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Abstract

Purpose: To investigate the possible role of ectoine, which is known to protect protein hydration and
folding and structural organization of biological membranes, in protecting mouse liver against low-dose
x-irradiation.

Methods: The study included thirty Swiss albino mice weighing 20 - 22 g each, which were divided into
five groups of six animals each: group (1) naive animals serving as control, group (2) animals irradiated
with a whole-body 2 Gy single dose of x-ray, and sacrificed after one day, group (3) x-irradiated and
sacrificed after one week (each animal in the 3 groups received 0.2 mL saline daily by oral gavage).
Group 4 consisted of x-irradiated animals dosed with ectoine 200 mg/kg in saline and sacrificed after
one day. Group 5 cmoprised of x-irradiated animals and were dosed daily with ectoine 200 mg/kg and
sacrificed after one week. The evaluated inflammation parameters in the animals’ liver were interleukin-
18 (IL-1B), interleukin-6 (IL-6), interleukin-10 (IL-10) and prostaglandin E2 (PGE2). Furthermore, the
oxidative stress parameters, viz, malondialdehyde (MDA), reduced glutathione (GSH), oxidized
glutathione (GSSG) and their ratio (GSH/GSSG) were also assessed.

Results: Whole body low-dose x-irradiation resulted in statistically significant (p < 0.05) increases in all
ILs tested as well as PGE2 of mice liver. Indications of oxidative stress included elevated levels of MDA
and oxidized glutathione with decreased reduced glutathione. The effects of radiation were progressive
and the changes in the tested parameters increased from day 1 to day 7. Administration of ectoine
significantly (p < 0.05) ameliorated the biochemical effects induced by whole body x-irradiation.
Furthermore, the modulating action was dependent on the accumulation of ectoine, as it was more
effective after repeated administration.

Conclusion: Ectoine has a post-irradiation protective effect on mouse liver via its action on
inflammatory and oxidative stress pathways. It probably has similar action in other vital organs.
Preventive treatment of healthcare personnel and technicians frequently exposed to low doses of
radiation with ectoine is worth investigating.
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INTRODUCTION common during medical diagnosis procedures,

air travel and the use of certain electronic
Scientific and technological advancements have equipment [1]. X-rays are considered indirectly
increased radiation burden in humans, since ionizing radiation since their interactions with
exposure to low levels of radiation has become matter result in liberation of orbital electrons
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which are responsible for the ionization of the
target materials or the macromolecular
components of biological tissues [2]. Cellular
exposure to ionizing radiation can directly disrupt
atomic structures, producing chemical and
biological changes. It can also act indirectly
through radiolysis of water, thereby generating
reactive chemical species that may damage
nucleic acids, proteins and lipids. Both effects of
radiation initiate a series of biochemical and
molecular signaling events that may repair the
damage or culminate in permanent physiological
changes or cell death [3]. Increasing evidence
also support the role of chronic oxidative stress
in the progression of degenerative diseases and
radiation-induced late tissue injury [4].

The compatible solute ectoine, [(S)-2-methyl-1, 4,
5, 6-tetrahydropyrimidine-4-carboxylic acid], is
known to preserve and protect both hydration
and folding of proteins and the structural
organization of membranes [5]. Its protective
action against ionizing radiation is worth
investigating. The present study was carried out
on mice exposed to whole-body x-irradiation
using a low dose of 2Gray (Gy). The changes in
inflammatory parameters and those of oxidative
stress along with the possible protective effect of
ectoine were assessed.

EXPERIMENTAL

A medical linear accelerator which is a dual
photon energy LINAC (Primus, Siemens, Medical
System Inc., Concord, CA, USA) was used to
generate x-rays [6], with a dose energy rate of
200 cGy / min. Accordingly, irradiation for one
minute gives a dose of 2 Gy.

The mice were obtained from the animal house
of the Medical Research Institute of Alexandria
University, Egypt, and were kept under
observation for one week prior to study with feed
and water provided ad libitum. The study was
approved by the Ethical Committee of the

Medical Research Institute at Alexandria
University (ref no.. GO/AAU-122012). The
experimental procedures were performed

according to the international guiding principles
of the Institute for Laboratory Animal Research in
Guide for the Care and Use of Laboratory
Animals [7].

The study included thirty male Swiss albino mice,
weighing 20 - 22 g each, which were divided into
five groups of six animals each; group (1) naive
animals serving as controls, group (2) animals
irradiated with a whole-body 2 Gy single dose of
x-ray, and sacrificed after one day, group (3) x-
irradiated and sacrificed after one week (each

animal in the 3 groups received 0.2 mL saline
daily by oral gavage). Group (4) animals were
irradiated by a single dose of 2 Gy, then received
200 mg / kg ectoine in saline [8] orally and were
sacrificed after one day. Group (5) Animals were
irradiated by a single dose of 2 Gy, received 7
consecutive daily oral doses of 200 mg / kg
ectoine and were sacrificed after one week. At
the designated times animals were sacrificed by
cervical dislocation. Each sacrificed animal was
dissected quickly, and the liver removed, washed
with cold saline and stored at — 50 °C until
homogenized and assayed. RayBio® mouse
ELISA ready to use kits (RayBiotech, Inc, USA)
was used to detect interleukin-13 (IL-1B),
interleukin-6 (IL-6) and interleukin-10 (IL-10) [9].

Prostaglandin E2 (PGE2) was assayed using
Gentaur® mouse ELISA kit (Gentaur molecular
products, Belgium) [10]. Malondialdehyde (MDA)
was assayed by calorimetric reaction [11].
Reduced glutathione (GSH) and oxidized
glutathione (GSSG) were assayed by an
enzymatic recycling procedure [12].

Statistics

Statistical analysis was performed using IBM
SPSS statistics for Windows, version 20
(Armonk, NY: IBM Corp. 2011). Quantitative data
was expressed as mean + standard deviation
(SD). Differences between means were
assessed by one way analysis of variance
(ANOVA) followed by Tukey's procedure and
were considered statistically significant at p <
0.05.

RESULTS

As presented in Table 1, irradiation with x-rays
resulted in significant elevation of the pro-
inflammatory IL-13 and 1L-6 as well as the anti-
inflammatory IL-10. One day after irradiation with
2 Gy the level of IL-1p was 92.8 % above control,
which further increased to more than 3 times that
of control after 7 days. The results of IL-6 were
qualitatively similar to IL-13, with larger changes
in the assayed concentrations in response to
whole-body  x-irradiation. One day after
irradiation with 2 Gy the mean level of IL-6 was
more than 3 times the control value with a
substantial increase to a level 10 times above
that of control after 7 days.

Results of IL-10 indicated that the level of this
anti-inflammatory interleukin increased
substantially after the exposure of the animals to
x-irradiation, which caused significant increases
in the IL-10 concentration of 151.8 % after one
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day and 581 % after 7 days compared to the
mean control value.

The PGE2 concentration in the mouse liver
increased significantly to more than 3 times the
control value one day after exposure, which went
up to more than 17 times after 7 days.

Treatment with ectoine affected the levels of the
3 tested interleukins (Table 1). When irradiated
mice were treated with ectoine the extent of
effect was dependent on the duration of drug
treatment. A single dose of ectoine resulted in a
significant increase in IL-13 of 33 %, while daily
ectoine administration for 7 days caused a
significant decrease of 43.9 %.

Similar results were obtained with IL-6. A single
dose of ectoine caused an increase in IL-6 in
irradiated mice of more than 200 % over the
untreated irradiated group. However, seven
consecutive daily doses of ectoine caused a
significant decrease of 56.0 % below the
untreated irradiated group. For IL-10, the results
of treatment with ectoine were qualitatively
similar to those of IL-6. Compared to the
irradiated animals, the level of IL-10 was higher
by 736 % after one day of ectoine
administration, but decreased by 53.8 % after 7
daily doses.

The changes in PGE2 in the livers of mice, as a
result of ectoine administration, showed a similar
pattern to the results of interleukins. Treatment
with a single ectoine dose after one day of
irradiation caused an increase in the level of
PGE2 of 171 % above that of the untreated

irradiated group. However, administration of 7
consecutive daily ectoine doses resulted in a
decrease of 50.7 %.

The determined parameters of oxidative stress
are shown in Table 2. Malondialdehyde; the
principal product of lipid peroxidation, is generally
used as an indication of oxidative stress. After
irradiation by a 2Gy dose the mean level of MDA
increased significantly to 3.8 times that of control.
But after seven days the level decreased by 7.3
% below that after one day, though it was still 3.6
times the control level. X-irradiation decreased
the reduced form of glutathione. The 2 Gy dose
resulted in a mean decrease of 15.3 % below the
control value after one day, but this decrease
was only 7.4 % after 7 days.

Oxidative stress was also reflected in the
increased oxidation of glutathione. The oxidized
form of glutathione (GSSG) doubled one day
after irradiation with 2Gy. This increase in the
GSSG was halved by day 7 reaching only 48 %
above the control.

Treatment with ectoine resulted in significant
decreases in MDA levels in all irradiated animals.
MDA levels decreased below the respective
groups by 12.8 % and 21 % after one day and 7
days. Treatment with ectoine also corrected the
decrease in the GSH as its level increased by
125 % and 8.3 % after one and 7 days,
respectively. The levels of the oxidized
glutathione in irradiated mice treated with ectoine
decreased by 24 % after one day and by 16.2 %
after 7 days, as compared to the corresponding
untreated groups.

Table 1: Effect of 2 Gy whole-body x-irradiation and treatment with ectoine on cytokines in mouse liver

Cytokine 1 day 7 days

Control Irradiated Irradiated + Ectoine Irradiated Irrégtlsfﬁg *
IL-1B (pg/g) 18.70+0.84 36.30+2.78° 48.28.+1.44% 58.64+3.77% 32.90+1.95™°
IL-6 (pg/g) 8.11+1.0 25.64+1.48° 54.57+6.39 % 83.60+7.37* 36.82+4.39%°
IL-10 (pg/g) 10.98+1.0 27.73+1.88° 48.13+3.64™ 74.98+5.17%° 34.63+3.21*°
PGE-2 (ng/g) 2.130.25 8.17+1.19° 22.14+2.34% 38.04+2.87* 18.76+3.61°"°

Table 2: Effect of 2 Gy whole-body x-irradiation and treatment with ectoine on oxidative stress markers in mouse

liver
1 Day 7 Days
Stress marker Control Irradiated Irradia_ted + Irradiated Irradia_ted +
ectoine ectoine

MDA (nmol/g) 13.2+2.10 50.8+5.4° 44.3+36% 47.1+3.6% 37.2+4.1®
GSH (umol/g) 4.05+0.21 3.43+0.24° 3.860.17% 3.75+0.35% 4.0620.33%""
GSSG (umol/g) 0.250.40 0.50+0.03" 0.38+0.04% 0.37+0.04" 0.31+0.02*”
GSH/GSSG ratio 16.23+3.12 6.84+0.28° 10.74+0.87%° 10.64+89%*, 13.29+1.09%

3Significantly different from control; "significantly different from Irradiated group; *significantly different from 1 day
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DISCUSSION

The possibility of exposure to low levels of
radiation is increasing [1]. This made the threats
of late effects of radiation, e.g., reduced fertility,
inheritable genetic damage and carcinogenesis
assume greater importance. One hypothesis on
the potential risk of low-dose radiation proposes
that there is no dose of radiation that can be
considered completely safe and the use of
radiation producing equipment [13] must be
based on the risk and benefit. At 2 - 8 Gy
radiation syndrome develops with intensity
proportional to the radiation dose. This was the
basis for the choice of the relatively low radiation
dose of 2 Gy used in the present study.

The early biochemical modifications, which occur
during or shortly after the radiation exposure,
were thought to be responsible for most of the
effects of ionizing radiation in mammalian cells
[14]. However, oxidative changes may continue
to rise after the initial exposure presumably
because of continuous generation of reactive
oxygen species (ROS) and nitrogen (RNS)
species [14].

It has been suggested that the local levels of
cytokines reflect the pathological condition in a
specific organ and are of a greater value for
monitoring pathological events in a target tissue
than are systemic serum cytokine levels [15]. In
the present study, the x-irradiated mice showed
elevated interleukins in the livers of all irradiated
groups. The increases in IL-1B were
accompanied by concomitant increases in IL-6.
Interrleukin-1p has been reported to induce IL-6
[16] which is considered to be an essential
contributor to natural resistance to lethal
irradiation. Obligatory interaction of IL-1f or TNF-
a with IL-6 may be a prerequisite for some of the
biological effects of these inflammatory
cytokines.

Induction of IL-6 and/or its receptors has been
reported to vary in different tissues and many of
the actions of IL-1p can be mimicked by IL-6. It is
noteworthy that the increases of the pro-
inflammatory cytokines, in the present study,
were also accompanied by significant increases
in the anti-inflammatory IL-10, which followed the
same pattern. Probably such increases represent
a defense mechanism against the high levels of
IL-18 and other pro-inflammatory mediators
caused by irradiation. It could be postulated that
the biological activities of IL-10 in modulating
inflammation may be caused, in part, by down-
regulation of pro-inflammatory cytokines and
their receptors, and up-regulation of cytokine
inhibitors.

The down-regulation of IL-6 by IL-10 has been
shown [17], and it has been proposed that
limiting one step of the inflammatory process
cascade might control the progression of the
inflammatory reactions. This can be of benefit
since it has been shown that the inflammatory
reaction is intrinsically destructive for the
surrounding tissues [17].

The intracellular increase in the level of IL-1B is
followed rapidly by induction of biochemical
events including transcription of COX-2 and
production of PGE, [18]. In the present study,
PGE; increased in all groups tested proportional
to the time after radiation. A broad spectrum of
mediators regulates the expression of COX-2.
Whereas, the pro-inflammatory cytokines such
as IL-1B and IL-6 among other factors induce
COX-2, the anti-inflammatory e IL-10 inhibits the
expression of this enzyme [19]. Therefore, it
seems that the balance between the effects of
pro-inflammatory and anti-inflammatory cytokines
may determine the short-term or long-term
outcome of the irradiation effects.

Reduced glutathione, as an antioxidant, has
been considered as the most accurate single
indicator of cell health, as its depletion
represents vulnerability to oxidant attack [20].
The significantly elevated level of reduced
glutathione may be a factor responsible for the
decrease in the level of MDA generated from
lipid peroxidation. In addition, the significant
increase in GSH protects cellular proteins
against oxidative damage through the glutathione
redox cycle and directly detoxifies ROS induced
by radiation.

Compatible solutes, including ectoine, are
characterized by being effective stabilizers of
biomolecules such as proteins, nucleic acids and
biological membranes [5]. These properties
make them potential candidates for cellular
protection. In the present study, treatment with
ectoine for one week attenuated the biochemical
changes caused by X-irradiation. The seven
consecutive doses over one week gave better
results than a single dose given one day post
irradiation, causing the tested parameters to
reach near control levels.

CONCLUSION

Ectoine has a post-irradiation protective effect on
mouse liver as it modulates both the
inflammatory and oxidative effects induced by
low-dose x-irradiation. The modulating action is
dependent on the frequency of dosing and
accumulation of this compatible solute. It
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probably has a similar action in other vital
organs. Preventive treatment of healthcare
personnel and technicians frequently exposed to
low doses of radiation by ectoine is worth
investigating.
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