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Abstract: Some chemicals are known to be lung carcinogens in rodents. While many studies using two-stage models have adminis-
tered medium or high doses to mice, few have tested lower doses. The dose dependence of urethane, 4-(N-methyl-N-nitrosamino)-1-(3-
pyridyl)-1-butanone (NNK), and benzo[a]pyrene (B[a]P), three well-known lung carcinogens at high doses, has not been sufficiently
reported in lower dose ranges. Our study evaluated the tumorigenicity of urethane, NNK, and B[a]P at 26 weeks after a single intra-
peritoneal administration of each compound within medium to low dose in male and/or female A/JJmsSlc (A/J) mice. Dose-dependent
tumorigenesis was demonstrated histopathologically for the three compounds. These results suggested that the tumorigenicity of these
chemicals is dose dependent in A/J mice, even at lower doses than previously reported. (DOI: 10.1293/tox.2017-0005; J Toxicol Pathol

2017; 30: 209-216)

Key words: urethane, 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-1-butanone, benzo[a]pyrene, lung tumorigenesis

Introduction

Rodent initiation/promotion models (two-stage mod-
els) have been used to evaluate potential tumor promotion
activities of chemicals and to elucidate tumorigenesis dur-
ing acute and semi-chronic phases. The International Con-
ference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) rec-
ommended conducting a long-term carcinogenesis study to
evaluate potential carcinogenicity in rodents, along with a
second study, in either a short or medium term (initiation/
promotion study) rodent test system. This protocol was sug-
gested instead of chronic exposure studies in two species!.
Two-stage models have frequently been used to evaluate
skin, liver, lung, and colon carcinogenesis.

Air pollutants and nanoparticles have been concerned
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a potential risk with regard to impairment of the respiratory
organs. The current study protocol for lung carcinogenesis
needs to include more animals and a longer study period.
The medium-term carcinogenesis screening procedure fa-
cilitates elucidation of the potential risk of these materials to
the lung. Regarding the medium-term study protocol, medi-
um-term rat studies have been conducted that have targeted
liver carcinogenesis and multiple organs (DMBDD model)
in rats2. In those models, 20 to 100 mg/kg of initiators were
administrated to F344 rats more than once. In the multi-
organ model, N-bis(2-hydroxypropyl)-nitrosamine (DHPN)
is administrated in drinking water as an initiator; however,
DHPN is difficult to obtain.

Urethane, 4-(N-methyl-N-nitrosamino)-1-(3-pyridyl)-
1-butanone (NNK), and benzo[a]pyrene (B[a]P) showed lung
carcinogenicity in animal models, and they are frequently
used in chemoprevention studies and two-stage models3-6.
However, such studies have employed higher doses that
generally have caused an approximately 100% incidence
of adenoma®. Ethyl carbamate, also known as urethane,
NNK, and BJa]P are classified as “probably carcinogenic to
humans (group 2A),” “carcinogenic to humans (group 1),”
and “carcinogenic to humans (group 1),” respectively, by the
International Agency for Research on Cancer3-5. In mice,
urethane induced malignant tumors by various routes of ad-
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ministration in the lung, lymphoid tissue, mammary gland,
leukocytes, forestomach, heart, liver, Harderian gland, skin,
ovary, and adrenal gland3. NNK induced malignant tumors
in the lung, forestomach, liver, and skin4. B[a]P induced
malignant tumors in the lung, forestomach, liver, lymphoid
tissue, skin, and sarcoma in the skin (injection site)S. While
many studies used two-stage models and middle- or high-
dose administration of test chemicals to mice, few examined
lower doses. Our study evaluated the applicable dose range
(dose dependence) of three compounds as the initiators in a
two-stage model by assessing carcinogenesis caused by ad-
ministration of each at relatively low doses. A low dose ap-
plication of B[a]P was reported to not induce lung tumors in
male mice’”. Therefore, in our study, only female mice were
used to test B[a]P, while the other compounds were tested in
mice of both sexes.

In the two-stage model using rodents, especially liver
and colon two-stage carcinogenesis models, hepatic cancer
and colon cancer were reported to be induced in a shorter
term in rats2. However, period shortening was not estab-
lished in mouse strains except for genetically engineered
mice (transgenic and knockout mice)8. Generally, a carcino-
genesis model using A-strain mice would have shown tumor
induction within a short term compared with other strains.
The three carcinogens used in the present study have been
frequently used in many carcinogenesis studies as repre-
sentative initiators. Regarding NNK, Yamakawa et al.9 and
others have reported many carcinogenesis studies using A-
strain mice, however, few authors have reported carcinogen-
esis studies for urethane and BJ[a]P¢.

A sex difference is observed in the mortality of lung
cancer in Japan, and a sex difference is also observed in a
mouse carcinogenesis modell?. Both sexes were used in this
study to elucidate the pathogenesis/background factors for
lung cancer. However, only female mice were used for B[a]P
due to the capacity of the animal rooms. The aim of this
study was to evaluate dose dependency within the ranges of
low to medium doses of the initiators in a two-stage model
using A-strain mice.

Materials and Methods

Test chemicals

Urethane (CAS: 51-79-6) and BJ[a]P (CAS: 50-32-8)
were from Sigma-Aldrich Corporation (St. Louis, MO,
USA). NNK (CAS: 64091-91-4) was from Toronto Research
Chemicals (Toronto, ON, Canada).

Animals

Six-week-old male and female A/JJmsSlc (A/J) mice
were obtained from Japan SLC (Shizuoka, Japan). The
animals were housed in polycarbonate cages (five mice per
cage) with soft chips for bedding under a 12 hr light/12 hr
dark cycle at 23 + 3°C and 35.0-75.0% relative humidity,
with air flow set at 12 air changes/hr. Animals received a
certified rodent diet (CR-LPF, Oriental Yeast, Tokyo, Japan)
and fresh tap water (City of Kamisu, Ibaragi, Japan) ad /i-

Table 1. Study Design

Group Sex Initiator Target dose No. of
(mg/head) animals
1 Male Urethane 0 (vehicle) 40
2 0.2 40
3 1.0 40
4 5.0 40
5 Female 0 (vehicle) 40
6 0.2 40
7 1.0 40
8 5.0 40
9 Male NNK 0 (vehicle) 40
10 0.25 40
11 0.50 40
12 1.0 40
13 2.0 40
14 Female 0 (vehicle) 40
15 0.25 40
16 0.50 40
17 1.0 40
18 2.0 40
19 Female B[a]P 0 (vehicle) 40
20 0.25 40
21 0.50 40
22 1.0 40
bitum.

The study was conducted in a contract laboratory ac-
credited by the Association for Assessment and Accredi-
tation of Laboratory Animal Care (AAALAC). General
procedures for animal care and housing complied with the
“Guide for Care and Use of Laboratory Animals and Public
Health Service Policy on Humane Care and use of Laborato-
ry Animals” (National Research Council, 1996). The study
protocol was approved by the Institutional Animal Care and
Use Committee of the test facility prior to commencing the
experiment.

Experimental design

After a 1- or 2-week acclimatization period, 360 adult
male A/J mice and 520 adult female A/J mice were used for
the experiment. Mice were allocated, using a body weight-
based randomization process, to a total of 22 groups, ac-
cording to the study design summarized in Table 1. Briefly,
each animal received a single intraperitoneal administration
of one of the initiators, at one of the indicated doses, on day
1. The highest doses of these chemicals were selected based
on previous testing® 7. 10-12. The animals were observed dai-
ly for clinical signs and mortality, and body weights were
measured weekly. Following an overnight fast at 26 weeks
after dosing, all mice were anesthetized with sevoflurane
and weighed. They were then sacrificed by exsanguination
from the abdominal aorta and caudal vena cava and sub-
jected to necropsy.

Histopathology
After weighing, lungs were instilled with 10% neutral
buffered formalin under a pressure of 20 cm water. After
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fixation, all five lobes of each lung were embedded in par-
affin. They were sectioned in steps (each at a 3 mm inter-
val) into 3-pum-thick sections. Sections from all lobes were
stained with hematoxylin and eosin and examined under a
light microscope. Animals found dead or moribund were
also analyzed as much as possible. For each mouse, 11 to 16
slides were evaluated in detail. Hyperplasia and adenoma
were scored for all slides. The multiplicity of hyperplasia
and adenoma were calculated for each group, based on the
total number of lesions observed divided by the number of
mice bearing tumors.

Statistical analysis

Body and lung weights were analyzed for distribution
normality using the Shapiro-Wilk test, with homogeneity of
variances confirmed by Bartlett’s test. For multiple compar-
isons of treated groups against the vehicle, Dunnett’s test for
parametric data or Dunnett’s multiple comparison test for
nonparsmetric data was performed, as appropriate.

The incidence of histopathological findings was ana-
lyzed by the Fisher’s exact probability test. Multiplicities
of histopathological findings were analyzed by the Shirley-
Williams test. The dose-dependence of the incidence of
histopathological findings was analyzed by the Cochran-
Armitage trend test, and that of the multiplicities of histo-
pathological findings was analyzed by the Jonckheere-Terp-
stra trend test.

Statistical analysis was performed using BellCurve for
Excel, Version 2.0.2 (Social Survey Research Information
Co., Ltd., Tokyo, Japan), or JMP, Version 10.0.2 (SAS Insti-
tute, Cary, NC, USA), and differences were considered to be
significant at p<0.05.

Results

General conditions

There were no deteriorations in the general conditions
observed in urethane-treated groups, except for in three
mice. Two females receiving 0.2 mg and one receiving 5
mg were found dead at 14, 26, and 24 weeks, respectively.
One mouse was diagnosed with malignant lymphoma, con-
sidered to be the cause of death, but no cause of death was
determined for the others. There were no deteriorations in
the general conditions observed in NNK groups, except for
in one mouse. One male receiving 2 mg NNK became mori-
bund at 18 weeks and was immediately sacrificed. A poten-
tial cause of death was intranasal adenocarcinoma. There
were no deteriorations observed in the general conditions in
Bl[a]P-treated groups, except for in one mouse. One female
receiving the vehicle became moribund at 18 weeks and was
immediately sacrificed, with no cause of death determined.

Body weights

In urethane-treated groups, statistically significant de-
creases in body weight were observed in males at 8-10, 17—
18, and 2022 weeks and in females at 1-11, 15-16, and 18
weeks after receiving 5.0 mg urethane compared with the ve-

hicle group, as shown in Fig. 1 (A and B). The body weights
of the NNK-treated groups are shown in Fig. 1 (C and D).
Statistically significant decreases compared with the vehicle
group were observed in the following groups: at 1-2, 8, and
22 weeks, males receiving 1.0 mg NNK; at 1-11, 15-16, and
18 weeks, males receiving 2.0 mg NNK; and at 1-26 weeks,
females receiving 2.0 mg NNK. The body weights of the
B[a]P-treated groups are shown in Fig. 1 (E). Statistically
significant decrease was observed at 7 weeks in females
receiving 1.0 mg B[a]P compared with the vehicle group.
For all three chemicals, body weight gains were suppressed,
relative to those in the vehicle-treated groups, in the highest
dose groups. However, the levels of suppression were within
10% of the total weight gains in the vehicle groups (Table 2).

Lung weights

The final body weights and absolute and relative lung
weights of the urethane-, NNK-, and B[a]P-treated groups
summarized in Table 2. In the urethane-treated groups, no
statistically significant differences in lungs weights were
observed among the groups. In the NNK-treated groups,
statistically significant increases in absolute and relative
lung weights were observed in female mice treated with 2
mg NNK, the highest dose. At sacrifice, the relative lung
weights, which were normalized to body weights, were
also significantly higher in the females receiving the high-
est NNK dose. In the B[a]P-treated groups, no statistically
significant differences in lung weights were detected among
the groups.

Necropsy observations

Lung nodules were observed on the lung surface in all
groups, including cage controls and vehicle groups (data not
shown). The nodules were macroscopically similar in size
and shape among the chemically induced groups, cage con-
trols, and vehicle-treated groups.

Histopathology

Urethane-induced lung tumorigenesis in male and fe-
male mice was dose dependent. Lung lesions, which were
evaluated microscopically, are summarized in Table 3.
Proliferative lesions in the lungs were classified as bron-
chiolar-alveolar hyperplasia or adenoma, and no malignant
neoplasms (adenocarcinoma) were observed (Fig. 2). Hy-
pertrophic alterations of Clara cells or type II epithelial cells
increased and extended to alveolar walls, and the alterations
were comprised of hypertrophic alveolar type II epithelial
cells and alveolar macrophages and leukocytes, which are
thought to be the early stage changes of hyperplasia. Hy-
perplasia and adenoma were observed with slight enlarge-
ment of nuclei, and vacuolation was observed in rare cases,
although mitosis and polymorphism of nuclei were not ob-
served. Inflammatory cells were slightly infiltrated around
the adenoma. Hyperplasia and adenoma in the lungs were
detected in all groups. The incidences of hyperplasia and
adenoma were significantly increased in both sexes in a ure-
thane dose-dependent manner. In 1.0 and 5.0 mg urethane-
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Fig. 1. Body weights of A/J mice at 26 weeks after administration of urethane (A, male, and B, female), NNK (C, male, and D, female), and BJa]
P (E, female). (A) Significant differences from the vehicle group (labeled 0 mg) were observed in male mice receiving 5.0 mg urethane:
p<0.05 at 8-10, 18, and 20—22 weeks and p<0.01 at 17 weeks. (B) Significant differences from the vehicle group (labeled 0 mg) were
observed in female mice receiving 5.0 mg urethane: p<0.05 at 9, 11, 15-16, and 18 weeks and p<0.01 at 1-8 and 10 weeks. (C) Signifi-
cant differences from the vehicle group (labeled 0 mg) were observed in male mice receiving 1.0 mg NNK and male mice receiving 2.0
mg NNK: p<0.05 at 2, 8, and 22 weeks and p<0.01 at 1 week and p<0.05 at 9, 11, 15-16, and 18 weeks and p<0.01 at 1-8 and 10 weeks,
respectively. (D) Significant differences from the vehicle group (labeled 0 mg) were observed in female mice receiving 2.0 mg NNK:
p<0.05 at 2, 6, and 25 weeks and p<0.01 at 1, 3-5, 7-24, and 26 weeks. (E) Significant differences from the vehicle group (labeled 0 mg)
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were observed in female mice receiving 1.0 mg B[a]P: p<0.05 at 7 weeks.
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Table 2. Lung Weights for A/J Mice Treated with Urethane, NNK, or B[a]P

Treatment Gender Dose n Body weight (g)2 Weight change ratio Absolute Relative
(mg/head) against vehicle group (%) Lungs (g) Lungs (%)
Urethane  Male Vehicle 40 26.7+2.7 - 0.17 +0.02 0.63 +0.06
0.2 40 269=+1.6 0.4 0.17 £ 0.01 0.62 +0.05
1.0 40 272+2.4 -1.6 0.17 £ 0.01 0.62 £ 0.05
5.0 40 256+ 1.8 33 0.17 £0.01 0.66 £ 0.05
Urethane  Female Vehicle 40 253+£25 - 0.16 +0.02 0.65 +0.06
0.2 40 254+25 0.2 0.16 £ 0.01 0.64 £ 0.06
1.0 40 251+2.9 0.2 0.16 +0.01 0.65+0.07
5.0 40 24.6+3.1 2.6 0.17 £ 0.01 0.68 £0.08
NNK Male Vehicle 40 28.2+32 - 0.16 £0.01 0.58 £ 0.06
0.25 40 269+2.1 3.8 0.16 £0.01 0.62 +0.09
0.50 40 279+2.8 0.7 0.16 £0.01 0.58 £0.05
1.0 40 26.8+ 1.9 4.1 0.16 = 0.01 0.60 + 0.05
2.0 40 27125 3.0 0.16 £0.01 0.60 +0.05
NNK Female Vehicle 40 248+2.3 - 0.15+0.01 0.63 +0.06
0.25 40 254+£27 -3.2 0.16 £0.01 0.62 +0.06
0.50 40 251+2.6 -1.3 0.16 £0.01 0.64 £ 0.06
1.0 40 24.8+2.9 0.6 0.16 = 0.01 0.65+0.05
2.0 40 22.8£2.5 ** 9.5 0.17 £ 0.01** 0.74 £ 0.08 **
B[a]P Female Vehicle 40 251+£23 - 0.17 £ 0.01 0.67 £ 0.05
0.25 40 249+27 0.5 0.16 £0.02 0.66 £ 0.06
0.50 40 24.6£2.7 2.6 0.16 £0.01 0.67 £ 0.06
1.0 40 244+2.38 1.6 0.16 = 0.01 0.68 +0.06

Values are shown as means + standard deviation. @«The body weights were measured at week 26 after an overnight fast before sac-
rifice. **Significantly different from the vehicle group at p<0.01.

Table 3. Histopathological Analysis of Proliferative Lesions in Lungs from A/J Mice Treated with Urethane, NNK, or B[a]P

Dose Hyperplasia Adenoma
Treatment Gender
(mg/head) Incidence (%) Multiplicitya: b Incidence (%)? Multiplicitys. b
Urethane  Male Vehicle 40 7/40 (17.5) 1.0+ 0.0 4/40 (10.0) 1.3+£0.5
0.2 40 7/40 (17.5) 1.4 +0.5% 2/40 (5.0) 1.0+0.0
1.0 40 16/40 (40.0)* 1.0+£0.0 15/40 (37.5)** 1.4+0.5
5.0 40 37/40 (92.5)** 1.8 £ 0.9%* 38/40 (95.0)** 2.6+ 1.5%*
Urethane  Female Vehicle 40 10/40 (25.0) 1.1+03 3/40 (7.5) 1.0+0.0
0.2 40 12/40 (30.0) 1.1+0.3 3/40 (7.5) 1.3£0.6
1.0 40 21/40 (52.5)* 1.4+0.7 10/40 (25.0) * 1.0+0.0
5.0 40 37/40 (92.5)** 2.9+ 1.7%* 35/40 (87.5)** 2.8 + 1.6%*
NNK Male Vehicle 40 5/40 (12.5) 1.4+0.5 3/40 (7.5) 1.0+0.0
0.25 40 15/40 (37.5)** 1.1+£0.4 9/40 (22.5) 1.1+03
0.50 40 9/40 (22.5) 1.2+£0.7 4/40 (10.0) 1.0+ 0.0
1.0 40 19/40 (47.5)** 1.6 £0.8 15/40 (37.5)** 1.4+0.5
2.0 40 35/40 (87.5)** 2.8+1.8* 27/40 (67.5)** 2.2+ 1.3%*
NNK Female Vehicle 40 5/40 (12.5) 1.0+£0.0 5/40 (12.5) 1.0+0.0
0.25 40 14/40 (35.0)* 14+0.5 4/40 (10.0) 1.3+0.5
0.50 40 26/40 (65.0)** 1.7 £+ 1.0* 12/40 (30.0) * 1.2+£04
1.0 40 37/40 (92.5)** 3.0 + 1.6** 29/40 (72.5)** 2.0 & 1.2%*
2.0 40 40/40 (100)** 8.1 +£3.1%* 39/40 (97.5)** 4.0 + 1.8%*
B[a]P Female Vehicle 40 6/40 (15.0) 1.0+£0.0 7/40 (17.5) 1.0+0.0
0.25 40 19/40 (47.5)** 1.2+04 4/40 (10.0) 1.0£0.0
0.50 40 26/40 (65.0)** 1.8 £ 1.0%* 11/40 (27.5) 1.0£0.0
1.0 40 39/40 (97.5)** 3.3+ 1.8%* 18/40 (45.0)** 1.6 £ 1.1*

aMicroscopically confirmed with step-sectioned specimens (3 mm intervals); all 5 lobes were examined for each mouse.
bThe total number of lesions observed divided by the number of mice bearing tumors (for each group). Each value represents
the mean + SD. *Significantly different from the vehicle group at p<0.05. **Significantly different from the vehicle group at

p<0.01.
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Fig. 2. Lung histopathology showing proliferative lesions (hematoxylin and eosin staining). Representative histopathology of lung lesions in the
26 week study. Bar = 100 or 250 um. (A) Bronchiolar-alveolar hyperplasia in a female mouse receiving 2.0 mg NNK; (B) adenoma in a
vehicle-treated male (the control for urethane-treated groups); (C) adenoma in a female receiving 2.0 mg NNK; (D) adenoma in a female
receiving 1.0 mg urethane; (E-1 and E-2) adenoma in a female receiving 1.0 mg BJ[a]P.

treated groups of both sexes, the incidences of hyperplasia
and adenoma were significantly higher than in the corre-
sponding vehicle groups. The multiplicity of hyperplasia
values in males treated with 0.2 mg and males and females
with 5.0 mg urethane were significantly higher than in the
vehicle groups. The multiplicity of adenoma values of both
sexes in the groups given 5.0 mg urethane were significantly
higher than in the vehicle groups.

With NNK treatment, hyperplasia and adenoma de-
veloped in the lungs of mice in all groups. Dose-dependent
lung tumorigenesis was observed in both male and female
mice. The incidence and multiplicity of lung lesions, which
were diagnosed microscopically, are summarized in Ta-
ble 3. Proliferative lesions in the lungs were classified as
bronchiolar-alveolar hyperplasia or adenoma in all mice,
including vehicle groups, and no malignant neoplasms (ad-
enocarcinoma) were observed (Fig. 2). Compared with the
vehicle groups, the incidence of hyperplasia was signifi-

cantly higher in the male and female mice treated with 0.25,
1.0, or 2.0 mg NNK and in females receiving 0.50 mg NNK.
The incidence of adenoma values were significantly higher
in male and female mice treated with 1.0 or 2.0 mg NNK
and in females receiving 0.50 mg NNK than in the vehi-
cle groups. The multiplicity of hyperplasia values in males
receiving 2.0 mg NNK and females receiving 0.50, 1.0 or
2.0 mg NNK were significantly higher than in the vehicle
groups. The multiplicity of adenoma values in males receiv-
ing 1.0 mg and females receiving 1.0 or 2.0 mg NNK were
significantly higher than with vehicle treatment.

As shown in Table 3, lung tumorigenesis induced by
B[a]P was dose dependent in female A/J mice. The inci-
dence of hyperplasia values in females treated with 0.25,
0.50, and 1.0 mg BJ[a]P were significantly higher than in the
vehicle-treated group. The incidence of adenoma in females
receiving 1.0 mg B[a]P was significantly higher than in the
vehicle group. The multiplicity of hyperplasia in females re-
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ceiving 0.50 or 1.0 mg BJ[a]P was significantly higher than in
the vehicle group. The multiplicity of adenoma in the group
treated with 1.0 mg was also significantly higher than in the
vehicle group. The incidences of hyperplasia and adenoma
in female A/J mice were significantly increased by B[a]P in
a dose-dependent manner. Proliferative lesions in the lungs
were classified as bronchiolar-alveolar hyperplasia or ade-
noma, and no malignant neoplasms (adenocarcinoma) were
observed (Fig. 2).

Discussion

Suppression of body weight gain was previously re-
ported in female mice treated with a high dose of NNK. Be-
cause this effect became no longer statistically significant by
32 weeks, it was regarded as not being lethal!3. In our study,
the maximal suppression of body weight gain in the highest
dose groups was approximately 10%, meeting the criteria
for the maximally tolerated dose in a carcinogenicity study.
The absolute and relative lung weights were significantly in-
creased in females treated with the highest dose of NNK.
In this group, the multiplicities of hyperplasia and adenoma
were also higher than in the other groups. These latter pa-
rameters might have affected the absolute and relative lung
weights. All three compounds tested had dose-dependent
effects on the incidences of hyperplasia and adenoma.

The three compounds we tested are known to induce K-
ras mutations in the process of causing carcinogenesis!4-16.
Chen et all7 reported that various doses of NNK induced
mutations at different sites of the K-ras gene. This sensitiv-
ity was attributed to a 37-base-pair deletion in the second
intron of K-ras!8. The deleted K-ras gene is expressed earlier
in development than is the wild type gene, presumably pro-
viding a longer time frame for selection of K-ras mutations
during periods when cell proliferation rates are high. Imaida
et al.!® described the A/J mouse as a very useful strain that
is reliable for modeling in vivo lung carcinogenesis and also
for identifying chemopreventive agents. For the reason, we
selected A/J mice for our study.

Regarding B[a]P, Meng et al.20 reported that the com-
pound increased the mutation fraction of K-ras in a dose-
dependent manner. Therefore, for both NNK and BJ[a]P, the
compounds altered the mutation repair system, resulting in
dose-dependent tumorigenesis. Our results suggested that
the three compounds all induced carcinogenesis in a dose-
dependent manner at lower concentrations compared with
previous reportso: 10-12,

In a two-stage hepatoma study, the initiator dosage is
generally administered at a dose that can induce precancer-
ous lesions (such as GST-P-positive cell lesions in the liv-
er) but is insufficient to induce cancerous lesions. The A/J
strain is well known for having spontaneous lung tumors.
In a lung carcinogenesis study with these mice, potentially
useful compound dosimetry information would be the dose
causing a statistically significant increase in hyperplasia
without significant adenoma. As an example, this was 0.25
mg for NNK and 0.25 or 0.50 mg for B[a]P in our study.

No cases of adenocarcinoma were observed during our
study. With regard to NNK, Belinsky er al.2! suggested that
the dose used by them required over 34 weeks for induc-
tion of malignant alterations. Yamakawa et al. reported
that a single administration of 2 mg/head NNK resulted
in the development of adenocarcinomas, adenomas, and
hyperplasia in the lung after 52 weeks. Ninomiya et al.10
reported that a longer post-administration period was cor-
related with a higher number of adenocarcinomas. Estensen
et al!! reported that adenocarcinoma development required
adequate time and that, in the case of B[a]P, higher doses
accelerated pathogenesis. With regard to urethane, Gurley
et al1? showed that adenomas developed by 25 weeks and
adenocarcinomas developed by 40 weeks. Furthermore, the
number of adenocarcinomas increased in accordance with
the period of time after administration?2. The doses used
in our experiment were relatively low, and the study period
was semi-chronic. Based on this information, progression of
adenomas to adenocarcinomas may be a useful indicator for
evaluation of these initiators as promoters.

Generally, high-dose administration has been rea-
sonably well accepted in past carcinogenicity studies, es-
pecially those intended to identify hazards. However, it is
preferable to select an initiator dose that is within the range
giving a linear-dose response in prospective carcinogenicity
studies?3, similar to in our experiment. The dosimetry used
in the study, which showed precancerous histopathological
alterations, could contribute to risk assessment of air pollut-
ants and nanoparticles inhaled into the lung.

In our study, the three test compounds, which were
used at lower concentrations compared with previous re-
ports®. 10-12_ conclusively showed dose-dependent effects on
the incidences of lung hyperplasia and adenoma. Our data
predicted the applicable dose ranges for these agents as ini-
tiators in a two-stage carcinogenesis model. The activity of
all three chemicals as initiators should be evaluated in fur-
ther studies.
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