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Abstract: The purpose of this study was to establish the impact of oxidative stress in the damaged brain 
tissue, irradiated with two different dose levels, a single dose of 8 and 15 Gy. In addition, the  
histological findings caused by ionizing radiation in the early period was investigated. The levels of 
MDA, GSH, SOD, CAT, GSH-Px and selenium were estimated in brain tissue. For the histological 
examination, brain tissues were examined at photo light microscope. 
MDA contents of brain after 8 Gy and 15 Gy γ-irradiation were markedly elevated compared with group 
1. Brain SOD activity decreased after exposure to 15 Gy γ-irradiation, there was a significant difference 
compared with group 1 and group 2. Brain GSH-Px activity in group 2 and group 3 was enhanced when 
compared with group 1. CAT activity of brain after 15 Gy γ-irradiation was markedly decreased 
compared with group 1 and group 2. GSH levels were significantly lower in group 2 and 3 when 
compared with group 1. In this study, brain selenium levels were not found to be markedly changed 
after irradiation. In group 3 basal membrane structure was found to be highly thicker when compared 
group 1 and group 2. 
As a result, in the early period, high doses of ionizing radiation (8 Gy and 15 Gy) influences the oxidant-
antioxidant system in guinea-pig brain, after the formation of LPO, antioxidant levels alter and this may 
play a role in reducing tissue damage caused by RT  whereas the histologic changes occur when the dose 
is increased. 
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INTRODUCTION 

 
 Radiation is known to produce various reactive 
oxygen species (ROS) in biological systems such as 
superoxide, hydrogen peroxide and hydroxyl radical 
and various types of tissue damage due to free radical 
reactions [1]. The range of antioxidant defences 
available within the cell and in the extracellular fluid 
should be adequate to protect against oxidative 
damage. 
 Radiation therapy (RT) is considered to be one of 
the most popular and important tools to cure cancer 
[2]. The radiosensitivity of normal tissues particularly 
organs away from the tumor sites are suggested to 
limit the therapeutic gain [3]. 
 Detrimental effect of ionizing radiation occurs 
mainly due to free radicals generated through the 
decomposition of cellular water [4]. However, 
organisms have protective systems against free 

radical reactions, for example, endogenous 
antioxidants and antioxidative enzymes. 
 All aerobic organisms are susceptible to 
oxidative stress simply because semireduced oxygen 
species are produced by mitocondria during 
respiration [5]. Brain is considered abnormally 
sensitive to oxidative damage [6] and in fact early 
studies demonstrating the ease of peroxidation of 
brain membrans. Brain is enriched in the more easily 
oxidizable polyunsaturated fatty acids such as 
docosahexaenoic acid and eicosapentaenoic acid as it 
has a limited ability to perform aerobic glycolysis, it 
is unusually vulnerable to hypoxia [7]. On the other 
hand, brain is not enriched in antioxidant defences; it 
contains relatively low levels of superoxide 
dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GSH-Px) [8].  
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 It has been widely recognized that the brain 
tumors, such as glioblastome multiforme (GBM) is 
highly resistant to standard therapies such as 
chemotherapy and radiotherapy. However total dose 
should not be increased in order not to cause damage 
in the surrounding brain tissue in high doses.The 
effectiveness of RT frequently is limited by the 
tolerance of normal brain tissue. The pathogenesis of 
this damage is uncertain, and understanding the 
response of potential target cell population may 
provide information useful for developing strategies 
to optimize therapeutic irradiation.  
 Recent improvements in RT delivery systems, 
coupled with a better understanding of the molecular 
biology of normal tissue injury have resulted in more 
aggressive attempts to escalate radiation doses in an 
effort to improve the outcome for patients with GBM 
[9].  
 The purpose of this study was to test the 
hypothesis that radiation- induced  damage on brain 
tissue caused by two different single dose levels of 8 
and 15 Gy was mainly mediated by ROS 
accumulation and especially after lethal dose of 15 
Gy, the cellular antioxidant capacity might be 
insufficient with the excess of ROS. In addition, the 
histological findings caused by ionizing radiation in 
the early period were investigated. 

 
MATERIALS AND METHODS 

 
 Animals and irradiation: Guinea pigs weighting 
approximately 350 g were used in this study. The 
guniea pigs were divided into three groups each 
consisting of 10 animals. Group 1: Control; group 2: 
Irradiated with a dose of 8 Gy (single dose, whole 
body); group 3: Irradiated with a dose of 15 Gy 
(single dose, whole body). Irradiation was carried out 
using a 60Co source.  
 All animal procedures were carried out 
according to the rules of local Ethic Committee. The 
animals in group 2 were exposed to a dose of 8 Gy 
irradiation by γ-rays of 60Co, with a source-axe-
distance (SAD) of 80 cm whole body following 
ketamine hydrochloride anesteshia. The guinea pigs 
in group 3 were applied to a dose of 15 Gy irradiation 
to the whole body following anesthesia. 24 h after 
irradiation, all animals were euthanized using 
ketamine hydrochloride (ketalar®, Eczacibasi, 
Turkey). The tissues were briefly washed in ice-cold 
0.9 % saline (w/v), and frozen in liquid nitrogen. The 
tissues were stored at -70 °C until the subsequent 
protein and enzyme assays 

Biochemical assays: For SOD assay, tissue 
samples were homogenized in the ratio of 1/10 (w/v) 
in phosphate buffer (pH 7.4) and centrifuged at 5000 
g for 30 min. The supernatant was carefully 
separated, the 3/5 (v/v) chloroform and ethanol were 
added. This mixture was centrifuged at 5000Xg for 2 

h. The supernatant was used for the determination of 
SOD. This assay involves xanthine oxidase used as 
superoxide generator [10]. The protein concentration 
of the same supernatant was measured by the method 
of Lowry [11] and the results were expressed as unit 
per mg protein that inhibits the rate of nitroblue 
tetrazolium (NBT) reduction by 50%. 

For the determination of GSH-Px activity, 
tissue samples were homogenized at the ratio of 1/10 
(w/v) in phosphate buffer (pH 7.0) containing 0.5 
mM EDTA and then centrifugated at 3500 rpm for 15 
min. Protein concentration of the supernatant was 
measured by the method of Lowry [11] and GSH-Px 
activity was measured by a modification of the 
coupled assay procedure of Paglia and Valentine [12]. 
The results were expressed as nmoles oxidized 
NADPH per minute in per mg protein. 
 Tissue CAT activity was measured by the 
method of Aebi [13]. Tissue samples were 
homogenized at the ratio of 1/10 (wv) in phosphate 
buffer (pH 7.0) and then centrifugated at 3500 rpm 
for 15 min. H2O2 was added to the supernatant and 
the decrease in absorbance was measured at 240 nm 
for 3 min. The protein concentration of the 
supernatant was measured by the method of Lowry 
[11]. The results were expressed as K/mg protein 
.The levels malondialdehyde (MDA) were 
determined in tissue samples homogenized in the 
ratio of 1/10 (w/v) in 1.5 % (w/v) cold KCI solution, 
by thiobarbituric acid method [14] and the results were 
obtained in nmol/tissue weight. 
 The reduced glutahione (GSH) contents of tissue 
samples were determined by the method of Elman et 
al. [15]. Tissue samples were homogenized in the 
metaphosphoric acid solution and coloured by 
DTNB. The results were expressed as micromoles per 
mg protein. 
 Selenium levels were measured with atomic 
absorption spectrophotometry (Unicam-AAS 939). 
The mixture of HNO3/HCLO4 is used to mineralize 
the samples. The inclusion of HCLO4 in the digestive 
process is essential for conversion of organoselenium 
to selenium. After digesting process, selenium 
determination has been carried out using the hydride 
generation atomic absorption spectrometry (HG-
AAS) technique [16, 17]. The results have been 
expressed as ng/g of brain tissue. 
 Histology: For the histological examination of 
the brain; brain tissues were preserved in 
gluteraldehide solution for 72 hours and then washed 
in the phosphate buffer and preserved in propylene 
oxide for 30 minutes. These tissues were embedded 
in % 50- % 50 propylene oxide and araldite. Then 
they were stained with toluidin blue. All these tissues 
were examined at photo light microscope (BH2, 
Olimpus, Japan). 
 Statistical analysis: Kruskal-Wallis 
(nonparametric ANOVA) test was used for the 



Am. J. Immunology 1 (3): 114-118, 2005 
 

 116

statistical analysis and Dunn’s multiple comparison 
test was performed as post-hoc test. A p value < 0.05 
was considered significant. 
 

RESULTS 
 
 The values of brain MDA, SOD, GSH-Px, CAT 
activities, GSH and selenium in three experimental 
groups are presented at Table 1. 
 MDA contents of brain after 8 and 15 Gy γ-
irradiation were markedly elevated when compared 
with group 1 (p<0.05 and p<0.001, respectively), but 
there was no significant difference between groups 2 
and 3. 
 Brain SOD activity decreased after exposure to 
15 Gy γ-irradiation, there was a significant difference  
when compared with group 1 and group 2 (p <0.01). 

 Brain GSH-Px activity in group 2 and group 3 
was enhanced when compared with group 1 (p <0.05 
and p <0.001, respectively). There was no difference 
between group 2 and group 3. 
 CAT activity of brain after 15 Gy γ-irradiation 
was markedly decreased when compared with group 
1 and group 2 (p <0.01). 
 Reduced GSH levels were significantly lower in 
group 2 and 3 when compared with group 1 (p 
<0.001). 
 In this study, brain selenium levels were not 
found to be markedly changed after irradiation. 
 The brain tissues from all groups were stained 
with toluidin blue and examined at BH2 photo light 
microscope. In group 3; the thickness of the basal 
membrane was increased when compared group 1 
and group 2 (Fig.1a-c). 

 
 
Table 1:The values of brain MDA, SOD, GSH-Px, CAT activities, GSH, selenium in three experimental groups are 
presented at Table (mean ± SD) 
 

Groups 
MDA 

(nmol/tissue) 
SOD 

(U/mg protein) 

GSH-Px 
(nmol oxidized 

NADPH/min/mg 
protein) 

 
CAT 

(K/mg protein) 
 

 
GSH 

(µmol/mg 
protein) 

Se 
(ng/g tissue) 

Group 1 90.5±23.02 31.41±3.61 2.03 ± 0.34 0.0035 ± 0.004 0.293±0.045 44.35±7.13 

Group 2 158.62±18.95* 31.52±3.73 3.06 ± 0.49** 0.0036±0.0008 0.169±0.031*** 53.00±9.79 

Group 3 235.32±43.05*** 24.68±2.62**,**** 3.16 ± 0.37*** 0.0027±0.0003**,*** 0.162±0.02*** 44.64±6.44 

*p<0.05 as compared to group 1, **p<0.01 as compared to group 1, ***p<0.001 as compared to 
group1,****p<0.01 as compared to group 2
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Fig 1(a, b, c): Brain tissue vessels, basal membrane. (Toluidine Blue ×1000). (a; control group, b; 8 Gy irradiated 

group, c; 15 Gy irradiated group) 
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DISCUSSION 
 
 The use of ionizing radiation to kill tumor cells is a 
common treatment of cancer. The tolerance of normal 
brain tissue to irradiation is the primary factor limiting 
the dose of 50-60 Gy in 6 weeks prolongs the median 
life span of patients with malign gliomas [18, 19]. 
Meanwhile the positive effects are generally for short 
duration because of the aggressive behavior of the more 
malignant gliomas, especially GBM and the intolerance 
of normal brain tissues to higher radiation doses. 
 One of the major reasons for cellular injury after 
radiation exposure is the generation of free radicals and 
the possible increased levels of lipid peroxides in 
tissues. 
 In the present study, no acute behavioural changes 
were observed in guinea pigs following irradiation. 
There were no deaths or obvious neurologic changes in 
animals that received 8 Gy or 15 Gy following 
irradiation in 24 hours. 
 In the present study, histological findings clearly 
show that there is no significant difference between 
control and irradiated groups. In group 1 and group 2, 
the structure of basal membrane was normal but in 15 
Gy group in addition to a slight decrease in the number 
of astrocytes, a thickening of vascular basal membrane 
has been observed as a result of defence against 
radiation. In this present model, irradiation does not 
favour a role of direct damage to neurons in the early 
period of radiation induced brain toxicity.  
 Chiang et al. [20] reported that no acute behavioural 
changes were observed in mice in the days following 
brain irradiation, although acute cellular changes were 
noted, similarly with our findings.  
 Exposure to ionizing radiation causes radiolysis of 
water in tissues leading to generation of ROS which are  
known to affect the antioxidant defence systems and 
induce lipid peroxidation (LPO) [21]. In this study, MDA 
is used as a marker of the rate of LPO which is accepted 
as tissue chain reaction [14]. 
 Whole body γ-irradiation of guinea pigs at 8 Gy 
and 15 Gy produced a significant increase in the level 
of brain MDA, compared with control group. 
 Sener et al. [22] applied 8 Gy single whole body 
dose to each rat and decapitated one group at 12 h and 
second group at 72 h after irradiation. Liver, lung, colon 
and intestinal tissue levels of MDA were elevated in 
both groups.  
 Ono et al. [23] applied 5 Gy whole body γ-
irradiation the mice. All the animals were euthanized 
after 24 and 48 hours. They also examined the levels of 
MDA in the brain tissues. MDA levels were found 
markedly increased to the control group. 
 Guney et al. [24] reported the increase of MDA after 
γ-irradiation at 8 and 15 Gy after 24 hours in the liver 
of guinea pigs. 
 After applying 15 Gy γ-irradiation, the activities of 
SOD and CAT dropped significantly when compared 
with control and group 2. In our observation, the 
significant decrease in both SOD and CAT activities 

after 15 Gy γ-irradiation leads to increase in the 
formation of O.-

2 and H2O2. This decline may be due to 
inactivation of SOD by ROS [25, 26]. Moreover, the 
present study the decrease in the activity of CAT, which 
degrades hydrogen peroxide, suggests an increase in 
this oxygen species in irradiated brain tissue. 
 24 h after 15 Gy γ-irradiation, the activity of CAT 
significantly decrease in agreement with previous 
observations [27, 28] .RT, causes enzyme deficiencies 
which arise as a result of enormous production of free 
radicals in the system at high concentrations, hydrogen 
peroxide is converted to oxygen and water by CAT, 
which is predominantly localized in the peroxisomes [7].  
  Another antioxidant enzyme, GSH-Px, markedly 
increased after applying 8 and 15 Gy γ-irradiation when 
compared with control group. GSH-Px is a defence 
enzyme against hydrogen peroxides and another 
hydroperoxides. At low concentrations, hydrogen 
peroxide is converted to water by the selenium 
containing GSH-Px. GSH-Px reduces hydrogen 
peroxide to respective alcohols and water with GSH as 
the electron donor [29].  In the present study, it may be 
reasonable to speculate that the observed increase in 
GSH-Px activity in brain after radiation exposure is one 
of the self- defence mechanisms against in LPO. 
 Kuttan et al. [30] applied 10 Gy/5 fractions whole 
body γ-irradiation to the rats. They examined GSH-Px 
activity in the liver and it was found markedly 
increased compared to the control group. 
 Selenium is a trace element and is found in the 
structure of GSH-Px. In the present study, there was no 
significant difference between the selenium levels in 
different groups. When compared with liver, kidney 
and muscle, the GSH-Px activity in brain tissue is less 
affected, with changes in selenium levels in brain is 
significantly lower than the other tissues [31]. 
 8 and 15 Gy irradiation to the whole body caused a 
decrease in the levels of GSH, but there was no 
markedly difference between the group 2 and 3. GSH 
represents a key cellular defence mechanism against 
oxidative injury, and lowered concentrations of GSH 
resulting from increased formation of ROS. H2O2 which 
is produced during oxidative stress can cause extensive 
damage and GSH levels are greatly decreased [6, 32]. 
 Ramadan et al. [33] applied single-dose 6 Gy whole 
body γ-irradiation to the rats. They examined the levels 
of GSH in the liver and a significant decrease was 
detected. Therefore, the decline of GSH level in the 
brain after irradiation may be due to its consumption 
during the oxidative stress induced by irradiation. This 
was directly reported in our study, high doses γ-
irradiation caused to decrease the GSH, which is known 
to be a free radical scavenging agent.  
 As a result, in the present model delivering single 
dose of ionizing irradiation (8-15Gy) caused the 
accumulation of ROS and especially after applying 15 
Gy the antioxidants were not enough to eliminate ROS 
accumulation, in histological findings as a result of 
defence against this, the thickness of basal membrane 
was increased only after 15 Gy.     
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