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ABSTRACT 
The radiation is present on all over the world and can be classified, according to the effect that produces on 

matter, as non-ionizing and ionizing. The ionizing radiations transfer a sufficient amount of energy to the 

molecule and charged atoms called ions can be formatted. The biological organisms have approximately 70% of 

water and when submit to the incident radiation occur the radiolysis of water. Water radiolysis produces highly 

reactive oxygen species (ROS) known as free radicals. The ROS can interact with all important biomolecules 

like lipid, protein and DNA. This interaction can cause the loss of functions of theses molecules and thus lead to 

cell death. The manganese is a heavy metal that at low concentrations is essential for the biological system, 

since it is cofactor for action of several enzymes. At high concentrations the manganese is toxic to the 

organisms. Recently was observed that manganese can have a protector role against oxidative stress. In this 

work, it was studied the anti-oxidant role of manganese in cells submitted to gamma irradiation. It was 

performed the determination of two oxidative stress indicators: lipid peroxidation and determination of thiol 

group, the results presented suggest that the manganese had protective role against lipid damage and in this way, 

has an antioxidant role. 

 

 

1. INTRODUCTION 
 

Radiation is electromagnetic waves; it may be generated by natural sources such as cosmic 

rays, naturally radioactive elements (uranium and thorium and others), and by artificial 

sources such as x rays. Radiation can be classified as non-ionizing and ionizing radiation in 

accordance with the effects caused. It is called the ionizing radiation when is capable of 

transmitting sufficient energy to break bonds or expel electrons from atoms and produce ions 

[1].  

 

The biological system is composed of 70% of water. When cells are exposed to ionizing 

radiation direct and indirect effects can occur. The direct effects are the action of radiation 

producing DNA strand breaks and mutations that can be extremely harmful to cells exposed. 

The indirect effects are due to the radiolysis of water. The rupture of water molecule can 

generate free radicals that interact with other molecules producing deleterious effects.  

 

Presence of oxygen in aerobic cells is essential for survival. Oxygen possesses important 

function as final electron receptor in the respiratory chain. One electron is added to the 

oxygen an each time. Four electrons are necessary to complete the reduction of oxygen, until 

the complete reduction, free radical, also known as reactive oxygen species (ROS) can be 

formed. Free radicals are molecules that have a non-paired electron in its orbit. The main 
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ROS are: the singlet of O2 (
1
O2), the anion superoxide (O2

-
), hydrogen peroxide (H2O2) and 

the hydroxyl radical (OH∙). Theses ROS can interact with proteins, lipids and DNA [2]. 

 

The defense mechanisms against ROS are antioxidant defenses enzymatic and non-

enzymatic. The enzymatic defenses are: the superoxide dismutase that dismuted the 

superoxide in hydrogen peroxide, and catalase which decomposes the hydrogen peroxide into 

water, lipids peroxides and hydrogen peroxide [2] can be decomposed by glutathione 

peroxidase. The non-enzymatic defenses include: glutathione, vitamins A, C and E, and other 

molecules. The non enzymatic defense has several actions on ROS like chelation of transition 

metals, exchange of electrons and scavengers of free radicals [3].  

 

Recently, oxidative stress has been a major focus of study because its correlation with various 

serious diseases. Among theses is the cancer, neurodegenerative disorders and aging. Aging 

is considered as a normal and inevitable process of accumulation of ROS in living organisms. 

Oxidative stress resulting from excessive generation of free radicals and the failure of 

antioxidant defenses neutralize them [4]. 

 

The manganese is a transition metal found in the composition of several enzymes. It is 

present in several locations in the cell including the Golgi apparatus, the mitochondria and 

the cytoplasm. At high concentration is highly toxic [5], at adequate concentrations, Szirák et 

al. (1999), showed the atypical anti-oxidant role of manganese as compared to the iron. 

Apparently this antioxidant role was due to the low efficiency of manganese in generation of 

hydroxyl radical [7]. Daly et al. (2004) showed that the accumulation of Mn
2 +

 permitted 

more favorable recuperation of cells exposed to radiation [6]. This fact suggests a possible 

role of manganese in the attenuation of oxidative stress. In this work it was studied the 

responses of cells previously exposed to manganese and after challenged with gamma 

radiation. The oxidative parameters: lipid peroxidation and thiol group were determined and 

the correlations with the accumulation of manganese on the cells were done.  

 

 

2. MATERIAL AND METHODS 

 

2.1 Culture conditions:  
 

It was used the wild type strain Saccharomyces cerevisiae BY4741 (MATa his3∆1 leu2∆0 

met15∆0 ura3∆0) acquired from EUROSCARF, Frankfurt, Germany. The growth of cells 

was performed in YPGlicose medium (2% glucose, 2% peptone and 1% yeast extract) when 

solid medium was necessary, 2% agar was added. Stock solution of MnCl2 was made from 

MnCl24H2O with water, sterilized separately and added to the liquid medium after 

autoclaving. 

 

2.2 Incorporation of Manganese by Saccharomyces cerevisiae:  

 

The yeast cells pre-grown  in YPG medium during 16 hours were collected by centrifugation 

(3000rpm, 5 min), transferred to a new YPG medium, and incubated 4 hours to permitted 

attend the logarithmic phase. After this period, the cells were transferred to another YPG 

medium contend 100ppm of manganese and, incubated for an additional period of 16 hours. 

After this, the cells were spotted on plates with solid medium and incubated at 30
0
C for 48 

hours.  



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

2.3 Gamma Radiation:  

 

Cultures of Saccharomyces cerevisiae in solid medium were irradiated in the presence of 

oxygen and at room temperature. The irradiation was performed in the Laboratory of Gamma 

Irradiation (LIG) at CDTN, under a uniform source of 
60

Co gamma rays, with a dose of 

5kGy. Control cells were maintained outside the source.  

 

 

2.4 Peroxidation of lipids:  
 

The determination of lipid peroxidation was performed by TBARS method (thiobarbituric 

acid reactive substances). The substances reactive are composed by various end products of 

low molecular weight formed after the decomposition of primary and secondary products of 

lipid peroxidation. This determination is used as an index of oxidative stress. The calculation 

was performed using a standard curve of malondialdehyde (MDA), a product of lipid 

peroxidation. The absorbance was determined in spectrophotometer at 532 nm and correction 

of nonspecific turbidity was done by subtracting the absorbance at 600 nm. The lipid 

peroxidation was expressed as picomoles MDA/mg protein/mL (picomoles of 

malondialdehyde per milligram of protein per mL) [11].  

 

2.5 Determination of thiol group:  
 

The thiol group were determined in accordance to the methods of Ellman and colleagues [8] 

and Davidson and colleagues [9], using 5-5'dithio-bis (2-nitrobenzoic acid - DTNB). DTNB 

in presence of free thiol group produces a characteristic yellow color that can be determined 

spectrophotometrically at 412 nm. The coefficient of extinction molar for DTNB is 13,600 

M
-1

 cm
-1

, and was used to determine the concentration of thiol group. The results were 

expressed  in micromoles  of  thiol group per milligram of protein per mL ( moles/mg 

protein /mL). 
 

3. RESULTS AND DISCUSSION 

 

   

The reaction between ROS and fatty acids in the plasma membrane of cells initiates a process 

known as lipid peroxidation. The lipid peroxidation is an oxidative stress indicator. [10] The 

level of MDA (end product of peroxidation reaction) (Fig.1) was determined on cells exposed 

to gamma radiation in the presence and absence of manganese and control cells (presence 

absence of manganese, without irradiation). 

 

It can be seen in Fig 1. that in normal situation (controls without Mn and irradiation) the cells 

present lipid peroxidation, maybe due the fact that theses cells are living and developing on 

aerobic atmosphere. The irradiation tends to decrease this index probably due the activation 

of endogenous antioxidants defenses. The presences of 100ppm of manganese in cells 

without irradiation promote a drop of damage verified on lipids as compared with the control 

cells. The exposition of cells that incorporated manganese and are submitted to the gamma 

irradiation promoted a decrease of lipid peroxidation in 31.7% when compared with to 

control in the absence of manganese. Cells without irradiation but in presence of 100 ppm of 

manganese presented a diminution of lipid peroxidation compared to controls cells without or 

with irradiation.   
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Fig. 1: Lipid Peroxidation in the presence and 

absence of manganese and gamma radiation. 

 

One putative interpretation of this result can be that the manganese in cells is less efficient in 

transforming hydrogen peroxide into hydroxyl radical via Fenton reaction. The hydroxyl 

radical is the most reactive ROS because it not possessed specific antioxidant defense on cells 

and react faster comparing to the other free radicals. Radical hydroxyl attacks all the 

biomolecules and as consequence of the damage to the lipids of membranes the lipid 

peroxidation occurred. A diminution of the generation of hydroxyl radical could consequently 

reduce lipid damage. 

 

 

The thiol groups are abundant in cells and are mainly represented by glutathione, a tripeptide 

containing cysteine. The glutathione can be founded as reduced (GSH) or oxidized (GSSH) 

forms, the ratio GSH/GSSH is also an important indicator of oxidative stress. The oxidized 

glutathione has no free thiol group and doesn’t contribute with antioxidant activity [11]. The 

results presented in Fig. 2 showed the determination of free SH group in control situation (it 

means, in absence of exogenous stress). When theses cells were submitted to 5 kGy of 

gamma irradiation the free SH group determined had an increase, these result is in 

accordance to the obtained with the peroxidation of lipid (Fig.1) on the same conditions. 

These could mean the activation of various transcriptions factor that trigged the synthesis of 

many antioxidant defenses. In the presence of manganese, but in absence of irradiation, it was 

determinate an increase of SH group in relation to the control cell. The presence of 

manganese in cells that were submitted to gamma irradiation presented a barely decrease of 

the thiol group.  
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Fig. 2 Determination of thiol group in the presence and 

absence of manganese and gamma radiation. 

 

According to Figure 2 the presence of manganese influenced the level of reduced glutathione, 

because it was observed an increase of free thiol group compared to the control situation 

determinate in absence of manganese. The gamma irradiation realized in the conditions of 

theses experiments wasn’t able in diminish the level of reduced glutathione (compare control 

situation with 5 kGy irradiation). 

 

4. CONCLUSION 

 

The presence of manganese in the cells promoted a decrease of lipid peroxidation suggesting 

the possible role of manganese in the attenuation of oxidative stress. Also the increase of free 

SH group determinate in presence of manganese and compared to the control situation 

corroborate this affirmation.  
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