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VIL.SUMMARY

X-rays represent a form of electromagnetic irradiation that may affect most exposed
cells depending on the dose. This type of radiation may cause increased levels of reactive
oxygen species (ROS), either directly or through radiolysis of water. Reactive oxygen
species can damage electron transport chain proteins that in turn can create more radicals,
which cause increased oxidative stress. Whenever the endogenous antioxidant mechanisms
are not fully functional, it is expected that the increase in oxidative stress might cause
cellular injury by inducing oxidative damage to various molecules, including increased
lipid and protein oxidation. Free radicals can interfere with signaling cascades through
regulation of protein activities. On the other hand, free radical signaling could be mediated
by cytokines, the participation of which in cellular pathways is modulated by the redox
status. The cytokine mediators of oxidative stress can alter redox equilibrium by affecting
reduced/oxidized glutathione shuttling and recycling. This, by necessity, indicates
alterations in the activity of the participating enzymes.

Our strategy of protection against cellular damage by deep x-irradiation was built on
restoring homeostasis of the disturbed biochemical pathways by affording protection to
and preventing damage of essential macromolecules. The use of agents known to preserve
membrane integrity and protect the folding and hydration of proteins would, by necessity,
preserve the function of receptors and the activities of the different enzymes including
those with antioxidant or DNA repair properties. Compatible solutes, including ectoine, are
known to possess such properties and therefore are worth trying to protect cellular
elements against the damaging effect of x-irradiation.

The present study was undertaken to investigate the effect of acute exposure to low
level of whole body deep x-irradiation on cellular oxidative stress in the mouse.
Production of free radicals and the efficacy of antioxidant defense in the liver, brain and
testicles were assessed. The relationship between the extent of oxidative stress and the
balance between pro-inflammatory and anti-inflammatory cytokines as well as the changes
in prostaglandin E, were also considered.

male Swiss albino mice, weighing 20-22 g each, were used as the experimental
animals and were divided into the following groups:

Group 1: of six (6) animals served as negative controls.

Group 2: of 12 animals were irradiated by a single dose of 2 Gy by exposure for one
minute. Six (6) animals were sacrificed after one day and the other six (6) after 7 days.

Group 3: of 12 animals were irradiated by a single dose of 6 Gy by exposure for
three minutes. Six (6) animals were sacrificed after one day and the other six (6) after 7
days.
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Animals in groups 2 and 3 received intraperitoneal injections of saline.

Group 4: of 12 animals were irradiated by a single dose of 2 Gy. Six (6) animals
received a single dose of 200 mg ectoine per kg body weight, and were sacrificed after one
day. The other six (6) received the same daily doses of ectoine and sacrificed after one
week.

Group 5: of 12 animals were irradiated by a single dose of 6 Gy. Six (6) animals
received a single dose of 200 mg ectoine per kg body weight, and were sacrificed after one
day. The other six (6) received the same daily doses of ectoine and sacrificed after one
week.

At the end of the designated times animals were sacrificed by cervical dislocation.
Each sacrificed animal was decapitated and the bones at the top of the skulls were excised
to remove the whole brain. The liver and the testicles were also dissected, and the three
organs were quickly washed with ice-cold saline. All specimens were properly labeled and
kept at -80 [1C until assayed for the following parameters:

- Interleukin-1p (IL-1) and interleukin-6, (IL-6) representing pro-inflammatory
cytokines

- Interleukin-10 (IL-10), representing anti-inflammatory cytokines

- Malondialdehyde (MDA) as well as total, reduced (GSH) and oxidized glutathione
(GSSQG) to evaluate oxidative stress

- Prostaglandin E; (PGE,).

The effects of whole body x-irradiation were qualitatively similar on all three organs
tested, but quantitatively different depending on the organ and the radiation dose. Both of
the pro-inflammatory cytokines, IL-1 and IL-6 increased at one day after irradiation with
both x-ray doses (2Gy and 6 Gy) in the liver, brain and testicles with the highest rise seen
in the liver.

After one day of irradiation with the 2 Gy dose the level of IL-1in the liver almost
doubled (93.1% increase) going up to 3-fold that of control after 7 days. The effect of the 6
Gy dose was more prominent, as the mean values of IL-1 were 3-fold the control after one
day and 6-fold after seven days. The changes in the concentration of IL-1in the brain were
similar to those in the liver. The 2 Gy dose caused mean increases over control levels of
33.9% after one day and 121.5% after 7 days. Much higher increases were observed with
the 6 Gy dose reaching 404.3% after one day and 555.4% after 7 days. The percentage
changes were apparently high because the levels in the control group were lower than what
was seen in the liver. Such control level was even lower in the testicles. The 2 Gy dose
caused increases of 46.0% and 144.4% one and seven days post-irradiation. With the 6 Gy
the calculated values were 6.5-fold and 9.3-fold the control in these 2 time points.
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The effects of x-rays on IL-6 paralleled those of IL-1. One day after irradiation with
2 Gy the level of IL-6 in the liver was more than 3-fold the control value followed by a
substantial increase to more than 10-fold that of control after 7 days. Irradiation with 6Gy
gave higher values. The levels of IL-6 in the liver tissue, after one day and 7 days, were
more than 8-fold and 16-fold that of control respectively. IL-6 in the brain showed a
substantial relative increase as a result of x-irradiation. With the 2 Gy such increases were
521.8% after one day and 919.4% after 7 days. With the 6 Gy IL-6 reached levels more
than 12-times the control value after one day and more than 17-times after 7 days. In
mouse testicles, one day after the 2 Gy dose an increase of 88.2% of IL-6 was detected,
that went up to 160.3% above control after 7 days. The effect of the 6 Gy was greater as
IL-6 reached levels about 5.4-fold and 9.7-fold the control, one and seven days after
irradiation respectively. These results indicated that the effects of radiation were not
momentary, but were progressive with time. The reported effects of cytokines in case of
irradiation are conflicting. Several possible mechanisms of radioprotection have emerged
including reduction of oxidation damage and apoptosis. In contrast, sensitizing
mechanisms may include increased oxidative damage, which may occur in absence of
scavenger induction, as well as enhanced apoptosis.

The rise in the pro-inflammatory interleukins was couples with concomitant increase
in the anti-inflammatory IL-10. The pattern of change in IL-10 was the same as seen with
the other determined interleukins. In the liver, exposure to the 2 Gy radiation dose caused
increases, above the mean control level, of 151.8% after one day and 581% after 7 days.
These values were higher after the 6Gy dose reaching 443.6% and 945.5% after one day
and 7 days. Although the level in the brain was much lower than in the liver, it showed a
large increase as a result of exposure to x-irradiation. At day one after the 2 Gy dose its
level was about 3.4-fold that of control and went up to more than 6-fold after 7 days. The
increase was even greater following irradiation with 6 Gy, as the level exceeded 7.6-times
and 12.1-times that of control after one day and 7 days respectively. The level of IL-10 in
the testes also increased as a result of exposure of the animals to x-irradiation. Exposure to
the 2 Gy radiation dose caused increases of 86.8% after one day and 581% after 7 days,
above the mean control level. These values were higher after the 6Gy dose reaching 6.6-
fold and 18.5-fold the control value after one day and 7 days. Such increased production of
this anti-inflammatory cytokine may represent an attempt of the affected cells to balance
the actions of the pro-inflammatory cytokines or to modulate their effects on other
signaling pathways. It is generally recognized that counteraction of the inflammatory
response to radiation is important to attenuate acute radiation effects and prevent
consequences. It has been proposed that the biological activities of IL-10 in modulating
inflammation in this case may be caused, in part, by down-regulation of pro-inflammatory
cytokines and the expression of their receptors and up-regulation of cytokine inhibitors.

The disturbance by low-dose x-irradiation was also seen in the changes in the levels
of PGE,. The behavior of this prostaglandin was again similar to what was seen with the
interleukins. Both doses of x-rays caused an increase in its level starting on the first day
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after irradiation and continued to rise to higher levels on day seven. It is known that
cytokines, like IL-1, can increase the production of prostaglandins and it is postulated that
the effects associated with the rise in interleukin- 1 may actually be due to induction of PG
synthesis.

X-rays causes increased ROS production that result in increased lipid peroxidation.
Malondialdehyde , the principal product in this case is generally used as indication of
oxidative stress. After one day of irradiation by a 2Gy dose the mean level of MDA was
3.8-fold that of control. Contrary to what was expected, the level decreased by 7.1% after
seven days although it was still 3.6-times the control level. The 6 Gy dose gave
qualitatively similar results, but quantitatively higher levels. The level of MDA was 5.3-
fold that of control after one day and only 2.9-fold after 7 days. Whether the decrease in
MDA observed on day seven may be taken as an early sign of recovery or it may be due to
excessive damage of cellular membranes causing depletion of fatty acids, particularly
arachidonic acid, because of extensive production of interleukins and PGE; or due to
decreased activity of the oxidative enzymes, needs to be clarified.

The effect of low-dose x-irradiation on glutathione was not as strong as may be
expected. There were no statistically significant differences in the results of total
glutathione among all the groups of mice as compared to control values. However, there
were differences among the values of the reduced and oxidized forms. The effect was
relatively higher after one day of irradiation with a tendency toward recovery and going
back to near control. Because of the initial reduced and oxidized levels in the control
group, the percentage changes in the irradiated groups were apparently large.

It could be clearly seen from the results obtained in this work that treatment with
ectoine modulated the biochemical effects induced by x-irradiation. Such modulating
action was dependent on frequency of dosing of this compatible solute. The effect after a
single dose was variable, sometimes increasing the parameter tested and some other times
causing a decrease, as could be seen after one day of treatment. However, repeated
administration gave more uniform results. The seven consecutive doses given over one
week caused all the tested biochemical parameters to go back to near normal values. This
gave a clear indication that probably ectoine needs to accumulate in the cells before it
affords protection. It should be noted that ectoine accumulates to molar levels in radio-
resistant microorganisms. Accordingly, it should be recommended that ectoine be
administered repeatedly to protect against irradiation effects. Whether pretreatment with
ectoine would prevent cellular damaging effect of ionizing radiation is worth investigating.
If successful, it would afford protection to radiologists and technicians continuously
exposed to ionizing radiation whether from the x-ray imaging machines or from ionizing
radiation devises for tumor treatment.
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