
INTRODUCTION

Potentially toxic reactive oxygen species are
produced in normal cellular metabolism  and in
abundance of prooxidant states.

Oxidation, induced by free radicals, has
long been known  to play an  important role in
radiation effects and carcinogenesis as well (1,2).

The role of endogenous enzymes of antioxida-
tive defense system in these pathologic oxida-
tions was examined  as well as the effect of
exogenous  antioxidants in vivo and in vitro (3-5).
Mechanisms of oxidation include one - electron
pathways involving radicals such as superoxide
and hidroxyl radical, or by two electron path-
ways that include nonradical oxidants such as
hydrogen peroxide (6,7). 

Reactive oxygen species are degraded by
the organized antioxidant enzyme system and
by other antioxidants as well. Vitamin E is the
main natural antioxidant in biological mem-
branes. Its role in radioprotection and in car-
cinogenesis has been already proved (2, 8-10).
Radioprotective effect of vitamin E is lower at a
higher dose rate (e.g. 1Gy/min) than at dose
rate  of 0.2 Gy/min (8). There is evidence that
radiation-induced lipid peroxidation is greater
after lower dose rates compared to higher dose
rates (6) and it is possible that comparatively
greater protection would be observed at lower
dose rates with natural antioxidants, such as vit-
amin E.  It is evident that  radioprotective effect
of vitamin E includes complex mechanisms, par-
ticularly in cell culture (9,11) so we decided to

examine activity of antioxidative enzymes in
L929 cell culture  after the irradiation in the
presence of vitamin E.

MATERIALS AND
METHODS

The L929 cell line (mouse fibroblasts) was
routinely grown in 6-well tissue culture plates
(Costar, USA) in DMEM (Sigma) supplemented
with 10% heat- inactivated foetal calf serum
(NIVNS) and antibiotics. Cells were cultured at
37oC in a humified 5% carbon dioxide atmos-
phere. Exponentially growing L929 cells were
used throughout the assays (12).

Cells were seeded in 6-well culture plates at
a  concentration of 100 000/per well. All experi-
ments were performed 72h after the seeding. 

The samples were divided into three
groups: 1. Control group (untreated samples) 2.
Experimental group of irradiated samples 3.
Experimental group of irradiated and a-toco-
pherol acetate pretreated samples. 

For antioxidant treatment, the medium was
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Abbrevations used in text: p1= statistical significance
between irradiated and control; p1’= statistical significance
between irradiated and irradiated in the presence of a-toco-
pherol-acetate; p2= statistical significance between irradi-
ated and control in single time point of experiment; p2’=
statistical significance between irradiated and control in
the presence of a-tocopherol-acetate in single time point of
experiment
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ABSTRACT

Background: Cell damage induced by ionising radiation occurs through direct and indirect
effects. Vitamin E as a natural antioxidant  protects  against radiation-induced cell damage.
Enzymes of antioxidative defense system - superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) and catalase (CAT), play the main role in endogenous cell protection from oxidative dam-
age. The aim of this study was to examine whether a presence of a-tocopherol-acetate  has the influ-
ence on activity of SOD, GSH-Px and CAT in L929 cell culture after the irradiation.
Materials and methods: Cell culture L929 samples were treated with a-tocopherol
acetate (10-4M) during one hour and thereafter cells were irradiated with X-rays (25 Gy). Activity of
SOD, GSH-Px and CAT was determined at 1, 24, 48, 72 and 96 hours after irradiation.
Results: Irradiation  in applied dose induces decrease in endogenous SOD activity but no changes
in CAT and GSH-Px activity of L929 cells were observed, at 96 h after irradiation. Activity of SOD was
significantly increased (p1’`0.05), CAT activity was significantly decreased (p1’`0.05), while no sig-
nificant difference was found in activity of GSH-Px  in irradiated and a-tocopherol acetate  pre-treat-
ed L929 cells, in comaprison to irradiated but unprotected cells.
Conclusion: A treatment of L929 cells with a-tocopherol acetate before irradiation protects
SOD, has no effect on GSH-Px  and induces decrease of CAT activity after 96 hours of irradiation.
As radiation exposure itself results in changes of antioxidant enzyme activities, observed changes in
the presence of a-tocopherol acetate were discussed with respect to proper balance of antioxidative
defense required for radioprotection.
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replaced with a  fresh one, supplemented with
alpha tocopherol-acetate at a concentration of
10-4 M, and incubation continued for one h at
37oC. 

Cells were irradiated with a target dose of
25 Gy (dose specified in previous experiments,
using a LINAC, Mevatron Siemens MD 7475 (10
MV X- rays), with a dose rate of 3 Gy/min and
cultured up to 96h after the irradiation (13).  

Cell suspension was obtained  using 0.25 %
trypsin in EDTA. Cells were peletted (10 min-
utes /1200 rpm), resuspended in saline and
samples were frozen (-20°C) and thawed (37°C)
for three times. The cytosol fraction was
obtained by sample  centrifugation (10 minutes
/10 000 rpm).

The protein concentration (14), and the
activity of antioxidant enzymes SOD (15), GSH-
Px (16), and CAT (17) were determined at 1, 24,
48, 72 and 96h of the experiment.

Kolmogorov-Smirnov test was used for the
statistical analysis of the obtained results. A p1
value represents the statistical significance
between the total experimental groups, and p2
value represents the statistical significance
between groups in every single point of the
experiment. A p value less than 0.05 (p`0.05)
was taken as the highest level of statistical sig-
nificance.

RESULTS

The SOD activity in the control group was
the lowest in the first hour of the experiment, but
later on growing trend was observed. The maxi-
mal activity was reached at 72 h (Figure 1). In the
group of irradiated samples steadily decrease of
SOD activity was  noticed, with highest activity
in the first hour after the irradiation.

The SOD activity in irradiated  and vitamin
E pretreated group was significantly lower in the
first hour, in comparison with other two groups.
The  SOD activity however, increased and was
kept  at a level around 35 U/mg up to the end of
the experiment.

In the control, unirradiated samples the
changes in the GSH-Px activity, were similar to
those previously observed (3). GSH-Px activity

in the irradiated group increased in the first 24h
and thereafter sharply decreased (Figure 2).

A decrease of GSH-Px activity in irradiated
and vitamin E pretreated group was observed at
24 and 48 hour,  but  it was not statistically sig-
nificant in comparison with irradiated cells.

A significant difference in CAT activity was
found  only after 24 hours of the experiment
between the control and the irradiated group
(p2`0.05) (Figure 3). CAT activity was signifi-
cantly different between irradiated and irradiat-
ed and a-tocopherol-acetat pretreated group
(p1’`0.05), at the end of the experiment.
Immediately after the irradiation the activity was

almost identical, and after that, it showed com-
pletely different course.

DISCUSSION

Radiation exposure itself results in changes
in antioxidant enzyme levels: most consistently
reported is elevation in Mn SOD (18). In our
experiment, SOD activity  has increased one
hour after the irradiation in comparison with
control. During the experiment (24, 48, 72 and 96
hours after the irradiation) the activity was the
same in both groups being even lower in irradi-
ated than in controls at the end of the experi-
ment. These changes in cell culture SOD activity
after the irradiation suggest that events after the
irradiation are dynamic, including interaction
between primarily formed free radicals, sec-
ondary formed once and cell response at the
level of enzyme synthesis. Our results corre-
spond well with a fact that transformed, dedif-
ferentiated cell lines have lower capability of
SOD synthesis than normal ones (19-21).
Remacle and coworkers (22) have found that
enzyme system of fibroblasts in culture is
remarkably sensitive to short oxidative stress
such as x-irradiation. A protective role of vita-
min E in our experiment was evident 24 hours
after the irradiation. The SOD activity has not
changed in that group during the experiment,
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Figure 1. The influence of a-tocopherol-acetate pretreatment  in irradiated cells  on the SOD activity

Figure 2. The influence of a-tocopherol-acetate pretreatment  in irradiated cells  on the GSH-Px  activity

Figure 3. The influence of a-tocopherol-acetate pretreatment  in irradiated cells  on the CAT  activity



which is in consistence with the results of Lopez
- Tores et al.  (23). Prevention of SOD inactiva-
tion during the experiment, which is evident in
irradiated group protected with tocopherol
acetate, may be due to  previously found a long
window of protection provided by most natural
antioxidants (18).

A decrease in GSH-Px activity in mouse tis-
sues was observed in the postirradiation period
(24). There was less depression when the diet
was supplemented with either selenium or vita-
min E. The application of a-tocopherol acetate
induce increase in GSH-Px activity in trans-
formed cell lines such as L929 (10). Contrary to
that, in our experiments, GSH-Px activity was
not changed with addition of a-tocopherol
acetate in comparison with irradiated cells, the
result which was consistent with Leist et al. (25)
who had not found the influence of a-toco-
pherol acetate on GSH-Px activity.

Although it is probable that antioxidant
enzymes, GSH-Px , SOD, and CAT, are impor-
tant in providing protection from radiation
exposure, the proper balance of the enzymes in
specific cells and the whole organism required
for maximum radioprotection is far from clear.
For example, a large increase in  MnSOD in
some model systems may have radiosensitizing
effects rather than a protective (26), probably
related to the inability of cell to cope with over-
production of hydrogen peroxide (H2O2) or
hydroxyl radical (

•
OH). In our experiment, CAT

activity in irradiated group is significantly high-
er than in group with applied a-tocopherol
acetate which may be correlated with former
radiosensitive effect of SOD protection.

CONCLUSION

In our experiment application of a-toco-
pherol acetate protects SOD activity from inhi-
bition due to irradiation and eliminate time
related changes in GSH-Px and CAT activities
after the irradiation point up that  proper bal-
ance of enzymes in specific cells is of utmost
importance for radiation protection.
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