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The effects of sodium nitrite (NaNO,) and catechol or 3-methoxycatechol in combination were
examined in male F344 rats. Animals were treated with 0.3% NaNOQ, in the drinking water and 0.8%
catechol or 2% 3-methoxycatechol in powdered diet for 24 weeks. While catechol or 3-
methoxycatechol alone induced low incidences of mild or moderate hyperplasia, simultaneous
administration of NaNO, markedly enhanced the degree of hyperplasia and papilloma formation. In
contrast, induction of submucosal hyperplasia and adenomas in the glandular epithelium was reduced.
Thus, the results indicate that NaNQ, can modulate the metabolism of antioxidants, so that, possibly

via production of new active moieties, targeting of forestomach epithelium is enhanced.
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Recently the phenolic antioxidants butylated hydroxy-
anisole (BHA), caffeic acid, sesamol and catechol have
been shown to be carcinogenic for rodent forestomach or
glandular stomach epithelium.'™ Of these compounds
BHA, caffeic acid and catechol all enhanced two-stage
rat stomach carcinogenesis initiated with N-methyl-N'-
nitro-N-nitrosoguanidine (MNNG),*® 7,12-dimethyl-
benz[a)anthracene,'” dibutylnitrosamine'” or methyl-
nitrosourea.'* ' However, the same group of phenolic
antioxidants is well known to be capable of inhibiting
carcinogenesis by reducing active nitrosamine formation.
For example, chlorogenic acid, caffeic acid, ferulic acid,
gallic acid and syringol have been shown to block in vive
or in vitro formation of nitrosamines'*"” or to inhibit in
vivo tumor induction by NaNO, and amines.'® On the
other hand, the reaction of phenol with NaNOQ, under
mildly acidic conditions produces p-nitrosophenol and
diazoquinones, p-diazoquinone being known to be
mutagenic to Salmonella typhimurium TA 98 and TA
100 without metabolic activation.'® Similarly, phenol, 3-
methoxycatechol and catechol all exhibited direct-acting
genotoxicity as evaluated by the SOS chromotest after
nitrosation, diazonium compounds being considered to
be responsible for the genotoxicity.'” These results in-
dicate that NaNO, may modulate catechol-induced stom-
ach lesion development and that combined treatment
with NaNO, and 3-methoxycatechol may induce tumors
in the stomach by alternative metabolic pathways. The
present paper concerns the effects of NaNQ, and the
phenolic antioxidants catechol or 3-methoxycatechol on
rat stomach epithelia when given in combination.

Groups of 10 F344 male rats at 10 weeks of age
{Charles River Japan Inc., Kanagawa) were treated with
0.3% NaNO, in the drinking water and simultaneously
administered 0.8% catechol (CAS 120-80-90, purity
>98%) or 2% 3-methoxycatechol (CAS 934-00-9,
purity > 98%%) in Oriental MF powdered basal diet
(Oriental Yeast Co., Tokyo) for 24 weeks. Additional
groups received the 0,39 NaNQ,, 0.8% catechol, 2% 3-
methoxycatechol or basal diet alone for the same period.
All chemicals were obtained from Wako Pure Chemical
Industries, Osaka. Animals were kept 5 to a plastic cage
in an air-conditioned room at 24+2°C, and food and
water were given ad [ibitum. All animals were killed
under ether anesthesia at the end of the experimental
period, and complete autopsy was performed. Stomachs
were removed and injected with 109 buffered formalin
solution. After opening along the greater curvature, six
strips each were cut from the anterior and posterior walls
of the forestomach and 6 strips were cut from the pyloric
region of the glandular stomach. Tissues were processed
routinely and stained with hematoxylin and eosin. The
Fisher exact test and Student’s ¢ test were used for the
statistical analysis of the data.

Final body weights of animals treated with antioxidant
or NaNQ, were significantly lower than those of rats re-
ceiving basal diet alone. Combined treatment with anti-
oxidants and NaNO, further reduced the body weights
as compared to the antioxidant-alone group values. Food
consumption of animals treated with antioxidants and
NaNO, was also slightly lower than that of animals on
antioxidant alone (Table I). Grossly, the stomach con-
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Table 1. Final Body and Organ Weights, and Food Consumption Data

Relative Food

Treatment Nr(-:l:f BO?;)M' ~ organ wi. (/100 g body wt.) consumption

) Liver Kidney (g/rat/day)
Catechol + NaNO, 10 279.2+18.19 2.46+0.059 0.7420.04% 13.1
Catechol 10 356.7+4 18.2% 2.72 +0.09Y 0.64 0.06” 14.1
3-Methoxycatechol + NaNO, 10 292.6+15.67 2.4210.119 0.68 10.039 14.1
3-Methoxycatechol 10 379.7+18.9 2.64+0.13% 0.60+0.04" 14.5
NaNO, 10 342.3+14.3 2,201+0.07 0.60 1 0.02% 12.9
Basal diet 10 395.320.5 2.271+0.08 0.554+0.02 15.0

b) P<0.01 vs. basal diet group.

Fig. 1.

Stomach of a rat treated with 3-methoxycatechol and
NaNQ, for 24 weeks. Note prominent thickening of the black-
ened forestomach epithelium with papillary projections.

tents and forestomach epithelia of rats treated with
NaNO, plus antioxidants demonstrated blackening and
marked papillary projections with dense keratin-like ma-
terial being evident scattered throughout the epithelium
(Fig. 1). No such abnormalities were observed in the
forestomach of rats treated with catechol or 3-methoxy-
catechol alone (Fig. 2). The pyloric region of the glandu-
lar stomach of rats treated with catechol or 3-methoxy-
catechol was thickened nodularly, but the changes were
much less in animals treated with NaNO, plus catechol
or NaNOQ, plus 3-methoxycatechol. Histological changes
in the forestomach were classified into hyperplasias and
papillomas, hyperplasias being further divided into mild,
moderate, severe and marked categories depending on
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a) P<0.01 vs. catechol, 3-methoxycatechol, or NaNOj; alone group.

8909186 |/

Fig. 2. Stomach of a rat treated with 3-methoxycatechol alone
for 24 weeks. Small nodular lesions are evident in the pyloric
glandular region.

the thickness of the mucosa, as previously reported.™
As listed in Table II, one rat and 5 rats, respectively,
treated with NaNQO, plus catechol, and NaNQ, plus 3-
methoxycatechol, had papillomas. Moderate hyperplasia
was not found in rats receiving catechol alone, and only
20% of rats had moderate hyperplasia in those receiving
3-methoxycatechol alone. However, simultaneous treat-
ment with NaNO, markedly enhanced the incidences of
moderate, severe and marked hyperplasia, i.e., all rats
treated with catechol plus NaNO, had moderate, 80%
had severe and 2% had marked hyperplasia; all rats
treated with 3-methoxycatechol plus NaNO, had mod-
erate and severe hyperplasia and 50% demonstrated
marked hyperplasia. In the glandular stomach, lesions
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Table 1T, Histopathological Findings in the Forestomach
No. of rats with
Treatment N]_Z't:f Hyperplasia Papilloma
Mild Moderate Severe Marked

Catechol+NaNOQO, 10 1049 10%9 e 9 2 I}
Catechol 10 50 0 0 0 0
3-Methoxycatechol + NaNQ, 10 109 10%9 10%9 559 5%
3-Methoxycatechol 10 79 2 0 0 0
NaNO, 10 4 3 0 0 0
Basal diet 10 0 0 U] 0 0]

a) P<0.01, b) P<0.05 vs, catechol or 3-methoxycatechol alone group.

¢) P<0.05, dy P<0.05 vs. NaNO, alone group.
e) P<0.01, ) P<0.05 vs. basal diet group.

Table III. Histopathological Findings in the Glandular
Stomach
Nao. of i
Treatment No. of Submucosal e
rats . Adenoma
hyperplasia
Catechol +NaNOQ, 10 39 19
Catechol 10 10 107
3-Methoxycatechol 10 19 2
+NaNO,
3-Methoxycatechol 10 9 79
NaNQ, 10 0 0
Basal diet 10 0 0]

a) P<0.01 vs, catechol or 3-methoxycatechol group.
8 P<0.01 vs. basal diet group.

were classified into submucosal hyperplasia (submucosal
growth) and adenoma (adenomatous hyperplasia) cate-
gories as previously reported.**? All rats treated with
catechol had submucosal hyperplasia and adenomas,
and 9 and 7 rats treated with 3-methoxycatechol had
submucosal hyperplasia and adenomas, respectively. The
incidences of these lesions were remarkably reduced by
the combined treatment with NaNOQ, (Table III}.
Phenolic compounds have been shown to catalyze or
inhibit nitrosamine formation by the interaction of
amines and NaNO,."*'? However, the present experiment
clearly demonstrated that the target organ for induction
of cell proliferation by phenolic antioxidants can be
altered by treatment in combination with NaNQ,. Thus,
in the present study catechol and 3-methoxycatechol
induced strong cell proliferation in the glandular stom-
ach epithelium as evidenced by the induction of sub-
mucosal hyperplasia and adenomas, but combined ad-
ministration of NaNO, strongly reduced their activity.
On the other hand NaNQO, remarkably enhanced the

development of proliferation-associated lesions in the
forestomach of rats treated with catechol or 3-methoxy-
catechol.

Although the decreased incidences of adenomas and
submucosal hyperplasia in rats treated with antioxidants
and NaNOQ, could be partly due to reduced food con-
sumption and therefore decreased antioxidant intake, the
observed shift in target site favors the interpretation that
alternative reactive metabolites exist. Thus, in place of
those which induce glandular stomach cell proliferation,
other metabolites, targeting the forestomach epithelium
and associated with blackening, appeared to be formed
by the reaction with NaNO,. It has been shown that
phenol reacts with nitrite to produce nitrosophenol,*"
p-diazoquinone and o-diazoquinone.'” Interestingly, p-
diazoquinone proved to be mutagenic in S. typhimurium
TA 98 and TA 100 without metabolic activation.'™ Simi-
larly, Ohshima et al. reported that 3-methoxycatechol
and catechol could produce direct-acting mutagenic
diazonium compounds after nitrosation under acidic
conditions in vitro."” Although it is not known whether
nitrosated phenolic compounds or diazoquinone metabo-
lites are indeed formed in vivo in the rat stomach treated
with antioxidants and NaNQ,, it is not likely that such
mutagenic compounds are responsible for the develop-
ment of catechol-induced glandular stomach lesions be-
cause catechol treatment-associated DNA-adducts could
not be demonstrated by the enzymic *P-postlabeling
method.”™ Furthermore catechol did not induce single-
strand DNA breaks™ in the rat stomach epithelium
while inducing cell proliferation and cancers in the glan-
dular stomach.”

It is of interest that a high incidence of adenomas in
the rat was found after treatment with 3-methoxycate-
chol alone for 24 weeks in the present study. We earlier
demonstrated glandular stomach carcinogenicity and/or
promotion of glandular stomach carcinogenesis for a
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number of o-dihydroxybenzene derivatives, i.e. catechol,
p-methylcatechol and p-t-butylcatechol.”*” Therefore 3-
methoxycatechol, which has been identified in wood
smoke condensates, appears to be a new phenolic com-
pound targeting the glandular stomach epithelium. Cur
present results are supported by those of Ohshima et
al,” who showed that hickory smoke condensates
(HSC) which contain catechol and o-methoxycatechol
induced ornithine decarboxylase (ODC), replicative
DNA synthesis {RDS) and DNA single-strand breaks in
the rat pyloric mucosa, but the administration of HSC
with NaNO, decreased the induction of ODC, RDS and
DNA single-strand breaks. These results indicate that
tumor-initiating and/or tumor-promoting activities of
HSC would be diminished by simultaneous treatment
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with NaNQ,. The present results further suggest that
catechol and 4-methoxycatechol may be strongly car-
cinogenic to rat forestomach in the presence of NaNQ,,
considering the strong correlation between cell prolifera-
tion and carcinogenicity” and the marked hyperplasia
and papillomas observed in the present case.

This work was supported in part by Grants-in-Aid for
Cancer Research from the Ministry of Education, Science and
Culture, a grant from the Ministry of Health and Welfare,
Japan, and a grant from the Society for Promotion of Pathol-
ogy of Nagoya. We greatly appreciate the suggestions given by
Dr. H. Ohshima of the International Agency for Research on
Cancer, Lyon.

(Received April 13, 1990/Accepted June 20, 1990)

N'-nitro-N-nitrosoguanidine. Carcinogenesis, 10, 2223
2226 (1989).

10} Hirose, M., Masunda, A., Fukushima, 8. and Ito, N. Effects
of subsequent antioxidant treatment on 7,12-dimethylbenz-
(a)anthracene-initiated carcinogenesis of the mammary
gland, ear duct, and forestomach in Sprague-Dawley rats.
Carcinogenesis, 9, 101-104 (1988).

11) Fukushima, S., Sakata, T., Tagawa, Y., Shibata, M.,
Hirose, M. and Ito, N. Different modifying response of
butylated hydroxyanisole, butylated hydroxytoluene, and
other antioxidants in N,N-dibutylnitrosamine esophagus
and forestomach carcinogenesis of rats. Cancer Res., 47,
2113-2116 (1987).

12) Tsuda, H., Sakata, T., Shirai, T., Kurata, Y., Tamano, S.
and Ito, N. Modification of N-methyl-N-nitrosourea ini-
tiated carcinogenesis in the rat by subsequent treatment
with antioxidants, phenobarbital, and ethinyl estradiol.
Cancer Lett., 24, 19-27 (1984).

13) Imaida, K., Fukushima, 8., Shirai, T., Masui, T., Ogiso,
T. and Ito, N. Promoting activities of butylated
hydroxyanisole, butylated hydroxytoluene, and sodium L-
ascorbate on forestomach and urinary bladder carcino-
genesis initiated with methylnitrosourea in F344 male rats.
Gann, 75, 769-775 (1984).

14) Pignatelli, B., Bereziat, C. J. A., Descotes, G. and Bartsch,
H. Catalysis of nitrosation in vitro and in vivo in rats by
catechin and resorcinol and inhibition by chlorogenic acid.
Carcinogenesis, 3, 1045-1049 (1982).

15) Kuenzig, W., Chau, J., Norkus, E., Holowaschenko, H.,
Newmark, H., Mergens, W. and Conney, A. H. Caffeic
and ferulic acid as blockers of nitrosamine formation.
Carcinogenesis, 5, 309-313 (1984),

16} Mirvish, S. S., Cardesa, A., Wallcave, L. and Shubik, P.
Induction of mouse lung adenomas by amines or ureas plus
nitrite and by N-nitroso compounds: effect of ascorbate,
gallic acid, thiocyanate, and caffeine. J. Natl Cancer Inst.,



55, 633-636 (1975).

17) Virk, M. S. and Issenberg, P. Effects of phenol and 2,6-

dimethoxyphenol (syringol) on in vivo formation of N-
nitrosomorpholine in rats. Carcinogenesis, 7, 867-870
(1986).

18) Kikugawa, K. and Kato, T. Formation of a mutagenic

19)

20)

diazoquinone by interaction of phenol with nitrite. Food
Chem. Toxicol., 26, 209-214 (1988).

Ohshima, H., Friesen, M., Malaveille, C., Brouet, 1.,
Hautefeuille, A. and Bartsch, H. Formation of direct-act-
ing genotoxic substances in nitrosated smoked fish and
meat products: identification of simple phenolic precursors
and phenyldiazonium ions as reactive products. Food
Chem. Toxicol, 27, 193-203 (1989).

Hirose, M., Yamaguchi, 8., Fukushima, S., Hasegawa, R.,
Takahashi, S. and Ito, N. Promotion by dihydroxy-
benzene derivatives of N-methyl-N'-nitro-N-nitrosogua-
nidine-induced F344 rat forestomach and glandular stom-
ach carcinogenesis. Cancer Res., 49, 5143-5147 (1989).

21)

22)

23)

24)

NaNOQ, and Antioxidants in Combination

Challis, B. C. Rapid nitrosation of phenols and its im-
plications for health hazards from dietary nitrites. Nature,
244, 466 (1973).

Nakagawa, S., Kogiso, S., Yoshitake, A., Hirose, M, and
Ito, N. *P-postlabeling analysis of DNA adducts in the
forestomach and glandular stomach of rats treated with
catechol or related phenolic compounds. Proc. Jpn. Cancer
Assoc., 48th Annu. Meet., 70 {1989).

Furihata, C., Hatta, A. and Matsushima, T. Inductions of
ornithine decarboxylase and replicative DNA synthesis but
not DNA single strand scission or unscheduled DNA
synthesis in the pyloric mucosa of rat stomach by catechol.
Jpu. J. Cancer Res., 80, 1052-1057 (1989).

Ohshima, H., Furihata, C., Matsushima, T. and Bartsch,
H. Evidence of potential tumor-initiating and tumor-
promoting activities of hickory smoke condensate when
given alone or with nitrite to rats. Food Chem. Toxicol, 27,
511-516 (1989).

861





