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Inductions of Ornithine Decarboxylase and DNA Synthesis in Rat Stomach Mucosa

by Formaldehyde

Chie FurHaTA, Akira Yamakostl and Taijiro MATSUSHIMA -
Department of Molecular Oncology, Institute of Medical Science, University of Tokyo, 4-6-1 Shirokanedai,

Minato-ku, Tokyo 108

Administration of formaldehyde at doses of 11 to 110 mg/kg body weight by gastric intubation
to male F344 rats induced up to 100-fold increase in ornithine decarboxylase activity with a
maximum after 16 hr and up to 49-fold increase in DNA synthesis with a2 maximum after 16 hr in
the pyloric mucosa of the stomach. These resuits suggest that formaldehyde has tumor-promoting
activity in carcinogenesis in the glandular stomach.
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Takahashi er al reported that formalde-
hyde (FA)), which is a ubiquitous aldehyde in
our environment, enhanced two-stage gastric
carcinogenesis in rat stomach induced by
N - methyl - N - nitro - N - nitrosoguanidine
(MNNG).” We have developed a method for
screening for possible stomach tumor pro-
moters using induction of ornithine decarbox-
ylase (ODC) activity and DNA synthesis as
markers.”® In this study we examined the
induction of ODC activity and DNA synthe-
sis in the glandular stomach mucosa of rats
after gastric intubation of FA. The results
showed the possible tumor-promoting activity
of FA in the glandular stomach. Part of this
work has been published previously.?

MATERIALS AND METHODS

Animals Male Fischer rats (F344/Du Crj: Charles
River Japan, Inc., Kanagawa), 7 weeks old, were
kept in individual cages and given a restricted
amount of diet overnight.” The following day they
were given 1 ml of FA (reagent grade, Wako Pure
Chemical Industries, Ltd., Osaka) in water (0.185-
1.85%) by pgastric intubation between 8 and 10
a.m. except that in a 16-hr experiment, they were
given FA at 6 p.m. Control animals were given the
same volume of water.

ODC Activity ODC activity in the crude extracts
from the pyloric mucosa of the stomach was deter-
mined with L-[1-"*C]ornithine (54.3 mCi/mmol,
New England Nuclear, Boston, MA) as a sub-
strate, as described previously.”® Results are ex-
pressed as means of duplicate assays in pooled
materials from four rats.
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DNA Synthesis DNA synthesis in the pyloric
mucosa of the stomach was determined in in vitro
organ culture in the presence of tritiated thymidine
([’H]dThd, 80.9 Ci/mmol, New England Nu-
clear) after administration of FA in vivo as de-
scribed previously.* ™ Incorporation of [*H]dThd
into DNA was determined with a liquid scintilla-
tion counter. Results in each experiment are given
as means of values in five individual rats.

REsuLTS

Induction of ODC Activity Figure 1 shows
the induction of ODC activity in the pyloric
mucosa of rat stomach after administration of
FA at a dose of 110 mg/kg body weight. ODC
activity in the pyloric mucosa of control rat
stomach (3.7 £4.0 pmol CO,/30 min/mg pro-
tein) was at about the lowest limit measurable
by the present assay method. ODC activity
was increased 4 to 48 hr after FA administra-
tion, with a maximum after 16 hr. Figure 2
shows the dose-dependence of induction of
ODC activity in the pyloric muccsa 16 hr
after administration of FA at doses of 11 to
110 mg/kg body weight. A dose of 110 mg/kg
body weight induced more than 100-fold in-
crease in ODC activity, resulting in release of
350 pmol CQ,/30 min/mg protein. ODC ac-
tivity in the forestomach epithelium of control
rats (1.6 1.6 pmol CO,/30 min/mg protein)
was at about the lowest limit measurable by
the present assay method. ODC activity was
not induced in the forestomach epithelium for
up to 48 hr (data were not shown). These
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results show the tissue-specific induction of
ODC activity in the pyloric mucosa by FA.

Stimulation of DNA Synthesis Figure 3
shows the increase of DNA synthesis in the
pyloric mucosa of rat stomach after adminis-
tration of FA at a dose of 110 mg/kg body
weight. DNA synthesis is always observed in
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Fig. 1. Induction of ODC activity in the pyloric
mucosa of rat stomach by FA at a dose of 110 mg/
kg body weight. Results are means of duplicate
assays on pooled materials from four rats.
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Fig. 2. Dose-dependentinduction of ODC activity
in the pylotic mucosa 16 hr after administration of
FA.
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the cells in the proliferative zone of the pylo-
ric mucosa of normal rat stomach, where the
cells are renewed. DNA synthesis at time O in
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Fig. 3. Increase of DNA synthesis in the pyloric
mucosa induced by FA at a dose of 110 mg/kg
body weight. Results at each time are for five
individual rats, and horizontal lines are means of
the five values. Values are significantly different
from that at time O by Student’s rtest at 4 hr (P<
0.02), 6 and 16 hr (P<0.01) and 24 hr (P<0.001).
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Fig. 4. Dose-dependent increase in DNA synthe-
sis in the pyloric mucosa 16 hr after administration
of FA. Values are significantly different from that
without treatment by Student’s rtest for 22 mg
(P<0.02), 55 mg (P<0.05) and 110 mg (P<
0.001) of FA.
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Fig. 3 represents the level of DNA synthesis in
control pyloric mucosa (168+71 dpm [*H]-
dThd/zg DNA). DNA synthesis was in-
creased 4 to 48 hr after FA administration,
with a maximum after 16 hr. Figure 4 shows
the dose-dependence of stimulation of DNA
synthesis in the pyloric mucosa 16 hr after
administration of FA at doses of 22 to 110
mg/kg body weight. A dose of 110 mg/kg
body weight induced a 49-fold increase in
DNA synthesis with incorporation of 13600
dpm of [’H]dThd into 1 zg of DNA.

DiscussioN

Rats were given 0.185% FA in their drink-
ing water in two-stage gastric carcinogenesis
initiated by MNNG." This daily dose of FA is
calculated to be about 75 mg/kg body weight.
Even lower doses of FA induced ODC activ-
ity and DNA synthesis in the pyloric mucosa
in the present experiment, Reagent-grade FA
contains 7-13% methyl alcohol as a stabilizer.
Even the same amount of methyl alcohol as in
the highest dose of FA used did not increase
ODC activity or DNA synthesis in the pyloric
mucosa of the stomach (data not shown).

We have found that sodium chloride,
sodium taurocholate and potassium metabi-
sulfite, which enhance or promote carcino-
genesis in the glandular stomach of rats ini-
tiated by MNNG,"*? induced ODC activity
and stimulated DNA synthesis in rat stomach
mucosa.**® We have also reported that
glyoxal, which is present in various fermented
foods and heated foods containing carbohy-
drate, induces ODC activity and DNA syn-
thesis in rat stomach mucosa and we have
suggested its possible tumor-promoting activ-
ity.* In fact Takahashi ez al.'® recently showed
that glyoxal enhanced two-stage gastric
carcinogenesis in the glandular stomach of
rats initiated by MNNG. We have also
reported that glandular stomach carcinogens
such as MNNG, N-ethyl-N’-nitro-N-nitroso-
guanidine, N-propyl-N ’-nitro-N-nitrosogua-
nidine, 4-nitroquinoline 1-oxide (4NQQO) and
N-nitroso-N-methylurethane (NMUT) in-
duced ODC activity and stimulated DNA
synthesis in rat stomach mucosa.'” MNNG,
4NQO and NMUT induced ODC activity and
DNA synthesis in the pyloric mucosa at
similar doses in long-term experiments on
stomach carcinogenesis. Ethyl alcohol at toxic
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doses to the stomach and nongastric carcino-
gens such as 2-acetylaminofluorene, dimethyl-
nitrosamine and Trp-P-2 did not induce ODC
activity or stimulate DNA synthesis in the
glandular stomach.'” At present, ail the glan-
dular stomach carcinogens and tumor pro-
moters examined have been found to induce
ODC activity and stimulate DNA synthesis in
the glandular stomach mucosa. These results
suggest that the inductions of ODC activity
and DNA synthesis are useful markers of
possible tumor-promoting activity in the glan-
dular stomach mucosa. Possible stomach-
tumor promoters can be predicted by this in
vivo short-term assay.

Of the five glandular stomach tumor pro-
moters examined (FA, glyoxal, K,8,0;, NaCl
and taurocholate), FA induced ODC activity
and stimulated DINA synthesis at the lowest
doses. FA also promoted two-stage gastric
carcinogenesis at the lowest dose (0.1859; FA
in drinking water).” The potencies of the
glandular stomach tumor promoters in induc-
ing ODC activity and in stimulating DNA
synthesis in the pyloric mucoesa of rat stomach
were generally related to their tumor-promot-
ing potencies in two-stage gastric carcino-
genesis. As only one dose of tumor promoter
was examined in each long-term two-step ex-
perimental stomach carcinogenesis, relative
potencies of these five glandular tumor pro-
moters in tumor-promoting activities can not
be estimated precisely at present.
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