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Abstract
B6C3F1 mice were treated per os with either normal saline or Af-nitrosodiethylamine (NDEA) (0.01, 0.1,
1.0 or 5.0 mg/kg body weight) daily for 21 days. On day 22nd of the experiment, the animals were whole-body
γ-irradiated (10 Gy) and examined at 3.5 days post-radiation exposure. Pretreatment of mice with NDEA at
the lowest dosage (0.01 and 0.1 mg/kg) increased thiobarbituric acid-reactive substances (TBARS) and
catalase (CAT) activity in the liver. Since the agent at the highest doses (1.0 and 5.0 mg/kg) did not have any
effect(s) on TBARS, it was associated with the selective increase of thiol (SH) groups and GSH-linked antioxidant enzyme activities such as glutathione peroxidase (GPX), transferase (GST) and reductase (GR).
γ-irradiation decreased TBARS and increased superoxide dismutase (SOD) and GPX activity in NDEAtreated mice. Simultaneously, γ-rays did not have any effect(s) on GST and GR enzymes, and it slightly
decreased SH groups and CAT activity. Results of the present study indicate that NDEA can promote
lipid peroxidation in mice liver, γ-irradiation of mice at a dose of 10 Gy modifes the activity of hepatic antioxidant enzymes, which in turn can lead to the reduction of NDEA-induced lipid peroxidation and/or prooxidant shift(s). The anti-oxidant enzymes such as SOD and GPX are suggested to be mainly involved in
this process(s).
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Introduction
During the last decade, a large body of experimental
evidence to demonstrate a relationship between radical
oxygen species and ionizing radiation has been completed [1, 2]. However, an increased number of some

chemical carcinogens in human food and water e.g. iVnitroso compounds [3] emphasized the problem of assessing the adverse side effects such as chemical-induced
oxidative stress in γ-irradiated tissues. It was not until the
late '90s when the first N-nitroso agent that modified the
cellular response to ionizing radiation was described [4].
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In this paper, the authors showed that iV-nitrosodiethylamine (NDEA), a hepatotoxic and carcinogenic substance, increased lipid peroxidation in UV-irradiated lung fibroblasts [4]. As evidenced previously [5],
ionizing radiation enhanced the production of some Nnitrosamines from their endogenous precursors such as
nitrite and amines. Interestingly, γ-irradiation has been
shown to decrease carbon tetrachloride-induced lipid
peroxidation in mice liver [6]. It should be noted that
electromagnetic fields were also found to change NDEA
metabolism in mice [7].
Despite many years of active research, the biochemical mechanism(s) by which γ-radiation may affect the
pro-/anti-oxidant balance of liver is not well characterized in animals pretreated with N-nitroso compounds.
The principle objective of the present experiment was to
elucidate the effects of a single dose of whole-body γ-irradiation on lipid peroxidation and anti-oxidant enzymes in
the liver of NDEA-treated mice.

Materials and Methods
Animals and treatments. Male B6C3F1 mice aged

6-8 weeks were used in the studies. Throughout the experiment, the animals were given a standard diet (Murigran pellet, Motycz, Poland) and water ad libitum. The
mice were divided into 5 groups of 10 animals in each
group, and orally treated with an aqueous solution of
NDEA (0.01, 0.1, 1.0 or 5.0 mg/kg body weight) daily for
21 days. Control mice received saline only. The half of
randomly selected mice in each group were immobilized
in plastic boxes at 12 hrs post-treatment (day 22), and
immediately exposed to whole-body γ-irradiation (10
Gy). γ-ray(s) was delivered from a 60Co source (1.5
Gy/min). The animals were sacrificed by cervical dislocation at 3.5 days post-radiation exposure, and the liver was
removed from the mice and prepared for analysis.
Assays and statistics. Thiobarbituric acid-reactive
substances (TBARS) were determined as markers of the
lipid peroxidation in mice liver using the method of Ohkawa et al. [8]. Superoxide dismutase (EC 1.15.1.1) was
assayed as described by McCord and Fridovich [9].
Catalase (EC 1.11.1.6) activity was determined using the
method of Beers and Sizer [10]. Glutathione peroxidase
(EC 1.11.1.9) was assayed by the method of Paglia and
Valantine [11]. Glutathione S-transferase (EC 3.1.2.7) was
determined in accordance with the method of Habit et al.
[12]. Glutathion reductase (EC 1.6.4.2) was assayed by the
method of Bayoumi and Rosalki [13]. Thiol group (SH)
level was determined using the procedure of Saville [14].
Protein content was measured by the method of Lowry et
al. [15]. All results are shown as mean ± SD and analysis of
variance with Dunnett's test was used for statistical analysis of the data. Differences were considered significant
when probability (p) values were less than 0.05.
Fig. 1. Effect of γ-rays on thiobarbituric acid-reactive substances
(TBARS) (A), and activities of superoxide dismutase (SOD) (B)
and catalase (CAT) (C) in the liver of NDEA-treated mice.
Values are mean ± SD, n = 5. * P < 0.05, versus the control
(saline) group, * * P < 0.05, versus the corresponding non-irradiated group.
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Fig. 2. Effect of γ-rays on activities of glutathione peroxidase (GPX) (A), glutathione S-transferase (GST) (B), glutathione reductase
(GR) (C) and levels of thiol group (SH) (D) in the liver of NDEA-treated mice.
Values are mean ± SD, n = 5. * P < 0.05, versus the control (saline) group. ** P < 0.05, versus the corresponding non-irradiated group.

Results
Pretreatment of mice with NDEA at the lowest doses
(0.01 or 0.1 mg/kg) increased TBARS level in the liver;
however the agent at the highest dosage (1.0 and 5.0
mg/kg) did not have any effect(s) on TBARS in this tissue (Fig. 1A). As shown in Figures IB and 1C, hepatic
superoxide dismutase (SOD) activity was unchanged and
catalase (CAT) was increased in mice pretreated with
a daily dose of 0.01 or 0.1 mg/kg NDEA. In contrast,
when mice were pretreated with NDEA at the highest
doses, both SOD and CAT activities were found to be
unchanged from those of the control (Figs. IB, 1C). In

the present study, the significant increase of GPX, GST
and GR activities was mainly observed in mice pretreated
with highest NDEA doses (Figs. 2A, 2B, 2C). Both the
lowest and highest NDEA doses caused the increase of
thiol groups (SH) in mice liver (Fig. 2D).
γ-irradiation decreased the amount of TBARS in the
liver of NDEA-treated mice (Fig. 1A). As shown in figures IB and 2A, the activity of SOD and GPX was increased in mice pretreated with NDEA at the lowest dosage. In these groups, however, γ-irradiation did not have
any effect(s) on GST and GR enzymes, and it lowered
CAT activity and non-protein thiol (SH) levels in mice
(Figs. 1C, 2B, 2C, 2D).
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Discussion
N-nitrosodiethylamine (NDEA) is a typical carcinogen, which requires metabolic activation in order to generate its reactive electrophiles [16, 17, 18]. It was previously demonstrated that both cytochrome P450 2A5 and
P450 2E1 is involved in the biotransformation of NDEA
in rat liver, and the agent increased the amount of hydrogen peroxide (H2O2) and superoxide radical (O2-) in this
tissue [19]. These results are not in contrast to ours since
we have found that pretreatment of mice with NDEA at
the lowest dosage (0.01 and 0.1 mg/kg) promoted production of lipid peroxidation and/or pro-oxidation
shift(s). In accordance with the present data, the compound was also found to increase lipid peroxidation in
human erythrocytes and rat liver mitochondria [20, 21]. It
is of interest that N-nitrosodimethylamine (NDMA) also
elevated TBARS in the sub-cellular fraction of rat liver
[22]. Taken together these studies and the present results, we have suggested that NDEA induced lipid peroxidation and/or pro-oxidant shift(s) in a dose-dependent
manner.
The overproduction of reactive oxygen species (ROS)
is a risk factor of hepatocarcinogenesis [23], however,
little is known about the role of some anti-oxidant enzymes in the liver of NDEA-treated animals. Song and
co-workers have recently showed that NDEA increased
the expression of the placental form of glutathione Stransferase (GST-P), which was found to be a sensitive
marker of preneoplastic hepatocellular foci [24]. Similarly, Williams and colleagues noted that pretreatment of
rats with NDEA increased the expression of GST-P in
the liver [25]. In other resent studies [20], two antioxidant enzymes, i.e. catalase (CAT) and
glutathione reductase (GR), but not SOD activity were
found to be decreased in rat liver mitochondria pre-incubated with NDEA in vitro. In the present report, neither
the highest nor lowest NDEA doses caused changes in
SOD activity (Fig. IB). On the other hand, an increase in
the production of hydrogen peroxide (H2O2), a substrate
for catalase (2H2O2 = H2O + O2) or glutathione peroxidase (GPX) (ROOH + 2GSH = GSSG + ROH) was
shown to elevate CAT activity in NDEA-treated mice
(Fig. 1C). Since the agent at the highest dosage has been
also found to induce GPX in mice liver (Fig. 2A), the
activity of this enzyme was probably maintained via the
reduction of the oxidized form of glutathione (2GSH
+ H2O2 = GSSG + 2H2O). As shown in Figure 2D, the
level of non-protein thiol groups (SH) was increased in
this process(s). It should be noted that regeneration of
the cellular GSH from its oxidized form (GSSG) requires
enzyme, glutathione reductase (GR) and NADPH as the
electron donor species [26]. Therefore, we hypothesized
that NDEA-mediated increase in SH levels and/or GPX
activity might be a significant anti-oxidant defense(s) in
the liver to protect itself against additional oxidative injury. It seems plausible that any interference with CAT
and GSH-linked pathway substantially reduces the ability
of cells to inactivate H2O2 and other reactive oxygen species [27].
Exposure to ionizing radiation results in a complex set
of responses whose onset, nature, and severity is a function of both total radiation dose and radiation quality

[28]. In general, direct damage to tissues by ionizing radiation yields ROS, which may be diminished by a number
of cellular defenses [29, 30]. These anti-oxidant systems
are widely distributed in cells, underlying their importance in preventing the damaging effects of ROS in γ-irradiated tissues [31]. In spite of many direct effects of radiation in cells, it has been also found to enhance the endogenous production of iV-nitrosamines, plausibly from
their endogenous precursors such as nitrite and amines
[5]. Surprisingly, γ-irradiation has been recently shown to
decrease carbon tetrachloride-induced TBARS and liver
cirrhosis in mice [6]. In accordance with Nomura and
Yamaoka's data [6], we have also evidenced that the
whole-body γ-irradiation of NDEA-pretreated mice significantly (p < 0.05) decreased the amount of TBARS in
the liver (Fig. 1A). These findings render further support
to our preliminary results that γ-ray(s) at a dose level of
10 Gy diminished the NDEA-linked elevation of lipid
peroxidation and/or pro-oxidant shift(s) due to increase
in some anti-oxidant defenses, plausibly SOD and/or
GPX activities (Figs. IB, 2A). It should be noted that
many conflicting findings of dose- and/or time-related
changes in CAT, SOD and other anti-oxidant enzyme
activities have been recently published. For example,
there are reports that SOD activity was decreased [32] or
increased [29] in the liver of irradiated rats [29]. In the
reported studies, the authors noted that the activity of
CAT was decreased; however, the amount of hepatic
TBARS was unchanged and decreased at 1 and 7 days
post-X-irradiation exposure, respectively [29]. Since the
induction of mitochondrial SOD was previously noted to
protect against radiation-induced pro-oxidant states [33],
an increased activity of both SOD and GPX was hypothesized to play a major anti-oxidative role in the liver
of γ-irradiated mice (Figs. 1A, IB, 2A). It is generally
known that cells exhibiting highs levels of SOD and/or
GPX activity are relatively less vulnerable to the effects
of γ-irradiation [27]. Interestingly, in the present experiment, the opposite directions between the activities of
SOD and CAT were detected in γ-irradiated mice (Figs.
IB, 1C). Furthermore, γ-radiation did not have any effects) on the activity of GST and GR enzymes, and it
increased the activity of GPX in mice pretreated with
NDEA (Fig. 2A). Since the normal activity of GPX depends on the availability of the reduced form of GSH
[26], it was hypothesized that GR might assist in the regeneration of GSH in γ-irradiated mice (Fig. 2D). It
should be emphasized that γ-irradiation at a dose level of
2.5 and 5.0 Gy did note have any effect(s) on SH groups
in NDEA-treated mice (data not shown).
γ-irradiation induces various stimulating outcomes in
both normal and pre-neoplastic cells, such as an increase
in resistance to lipid peroxidation and/or oxygen-induced
toxicity [34]. Therefore, with precaution it should be
noted that the effect(s) of γ-rays on the formation of lipid
peroxides and/or pro-oxidant shift(s) in mice pretreated
with NDEA for three weeks was plausibly associated with
one of the earliest stages in NDEA-induced toxicity.
A more decisive long-term experiment(s) must be developed to illustrate the consequence of NDEA-induced
oxidative stress on γ-radiation-mediated effects in the
liver of mice. In addition, our findings require further
investigation to ascertain the molecular reasons for the
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change in activities of some anti-oxidant enzymes in
NDEA-induced hepatocarcinogenesis. A more thorough
approach may also include the determination of the expression pattern of each anti-oxidant enzyme at the gene
level.

Conclusion
Our results revealed N-nitrosodiethylamine (NDEA)
as a potent lipid peroxidation producer in mice liver. The
dose levels of NDEA causing lipid peroxidation significantly increased catalase activity and thiol groups (SH)
level, and the agent did not have any effect on hepatic
superoxide dismutese. γ-irradiation has been shown to
decrease lipid peroxidation in the liver of NDEA-treated
mice. The effect(s) of γ-rays was mainly associated with
the increased activities of two anti-oxidant enzymes,
superoxide dismutase and glutathione peroxidase in mice
liver.
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