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Abstract: - Under exposure to X-ray irradiation of medium dose in some brain structures decreasing of 
catalase activity was revealed. Tendency towards decreasing is more developed on the 3th day of 
irradiation. As opposed to catalase activity GPO activity was increased. Insertion of saffron extract to 
experimental animals (for 21 days before irradiation) conducive to prevention the decreasing of 
catalase activity stabilizes GPO activity and exerts an effective influence. 
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1 Introduction 

Different types of ionizing radiation at 
identical quantity of the absorbed energy in most 
cases give different biological effect.  

Unlike a lethal dose, within the irradiation at 
medium doses life is possible, but thus in all 
functional systems the abnormal changes develop. 
The intensity of these changes correlates with the 
comparative radiosensitivity of tissues. The nervous 
system is not an exception. Nerve cells have a 
relatively higher radiosensitivity.  At higher 
radiation doses it is observed the significant 
structural changes and loss of nerve cells [4]. 

The changes in physical and chemical 
properties of biological membranes, which are 
detected soon after the irradiation at small dose, 
play on the whole an important role in radiation 
damage of cells. It is supposed that just these 
abnormalities, leading to more profound changes in 
the membrane structure, become the reason of the 
penetrability increase, exit of various cofactors and 
enzymes from the cell [5]. Within the irradiation of 
biological objects the nature of changes in the 
activity of enzyme systems in a cell or tissue has an 
exceptionally important value. The numerous facts 
testify to essential radiation effect on the activity of 
many enzymes, as well as metal-containing 
biological catalysts. Under the radiation influence 
the high-molecular components of cell, as well as 

catalase molecules and glutathioneperoxidase 
(GPO) are exposed to conformational changes.    

Catalase (EC 1.11.1.6) is one of the high-
molecular antioxidant enzymes, providing a 
complex protection of biopolymers from the active 
forms of oxygen. The main role of the catalase in a 
living organism is that it destroys toxic hydrogen 
peroxide for cells.  Catalase molecule consists of 
four identical subunits, each of which contains iron 
atom. The catalase is directly involved in the 
processes of conjugate oxidative phosphorylation 
and is a radiosensitive enzyme [6].  

The data obtained within the enzyme 
irradiation, testify that in addition to the common 
damaging effects of penetrating radiation, there was 
also the selective effect on iron atom, part of the 
active site of the enzyme. The researches show that 
the observed decrease of catalase activity in hepatic 
tissue of the irradiated animals is bound to the 
separation of hemoglobin under radiation influence 
[6,7].  

At the same time the accumulation of Н2О2 
and other peroxide compounds in organism causes 
the inactivation of catalase [8]. Activity increase of 
haemo containing chromoproteid is observed in 
kidneys of exposed guinea pigs. This is probably 
due to the fact that that in kidneys there is no 
accumulation of peroxidates. [9]. 

GPO (EC1.11.1.9) - homo-tetrameric 
selenium-enzyme is one of essential components of 

Recent Advances in Energy, Environment, Biology and Ecology

ISBN: 978-960-474-358-2 172

mailto:rzayja@yahoo.com


 

 

antioxidatic enzyme system of the cell. GPO, being 
the convenient study object of compensation 
mechanisms of disadaptative shifts on the level of 
separate antioxidatic enzymes, is widely applied 
scientific-research practice [10]. This is the key to 
understanding the role of occurring metabolic 
changes in regulation of intensity of free radical 
oxidation. 

As it is known, endogenous antioxidatic 
system (EAS) of organism plays a significant role in 
detoxification of excess quantity of formed FRs in 
cells. Ionizing radiation negatively influences on 
proper functioning of basic AOS enzymes. Besides, 
during radiation damages the level of FR in 
organism increases.  In case of its exhaustion and 
failure injection of natural antioxidants 
(bioantioxidants)  into the organism, it plays 
therapeutic role [11].  Thus, I used saffron extract in 
experiments for the purpose of studying its effect on 
the activity of antioxidant enzymes at radiation 
influence. 
 
2 Materials and methods 
         Experiments are carried out on white rats of 
180±20 gr.weight.  Various structures of brain 
(medulla oblongata, cerebellum, visual and 
sensorimotor cortex) were studied according to the 
following scheme: I group- control, II group- x-ray 
irradiation, III group- x-ray irradiation + saffron 
extract.  Within 21 days before irradiation, saffron 
extract   was injected into the organism of animals 
per 120 мг/кг dose. At irradiation indicators were 
recorded after an hour, 3 and 6 days. The irradiation 
process was carried out on X-ray apparatus  «РУМ-
17» under the following conditions: pressure 180 
kVt, current strength 15 mA, filters 0,5 mm Si and 
1,0 mm Al, coefficient of focal distance 30 mm 
without tube, dose rate0,86 Gr/sec, irradiation dose 
4 Gr.  
         Activity of glutathioneperoxidase was 
measured by Paglia and Valentine method [12], but 
the activity of catalase by Bergmayer method [13]. 
Determination of proteins was carried out by Lauri 
method [14]. 
 
3 Results and discussion 
 

In the result of the conducted researches it is 
revealed certain dynamics of change in antioxidant 
enzyme activity in various brain structures of white 
rats within the X-ray irradiation at medium dose and 
joint influence of X-ray radiation and saffron 
extract.   

 In Tab.1, Tab.2 and in Fig.1 - Fig.4 it is 
shown the change dynamics of catalase activity and 
GPO in various brain structures under the influence 
of saffron extract against a background of X-ray 
irradiation at medium doses. As it seen from Tab.1, 
the catalase activity in medulla in an hour after X-
ray radiation of the animals is reduced by 22%, and 
after 3 days - 23%, in 6 days after the irradiation by 
14%, when compared with the indicators in the 
control group (intact animals).    

Table1. Determination of catalase activity 
(conventional unit. protein mg) within the influence 
of X-ray radiation on the facility «РУМ-17» at 
medium doses (4 Gr) and saffron extract, M±m, 
n=30.       

 

 
      Preliminary injection of saffron extract leads to 
rather small decrease of enzymeactivity in all 
studied structures of the brain (medulla oblongata, 
cerebellum, visual and sensorimotor cortex)  after an 
hour of irradiation, 3 days of irradiation and after 6 
days of irradiation ( in comparison with such 
indicator in control group- intact animals).  
      At sequential influence of saffron extract and x-
ray irradiation, the activity of catalase in visual and 
sensorimotor cortex after an hour irradiation was 

№ 
 

Duration 
of 
exposure 

Medulla Cerebellum 

1. Control  254,34±2,31 241,82±2,41 

2.X-ray 
irradiation 

I hour 
Р2-1 

200,44±2,16 
<0,01 

198,64±2,31 
<0,02 

3. III day 
Р3-1 

196,64±2,21 
<0,001 

184,68±2,18 
<0,001 

4. 
 

VI day 
Р4-1 

213,46±2,64 
<0,02 

 

215,64±2,04 
<0,02 

5.X-ray 
irradiation 
+saffron 
 

I hour 
Р5-1 

 

234,64±2,14 
<0,01 

 
 

228,18±2,14 
<0,001 

 

6. III day 
Р6-1 

230,18±2,26 
<0,001 

226,44±2,26 
<0,01 

 

7. VI day 
Р7-1 

242,26±2,13 
<0,02 

 

233,61±2,34 
<0,05 
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close to the indicator in control group (intact 
animals) (Fig1, Fig2.) 
       However in comparison with II group (x-ray 
irradiation), that indicator was higher by 15%. After 
3 days of experiment, the enzyme activity in visual 
cortex was lower by 25% from intact indicator, 
remaining higher than the indicator in II group 
(Fig1).  
       After 6 days, the activity of catalase in 
sensorimotor cortex was close to intact indicator and 
30% more than the indicator in II group (Fig2). A 
similar trend was observed in both medulla 
oblongata and cerebellum. (Tab1) 
 

 
  

Fig 1.  Change of catalase activity in visual cortex at 
the impact of X-Ray irradiation at medium dose (4 
gr) and saffron extract 
 

 
 
Fig  2. Change of catalase activity in sensorimotor 
cortex at the impact of X-Ray irradiation at medium 
dose (4 gr) and saffron extract 
 

As it is shown in Table 2, in an hour after the 
influence of the X-ray radiation at medium doses (4 
Gr) the activity of GPO enzyme in optic cortex was 
higher in comparison with the factors in the control 
group (intact animals).  And in further periods of the 
experiment it was observed the tendency to increase 
of the factor both in optic and in sensorimotor 
cortex.  

Within the sequential effects of saffron and X-
ray radiation, in an hour the GPO activity both in 
optic and in sensorimotor cortex was higher in 
comparison with the factors in the control group 
(intact animals) (Tab.2).   
         In comparison with the II group (X-ray 
irradiation) the factors had no significant differences 
in sensorimotor cortex. In 3 days the GPO activity 
in optic cortex approached the intact index, but in 
comparison with the II group it was lower. Within 6 
days of the experiment the enzyme activity in 
sensorimotor cortex in comparison with the intact 
index , was higher by 22% (Tab.2)  

 
Table 2     Determination of GPO activity (nmol 

NADP+/min./mg protein) under the influence of X-
ray irradiation at medium doses (4 Gr) and saffron 

extract, M±m, n=30.       
 

 
As it is shown in Fig.3, in an hour after the 

influence of X-ray irradiation at medium doses 
(4Gr) the activity of GPO enzyme in medulla 
oblongata increased, in 3 days the factor was higher 
by 25% and in 6 days by 32% higher than the factor 
in the control group. The activity of GPO enzyme in 
cerebellum in an hour after the influence of X-ray 
irradiation at medium doses was similar to the factor 
in the control group (intact animals), after 3 days of 
the experiment – higher by 14% in comparison with 
the factor of the intact animals, and in 6 days – by 

№ 
 

Duration 
of 
exposure 

Optic 
cortex 

Sensomotor 
cortex  

 

1. Control  23,4±0,84 27,4±1,18 

2.X-ray 
irradiation 
 

I hour 
Р2-1 

 

28,6±0,71 
<0,02 

 

31,6±1,11 
<0,05 

 
3. 
 

III day 
Р3-1 

 

30,4±0,64 
<0,01 

 

34,8±1,15 
<0,01 

4. 
 

VI day 
Р4-1 

35,8±0,53 
<0,01 

39,4±1,19 
<0,01 

5.X-ray 
irrad.+saffron 
     

I hour 
Р5-1 

 

25,6±0,64 
<0,02 

 

28,6±1,19 
<0,02 

 
6. III day 

Р6-1 
 

26,4±0,68 
<0,02 

 

29,4±1,13 
<0,01 

 
7. VI day 

Р7-1 
28,8±0,78 

<0,001 
30,6±1,18 

<0,01 
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20% higher than that one in the control group 
(Fig.4) 

Within the sequential influence of saffron 
extract and X-ray irradiation in an hour the GPO 
activity in medulla oblongata and cerebellum was 
higher than the index in the control group, and did 
not significantly differ from the index in the II 
group. (Fig.3, Fig.4). 
 

 
 
Fig 3.  Change of GPO activity in the medulla 
oblongata at the impact of  X-Ray irradiation at 
medium dose (4 gr) and saffron extract  
 
        In 3 days the enzyme activity in medulla 
oblongata was higher by 20% in comparison with 
the factor of the control group, but lower, compared 
with the factor in the II group (Fig.3). Within 6 days 
of the experiment it was observed the decrease in 
GPO enzyme activity both in cerebellum and in 
medulla oblongata, in comparison with the factors in 
the II group, and at the same time, when compared 
with the factors of intact animals, there was an 
increase in this index in the studied brain structures 
(Fig.3, Fig. 4). 
 

 
 

Fig 4.  Change of GPO activity in the 
cerebellum at the impact of X-Ray irradiation at 
medium dose (4 gr) and saffron extract 

The results of the conducted researches 
revealed that, X-ray radiation effect at medium dose 
leads to the changes in the enzyme activity of 
antioxidant protection (AOP) in various brain 
structures of white rats, which, in its turn, is bound 
to amplification of peroxide oxidation of lipids 
(POL). From the literary data it is known that, the 
maximal antioxidant activity of the catalase is 
observed in a condition when pH solution is 6,86. 
The mechanism of enzyme interaction with active 
forms of oxygen (AFO), indicates the essential role 
of the catalase in the inactivation of POL products, 
actively appearing in a stress condition   [15,16].  

At the stage of POL product formation the 
enzyme activity, being involved in the inactivation 
of free radical oxidation products, changes 
depending on the form of stress-factor.  In some 
cases it is obviously reflected in the change of GPO 
activity and in others in catalase activity change.   

According to the literature, if the enzyme 
protection is provided by the catalase, then the role 
of electron donor is carried out by Н2О2, and in case 
of peroxidase effect the other reducers are used for 
these purposes.  Similarity of catalase and 
peroxidase is provided by the existence of a 
prosthetic group with a 2-valence iron.  The value of 
the catalase consists in enzyme capacity, regardless 
of high or low steady-state level of Н2О2 in the 
system, to be extremely adaptable to its inactivation. 
In the first case it proves as a peroxidase, and in the 
second – as a catalase.  

Preliminary injection of saffron extract into 
the organism of animals before the irradiation, leads 
to grading of POL processes’ intensification in all 
cells that is reflected also in antioxidant defense 
system. Our studies revealed that injection of 
saffron extract facilitates minor changes in the 
activity of AOS enzymes,  in particular catalase and  
glutathione peroxidase, in all studied brain 
structures, contributes activity of endogen defense 
system that plays significant role in maintaining 
stationary level of endogen antioxidants.  

Thus, biooxidants is of great importance in 
processes’ balancing, taking place  in cells and 
tissues under the influence of extreme factors. 
System of antioxidant defense of organism realizes 
permanent protection of organism from toxic 
radicals, and contributes stable level of free radicals.     

During  the free radical, enzyme, oxidant 
processes taking place in organism, bioantioxidants 
are directed to the side of enzyme oxidation, and 
create optimum state for cell metabolism and 
contributes normal growth of  tissues.  
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