,000 ppm. BUN was increased in
the 800 and 2,000 ppm-fed males and in al DCNB-fed
females. Total protein, abumin and glucose were
increased only in the DCNB-fed females.

Positive urinary protein was observed in the 2,000 ppm-
fed males. Lowered pH was observed in the 800 and
2,000 ppm-fed males (data not shown). However, the
DCNB-fed females did not exhibit any significant changes
in those urinary parameters.

Neoplastic and pre-neoplastic lesions: Incidences of
hepatocellular adenomas and combined incidences of
hepatocellular adenomas and carcinomas were increased
in the 2,000 ppm-fed males, along with a significant pos-
itive trend of the dose-tumor incidence relationship as
indicated by Peto test (Table 4A). Incidence (4%) of
hepatocellular carcinomas in the 2,000 ppm-fed males

Industrial Health 2006, 44, 230-243
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Table 1. Absolute and relative organ weights of rats and mice of both sexes necropsied at termination of oral administration of DCNB in

feed for 2 yr
(A) Rats
Group Name Control 320 ppm 800 ppm 2,000 ppm
Male
Number of animals 40 a4 11 39
Body weight (g) 384+28 360+48 * 353+22 > 328+25 >
Liver (g) 10.394+1.540 11.508+2.020 ** 11.946+1.759  ** 12.361+1.199 **
Liver (%) 2.716+0.449 3.268+0.848 ** 3.397+0588 ** 3.778+0.405 **
Kidneys (g) 2.634+0.221 2.802+0.399 2.757+0.299 2.853+0.300 **
Kidneys (%) 0.690+0.086 0.799+0.202  ** 0.785+0.120 ** 0.873+0.106  **
Testes () 2.769+1.171 2.957+1.333 2.659+1.118 3.137+1.158
Testes (%) 0.720+0.301 0.822+0.360 0.755+0.319 0954+0.349 **
Female
Number of animals 38 35 39 34
Body weight (g) 248436 238+23 234+32 199+ 26 >
Liver (g) 6.317+0.921 6.7904-0.930 7.267+0924  ** 7.086+0.923 **
Liver (%) 2.583+0.413 2.864+0415 ** 3152+0502 ** 3572+0217 **
Kidneys () 1.713+0.138 1.738+0.133 1.766+0.123 1.670+0.113
Kidneys (%) 0.703+0.086 0.733+0.053 0.769+0.118  ** 0.849+0.085 **
(B) Mice
Group Name Control 320 ppm 800 ppm 2,000 ppm
Mae
Number of animals 27 35 26 18
Body weight (g) 48.8+6.1 46.8+8.4 41.4+84 > 320+3.0 o
Liver (g) 2.168+1.533 2420+1.014 3467+1.436 ** 5722+1.957 **
Liver (%) 4.713+4.288 5.465+3.197 8976+4.789  ** 17.918+5.911  **
Kidneys (g) 0.612+4-0.049 0.667+0.230 0.649+0.076 0.675+0.150
Kidneys (%) 1.274+0.191 1.498+0.837 1.602+0.230 ** 2.152+0.667 **
Testes () 0.225+0.039 0.215+0.046 0.215+0.038 0.205+0.028
Testes (%) 0.470+0.102 0.469+0.116 0.533+0.109 0.644+0.075 **
Female
Number of animals 30 27 28 23
Body weight (g) 345+7.2 34.7+5.6 338+5.1 28.6+29 o
Liver (g) 1.625+0.820 1.511+0.356 2.028+0518 ** 425141538 **
Liver (%) 4.801+2.414 4.437+1.130 6.152+1.882 ** 15195+6.151  **
Kidneys (g) 0.479+0.169 0.484+0.167 0.459+0.057 0.488+0.103
Kidneys (%) 1.433+0.522 1.430+0.533 1.377+0.179 1.712+0.352  **

MEAN = S.D.
g: absolute organ weight, %: relative organ weight.

exceeded the upper range of the JBRC historical control
data (3 cases [0.2%] in 1,249 male rats in 25 studies, with
the maximum incidence of 2%), although no statistical
significance was indicated. The hepatocellular tumors
were characterized by alack of the normal lobular archi-
tecture, which compressed adjacent hepatic parenchyma.
Of those rat hepatocellular tumors, 3 male cases (2 males
in the 2,000 ppm group and 1 male in the 800 ppm group)
were diagnosed as hepatocellular carcinoma (Fig. 2),
because those tumors were composed of cells having

* and **: significantly different at p = 0.05 and p = 0.01 by Dunnett’s test, respectively.

irregular-shaped nuclei with a pseudo-glandular arrange-
ment indicative of pronounced structura atypia. None of
those malignant liver tumors metastasized to any other
organs. Incidence of basophilic cell foci was increased
dose-dependently in the 800 and 2,000 ppm-fed males
(Table 4A). However, incidences of basophilic cell foci
in the DCNB-fed females and acidophilic cell foci in both
DCNB-fed males and females were not dose-related.
Combined incidences of rena cell adenomas and car-
cinomas were increased in a dose-related manner, as indi-



234

K YAMAZAKI et al.

Table 2. Hematological analysis of rats and mice of both sexes necropsied at termination of oral administration of DCNB in feed for 2 yr

(A) Rats

Group Name Control 320 ppm 800 ppm 2,000 ppm

Male

Number of animals 40 41 41 39

RBC (108/uL) 8.21+1.25 8.20+1.73 8.62+1.52 8.86+1.69

Hb (g/dL) 13.6+24 134+27 141+23 141427
Hematocrit (%) 41.4+6.2 40.9+7.2 42.8+6.0 42.7+7.7
Methemoglobin level (%) 0.4+0.2 0.4+0.2 0.4+0.4 0.4+0.3

WBC (10%/uL) 7.37+553 10.56+14.39 8.32+10.62 7.08+2.25
Female

Number of animals 38 34 38 34

RBC (108/uL) 8.09+1.30 8.21+1.10 8.03+0.99 7.99+1.51

Hb (g/dL) 146+22 145+ 1.6 143+ 1.6 13.6+2.7 o
Hematocrit (%) 43.2+58 43.0+3.9 42.3+4.5 409+7.1 o
Methemoglobin level (%) 0.3+0.2 0.3+0.2 0.3+0.2 0.4+0.3

WBC (10%/uL) 7.22+28.68 2.82+259 3.65+8.71 242+1.85

(B) Mice

Group Name Control 320 ppm 800 ppm 2,000 ppm

Mae

Number of animals 23 32 24 16

RBC (10%/uL) 9.63+1.48 9.30+1.67 9.48+1.60 9.09+1.64

Hb (g/dL) 132+18 13.0+22 132+21 126+21
Hematocrit (%) 43.1+5.0 425+6.8 43.6+6.7 422+6.1

WBC (10%/uL) 3.20+1.78 2.87+1.21 3.40+1.52 295+1.38
Female

Number of animals 23 26 27 22

RBC (10%/uL) 9.12+1.77 9.39+1.86 9.39+0.97 10.44+1.03 *
Hb (g/dL) 131+20 138+23 136+15 148+13 >
Hematocrit (%) 42.8+5.6 452+6.6 44.1+4.2 48.8+4.3 >
WBC (10%/uL) 3.67+3.61 3.05+324 4.40+6.24 3.56+3.36

MEAN £ S.D. * and **: significantly different at p= 0.05 and p = 0.01 by Dunnett’'s test, respectively.
RBC: Red blood cell counts, WBC: White blood cell counts, Hb: Hemoglobin concentration.

cated by a significant positive trend of the dose-tumor
incidence relationship by Peto test (Table 4A). Incidence
(4%) of renal cell adenomas in the 2,000 ppm-fed males
exceeded the upper range of the JBRC historical control
data, whereas that (2%) of rena cell carcinomas did not
(2 rena cell adenomas [0.16%] and 2 rena cell carcino-
mas [0.16%)] in 1,249 males in 25 studies, with the max-
imum incidence of 2%). Renal tumors of less than 5 mm
in size without either evidence of anaplastic feature,
prominent cellular pleomorphism or metastasis to other
organs were diagnosed as renal cell adenoma. One renal
cell carcinomain the DCNB-fed 2,000 ppm males metas-
tasized to the lung. The incidence of atypica tubule
hyperplasias, which are pre-neoplastic, and proliferative
lesion in the proxima tubule epithelium®), was not
increased in any DCNB-fed group (Table 4A).

Incidences of Zymbal gland adenomas in the DCNB-
fed males showed a significant positive trend in the dose-
tumor incidence relationship by Peto test. The incidence
(8%) of this tumor in the 2,000 ppm-fed males exceeded
the upper range of the JBRC historical control data (3
adenomas [0.2%] in 1,249 males in 25 studies, with the
maximum incidence of 2%), although no statistically sig-
nificance by Fisher’'s exact test was indicated. High inci-
dences of interdtitial cell tumors were observed in both
DCNB-fed and control rats, but those tumor incidences
were not increased in a dose-related manner.

Non-neoplastic lesions: Chronic progressive nephropa-
thy (CPN), which is known as a spontaneous disease of
aging rats*, occurred more frequently in males than in
females (Table 5A). Incidences of CPN with marked and
severe grades were increased in a dose-related manner in

Industrial Health 2006, 44, 230-243
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Table 3. Blood biochemical analysis of rats and mice of both sexes necropsied at termination of oral administration of DCNB in feed for 2 yr
(A) Rats
Group Name Control 320 ppm 800 ppm 2,000 ppm
Mae
Number of animals 40 41 41 39
Total protein (g/dL) 6.5+0.3 6.6+0.4 6.6+0.3 6.5+0.3
Albumin (g/dL) 33+02 33+03 33+02 33+0.2
A/G ratio 11+01 1.0+0.1 1.0+0.1 1.0+0.1
Glucose (mg/dL) 149+17 143+21 148+13 149+23
Total Cholesterol (mg/dL) 175450 187+45 219+ 45 o 217+51 **
Triglyceride (mg/dL) 80+61 103+79 125+ 70 * 146+79 o
Phospholipid (mg/dL) 245+76 267+61 299+ 55 o 312+63 o
AST (IU/L) 85443 2434774 92+50 113+123
ALT (1U/L) 38+17 70+154 40415 49+ 49
y-GTP (IU/L) 12+8 25+33 * 31+24 o 38+21 **
BUN (mg/dL) 17.2+34 20.7+10.9 23.8+5.1 *x 30.7+9.6 **
Female
Number of animals 38 34 38 34
Total protein (g/dL) 6.6+05 6.7+0.3 6.9+04 ** 7.0+04 *x
Albumin (g/dL) 3.8+03 39+0.2 40+0.3 * 4.1+0.2 **
A/G ratio 141401 14+01 14+01 14+01
Glucose (mg/dL) 145+18 153+15 153+15 158+11 o
Total Cholesterol (mg/dL) 126+21 149+ 25 *x 165+ 25 * 175+24 o
Triglyceride (mg/dL) 44+31 53+47 55+53 60+ 113
Phospholipid (mg/dL) 222+45 251+43 *x 275+40 *x 292+ 33 **
AST (IU/L) 141+194 116+ 86 114+61 108+ 44
ALT (1U/L) 59+ 66 54+29 54+28 55+24
y-GTP (IU/L) 5+5 74 o 8+3 o 10+5 o
BUN(mg/dL) 16.3+3.6 174+20 * 17.8+2.1 o 19.4+22 *x
(B) Mice
Group Name Control 320 ppm 800 ppm 2,000 ppm
Male
Number of animals 24 32 24 16
Glucose (mg/dL) 196+ 34 200448 183+58 152+ 26 *x
Total Cholesterol (mg/dL) 117+ 34 153+50 * 202478 *x 219+51 *x
Triglyceride (mg/dL) 44422 52+ 22 41+21 25+11 **
Phospholipid (mg/dL) 213+54 270+ 84 363+ 139 o 380+ 95 **
AST (IU/L) 159+ 201 197+ 509 287+ 349 o 990+2,046  **
ALT (1U/L) 112+149 2254490 3534387 o 1241+2,112  **
LDH (1U/L) 1,194+ 3,133 940+-2,008 2214+4539 * 9,267+19,122 **
ALP (IU/L) 117+27 2534356 766+ 900 *x 891+598 **
y-GTP (IU/L) 3+3 6+10 7+8 22+14 **
BUN (mg/dL) 20.1+2.7 239+154 229+56 21.7+33
Female
Number of animals 23 26 27 22
Glucose (mg/dL) 161+52 145+59 162+30 140+32 *
Total Cholesterol (mg/dL) 85+ 72 88+ 23 96+ 24 * 194+75 **
Triglyceride (mg/dL) 32+22 42+33 37+17 27+12
Phospholipid (mg/dL) 146 +77 157+ 38 191+42 o 3654138 o
AST (IU/L) 96+ 55 1,244+ 5,547 149+ 83 * 3474242 o
ALT (1U/L) 40+21 5954-2,558  * 116 +49 *x 528+ 439 **
LDH (1U/L) 366+ 184 4,245+ 18,679 515+419 1,796+1592 **
ALP (IU/L) 152+ 63 218+ 171 305+ 203 o 1,164+ 979 **
y-GTP (IU/L) 3+2 4+5 4+4 27+15 **
BUN (mg/dL) 18.2+9.5 181+7.2 16.0+2.4 20.8+4.2 o
MEAN = S.D. * and **: significantly different at p = 0.05 and p = 0.01 by Dunnett’s test, respectively.

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, y-GTP: y-Glutamyl transpeptidase, LDH: Lactate dehydrogenase, ALP:
phosphatase, BUN: Blood urea nitrogen.

- Alkaline
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Table 4. Incidences of neoplastic and pre-neoplastic lesions in rats and mice orally administered DCNB in feed for 2 yr
(A) Rats
Male Female
Group Name Control 320 ppm 800 ppm 2,000 ppm  Peto Control 320 ppm 800 ppm 2,000 ppm  Peto
Number of animals 50 50 50 50 test 50 50 50 50 test
Liver
Hepatocellular adenoma® 0 1 0 6 * 1 0 0 0 0
Hepatocellular carcinoma? 0 0 1 2 0 0 0 0
1)+2) 0 1 8 * 1 0 0 0 0
Basophilic cell foci 21 22 32 # 40 # 26 20 18 25
Acidophilic cell foci 14 11 6 18 2 1 1 8
Kidney
Renal cell adenoma® 0 0 0 2 0 0 0 0
Renal cell carcinoma® 0 1 0 1 0 0 0 0
3)+4) 0 1 0 3 1 0 0 0 0
Atypica tubule hyperplasia 0 0 2 2 1 0 0 0
Zymbal gland
Adenoma 0 0 0 4 1 0 0 0 0
(B) Mice
Male Female
Group Name Control 320 ppm 800 ppm 2,000 ppm  Peto Control 320 ppm 800 ppm 2,000 ppm  Peto
Number of animals 499 50 50 50 test 50 50 50 50 test
Liver
Hepatocellular adenoma? 17 21 20 16 5 5 17 ** 6 ** 11
Hepatocellular carcinoma? 15 15 23 31 44 1 3 15 ** 31 g
Hepatobl astoma® 1 10 ** 12 ** 25 x4 4 0 0 0 2
1)+2)+3) 26 34 41 ** 45 x4t 6 8 29 ** 39 41
Acidophilic cell foci 0 2 7 # 11 # 1 7 3 3

* and **: Significantly different at p = 0.05 and p = 0.01by Fisher's exact test, respectively.
t and 1 1: Significantly different at p < 0.05 and p < 0.01by Peto test, respectively.

# and ##. Significantly different at p = 0.05 and p = 0.01by Chi-square test, respectively.

& One male control mouse died accidentally during the administration period.

Fig. 2. Hepatocellular carcinoma in the liver of a male rat fed
2,000 ppm DCNB for 2 yr.
Bar indicates 100 um. H & E stain.

the DCNB-fed males. Incidences of urothelial hyperpla-
sia in the pelvis were increased in all DCNB-fed male
groups, and mineralization in the papilla were increased
in males fed 800 and 2,000 ppm. Increased hematopoiesis
of the bone marrow, which was characterized by increased
numbers of the hematopoietic cells, occurred in the 2,000
ppm-fed females.

Mouse study

Survival, body weight, food consumption and clinica
signs. The Kaplan-Meier survival analysis showed no sig-
nificant difference in the survival rate between any
DCNB-fed group of either sex and the respective control
(data not shown). However, the survival rates of the
2,000 ppm-fed groups of both sexes tended to be lowered
after the 65th wk of the administration period. The num-

Industrial Health 2006, 44, 230-243
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Table 5. Incidences of non-neoplastic lesions in rats and mice orally administered DCNB in feed for 2 yr
(A) Rats
Male Female
Group Name Control 320 ppm 800 ppm 2,000 ppm Control 320 ppm 800 ppm 2,000 ppm
Number of animals 50 50 50 50 50 50 50 50
Kidney
Chronic progressive nephropathy
Total 46 49 ** 5O ** 49  ** 24 23 32 28
Slight 26 6 2 1 22 21 28 26
Moderate 15 27 10 5 2 0 2
Marked 4 14 34 32 0 2 1 0
Severe 1 2 4 11 0 0 1 0
Mineralization: papilla 0 2 47 ** 48  ** 9 9 17
Urothelial hyperplasia: pelvis 1 8 * 36 ** 39 ** 10 5 15 6
Bone marrow
Hematopoiesis. increased 8 10 13 10 5 9 9 14 >
(B) Mice
Male Female
Group Name Control 320 ppm 800 ppm 2,000 ppm Control 320 ppm 800 ppm 2,000 ppm
Number of animals 499 50 50 50 50 50 50 50
Liver
Hepatocellular hypertrophy with 0 38 " 3 M a0 0 15 7 29 3
nuclear atypia: centrilobular
Kidney
Deposit of hemosiderin 1 6 6 25  ** 1 0 0 2
Bone marrow
Erythropoiesis: increased 7 7 14 23 ** 2 2 0 4

* and **: Significantly different at p = 0.05 and p = 0.01by Chi-square test, respectively.
& One male control mouse died accidentally during the administration period.

ber of mice that died of liver tumors before the end of
the 2-yr administration period was increased, i.e., 7, 8, 11
and 23 males and 0, 3, 4 and 6 females, for the control,
320, 800 and 2,000 ppm-fed groups, respectively. The
decrease in the survival rate of the 2,000 ppm-fed groups
was due to the increased number of tumor deaths before
the end of the 2-yr administration period.

Growth rates of the DCNB-fed groups of both sexes
were suppressed in a dose-related manner, and in partic-
ular, in the 2,000 ppm-fed male and female groups dur-
ing the last 30 wk (Fig. 1B). Terminal body weights of
the 2,000 ppm-fed males and females were decreased by
34% and 17%, compared with the respective controls,
respectively (Table 1B). There was no difference in food
consumption between any DCNB-fed group of either sex
and the respective control (data not shown). Y ellow-col-
ored urine was observed in al the DCNB-fed groups of
both sexes throughout the 2-yr administration period.

Organ weights and macroscopic findings: Relative and

absolute liver weights were increased in the 800 ppm-
and 2,000 ppm-fed groups of both sexes, compared with
the respective controls (Table 1B). Relative kidney
weight was increased in the 800 and 2,000 ppm-fed males
and in the 2,000 ppm-fed females. Relative testis weight
was apparently increased in the 2,000 ppm mice, athough
no significant increase in absolute testis weight was
found.

In gross findings, incidence of liver nodules was
increased dose-dependently in the DCNB-fed groups of
both sexes (for males, control: 24/49, 320 ppm: 30/50,
800 ppm: 42/50, 2,000 ppm: 46/50, and for females, con-
trol: 5/50, 320 ppm: 9/50, 800 ppm: 27/50, 2,000 ppm:
40/50).

Hematology,blood chemistry and urinalysis: Red blood
cell counts (RBC), Hb and Ht were increased in the 2,000
ppm-fed females (Table 2B).

AST, ALT, LDH and ALP were increased in the 800
and 2,000 ppm-fed males, but those parameters were
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increased in the females fed DCNB at different dose lev-
els (Table 3B). Large values of means and standard devi-
ations of AST, ALT and LDH were observed in the 320
ppm-fed female mouse group, because 1 animal exhibit-
ed extremely high values of those parameters. y-GTP was
increased in the 2,000 ppm-fed groups of both sexes.
Total cholesterol was increased in al the DCNB-fed
males and in femaes fed 800 and 2,000 ppm.
Phospholipid was increased in males and females fed 800
and 2,000 ppm. BUN was increased only in the 2,000
ppm-fed females. Glucose was decreased in males and
females fed 2,000 ppm.

No consistent, dose-related change in the urinary para-
meters was observed in any DCNB-fed group of either
sex (data not shown).

Neoplastic and pre-neoplastic lesions: Increased inci-
dences of hepatocellular adenomas in the 800 and 2,000
ppm-fed females and hepatocellular carcinomas in the
2,000 ppm-fed males and in the 800 and 2,000 ppm-fed
females were noted, and those tumor incidences were
increased dose-dependently as indicated by Peto test (Table
4B). Incidences of hepatoblastomas were increased in all
the DCNB-fed male groups. Although the incidence (4%)
of hepatoblastomas in the 2,000 ppm-fed females was not
significantly increased, the occurrence incidence exceed-
ed the upper range of the JBRC historical control data (no
hepatoblastoma out of a total of 1,048 female mice in 21
studies). The tumor masses were seen in the liver mul-
tifocally in DCNB-fed mice, in contrast to the single
occurrence in the respective controls. The hepatocellular
carcinoma (Fig. 3) was characterized by marked cellular
pleomorphism, including the advent of large and irregu-
lar-shaped tumor cells, and structure atypia including
pseudo-glandular and papillary-like structures associated
with sinusoidal dilatation. The hepatoblastoma (Fig. 4)
was mostly found within or adjacent to hepatocellular car-
cinomas or adenomas, composing of smaller, more
markedly basophilic, denser in cellularity and more elon-
gated-shaped cells than normal hepatocytes.

Eighteen cases out of 69 hepatocellular carcinomas and
17 cases out of 47 hepatoblastomas in the DCNB-fed
males as well as 4 cases out of the 49 hepatocellular car-
cinomas in the DCNB-fed females metastasized to the
lung.

Incidence of acidophilic cell foci was increased dose-
dependently in the 800 and 2,000 ppm-fed males (Table
4B).

Non-neoplastic lesions: Incidences of centrilobular
hypertrophy of hepatocytes with nuclear atypia were
increased in all DCNB-fed groups of both sexes (Table 5B).
Increased incidence of hemosiderin deposit in the kidney
occurred in the 2,000 ppm-fed males. Increased erythro-
poiesis of the bone marrow, which was characterized by
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Fig. 3. Hepatocellular carcinoma in the liver of a male mouse fed
2,000 ppm DCNB for 2 yr.
Bar indicates 100 um. H & E stain.

Fig. 4. Hepatoblastoma in the liver of a male mouse fed 2,000
ppm DCNB for 2 yr.
Bar indicates 100 um. H & E stain.

increased number of erythroblast, occurred in the 2,000
ppm-fed males.

Discussion

Carcinogenicity

This study shows that 2-yr oral administration of
DCNB in feed to F344 rats and BDF; mice of both sexes
produced three kinds of tumors with different weight of
evidence of carcinogenic activity. Evidence of the car-
cinogenic activity of DCNB was weighted, depending on
the malignancy of the tumor (carcinoma, hepatoblastoma
or adenoma in the present study), a dose-related increase
in the tumor incidences by Peto test, an increase in the
incidence of malignant or benign tumor by Fisher’'s exact
test or over the JBRC historical control data and metas-
tasis to other organs. In addition, induction of the tumor
in the same organ of the two different species (rats and
mice) and different sexes (males and females) as well as
a cancer-related or pre-neoplastic lesion and mutagenici-
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ty of DCNB and its metabolites were also considered.
Liver tumors: Induction of hepatocarcinogenicity by
DCNB occurred in male rats, male mice and female mice.
The hepatocarcinogenicity of DCNB for male rats was
evidenced by a dose-related increases in the incidence of
benign hepatocellular adenomas, in the combined inci-
dence of hepatocellular adenomas and malignant hepato-
cellular carcinomas and in incidences of basophilic cell
foci, a pre-neoplastic lesion?®. Notably, the incidence of
hepatocellular carcinomas in the 2,000 ppm-fed male rats
was increased over the upper range of the JBRC histori-
cal control data. These liver tumors were induced only
in the male rats but did not metastasize to any other organ.
The hepatocarcinogenicity of DCNB for male and female
mice was clearly evidenced by dose-related increases in
the incidences of malignant hepatocellular carcinomas in
male and female mice, in the incidence of malignant hepa-
toblastomas in male mice, an increase in hepatoblastoma
incidence in the 2,000 ppm-fed female mice over the
JBRC historical control data, in the incidences of benign
hepatocellular adenomas in female mice and incidences
of acidophilic cell foci, a pre-neoplastic and proliferative
lesion2® in male mice. The malignant liver tumors of the
DCNB-fed male and femae mice metastasized to the
lung. The DCNB-induced mouse hepatocarcinogenicity
was characterized by marked induction of rarely occur-
ring hepatoblastomas, which had a morphological struc-
ture completely different from that of the hepatocellular
carcinoma?®. Rare occurrence of spontaneous hepato-
blastomas was indicated by 5 cases out of 1,047 mae
mice and null case out of 1,047 female mice in the IBRC
historical control data. Mouse hepatoblastomas occurred
in aged animals, unlike human hepatoblastoma, which pri-
marily occurred in children under 3 yr of age® 27,
Treatment of strains of mice with chemicals such as N-
nitrosodiethylamine 28 29 and N,N-dimethylformamide3©
has been reported to increase the incidence of rare hepa
toblastomas. The present results can be taken to indicate
that while DCNB produced clear evidence of hepatocar-
cinogenicity for two different species of rats and mice and
different sexes of mice, the carcinogenic activity of
DCNB was more potent in mice than in rats. In the pre-
vious 13-wk study™®, mouse hepatotoxicity was charac-
terized by hepatocellular death as evidenced by the liver
necrosis and the increased serum levels of AST and ALT,
and the centrilobular hypertrophy of hepatocytes associ-
ated with markedly enlarged cytoplasm, and varying
nuclear size and shape, whereas those clear histopatho-
logical changes did not occur in rat liver. A genotoxic
mode of action is thought to operate in the DCNB-induced
hepatocarcinogenicity, as suggested by the results of the
following in vitro studies. Bacterial mutagenicity of DCNB
was positive with Salmonella typhimurium TA100 with
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and without S9 activation” %19, and with TA98 and
TA1538 without S9 activation®, and TA1535 without S9
activation'®, Mammalian clastogenicity was positive
with cultured Chinese hamster lung cells in a chromoso-
mal aberration test'> 12, Furthermore, it can be inferred
that more potent hepatocarcinogenicity found in mice than
in rats is due to more likelihood of fixing DCNB-induced
cancer-initiating DNA damage into heritable mutations in
mice than in rats.

Kidney tumors; Induction of renal cell adenomas and
carcinomas by DCNB was shown by a dose-related
increase in combined incidences of rena cell adenomas
and carcinomas and a marginal increase in incidence of
benign renal cell adenomas in the 2,000 ppm-fed mae
rats over the upper range of the JBRC historical control
data. Notably, one malignant renal cell carcinoma of a
2,000 ppm-fed male rat metastasized to the lung, but inci-
dence of the malignant renal cell carcinomas in the
DCNB-fed male rats did not increase either statistically
or over the JBRC historical control data. In addition, the
incidence of atypical tubule hyperplasia, which is known
as a preneoplastic and proliferative lesion®, was not
increased in any DCNB-fed groups of mae rats.
Therefore, the nephrocarcinogenic activity of DCNB in
male rats was considered to be marginally increased in a
compound-related manner from the above lines of car-
cinogenic evidence as well as the standpoint of the male
rat-specific a,,-globulin-induced nephropathy in our pre-
vious study® and the positive mutagenicity of DCNB and
its metabolites reported in literature. The previous 13-wk
oral administration of DCNB in feed to male F344 rats
increased the incidences of hyaline droplets and granular
casts at the renal proximal tubules, both of which were
positively stained with a,,-globulin antibody. In addition,
the increased incidence of cytoplasmic basophilia, sug-
gestive of regenerative cell proliferation in the proximal
tubular epithelium, was noted in mae rats'®. Those
histopathological and immunohistochemical changes in
the kidney of male F344 rats were suggestive of a,,,-glob-
ulin-induced nephropathy, which caused cell death and
cell proliferation due to excessive accumulation of oy,
globulin in the proximal tubular epithelial cells. oy,
Globulin-induced nephropathy was reported to occur in
male F344 rats exposed to a variety of chemicals includ-
ing hydrocarbons3®, unleaded gasoline®, 1,4-
dichlorobenzene®® and d-limonene3¥, and was closely
associated with the development of renal tumors after the
long-term exposure to the chemicals. Swenberg et
al.3>3" proposed a mode-of-action hypothesis for the
chemically induced renal tumors by which excessive
accumulation of the ligand-bound as,-globulin in the
tubular epithelial cells caused the cell death and subse-
quent cell proliferation, leading to development of renal
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tumors in male rats. However, it was found in the previ-
ous'® and present studies that the DCNB-induced ay,,-
globulin-induced nephropathy was closely associated with
development of the age-related, spontaneous CPN to sev-
erer stage, whereas the clear evidence of nephrocarcino-
genicity was not obtained in male rats fed DCNB for 2
yr. For risk assessment, it is generally recognized that
renal tumors in male rats that are produced by exposure
to substances that produce ay,-globulin nephropathy need
not be considered in assessing potential neoplastic health
risks to humans, when attributed exclusively to ay,-glob-
ulin accumulation and non-mutagenic substances3®.
However, the bacterial mutagenicity and mammalian clas-
togenicity of DCNB was positive with and without S9
activation”9, as discussed above. Besides, reactive
metabolites of glutathione and cysteine conjugates of
trichloroethylene, S-(1,2-dichlorovinyl)glutathione and S
(1,2-dichlorovinyl)-L-cysteine, which were biotrans-
formed from the corresponding hepatic glutathione S-con-
jugate by y-glutamyltranspeptidase and cysteine conjugate
B-lyase in the kidney, respectively, were muta-genic with
Salmonella typhimurium TA2638 in the Ames test39,
Elfarra et al.*® demonstrated that intraperitoneal admin-
istration of S-(1,2-dichlorovinyl)glutathione and S-(1,2-
dichlorovinyl)-L-cysteine to male F344 rats induced
nephropathy, indicating a crucia role of the renal y-glu-
tamyltranspeptidase and cysteine conjugate S-lyase in the
trichloroethylene-induced nephropathy. Dekant et al.4%42)
reported that N-acetyl-S-(1,2-dichlorovinyl)-L-cysteine
was identified as a urinary metabolite of trichloroethyl-
ene, and that thioacylating metabolites of S(1,2-
dichlorovinyl)-L-cysteine, which were formed by renal
cysteine conjugate p-lyase, might contribute to the
nephrotoxic and mutagenic effects. Our previous study*3)
demonstrated that DCNB was metabolized and excreted
into urine as N-acetyl-S-(4-chloro-3-nitrophenyl)-L-cys-
teine, suggesting that DCNB was metabolized to the glu-
tathione conjugate in the liver, subsequently to S(4-
chloro-3-nitrophenyl)-L-cysteine in the kidney. Therefore,
it can be rational to infer that reactive and possibly muta-
genic metabolites, which are presumably produced from
S-(4-chloro-3-nitrophenyl)-L-cysteine by cysteine conju-
gate B-lyase in the kidneys contribute to the devel opment
of DCNB-induced nephrocarcinogenicity and chronic
nephrotoxicity, athough the a,,-globulin-induced
nephropathy can not be totally ruled out as a causative
factor of nephrocarcinogenicity and nephrotoxicity.
Zymbal gland tumor: The induction of the Zymbal
gland tumor by DCNB was shown only by a dose-relat-
ed increase in the incidences of benign Zymbal gland ade-
nomas in the 2,000 ppm-fed male rats and an increase in
the tumor incidence over the upper range of the JBRC
historical control data  Therefore, the induction of
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Zymbal gland tumor by DCNB in male rats was consid-
ered to be compound-related, although the increase in the
tumor incidence was marginal. NTP reported that 21
chemicals out of a total of 518 substances tested so far
for carcinogenicity produced clear evidence of carcino-
genicity as shown by increased incidence of Zymbal gland
tumors in mae rats*. Human relevance and species-
specificity of the DCNB-induced Zymbal gland tumorsin
male rats remain unsolved.

Chronic toxicity

Chronic toxicity signs of DCNB can be seen in the
liver, kidney and blood. The hepatotoxicity was charac-
terized by centrilobular hypertrophy of hepatocytes asso-
ciated with nuclear atypia in mice, and increased relative
liver weight in rats. It is noteworthy that the centrilobu-
lar hypertrophy of hepatocytes did not occur in any rat of
either sex fed DCNB for 2 yr, athough hepatocellular
hypertrophy occurred in male and female rats fed DCNB
for 13 wk®,

The DCNB-induced renal toxicity was characterized by
increased severity and the progression of spontaneous,
age-related CPN as evidenced by a dose-dependent
increase in incidences of CPN with marked and severe
grades of severity in the DCNB-fed male rats. In addi-
tion, papillary mineralization, urothelial hyperplasiain the
renal pelvis as well as the increased serum levels of BUN
were noted in the male rats.

The DCNB-induced hematological toxicity were char-
acterized by the significantly decreased Hb and Ht accom-
panied by the histopathological change in the increased
bone marrow hematopoiesis only in the 2,000 ppm-fed
female rats, athough the increases in RBC, Hb and Ht
and the increased bone marrow erythropoiesis were noted
in the 2,000 ppm-fed female and male mice, respective-
ly. It was noteworthy that the methemoglobin level was
not increased in any of the rats or mice fed DCNB for 2
yr, whereas the methemoglobin-induced, hemolytic ane-
mia was observed in male rats and mice fed 2,222 ppm
DCNB for 13 wk19,

The apparent increase in relative testis weight without
any increase in absolute testis of rats and mice fed 2,000
ppm DCNB found in the present study may be attribut-
able not to the DCNB-induced testicular toxicity but to
the decreased body weight of the 2,000 ppm-fed animals.
Therefore, a 2-yr oral administration of 2,000 ppm DCNB
was considered not to induce any sign of testicular toxi-
city in rats and mice, although testicular toxicity evi-
denced by the decreased testis weight and the increased
incidences of germ cell necrosis was observed in rats fed
2,222 ppm DCNB for 13 wk19,

For mice, hepatocellular hypertrophy and the increased
incidence of hepatoblastomas appeared at the same dose
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level of 320 ppm. It can not be ruled out that the
increased serum levels of AST and ALT and the increased
relative liver weight in the DCNB-fed mice might result
from the development of liver tumors. The significantly
decreased glucose in the 2,000 ppm-fed male and female
mice might be related to liver tumor or hepatotoxicity.
For rats, however, these hepatotoxic and nephrotoxic
signs appeared even at the level of 320 ppm which is
much lower than that, 2,000 ppm, causing the significant
increases in incidence of liver and kidney tumors. It is
suggested that these chronic toxicity signs did not result
secondarily from the neoplastic lesions. Since the low-
est dose level at which these DCNB-induced hepatotoxic
and nephrotoxic signs appeared corresponded to estimat-
ed daily intake of 14 DCNB mg/kg body weight per day
for male rats, a lowest-observed-effect-level (LOEL) was
14 mg/kg per day for the hepatic and renal endpoints of
rats. It is interesting to note that the LOEL value was
comparable with the lower confidence limit of the bench-
mark dose yielding a response with 10% extra risk
(BMDL () values of 12.9 mg and 12.0 mg DCNB/kg body
weight per day for the hepatic endpoint from the previ-
ous 2-wk' and 13-wk!® oral administration studies of
DCNB in feed, respectively.

Conclusion

DCNB produced clear evidence of hepatocarcinogenic-
ity in male rats and male and female mice, and equivo-
cal evidence of renal cell tumors and Zymbal gland tumor
in male rats. Chronic toxicity of DCNB was character-
ized by centrilobular hypertrophy of hepatocytes in mice
of both sexes, increased relative liver weight in rats of
both sexes, CPN with advanced severity in rats and
decreased Hb and Ht accompanied by increased bone
marrow hematopoiesis in female rats.

Acknowledgement

The present study was contracted and supported by the
Ministry of Labour, Japan (the present Ministry of Health,
Labour and Welfare). The authors are deeply indebted to
Prof. Hisayoshi Ohta of Kitasato University for his dis-
cussion and encouragement throughout the study.

References

1) Chemica Daily Co., Ltd., (2004) Chloronitrobenzenes.
In: Chemica products handbook-14504. 899901,
Chemical Daily Co., Ltd., Tokyo (in Japanese).

2) Beratergreimium fur Umweltrelevant Altstoffe (BUA)
(1993) Report 65, 1,4-Dichloro-2-nitrobenzene. ed. by
the GDCh-Advisory Committee on Existing Chemicals
of Environmental Relevance, S. Hirzel

3

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

241

Wissenschaftliche Verlagsgesellschaft, Stuttgart.
Ministry of Economy, Trade and Industry of Japan
(2003) A report from the 2nd meeting of the subcom-
mittee in the Chemical Products Council. Available at:
http://www.meti.go.go.j p/report/downl oadfiles/g20925kh; .
pdf (in Japanese) (accessed Dec, 2004).

Organisation for Economic  Co-operation and
Development (OECD) (1996) Benzene, 1,4-dichloro-2-
nitro-. In: Screening Information Data Set (SIDS): Initia
assessment report for SIAM4. OECD, Paris.

Naniwa S (1979) Industrial contact dermatitis due to
nitro and amino derivatives. 1st report: Mass-examina-
tion of a factory. J Dermatol (Tokyo) 6, 59-63.

Ishizu S (1994) Intoxication of aromatic nitro- and
amino-compounds. In: Handbook of occupational
hedlth. 2nd ed., eds. by Miura T, lkeda M, Sakurai H,
Suzuki T, Takata T, Nishioka A, Nomura S, Fusamura
N, 85560, Institute for Science of Labour, Kanagawa
(in Japanese).

Japan Chemica Industry Ecology-Toxicology &
Information Center (JETOC) (1996) Mutagenicity test
data of existing chemical substances. Based on toxicity
investigation system of the Industrial Safety and Health
Law. 60, 181, JETOC, Tokyo.

Shimizu M, Yasui Y, Matsumoto N (1983) Structura
specificity of aromatic activity in Salmonella typhimuri-
um— a series of chloro- or fluoro-nitrobenzene deriva-
tives. Mutat Res 116, 217-38.

Kawa A, Goto S, Matsumoto Y, Matsushita H (1987)
Mutagenicity of aiphatic and aromatic nitro com-
pounds. Sangyo Igaku 29, 34-54.

Shibuya T, Hara T, Sakamoto K, Katoh M, Horiya N,
Kawakami K, Matsuki Y, lida S, Nakagomi M (1996)
Reverse mutation test of 1,4-dichloro-2-nitrobenzene on
bacteria. In: Toxicity testing reports of environmental
chemicals. 3, 129-34, Chemicals Investigation
Promoting Council, Tokyo (in Japanese).

Japan Chemical Industry Ecology-Toxicology &
Information Center (JETOC) (1996) Mutagenicity test
data of existing chemical substances: based on toxicity
investigation system of the Industrial Safety and Health
Law. 60, 4523, JETOC, Tokyo.

Tanaka N, Yamakage K, Shibuya T, Hara T, Katoh M,
Horiya N, Kusakabe H, Hashimoto K (1996) In vitro
chromosomal aberration test of 1,4-dichloro-2-nitroben-
zene on cultured Chinese hamster cells. In: Toxicity
testing reports of environmental chemicals. 3, 135-7,
Chemicals Investigation Promoting Council, Tokyo (in
Japanese).

Ministry of Health, Labour and Welfare of Japan (2001)
A list of mutagenic chemicals. In: General guidebook
on industrial health 2001. ed. by Labour Standards
Bureau, 95-100, Japan Industrial Safety and Health
Association, Tokyo.

Yamazaki K, Ohnishi M, Aiso S, Matsumoto M, Arito
H, Nagano K, Yamamoto S, Matsushima T (2005) Two-
week oral toxicity study of 1,4-dichloro-2-nitrobenzene



242

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

in rats and mice. Ind Health 43, 308-19.

Yamazaki K, Matsumoto M, Aiso S, Arito H, Nagano
K, Yamamoto S, Matsushima T (2005) Thirteen-week
oral toxicity study of 1,4-dichloro-2-nitrobenzene in rats
and mice. Ind Health 43, 597-610.

Organisation for Economic  Co-operation and
Development (OECD) (1981) OECD Guideline for test-
ing of chemicals 453 “Combined Chronic Toxicity/
Carcinogenicity Studies’. OECD, Paris.

Organisation for Economic  Co-operation and
Development (OECD) (1998) OECD principles of good
laboratory practice. Series on principles of good labo-
ratory practice and compliance monitoring No.1.
ENV/MC/CHEM (98) 17. OECD Environmental
Health and Safety Publications, OECD, Paris.

Ingtitute of Laboratory Animal Resources (1996)
Commission on life sciences, National Research
Council, U.S.AA. Guide for the care and use of labora-
tory animals. National Academy Press, Washington,
DC.

Sontag JM, Page NP, Saffiotti U (1976) Guidelines for
carcinogen bioassay in small rodents. NCI-CG-TR-1.
DHHW Publication (NIH). 76-801. National Cancer
Institute, Bethesda, MD.

Bannasch P, Griesemer RA, Anders F, Becker R, Cabral
JR, Ddlla Porta G, Feron VJ, Henschler D, 1to N, Kroes
R, Magee PN, McKnight B, Mohr U, Montesano R,
Napakov NP, Nesnow S, Pegg AE, Rao GN, Turusov
VS, Wahrendorf J, Wilbourn J (1986) Selection of
doses. In: Long-term and short-term assays for car-
cinogens. a critical appraisa. eds. by Montesano R,
Bartsch H, Vainio H, Wilbourn J, Yamasaki H, IARC
Scientific Publications No. 83. 34-6, IARC, Lyon.
Peto R, Pike MC, Day NE, Gray RG, Lee PN, Parish
S, Peto J, Richards S, Wahrendorf J (1980) Guidelines
for smple, sensitive significance tests for carcinogenic
effects in long-term animal experiments. In: Long-term
and short-term screening assays for carcinogens: A crit-
ical appraisal. IARC Monographs, Suppl 2, 311426,
IARC, Lyon.

Kaplan EL, Meier P (1958) Nonparametric estimation
from incomplete observations. J Am Stat Assoc 53,
457-81.

Peto R, Pike MC, Armitage P, Bresow NE, Cox DR,
Howard SV, Mantel N, McPherson K, Peto J, Smith PG
(1977) Design and analysis of randomized clinical tri-
als requiring prolonged observation of each patient. 1.
Analysis and examples. Br J Cancer 35, 1-39.

Kawa K (1980) Report from working group on long-
term holding of experimental animals. Exp Anim 29,
181-231 (in Japanese).

Montgomery CA, Seely JC (1990) Kidney. In:
Pathology of the Fischer rat. eds. by Boorman GA,
Eustis SL, Elwell MR, Montgomery CA Jr., MacKenzie
WEF, 127-52, Academic Press Inc, San Diego.

Frith CH, Ward JM, Turusov VS (1994) Tumours of
the liver. In: Pathology of tumours in laboratory ani-

27)

28)

29)

30)

31)

32)

33)

35)

36)

37)

K YAMAZAKI et al.

mals. Vol. Il Tumours of the mouse. eds. by Turusov
VS, Mohr U, IARC Scientific Publication No. 111.
223-48, IARC, Lyon.

Turusov VS, Takayama S (1979) Tumours of the liver.
In: Pathology of tumours in laboratory animals. Vol. 1l
Tumours of the mouse. ed. by Turusov VS, IARC
Scientific Publication No. 23. 193-232, IARC, Lyon.
Diwan BA, Ward JM, Rice JM (1989) Promotion of
malignant ‘embryonal’ liver tumor by phenobarbital:
increased incidence and shortened latency of hepato-
blastomas in (DBA/2xC57BL/6)F; mice initiated with
N-nitrosodiethylamine. Carcinogenesis 10, 1345-8.
Diwan BA, Ward JM, Kurata Y, Rice JM (1994)
Dissimilar frequency of hepatoblastomas and hepatic
cystadenomas and adenocarcinomas arising in hepato-
cellular neoplasms of D2B6F; mice initiated with N-
nitrosodiethylamine and subsequently given aroclor-
1254, dichlorodiphenyltrichloroethane, or phenobarbital.
Toxicol Pathol 22, 430-9.

Senoh H, Aiso S, Arito H, Nishizawa T, Nagano K,
Yamamoto S, Matsushima T (2004) Carcinogenicity and
chronic toxicity after inhalation exposure of rats and
mice to N,N-dimethylformamide. J Occup Health 46,
429-39.

Anden CC, Kanerva RK, Ridder G, Stone LS (1984)
The pathogenesis of nephrotoxicity of volatile hydro-
carbons in the male rats. In: Renal effects of petrole-
um hydrocarbons. eds. by Mehiman MA, Hemstree 111
CP, Thorpe JJ, Weaver NK, 107-20, Princeton
Scientific Publishers, Inc., Princeton, NJ.

MacFarland HM, Ulrich CE, Holdsworth CE, Kitchen
DN, Halliwell WH, Blum SC (1984) A chronic inhala-
tion study with unleaded gasoline vapor. J Am Coll
Toxicol 3, 231-48.

Charbonneau M, Strasser Jr J, Lock EA, Turner Jr MJ,
Swenberg JA (1989) Involvement of reversible bind-
ing to ap,-globulin in 1,4-dichlorobenzene-induced
nepthropathy. Toxicol Appl Pharmacol 99, 122-32.
National Toxicology Program (NTP) (1990) Toxicology
and carcinogenesis studies of d-limonene (CAS No.
5989-27-5) in F344/N rats and B6C3F, mice (gavage
studies). NTP Technica Report No0.347. NIH,
Bethesda, MD.

Swenberg JA, Short B, Borghoff S, Strasser J,
Charbonneau M (1989) The comparative pathobiology
of ay,-globulin nepthropathy. Toxicol Appl Pharmacol
97, 35-46.

Borghoff SJ, Short BG, Swenberg JA (1990)
Biochemical mechanisms and pathobiology of «,,-glob-
ulin nephropathy. Annu Rev Pharmacol Toxicol 30,
349-67.

Swenberg JA, Lehman-McKeeman LD (1999) ay-
Urinary globulin-associated nephropathy as a mecha
nism of rena tubule cell carcinogenesis in male rats.
In: Species differences in thyroid, kidney and urinary
bladder carcinogenesis. eds. by Capen CC, Dybing E,
Rice JM, Wilbourn JD, IARC Scientific Publications

Industrial Health 2006, 44, 230-243



CARCINOGENICITY AND CHRONIC TOXICITY OF DCNB IN RODENTS

38)

39)

40)

41)

No. 147. 95-118, IARC, Lyon.

U.S. Environmental Protection Agency (1991) Alpha
2u-globulin. Association with chemically induced rena
toxicity and neoplasia in the male rat (EPA/625/3-
91/091F). EPA, Washington, DC.

Vambakas S, Elfarra AA, Dekant W, Henschler D,
Anders MW (1988) Mutagenicity of amino acid and glu-
tathione S-conjugates in the Ames test. Mutat Res 206,
83-90.

Elfarra AA, Jakobson |, Anders MW (1986) Mechanism
of S(1,2-Dichlorovinyl) glutathione-induced nephrotox-
icity. Biochem Pharmacol 35, 283-8.

Dekant W, Metzler M, Henschler D (1986)
Identification of S-1,2-dichlorovinyl-N-acetyl-cysteine
as a urinary metabolite of trichloroethylene: a possible

42)

43)

44)

243

explanation for its nephrocarcinogenicity in male rats.
Biochem Pharmacol 15, 2455-8.

Dekant W, Berthold K, Vamvakas S, Henschler D,
Anders MW (1988) Thioacylating intermediates as
metabolites of S-(1,2-dichlorovinyl)-L-cysteine formed
by cysteine conjugate -lyase. Chem Res Toxicol 1,
175-8.

Ohnishi M, Yamazaki K, Yamamoto S, Matsushima T
(2004) Characterization of N-acetylcysteine conjugate in
yellow urine by oral administration of 1,4-dichloro-2-
nitrobenzene in rats. J Health Sci 50, 319-22.
National Toxicology Program (NTP) (2005) Chemicals
associated with site-specific tumor induction in Zymbal
gland.  Available at: http://ntp-server.niehs.nih.gov/
htdocs/SitesZYMB Html. (accessed 2004, Dec)





