
 

European Journal of Biophysics 
2016; 4(3): 16-21 

http://www.sciencepublishinggroup.com/j/ejb 

doi: 10.11648/j.ejb.20160403.11 

ISSN: 2329-1745 (Print); ISSN: 2329-1737 (Online)  

 

Influence of Whole Body X-irradiation on the Liver and 
Possible Protective Effect by the Compatible Solute 
Ectoine in a Mouse Model 

Sarhan D. A.
1
, Shehata R. R.

1
, Kandil Y. I.

2
, Kotb M. A.

3
, El-Bassiouni E. A.

1
 

1Department of Pharmacology, Medical Research Institute, Alexandria University, Alexandria, Egypt 
2Department of Biochemistry, Faculty of Pharmacy, Al-Azhar University, Cairo, Egypt 
3Department of Medical Biophysics, Medical Research Institute, Alexandria University, Alexandria, Egypt 

Email address: 
dr_dalia_1980@yahoo.com (Sarhan D. A.), rowaida_rs@yahoo.com (Shehata R. R.), kandil.yasser@gmail.com (Kandil Y. I.), 

metkotb45@gmail.com (Kotb M. A.), elbassiouni@hotmail.com (El-Bassiouni E. A.) 

To cite this article: 
Sarhan D. A., Shehata R. R., Kandil Y. I., Kotb M. A., El-Bassiouni E. A. Influence of Whole Body X-irradiation on the Liver and Possible 

Protective Effect by the Compatible Solute Ectoine in a Mouse Model. European Journal of Biophysics. Vol. 4, No. 3, 2016, pp. 16-21.  

doi: 10.11648/j.ejb.20160403.11 

Received: June 14, 2016; Accepted: June 27, 2016; Published: July 13, 2016 

 

Abstract: Exposure of mammals to ionizing radiation leads to the development of a complex dose-dependent series of 

physiological and pathological changes. The present study was undertaken to investigate the effect of whole body x-irradiation 

of male mice with a single w dose of 6 Gy on the levels of some cytokines and parameters of oxidative stress, after one and 

seven days, in the liver. The possible protective effect of the compatible solute ectoine, which is known to reduce cell stress 

effects on the molecular level, was evaluated. The x-irradiated mice showed elevated interleukins in the liver. The levels of 

both the pro-inflammatory (IL-1β and IL-6) and the anti-inflammatory (IL-10) interleukins reached several times the control 

value with quantitative differences. The disturbance by low-dose x-irradiation also affected PGE2. Malondialdehyde, used as 

indication of oxidative stress, was elevated in the livers of x-irradiated mice. Although, there were no statistically significant 

differences in the results of total glutathione among the irradiated mice as compared to control values, there were differences 

among the values of the reduced and oxidized forms. The calculated redox potentials, showed some variations in the different 

groups, but were all within the values indicating that the cells are in the proliferative phase and far from the apoptotic phase. 

Treatment with ectoine modulated all the tested biochemical effects induced by x-irradiation in the liver. All the tested 

parameters had a tendency to go back to near control values. 
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1. Introduction 

X-rays represent a form of electromagnetic irradiation 

that may affect most exposed cells depending on the dose. 

This type of radiation was proposed to cause increased 

oxidative stress and higher levels of reactive oxygen species 

(ROS), either directly or through radiolysis of water [1]. 

Whenever the endogenous antioxidant mechanisms are not 

fully functional, oxidative damage to various molecules 

may ensue, including increased lipid and protein oxidation. 

this leads to interference 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 [1, 2]. 

The strategy of protection against cellular damage by 

deep x-irradiation may be 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 

preserve the function of receptors and the activities of the 
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different enzymes including those with antioxidant or 

DNA-repair properties. Compatible solutes are 

characterized by being effective stabilizers of biomolecules 

including proteins and nucleic acids as well as 

biomembranes [3]. These properties make them potential 

candidates for cellular protection. 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 [4]. Ectoine has been reported 

to protect the human skin epithelial cells against ultraviolet 

(UV) irradiation [5]. However, little is known about its 

efficacy in protection against ionizing or other forms of 

radiation. A better understanding of this area will enable its 

use more effectively for protection of vital internal organs 

against undesirable effects of radiation. 

2. Materials and Methods 

Production of high energy x-rays was effected by a 

medical linear accelerator, which is a dual photon energy 

linac (primus, Siemens, Medical System Inc, Concord, Ca, 

USA). The system uses an exposure rate of 180 centiGray 

per minute (cGy/min) [6]. In the present study, a dose rate of 

200 monitor units (MU) was used. This results in a dose 

energy rate of 200 cGy/ minute. Accordingly, irradiation for 

three minutes gives a dose of 6 Gy. 

Thirty (30) male Swiss albino mice, weighing 20-22 g each, 

were used as the experimental animals. Mice were obtained 

from the animal house of the Medical Research Institute, 

Alexandria University and were kept under observation for one 

week prior to study with free access to food and water. All 

procedures were performed in accordance with regulations of 

the National Research Council’s guide for the care and use of 

laboratory animals. Mice were divided into the following 

groups of 6 animals each: 

Group 1: the animals served as negative controls. 

Group 2: the animals received a single x-ray dose of 6 Gy 

by exposure in the linear accelerator for three minutes and 

were sacrificed after 24 hours. 

Group 3: the animals were x-irradiated by a single dose of 

6 Gy by exposure for three minutes in the linear accelerator 

and were sacrificed after one week. 

Animals in all 3 groups received daily intraperitoneal 

injections of 0.2 ml saline. 

Group 4: the animals were injected intraperitoneally with 

200 mg/kg ecotine [7] and irradiated by a single low dose of 

6 Gy then sacrificed after 24 hours. 

Group 5: the animals were irradiated by a single dose of 6 

Gy and received 7 daily doses of 200 mg ectoine per kg body 

weight. 

Animals were sacrificed at the end of both treatment 

periods by cervical dislocation. Each liver was quickly 

dissected, washed with ice-cold saline and kept at -80°C until 

assayed for the following parameters: 

The pro-inflammatory interleukin-1β (IL-1β) and 

interleukin-6, (IL-6), and the anti-inflammatory 

interleukin-10 (IL-10) [8], as well as prostaglandin E2 

(PGE2) [9] were determined. Oxidative stress parameters; 

represented by malondialdehyde (MDA) [10], as well as 

reduced (GSH) and oxidized glutathione (GSSG) [11]. 

Total glutathione was calculated using the equation: 

tGSH= GSH+ 2 GSSG and results were used to calculate 

the redox potential [12]. 

All data were expressed as mean ± standard deviation. 

Descriptive statistics were performed using Microsoft Excel 

2010. All analyses and graphics were performed using 

GraphPad Prism 2007 (GraphPad Software, San Diego, CA, 

USA). 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. 

3. Results 

Changes in liver cytokines as a result of whole body x-

irradiation and treatment with ectoine are presented in 

Table 1. Both of the pro-inflammatory cytokines, IL-1 and 

IL-6, increased in the liver one day and one week after 

irradiation. The levels of IL-1 were more than 3 times and 6 

times the control value respectively. Administration of 

ectoine (200 mg/kg/day) affected the levels of IL-1β 

causing it to be 31.8% after one day and 74.6% after 7 days 

below irradiated levels [Fig. 1]. The effects of x-rays on IL-

6 in the liver paralleled those of IL-1. After irradiation with 

6 Gy there was a substantial increase to more than 8-fold 

and 16-fold that of control after one day and 7 days 

respectively [Fig. 2]. Treatment of the irradiated mice with 

ectoine caused a significant decrease of 19.6% and 75.3% 

below the untreated group. However, the levels of IL-1β 

and IL-6, following treatment with ectoine were still 

significantly higher than control [Table 1]. 

The pattern of change in IL-10 in the liver was the same as 

seen with the other determined interleukins [Fig. 3]. After 6 

Gy whole body x-irradiation the increases in IL-10 reached 

levels about 5.4 and 10.5 times that of control after one and 7 

days respectively. Results of treatment with ectoine were also 

qualitatively similar to other interleukins, resulting in 

significant decreases of the mean IL-10 values below the 

untreated groups. Such decreases amounted to 18.6% for the 

one day group and 74.6% for the 7 day group. 

The prostaglandin E2 concentrations in mouse liver 

changed in the irradiated and treated groups [Fig. 4]. Because 

of the low level in control animals, such changes were 

relatively very large. PGE2 increased significantly from 28-

fold after one day to near 46-fold the control value by the 

seventh day after exposure to the 6 Gy irradiation dose. 

Treatment with ectoine caused a significant decrease in PGE2 

levels [Table 1]. Although such levels were still higher than 

control, they were significantly below the irradiated groups. 

With ectoine treatment the level of PGE2 went down to about 

25% and to 14% of the 6Gy irradiated animals after one day 

and 7 days respectively. 
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Figure 1. Changes in IL-1 β in mouse liver after 1 day and 7 days of whole 

body X-irradiation with 6 Gy and treatment with ectoine (E). 

 

Figure 2. Changes in IL-6 in mouse liver after 1 day and 7 days of whole 

body X-irradiation with 6 Gy and treatment with ectoine (E). 

 

Figure 3. Changes in IL-10 in mouse liver after 1 day and 7 days of whole 

body X-irradiation with 6 Gy and treatment with ectoine (E). 

 

Figure 4. Changes in PGE2 in mouse liver after 1 day and 7 days of whole 

body X-irradiation with 6 Gy and treatment with ectoine (E). 
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Table 1. Effect of 6 Gy whole-body x-irradiation and treatment with ectoine on cytokines in mouse liver. 

 Control 
1 Day 7 Days 

Irradiated Irradiated + Ectoine Irradiated Irradiated + Ectoine 

IL-1 β (pg/gm) 18.7 ± 0.84 63.2 ± 4.41* 43.1 ± 3.0*# 118 ± 3.36*# 30.1 ± 1.11*† 

IL-6 (pg/gm) 8.11 ± 1.0 65.9 ± 3.97* 53.0 ± 2.27*# 130 ± 10.2*# 32.1 ± 4.14*† 

IL-10 (pg/gm) 11.0 ± 1.0 59.8 ± 5.06* 48.6 ± 2.03*# 115 ± 6.35*# 29.2 ± 3.70*† 

PGE-2 (ng/gm) 2.13 ± 0.23 61.1 ± 4.95* 15.5 ± 1.72*# 98.7 ± 5.41*# 13.9 ± 2.12*† 

* Significantly different from control group 

# Significantly different from 1 Day irradiated group 

† Significantly different from 7 Day irradiated group 

Malondialdehyde, the principal product in lipid 

peroxidation, is used as indicator of oxidative stress. Because 

of the initial low levels in the control group, the magnitude of 

changes in the irradiated groups were apparently large. After 

one day and 7 days, the level was 3.6- and 5.3-times the 

control value. 

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 tested [Table 2]. However, 

there were differences among the values of the reduced and 

oxidized forms. X-irradiation caused decreases in reduced 

glutathione (GSH). The 6 Gy dose resulted in a mean 

decrease of 7.4% below that of control after one day reaching 

14.1% less than control by day 7. Administration of ectoine 

caused a correction of the reduced glutathione level, as it 

caused an increase of 8.3% after one day. Such beneficial 

effect was higher with the longer treatment duration group, as 

the level was elevated by 11.8%. The oxidative stress 

resulting from whole body x-irradiation was also reflected in 

the increased oxidation of glutathione. The oxidized form of 

glutathione (GSSG) reached 48% above control after one 

day. The 6 Gy dose gave a stronger effect after 7 days, as the 

GSSG level increased by 64%. The beneficial effect of 

ectoine extended to the oxidized form of glutathione. 

Decreases in the levels of GSSG in the treated mice below 

the irradiated animals were found to be of 16.2% and 14.6% 

respectively. The values of the calculated redox potentials 

indicated that the liver cells were well in the reduced 

environment within the range of the proliferative state. 

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

 Control 
1 Day 7 Days 

Irradiated Irradiated + Ectoine Irradiated Irradiated + Ectoine 

MDA (nmol/gm) 13.2 ± 2.19 47.10 ± 3.61* 37.20 ± 4.13*# 52.10 ± 3.68* 40.50 ± 3.88*† 

GSH (µmol/gm) 4.05 ± 0.51 3.75 ± 0.45 4.06 ± 0.35 3.48 ± 0.69 3.89 ± 0.56 

GSSG (µmol/gm) 2.40 ± 0.24 5.58 ± 0.99* 4.02 ± 0.59*# 6.03 ± 0.61* 3.61 ± 0.71*† 

Total glutathione 

(µmol/gm) 
8.87 ± 0.86 14.9 ± 2.12 12.1 ± 1.13 15.5 ± 0.82 11.1 ± 1.75 

Redox potential (  ̶mV) 265 ± 2.88 252 ± 3.46* 258 ± 3.87# 248 ± 6.53* 259 ± 3.08† 

* Significantly different from control group 

# Significantly different from 1 Day irradiated group 

† Significantly different from 7 Days irradiated group 

4. Discussion 

The exposure of mammals to ionizing radiation leads to 

the development of a complex dose-dependent series of 

physiological and pathological changes [13]. Opposing 

hypotheses on the potential risks of low-dose radiations have 

been advanced. One hypothesis proposes that there is no dose 

of radiation that can be considered completely safe and that 

the use of radiation must always be determined on the basis 

of risk and benefit. Another hypothesis suggests that the 

health risks of diagnostic doses less than 10 Gy are not 

measurable [14]. 

Data from the present study showed that low level x-

irradiation caused elevation of cytokines in the liver. The 

liver has been reported to be a highly radiosensitive 

hematopoietic organ. It is the primary organ responsible for 

detoxifying damaging electrophiles generated during 

oxidative stress [15, 16]. The reported effects of cytokines in 

case of irradiation are conflicting. Several possible 

mechanisms for 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 [17]. 

Cytokine measurements in tissue or in the peripheral 

circulation have been an important part of the process of 

defining the role various cytokines play in health and disease. 

It has been suggested that local cytokine levels and activity 

are of considerably greater value for monitoring of 

pathological events in a target tissue than are systemic serum 

cytokine levels [18]. In the present study, the x-irradiated 

mice showed elevated interleukins in the liver. The increases 

in the concentration of IL-1β were accompanied by 

concomitant increases in IL-6. Interleukin-1β has been 

reported to induce IL-6 [19], which can mimic many of its 

actions [20]. The intracellular increase in the level of IL-1 is 
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followed rapidly by induction of several biochemical events 

[21], including induction of the transcription of COX-2. Once 

triggered, COX-2 production is elevated and large amounts 

of PGE2 are produced in cells stimulated with IL-1. 

Therefore, many of the biological activities of IL-1 are 

proposed to be due to increased PGE2 production [22]. 

It may be noted that the increases of the pro-inflammatory 

cytokines, in the present study, were also accompanied by 

significant increases in the anti-inflammatory IL-10. 

Probably such increase may represent a defense mechanism 

against the high levels of IL-1β and other pro-inflammatory 

mediators caused by irradiation. It is generally recognized 

that counteraction of the inflammatory response to radiation 

is important to attenuate acute radiation effects and prevent 

consequences [23]. 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 [24]. The down-

regulation of IL-6 by IL-10 has been shown 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 widely 

shown that the inflammatory reaction is intrinsically 

destructive for surrounding tissues. In addition an early 

release of cytokines could be responsible for the damage 

leading to the hypothesis of perpetual cascade of cytokines 

initiating radiation-induced late effects [25]. 

Prostaglandin E2 was found, in the present study, to 

increase following wirradiation as previously reported [26]. 

A broad spectrum of mediators regulates the expression of 

COX-2. Whereas pro-inflammatory cytokines such as IL-1β 

and IL-6, among other factors, induce COX-2, the anti-

inflammatory cytokine IL-10 inhibits the expression of this 

enzyme [27, 28]. 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 irradiation effects. 

The data obtained in the present work point out to the 

stronger effect of the low dose x-irradiation on interleukins 

and prostaglandin E2 than on oxidative stress as measured by 

changes in MDA as well as different forms of glutathione 

and the calculated redox potential. 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 

significant differences among the values of the reduced and 

oxidized glutathione. Because of the relatively small initial 

levels in the control group, the percentage changes in the 

irradiated groups were apparently large. 

Current concepts of the mechanism of action of reactive 

oxygen species (ROS) include alteration in intracellular 

redox state and oxidative modification of proteins. Cellular 

cytosol is normally maintained under strong reducing 

conditions, which is accomplished by the action of 

intracellular redox-buffering systems [29]. This could be 

reflected in the calculated values of redox potential, which 

showed some variations in the different groups, but they were 

all within the values indicating that the cells are in the 

proliferative phase and far from the apoptotic phase [12]. 

The seven consecutive doses of ectoine, given over one 

week, gave better results causing all tested biochemical 

parameters to go back to near normal values. If the main 

effect of radiation is on protein [30] and the key to cell 

survival is through conserving the integrity of the antioxidant 

enzymes [31, 32] then compounds known to possess such 

properties would be good candidates for the protective 

action. Compatible solutes, including ectoine, are 

characterized by being effective stabilizers of biomolecules 

including proteins and nucleic acids as well as biomembranes 

[3]. It was shown that ectoine increased the hydration of a 

model biological membrane resulting in higher membrane 

fluidity [4]. This may lead to interference with membrane-

coupled pro-inflammatory signaling. The effect of ectoine on 

the inflammatory process was previously investigated and it 

was suggested that this compatible solute probably has anti-

inflammatory properties [3]. 

Results of the present study demonstrated that the 6Gy 

whole-body irradiation caused a significant increase in the 

MDA level, whereas the antioxidant levels of reduced 

glutathione were decreased in the livers of irradiated mice. 

Administration of ectoine effectively decreased MDA levels 

in the livers of all irradiated animals. 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 [33]. The significantly 

elevated levels of reduced glutathione may be a factor 

responsible for the inhibition 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 also directly detoxifies ROS 

induced by irradiation. 

5. Conclusion 

Protection of biological systems from ionizing radiation 

is of paramount importance in planned as well as 

unplanned accidental exposures to radiation. Development 

of effective agents to combat radiation damages using 

nontoxic radio protectors is of considerable interest in 

health care, particularly in radio diagnostics and therapy. 

Despite the lack of clinical data, results of the present 

study suggest that ectoine has the potential to protect 

tissues from radiation injury and should be considered as a 

candidate for further development as a radiation injury 

countermeasure. 
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