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ABSTRACT 

Lipid peroxidation (Malondialdehyde), Lactate dehydrogenase, Iron 
Concentration, IL–6 and IL-1β concentration were determined in Seventy-two 
male albino rats divided in two main groups. The first one was subdivided into 7 
subgroups; control and 6 irradiated subgroups with 0.1, 0.2, 0.3, 0.5, 0.7, and 1 
Gy single dose of γ-radiation. The other was subdivided into 4 irradiated 
subgroups with fractionated dose γ-radiation of 0.3, 0.7 and 1 Gy with 0.1 Gy per 
day and the last subgroup 1 Gy with 0.2 Gy daily.  All animals were sacrificed 
after three days of the last irradiation dose. 
The results revealed that all biochemical parameters were increased in rats 
exposed to fractionated more than single doses. In conclusion, the data of this 
study highlight on the beneficial and stimulatory effect of low ionizing radiation 
doses (≤ 1Gy) whether single or fractionated on some biochemical and 
immunological parameters. These findings may be fruitful for those who undergo 
radiotherapy as well as the dose–effect relationship. 
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INTRODUCTION 

 
High doses of ionizing radiation are well known to be life shortening and 

immunosuppressive. However, low doses are sometimes associated with increased 
immune function. A series of changes in immune functions in experimental animals were 
observed after low dose γ-radiation single or fractionated. These changes are called 
hormetic effects described for several years in a wide variety of models. Hormesis and 
adaptive response induced with low-dose ionizing irradiation are the focus of research in 
radiobiology in recent years(1). 

 
Cytokines are hormone like proteins, produced by stimulated cells and tissues, were 

found to protect mice against lethal hematopoietic failure caused by ionizing radiation(2).  
 
The immune system is known to be highly sensitive to moderate and high doses of 

ionizing radiation. Immunosuppression is one of the most important causes of death in 
acute radiation syndrome. However, the dose effect relationship of immune functions has 
been found to be different for doses below 1 Gy. 

 
Lactate Dehydrogenase (LDH) is a cellular enzyme that contributes to carbohydrate 

metabolism. It is released during tissue injury and its increase usually indicates cellular 



death and leakage of the enzyme from the cell(3).  LDH can be used as an indicator of 
cellular damage. 

 
Interleukin-1β (IL-1) is an extremely pleiotropic cytokine secreted by cells of the 

monocyte/macrophage lineage and many other types of cells of lymphocytic, myeloid, 
and nonhemopoietic origin. IL-1 plays a key role as a mediator of inflammation and has 
important activities promoting activation and differentiation of T and B lymphocytes(4). 

 
Interleukin-6 (IL-6) is a highly pleiotropic cytokine synthesized by activated T (Th2) 

and B cells and a variety of non-lymphoid cells, including monocyte/macrophages, 
fibroblasts, endothelial cells, keratinocytes, and several tumor cells. IL-6 plays a central 
role as a mediator of inflammatory and acute phase response.  

 
In order to simulate the conditions commonly practiced in either occupational or 

medical radiological exposures encountering intermittent radiation exposures, the present 
work is planned to determine using animal model, the effects of different low doses of 
whole-body γ-radiation on some biochemical and immunological parameters early 
following radiation and comparing the effect of single or fractionated doses ranging from 
0.1 to 1 Gy.   

MATERIAL AND METHODS 
 
I. Animals 

 
Seventy-two Sprague Dawely male albino rats were randomly selected, 3 to 4 months 

old, of body weight approximately 130 gm were used. They were divided into two main 
groups: 

 
 
Group I. (Single dose irradiation) Comprised 42 animals, 6 of them were 

considered as untreated normal control group. Thirty-six animals were arranged into six 
irradiated subgroups each of 6 animals, according to the radiation doses of 0.1, 0.2, 0.3, 
0.5, 0.7, and 1 Gy, named 0.1S, 0.2S, 0.3S, 0.5S, 0.7S, and 1S respectively. 

 
 
Group II. (Fractionated dose irradiation) Comprised 30 animals, 6 of them 

were considered as unirradiated control subgroup. Twenty-four animals were irradiated 
with fractionated dose γ-irradiation.  They were arranged into four irradiated subgroups 
each of 6 animals, according to the radiation doses of 0.3 (0.1 Gy every day for 3 
successive days) (0.3F), 0.7 Gy (0.1 Gy every day for 7 successive days) (0.7F), 1 Gy 
(0.1 Gy every day for 10 successive days) (1F1), and 1 Gy (0.2 Gy every day for 5 
successive days) (1F2).  

 
All animals were sacrificed after three days of the last irradiation dose. 



 
Irradiation was carried out using the biological irradiation gamma cell-40 (Caesium 

137) belonging at National Center for Radiation Research and Technology (NCRRT) at 
Nasr City, Cairo. The dose rate of the source was calculated as 0.667 Gy/min.  
 
 
II. Methods 
 
II.1. Biochemical Analysis: 

 
A- Lipid peroxidation [Malondialdehyde (MDA)] was estimated in plasma by 

thiobarbituric acid (TBA) reaction according to the procedure of Yoshioka, et al.,(5).  
 
B- Lactate dehydrogenase (LDH) activity was measured colorimetrically by the 

method described by Kaplan and Pesce(6). 
 
C- Iron Concentration was measured colorimetrically by the method described by 

Goldberg and Gornall (7). 
 
 
II.2. Immunological analysis: 

A- interleukin–6 (IL-6) 
B- interleukin–1β (IL-1β) 

 
 
The BioSource International, Inc.rat IL-6 kit for determination of IL-6, Inc.rat IL-1β  

was used for determination of IL-1β. It is based on a solid phase sandwich Enzyme 
Linked-Immuno-Sorbent Assay (ELISA) was used. 
 
 
 
III. Statistical analysis:  

The statistical analysis was performed according to Snedecor and Cochran(8).  The 
arithmetic means, standard deviation, standard error of mean and student t-test were 
evaluated. 
 

RESULTS 

 

1. Biochemical Analysis: 
 
A- Lipid peroxidation [Malondialdehyde (MDA)] 

The data recorded in table (1) show that exposure to single dose of 0.1and 0.7 Gy of 
γ-irradiation induced non significant increase in plasma (Malondialdehyde) MDA level. 



While, irradiation 0.2, 0.3, 0.5 and 1 Gy induced highly significant increase as compared 
to control level. The percentages of increase were 57.2, 45.2, 29.3 and 24.8% 
respectively. 
 

 
 
 
 
 
 

Table (1): Effect of single doses of gamma irradiation on plasma MDA µmol/ml 
 

P Difference % Mean ± SE Doses of irradiation 

- 0 28.11±1.79 Control 
N.S 16.7  % 32.80 ± 2.89 0.1 Gy 

P<0.01 57.2  % 44.20  ± 3.64 0.2 Gy 
P<0.01 45.2 % 40.82 ± 2.61 0.3 Gy 

P<0.01 29.3 % 36.35 ± 0.90 0.5 Gy 

N.S 7.5 % 30.22 ± 0.60 0.7 Gy 
P<0.01 24.8   % 35.09 ± 0.94 1.0 Gy 

 

 
The data recorded in table (2) reveals that whole body gamma irradiated rats with 

fractionated doses of gamma irradiation 0.3, 0.7 and 1(1F1) Gy showed non-significant 
increase with percent changes 11.8, 4.4 and 2.1% respectively. On the other hand, the 
increase was significant (P< 0.05) in irradiated group (1F2) with percent change of 20.1% 
compared to control. 

 
Table (2): Effect of fractionated doses of gamma irradiation on Plasma MDA µmol/ml 

 

P Difference % Mean ± SE Doses of irradiation 

- 0 28.11 ±1.79 Control 
N.S 11.8 % 31.44±1.70 0.3 Gy 
N.S 4.4 % 29.35±1.05 0.7 Gy 
N.S 2.1 % 28.70 ±1.67 1F1 Gy (0.1x10) 

P<0.05 20.1 % 33.77±1.45 1 F2 Gy (0.2x5) 
 
B- Lactate dehydrogenase (LDH) 

As shown in table (3), whole body γ-irradiation at doses 0.1 and 1 Gy caused 
significant elevation in plasma LDH with percent change of 47.4 and 55.5%, 72 hr post 
irradiation, respectively. Also, rats exposed to single doses γ-irradiation of 0.2, 0.3 and 



0.7 Gy induced very highly significant increase (P<0.001), their percent changes were 
172.4, 211.7 and 129.7% respectively. While, the increase in LDH level was highly 
significant increase (P<0.01) in irradiated group 0.5 Gy with percent change 98.3% 
compared with control value. 

 
Obtained data in table (4) illustrated that there was very highly significant increase 

(P<0.001) in plasma LDH in animals exposed to all applied fractionated doses of 0.3 Gy 
(0.3 F), 0.7 Gy (0.7 F), 1Gy (1F1), and 1Gy (1 F2) γ-irradiation. The maximum increase in 
LDH level occurred following irradiation with fractionated dose levels of 0.7 and 1 Gy (1 
F1) with percent changes of 210.8 and 201.6 % respectively compared to control level. 
 

 
Table (3): Effect of single doses of gamma irradiation on  

lactate dehydrogenase activity U/L 
Doses of irradiation Mean ± SE Difference % P 

Control 411.07±53.00 0 - 
0.1 Gy  605.87 ± 42.96 47.4% P<0.05 
0.2 Gy 1119.74 ± 107.16 172.4% P< 0.001 
0.3 Gy 1281.35 ± 136.86 211.7 % P<0.001 
0.5 Gy   815.03 ± 110.63 98.3% P<0.01 
0.7 Gy 944.35 ± 5 2.80 129.7% P<0.001 
1.0 Gy 639.35 ± 84.25 55.5 % P<0.05 

 
 

Table (4): Effect of fractionated doses of gamma irradiation on  
lactate dehydrogenase activity U/L 

P Difference % Mean ± SE Doses of irradiation 

- 0 411.07 ± 53.00 Control 
P<0.001 184.1% 1168.03 ± 48.06 0.3 Gy 

P<0.001 210.8% 1277.65  ± 6.74 0.7 Gy 

P<0.001 201.6 % 1239.88 ± 54.00 1F1 Gy (0.1x10) 
P<0.001 170.6 % 1112.48 ± 25.08 1 F2 Gy (0.2x5) 

 
 

C- Iron Concentration 
 
From results reported in table (5) it is clear that iron concentration in plasma showed 

non significant change in irradiated groups (0.1, 0.2 and 0.7 Gy) with percent changes of 
3.8, 3.8 and –10.1% respectively. However, the iron concentration began to increase 
(P<0.05) after exposure of animals to radiation dose 0.3 Gy, and higher increase 
(P<0.001) in iron level was recorded in irradiated group 0.5 Gy with percentage increase 
40.5 and 58.2% respectively. On the other hand, very highly significant decrease 
(P<0.001) was recorded in plasma iron level in irradiated group (1 Gy) with percentage 
change of -30.4% compared to control value. 



 
 
The results of the plasma iron concentration represented in table (6) indicated that 

irradiated groups (0.3 and 0.7 Gy) exhibited significant increase in iron level P<0.01 and 
P<0.05, respectively. The percent changes were amounted 77.2 and 12.7% respectively in 
comparison with control level. As well, exposure of rats to fractionated doses of 1Gy 
(1F1) and 1Gy (1F2) γ-radiation induced very highly significant increase P<0.001 with 
percent change of 54.4% and 60.8 % respectively. 
 

 

 

 

Table (5): Effect of single doses of gamma irradiation on concentration of iron 
(mg/l) 

P  Difference % Mean ± SE  Doses of irradiation 

- 0 0.79 ±  0.03 Control 

N.S 3.8% 0.82 ± 0.06 0.1 Gy  

N.S 3.8% 0.82 ± 0.03 0.2 Gy 
P<0.05 40.5% 1.11 ± 0.14 0.3 Gy 

P<0.001 58.2  % 1.25  ± 0.08 0.5 Gy 
N.S -10.1 % 0.71 ± 0.04 0.7 Gy 

P<0.001 -30. 4% 0.55 ± 0.03 1 Gy 

 
 

Table (6): Effect of fractionated doses of gamma irradiation on concentration of iron (mg/l) 

Doses of irradiation Mean ± SE Difference % P  
Control 0.79±0.03 0 - 
0.3 Gy 1.40 ± 0.14 77.2 % P<0.01 

0.7 Gy 0.89 ± 0.03 12.7 % P<0.05 
1F1 Gy (0.1x10) 1.22 ± 0.08 54.4 % P<0.001 
1 F2 Gy (0.2x5) 1.27 ± 0.05 60.8 % P<0.001 

 
2. Immunological analysis: 

 
A- interleukin–6 (IL-6) 

From table (7) it can be noticed that the IL-6 levels were very highly significant 
decreased in all groups exposed to single doses of 0.1, 0.2, 0.3, 0.5, 0.7 and 1 Gy γ-
radiation when compared with control values. The percent changes from control values 
due to irradiation of rats reached -57.2, -53.6, -67.3, -53.8, -61.8 and -39.7% respectively 
in comparison with control values. 



 
As shown in table (8) in comparison with control group the plasma IL-6 level showed 

a very highly significant decrease in all rats exposed to the all applied fractionated doses 
0.3, 0.7, 1 Gy (1F1) and 1Gy (1F2) with percent change of -55.4, -54.3, -64% and -36.8 
respectively. 

Table (7): Effect of single doses of γ-irradiation on level of IL-6 (pgm/ml) 

Doses of irradiation Mean ± SE Difference % P 
Control 128.56 ± 4.06 0 - 
0.1 Gy 55 ± 2.14 -57.2 % P<0.001 
0.2 Gy 59.64 ± 2.80 -53.6 % P<0.001 
0.3 Gy 42.03 ± 2.36 -67.3 % P<0.001 
0.5 Gy 59.59 ± 2.11 -53.8 % P<0.001 
0.7 Gy 49.09 ± 3.62 -61.8 % P<0.001 
1 Gy 77.56 ± 2.53 -39.7 % P<0.001 

                 
 

Table (8): Effect of fractionated doses of γ-irradiation on level of IL-6 (pgm/ml) 
      

Doses of irradiation Mean ± SE Difference % P  
Control 128.56 ± 4.06 0 - 
0.3 Gy 57.31 ± 5.12 -55.4 % P<0.001 
0.7 Gy 58.8 ± 6.29 -54.3 % P<0.001 
1 F1(0.1x10) 46.34 ± 1.07 -64 % P<0.001 
1 F2(0.2x5) 81.29 ± 3.93 -36.8 % P<0.001 

B- interleukin–1β (IL-1β) 
Data presented in table (9) clearly demonstrated that, there was a non significant 

change in IL-1β level in 0.1, 0.2, 0.3, 0.5 and 0.7 Gy irradiated groups. However, a 
significant increase (P<0.05) was observed in animal exposed to the highest applied dose 
level of 1Gy. All calculations were performed in comparison with control animals. 

Table (10) demonstrates the values of IL-1β level in plasma of rats irradiated with 
different fractionated doses of gamma irradiation. It can be seen from the data that rats 
exposed to the applied fractionated dose of 0.3, 1Gy (1F1) and 1Gy (1F2) showed a non 
significant change in IL-1β. While irradiated group (0.7Gy) showed a significant increase 
(P<0.05) amounted 38 % compared to control values. 

Table (9): Effect of single doses of gamma irradiation on level of IL-1 β  (pgm/ml) 
 

P Difference % Mean ± SE Doses of irradiation 

- 0 42.32 ± 2.53 Control 
N.S 9.8  % 46.48 ± 1.76 0.1 Gy 
N.S 2.2  % 43.24 ± 1.67 0.2 Gy 
N.S 8.2 % 45.79 ± 2.95 0.3 Gy 
N.S -9.7 % 38.20 ± 1.71 0.5 Gy 
N.S 4.2 % 44.10 ± 3.33 0.7 Gy 

P<0.05 27.2 % 53.85 ± 4.33 1 Gy 
 



 
Table (10): Effect of fractionated doses of gamma irradiation on level of IL-1β 

(pgm/ml) 
 

Doses of irradiation Mean ± SE Difference % P 
Control 42.32 ± 2.53 0 - 

0.3 Gy 46.29 ± 3.17 9.4  % N.S 
0.7 Gy 58.39 ± 6.12 38.0 % P<0.05 

1 F1(0.1x10) 47.18 ± 4.41 11.5  % N.S 
1 F2(0.2x5) 41.79 ± 2.32 -1.3  % N.S 

 
 

DISSCUSION 
It is well established that exposure to ionizing radiation either accidentally or during 

radiotherapy disturbs the normal structure and function of biological systems, which may 
be considered one of the main causes of cellular damage. The degree of damage is 
variable among different organs depending on the organ sensitivity and exposure dose. 
Therefore, the study of the effect of radiation on living biological systems is attaining a 
great importance due to the widespread use of radiation and radioactive materials in 
medicine, industry, agriculture and research (9). 

 
It is well documented that whole body γ-irradiation produces reactive oxygen 

intermediates in mammalian tissues. These reactive free radicals alter the metabolism of 
various organs and cause a series of biochemical and physical disturbances in the 
different biological tissues. 

 
In view of the data obtained in the present study, single low doses of γ-radiation 

seriously stimulated lipid peroxidation production. This was evident from the significant 
increases in the level of plasma MDA as one of the main end products of lipid 
peroxidation. 

 
Such increase confirms the previous report of (10). The recorded increase in MDA 

could be explained on the basis that ionizing radiation induced lipid peroxidation through 
the production of active oxygen species, which attack the polyunsaturated fatty acids of 
the phospholipids of cell membrane (11). The concentration of lipid peroxide is 
determined by the balance between system of MDA production and elimination.  

 
Halliwell (12) reported that the body has a range of scavenging ability presented in 

system located extra and intracellular, to compete excessive production of free radicals. 
 



The results of the present study revealed that exposure of rats to fractionated doses of 
γ-radiation induced non-significant changes in plasma MDA except the response to 1Gy 
(1F2) (0.2x5) which induced significant increase in MDA. 

 
It has been reported that different tissues of the body respond differently to radiation, 

due to varying degree of radiosensitivity. The data of the present study also revealed 
significant increase in LDH as a result of exposure to fractionated and single doses of γ-
radiation. Such elevation in LDH activity is in accordance with the data recorded by 
Shediwah (13). 

 
In mammalian tissues, LDH is widely distributed with the greatest concentrations 

being bound in the cytoplasm of myocardium, Kidney, liver and muscle cells (14). LDH 
catalyzes the oxidation of L-Lactate to pyruvate with a transfer of a hydrogen ion to 
NADH. The reaction is reversible with the equilibrium favoring the conversion of 
pyruvate to lactate at physiological PH of 7.4 to 7.8. The level in rat serum has been 
reported to be 12-fold higher levels in human and the levels in the rat's liver, heart and 
muscle have also been reported to be twofold, threefold and threefold higher respectively 
than comparable levels in humans (15).  

 
Srivastava et al. (16) suggested that the increased level of LDH could be due to the 

irradiation enhancement of enzyme movement from its subcellular production sites to the 
extracellular fluid and consequently to blood. 

 
Also, the increase in serum lactic dehydrogenase activity can be explained on the 

basis of molecular size, as enzyme of smaller molecular size would leave the cells more 
rapidly than large ones. LDH has a relative small molecular weight when compared with 
other enzymes (135.000) and can be diffused easily to blood stream (17). In view of the 
high activity of this enzyme in most tissues relative to that estimated in blood serum, 
serum LDH is taken as useful index of cellular damage in organs.  

 
The Results recorded in the present study showed highly significant increase in iron 

concentrations after exposure of rats to all applied fractionated doses of γ-irradiation and 
the higher single doses. These data are in agreement with those of Nada and Azab (18). 

 
Iron is normally conserved and re-utilized vigorously. It is supplied to the bone 

marrow by the plasma protein transferrin, subsequently reappearance in haemoglobin, 
and is eventually recycled to transferrin after the processing of senescent red cells by 
macrophages. Iron within circulation is in equilibrium with the iron in all body tissues. In 
addition, the small amount of iron present in all tissues is essential for many vital 
enzymes and iron balance is maintained by regulation of its absorption (19).  

 



It has been postulated that the need of iron by the haemopoietic system is increased 
during exposure to irradiation to remain within the normal range. Therefore, iron 
absorption and release may be accelerated (20). 

 

It has been reported that exposure to low doses, single or fractionated caused 
significant increase of iron in blood and even in tissues (21).  Fe is the functional moiety in 
heme-based systems such as hemoglobin, catalase and cytochrome oxidase. The energy 
transfer from radiation results in the formation of free radicals and may of them oxygen-
derived, leading to oxidative stress, enzymatic disturbances, membrane and cell 
alterations. Following irradiation the increase in iron levels was associated with a 
decrease in RBCs. These results led us to suggest that Fe concentration could be not 
stored, transported but remains in the plasma and it is no longer needed for red cell 
formation. 

 
The data obtained in this study demonstrated that exposure to all single or fractionated 

doses of γ-radiation induced highly significant decrease in IL-6 levels. In contrast, exposure 
to the same doses induced non-significant changes in IL-1β except at single doses of 1 Gy 
and fractionated of 0.7 Gy. These results are in agreement with those of Soliman and El-
Shamy (22).  

 
 
Moreb and Zucali(23) reported that IL-6 is beneficial in protecting the haemopoietic 

system from radiation and chemotherapy. The mechanism for this protection may be 
through the production of the antioxidant enzymes such as superoxide dismutase, 
catalase, peroxidase, and glutathione reductase (24).  Several activities of IL-1 and IL-6 
may explain their bone marrow restorative properties. The potential radio-protective 
ability of IL-1 and IL-6 may be due to the accelerated growth and differentiation of 
haemopoietic progenitor cells (25).  

 
Augmentation of immunoresponse by low-dose irradiation has been reported and 

may be a mechanism of the anti-tumor effects of low-dose total body irradiation. There 
are many reports on the effects of ionizing radiation on gene expression of cytokines. IL-
6 expression was increased by 0.1 Gy irradiation, but IL-1β expression was not affected 
(26). Both IL-1 and IL-6 have specific role in the radioprotection effect and are required 
for hematopoietic recovery and for survival of mice subjected to sublethal or lethal 
irradiation (27). 

 
The studies of Hong et al. (28) concluded that radiation dose as low as 1 Gy was 

effective since IL-1β was the major cytokine induced in the lungs of mice within the first 
day after thoracic irradiation. While, Pons et al. (29) reported that in vitro γ-irradiation of 
monocytes/macrophages revealed no significant induction of IL-1β mRNA expression 
and only IL-6 gene expression was affected by irradiation. 

 



In contrast, Ishihara et al. (30) found that most of the spleen macrophages 
continuously expressed at low level of IL-1β mRNA and transiently accumulated and 
immediately after irradiation. But such expression appeared to activate the transcription 
of IL-1β gene and partially stabilize the message. 

 
Rodel et al. (31) reported that low dose radiotherapy (LD-RT) with single fractions 

between 0.1 and 1 Gy is known to exert an anti-inflammatory effect. Very low dose 
whole body irradiation possibly induces a hormesis-like effect on the immune 
splenocytes. 

 
Vicker et al. (32) provided evidence for radiation action. They mentioned that doses 

of several grays can modify or destroy sufficient biological molecules of all classes to be 
immediately life-threatening to humans, while a few milli-Grays may significantly affect 
only DNA, yet reversibly enough to contribute to carcinogenesis and heritable mutations 
despite the relative efficacy of repair systems. Low and high dose responses differ, 
because the former depends on the stimulation of critical reactions that amplify the 
response while the latter additionally involves cumulative molecular damage and 
secondary reactions. This evidence elucidates the significant differences in data recorded 
between the single and fractionated dose responses in all examined parameters and could 
give reason for the noticed fluctuation as a function of fractionated dose of γ-irradiated 
groups     

 
Exposure of total body low doses of γ-radiation (0.1, 0.2 and 0.3 Gy) modulated or 

induced changes in the immune system especially at the early stages following irradiation 
(33).  

 
 
Numerous cytokines involved in the generation of the hematopoiesis have been 

identified and structurally characterized. Most of these regulators have a broad network 
of responding target cells and overlapping pathways by signaling through process that 
send stimulatory or inhibitory signals from the environment to the cells (34). 

 
The effect of cytokine on a cell at particular stage of differentiation depends on its 

local concentration, its duration of exposure and its interaction with other regulatory 
cytokines. 

 
The applied low doses used in the present study might seem to be effective inducing 

the radio adaptive response. Bravard et al. (35) reported that the adaptive response to 
ionizing radiation refers to the phenomenon by which cells irradiated with low (cGy) or 
sublethal doses (conditioning doses) become less susceptible to genotoxic effects of a 
subsequent high doe (challenge dose, several Gy). The molecular mechanisms triggered 
by the adaptive dose could result from the increase in the endogenous antioxidant defense 
system. 
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