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ABSTRACT

The serious harmful effect of the ionizing radiation, leads the researchers to search for new effective substances with radiation
protection activity. The damaging effect of the ionizing radiation exposure is one of the most dangerous professional circumstances
for the pilots and astronauts. Have been found that normal cellular antioxidant metabolites, could be effective radioprotectors. The
antioxidants’ potential to reduce the cellular damage in animal models have been studied for more than 50 years. In last decade a
lot of normal cellular metabolites such as amino acids, nucleotides, fatty acids, etc. were researched for potential antioxidant
activity. The amino acids are highly active metabolites that participate in various anabolic and catabolic processes. The high
metabolic activity determine their active role in neutralizing reactive oxygen species (ROS, free radicals) and accordingly high
antioxidant activity. AIM: Follow up of the after-radiation exposure recovery and radiation protection activity of betaine (N, N, N-
trimethyl glycine) applied to experimental animals (mice). MATERIALS AND METHODS: Have been used 120 experimental
animals (white male mice C3H, with body weight 23 gr), supplied by the “Certified vivarium for experimental animals”, Military
Medical Academy-Sofia. They were divided in four experimental groups. Two of the experimental groups were exposed to radiation
by 137Cs-source with power 2,05 Gy/min (The Institute of Plant Physiology and Genetics “Acad. D. Kostov”, Bulgarian Academy of
Science, Sofia). The amino acid betaine has been applied peroral as a food supplement. For the purpose of the current study was
controlled the following index: Cu/Zn SOD protein expression in three radiation sensitive organs (liver, spleen and testicles). The
protein expression is confirmed by Western blot analysis. RESULTS: The obtained results gave the opportunity to perform
comparative analysis of protein expression of Cu/ZnSOD in three different organs (liver, spleen and testicles) and to confirm the
positive radiation protection effect of the researched substance. CONCLUSION: Betaine (N, N, N-trimethyl glycine) showed positive
effect to the survival rate in all examined experimental animals’ groups. The application of Betaine induced increase of the
expression of Cu/Zn SOD protein in the researched experimental groups.
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(ROS) have significant role in the intracellular

INTRODUCTION

The potential radiation protection effect of the
antioxidants has been researched in animal
experimental models for more than 50 years. Natural
metabolites with antioxidant activity could provide
effective preventive protection against low-dose-rate
irradiation. (Yahyapour etal., 2018) Many antioxidant
nutrients have antimutagenic properties and their
ability to modulate the long-term radiation effects
need further examinations. (Biaglow et al, 2003) The
exposure with over threshold doses (=1 Gy) of
ionizing radiation causes development of acute
radiation syndrome. Measurable effects can be
detected in many organs and tissues. Could be
detected persistent and transient alterations in
protein expression, growth factor activity, and normal
cell and tissue function. (Barcellos-Hoff, 1998) The
severity of the disease depends on various factors,
such as the impact of the environment and the
presence of protective agents against reactive oxygen
species action (antioxidants). Reactive oxygen species

signalling and redox regulation. The balance of the ROS
generation and removal is regulated by the presence of
effective antioxidants (antioxidant substances and
antioxidant enzymes). Any disturbance of the balance
leads to increase of the ROS formation (oxidative
stress). (Leach et al,, 2001, Tofilon et al., 2000, Zhao et

al,, 2001).
The aim of the present study was to examine the
antioxidant radioprotective effects of natural

metabolite betaine (N, N, N-trimethyl glycine) to
oxidative stress induced by ionizing radiation.

MATERIALS AND METHODS

Have been used 120 experimental animals (white male
mice C3H, with body weight 23 gr), supplied by the
“Certified vivarium for experimental animals”, Military
Medical Academy-Sofia. They were divided in four
experimental groups. Two of the experimental groups
were exposed to radiation by 137Cs-source with
power 2,05 Gy/min (The Institute of Plant Physiology
and Genetics “Acad. D. Kostov”, Bulgarian Academy of
Science, Sofia). The amino acid betaine has been
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applied peroral as a food supplement. The control
group received betaine (N, N, N-trimethyl glycine) in
max effective non-lethal dose of 100 mg/kg body
weight (calculated with MTT assay) The dose was
supplied to every mouse of the group peroral for 15
consecutive days. The mice in the group were non
irradiated. The second control group of experimental
mice were whole body exposed to dose of 7.5Gy and
without feeding. The third group of experimental
animals included mice without feeding and
irradiation. The fourth group of experimental
animals were irradiated and fed with the food
supplement contained betaine. The liver, spleen and
testicles tissue samples were accurately weighed and
homogenized (Soniprep 150 MSE) for 30 seconds in
ice-cold 1,15% KCI buffer, pH 7.4. The homogenates
were used for Western blot analysis. Statistical
significance of the data was analyzed using Student’s
t-test and data are shown as means +SD. The accepted
statistical significance was p < 0.05.

RESULTS

Ionizing radiation generates ROS as a result of water
radiolysis (Hall, 2000). The mice irradiation leaded to
decrease the protein expression of the antioxidant
enzyme Cu/Zn SOD (SOD1). It was measured by the
Western blot analysis of homogenates of the three
sensitive organs-liver, spleen and testicles. The
assays were implemented 24 hours after the whole-
body radiation exposure (Figures 1-3). The data were
presented as an integral optical density (I0D). The
implementation of Betaine increased the protein
expression of SOD1 in all examined probes of all
organs.
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Fig. 1: Integral optical density of Cu/Zn SOD protein
expression in liver on 24 hours post irradiation.
Experimental animals were irradited with a single
dose of 7.5Gy from gamma source Cs-137. C-
nonirradiated controls, R-nonirradited controls with
administration of betaine, LD50-irradiated with a
single dose of 7.5Gy, LD50/R-irradiated with 7.5Gy
and administered betaine.
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Fig. 2: Integral optical density of Cu/Zn SOD protein expression
in spleen on 24 hours post irradiation. Experimental
animals were irradited with a single dose of 7.5Gy
from gamma source Cs-137. C-nonirradiated controls,
R-nonirradited controls with administration of
betaine, LD50-irradiated with a single dose of 7.5Gy,
LD50/R-irradiated with 7.5Gy and administered
betaine.
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Fig. 3: Integral optical density of Cu/Zn SOD protein expression
in testicles on 24 hours post irradiation. Experimental
animals were irradited with a single dose of 7.5Gy from
gamma source Cs-137. C-nonirradiated controls, R-
nonirradited controls with administration of betaine,
LD50-irradiated with a single dose of 7.5Gy, LD50/R-
irradiated with 7.5Gy and administered betaine.

DISCUSSION

The application of betaine (N, N, N-trimethyl
glycine) showed a positive effect to 30 days survival
mice. The LDso is used to quantify mortality in the
population. It is defined as the exposed dose that will
cause death in half (50%) of the exposed
experimental animals. The time of death depends on
the effective dose. For the hematopoietic form of
acute radiation syndrome, it is approximately 30-60
days after the exposure (21st Century Biodosimetry,
2001). Medical interventions, such as blood cell
replacements, antibiotics and cytokines application
and hematopoietic stem cell transplants, could
increase survival time and extend the LD50 value
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(Ricks et al,, 2001).

The cell death after radiation exposure is a result of
serious DNA damage that occurs because of the
oxidative stress (Hall, 2000). The most common
consequences of the harmful effect of the ionizing
radiation are chromosomal aberrations existence
(Lloyd et al,, 2000, Loucas et al,, 2001, Anderson et
al, 2000). Ionizing radiation induces a variety of
cellular and tissue damages, such as oxidative stress
(Robbins et al.,, 2002), gene expression influence
(Yang et al, 2000), changes in the signal
transduction pathways (Mothersill et al, 1998,
Benyon et al, 2000), etc. The current study
demonstrates that application of betaine (N, N, N-
trimethyl glycine) to whole-body irradiated animals
show potential radioprotection activity. In the study
was used modulation antioxidant enzyme Cu/Zn
superoxide dismutase (SOD1). Superoxide and
hydroxyl radicals, generated by ionizing radiation,
are rapidly destroyed by SOD1 (Mitchell et al,,
2000). The antioxidant betaine protects against
oxidative stress by modulating SOD1 level in organs.
It works cooperatively with other antioxidants
(Figures 1-3). To be effective radioprotectors,
antioxidants must be administered prior to
radiation exposure (Mitchell et al., 2000).

In conclusion, betaine (N, N, N-trimethyl glycine)
showed radiation protection potential against
ionizing radiation damage by preventing the
serious harmful effect of the oxidative stress.
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