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Poisoning of rats with sodium nitrite has been found to decrease Na/K-ATPase
and succinate dehydrogenase activity in the small intestinal villi.
INTRODUCTION

Evidence has accumulated in recent years linking exposures to inorganic nitrites to
an increased risk of gastric and/or colorectal cancer [2, 15]. It should be noted that
the exogenous source of these exposures may be dietary (food and drinking water) or
it may be of endogenous origin, as well [6, 16]. Dietary nitrites have been suggested
to be precursors of endogenous synthesis of nitrosoamines, and can therefore contribute to human cancer development [1, 24]. These results seem to further support some
epidemiological evidences that a risk(s) of stomach and/or colorectal cancer is higher
than other type of cancer(s) in human population exposed to nitrites from drinking
water and/or diet [15, 25]. Although the association between the higher risk of gastric
and colorectal cancers may be due to increased levels of nitrosation processes in the
gastrointestinal tract of humans and animals [4, 14, 27, 31], the mechanism(s) of
nitrite-mediated toxicity in the gastrointestinal mucosa of laboratory rodents still
remain to be completed [12].
Previous studies from our laboratories showed that sodium nitrite and/or N-nitrosodiethylamine caused lipid peroxidation in the small intestine mucosa and liver of
rats [7, 8]. Since nitrite also decreased mitochondrial respiration [11] and the intestinal
transport of sugars [12], and the agent lowered gastric juice volume, acid and peptide
output, as well [3], in the present studies, we have determined Na/K-ATPase and
succinate dehydrogenase (SDH) activity in the small intestinal villi of rats pretreated
with or without nitrite.
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MATERIAL AND METHODS
Male Wistar rats (200 ± 20 g) were randomized into nitrite and control groups of 20 animals
in each (5 animals per cage). Throughout the experiment, the rats were given a pellet of
laboratory chow (Murigran, Motycz, Poland) and water ad libitum but they were not allowed to
have food for 24 hrs before sacrificing. The animals were treated per os with either an aqueous
solution of sodium nitrite (10 mg NaNO2/kg body weight) or normal saline (control) daily for
3 or 12 weeks. The rats were sacrificed by cervical dislocation 24 hr after the last nitrite and/or
saline dosage and the small intestine were removed from the rats. The mucosal surface of
intestinal samples was then gently washed with a solution of normal saline and prepared for
Na/K-ATPase (EC 3.6.1.3.) and succinate dehydrogenase, SDH (EC 1.3.98.1.) analysis [5, 19–23].
Briefly, the small pieces of intestine were promptly frozen and subsequently cut on a cryostat
into 7–8 µm sections. Frozen (unfixed) intestine sections were further incubated with a solution
of Tris buffer, pH 7.2 (Na/K-ATPase) containing adenosine 5’-triphosphate di-sodium salt, ATP
(2.5 mg/ml), 2% lead phosphate, 0.1 M magnesium sulfate, 0.1 M sodium chlorate, and 0.02
M potassium chlorate for 60 min at 37oC. The specimens were washed with distilled water and
fixed with a solution of 1% acetic acid for 3–4 min, and closed in glycerol gelatin. Similarly, the
slices were incubated with a solution of phosphate buffer, pH 7.6 (SDH) containing 0.2
M sodium succinate, and Nitro BT, p-Nitrotetrazolium blue (mg/ml) for 3 min at 37oC. Then,
the slices were washed with normal saline and fixed with a solution of 10% formic acid for 10
min. After washing with 15% ethanol, the slides were closed in glycerol gelatin. The activity of
the enzymes were qualitative evaluated under a light microscope based on the presence of black
(Na/K-ATPase) or blue (SDH) color precipitates of lead sulfide or formazan in rat intestinal
villi, respectively. All reagents were of the highest quality available and purchased from Sigma
Chemical Company (St. Louis, MO, USA).
RESULTS AND DISCUSSION

The histological characteristic of the small intestine specimens taken from the
proximal intestine of the nitrite and normal saline (control) rats was shown in figures
1 and 2. Results show that sodium nitrite diminished Na/K-ATPase and SDH activities
since a weak enzyme histochemical reaction(s) was evidenced in the small intestinal
villi of nitrite-treated rats. In sharp contrast, the small intestine taken from rats
pretreated with normal saline showed no such changes (Figs. 1 and 2). These results
were found in accordance with those previously reported by Grudziński and co-workers,
who noted that sodium nitrite and sodium azide, an inhibitor of cytochrome c oxidase,
reduced oxygen consumption and ATP production in murine mitochondria [10, 11]. It
is generally accepted that Na/K-ATPase occupies a key position in the maintenance
of energy-dependent transport of amino acids and/or glucose in the small intestinal
mucosa [28]. On the other hand, succinate dehydrogenase (SDH), a member of the
tricarboxylic acid cycle catalyzes an oxygen-linked reaction, which mainly leads to
energy conservation in cells [29]. Since sodium nitrite has been found to reduce SDH
activity in the pyloric stomach of rats [13], and the agent oxidized thiol groups [30],
we further hypothesized that the SDH enzyme could be one of the major target(s) of
nitrite-induced energy disturbances and/or toxicity in the gastrointestinal tract of
rodents. It should be noted that the presence of –SH groups essential for the activity
of SDH was previously described by Singer, who showed that the substrate and/or
competitive inhibitors protect this mitochondrial-linked enzyme from the action of –SH
inhibitors [26]. Interestingly, nitrite-induced lipid peroxidation and/or pro-oxidant
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shift(s) in the small intestine and liver of rats was recently diminished by an oral
supplementation of coenzyme Q10 (ubiquinon), a well-known integral component of
the mitochondrial electron transport chain [9].
In summary, pretreatment of rats with a multiple dosage of sodium nitrite has been
shown to decrease Na/K-ATPase and succinate dehydrogenase activity in the small
intestinal villi. It is generally known that sodium nitrite and its red-ox derivatives, e.g.
nitric oxide (NO) and/or peroxynitrite (ONOO-), a product of the reaction between
NO and superoxide anion radical (O2.-) are reactive nitrogen species and can plausibly
react with secondary amines and/or amides to form N-nitroso compounds; many of
which have been found to be carcinogenic in animals, e.g. N-nitrosodiethylamine [17,
18, 27, 31]. Since poisoning with sodium nitrite was previously found to cause severe
damages and/or atrophies of murine gastrointestinal mucosa [12, 13], and agent
promoted forestomach tumors in rats [14, 31], further studies should be addressed to
elucidate a molecular scenario of nitrite-induced toxicity in the gastrointestinal tract
of laboratory rodents.
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Summary
Effects of poisoning with sodium nitrite on Na/K-ATPase and succinate dehydrogenase
(SDH) activity were examined in the small intestine mucosa of male Wistar rats. The animals
were treated per os with either an aqueous solution of sodium nitrite (10 mg NaNO2/kg b.w.)
or normal saline (control) daily for 3 or 12 weeks. Histochemical analyses show that sodium
nitrite decreased Na/K-ATPase and SDH in rat intestinal villi, and the nitrite side effect(s) was
mainly observed in animals treated for 12 weeks.
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Streszczenie
Badano wpływ zatrucia azotynem sodowym na aktywność ATPazy-Na/K oraz dehydrogenazy
bursztynianowej (SDH) w błonie śluzowej jelita cienkiego szczurów. Zwierzęta otrzymywały per
os wodny roztwór azotynu sodowego (10 mg NaNO2/kg m.c.) i/lub 0,9% roztwór chlorku
sodowego (kontrola) przez okres 3 i 12 tygodni. Histoenzymatyczna analiza wykazała azotynowe
obniżenie aktywności ATPazy-Na/K oraz SDH w kosmkach jelitowych ze szczególnym nasileniem
wpływu azotynu w 12 tygodniu zatrucia zwierząt.
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