M.Nakajima ef al.

any supportive data for the carcinogenic potential of this
chemical as revealed in the long-term and promotion bioassays.

MX induced statistically significant positive responses in
both initiation and promotion cell transformation assays.
These findings agree with positive outcomes using a C3H
10T1/2 cell transformation assay system (21) and also give
supportive information to the carcinogenicity of MX (2).
However, tumours were not observed after in vivo inoculation
of a large number of transformed cells harvested from the
initiation assay in which MX was used as the initiator and
TPA as the promoter. This may be owing to the fact that the
BALB/c 3T3 cells of the transformation assay were derived
from a BALB/c mouse strain as used for the tumourigenicity
assay, or may be related to the rather short in vive expression
period. We did not perform a similar experiment using
immune-deficient nude mice. However, within 2-4 months
Boone and Jacobs reported the induction of tumours in
BALB/c mice by inoculation of transformed cells (22).
Although we carried out the study for 2-3 weeks, the period
might have been too short to develop nodules. Cells isolated
from transformed foci in the initiation assay did not induce
any nodules after inoculation to BALB/c mice, the strain of
mouse from which the transformation assay cells were derived.
Taken together, we could not adjudge the malignancy of
transformed cells induced by MX when used as an initiator.

The possibility of an in vive promoting effect of MX was
revealed by the positive result in the promotion assay using
BALB/c 3T3 cells. Moreover, this result was supported by the
demonstration that MX inhibited GJIC, which is a character-
istic of many tumour promoters evaluated using the metabolic
cooperation assay (8). The major role of GJIC is considered to
be the maintenance of homeostasis in multicellular organisms,
and it is believed that second messenger transfer through
GIJIC is important for cell growth control (23.24). Tumour-
promoting chemicals such as TPA and analogues, DDT and
aldrin inhibit GJIC (25-27), and this in virre test for tumour
promoters is recommended as a useful tool for detecting non-
genotoxic carcinogens (28). This activity of MX in the current
GIJIC assay is consistent with a recent report on GJIC inhibition
in BALB/c 3T3 cells (29).

MX appears to have weak genotoxicity in mammalian
systems in vivo, and it is probable that the tumour promoting
activity of MX is important for explaining its carcinogenic
activity. Although many regulatory bodies assess chemical
safety based on the dogma that genotoxic carcinogens do not
have any threshold, we propose that risk assessment of MX
takes into account the chemical’s likely threshold as a tumour
promoter.
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Abstract

We conducted simultaneous liver and peripheral blood micronucleus assays in young rats with seven rodent
hepatocarcinogens—4,4'-methylenedianiline (MDA), quinoline, o-toluidine, 4-chloro-o-phenylenediamine (CPDA), dimethyl-
nitrosamine (DMN), p-dimethylaminoazobenzene (DAB), and di(2-ethylhexyl)phthalate (DEHP)—and two mutagenic
chemicals—kojic acid and methylmethanesulfonate (MMS).

* Corresponding author. Tel.: +81 265 73 861 1; fax: +81 265 73 8612.
E-mail address: h-suzuki@ina-research.co.jp (H. Suzuki).
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Quinoline, DMN, and DAB were positive in the liver assay, while o-toluidine, kojic acid, DAB, and MMS were positive in the
peripheral blood assay. o-Toluidine, kojic acid, and DAB are reportedly negative in mouse bone marrow micronucleus assays,

indicating a species difference.

Our results revealed a correlation between micronucleus induction in hepatocytes and hepatocarcinogenicity. This technique can
be useful for the detection of micronucleus-inducing chemicals that require metabolic activation, and it enables simultaneous
comparison of the micronucleus-inducing potential of chemicals in the liver and peripheral blood in the same individual.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Young rat; Liver micronucleus; Peripheral blood micronucleus; Hepatocarcinogen

1. Introduction

In vivo rodent bone marrow (BM) micronucleus
assay results correlate highly with carcinogenicity in
many organs, but the test is rather insensitive to indirect
and liver carcinogens [1]. The micronucleus-inducing
potential of such chemicals can be detected in in vivo
liver micronucleus assays [2—4], which can be con-
ducted by the partial hepatectomy (PH) method [2,5,6],
co-treatment with mitogens [7,8] or an in vivo/in vitro
assay system [9]. These all have serious disadvantages.
In the PH method, P-450, styrenemonooxygenase,
epoxide hydrolase, and glutathione-S-epoxide trans-
ferase activity is decreased [10], and the method is
time-consuming because it involves surgery. In the
co-treatment method with mitogens, the mitogens can
interact with the test chemicals [11]. The in vivo/in
vitro assay system requires much effort, time, and
expense.

Searching for better approach, we evaluated liver
micronucleus assay that uses 4-week-old rats [11].
We evaluated the assay using the hepatocarcinogen
diethylnitrosamine (DEN) [12]. In 4-week-old rats,
not only liver growth but also P450 activity are at their
maximum and glucuronic acid, sulfate, glutathione,
and glycine conjugation levels are the same as in
mature animals [13], as are the levels of hexobarbital
hydroxylation, N-demethylation of ethylmorphine,
O-demethylation of p-nitroanisole and hydroxylation
of aniline [14]. Since the usefulness of this method has
not been clearly demonstrated, we organized a collab-
orative study to evaluate it with nine model chemicals.
We conducted the peripheral blood micronucleus assay
[15,16] simultaneously to evaluate another organ in the
same animal. Our results demonstrated the relationship
in young rats between the hepatocarcinogenicity and
hepatocyte micronucleus-inducing potential of the test
chemicals.

2. Materials and methods
2.1. Collaboration

Eleven research laboratories collaborated in this
study (Table 1).

2.2. Animals

Male Fischer F344 or SD rats, 3 weeks of age, were
purchased from Charles River Japan Inc., and used at
4 weeks of age. The animals were housed under a 12-h
light—dark cycle and allowed free access to commercial
pellets and tap water.

2.3. Chemicals

4.4'-Methylenedianiline (MDA, CAS No. 101-77-
9), kojicacid (CAS No. 501-30-4), quinoline (CAS No.
91-22-5), o-toluidine (CAS No. 95-53-4), 4-chloro-
o-phenylenediamine (CPDA, CAS No. 95-83-0),
and dimethylnitrosamine (DMN, CAS No. 62-75-9)
were purchased from Wako Pure Chemical Industries
Ltd.; p-dimethylaminoazobenzene (DAB, CAS No.
60-11-7), di(2-ethylhexyl)phthalate (DEHP, CAS No.
117-81-7), and methylmethanesulfonate (MMS, CAS
No. 66-27-3) from Aldrich. Diethylnitrosamine (DEN,
CAS No. 55-18-5) was purchased from Wako Pure
Chemical Industries Ltd. or Tokyo Kasei Co. Ltd.,
and cyclophosphamide (CP, CAS No. 50-18-0) was
purchased from ICN Biochemicals or Aldrich.

MDA, o-toluidine, CPDA, and DAB were sus-
pended in olive oil, quinoline and DEHP in corn oil. Ko-
jic acid was suspended in 1% sodium carboxymethyl-
cellulose. DMN was dissolved in distilled water, MMS
in physiological saline. DEN and CP, the positive con-
trol substances, were dissolved in distilled water, and
the same lot chemical was used in all laboratories.
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Table 1
Study participants
Laboratory Investigators
1 Biosafety Research Jin Tanaka
Center, Foods, Drugs and
Pesticides
2 Hokko Chemical Industry Yasushi Shimada
Co. Lud.
3 Ina Research Inc. Hiroshi Suzuki®, Kana
Komatsu
Akiko Koeda, Tadashi
[mamura
- Kaken Pharmaceutical Junichi Yoshida
Co. L.
5 Kao Corporation Naochiro [keda
6 Kissei Pharmaceutical Kazuo Kobayashi, Yukari
Co. L. Terashima, Kaori Yasue
7 Mitsubishi Chemical Yukiko Saito
Safety Institute Ltd.
8 National Institute of Takayoshi Suzuki,
Health Sciences Makoto Hayashi
9 Nisshin Kyorin Shigeki Hatakeyama

Pharmaceutical Co. Ltd.
10 Sankyo Co. Ltd. Toshiyuki Hagiwara,
Ayumi Okazaki

11 Toa Eiyo Ltd. Koko Nagaoka

* Chief study organizer.

2.4. Doses

We used 1/2 and 1/4 of the LDsy value of each
chemical as the high and low dose. When the LDsg
values were unclear, we estimated them by small-scale
experiments according to the method of Lorke [17].
Negative control animals received the respective vehi-
cle. Positive control animals received DEN at 40 mg/kg
(liver micronucleus assay) or CP at 10 mg/kg (periph-
eral blood micronucleus assay). Each group consisted
of four or five animals. Dosing was conducted once in-
traperitoneally or orally. With the exception of MMS,
each chemical was evaluated by two laboratories.

2.5. Liver micronucleus assay

Rats were anesthetized with ethylether 3, 4 or 5
days after a single administration of test chemical or
5 days after administration of the negative or positive
control chemicals. Hepatocytes were isolated by the
collagenase perfusion method, rinsed with 10% neu-
tral formalin two or three times, centrifuged at 50 x g
for 1 min, suspended in 10% neutral formalin, and
stored under refrigeration. For staining, 10-20 pL of

the suspension was mixed with an equal volume of acni-
dine orange (AO)—4'6-diamidino-2-phenylindole dihy-
drochloride (DAPI) [12]. Approximately 10-20 pL of
stained suspension was dropped onto a clean glass slide
and covered with a cover slip (24 mm x 40 mm).

Microscopic preparations were evaluated with the
aid of a fluorescence microscope ( x400 or greater) with
UV excitation. The number of micronucleated hepato-
cytes (MNHEPs) among 2000 hepatocytes (two fields)
was recorded for each animal. MNHEPs were defined
as hepatocytes with round or distinct micronuclei that
stained like the nucleus, with the <1/4 diameter of the
nucleus [7,18]. The number of mitotic cells per 2000
hepatocytes was determined.

2.6. Peripheral blood micronucleus assay

A small amount of blood was collected from a
tail vessel on Day 2 after treatment, at which time
most chemicals induce the maximum response [19].
It was stained by either of the following methods: (1)
5-10 pL was dropped on to AO-coated slides, covered
with cover glasses, and stored in a deep freezer un-
til analysis [15], or (2) 10 wL suspension was mixed
with about 30 wL of 10% neutral formalin and stored
at room temperature, the samples were mixed with an
equal volume of AO solution (500 pg/mL) in the ratio
of 1:1 and smeared on a glass slide immediately before
analysis. Specimens were evaluated with the aid of a
fluorescent microscope (x600 or greater) with B ex-
citation. The number of micronucleated reticulocytes
(MNRETSs) among 2000 reticulocytes (RETs) and the
number RETs among 1000 erythrocytes were recorded
for each animal.

2.7. Statistical analysis

We determined the statistical significance of the in-
cidence of micronucleated hepatocytes or reticulocytes
using Kastenbaum and Bowman’s method [20] and that
of reticulocytes with the Student t-test.

3. Results

3.1. Liver micronucleus assay

Table 2 shows the results of the liver micronucleus
assay. Quinoline, DMN, and DAB were positive in both
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Table 2
Results of the liver micronucleus assay
Chemical and No. of Sampling MNHEP (%) Mitotic cell (%)
dose (mg/kg) animals time (days) mean = S.D. mean £ S.D.
MDA
Lab 1 )
0 4 5 0.11 £ 0.09 0.38 + 0.35
200 4 L] 0.14 + 0.11 023+ 0.10
4 4 0.19 £ 0.13 135 + 0.94
4 5 0.16 + 0.09 0.73 £ 0.49
300 4 3 0.10 £ 0.04 0.19 £ 0.18
3 4 0.08 + 0.10 043 + 040
4 5 0.10 £+ 0.09 0.50 + 0.19
400 2 3 0.38 £+ 0.04° 0.23 £+ 0.11
2 - 020 £+ 0.14 028 £+ 0.32
3 5 0.18 + 0.08 020+ 0.13
DEN* 4 B 1.21 £+ 0.08* 0.25 = 0.12
Lab2
0 4 5 0.00 £ 0.00 0.06 £ 0.09
150 4 3 0.00 + 0.00 0.18 £ 0.12
4 4 0.05 + 0.04 0.20 = 0.12
4 5 0.03 £+ 0.03 0.00 £ 0.00
300 3 3 0.10 £ 0.09 0.13 £ 0.13
3 B 0.02 + 0.03 0.07 £ 0.03
4 5 0.08 + 0.06 0.08 £+ 0.03
DEN* 4 5 0.44 + 0.20° 0.18 + 0.09
Kojic acid
Lab 1
0 4 5 0.06 + 0.03 0.66 + 0.26
1000 B 3 0.06 + 0.06 098 £+ 0.43
4 4 0.06 + 0.05 0.85 £ 0.25
“ 5 0.08 + 0.05 1.56 + 0.14
2000 4 3 0.04 + 0.05 0.44 + 0.13
4 4 0.08 £ 0.05 0.49 + 0.35
4 5 0.09 + 0.08 1.04 + 0.29
DEN* 4 5 0.66 + 0.13* 0.65 + 0.31
Lab2
0 5 3 0.07 + 0.06 0.61 + 0.22
1000 5 3 0.04 + 0.02 0.50 + 0.23
5 4 0.10 £ 0.06 0.63 £ 0.17
5 5 0.11 £ 0.07 0.93 + 0.06
2000 5 3 0.08 £+ 0.08 0.57 £ 0.21
5 4 0.07 £ 0.03 0.57 £ 0.08
5 5 0.05 + 0.04 0.60 £+ 0.12
DEN* 5 5 1.04 £+ 0.16" 0.95 = 0.08
Quinoline
Lab 1
0 4 - 0.09 + 0.06 048 £ 033
75 4 3 0.16 + 0.08 0.18 £ 0.10
4 4 0.39 £ 0.20° 0.15 £ 0.07
4 5 0.20 + 0.09" 0.25 + 0.27
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Table 2 (Continued)
Chemical and No. of Sampling MNHEP (%) Mitotic cell (%)
dose (mg/kg) animals time (days) mean £ S.D. mean = S.D.
150 4 3 0.58 £ 0.46" 034 £+ 021
4 4 0.33 £ 0.09* 0.39 £ 0.15
4 5 0.35 £ 0.22° 0.18 £ 0.16
DEN* 4 5 0.21 £ 0.14° 048 +0.33
Lab 2
0 5 5 0.03 £ 0.03 044 £+ 0.10
75 5 3 0.36 £ 0.10" 0.35 £ 0.12
5 4 0.22 £ 0.06° 0:33 £0.10
5 5 0.12 £ 0.06 036 £+ 0.10
150 5 3 1.22 £ 0.09° 0.33 £+ 0.06
5 4 0.93 £+ 0.22* 042 £+ 0.15
5 5 0.61 + 0.07° 0.23 + 0.06
DEN* 5 5 0.84+£0.12% 0.76 £0.10
o-Toluidine
Lab 1
0 4 5 0.05 % 0.06 041 + 0.09
300 B} 3 0.10 £+ 0.07 0.16 £ 0.20
4 4 0.10 + 0.09 0.09 £+ 0.05
4 5 0.11 £ 0.10 0.40 = 0.37
600 4 3 0.05 £+ 0.06 021 +0.17
4 4 0.06 £+ 0.05 0.08 + 0.06
4 5 0.01 £+ 0.03 0.06 £ 0.08
DEN* 4 5 0.85 017" 0.30 + 0.11
Lab 2
0 4 5 0.04 £ 0.05 0.59 + 0.30
300 4 3 0.04 + 0.07 0.28 £+ 0.06
4 4 0.05 £ 0.07 045 +0.17
-+ 5 0.08 £ 0.12 0.66 + 0.36
600 4 3 0.04 + 0.08 027 £ 0.18
4 4 0.04 £ 0.05 031 +£0.14
B 5 0.01 = 0.03 0.64 + 0.26
DEN* 4 5 0.68 £+ 0.15° 0.46 + 0.09
CPDA
Lab 1
0 4 5 0.11 &+ 0.02 0.34 +£0.13
150 4 3 0.11 £0.13 0.10 + 0.07
- 4 0.20 £ 0.09 0.18 + 0.09
4 5 0.15 + 0.16 046 + 0.42
300 4 3 0.21 £ 0.09 0.01 £+ 0.03
4 4 0.21 £ 0.13 0.04 + 0.03
4 5 023 £0.13 0.09 + 0.12
DEN* 4 ) 0.88 + 0.34° 0.25 + 0.18
Lab 2
0 4 5 0.09 £ 0.05 0.65 &+ 0.09
150 - 3 0.05 = 0.00 048 + 0.09
4 4 0.08 £ 0.09 0.36 = 0.09
4 5 0.06 + 0.05 0.76 £ 0.27
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Table 2 (Continued)
Chemical and No. of Sampling MNHEP (%) Mitotic cell (%)
dose (mg/kg) animals time (days) mean =+ S.D. mean = S.D.
300 4 3 0.06 + 0.08 025+ 0.09
4 4 0.04 + 0.05 028 + 0.12
4 5 0.10 + 0.07 031+ 020
DEN* 4 5 0.68 + 0.17° 0.34 + 0.13
DMN
Lab 1
0 4 5 0.04 £+ 0.03 0.66 + 0.30
5 4 3 0.36 + 0.36° 1.03 + 0.12
4 4 0.35 + 0.25° 0.76 + 0.44
4 5 0.33 + 0.24° 0.41 + 027
10 4 3 0.31 + 0.23° 0.45 + 027
4 4 0.51 + 0.33° 0.34 + 0.10
4 5 0.36 £ 0.19° 0.86 + 0.17
DEN* 4 5 1.04 + 0.33° 0.41 + 0.18
Lab 2
0 4 5 0.05 £ 0.00 0.78 + 0.43
5 4 3 0.15 + 0.07 038 + 0.23
4 4 0.34 + 0.24° 0.55 &+ 0.20
4 5 0.36 + 0.26° 0.73 &+ 0.27
10 4 3 0.26 + 0.09° 0.55 + 0.36
4 4 0.51 + 0.20° 0.61 + 0.22
4 5 0.46 + 0.09° 0.70 + 0.27
DEN* 4 5 0.86 + 0.30° 0.64 + 033
DAB
Lab 1
0 4 5 0.03 + 0.03 0.10 + 0.07
71 4 3 0.19 £ 0.08° 0.18 + 0.15
4 4 0.11 + 0.08° 0.23 + 0.13
4 5 0.08 + 0.10 044 + 0.10
142 4 3 0.35 + 0.08° 0.21 £+ 0.10
4 4 0.16 + 0.03° 0.11 + 0.03
4 5 0.14 + 0.03 0.13 £+ 0.12
DEN* 4 5 0.63 + 0.27° 0.63 + 0.18
Lab2
0 4 5 0.19 + 0.11 0.19 + 0.18
120 4 3 0.36 + 0.10° 0.59 + 0.17
4 4 0.48 + 0.09° 0.29 + 0.12
4 5 0.61 + 0.02° 039 + 0.12
240 4 3 0.25 + 0.06 0.28 + 0.21
4 4 0.41 + 0.07° 0.36 + 0.16
4 5 0.38 + 0.13 0.44 + 0.19
DEN* 3 5 0.95 + 0.33° 0.15 + 0.05
DEHP
Lab 1
0 4 5 0.05 + 0.04 0.95 + 0.19
1000 4 3 0.05 + 0.04 033 + 0.46
4 4 0.05 + 0.04 0.20 + 0.08
4 5 0.06 + 0.09 0.43 + 0.10

-
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Table 2 (Continued)
Chemical and No. of Sampling MNHEP (%) Mitotic cell (%)
dose (mg/kg) animals time (days) mean+ S.D. mean + S.D.
2000 4 3 0.04 £ 0.05 0.28 + 0.49
4 4 0.05 £ 0.04 023 £+ 0.10
4 5 0.05 £ 0.06 0.63 £ 0.34
DEN* 4 5 1.66 + 0.24° 1131013
Lab 2
0 4 5 0.08 £ 0.06 0.73 £ 0.36
1000 4 3 0.04 £+ 0.05 043 + 0.06
4 4 0.09 £ 0.06 0.65 £ 0.47
4 5 0.06 + 0.05 0.26 £ 0.06
2000 4 3 0.09 + 0.08 0.23 £ 0.16
4 4 0.09 + 0.09 0.15 £ 0.06
4 5 0.09 £ 0.09 028 £0.17
DEN* 4 5 0.98 + 0.52° 041 £ 0.16
MMS
Lab 1
0 4 5 0.05 £ 0.06 056 £ 0.34
40 4 3 0.08 + 0.06 0.89 £ 0.30
4 4 0.01 £+ 0.03 0.66 £ 0.21
4 5 0.04 £+ 0.05 0.66 £ 0.40
80 4 3 0.11 &+ 0.05 0.60 £ 0.24
4 4 0.11 + 0.08 0.58 = 0.40
4 5 0.08 + 0.05 0.80 £ 0.41
DEN* 4 5 0.88 + 0.12° 0.69 £+ 0.42

MDA, 4.4'-methylenedianiline; DEN*, diethylnitrosamine (as a positive control, 40 mg/kg); CPDA, 4-chloro-o-phenylenediamine; DMN,
dimethylnitrosamine; DAB, p-dimethylaminoazobenzene; DEHP, di (2-ethylhexyl) phthalate; MMS, methylmethanesulfonate.

@ Significantly different from the solvent control (Kastenbaum and Bowman test; P <0.01).

b Significantly different from the solvent control (Kastenbaum and Bowman test; P <0.05).

laboratories. Deaths occurred at 400 mg/kg of MDA
in sampling groups as follows: two animals on Day
3, two on Day 4, and one on Day 5. Thus, the posi-
tive response in samples harvested on Day 3 was based
on only two animals. At 300 mg/kg of MDA, one an-
imal died on Day 4. MDA was negative at 300 mg/kg
in each sampling day. The other five chemicals were
negative.

The appearance of mitotic cells was confirmed in all
laboratories with all chemicals.

3.2. Peripheral blood micronucleus assay

Table 3 shows the results of the peripheral blood
micronucleus assay. Kojic acid, o-toluidine, and DAB
were positive in both laboratories, MMS in the one that
tested it. Quinoline was positive in one of the two labo-
ratories. CPDA was significantly cytotoxic, decreasing
the % RET in both laboratories.

4. Discussion

We conducted the liver and peripheral blood mi-
cronucleus assays concurrently in young rats with
nine mutagenic and/or carcinogenic chemicals. Table 4
compares the data generated in this collaboration
with published bone marrow and hepatocarcinogenic-
ity data.

The mean incidence of MNHEPs (%) for 70 rats in
the solvent control groups was 0.07 4 0.06%. This low
incidence suggests the robustness of the assay.

Quinoline, DMN and DAB were positive in the
liver micronucleus assay. The MNHEP (%) induced by
150 mg/kg quinoline tended to decrease with sampling
time in both labs. This may have been due to inhibition
of hepatocyte proliferation, as evidenced by the de-
crease in mitotic cells. The same may be applicable to
DAB at 142 mg/kg. Although a statistically significant
increase in MNHEP (%) was induced by 400 mg/kg
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Table 3
Results of the peripheral blood micronucleus assay
Chemical and dose (mg/kg) No. of animals MNRET (%) mean = S.D. RET (%) mean=+ S.D.
MDA
Lab 1
0 4 0.06 £ 0.06 140+ 1.3
200 4 0.09 + 0.03 11.6 + 1.2¢
400 3 0.15 £ 0.05 144 + 33
DEN* 4 0.05 £ 0.04 13.0 + 1.7
CP** 4 0.73 £ 0.10° 9.0 &+ 1.0°
Lab 2
0 4 0.04 £+ 0.03
150 4 0.13 £ 0.03
300 4 0.09 £+ 0.08 NT
DEN* 4 0.01 + 0.03
CP** 4 0.93 + 0.42°
Kojic acid
Lab 1
0 4 0.19 + 0.12 83+ 1.2
1000 4 0.15 £ 0.04 6.2 + 0.4¢
2000 4 0.70 £ 0.24° 7.1 =06
DEN* 4 0.16 + 0.08 7.6+ 1.6
CP** 4 1.43 £+ 0.24° 6.6 + 0.6°
Lab 2
0 5 0.07 + 0.05 11.6 + 0.3
1000 5 0.16 + 0.04° 112 + 0.6
2000 5 0.38 £ 0.04° 11.7+ 08
Cp** 5 0.93 £+ 0.12° 104 + 0.9
Quinoline
Lab 1
0 4 0.13 + 0.03 42+ 0.6
75 4 0.11 £+ 0.06 5.0 + 0.5
150 4 0.10 £ 0.00 40+ 09
DEN* 4 0.10 + 0.07 47+02
Cp** 4 1.14 + 0.43° 36+ 05
Lab 2
0 5 0.07 + 0.03 12.2 + 0.4
75 5 0.08 £ 0.00 11.9 + 0.3
150 5 0.17 + 0.03* 113 + 09
CPp** 5 0.95 + 0.06° 103+ 1.0
o-Toluidine
Lab |
0 4 0.08 + 0.06 13.6 + 0.7
300 4 025 + 0.11° 17.1 £ 2.1¢
600 4 0.36 + 0.09° 187 £ 3.6
DEN* 4 0.08 £ 0.06 16.8 + 3.5
CP** 4 0.86 + 0.25° 13.7+£22
Lab2
0 4 0.21 £+ 0.08 110+ 15

300 4 0.19 = 0.03 133227
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Table 3 (Continued)

Chemical and dose (mg/kg) No. of animals MNRET (%) mean + S.D. RET (%) mean+ S.D.
600 4 046 = 0.11° 136 £3.7
CP** 4 0.93 + 0.21° 92+ 0.7

CPDA

Lab I
0 4 0.05 £ 0.06 75+ 24
150 4 0.10 £ 0.07 58+ 14
300 4 0.08 + 0.06 3.6 + 0.44
DEN* 4 0.05 £+ 0.04 6.8+ 1.0
Cpe* 4 0.90 £ 0.35° 64+ 08
Lab 2
0 4 0.05 £ 0.06 120 %22
150 B 0.08 £ 0.03 12.1 £3:1
300 4 0.13 + 0.06 7.8 £ 0.5¢
DEN* 4 0.03 £ 0.03 125313
Cpee £ 0.76 £ 0.14* 123 +£3.2
DMN
Lab 1
0 4 0.08 + 0.06 17.7£ 19
5 4 0.04 + 0.05 174 £ 3.1
10 4 0.15 £ 0.08 16.9 + 2.5
DEN* 4 0.03 + 0.03 13.5%+ 23
B 4 1.01 £ 0.49* 126+ 1.2°
Lab 2
0 4 0.11 £ 0.09 16.1 = 3.7
5 4 0.19 £ 0.14 15.6:22.1
10 4 0.18 £ 0.09 154 £ 25
DEN* - 0.25 £ 0.07 174 £ 1.7
Cp** 4 0.89 + 0.19° 154 £ 3.2
DAB
Lab 1
0 4 0.03 = 0.05
71 4 0.05 £ 0.06 NT
142 4 0.43 £ 0.23°
Cp** 4 0.64 £+ 0.13°
Lab 2
0 4 0.05 £+ 0.04 136 %:2.1
120 4 0.03 £ 0.03 140 £ 28
240 4 0.25 £ 0.13° 219 + 6.4¢
Cpee 4 0.55 + 0.16* 118+ 14
DEHP
Lab 1
0 Rl 0.14 £ 0.09 290+ 25
1000 4 0.18 £ 0.16 21.74:1.3¢
2000 4 0.18 £ 0.06 2304 T1:1°
DEN* 4 0.06 £+ 0.05 14.7° £ 22¢
Cp** 4 1.23 + 0.34° 13.1 £ 2.6
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Table 3 (Continued)

Chemical and dose (mg/kg) No. of animals MNRET (%) mean  S.D. RET (%) mean+ S.D.
Lab2
0 4 0.16 + 0.05 23.1 + 24
1000 4 025 + 0.14 27.1 + 7.4
2000 4 0.16 + 0.05 231 + 38
DEN* 4 0.19 + 0.08 219 + 33
Cp** 4 1.06 + 0.13° 219 +22
MMS
Lab 1
0 4 0.14 + 0.10 854+ 1.0
40 4 2.04 £ 0.79° 125 + 4.8
80 4 0.96 + 0.57* 38+ 02
DEN* 4 0.18 + 0.05 124 £ 1.5
Cp** 4 1.54 + 1.03° 78+ 1.8

MDA, 4,4’-methylenedianiline; DEN*, diethylnitrosamine (the first positive control, 40 mg/kg); CP**, cyclophosphamide (the second pos-
itive control, 10 mg/kg); CPDA, 4-chloro-o-phenylenediamine; DMN, dimethylnitrosamine; DAB, p-dimethylaminoazobenzene; DEHP, di

(2-ethylhexyl) phthalate; MMS, methylmethanesulfonate. NT: not tested.

a Significantly different from the solvent control (Kastenbaum and Bowman test; P <0.01).
b Significantly different from the solvent control (Kastenbaum and Bowman test; P <0.05).
¢ Significantly different from the solvent control (Student r-test; P <0.01).
4 Significantly different from the solvent control (Student #-test; P < 0.05).

MDA in samples harvested 3 days after dosing, the
data were from only two animals. In conjunction with
Lab 2 results, MDA was considered to be negative in
this assay. Quinoline, DMN and DAB, are chemicals
were also positive in the presence of metabolic activa-
tion in in vitro genotoxicity assays [21-23]. Quinoline
and DMN induce hepatocellular carcinoma in mice and
rats [24-26], while DAB induces hepatocellular car-
cinoma in rats, but not in mice [27]. Four chemicals
that were negative in this study have been reported to
be carcinogenic. MDA and CPDA induce hepatocel-

lular carcinoma in male and female mice [28-30] and
neoplastic nodules in rats [29-31]. o-Toluidine induces
hepatocellular carcinomas and hemangiosarcomas in
mice and multiple organs tumors in rats [32]. DEHP
induces hepatocellular carcinoma in mice and rats [33],
but this chemical, unlike quinoline, DMN, and DAB, is
a peroxisome proliferator, not a genotoxic carcinogen
[34]. So the negative results in this assay are under-
standable. MMS induces carcinomas in the nasal cav-
ity, central nervous system, and injection sites [35], but
did not induce micronuclei in this study. O-Alkylation

Table 4
Micronucleus assay results for nine chemicals in this study compared with results from published bone marrow and hepatocarcinogenicity assays
Chemical MN BM Hepatocarcinogenicity

L PB Mouse Rat Mouse Rat
MDA - = —[1] ND +[28,29] +[28,29]
Kojic acid N + — [41,50] ND - [42] ND
Quinoline + -+ +(—) [44,45] ND +[25] +[24]
o-Toluidine - + - ND +[32] - [32]
CPDA = = +16] +(=)[16] +30,31] +130,31]
DMN + = — (+) [46,47] ND +[26] +[26]
MMS - + +[16]) +[16] ND - [35]
DAB + + -1 ND ND +[27]
DEHP - ~[1] ND +[33] +[33]

MN, micronucleus assay; L, liver; PB, peripheral blood; BM, bone marrow micronucleus assay; parentheses show peripheral blood micronucleus

assay. ND, no data found.
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is more efficient than N-alkylation in the formation of
micronuclei [36-38], and considering that MMS causes
primarily N-7-methylguanine formation [39], the neg-
ative results were expected. Regarding P450 levels in
young rats, 1A2, 2A1, 2B1, 2B2, 2El, 3Al, and 3A2
levels increase with age, and reaching a maximum at
approximately 30 days. Thereafter, the levels are sup-
pressed by growth hormones, and 2C7, 2C11, 2C12,
and 2C22 levels increase [40]. Therefore, P450 changes
may have affected the results of the assay. Quinoline,
DMN, and DAB are clearly genotoxic in in vitro only
following metabolic activation [21-23], which makes
them suitable for this assay.

In summary, quinoline, DMN, and DAB, which
are rat hepatocarcinogens, induced liver micronuclei
in this study. MDA, kojic acid [41,42], o-toluidine,
and CPDA, which possess weak or uncertain hepato-
carcinogenic potential in rats, did not, nor did DEHP,
a non-genotoxic rat hepatocarcinogen. All chemicals,
except MMS, were evaluated in two laboratories with
similar results, as noted.

Although we did not statistically analyze the inci-
dence of mitosis, we observed an increase or decrease
for each chemical. The mitotic index reflected only
three time points and did not give any information about
the total number of mitoses. Thus, a correlation be-
tween MNHEP (%) and mitotic index was not always
evident. These results may reflect increased mitotic ac-
tivity or cytotoxic action of test chemicals on dividing
hepatocytes [43].

The mean incidence of MNRETSs (%) for 70 rats in
the solvent control groups was 0.10 & 0.08%. This low
incidence suggests the robustness of the assay like the
liver assay.

Quinoline at 150 mg/kg was positive in the pe-
ripheral blood micronucleus assay only in Lab 2.
Inconsistent results for quinoline have been reported
before: the compound was positive in mouse bone
marrow micronucleus assays [44] and negative in
transgenic mouse peripheral blood micronucleus
assays [45]. Thus, quinoline induces micronuclei in
the liver but may not in hepatopoietic tissue. DMN was
negative in peripheral blood micronucleus assay in
rats, but has been reported to be positive in transgenic
mice [46]. It is also negative in the mouse bone marrow
micronucleus assay [47]. These results may reflect the
fact that N-nitroso chemicals are difficult to evaluate
in bone marrow micronucleus assays [1]. The rate of

N-hydroxylation of DAB is higher in rats than in mice
[48]. N-hydroxylation of amino azo dyes generates
mutagenic metabolites [49], which may yield different
results. Although kojic acid and o-toluidine were
positive in this study, they are negative in mouse bone
marrow micronucleus assays [50,51]). The MNRET
(%) for CPDA in Lab 2 tended to increase in a
dose-dependent manner, though it did not reach a
statistically significant level. Because of the MNRET
(%) were not dose-dependent in Lab 1, CPDA was
considered to be negative. Although, CPDA was neg-
ative in this assay, it is positive in mouse bone marrow
assays [16]. Thus, species differences are evident for
kojic acid, o-toluidine and CPDA. The results of MMS,
a direct alkylating agent, were consistent with those
of mouse/rat bone marrow micronucleus assays [16].

In the present study, we evaluated known hepa-
tocarcinogenic chemicals for micronucleus-inducing
effects in 4-week-old rats. For some chemicals, our
peripheral blood results differed from those reported
by others, perhaps because younger rats are more sen-
sitive to mutagens [52]. Accordingly, the simultaneous
liver and peripheral blood assay system may bring
out different result to previously reported one. In this
assay, rodent hepatocarcinogens have been mainly
used. Further evaluation using other organ carcinogens
should be performed to assess this system in future.

As shown with quinoline, DMN, and DAB, the liver
MN assay detected chemicals that required metabolic
activation. Thus, it could be used to confirm positive
responses in in vitro genotoxicity assays. These assays
could expand the information obtained, for example,
in the in vivo/in vitro UDS (unscheduled DNA synthe-
sis) assay or the in vivo single cell gel electrophoresis
(Comet) assay.

In conclusion, this assay system enabled us to si-
multaneously detect hepatocyte and peripheral blood
micronucleus induction in the same animal. We also
obtained information on differences in clastogen sen-
sitivity between rats and mice. More chemicals should
be studied to elucidate the validity and the sensitivity
of this assay system.
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ABSTRACT  Newborn rat studies were conducted with
oral administration of 3-ethylphenol (3EP) and 4-ethylphenol
(4EP) on postnatal days (PND) 4-21 to allow comparison of no
observed adverse effect level (NOAEL) and unequivocally toxic
level (UETL) with those from 28-day studies of young rats
starting at 5—6 weeks of age. In the newborn rat studies, slightly
lowered body weight was observed after 3EP treatment, and
deaths, hypoactivity, Straub tail, deep respiration and delayed
righting reflex were clearly observed after 4EP treatment. In
the young rat studies, salivation, staggering gait, changes in the
liver including high values of liver weight and alanine ami-
notransferase or total cholesterol and the lesions in the fore-
stomach were clearly observed after 3EP and 4EP treatments.
NOAELSs of 3EP and 4EP in the newborn rat studies appeared
to be almost 3 times lower than those in the young rat studies.
As a clear toxicity of 3EP was not observed in newborn rats,
UETLs were not established for 3EP. Regarding 4EP, UETL of
yvoung rats was 4-5 times higher than that of newborn rats. In
conclusion, newborn rats were 3-5 times more susceptible to
3EP and 4EP than young rats.

Key Words: 3-ethylphenol, 4-ethylphenol, newborn rats, repeated-
dose toxicity, young rats

INTRODUCTION

The possible toxic effect of chemical substances on the develop-
ment of fetuses and newborns has aroused great concern among the
public and the protection of fetuses and newboms has become a
major scientific and political issue. In the EPA children’s environ-
mental health yearbook, US EPA (1998) has already stated com-
prehensively that children have their special vulnerability to certain
toxic substances such as drugs and environmental chemicals. The
special vulnerability in children to toxic substances may results
from a combination of toxicokinetic, toxicodynamic and exposure
factors, and kinetic factors are of importance mainly in the early
postnatal period, largely as the result of immature elimination sys-
tems, 1.e. metabolizing enzymes and/or renal function (Schwenk
eral. 2002). There is much less information about differences
between children and adults with regard to toxicodynamics (Sch-
wenk ef al. 2002). Regarding exposure factors, children play close
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to the ground and are constantly licking their fingers or mouthing
toys or objects. As a result, mouthing becomes a potentially signif-
icant exposure route (US EPA 2002).

The potential toxic effects of chemicals cannot be anticipated
from data on adults, and a data set on exposed children is essential
for assessment of children’s health. In this context, we have deter-
mined the toxicity of chemicals in newborn rats after direct dosing
and compared it with that in young rats. We have already reported
the differences in the susceptibility to toxicities of chemicals
between newborn and young rats for 4-nitrophenol and 2,4-dinitro-
phenol (Koizumi et al. 2001), for 3-aminophenol (Koizumi ef al.
2002), for 3-methylphenol (Koizumi et al. 2003), for tetrabro-
mobisphenol A (Fukuda etal. 2004), for 2.4,6-trinitrophenol
(Takahashi eral. 2004), for 1.3-dibromopropane and 1,1,2.2-
tetrabromoethane (Hirata-Koizumi ef al. 2005). With regard to the
no observed adverse effect level (NOAEL), these reports showed
that the toxic response in newborn rats was at most 34 times (4-
nitrophenol, 24-dinitrophenol, 3-aminophenol and 3-methylphe-
nol) higher than that in young rats. On the other hand, the toxic
response in newborn rats was 5 times (1,3-dibromopropane) and 8
times (1,1,2,2-tetrabromoethane) lower than that in young rats. The
toxicological profiles of 4-nitrophenol, 2.4-dinitrophenol, 3-ami-
nophenol, 3-methylphenol, 1,3-dibromopropane and 1,1,2,2-tetra-
bromoethane were similar between newborn rats and young rats.
The nephrotoxicity of tetrabromobisphenol A was specific for new-
born rats. We also reported that the toxicity profiles induced by
2.4,6-trinitrophenol were markedly different between newborn and
young rats.

3-Ethylphenol (3EP) is a photographic chemical intermediate
and an intermediate for the cyan coupler of photographic paper
(Honkawa ef al. 1998). 4-Ethylphenol (4EP) is a chemical com-
pound widely used as a source material of reactive polymers, anti-
oxidants, drugs, agricultural chemicals and dyes (Chemical
Products’ Handbook 2004). These chemicals are listed in the 2004
OECD list of high production volume (HPV) chemicals (OECD
2004a). The HPV chemicals list contains those chemicals that are
produced at levels greater than 1000 tons per year in at least one
member country/region of OECD. Regarding the toxicity informa-
tion on these two chemicals, only a few studies are available.
Thompson ef al. (1995) showed that 4EP was metabolized to a
reactive quinone methide intermediate by rat liver enzymes and
that this oxidation mechanism played a significant role in the cyto-
toxic effect of 4EP. This intermediate was subsequently trapped
with glutathione to produce two diastereomeric conjugates.
Recently, 28-day repeated dose oral toxicity studies of 3EP and
4EP in young rats were conducted as part of the Japanese Existing
Chemical Safety Program and published in the annual toxicity
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testing report (MHLW 2001a,b), in which no observed effect level
was evaluated.

In the present paper, we re-evaluated the toxicity of 3EP (MHLW
2001a) and 4EP (MHLW 2001b) in young rats in terms of NOAEL
and unequivocally toxic level (UETL). We considered that the find-
ings in the main test of repeated dose study and the dose-finding
study were useful for characterizing the toxicity of chemicals.
NOAEL is the highest tested dose in a study that did not produce
any observable adverse effects and is expressed in terms of the
weight of a test substance given daily per unit weight of a test
animal. UETL has been used only for our comparative toxicity
analysis as a clear toxic dose. It is generally not readily definable
because it depends on the type of toxicity (Hirata-Koizumi et al.
2005). We determined the toxicity of 3EP and 4EP in newborn rats,
compared and discussed NOAELs and UETLs of 3EP and 4EP for
young and newborn rats.

MATERIALS AND METHODS

Chemicals

3EP (3-ethylphenol, CAS no. 620-17-7, purity 96.2%) was
obtained from Taoka Chemical Co., Lid. (Osaka, Japan) and 4EP
(4-ethylphenol, CAS no. 123-07-9, purity 98.4% for the newborn
rat study and 98.3% for the young rat study) was obtained from
Maruzen Petrochemical Co., Ltd. (Tokyo, Japan) and they were
dissolved in olive oil.

Animals

In the newborn rat study, pregnant SPF Crj:CD(SD)IGS rats (ges-
tation day 14-15) were purchased from Atsugi Breeding Center,
Charles River Japan (Yokohama, Japan) and allowed to deliver
spontaneously. The day on which parturition was completed was
designated as postnatal day (PND) 0. Pups (newborn rats) were
separated from dams on PND 3 and were suckled by foster mothers.
In the young rat study, four-week old males and females of the same
strain were purchased from the same farm as in the newborn rat
study. ’

The animals were maintained in an environmentally controlled
room set at 20-26°C with a relative humidity of 45-65% and a
12:12 h light/dark cycle. All animals in the newborn and young rat
studies were allowed free access to a sterilized basal diet (CRF-1,
Oriental Yeast, Tokyo, Japan or Laboratory MR Stock, Nosan Cor-
poration, Yokohama, Japan) and water, The animals were eutha-
nized by exsanguination under anesthesia using ether.

Newhorn rat study Posiatal day

Dose-finding study

3EP: 0, 30, 100, 300 mg/kg/day
4EP: 0, 100, 300,(1 LH)OI] mg/kg/day 5/sextdose

Main study 0 4 21

0, 30, 100, 300 mgrkg/day

Study design
Time schedule for 3EP and 4EP studies is shown in Figure 1.

18-day repeated dose study in newborn rats

Dose-finding study. Twenty-four male and 24 female newborns
for 3EP or 20 male and 20 female newborns for 4EP were randomly
selected and assigned to four dose groups, including a control
group. Six foster mothers for 3EP and five for 4EP were used. One
foster mother suckled four male and four female pups. Newborn
rats (6/sex/dose for 3EP, 5/sex/dose for 4EP) were given 3EP at 0,
30, 100 or 300 mg/kg/day or 4EP at 0, 100, 300 or 1000 mg/kg/day
by gavage once a day on PND 4-21 (for 18 days) and killed on
PND 22 after overnight starvation. General condition, body
weights, hematology, blood biochemistry, necropsy and organ
weights were examined. The similar study design was applied to
the main study.

Main study. Forty-eight males and 48 females for each chemical
for two autopsy groups (the end of the dosing period and the
recovery-maintenance period) were randomly selected and
assigned to four dose groups, including a control group. Twelve
foster mothers were used for each chemical. One foster mother
suckled four male and four female newbom rats up to weaning on
PND 21. After weaning, newborn rats of the recovery-maintenance
group were individually maintained for 9 weeks. Newborn rats
(6/sex/dose for each chemical) were given 3EP or 4EP by gavage
once a day at 0, 30, 100 or 300 mg/kg/day on PND 4-21 (for
18 days) and killed on PND 22 after overnight starvation. The
dosage levels were determined based on the results of the dose-
finding study. Recovery-maintenance groups (6/sex/dose for each
chemical) given the same dosage were maintained for 9 weeks
without chemical treatment and fully examined at 12 weeks of age,
almost the same age as young rats at the end of the recovery period.

General condition was observed at least once a day for newborn
rats during the dosing period (separated from each foster mother)
and during the recovery-maintenance period. Body weight was
measured before dosing, more than two times per week during the
dosing period and at seven-day intervals thereafter. Food con-
sumption was measured about 2 times per week only during the
recovery-maintenance period. Some developmental landmarks
were assessed (OECD 2004b), such as piliation, incisor eruption,
eye opening, testes descent and vaginal opening. All newborn rats
were examined for abnormalities of reflex ontogeny; e.g. pupillary

0 4 21
6/sexidose [_JIBdays JAutopsy (day after the last treatment)

6/sex/dose FFE %ais IAumgs! (day after the last treatment)
6/sex/dose : Autopsy (9 weeks after the end of treatment)

Young rat study

Dose-finding study

3EP: 0, 250, 500, 1000 mg/&g/day
4EP: 0, 250, 500, 1000,(2000) mg/kg/day

Main study 4 5
0, 100, 300, 1000 mg/kg/day
0, 1000 mg/kg/day

Postnatal week
5

ays
Dosing period

Recovery-maintenance period

4
5/sex/dose [__JI4 days]Autopsy (day after the last treatment)

Y
7/fsex/dose ‘:%DMLI(&@ after the last treatment)
7/sex/dose ays L JAutopsy (2 weeks after the end of wreaunent)

Dosing period Recovery period

Fig.1 Time schedule of newborn and young rat studies of 3-ethylphenol (3EP) and 4-ethylphenol (4EP).
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reflex, Preyer’s reflex, comeal reflex, righting reflex and air righting
reflex on PND 20 or 21.

In urinalysis, color, pH. occult blood, protein, glucose, ketone
bodies, bilirubin, urobilinogen, urine sediment, specific gravity,
osmotic pressure and volume of urine were examined in the late
recovery-maintenance period. Newborn rats were killed on PND 22
or 85. On the day of the sacrifice, blood was collected from the
abdominal aorta. Hematological parameters, such as the red blood
cell count, hemoglobin concentration, hematocrit value, mean cor-
puscular volume, mean corpuscular hemoglobin, mean corpuscular
hemoglobin concentration, white blood cell count, platelet count,
reticulocyte ratio, differential leukocyte count, and blood clotting
parameters such as prothrombin time and activated thromboplastin
time were determined. The blood biochemical parameters, such as
the total protein, albumin, albumin-globulin ratio, glucose, total
cholesterol, triglycerides, total bilirubin, urea nitrogen, creatinine,
aspartate aminotransferase, alanine aminotransferase (ALT), y-
glutamy] transpeptidase, alkaline phosphatase, lactate dehydroge-
nase, cholinesterase, phospholipids, calcium, inorganic phospho-
rus, sodium, potassium and chloride levels in the serum, were also
determined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidneys, spleen, adrenals, thyroids, lungs, tes-
tes/ovaries and epididymides/uterus were weighed. The organs
were fixed with 10% buffered formation-phosphate and paraffin
sections were routinely prepared and stained with hematoxylin-
cosin for microscopic examination. The studies using newbom rats
were conducted at Gotemba Laboratory, Bozo Research Center Inc.
(Gotemba, Japan) for 3EP and at Research Institute for Animal
Science in Biochemistry and Toxicology (Sagamihara, Japan) for
4EP under Good Laboratory Practice (GLP) conditions (MHW
1988), and accordance with ‘Guidelines for Animal Care and Use’
of these laboratories.

28-day repeated dose study in young rats

Dose-finding study. Five-week-old rats (S/sex/dose for each
chemical) were given 3EP or 4EP by gavage once a day at (), 250,
500, 1000 or 2000 (only for 4EP) mg/kg/day for 14 days and killed
the day following the last administration after overnight starvation.
General condition, body weights, food consumption, hematology.
blood biochemistry, necropsy and organ weights were examined.

Main study. Five-week-old rats (7/sex/dose for each chemical)
were given 3EP or 4EP by gavage once a day at 0, 100, 300 or
1000 mg/kg/day for 28 days and killed after overnight starvation
following the last treatment. The dosage levels were determined
based on the results of the dose-finding study in young rats. Recov-
ery groups (0 or 1000 mg/kg/day) (7/sex/dose for each chemical)
were maintained for 2 weeks without chemical treatment and fully
examined at 11 weeks of age. The rats were examined for general
condition, body weights, food consumption, urinalysis, hematol-
ogy, blood biochemistry, necropsy findings, organ weights and his-
topathological findings. The study using young rats was conducted
at the Safety Research Institute for Chemical Compounds Co., Ltd.
(Sapporo, Japan) for 3EP and 4EP under GLP conditions (MHW
1988), and accordance with ‘Guidelines for Animal Care and Use’
of these laboratories.

Statistical analysis

Continuous data were analyzed with Bartlett’s test for homogeneity
of variance. If the data were homogeneous, one-way analysis of
variance and Dunnett’s test were conducted for group comparisons
between the control and individual chemical-treated groups. If not

© 2006 Japanese Teratology Society
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homogenous or in case of quantitative urinalysis data, analysis was
performed using the Kruskal-Wallis test. In consequence, if a sig-
nificant difference was detected, the Dunnett type test or Mann-
Whitney's U-test was conducted. In the newborn rat study, categor-
ical data for general appearance and reflex ontogeny were analyzed
by Fisher’s exact probability test or Mann-Whitney's U-test. A
probability less than 5% was considered statistically significant.

RESULTS

18-day study of 3EP in newborn rats

In the dose-finding study, body weights were considerably lowered
in males (max. 9% decrease) and females (max. 6% decrease) at
300 mg/kg/day during the dosing period when compared to con-
trols. However, the decreases were not statistically significant due
to variations of the data.

Only slight changes were found in the main study as shown in
the Table 1 and Figure 2. At 300 mg/kg/day, body weights were
significantly lower than controls in males on PND 11-17 (max. 6%
decrease) and females on PND 11-21 (max. 7% decrease). Signif-
icantly high value of relative liver weight was observed in males at
300 mg/kg/day and in fermales at 100 and 3(X) mg/kg/day at the end
of the dosing period: however, it was not considered toxicologically
significant because of the absence of changes in parameters of
blood biochemistry and histopathological findings related to liver
damage. There were no effects on the developmental landmarks at
any dose. There were no effects of 3EP treatment at the end of the
recovery-maintenance period.
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60 + —O0— () mg/kg
- -& - 0 mgkg
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Fig.2 Body weight curves in 18-day study of 3-ethylphenol (3EP) in
newborn rats.
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28-day study of 3EP in young rats

In the dose-finding study, one female showed staggering gait and
a lateral position for three hours after the first dosing at 1000 mg/
kg/day. At this dose, significantly high values of relative liver
weight and ALT in males and relative liver weight and total cho-
lesterol in females were observed. At 500 mg/kg/day, significantly
high values of ALT in males and relative liver weight in females
were observed.

In the main study (Table 1 and Fig. 3). adverse effects as below
were found at 1000 mg/kg/day. Clinical signs, such as staggering
gait, a prone/lateral position and soiled perigenital fur, were
observed in 2/14 males and 5/14 females. Staggering gait and a
prone and/or lateral position occasionally occurred 10 min after
dosing and lasted one hour. Soiled perigenital fur was also observed
in 1/14 males and 3/14 females at this dose. Body weight of males
was significantly lowered on days 2 and 7 of dosing. In urinalysis,
significantly high volumes of urine and water consumption and
significantly low protein were observed in males and females at the
end of the dosing period. In blood biochemistry, significantly high
values of ALT in males and females and total cholesterol in females
were observed. In the necropsy findings, thinning of the limiting
ledge in the forestomach in 5/7 males and 2/7 females were
observed at the end of the dosing period. Significantly high values
of relative liver weight in males and females and relative kidney
weight in males were observed at the end of the dosing period.
Hyperplasia of the squamous cell in the forestomach was observed
in all 7 males and all 7 females at the end of the dosing period.
There were no effects of 3EP treatment at the end of the recovery
period.
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Fig.3 Body weight curves in 28-day study of 3-ethylphenol (3EP) in
young rats.
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18-day study of 4EP in newborn rats

In the dose-finding study, deaths occurred at 300 mg/kg/day in one
female each on days 6 and 8 of dosing, and at 1000 mg/kg/day in
all rats by day 3 of dosing. In these dead rats, hypoactivity was
observed and additionally, deep respiration, pale skin and/or dehy-
dration were observed. In the surviving rats, hypoactivity during
the dosing period was found in 3/5 males and 1/3 females at
300 mg/kg/day.

The main findings in the main study are shown in Table 2 and
Figure 4. Clinical signs, such as hypoactivity, hypothermia, tremor,
Straub tail, deep respiration and emaciation, were observed in 10/
12 males and all 12 females at 300 mg/kg/day. Hypoactivity in
males and females and hypothermia, tremor, Straub tail, deep res-
piration and emaciation in females were significantly more frequent
at this dose and these clinical signs disappeared by day 9 of dosing
for males and day 13 of dosing for females. At 300 mg/kg/day, 2/
12 females were found dead on days 10 and 12 of dosing. One of
them showed dark red lung and congestive edema of the lung and
the other showed distention of the gastrointestinal tract and atrophy
of the thymic cortex at necropsy. The delay in the righting reflex
was observed in 4/12 males at 300 mg/kg/day, in 1/12 females at
100 mg/kg/day and in 1/10 females at 300 mg/kg/day. At 300 mg/
kg/day, body weights of males and females were significantly lower
on PND 7-21. Significantly high relative weight of the liver was
observed in males and females at 300 mg/kg/day at the end of the
dosing period. There were no changes in the parameters of blood
biochemistry or histopathological.findings related to liver damage.
There were no effects of 4EP treatment at the end of the recovery-
maintenance period.
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Fig.4 Body weight curves in I8-day study of 4-ethylphenol (4EP) in
newbom rats



