Jpn. J. Cancer Res. 82, 642-649, June 1991

Modifying Effects of Various Chemicals on Preneoplastic and Neoplastic Lesion
Development in a Wide-spectrum Organ Carcinogenesis Model Using F344 Rats
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Modifying potentials of various chemicals on tumor development were investigated in a wide-spectrum
organ carcinogenesis model using male F344/DuCrj rats. The animals were treated with N-nitroso-
diethylamine (100 mg/kg body weight, ip, single injection at the commencement of the study),
N-methyl-N-nitrosourea (20 mg/kg body weight, ip, 4 times during weeks 1 and 2) and N-bis(2-
hydroxypropyDnitrosamine (0.1% in drinking water, during weeks 3 and 4) for multi-organ initiation
and then were given one of 14 test chemicals including 6 hepatocarcinogens, 7 non-hepatocarcinogens
and 1 non-carcinogen, or basal diet for 16 weeks. All rats were killed at the end of week 20, and the
major organs were carefully examined for preneoplastic and neoplastic lesions., Immunohistochemical
demonstration of glutathione S-transferase-positive foci was also used for quantitative assessment of
liver preneoplastic lesion development. Modifying effects were shown for 11 out of 14 test agents in
the liver, forestomach, glandular stomach, lung, urinary bladder or thyroid, 7 of them targeting more
than two organs. This was the first demonstration to our knowledge that clofibrate possesses enhancing
potential for urinary biadder carcinogenesis and an inhibiting effect on thyroid carcinogenesis.
Caprolactam showed no effect in any organ, in agreement with its established inactivity. The results
indicated that the system could be reliably applied as a medium-term multiple organ bioassay for

assessment of the modification potential of test agents in unknown target sites.
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In vivo single organ bioassay systems for assessing
carcinogenic and tumor-promoting potential after rela-
tively short-term treatment with test agents have been
developed for several organs, including the liver, stom-
ach, urinary bladder and thyroid. The medinm-term liver
bioassay system developed in our laboratory has proved a
very useful model for detecting risk of unknown com-
pounds, ™ because more than half of the chemicals
which have been evaluated as carcinogenic, target the
liver.*® However, 40 (45%) out of 88 carcinogens
detected by NCI/NTP carcinogenesis bioassay were
found to have multiple sites of action.” Moreover, nu-
merocus investigations utilizing initiation-promotion pro-
tocols have revealed that many nongenotoxic chemicals
modify carcinogenesis in sites which are not targetted in
oncogenicity studies.*®

For the purpose of developing alternative assay sys-
tems for detection of carcinogenicity and modification
activity of compounds in unknown target organs we have
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investigated several multi-organ wide-spectrum initiation
models.”'? They have proved to have advantages, as
whole-body surveys of carcinogenic potential in a rela-
tively short experimental period and at low cost, for
rapid screening of large numbers of chemicals. It was
considered that the DEN-MNU-DHPN (DMD) model
was the best among the several systems investigated.'?

The objective of the present study was to determine the
modifying effects of various chemicals in our wide-
spectrum carcinogenesis model using multi-organ initia-
tion by sequential treatment with the three potent carcin-
ogens, N-nitrosodiethylamine (DEN), N-methyl-N-
nitrosourea (MNU) and N-bis(2-hydroxypropyl)nitro-
samine (DHPN), each possessing a different organ spec-
trum of carcinogenicity. Effects were judged by compar-
ing the incidences of preneoplastic and/or neoplastic
lesions between control and treated groups.

MATERIALS AND METHODS

Animals Male F344/DuCrj rats were obtained at 5
weeks of age from Charles River Japan, Inc., Kanagawa,
They were housed five to a plastic cage with hard wood
chips for bedding, and fed powdered diet MF (Oriental
Yeast, Co., Lid., Tokyo) and water ad libitum, Animals
were kept in an environmentally controlled room main-
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Table I. Dosage Levels and Target Sites (Oral Exposure) of the Test Chemicals Used in the Study
Test chemicals Level .
No. Chemical name (ppm) Target sites References
Hepatocarcinogens
1 2-Acetylaminofluorene (2-AAF) 100 liver, bladder 13, 14
2 Clofibrate 10,000 liver, pancreas 15, 16
3  4,4"-Diaminodiphenylmethane (DDPM) 1,000 thyroid, liver 17
4 Ethionine 2,500 liver 18
5 3’-Methyl-4-dimethylaminoazobenzene 600 liver 19
(3'-Me-DAB)
6 Sodium phenobarbital (PB) 500 liver 20
Non-hepatocarcinogens
7 Benzo[a]pyrene (B[a]P) 200 no adequate data available 21
8 N-Butyl-N-(4-hydroxybutyl)nitrosamine 1,000 bladder 22,23
(BBN)
9 Butylated hydroxyanisole (BHA) 10,000 forestomach 24
10 Catechol 8,000 glandular stomach, forestomach 25
11 7,12-Dimethylbenz[a}anthracene 100 mammary gland, ear duct, 26
(DMBA}) forestomach
12 3-Methylcholanthrene {3-MC) 200 forestomach, mammary gland 27
13 N-Methyl-N"-nitro-N-nitrosoguanidine 50 glandular stomach, forestomach, 28, 29
(MNNG) esophagus, small intestine
Noncarcinogen
14 Caprolactam 10,000 — 30
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Fig. 1.

Experimental design. DMD treatment: Animals were

sequentially given DEN (100 mg/kg, ip, single dose at the
commencement), MNU (20 mg/kg, ip, 4 times during weeks 1
and 2) and DHPN (0.1%, in the drinking water during weeks
3 and 4). For test chemical details, see Table L

tained at a temperature of 22+ 2°C, a relative humidity
of 551:10% and a 12-h light/dark cycle. After a one
week acclimation period, they were used in this study.

Chemicals DEN (Tokyvo Kasei Kogyo Co., Ltd.,
Tokyo), MNU (Iwai Chemical Co., Tokyo) and DHPN
(Nakalai Tesque Inc., Kyoto) were used in the initiation
treatment. Fourteen chemicals, comprising 6 hepatocar-
cinogens, 7 non-hepatocarcinogens and one non-carcin-
ogen, were selected for the investigation of modification
potential. Chemical names, dose levels and known target
sites are summarized in Table I."*” They were obtained

from the following suppliers (chemical nos. 1, 4-8,
11-13, Tokyo Kasei Kogyo Co. Ltd., Tokyo; nos. 2, 9,
10, 14, Wako Pure Chemical Industries, Osaka; no. 3,
Aldrich Chemical Co., Milwaukee, Wis.).

Experimental design A total of 310 rats were divided
randomly into 3 groups, groups I and IIT then being
subdivided into subgroups (15 rats each for groups I 1-
14, 5 rats each for groups IIT 1-14) for treatment with
test compounds as shown in Fig. 1 and Table I. Animals
in groups I and II (30 rats) were treated sequentially
with DEN (100 mg/kg, ip, single dose at commence-
ment), MNU (20 mg/kg, ip, 4 times during weeks 1 and
2) and DHPN (0.1%, in drinking water, during weeks 3
and 4), as previously reported.”''” Starting 4 weeks
later, the rats in groups I and III were administered the
test compounds. Group II animals were given basal diet
and tap water after the first step procedure and served as
controls. Group III received vehicles without carcino-
gens during the first step treatment period. All animals
were killed under ether anesthesia for examination of
lesion development at week 20.

Histopathelogical examination and quantitation of
glutathione S-transferase (GST-P)-positive foci At au-
topsy, the liver, kidneys, spleen and thyroid were im-
mediately excised and weighed, and organ-to-body
weight ratios calculated. The livers were cut into about 3
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mm thick sections with a razor blade and fixed in ice-
chilled acetone for subsequent immunohistochemical
staining of GST-P. The numbers and areas of GST-P-
positive foci greater than 0.2 mm in diameter were mea-
sured using a color video image processor (SPICCA-II,
Nippon Avionics Co., Tokyo). The results were assessed
by comparing the values between group I and group IL
The following organs of each rat were also examined
histopathologically: heart, lymph node, spleen, bone
marrow, thymus, thyroid, adrenal, nasal cavity, trachea,
lung, tongue, esophagus, stomach, small intestine, large
intestine, pancreas, liver, kidney, urinary bladder, testis,
prostate, seminal vesicle, brain, spinal cord and other
tissues of abnormal appearance.

Statistical analysis The significances of intergroup
differences in numerical data obtained for body weight,
organ weight, and enzyme-altered foci were assessed
using the two-sided Student’s ¢ test. Insufficient homoge-
neity of variance was corrected with respect to the degree
of freedom according to the method of Welch.

2-AAF
Clofibrate

DDPM
Ethionine

3'-Me-DAB

rB

RESULTS

Growth rates among the groups I-1-14 and II were
essentially similar during the DMD treatment period of 4
weeks. Marked body weight retardation was found in
rats given ethionine, DDPM and clofibrate as the second-
step treatment. However, no treatment-related deaths
occurred in any group.

Organ weights Prominent increases of liver weight were
found in rats which received the strong hepatocarcin-
ogens, 2-AAF and 3’-Me-DAB, and moderate increases
were seen in rats fed phenobarbital, ethionine and
clofibrate (data not shown). Statistically significant in-
creases of liver weight were also observed in animals
treated with non-hepatocarcinogens, BBN, BHA,
catechol, DMBA and 3-MC. Marked thyroid weight
increase was noted in rats fed DDPM, and a slight
increase was seen in rats given PB.

Quantitative evaluation of GST-P-positive foci As
shown in Fig. 2, relative values of the numbers and areas
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Fig. 3. Development of squamous cell hyperplasia (EEEI),

papillomas (E52J) and carcinomas (Illll) in the esophagus and
forestomach. Induction of submucosal hyperplasia (FEZZE) and
adenoma (EZZ) in the glandular stomach.

of GST-P-positive foci per square centimeter in animals
exposed to strong hepatocarcinogens, namely 2-AAF and
3’-Me DAB, after DMD treatment were markedly in-
creased as compared to the values for rats treated DMD
alone. The other hepatocarcinogens, ethionine, DDPM
and PB also clearly enhanced the development of GST-P-
positive foci, while clofibrate inhibited their induction.
Among the non-hepatocarcinogens tested, BBN, 3-MC
and DMBA also significantly enhanced the development
of GST-P-positive foci, while BHA and catechol exerted
inhibitory effects. MNNG, B[a]P and caprolactam did
not quantitatively influence the GST-P-positive foci.

Esophagus, forestomach and glandular stomach Fig. 3
summarizes values only for the chemicals which signifi-
cantly increased the induction of preneoplastic and neo-
plastic lesions. MNNG treatment was associated with a
statistically significant increase in the incidence of
squamous cell hyperplasia of the esophagus. Catechol
significantly increased the incidences of squamous cell
hyperplasia and papilloma of the forestomach, as com-
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Fig. 4. Induction of PN hyperplasia (EE==), papilloma(EE2R),
and carcinoma (EEEER) in the urinary bladder.

pared to the DMD-pretreated control values. A
squamous cell carcinoma was found in this catechol
group. Catechol also significantly increased the incidence
of hyperplasias (submucosal hyperplasia) and adenomas
of the glandular stomach. In the non DMD-treatment
group, catechol itself induced hyperplasia of the fore-
stomach and hyperplasia and adenoma of the glandular
stomach at low incidences.

Urinary bladder All rats exposed to BBN, a strong and
specific urinary bladder carcinogen, demonstrated
papillary or nodular (PN) hyperplasia and papillomas,
with or without DMD treatment. A high incidence of
transitional cell carcinomas was also found in rats given
DMD and then BBN (Fig. 4), Clofibrate posi-treatment
significantly increased the incidence of PN hyperplasia
(5 out of 15, 33%) and was associated with papilloma
development (1 out of 15, 7%). No proliferative urinary
bladder lesions were found in either carcinogen-
pretreated controls (group II) or the clofibrate alone
group {group III-2}. BHA, an established urinary blad-
der tumor promoter, as well as ethionine caused simple
hyperplasia (data not shown), but not PN hyperplasia or
papilloma, in the present study.

Thyroid DDPM, a thyroid carcinogen and goitrogen, .
significantly enhanced the development of follicular cell
hyperplasias, adenomas, and follicular cell carcinomas
(100%), as shown in Fig. 5. Eight out of 15 rats (53%)
in this group had metastasis to the lung. Although
DDPM alone also induced diffuse follicular hyperplasia
(goiter), no preneoplastic or neoplastic lesions were
found.
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PB, a known thyroid tumor promoter, also clearly
enhanced the development of follicular cell hyperplasias
and adenomas. In contrast, clofibrate and ethionine ex-
erted clear inhibitory effects on follicular cell hyperplasia
and adenomas. PB, clofibrate or ethionine alone did not
cause any change in thyroid follicular tissue.

Lung 3-MC and 2-AAF showed a tendency for increas-
ing the incidence of alveolar type II cell adenomas, but

[ Thyroid ]
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Fig. 5. Development of follicular cell hyperplasia

follicular cell adenoma (E223) and follicular cell carcmoma
(BEER) in the thyroid.

Table II.

this was not statistically significant (data not shown).
Although all rats which received the DMD treatment
developed alveolar type II cell hyperplasia, there were no
significant differences in the incidences of this lesion
between the DMD alone and the DMD plus test chemi-
cal groups. In the non DMD-treatment group, prolifera-
tive lesions were not observed in the lung.
Other organs While DMD treatment induced preneo-
plastic and/or neoplastic lesions in the nasal cavity,
kidney and seminal vesicle, no second-stage modification
was found in any group. A case of hyperplasia of
the tongue was found in the DMD+catechol group.
A case of basophilic foci development in the pancreas
was noted in the DMD-+DMBA group. Medullary
hyperplasia of the adrenals was seen in one DMD+
2-AAF group animal. Adenomas of the Zymbal gland
were found in single DMD+BBN and DMD+DMBA
group rats. One case of neurofibroma of the spinal cord
was observed in the DMD+DMBA group.

The site-specific modification effects of the different
agents investigated are summarized in Table IIL

DISCUSSION

The results of the present investigation clearly
demonstrated that modification potential of test agents
can be assessed at the whole-body level, a great advan-
tage as compared to previous initiation-promotion proto-
cols for single organs. Eleven out of 14 test chemicals
possessed modifying effects, 7 agents exerting enhancing
and/or inhibiting effects on more than two types of
neoplastic lesions.

Summary of Modification of Carcinogenic Response by Test Chemicals

Test chemicals Liver Esophagus

Forestomach

Glandular

stomach Bladder

Thyroid

2-AAF
Clofibrate
DDPM
Ethionine
3'.Me-DAB
PB

B[a]P

BBN

BHA
Catechol
DMBA
3-MC
MNNG
Caprolactam

| | = | o uhmp fmmp

ek 2 A I R U

R
R RN
R R i

L R

1, strong enhancement; 1, weak enhancement; #, strong inhibition; | , weak inhibition; —, no modification.
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The most striking finding in the present study was that
clofibrate, a hypolipidemic medicine and peroxisome pro-
liferator, exerted a weak enhancing effect on urinary
bladder carcinogenesis, and an inhibiting influence on
thyroid carcinogenesis. It was previously reported that
clofibrate, a known non-genotoxic hepatocarcinogen, '™ !¢
did not possess tumor-promoting activity in any organ
other than the liver.'® This illustrates the great advantage
of the present approach.

All of the hepatocarcinogens tested, with the exception
of clofibrate, clearly enhanced the development of en-
zyme-altered hepatocellular foci, in agreement with the
resuits of a medium-term bioassay system based on the
liver.” The non-hepatocarcinogen, 3-MC showed
strong tumor-promoting activity on liver carcinogenesis,
while BBN and DMBA also possessed weak enhancing
effects in confirmation of the positive results gained using
a modified liver medium-term bioassay system.’” This
provides further support for the conclusion that the
present wide-spectrum carcinogenesis model is useful for
the detection of liver tumor promoters and carcinogens.

Catechol, a natural antioxidant and stomach carcino-
gen,” enhanced the incidence of hyperplasia in both the
forestomach and glandular stomach. In contrast, BHA*
and MNNG,* * which are known to target the stomach,
did not induce any preneoplastic or neoplastic stomach
lesions, presumably due to the low exposure level to these
chemicals. MNNG induced hyperplasia in the esophagus,
but not the small intestine in the present study. This
suggests that the critical dose for appearance of modify-
ing activity on tumor development may be organ-specific.

Among the 14 chemicals tested, DDPM'” and PB,*"
which are known to target the thyroid, obviously en-
hanced follicular cell tumor development after pre-
treatment with the three carcinogens in the present inves-
tigation. Furthermore, clofibrate>'® and ethionine,'®
not hitherto reported to act as inhibitors of thyroid
turmnorigenesis, clearly reduced the induction of follicular
cell tumors, the other chemicals being inactive. The
results thus indicate that the wide-spectrum initiation
(DMD) model may be particularly useful as a tool for
the detection of thyroid carcinogens or modifiers.
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