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Acute nitrite intoxication of animals is manifested primarily as methemoglobinemia,
anoxia, and secondary effects of vasodilation (Chow et a. 1980, Druckery et al.
1963). Nitrite-treated rats also show a decrease in the absorption of D-xylose in the
intestinal mucosa (Grudzinski and Szymanski 1991a, 1991b). Other nitrite-induced
toxic effects may include abdomina pain, diarrhea, and atrophied intestinal villi
(Grudzinski et a. 1991, Kaemmerer 1965, Roediger and Radcliffe 1988). Recently,
sodium nitrite has been shown to increase apoptotic cell death in the intestina
crypts of mice (Grudzinski and Law 1998).

Evidence exists that polyamines putrescine, spermidine, and spermine play an
important role in both cellular proliferation and differentiation (Hebby 1982).
Furthemore, numerous studies indicate that ornithine decarboxylase, which forms
putrescine by decarboxylation of ornithine, is implicated in neoplastic growth
(Higuchi and Wang 1995). Since nitrite has been found to decrease crypt survival
in the smal intestine of mice (Grudzinski and Jednorog 1995), the mechanism(s) of
nitrite-induced toxicities probably is related to the renewal processes of the
intestinal mucosa (Patel et al. 1996).

The aim of this study was to examine the dose-response relationships between
sodium nitrite and the proliferation processes of the small intestina mucosa. The
possibility that nitrite-induced toxicity might be related to the biosynthesis of
polyamines in the small intestine also was investigated.

MATERIALS AND METHODS

Sixty male B6C3F1 mice aged about 10-12 weeks were quarantined for at least 2
weeks in a room with a 12/12 hr light-darkness cycle, 22 + 2 °C and 40-70 % air
humidity, They were fed a normal diet (Altromin®pellet) and provided water ad
libitum. The mice were divided into two groups containing 30 mice per group (10
mice per cage). The mice were treated per os with a solution of sodium nitrite (5
mg NaNO,/kg bw) in sdine daily for 10 days, 20 days, or 30 days (group 1). At the
same time, group 2 received saline only and served as control. At the conclusion of
a 10-day, 20-day, or 30-day pretreatment with nitrite or saline, the mice were killed
by cervica didocation, and the small intestines were removed and used in the
following bioassays:
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(@) In vivo cell proliferation. This was measured by the incorporation of
bromodeoxyuridine (BrdU) into the DNA as described by Lee et al. (1993).
Briefly, after a 10-day, 20-day, or 30-day nitrite or saline treatment, the animals of
group 1 and 2 were given an i.p. injection of BrdU (2.5 mg/kg) in phosphate-
buffered saline (PBS) exactly 1 hr before sacrificing. The entire intestine was
removed, fixed in Carnoy’s fixative for 30 min, cut into three equa portions and
stored in 70 % ethanol Ten 1-cm segments of the proximal intestine were bundled
together with a tape prior to paraffin embedding. Paraffin sections (3 pm) were cut
perpendicular to the mucosa surface and affixed to abumin-coated dides. Each
tissue section was deparaffinized with three changes of xylene and rehydrated in a
graded series of ethanol from 100 % to 70 %. Endogenous peroxidase was blocked
by immersing the section in 3 % H,O,for 10 min, with subsequent washing in
water. To detect BrdU incorporation into the DNA, the tissue section was
hydrolyzed in 2 N HCI for 1.5 hr and neutralized with 0.1 M sodium tetraborate,
pH 85. A blocking agent, norma goat serum, was placed onto the tissue sections
and kept in a moist chamber for 20 min. Anti-BrdU mouse antibody (Boehringer
Mannheim, Indianapolis, IN) was then placed onto the tissue section and incubated
in @ moist chamber for 1 hr. A linking reagent (goat anti-mouse immunoglobin
serum; Sigma, St. Louis, OH) and labeling reagent (peroxidase labeled mouse
immunoglobulin; Sigma, St. Louis, OH) were placed onto the tissue section and
incubated in a moist chamber for 20 min subsequently. The entire antibody-antigen
complex was made visible by 3,3 diaminobenzidine tetrachydrochloride (DAB)
plus an imidazole reagent to which 3 % H,0,had been added 5 min later. This step
produced a blue-black stain. The tissue sections were counterstained with eosin,
dehydrated in a graded series of ethanol and findly with xylene before mounting
with Permount. Slides were scored for the number and position of the blue-black
stained cells. The mean value from 50 intestinal crypts was calculated for each
animal. Labeling index (%) was caculated by dividing the number of the blue-
black stained cells with the total number of cells in the crypt column and multiplied
by 100. Proliferation zone (%) was defined as the highest position of the blue-black
stained cells in the crypt column divided by the total number of cells in the crypt
column and multiplied by 100.

(b) Ornithine decarboxylase (ODC). This enzyme was assayed by a radiometric
technique in which the amount of “CO,liberated from DL-[ |I-“C]-ornithine (51.3
mCi/mmol, New England Nuclear, Boston, MA) was estimated (Luk and Baylin
1983). Briefly, the intestind mucosa collected from mice was placed in a pH 7.4
sodium/potassium phosphate buffer (0.067 M) containing 23 mM lauryl ether, 5
mM NaF, 10 yM EDTA, 2 mM dithiothreitol, and 100 uM pyridoxa phosphate.
The mucosa was homogenized, sonicated, and centrifuged at 30,000 g for 25 min.
An aiquot of the 30,000 g supernatant was incubated in a stoppered vid in the
presence of approximately 2 pmol of DL-[I-“C]-ornithine for 60 min a 37 °C.
The “CO,liberated from ornithine decarboxylation was trapped in a piece of filter
paper impregnated with 20 yl of 2 N NaOH. The paper was suspended in a center
well above the reaction mixture. The reaction was stopped by the addition of 10 %
trichloroacetic acid. The *“C O,trapped in the filter was measured by liquid
scintillation counting in Scintiverse Il (Fisher Scientific, Houston, TX) with a
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scintillation counter. ODC activity was expressed as pmol “CO,liberated per mg
mucosa per hr of incubation.

(c) Putrescine, spermidine, and spermine. The mucosal homogenate was mixed
with an equal volume of perchloric acid (0.4 M) and left in ice for 1 hr. After the
homogenate was centrifuged a 15,000 g for 15 min, the supernatant was filtered
through a Millipore filter (0.22 pm). Aliquots of the filtrate were analyzed for
putrescine, spermidine, and spermine as described by Simpson et al. (1982).
Briefly, the putrescine, spermidine, and spermine were separated by a high-
performance liquid chromatograph HPLC) using a reverse-phase, ion-pairing 5
pm C-18 column (Waters Associates, Milford, MA) with a Brownlee RP-18 guard
column, The putrescine, spermidine and spermine were quantified by a
fluorescence detector (with a 370 nm excitation filter and a 418 nm emission filter)
after post-column derivatization with O-phthalaldehyde. The final conditions for
HPLC anaysis were a flow of 1.0 ml/min and 25 W injection volume. The mobile
phase of the HPLC was prepared from two different buffers. Buffer A was
prepared by mixing 80 % 0.05 M acetic acid, 20 % MeOH with 10 mM octane
sulfonic acid. Buffer B was a solution of 80 % 1.0 M acetic acid, 10 % MeOH, and
2 % tetrahydrofuran. The column was eluted with 100 % buffer A for 8 min. This
was followed a linear gradient to 100 % buffer B in 10 min. The column was
eluted with 100 % buffer B for an additional 20 min. The pesks of interest were
identified and quantitated using putrescine, spermidine, and spermine standards
(Sigma, St. Louis, MO) at know concentrations.

Statistical analysis, Results were analysed using the Student's t-test for unpaired
data. A probability level of 0.05 or smaler was used for dtatistical significance.
Results are expressed as the mean + SEM of ten animals.

RESULTS AND DISCUSSION

The intestina crypts of nitrite-treated mice had greater labeling indices and more
proliferative zones than the saline-treated mice (Fig. 1). These results are consistent
with our previous findings that cell proliferation in the smal intestine of mice was
atered by sodium nitrite treatments (Grudzinski and Jednorog 1995, Grudzinski
and Law 1997). An increased labeling index and expanded proliferation zone in the
crypt column suggest a rapid cell proliferation in the small intestine (Gordon at al.
1992, Potten and Loeffler 1990), which may increase the risk of developing cancer
in the intestine (Higuchi and Wang 1995). It should be noted that nitrite has been
shown to induce pathologica changes in the gastrointestinal tract by increasing
apoptotic cell death and other gastric and/or colon effects such as necrosis and
diarrhea (Grudzinski and Law 1998, Roediger et al. 1986, Ruddell et a. 1976).

In the present studies, sodium nitrite increased the activity of ornithine
decarboxylase in the intestine of mice after a 10-day, 20-day, and 30-day treatment
(Fig. 2). The increase in ODC activity also was accompanied by increases in
putrescine, spermidine, and spermine levels (Figs. 2, 3). Moreover, the labeling
index was found to correlate highly with ODC, putrescine and spermidine levels
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Figure 1. Effect of sodium nitrite on intestinal cell proliferation in the small
intestinal mucosa of mice. Bars (labeling index) and points (proliferative zone) are
means + SEM of ten mice. Asterisk denotes statistically significant difference
compared with saline-treated mice by Student’'s t-test (p<0.05).
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Figure 2. Effect of sodium nitrite on ODC activity and putrescine level in the small
intestinal mucosa of mice. See figure 1 for comments,
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Figure 3. Effect of sodium nitrite on spermidine and spermine levels in the small
intestinal mucosa of mice. See figure 1 for comments,
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Figure 4. The curvilinear fits for the mucosal crypt cell proliferation (Labeling
Index %) versus mucosal (a) ODC activity, (b) putrescine, (c) spermidine, and (d)
spermine levels after 10 days, 20 days, or 30 days pretreatment with sodium nitrite
(5 mg/kg bw).
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(Fig. 4). These results clearly show that polyamines (putrescine, spermidine, and
spermine) are enhanced in the proliferation process. The number of labeled cells
per crypt column aso was consistent with the levels of polyamine in the intestinal
mucosa of the nitrite-pretreated mice. Therefore, the highest nitrite effects were
found at 30 days treatment for both the intestinal crypts and the mucosa (Figs. 2,
3). Results of the present studies suggest a cumulative effect(s) of nitrite in the mice
after subchronic treatments, the so-called “functional cumulation of nitrite” which
appears to describe the toxic action of this chemica better than other reported
toxic effects (Grudzinski and Szymanski 1991b).

Since the proliferation process in the intestina crypts can be stimulated by ornithine
decarboxylase (Hebby 1982; Luk and Baylin 1983), we hypothesize that the
polyamine signaling pathway probably is involved in the nitrite-induced toxicities.
Further studies are required to elucidate the mechanism(s) of nitrite-mediated
ornithine decarboxylase induction in the intestine of mice. However, it is possible
that cyclic nucleotides (cAMP and cGMP) are involved in the regulation of
polyamine synthesis and the toxicity induced by nitrite (Grudzinski et a. 1998a).
An dternate explanation for the nitrite-induced toxicity is the activation of ODC by
protein kinase C since nitrite has been shown to increase serine/threonine kinase
activity in the crypts (Grudzinski et a. 1998b).

In summary, sodium nitrite has been shown to increase cell proliferation in the
crypts of the intestind mucosa. The mucosal polyamines putrescine, spermidine,
and spermine of mice probably play an essential role in the regulation of cell
proliferation,
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