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In recent years, dietary polyamines, including putrescine, have attracted con-
siderable interest because of the suggestion that their presence in human diet may
have some anti-oxidative properties. Therefore, studies were carried out to eluci-
date the anti-oxidative effect(s) of oral putrescine supplementation in rats pre-
treated per os with either sodium nitrite or normal saline (control). Results suggest
that putrescine is an effective anti-oxidant agent, which mitigates nitrite-induced
lipid peroxidation in rat liver and small intestinal mucosa.

INTRODUCTION

The polyamines, putrescine, spermidine, and spermine are ubiquitous compounds
of all mammalian cells, and are involved in a variety of regulatory steps of protein
and/or nucleic acid biosynthesis [10]. It is generally accepted that polyamines play a
pivotal role in cellular growth and/or proliferation processes [25], however a large body
of experimental evidences also exists that polyamines act as potent anti-oxidants. For
example, putrescine has been found to suppress the production of lipid peroxides and
promote DNA synthesis in liver regeneration after ischemia-reperfusion injury [20]. In
other recent report, the anti-oxidative and anti-inflammatory effect(s) of spermine was
discussed [15]. It should be noted that spermine was found to prevent lipid peroxidation
induced by essential fatty acids in human breast cancer cells [4], and the agent also
inhibited the Fe(III)/xanthine oxidase stimulated lipid peroxidation of brain phospho-
lipid liposomes [14]. As evidenced by Awasthi and associates [1], spermidine has been
shown to inhibit the in vitro formation of thiobarbituric acid-reactive substances
(TBARS) from sonicated vesicles of rat brain. Putrescine, spermidine and spermine
have been also noted to decrease paraquat-induced augmentation of lipid peroxidation
and superoxide dismutase activity in the lungs of rats [11]. It should be emphasized
that polyamines were evidenced to protect phi X-174 plasmid DNA from strand
breakage promoted by reactive oxygen species [9], and polyamine-lowering drug-can-
didates have been recently tested in anti-cancer therapy [23].
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Inorganic nitrites occur widely in human diet and drinking water, both as intentional
additives and as undesirable contaminants [13]. Since nitrites have been recognized as
a risk factor(s) of gastric and/or colorectal cancers in humans and animals [5–7, 12],
the major goal of this study was to evidence that a short-term oral putrescine supple-
mentation could mitigate sodium nitrite-induced lipid peroxidation and/or pro-oxidant
shift(s). The total anti-oxidant status (TAS) of rat blood and the activity of Cu,Zn-su-
peroxide dismutase (SOD) was also examined in sodium nitrite-poisoned rats and
supplemented with or without putrescine.

MATERIALS AND METHODS

Male Wistar rats (220 ± 20 g) were used in the studies. Before the experiment, the animals
were acclimatized for two weeks under standard conditions. Throughout the experiment, the
rats were given a standard laboratory chow (Murigran, Motycz, Poland) and water ad libitum.
The animals were divided into 2 groups of 14 rats in each group, and they were treated per os
with either an aqueous solution of sodium nitrite (10 mg/kg b.w) or normal saline (control) daily
for 14 days. On day 7th of the experimental period, the half of randomly selected nitrite – or
saline-treated rats was pretreated per os with putrescine (10 mg/kg b.w) for 7 days only. The
agent was dissolved in normal saline and daily dosed to rats at 3–4 hr post-nitrite and/or
post-saline pretreatment. The animals were sacrificed by cervical dislocation 24 hr after the last
nitrite and/or saline dosage (day 15) and the total antioxidant status (TAS) of rat blood and
thiobarbituric acid reactive substances (TBARS) in serum and the small intestinal mucosa and/or
liver samples were determined. The activity of Cu,Zn-superoxide dismutase (EC 1.15.1.1) was
also assayed in selected tissues.

Thiobarbituric acid test was employed according to the method described by Ohkawa and
co-workers [21]. Briefly, samples of 100 µl of rat serum and/or 100 µl of 10% tissue homogenates
(prepared in 1.15% KCl) was added to 100 µl of 8.1% SDS. Thereafter, a solution of 20%
glacial acetic acid and 0.8% 2-thiobarbituric acid (v/v) was added to the reaction. To start the
reaction, the samples were heated for one hour at 95oC, and then were cooled in a water bath.
The mixture were extracted with a spectral pure n-butanol and centrifuged (4000 x g) for 10
min at 4oC. All butanol extracts were measured spectrophotometrically at 532 nm. Standard
samples contained 1,1,3,3-tetraethoxypropane instead of homogenate.

The total antioxidant status of rat blood was determined using the diagnostic RANTASTM

assay kit (Radnox Laboratories Ltd., Antrim, UK). The assay was employed as described in
details by the TAS manual protocol (RANTASTM, Randox, 1993, pp. 1–6). Briefly, the azo-
compound ABTS (2,2’-Azino-di-[3-ethylbenzthiazoline sulphonate]) was incubated with a pero-
xidase (metmyoglobin) and hydrogen peroxide (H2O2) to produce the radical cation ABTS

.+.
The cation has had a relatively stable blue-green colour, which it was measured spectrophoto-
metrically at 600 nm. Antioxidants in the added sample (rat serum) caused suppression of this
colour production to a degree, which was proportional to their concentration. In the present
assay, TMCA® (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was used as a standard.

The activity of Cu,Zn-superoxide dismutase (SOD) was assayed using the diagnostic RAN-
SODTM assay kit (Radnox Laboratories Ltd., Antrim, UK). The assay was employed as described
in details by the SOD manual protocol (RANSODTM, Randox, 1997, pp. 1–7). In this method,
both xanthine and xanthine oxidase was employed to generate superoxide radicals, which further
react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride to form a red forma-
zan dye. The superoxide dismutase activity was measured specrophotometrically by the degree
of inhibition of this reaction at 505 nm. In the present assay, the whole blood samples were
centrifuged (2000 x g) for 10 min at 4oC and washed with 0.9% NaCl for three times, and
further lysed in a total volume of 2 ml of ice-cold double distilled water. The lysate was diluted
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with 0.01 mmol/l phosphate buffer, pH 7.0, so that the percentage of inhibition of reaction falls
between 30% and 60%. The small intestinal mucosa and/or liver tissues were homogenized in
a solution of 1.15% KCl to yield 10% homogenates, which were centrifuged (600 x g) for 10
min at 4oC. The supernatants were centrifuged (15000 x g) for 15 min at 4oC, and the
post-mitochondrial supernatant(s) was diluted with 0.01 mmol/l phosphate buffer, pH 7.0 as
mentioned above. In the present studies, a 20-fold, 200-fold, or 200-fold dilution of samples was
recommended for the rat small intestinal mucosa, liver or blood, respectively. Protein content
was measured by the method of Lowry et al. [16] with bovine serum albumin as a standard. The
whole blood haemoglobin was also estimated by the Reflotron stripe test (Roche, Basal,
Switzerland). All reagents were of the highest quality available from Randox Laboratories Ltd.,
(Antrim, UK) and Sigma Chemical Company (St. Louis, MO, USA).

The results were subjected  to statistical analysis by Student’s t-test for unpaired samples.
Differences were considered significant when probability (p) values were less than 0.05.

RESULTS AND DISCUSSION

Sodium nitrite has been shown to increase thiobarbituric acid reactive substances
(TBARS) in the small intestinal mucosa and liver of rats and the agent did not have
any effect on the total anti-oxidant status (TAS) and lipid peroxidation of rat blood
(Figs. 1, 2). As shown in figure 2, sodium nitrite did not change the activity of SOD
in the small intestinal mucosa, liver, and/or blood respectively. In the present studies,
however, the nitrite dosage did not affect the level of haemoglobin in rat blood samples
(Fig. 1). It should be noted that sodium nitrite has been recently found to elevate lipid
peroxidation in red cell membranes, and the agent also generated reactive nitrogen
species such as peroxynitrite (ONOO-) in human bronchial epithelial cells in vitro [28,
30]. In our previous experiments, sodium nitrite has been shown to increase the activity
of ornithine decarboxylase [8], a first-step enzyme in polyamine biosynthesis. Although
putrescine has been mainly accredited to be intracellular synthesized molecule, it is
also derived to human and/or animal body from other extra-cellular sources, particu-
larly the diet (meat, fruit, cheese and non-green vegetables) and bacterial resident in
the gastrointestinal tract is increasingly recognized [2, 3]. In recent years, therefore,
dietary polyamines including putrescine, spermidine, and/or spermine have attracted
considerable interest because of the suggestion that their presence in human diet may
have some anti-oxidative properties.

Pretreatment of nitrite-poisoned rats with a daily dose of putrescine (10 mg/kg b.w)
decreased the amount of TBARS in examined tissues (Fig. 1). Interestingly, putrescine
enhanced the level of the total anti-oxidant status of blood in animals treated with or
without sodium nitrite (Fig. 2). As shown in figure 2, putrescine also decreased SOD
activity in rat blood and liver, however, it did not have any effect on the SOD enzyme
in the small intestinal  mucosa. These  results were  found in accordance  with those
previously reported by Khanna and associates [11], who showed that putrescine is
enable to diminish both paraquat-induced TBARS and SOD activity in rat lung tissues.
It should be noted that the beneficial effect(s) of dietary putrescine supplementation
on carbon tetrachloride-and/or D-galactosamine-induced lipid peroxidation in rats was
reported by Nagoshi and colleagues [18]. Similarly, Mizui and associates evidenced the
protective mechanism of putrescine against ethanol-induced gastric lesions and lipid
peroxidation [17]. In other recent studies, putrescine and spermidine have been found
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to serve as a free-radical scavenger in mice [19]. It is of interested to note that the
interaction of spermidine with hepatic microsomal lipids has been postulated to be
responsible for the inhibition of lipid peroxidation in rat liver [22].

In conclusion, the present results show the anti-oxidative effect(s) of putrescine in
the small intestinal mucosa and liver of sodium nitrite-treated rats. With precaution
it should be noted that the polyamine also mitigated SOD activity in selected tissues.
Although, the biological role of SOD is detoxification of superoxide radical to hydrogen
peroxide and oxygen, the enzyme can also acts as a peroxidase in the presence of
hydrogen peroxide, plausibly leading to inactivation of SOD [27]. Interestingly, super-
oxide dismutase has been also shown to react with putrescine to form a stable
putrescine-SOD complex [24]. Since the oxidative degradation of endogenous polya-
mines including putrescine have been recently considered as a cause of apoptotic cell
death in murine small intestine [26] and SOD enhanced oxidative DNA damages
caused by cysteine/iron-catalyzed oxidation system [29], a clear effect(s) of the dietary
polyamine load should be re-established in further studies.
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FURTHER STUDIES ON THE ANTI-OXIDATIVE EFFECT OF PUTRESCINE IN
SODIUM NITRITE-TREATED RATS

Summary

Studies were carried out to elucidate the anti-oxidative effect(s) of putrescine (10 mg/kg
b.w./day) in rats treated per os with either sodium nitrite (10 mg/kg b.w./day) or normal saline
(control) for 14 days. The putrescine was given to rats for 7 days only (days 7–14) and it was
introduced 3–4 hrs after nitrite or saline dosage. Sodium nitrite increased thiobarbituric acid
reactive substances (TBARS) in rat small intestinal mucosa and liver, and the agent did not
have any effect on the total anti-oxidant status (TAS) and lipid peroxidation of rat blood. Nitrite
did not also change the activity of superoxide dismutase (SOD) in the small intestinal mucosa,
liver and blood, as well. Pretreatment of nitrite-treated rats with putrescine decreased TBARS
and increased TAS in animals. Putrescine decreased SOD activity in the blood and liver of
nitrite- and/or saline-treated rats, however, the agent did not affect the SOD enzyme in the
small intestinal mucosa. Results suggest that putrescine dosed to nitrite-treated rats possesses
some anti-oxidative properties.
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DALSZE BADANIA NAD ANTYOKSYDACYJNYM WPŁYWEM PUTRESCYNY
U SZCZURÓW ZATRUWANYCH AZOTYNEM SODOWYM

Streszczenie

Badano antyoksydacyjne właściwości putrescyny (10 mg/kg m.c./dzień) u szczurów zatruwa-
nych per os azotynem sodowym (10 mg NaNO2/kg m.c./dzień) przez okres 14 dni. Putrescynę
podawano per os w 3–4 godz. po podaniu azotynu i/lub 0,9% NaCl (kontrola) przez okres 7 dni
(dzień 7–14). Azotyn sodowy zwiększył poziom substancji reagujących z kwasem tiobarbiturowym
(TBARS) w błonie śluzowej jelita cienkiego i wątrobie, nie wpływając na zmiany tego parametru
we krwi szczurów. Nie wykazano, aby u zwierząt zatruwanych azotynem dochodziło do zmian
zarówno stanu antyoksydacyjnego surowicy (TAS) oraz aktywności dysmutazy ponadtlenkowej
(SOD) we krwi, wątrobie czy błonie śluzowej jelita cienkiego. Podawanie szczurom putrescyny
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zmniejszyło poziom TBARS w badanych tkankach przy zwiększonym poziomie TAS w surowicy.
Putrescyna znacząco obniżyła aktywność SOD w wątrobie i krwi nie zmieniając aktywności tego
enzymu w jelicie cienkim. Rezultaty badań sugerują, że podawanie putrescyny per os szczurom
może prowadzić do obniżenia peroksydacji lipidowej indukowanej azotynem sodowym.
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