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Aim of the work 
 
Whole body gamma irradiation was found to exert many alterations 

in biological systems (Breen and Murphy, 1995; Cherdyntseva              
et al., 2005). The produced changes include oxidative stress imbalance 
(Azab et al., 2004) and liver toxicity (Khamis et al., 1989). 
 

Radiation induced–lipid peroxidation is a highly destructive 
process which brings about changes in structure, fluidity and permeability 
of membranes (Cheeseman and Slater, 1993) leading to a significant 
increase in lipid peroxides which are toxic to the cells and decrease in the 
level of the antioxidant glutathione in blood and liver homogenate (El-
Shamy et al., 2001). Furthermore, exposure of mammals to gamma 
radiation was shown to produce reduction in plasma superoxide 
dismutase enzyme activity which acts against free radicals (Nommura 
and Yamaoka, 1999). 
 

Exposure to radiation was shown to elevate the activity levels       
of aspartate aminotransferase (AST), alanine aminotransferase (ALT)      
and alkaline phosphatase (ALP) which are among the liver biomarkers       
(El-Naggar et al., 1980).  

 
Since hyperthermia is known to alter certain oxidative stress 

biomarkers (Hall et al., 2000; Mladenov et al., 2006) as well as certain 
liver function tests (Srikandakumar et al., 2003), it seems that the 
response of the feverish whole body could be different when exposed to 
gamma radiation. 

 
The aim of the present thesis is to study the oxidative stress 

biomarkers and certain liver function tests of the feverish rat whole body 
when exposed to gamma radiation. 

 
In order to achieve the goal of the present study, normal as well as 

feverish groups of animals were exposed to gamma radiation. Blood and 
liver malondialdehyde and glutathione as well as plasma superoxide 
dismutase were evaluated. Serum aspartate aminotransferase (AST), 
alanine aminotransferase (ALT) and alkaline phosphatase (ALP) were 
also measured in various groups in order to study the influence of 
induction of fever on the measured parameters in irradiated rats. 
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The therapeutic potential of natural antioxidants such as vitamin E 
and rutin in absence or presence of cysteine was examined in the 
irradiated and feverish irradiated rats, in order to study their possible 
modulating effect on the oxidative stress and liver function. 
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Ionizing Radiation 
 

Radiation is defined as the emission and propagation of energy in 
the form of waves or particles through space or matter. Ionizing radiation 
is radiation that has sufficient energy to cause ion pairs to be formed in the 
medium through which it passes, or to break strong chemical bonds that 

are biologically important (Zaider and Rossi, 1986).  
 

Ionizing radiation that is capable of producing ions in its passage 
through the matter, causes immediate chemical alterations in biological 
tissues. These alterations produce a metabolic disarrangement which after 
days or weeks can lead either to cell damage or ultimately to cell or 

organism death (Varanda and Tavares, 1998). 
 

Gamma and X-rays are electromagnetic radiation, while, alpha and 
beta, neutrons as well as protons are particular radiation . Gamma and   
X-rays have characteristic wave lengths and photon energies. These rays 
have highly penetrating power that is directly related to the energy of the 
photon. Gamma rays are emitted during the process of radioactive 
disintegration of gamma emitting radionuclides as cobalt 60, cesium 137 
and radium 226. During the radioactive process, both gamma radiation 

and particle radiation are emitted with varying intensities (Park, 1995). 
 
 

Effect of ionizing radiation on biological systems      
 

The generation of radiation-induced free radicals is considered to 
be the primary cause of the radiation-induced damage to biological 

systems (Fantone and Ward, 1982). 
 

Radiation interacts with matter to form ion pairs. These ion pairs 
rapidly interact with themselves and other surrounding molecules to 
produce free radicals. Both the direct and indirect activities of ionizing 
radiation lead to molecular damage which is translated to biochemical 
damage. Biochemical damage may then be amplified and expressed as 

biological injury including damage to DNA. 
 

Direct effects of radiation on living tissues include changes which 
appear as a result of absorption of radiant energy by the target molecules 
leading to ionization, excitation or free radical formation. However, 
indirect effects of radiation on living systems comprise the changes that 
occur to the molecules in a solution induced by radiation decomposition 
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products of water or other solute not by the radiant energy absorbed by the 
molecules (Yarmonenko, 1988). 

 
There is now considerable evidence indicating that the cytotoxic 
effect of ionized radiation is mediated by the rapid generation of oxygen 
free radicals, via a process that involves intracellular water radiolysis to 
yield superoxide, hydrogen peroxide and hydroxyl radicals (Panes and 

Granger, 1996). 
 

The indirect effect of radiation in biological systems depends on the 
effect of irradiation of water and the presence of oxygen in the tissue being 

irradiated. The end products of radiolysis of water without oxygen are: 
H2O              OH•   +   H•   +   H+   +  OH- 

H•  and  OH•   released by ionizing radiation, are the most important free 
radicals comprising 55 % of the initial relative yield (Nair et al., 2001). 

 
Since cells are at least 70% water, most of the indirect action 
involves reactive species derived from water molecules. Radiation 
interacts with water, some of the products formed can then react with 
other solute molecules and radicals of solute molecules can form final 

stable products (Mulcahy et al., 1992). 
 

Ionizing radiation manifests its toxicity via free radicals from water 
radiolysis (McLennan et al., 1980; Feurgard et al., 1998). However, the 
basis of the oxygen enhancement of radiation lethality is the generation of 
hydroxyl radicals, which are responsible for most of the indirect radiation 

damage that affects cell survival (Kachur et al., 1998). 
 

Moreover, the type of radical species formed is governed by how 
closely or how rapidly radicals are formed. Since, they may interact with 
each other,  neutralization of the radical attack may take place before 
reaching the biological target. For example, H•  reacts with  OH•  to form  

H2O (Cockerham et al., 1994). 
 

Factors that determine the biological effects of ionizing radiation 
include: the type of radiation, the received dose, the rate at which the 
radiation dose is delivered, nutritional factors, the type of irradiated 
tissues as well as the age and sex of the exposed person. In addition, 
whether the dose was delivered in fractions or in a single exposure could 
determine the biological effect (Beir, 1990). Thus larger radiation doses 
used in single treatments tend to cause more injury than the same dose 

given in fractions or over a more prolonged period. 
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Biological effects of ionizing radiation are dependent on the 
radiosensitivity of the cells and tissues of the biological system involved 
in the radiation exposure. The most important biological factors that 
determine cellular radiosensitivity are cell division, processes of cellular 
differentiation, proliferation, cellular organization and biological activity 
of the cell in particular during synthesis of critical molecules 

(Yarmonenko, 1988).  
 

Cells that are more rapidly dividing and have the potential for a 
number of successive generations will be more radiosensitive. 
Meanwhile, completely differentiated cells are considered relatively 

radioresistant (Young, 1987).   
 

Accordingly, hematopoietic stem cells and intestinal cells are   
more sensitive than non dividing tissues such as heart, skeletal muscle      
    and nerve cells (Young, 1987). In mammals, the vital systems of 
hematopoiesis and immunity are the most critical targets for the injurious 

action of ionizing radiation (Malyutina et al., 2005). 
 

The fall in erythrocyte counts following radiation exposure is 
attributed to the inhibition of differentiation of red cell precursors and to 
hemorrhages caused by irradiation–induced lesions in the blood vessels 

(Kanwar and Verma, 1992). 
 

Profound myelosuppression and the resulting leukocytopenia are 
common with ionizing radiation (Cherdyntseva et al., 2005). It has    
been hypothesized that irradiation–induced chemical and physiological 
alterations could result from the generation of reactive oxygen species 

during ionizing radiation exposure (Chae et al., 1999).   
 

The predominant changes that result from irradiation of different 
classes of macromolecules in solution or dry state  involve nucleic acids, 

proteins and lipids (Mulcahy et al., 1992). 
 

Chemical alterations of nucleic acids such as breaks of hydrogen 
bonds, break of base–sugar binding, sugar oxidation, break of nucleotide 
strand and release of terminal phosphates are caused by reactions of free 

radicals (Varanda and Tavares, 1998). 
 

Ionizing radiation is an efficient inducer of chromosomal 
aberrations in vivo and in vitro. Radiation-induced DNA double-strand 
breaks are mostly responsible for the formation of exchange aberrations, 
which can be observed in human lymphocytes within a few hours 
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following the exposure. The frequency of exchange aberrations is strictly 
related to the radiation dose and its quality (Pajović et al., 2000). 

 
Ionizing radiation is a well established carcinogen to biomolecules 
due to the resulting oxidative damage (Ames and Gold, 1991). Radiation 
induced damage, being the most important vital target, that involves 
single and double strand breaks, base damage and sugar damage (Breen 
and Murphy, 1995). The frequencies of double strand breaks in DNA are 
inversely correlated with cell survival (Elia et al., 1991). Cell death is 
associated with an increased risk for numerous genetically determined 

diseases (Sankaranarayanan, 1999).  
 

A single whole body exposure of mammals to ionizing radiation 
results in a complex set of syndromes whose onset, nature and severity 
are a function of both total radiation dose and radiation quality. At the 
cellular level, ionizing radiation can induce damage in biologically 
important macromolecules such as DNA, proteins, lipids and 
carbohydrates in various organs. While some damage may be expressed 
early, the other may be expressed over a period of time depending upon 
cell kinetics and radiation tolerance of the tissues. Proliferating cells     
are highly sensitive to irradiation, therefore, the effect of whole body 
irradiation is mainly felt by the highly proliferating gastrointestinal 

epithelium and the bone marrow cells (Baliga et al., 2004). 
 

Beside DNA changes, ionizing radiation causes alterations in        
the properties of biological membranes due to complex processes 
involving both lipids and proteins (Verma and Sonwalker, 1991). The 
initiated chain reaction leads to the formation of a variety of a 
degradation products in biological membranes including products of  
lipid and protein breakdown such as malondialdehyde (MDA), which 
induce changes in membrane structure and function making membranes 
more rigid (less fluid). If such changes are significant, it leads to cell 
death via apoptosis (Lizard et al., 1995; Gil et al., 2004). Exposure to 
radiation results in induction of apoptosis in various mammalian cells, 
which is a normal physiological mode of cell death (Lesnikov et al., 

2001; Zaidi et al., 2004).  
 

Furthermore, proteins are subjected to free radical mediated 
oxidation of thiol groups, which may lead to structural loss and enzymatic 
deactivation (Werns and Lucchesi, 1990). Nucleic acids are subjected to 
base hydroxylation, cross-linking or strand scission which may result in 

mutation or even cell death (Cotgreave et  al., 1988; Halliwell, 1994). 
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Oxygen radicals have been implicated as an important cause of 
oxidative modification of proteins which may lead to rapid degradation. 
Carbonyl group formation may be an early marker for protein oxidation 

(Reznick and Packer, 1994). 
 

Lipids are probably the most susceptible biomolecules to free 
radicals. Because cell membranes are rich sources of polyunsaturated 
fatty acids, they are readily attacked by oxidizing radicals. The oxidative 
destruction of polyunsaturated fatty acids, known as lipid peroxidation is 
a very important manifestation of reactive oxygen species cytotoxicity. It 
proceeds as a chain reaction, thus a limited initial disturbance could 
generate a widespread damage to the cells by altering the composition 
and permeability of the membrane system (Cheeseman and Slater, 

1993).                         
        ROS           O2                   LH      

LH               L•
               LOO•               LOOH 

                            (peroxyl radical)      (lipid hydroperoxide) 
 

The most common method for the detection of oxidative stress is 
based on measuring the amount of intermediate product of lipid 
peroxidation process such as conjugated dienes and malondialdehyde 

(Barber and Bernheim, 1967). 
 

Lipid peroxidation of biological membranes contributes 
significantly to the development of radiation induced cell injury. 
Moreover, protein propagated free radicals following irradiation, plays a 
decisive role in the functional organization of the biological tissues. 
Excessive production of these radicals showed to induce dysfunction      
in the antioxidant system causing many diseases and aging            

(Durachov et al., 1993). 
 

Acute radiation syndrome (ARS) is seen in individuals following acute 
whole body exposure to doses of 1 Gy or more. The clinical responses 
can be divided into four overlapping phases: a mild phase, hematopoietic 
syndrome, gastrointestinal syndrome and central nervous system 
syndrome. The mild phase (0.5–1 Gy) of ARS is characterized by mild, 
but non-specific signs of toxicity, the hematopoietic syndrome of ARS 
takes place due to exposure to 1–8 Gy and is characterized by marked 
lymphopenia about 1 day after exposure, bone marrow depression and 
fever which occur at 18–21 days after exposure. The gastrointestinal 
syndrome takes place due to exposure to 8–30 Gy and is characterized by 
nausea, vomiting, diarrhea and fever. The symptoms of central nervous 
system syndrome (30 Gy) include neuromuscular incoordination,  
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convulsions, coma, and death within 48 hours after irradiation. High 
doses of radiation are carcinogenic and mutagenic, and can result in cell 

lethality (Keith et al., 1999). 
 
 

Effect of exposure to gamma radiation on oxidative stress 
 

When cellular production of reactive oxygen species (ROS) 
overwhelms its antioxidant capacity, a state of oxidative stress is reached 
leading to serious cellular injuries that contributes to the pathogenesis of 

several diseases (Gloire et  al., 2006).  
 

The systemic damage observed following irradiation is partially 
due to the overproduction of ROS, which disrupt the delicate pro-oxidant/ 
antioxidant balance of tissues leading to proteins, lipids and DNA 
oxidation (Kehrer, 1993). Furthermore, Romero et al. (1998)  reported 
that after radiation exposure, the predominant free radicals showed 
imbalance with the antioxidant system which became inactivated leading 

to the formation of lipid peroxides. 
 

Polyunsaturated  fatty acids, when exposed to ROS, also can be 
oxidized to hydroperoxides that decompose in the presence of metals to 
hydrocarbons and aldehydes such as MDA (Matthews et al., 1994). This 
lipid peroxidation can cause severe impairment of membrane function 
through increased membrane permeability and membrane protein 
oxidation (Miura et al., 1997). DNA oxidation can lead to strand 
breakage and consequent mutation or cell death. GSH is the principal 
intracellular thiol responsible for scavenging ROS and maintaining the 

oxidative balance in tissues (Bump and Brown, 1990). 
 

Molecular oxygen is an essential molecule for all aerobic forms, 
notably for the cell to obtain energy as a form of ATP. Under normal or 
pathologic conditions, O2  is often transformed into highly reactive forms, 
called ROS, such as hydrogen peroxide (H2O2), superoxide anion (O2

•− ) 
and hydroxyl radical (OH• ) (Adler et al., 1999; Haddad, 2002). Reactive 
oxygen species are generated through multiple sources in the cell, such as 
the electron transport chain in mitochondria (Ogawa et al., 2003;  

Genova et al., 2004). 
 

The potential antioxidant therapy includes natural free radicals 
scavenging enzymes and agents which are capable of augmenting the 
activity of these enzymes including SOD and CAT (Cheeseman and 
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Slater, 1993). SOD is the key enzyme in scavenging the superoxide 
radicals (Rai et al., 2006). 

 
Potent antioxidant extracts and compounds of natural plants are 
known to increase the levels of catalase and SOD and decrease the level 
of thiobarbituric acid reactive substances (TBARS) in blood and tissues 
(Badami et al., 2005). As a whole, these antioxidant enzymes play         
an important role in the body defense mechanism against the harmful 
effects of ROS and free radicals in biological systems (Halliwell and 

Gutteridge, 1989). 
 

Glutathione (GSH) is the most abundant non-protein thiol in 
mammalian cells. It plays an important role in regulation of cellular redox 
balance. The most recognized function of GSH is its role as a substrate 
for GSH-S-tranferase and GSH-peroxidase. These enzymes catalyze the 

antioxidation of ROS and free radicals  (Osman, 2003). 
 

GSH is utilized by GSH-peroxidase in the cell to detoxify 
hydroperoxides produced during oxidative stress to less destructive 
metabolites (Eklow et al., 1984). However, a significant decrease in 
glutathione level in blood and liver homogenate was observed after whole 

body gamma irradiation (Yamaoka et al., 2000;  El-shamy et al., 2001). 
 

Superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx) are the primary antioxidant enzymes that can directly 
scavenge ROS. SOD catalyzes the dismutation of superoxide radicals to 
hydrogen peroxide and oxygen. Hydrogen peroxide is further detoxified 
by CAT and GPx. Hydrogen peroxide and lipid hydroperoxide are 
reduced by GPx at the expense of glutathione (GSH) (Halliwell and 

Gutteridge, 1999).  
 

Whole body gamma radiation exposure of mammals was shown   
to reduce superoxide dismutase enzyme activity (Nommura and    

Yamaoka, 1999). 
 

Superoxide dismutases (SOD) are enzymes found in all aerobic 
cells, believed to exert an important protective function against the 
cytotoxicity of oxygen. SOD catalyzes the conversion of superoxide 
radical to H2O2 plus O2 and H2O2 is removed by catalase which converts 
it to H2O + O2

•. This efficient elimination of O2
• and H2O2 prevents the 

formation of the toxic hydroxyl radical whose biological elimination is 
not available, and controls strictly the concentration of O2

• radical in 



                                                                                  

 - 65 -

order to avoid extensive damage to various biological structures such as 
nucleic acids, proteins and lipid membranes (Fridovich, 1983). 

 
Sun et al. (1998)  showed that the antioxidant enzymes MnSOD, 
CuZnSOD, and glutathione peroxidase (GPx) are key intracellular 
antioxidants in the metabolism of reactive oxygen species after the 

exposure of cells to ionizing radiation. 
 

Thiols are potential physiologic targets for both superoxide and 
hydrogen peroxide. Scavenging of superoxide, however, is unlikely to 
have a protective function. For GSH to act as an effective radical 
scavenging antioxidant, it needs to act in concert with SOD to handle the 
superoxide generated in the scavenging reaction (Winterbourn, 1993). 
Thiol oxidation by superoxide could deplete defenses against other 
oxidants, or shift the redox balance toward a more oxidized state 

(Winterbourn and Metodiewa, 1999). 
 

 
Role of the oxidative balance in various diseases  

 
Increased understanding of the role of free radicals in diseases is 
opening new area for the antioxidants to manifest in prevention and 
therapy of the healthcare system, along with promising role as supportive 
remedies in many regimens of mainline therapy. Nevertheless, 
epidemiological studies strongly suggested that antioxidants can decrease 

the incidence of some diseases (Ratnam et al., 2006).  
 

Lipid peroxidation is found to be an important pathophysiological 
event in a variety of diseases including aging, cancer, liver disease, 
diabetes, cardiovascular disorders and rheumatoid arthritis (Ajitha       
and Rajnarayana, 2001). Hence, current interest is on the potential     
role of antioxidants in the treatment and prevention of these diseases  

(Rai et  al., 2006). 
 

Whole body gamma irradiation seriously affects carbohydrate 
metabolism.  Radiation induced hyperglycaemia could be attributed to the 
diminished utilization of glucose by the irradiated tissues, increased blood 
amino acids level which is considered as an important source for glucose 
formation through the processes of deamination and transamination as 
well as the acceleration of gluconeogenesis process which results as an 

indirect effect of radiation exposure (Hassan and Osman, 1996). 
 



                                                                                  

 - 66 -

Inhalation of cigarette smoke exposes lungs to reactive oxygen 
species and other damaging xenobiotics, heavy metals and polycyclic 
aromatic hydrocarbons (Florek et al., 2005). Free radicals easily react 
with macromolecules of biological significance (DNA, lipids, protein) 
and destroy their structure and function, thus accelerating ageing and 
might lead to degenerative diseases, including cancer (Kehrer, 1993; 

Ishizaki et al., 1996).  
 

Antioxidants, both natural and synthetic, have been proposed and 
utilized as therapeutic agents in liver diseases. In vitro and in vivo studies 
have shown that hepatitis B and C virus replications are counteracted by 
N-acetyl cysteine and vitamin  E (α-tocopherol) (Wang et al., 2003). N-
acetyl cysteine is a precursor of reduced glutathione that has the ability to 
quench hydroperoxides, hydroxyl radicals and superoxide anions (O2•- )  
(Villagrasa et al., 1997). Vitamin E is a predominant lipophilic 
antioxidant, which is an efficient scavenger of alkoxyl, single oxygen and 

peroxyl radicals (Ricciarelli et al., 2001). 
 
 

Irradiation - induced hepatic dysfunction  
 

Acute exposure of experimental animals to ionizing radiation 
produces a variety of injuries in the liver. The extent of liver damage is 
related to the exposure rate as well as the age of the animal at the time of 

irradiation (Ward et al., 1972). 
 

The liver is considered as one of the most radioresistant organs. It  
is affected mostly by gamma irradiation which elicits several changes in 
metabolism (Hassan and Osman, 1996). In this respect, variations in 
carbohydrate metabolism due to ionizing radiation had been previously 
observed and includes a remarkable alteration in the level of blood 

glucose (Roushdy et al., 1984).  
 

It was also reported that ioizing radiation affects the liver functions 
(Feurgard et  al., 1998). The clinical and morphological characteristics 
of hepatic damage following radiation exposure,  were recorded as a form 
of veno-occlusive disease (Shulman et al., 1987; Sempoux et al., 1997), 
whose evolution may vary from complete recovery to progression into a 
sub-acute phase. This preceeds the development of a chronic fibrotic state 

with portal hypertension and hepatic failure (Geraci et al., 1993).  
 

Influence of stress on the liver is of interest from the clinical point 
of view because stress plays a potential role in aggravating liver diseases 
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in general and hepatic inflammation in particular, probably through 
generation of reactive oxygen species (Zaidi et al., 2005).  

 
The serum transaminase activity is most widely used parameter as 
a measure of hepatic injury, due to its ease of measurement and high 
degree of sensitivity. It is useful for the detection of early damage of 
hepatic tissue and requires less effort than that required for a histologic 
analysis, moreover without sacrifice of the animals (Ray et al., 2006). 
Whole body gamma irradiation of albino rats at a dose of 7 Gy seriously 
affected the activity of both serum AST and ALT (Mahdy and              

El-Kashef, 1988). 
 

Elevated serum activity of ALP appears to reflect cholestatic injury 
(Plaa and Hewitt, 1982; Stacey et al., 1993; Martin and Friedman, 
1998). The increase in its activity due to irradiation could be       
attributed to liver disturbances particularly to cell membrane permeability 
and release of this enzyme from the tissues to the blood stream   

(Roushdy et al., 1984). 
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Radioprotection 
 

The need for protection against the toxic effects of ionizing 
radiation comes from many different directions: occupational exposure, 
nuclear accidents, environmental sources and protection of normal tissue 
during the therapeutic irradiation of cancer (Roberts et al., 1995). One of 
the real possibilities of increasing the radioresistance of an organism is 
the use of chemical protectors that substantially reduce the damaging 

effect of radiation (Hassan, 1994). 
 

It is necessary to distinguish the application of the needed 
radioprotectors, e.g, protection against accidental external or internal 
exposures, acute high-dose radiation injury or low doses over long period 

(Weiss, 1997).  
 

It has been considered that, radiation therapy for cancer patients 
could be improved by the use of radioprotectors to protect normal tissue 

(Weiss and Landauer, 2003). 
 

Radioprotectors could be identified as chemical compounds 
capable of ameliorating the biological influences of ionizing radiation 
when administered before radiation exposure. The efficiency of these 
radioprotectors is greatly dependent on their chemical properties,     
period of treatment and the post irradiation time elapsing after 
radioprotectors application (Monig et al., 1990). However, no ideal,    
safe synthetic radioprotectors are available todate, so the search for  
alternative sources, including plants, has been on going for several 

decades (Arora et al., 2005). 
 

A large number of drugs have been screened for their 
radioprotective efficacy, however, because of the inherent toxicity at 
useful concentrations, none of them could find clinical acceptance (Singh 

and Yadav, 2005). 
 

The observation by Patt et al. (1949)  that pre-treatment with 
cysteine protected against X-ray induced mortality opened a new field of 
research in radiation biology. Subsequently, several chemical compounds 
were synthesized and tested for their radioprotective properties and the 
sulfhydryl compounds were found to be good radioprotectors. However, 
the practical applicability of the majority of thiol compounds remained 
limited, due to their high systemic toxicity at the optimum protective 
doses (Sweeney, 1979). However, toxicity of thiol compounds 
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necessitated a search for alternative compounds, which could be less toxic 
and highly effective at non toxic doses. 

 
Radioprotection may include scavenging of free radicals, 
protection of cellular and subcellular entities especially against oxidative 
damage, repair of target molecules like DNA and  protein and restoration 
of cell proliferation. Compounds having such properties can offer 

protection against radiation damage (Agarwala and Goel, 2002). 
 
 

Mechanisms of radioprotection 
 

1. Effect of antioxidants and free radicals scavengers 
 

Ionizing radiation causes a pro-oxidant state as a result of the 
intracellular generation of reactive oxygen species. Compounds having 
antioxidants properties are known to provide protection against radiation 

and other oxidative stresses (Agarwala and Goel., 2002). 
 

Antioxidants are substances which counteract free radicals and 
prevent the damage caused by them. These can greatly reduce the adverse 
damage due to oxidants by crumbling them before they react with 
biologic targets, preventing chain reactions or preventing the activation of 

oxygen to highly reactive products (Azzi et al., 2004).  
 

Biological antioxidants are compounds that protect biological 
systems against the potentially harmful effects of reactions that can cause 
excessive oxidations (Krinsky, 1992). They also could be referred to as 

scavengers. 
 

Cells continuously produce free radicals and ROS as part of 
metabolic processes. These free radicals are neutralized by an antioxidant 
defense system consisting of enzymes such as catalase, superoxide 
dismutase, glutathione peroxidase, and numerous non-enzymatic 
antioxidants, including vitamins A, E and C, glutathione and flavonoids 

(Belvirani and Gökbel, 2006). 
 

Consequently, the importance of antioxidant defense systems in 
protecting biological tissues against free radical-mediated peroxidation 
has promoted investigation into the prophylactic use of high dose 
antioxidant supplements (Horwitt, 1991). Regulation of cellular 
antioxidant enzyme expression will be modulated by exogenous and 
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endogenous biological antioxidants as well as production of reactive 
oxygen species (Brown et al., 1996). 

 
Antioxidants can act by scavenging biologically important reactive 
oxygen species, by preventing their formation or by repairing the damage 
that they do (Aruoma, 1998). The antioxidants can be divided into either 
endogenous antioxidants present normally in biological systems or 
exogenous antioxidants which can be administrated exogenously 

(Halliwell, 1991). 
 

A number of endogenous antioxidant mechanisms act together in 
order to guard against free radical induced oxidative damage. These 
include repair processes of damaged molecules and antioxidant defense 
systems (El-Khatib, 1997). Exogenous antioxidant system is classified 
into non-enzymatic e.g vitamin E, vitamin C and beta carotene and 
enzymatic e.g superoxide dismutases, glutathione peroxidases and 

catalases (Sies, 1991).  
 

Non-enzymatic antioxidants comprise the secondary defense 
system that can scavenge free radicals and inhibit their damaging effects 
on biological molecules particularly lipid peroxidation. They include 
vitamins E and C, β-carotene, glutathione, flavonoids and some proteins 

(Cotgreave et al., 1988; Cheeseman and Slater, 1993).  
 

Antioxidants like vitamins A, C and E offer radiation protection, 
because radiation damage mimics the oxidative stress associated with 
active oxygen toxicity (Wilson, 1983). Vitamin A and E are lipophilic 
and their local concentrations in specific cellular compartments might be 

sufficiently high for protective effect. 
 

It seems likely that the role of vitamin A in inhibiting cell 
transformation and quenching the free radicals may account for its 
radioprotective effects. Whereas it is thought that the major mechanism of 
vitamin C against radiation injury is probably associated with its electron 
scavenging as well as its reducing activity. Furthermore, it is believed 
that the major mechanism of vitamin E against radiation injury is 
probably associated with the inhibition of lipid peroxidation (Hassan  

and El-Kady, 2002). 
 

Various endogenous agents, such as sulphydryl (SH) non-protein 
compounds, limit the production of oxygen-derived free radicals, and 
could be related with cellular protection. SH-containing compounds,      
as well as prostaglandins, are gastroprotective agents and may maintain   
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a high blood flow that allows an energy–dependent rapid recovery from 
initial epithelial surface damage (Szabo et al., 1987). In the same way, 
various antioxidant enzymes, such as glutathione peroxidase (GPx), 
involved in the elimination of hydrogen peroxide and lipid hydro-
peroxides, play an important role in cell protection (La Casa et al., 2000). 

 
Dietary antioxidants can be classified into various classes         
(Liu, 2004), of which polyphenols is the largest class. Polyphenols 
consist of phenolic acids and flavonoids. The other classes of dietary 
antioxidants include vitamins, carotenoids, organosulfural compounds 

and minerals (Ratnam et al., 2006). 
 

Cells and tissues are protected against oxidizing free radicals by a 
complexity of antioxidant mechanisms (Gerster, 1989). The mechanism 
of free radical scavenger suggests that certain agents are oxidized by free 
radicals, forming stable compounds incapable of reacting with other 
cellular components. This mechanism prevents the free radicals from 

reacting with the vital cell components (Varanda  and Tavares, 1998). 
 

Lipid peroxidation takes place on polyunsaturated fatty acids, 
giving rise to free radicals and endogenous peroxides that are           
highly reactive and have cytotoxic properties (Ashakumary and       
Vijayammal, 1996). The biological effects of these highly reactive 
compounds are controlled in vivo by a wide spectrum of antioxidative 
defense mechanisms depending on vitamins E and C, metabolites such as 
glutathione and uric acid, and antioxidant enzymes. Among these 
enzymes is the superoxide dismutase which catalyzes dismutation of the 

superoxide anion into hydrogen peroxide (Guemouri et al., 1991). 
 

The glutathione system seems to be essential for efficient 
intracellular management  of lipid peroxidation products (Cotgreave       
et al., 1988). The antioxidant activity of GSH  is due to the GSH 
dependent enzymes that offer protection against lipid peroxidation.  
These include glutathione peroxidase and glutathione reductase         

(Bast et al., 1991).  
 

Glutathione reacts directly with free radicals and can protect cells 
from single oxygen (O– ), hydroxyl radical (OH• ) and superoxide  
radicals (O2

• ) (Cominacini et al., 1996). The reduced GSH in oxidation/ 
reduction cycling catalyzed by GSH Px enzyme, is critical in reducing 
H2O2 thus breaks the chain reaction resulting from the superoxide radical 

to the highly reactive hydroxyl radical (Hayes and Mclellan, 1999). 
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The antioxidant properties of glutathione (GSH), are most likely 
attributed to the thiol residue  present on the reduced form of its molecule 
(McCusker and Hoidal, 1990). Glutathione is a sulphur-containing 
compound that is an essential co-factor for many powerful antioxidant 
enzymes in the body, including glutathione peroxidase (Jain et al., 2000). 

 
Glutathione peroxidase is considered the most important 
intracellular system for decomposition of H2O2 . It requires reduced 
glutathione as the source of reduced equivalents where the reduction of 
H2O2  is accompanied by formation of the oxidized form (GSSG).             

                
                                                 GPx 

           H2O2   +  2 GSH             GSSG  +  2 H2O 
 

In addition to its action on hydrogen peroxide, glutathione 
peroxidase has the ability to use lipid peroxides as substrates to convert 

them to inert compounds (Andersen et al., 1997).  
                                           GPx                        

                       ROOH  +  2 GSH               GSSG  +  ROH  +  H2O 
 

Superoxide dismutase (SOD) is a metalloprotein that catalyzes the 
conversion of  O2

•-  to  H2O2  (Klug-Roth et al., 1973). 
                       

                         2 O2
•-  +  2 H+             H2O2  +  O2 

 
Except in damaged tissue, cells have a very efficient antioxidant 
defense to counteract the toxic effects of free radicals. Superoxide 
dismutase (SOD) catalyzes the in vivo removal of superoxide anions        
( O2

•- ) which are highly reactive in hydrophobic environments (Folkerth 
et al., 2004). Hydroxyl radicals (OH• ) are the main free radicals present 
in vivo in an aqueous environment; they easily cross cell membranes at 

specific sites (Czapski, 1984). 
 

Mammalian cells possess two intracellular forms of SOD and one 
extracellular form characterized by their catalytic metal ion requirements 
(Karlsson and Marklund, 1988). Copper-zinc SOD (Cu Zn SOD) is 
found in the cytosol and is called cytosolic SOD. In contrast, manganese 
SOD (Mn SOD) is located in the mitochondria and is defined as 
mitochondrial SOD (Kawaguchi et al., 1989). Extracellular SOD 
contains copper and zinc, and exists in the interstitial space of tissues,  
but its highest level is in plasma (Karlsson and Marklund, 1988;     
Zelko et al., 2002). Gene expression or activities of those antioxidant 
enzymes, especially Mn SOD and GPx1, have been shown to be 
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differentially modulated by a variety of stimuli, such as ionizing 
radiation, cytokines, and various oxidative stress (Jornot and Junod, 

1997; Dobashi et al., 2001). 
 
 

2. Anoxia or hypoxia 
 

Some thiols were found to be radioprotective by interfering with 
the delivery of oxygen and inducing local hypoxia  in irradiated tissues 

(Giambarresi and Jacobo, 1987; Nair et al., 2001).  
 

Furthermore, biochemical excessive consumption of oxygen can 
bring about hypoxia in cells and tissues. This may be one of the 
mechanisms by which sulfhydryl compounds which can undergo an 
oxidation reaction with molecular oxygen, manifest radioprotection 

(Yuhas, 1982). 
 
 

3. Repair by hydrogen donation to target molecules (Chemical repair) 
 

If an R-H molecule is converted into an R• (radical R•) by exposure 
to radiation, a protective agent can donate a hydrogen atom to this radical, 
restoring it to its original state. This may be one of the mechanisms by 

which thiols (SH) confer radioprotection (Agrawal and Kale, 2001). 
 

 
4. Formation of  mixed disulfides 

 
The formation of  mixed disulfides is a mechanism proposed for 
aminothiols. The SH gp of the aminothiols form mixed disulfides with the 
SH gp of the cellular components, stabilizing the target and preventing  
radiation damage. When one of these disulfides is attacked by free 
radicals, one of the sulfur atoms is reduced and the other is oxidized. If 
the sulfur atom of the protein is reduced and the sulfur atom of the 
protective agent is oxidized, the protein is not damaged. Therefore, the 
cellular proteins are protected in 50% of the cases. This theory considers 
oxidation of sulfhydryl compounds of cellular proteins as the main    
factor for occurrence of radiation–induced damage (Varanda and            

Tavares, 1998). 
 
 
 

5. Repair and cell recovery processes 
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Radioprotectors were found to enhance cellular recovery or repair 
processes. Glutathione which is an endogenous radioprotective substance 
may be involved in the repair of DNA single strand breaks (Bump       

and Yu, 1982). 
 
 

Types of radioprotectors 
 

I. Synthetic radioprotectors 
 

Chemical radioprotectors have shown to reduce mortality when 
administered to animals prior to exposure to a lethal dose of radiation. 
This fact is of considerable importance since it permits reduction of 
radiation-induced damage and provides prophylactic treatment for        
the damaging effects produced by radiotherapy (Varanda and            

Tavares, 1998). 
 

Among chemical radioprotector drugs are, heterocyclic-
nitrogenous compounds e.g. imidazole and its derivative benzimidazole 
and thiols and other sulphur compounds bearing sulfhydryl group (SH) 
such as cysteine, cystamine, glutathione, thiourea, thiola and WR-2721 

(Hassan, 1994).  
 

The most effective compounds were those with sulfhydryl groups 
(SH) at one end of a 2 or 3 carbon chain and a strong basic amino group 
at the other end. However, most of them were found to be toxic and 

unsuitable for human use (Nair et al., 2001). 
 

Sulfhydryl radioprotectors are one of the best radioprotectors 
known today. Their use encounters two great difficulties; their toxicity 
and the short period during which they are active (Hassan and              

El-Kady, 2002). 
 

Reduced glutathione (GSH) is the most abundant intracellular low 
molecular weight thiol, but other thiols such as cystamine, thiourea and  
thiola can also protect against oxidative injury (Jones et al., 1995). Thiols 
have been also shown to react with superoxide (Winterbourn and 

Metodiewa, 1994) and hydrogen peroxide (Goldman et al., 1995). 
 

Aminothiols protect tissues against acute damage induced by either 
ionizing radiation or alkylating cytotoxic agents (Dolabela et al., 1998). 
Several mechanisms have been proposed to explain radioprotection by 
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aminothiols such as WR-2721 and N-acetylcysteine including induction 
of hypoxia (Purdie et al., 1983), scavenging of free radicals (Roots and 
Okada, 1972), protection of nucleic acid against free radicals (Zheng     
et al., 1988), delayed repair of DNA strand breaks (Ward, 1983; Rubin  
et al., 1996), increased cystine uptake (Issels and Nagele, 1989) and 

glutathione biosynthesis (Rubin et al., 1996). 

Binding of aminothiols and disulfides to DNA has been considered 
a potentially important factor in radioprotection. In view of these 
considerations, Brown (1967) proposed that the sulfhydryl compounds of 
the radioprotective aminothiols act by binding to DNA, and thereby, 
reversibly inhibit replication and stabilize their structure, which provides 

additional time for repair. 

Some synthetic protectors or pharmacological agents are similar or 
identical to endogenous or naturally occurring radioprotectors that are 
measurable in vivo in small amounts, e.g. N-acetylcysteine, cysteamine, 

and dithiolthiones (Weiss and Landauer, 2003). 
 

Many synthetic radioprotector components have shown toxic 
and/or mutagenic effects, which have directed most of the attention on the 

naturally occurring antioxidants (Fejes et al., 1998). 
 
 

II. Natural radioprotectors 
 

Although many chemical compounds proved to exert remarkable 
radioprotective capacity, many of them proved to be effective only at 
doses close to their toxic levels. This restricted their potential application 

in clinical fields (Hassan and El-Kady, 2002). 
 

Attention has been then focused on screening the radioprotective 
effects of certain natural compounds. Among these compounds, vitamins 
have received particular interest (Hassan and El-Kady, 2002).  Vitamin E 
derivatives and flavonoids have recently gained significant interest 

among various antioxidants (Lien et al., 1999). 
 

Moreover, Robinson et al. (1997)  revealed that antioxidants are 
important species which possess the ability to protect the body from 
damage caused by free radicals–induced oxidative stress. There is 
currently much interest in the antioxidant role of flavonoids and other 

polyphenols derived from dietary sources as fruits and vegetables. 
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The use of plants and their bioactive constituents with antioxidant 
activity is highly relevant in mitigation of radiation-induced oxidative 

damage (Arora et al., 2005).  
 

A number of medicinal plants have shown protective effects of 
ionizing radiation (Gupta et al., 2003; Arora et al., 2004). Plant extracts 
eliciting radioprotective efficacy contain a variety of compounds 
including antioxidants, anti-inflammatory, immunostimulants, cell 

proliferation stimulators and antimicrobial agents (Arora  et al., 2005). 
 

Plants with radioprotective properties have been shown to possess 
antioxidant biomolecules. The radioprotective effect of antioxidant 
molecules such as eugenol from Zingiber officinalis, genistein from 
Glycine max, curcumin from Curcuma longa and silymarin from   
Silybum marianum has largely been attributed to the antioxidative 

properties of these compounds (Arora  et al., 2005).  
 

Interest in polyphenols as antioxidants has been centered on a 
group referred to as flavonoids, which share a common molecular 

structure based on diphenylpropane (Park et al., 2002). 
 

The key role of flavonoids, as scavengers of free radicals, is 
emphasized in several reports (Wang et al., 1997). Antioxidant activity is 
dependent on the structure of the free radical scavenging compounds and 
the substituents present on the ring of the flavonoids (Chen et al., 1999). 
The arrangement of substituents is a greater determinant of antioxidant 
activity than the flavan backbone alone (Heim et al., 2002). Consistent 
with most polyphenolic antioxidants, both the configuration and total 
number of hydroxyl groups influence several mechanisms of antioxidant 

activity (Sekher et al., 2001). 
 

A number of plants and their bioactive constituents, including 
flavonoids, exhibit anti-inflammatory properties (Handa et al., 1992; 
Middleton et al., 2000) and the radioprotective response in several cases 
is mediated by this effect. Several flavonoids have been reported to 
quench active oxygen species and inhibit in vitro oxidation of low density 

lipoproteins (Frankel et al., 1993).  
 

Glycyrrhiza glabra (liquorice), a plant with anti-inflammatory 
properties (Jo et al., 2004), is known to possess radioprotective 
properties. Topical application of glycyrrhizin, an active constituent of 
the rhizome, has been shown to exhibit anti-inflammatory properties 

(Ozaki and Ono, 2002). 
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There is now considerable evidence indicating that the cytotoxic 
effects of ionizing radiation are mediated almost entirely by oxygen free 
radicals. Under basal conditions, oxidant generating systems are 
compensated for by the presence of complex sets of protective 
mechanisms that prevent or limit oxidative damage, mechanisms that 
include antioxidant enzymes e.g  superoxide dismutase, catalase and 
glutathione peroxidase and non-enzymatic scavengers (Panes and 

Granger, 1996; Weiss and Landauer, 2000). 
 

Treatment of radiation injury using multivitamin preparations may 
be fruitful undertaking in radiotherapy as well as to control incidence of 
radiation over exposure among radiation workers (Hassan and      

Osman, 1996). 
 

It is apparent that many plants exhibit, or have the potential to 
show, a diverse array of biological activities that may be relevant to the 
mitigation of ionizing radiation–induced damage in mammalian systems 

(Arora et al., 2005). 
 

Antioxidants delay the oxidation of biomolecules by inhibiting the 
initiation and propagation of oxidizing chain reactions thereby interfering 
with the initiation of apoptosis (Halliwell and Gutteridge, 1990). 
Antioxidants can be phenolic compounds (tocopherols, flavonoids and 
phenolic acids), nitrogen compounds (alkaloids, amines, amino acids and 
chlorophyll derivatives) or carotenoids as well as vitamins including 

ascorbic acid (Choi et al., 2002).     
 

 Furthermore, their antioxidant activity has been described to result 
from free radical scavenging activities, reducing properties and pro-
oxidant metal chelation via the phenolic structure (Rice-Evans et al., 

1996; Moridani et al., 2003).  
 

Polyphenolic compounds, including flavonoids, present in a 
number of medicinal plants have been reported to possess metal chelating 

properties (Sgaragli et al., 1993; Bars et al., 1994).  
 

As a consequence of the polyphenolic structure, flavonoids may act 
as hydrogen donors and are able to suppress free radical processes at 
three stages: the formation of superoxide ion, the generation of hydroxyl 
radicals in the Fenton reaction, and the formation of lipid radicals (Lien  

et al., 1999; Moridani et al., 2003). 
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Flavonoids (widely distributed vegetable pigments) have recently 
aroused considerable interest because of their broad pharmacological 
activity. The pharmacological properties of bioflavonoids have been 
ascribed, in part, both to the concomitant inhibition of enzymes such as 
cyclooxygenase (Laughton et al., 1991) and xanthine oxidase (Cotelle  et 
al., 1996) involved in the free radical production, and to their antioxidant 
properties. They have been reported to have antiviral, antiallergic, 

antiinflammatory and antitumoral activities (Russo et al., 2000). 
 

Plants such as Mentha arvensis that exhibit antimicrobial activity 
have been reported to be radioprotective (Jagetia and Baliga, 2002). 
However, some plant products can particularly stimulate radiorecovery 

via their antimicrobial effect (Arora et al., 2005). 
 

Besides the endogenous enzymatic antioxidant defense system, 
there are exogenous non-enzymatic antioxidative mechanisms such as 
certain vitamins (α-tocopherol, β-carotene and ascorbic acid) that protect 
against oxygen damage. Moreover, a diet rich in vegetables and fruit 
contains specific compounds that exhibit antioxidant activities (Ames, 

1983; Saija et al., 1995).   
 

The major sources of flavonoid are apples, onions, mulberries and 
beverages such as tea (Russo et al., 2000).  Flavonoids are also found in 
citrus fruits, leafy vegetables, roots, herbs, spices and cereal grains 

(Hertog et al., 1993). 
 

The total flavonoid intake from dietary sources is estimated to be 
several hundred milligrams per day (Ross and Kasum, 2002). They have 
been shown to possess multiple biological properties, including 
vasodilatory, anti-inflammatory, antiviral, antioxidant and anti-
carcinogenic effects, as well as being inhibitors of phospholipase A2, 
cyclooxygenase, lipoxygenase, glutathione reductase and xanthine 

oxidase (Rice-Evans et al., 1996). 
 

Epidemiological studies have shown a correlation between higher 
dietary content of bioflavonoids and a lower risk of cancer (Hertog et al., 
1993) and cardiovascular diseases which is explained in part by the 
inhibition of low density lipoprotein oxidation and reduced platelet 

aggregability. (Cook and Samman, 1996). 
 

A major practical question is whether antioxidants, such as  
vitamin E supplements, should be discontinued during radiotherapy. 
Based on experimental evidence, Prasad et al. (1999) have proposed that 



                                                                                  

 - 79 -

multiple antioxidant vitamin supplements may improve the efficacy of 
cancer therapies, including radiotherapy. The use of antioxidants during 
cancer therapy has also been supported in the review of Lamson and 
Brignall (1999). On the other hand, it has been argued that excessive 
nutrient antioxidants could adversely affect cancer treatment (Salganik, 
2001). An American Cancer Society Workgroup (Brown et al., 2001) has 
provided guidance: ‘‘Unfortunately, this is one of the many critical 
questions without a good answer at this time. Therefore, it would be 
prudent to advise patients undergoing chemotherapy or radiotherapy not 
to exceed the upper intake limits of the Dietary Reference Intakes (Food 
and Nutrition Board, 2000) for vitamin supplements and to avoid other 

nutritional supplements that contain antioxidant compounds.’’ 
                                                 

 
Cysteine 

Cysteine is a solid substance, white or colourless crystals or 
crystalline powder. It is freely soluble in water and slightly soluble in 
alcohol, practically insoluble in ether. Cysteine's molecular formula is 
C3H7NO2S,  its molecular weight is 121.2 (Parfitt et al., 1999), and its 

structural formula (Bulaj et al., 1998) is:   

 
                        

                             Figure ( I ): Cysteine structure 
 

The differential uptake of L-cysteine in different tissues was in the 
following increasing order blood < lungs < kidney < heart < liver < 
spleen < large intestine < brain < small intestine < bone marrow 

(Upadhyay and Kumar, 2004).  

In vivo cysteine metabolism, resulted in the formation of taurine 
and sulfates in various tissues of rats (Malmezat et al., 1998). Rats were 
given a single injection of [35S]cysteine, and the appearance of 
radioactivity as cysteine metabolites was determined in various tissues 
one hour after the injection. Furthermore, radioactivity found in one tissue 

may not only reflect cysteine metabolism of that tissue; indeed, once 
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cysteine metabolites are formed in one tissue, they can be transported via 
the blood to other tissues. Data showed that liver and kidneys are the 
major organs involved in cysteine metabolism which is consistent with 
the study of Garcia and Stipanuk (1992). In vitro and in vivo studies 
have demonstrated that the liver removes cysteine from plasma and 
releases taurine and sulfates formed during cysteine catabolism (Coloso  
et al., 1990). In contrast, cysteine catabolism in kidney cells and in 

enterocytes yield sulfates without taurine (Stipanuk et al., 1990).  

One pathway of cysteine metabolism involves its oxidation to 
cysteinesulphinate, followed either by decarboxylation of cysteine-
sulphinate to hypotaurine, which is further oxidized to taurine, or by 
transamination of cysteinesulphinate to yield 3-sulphinylpyruvate,   
which spontaneously decomposes to yield pyruvate and sulphite     

(Drake et al., 1987). 
 

The catabolic products of L-cysteine results into                            
3-mercaptopyruvate, L-cysteine sulphinate and β-sulphynyl pyruvate 
(Rodwell, 1996). All of these compounds are capable of giving 
radioprotection but to different degree as because of their differential 

radical scavenging capacity and toxicity (Upadhyay and Kumar, 2004). 
 

N-acetylcysteine (NAC), the acetylated variant of the amino acid  
L-cysteine, is an excellent source of sulfhydryl (SH) groups, and is 
converted in the body into metabolites capable of stimulating glutathione 
(GSH) synthesis, promoting detoxification, and acting directly as free 

radical scavengers (Gregory and Kelly, 1998). 
 

Patt and co-workers were the first authors who reported that 
cysteine can protect animals from the acute effects of radiation (Patt       
et al., 1949). Various thiol pools in plasma has been termed the redox 
thiol status and has been proposed to be an element of the extracellular 
antioxidant defense system (Ueland et al., 1996). It has been suggested 
that cysteine represents an important extracellular antioxidant           

(Neil, 1999). 
 

Cysteine and glutathione delivery compounds have been used       
to protect normal cells from antitumor agents and radiation (Hamilton    

et al., 1985). 
 

Radioprotective capacity of cysteine was documented by Abt et al. 
(1997). However, its therapeutic utility is limited by the side effects at 

radioprotective doses (Roberts et al., 1995). 
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As L-cysteine contains –NH2, -SH and –CO2H groups, it is 
possible that it provides radioprotection by hydroxyl radical     
scavenging by amino groups (Prager et al., 1993) and proton donation by 

   sulfhydryl groups.  
 

N-acetylcysteine (NAC) is effective in protecting against the 
damages caused by gamma rays and its prospects as an adjuvant to 

radiotherapy were considered (Sridharan and  Shyamaladevi., 2002). 
 

NAC has been used successfully as a radioprotective agent and 
exerts part of this effect by modulating cytokine concentrations such as 
interleukin (IL-1), tumor necrosis factor (TNF-α) and interferon (INF-γ). 
It endogenously provides protection of the hematopoietic system against 
radiation. In vitro, at low concentrations, NAC can significantly increases 
the concentration of IL-1α, IL-1β and IL2, while at higher concentrations, 

NAC decreases these cytokine concentrations (Baier et  al., 1996). 
 

Tumor necrosis factor (TNF) mediates apoptosis by the activation 
of multiple signals (Rath and Aggarwal, 1999), at least partly     
mediated by the generation of reactive oxygen intermediates (Garg and   
Aggarwal, 2002). N-acetylcysteine suppresses TNF-induced apoptosis 

(Talley  et  al., 1995). 
 

NAC and its uses go beyond liver protection and antioxidant 
capabilities. NAC isomer can act as a radioprotectant against many 
aspects of oxidative damage (Neal et al., 2003). It has been used in 
emergency rooms for sometime to counteract poison ingestion, especially 
arsenic poisoning in humans (Martin et al., 1990). NAC is also effective 

in fighting tumor formation and growth (De Flora, 1995). 
 

The natural  L-isomer of NAC (LNAC),  is a mucolytic agent and 
the drug of choice in paracetamol intoxication. It prevents oxidative 
damage through scavenging of reactive oxygen species (Sjodin et al., 
1989; Wanamarta et al., 1989; Valles et al., 1994). Also, it has been 

shown to prevent radiation-induced DNA breaks (Solen, 1993). 
 

 
 

Rutin 

Rutin is a solid substance, pale yellow in appearance and only 
slightly soluble in water. It is, however, much more soluble in water than 
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its aglycone quercetin. Rutin's molecular formula is C27H30O16, its 
molecular weight is 610.5, and its structural formula   (Pu et al., 2007) is: 

 

                             Figure ( II ): Rutin structure 

Rutin is found in many plants, especially the buckwheat seed 
(Fagopyrum esculentum), fruits especially citrus fruits (orange, 
grapefruit, lemon and lime), Ginkgo biloba leaves, apple peels and black 

tea (Cook and Samman, 1996). 

Rutin is a flavonoid glycoside comprised of the flavonol quercetin 
and the disaccharide rutinose, it has been reported that rutin undergoes 
extensive hydrolysis by bacterial enzymes in the large intestine to release 

its aglycone quercetin (Crespo et al., 1999).  
 

It has been reported that, rutin possess antitumoral (Pilorget          
et al., 2003), antiallergic (Morimoto et al., 2003), vasorelaxation 
(Novakovic et al., 2006), antiischemic and antiinflammatory activity 
(Kim et al., 2004). The mechanism underlying these effects is thought to 
come from its antioxidant activity (Pu et al., 2007). The antioxidant 
activity of rutin has been demonstrated by its ability to inhibit enzymes 
such as lipooxygenase (Borbulevych et al., 2004) and cyclooxygenase 
(Potapovich and Kostyuk, 2003), chelate metal ions, and scavenge free 

radicals (Yokozawa et al., 2004). 
 

Moreover, it has also been documented that, rutin is thought to 
improve capillary function by reducing leakage. It has been given to 
relieve capillary impairment and venous insufficiency of the lower limbs, 

and for haemorrhoids (Wadworth and Faulds, 1992). 
 

Flavonoids are mostly present in the form of their glycosides, in 
which one or more sugar groups are bound to phenolic groups in the        
3-position, and less frequently in the 7 position, by glycoside linkages 

(Das, 1994; Peterson and Dwyer, 1998).  
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The antioxidant activity of rutin is primarily attributed to the high 
reactivities of hydroxyl substituents. The B-ring hydroxyl configuration is 
the most significant determinant of scavenging  of reactive oxygen 
species (Burda and Oleszek, 2001). Hydroxyl groups on the B-ring 
donate hydrogen and an electron to hydroxyl radicals stabilizing them  
and giving rise to a relatively stable flavonoid radical. There is an 
increasing interest in the biological effects of flavonoids (Namiki, 1990;  

   Halliwell, 1996).  
 

Structure activity relationship (SAR) studies of flavonoids have 
shown that the o-dihydroxy structure in the B ring,  the 2, 3-double bond in 
conjugation with the 4-oxo function in the C ring, and the 3- and 5-OH groups 
with the 4-oxo function in the A and C rings are essential for effective free 

radical scavenging activity (Rice-Evans and Packer, 1998). 

Rutin and many flavonoids, exhibit inhibition of cyclooxygenase 
and lipooxygenase in vitro which seems to be related to their antioxidant 
activity. It is known for its antiinflammatory properties (Lindahl and 
Tagesson, 1997), diminishing capillary permeability, and exerting a 
vasoconstrictive effect on the peripheral blood vessels (Izzo et al., 1994).  

This flavonoid is an important anti-lipoperoxidant agent (Nègre-
Salvayre et al., 1991), and has also been found to be strong scavenger of 
hydroxyl and superoxide radicals (Metodiewa et al., 1997). Both 
superoxide and hydroxyl radicals are involved in tissue injury through 
initiation of lipid peroxidation and disruption of the interstitial matrix 

(Hogg et al.,1992). 

As many other flavonoids rutin is a good antioxidant. Rutin and its 
aglycone quercetin have been shown to inhibit lipid peroxidation in vivo 
and in vitro (Nègre-Salvayre et al., 1991). They were found to be 
scavengers for superoxide anion (Middleton and Kandaswami., 1992) 
and hydroxyl radicals (Metodiewa et al., 1997). In addition, they 
effectively bind iron thus limit its ability to catalyze free radicals 

formation (Afanas’ev  et  al., 1989). 
 
 
 

Vitamin E 

Vitamin E is an odourless, clear, colourless, yellow, or greenish-
yellow viscous oil and practically insoluble in water. It is, however, 
soluble in alcohol; freely soluble in fatty oils. Vitamin E 's molecular 
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formula is C29H50O2, its molecular weight is 430.7 (Parfitt et al., 1999), 
and its structural formula (Brigelius-Flohé and Traber, 1999) is: 

 
 

               Figure ( III ): Vitamin E structure 
 

Structural analyses of vitamin E have revealed that molecules 
having vitamin E antioxidant activity include four tocopherols (α-, β-, γ-, 
and δ-) (Brigelius-Flohé and Traber, 1999). One form, α- tocopherol, is 
the most abundant form in nature (Sheppard et al., 1993), has the highest 

biological activity (Weiser, et al., 1996).   
 

The α-, β-, γ-, and δ- isomers of tocopherol differ in the number 
and position of the methyl substituents attached to the chromanol ring 

(Wang and Quinn, 1999).  
 

Absorption of vitamin E occurs in the intestine and enters the 
circulation via the lymphatic system. It is absorbed together with lipids, 
packed into chylomicrons, and transported to the liver (Traber and    
Sies, 1996). This process is similar for all forms of vitamin E. Only after 
passage through the liver does α--tocopherol preferentially appear in the 
plasma. Most of the ingested β-, γ-, and δ- tocopherol is secreted into bile 

or not taken up and excreted in the feces (Drevon, 1991).   
 

Some vitamin E is metabolised in the liver to glucuronides of 
tocopheronic acid and its γ lactone. Some is excreted in the urine,         
but most of the dose is slowly excreted in the bile. Vitamin E appears     
in breast milk but is poorly transferred across the placenta (Parfitt           

et al., 1999). 
Clinical application of vitamin E includes haemolytic anemia 
associated with sickle cell anemia and glucose-6-phosphate 
dehydrogenase deficiency (Packer, 1992), seizures in epileptic children 
refractory to antiepileptic drugs (Ogunmekan and Hwang, 1989), acute 
respiratory distress syndrome (Richard et al., 1990), tardive dyskinesia 
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(El-Kashef et al., 1990), retinopathy (Kretzer et al., 1994 ), burn healing 
and angina pectoris in patients with heart disease (Riemersma et al., 
1991). In addition, vitamin E has proven effective in treating 
osteoarthritis, circulatory conditions, cataracts, the damaging effects of air 
pollution and as an enhancer of physical exercise at high altitudes 
(Packer, 1992). Vitamin E is beneficial in both smokers and non- 

smokers (Brown et al., 1994). 
 

Vitamin E may be inhibiting phospholipase A2 enzyme by masking 
the active site by either direct physical association or affecting enzyme 
conformation. Alternately, vitamin E may be involved in maintenance of 
the fluidity of membrane bilayer that determines membrane conformation 
that, in turn, may keep phospholipase A2 enzyme in an inactive form 

(Pappu et al., 1978). 
 

Vitamin E is usually well tolerated. Large doses may cause 
diarrhoea, abdominal pain, and other gastrointestinal disturbances, and 
have also been reported to cause fatigue and weakness. Contact dermatitis 

has occurred following topical application (Parfitt et al., 1999). 
 

Vitamin E is classified as a fat-soluble vitamin because of its 
solubility in solvents of low polarity. The solubility in aqueous media is, 
therefore, relatively low and vitamin E will tend to either partition into 
tissue lipids or, in translation through the body, locate in hydrophobic 
domains of molecular structures like lipoproteins. Within the cell, vitamin 
E partitions into the hydrophobic core of the various cell membranes. The 
relative concentration of vitamin E differs from one membrane to another 

(Wang and Quinn, 1999). 
 

Vitamin E plays an important protective role against radiation 
induced peroxidation of polyunsaturated fatty acids in vitro, and 

erythrocyte damage in vivo (Guney et al., 2006). 
 

The location of vitamin E in fat deposits, oil storage organs and in 
cell membranes is certainly due to the hydrophobic character of the 
vitamin. It is because of this preferential location that the functional role 
of vitamin E as a lipid antioxidant and membrane stabiliser is thought to 
be so efficient. The principal role of α-tocopherol is to scavenge the lipid 
peroxyl radical before it is able to attack the target lipid substrate (Wang 

and Quinn, 1999).  
   

Prophylactic administration of α-tocopherol exerts an intense 
antioxidants action by reducing lipid peroxidation and maintaining the 
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endogenous antioxidants defense against irradiation–induced injury 
(Kotzampassi et al., 2003). 

 
α-Tocopherol  (vitamin E) has long been identified as constituting 
an essential component of the cellular defense mechanism against 
endogenous and exogenous oxidants (Mutlu-Turkoglu et al., 2000;Weiss 
and Landauer, 2000; Kennedy et al., 2001). It is the primary chain 
breaking antioxidant in membranes and reduces peroxyl, hydroxyl, 

superoxide radicals and singlet oxygen (Mete et al., 1999). 
 

Glutathione has a major role in restoring other free radical 
scavengers and antioxidants such as vitamins E and C to their reduced 

state (Hayes and Mclellan, 1999).    
 

A potentiation of anti-lipoperoxidative activities occurred when    
α-tocopherol was combined with rutin and ascorbic acid in in-vitro 
membrane-like systems (Nègre-Salvayre et al., 1991). α-Tocopherol and 
ascorbic acid are able to cooperate in order to suppress the peroxidation 

of membrane phospholipids (Scarpa et al., 1984). 
 

Many of the toxicities associated with chemotherapy and radiation 
therapy may be prevented with vitamin E supplementation. The 
protection afforded by vitamin E could be due to either its antioxidant 

effect or its immunomodulatory effects (Roy et al., 1988). 
 

It has been proposed that the role of vitamin E in cellular 
membranes involves also from random hydrolysis of phospholipids by 
membrane-bound phospholipases (Lucy, 1972), which would lead to 
disorganization of membrane structure and function (Pappu et al., 1978). 

 
It has been reported that the radioprotectors including trolox,          
a water-soluble analogue of vitamin E protect cells against radiation-
induced apoptosis (Ramakrishnan et al., 1998). This antiapoptotic effect 
may involve their capacity to scavenge free radicals and thus to reduce 
frequency of DNA and membrane lesions which might activate apoptosis 

(Zaidi et al., 2004).  
 

 
Combination of radioprotector agents 

 
In parallel with the use of a single radioprotector, observations 
have been made in rats using combined therapy with vitamins and SH 
bearing radioprotectors. Such combinations as vitamin E with cysteine 
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and vitamin C with cystamine (Hassan and El-Kady, 2002) via different 
mechanisms, markedly improve the degree of protection and keep 

toxicity to acceptable level.  
 

The fact remains that todate there is no radioprotective agent 
available which meets all the prerequisites of an ideal radioprotector. 
(Maisin, 1998; Coleman et al., 2003). In view of this, the search for 
newer, less toxic and more effective radioprotector drugs continues 

(Arora  et  al., 2005). 
 

Low to moderate doses of several radioprotective agents acting via 
different mechanisms markedly improved the degree of protection while 

maintaining toxicity within acceptable limits (Maisin, 1998). 
 

In combination with different vitamins administration, certain free 
radical scavengers could play a favourable synergistic effect. Among 
these folic acid and sulfhydryl bearing compounds; cysteine and 
cystamine. The dose recommended should be far below the toxicity levels 

of these compounds (Hassan and El-Kady, 2002). 
 

The most effective radioprotective agents exhibit toxicities that can 
limit usefulness. It may be possible to use combinations of agents with 
different radioprotective mechanisms of action at less toxic doses, or to 
reduce the toxicity of the major protective compound by adding another 
agent, this indicates that the use of combinations of agents is a promising 
approach for maximizing radioprotection with minimal adverse effects 

(Weiss et al., 1990). 
 

It has been found that in order to obtain the maximal effects of 
sulfhydryl-containing agents, the dose required is near the toxic limit. 
Therefore, the promise for increasing further mammalian tolerance to 
radiation probably lies in a combination of effective compounds 

(Doherty, 1960). 
 

 
 

 
Pathological aspects of fever 

 
Normal body temperature is generally considered to be 37.0 ºC  
with a variation of between 0.5 ºC to 1.0 ºC (Mackowiak, 1998). The set-
point of the thermoregulatory system can be defined as average body 
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temperature at which neither active heat loss mechanisms nor heat 
producing effector responses are activated (Conti et al., 2004). 

 
Temperature regulatory system is governed by a nervous feedback 
mechanism, so when body temperature becomes very high, it dilates the 
blood vessels and increases sweating to reduce the temperature; but      
when the body temperature becomes very low, hypothalamus protects   
the internal temperature by vasoconstriction (Chattopadhyay et al., 
2005). Hyperthermia develops when heat production exceeds heat loss    
or when the evaporative heat loss mechanisms becomes impaired         
due to excessive loss of body fluids and reduced blood volume 

(Srikandakumar et al., 2003). 
 

In hyperthermic states, the hypothalamic set-point is normal but 
peripheral mechanisms are unable to maintain a body temperature that 
matches the set-point. In contrast, fever occurs when the hypothalamic 
set-point is increased by the action of circulating pyrogenic cytokines, 
causing peripheral mechanisms to generate heat until the body 
temperature rises to the elevated set-point (Dinarello et al., 1988). 
Although there is a physiologic difference between hyperthermia and 
fever, they can not be differentiated clinically on the basis of the height of 

the temperature (Simon, 1976) or its pattern (Musher et al., 1979). 
 

Hyperthermia is the condition where body temperature is passively 
elevated above the thermoregulatory set-point (Kluger et al., 1998). The 
term hyperthermia is used in two ways: as a sign, reflecting only a rise of 
body temperature; and as a syndrome, in which an unregulated rise in 
body temperature is caused by mechanisms other than that producing 

fever (Lifshitz, 1994). 
 

Fever is mediated by a host of cytokines that not only cause the 
body's thermoregulatory set-point to rise, but also results in other 
numerous physiological reactions. These physiological reactions are 
collectively referred to as the acute phase response (Kushner and 
Rzewnickl, 1997). Such reactions include anorexia, negative nitrogen 
balance, haematological alterations, decreased serum concentration of 
zinc and iron and increased serum concentration of copper (Trey and        

Kushner, 1995). 
One can consider fever as a part of a complex physiological 
defense strategy against micro-organisms invading the body, or non-
microbial agents recognized as foreign by mobile immune cells 
inspecting the tissues of the body (Zeisberger, 1999). Pyrexia or fever is 
caused as a secondary impact of infection, tissue damage, inflammation, 
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graft rejection, malignancy or other diseased states. It is the body's natural 
defense to create an environment where infectious agent or damaged 

tissue cannot survive (Chattopadhyay et al., 2005). 
 

Although fever has some harmful effects, it appears to be an 
adaptive response that has evolved to help rid the host of invading 
pathogens. Temperature elevation has been shown to enhance several 
parameters of immune function, including antibody production, T-cell 
activation, production of cytokines, and enhanced neutrophil and 
macrophage function (Jampel et al., 1983). Furthermore, some pathogens 
such as streptococcus pneumoniae are inhibited by febrile temperatures 

(Styrt and Sugarman, 1990).    
 

Whole body hyperthermia induces peripheral cytokines (especially 
monokines), which have direct stimulatory effects on hematopoietic 
tissue. These  peripheral cytokines also stimulate the production             
of hematopoietic growth factors at the level of the bone marrow 

(Katschinski et  al., 1999).  
 
 

Pathogenisis of fever 
 

Cytokines released by monocytic cells play a central role in the 
genesis of fever. The cytokines primarily involved in the development of 
fever include interleukin IL-1, IL-6 and tumor necrosis factor (TNF-α) 
(Klir et al., 1993; Mackowiak, 1998). The interaction between these 
cytokines is complex, with each being able to up-regulate and down-
regulate their own expression as well as that of the other cytokines. These 
cytokines bind to their own specific receptors located in preoptic     
region of the anterior hypothalamus (Spacer and Breder., 1994; 

Mackowiak, 1998).  
 

The cytokine–receptor interaction activates phospholipase A2 , 
resulting in the liberation of plasma membrane arachidonic acid as 
substrate for the cyclooxygenase pathway. Some cytokines appear to 
increase cyclooxygenase expression directly, leading to liberation of 
prostaglandin E2 (PGE2), which diffuses across the blood brain barrier, 
leading to activation of responses designed to decrease heat loss and 

increase heat production (Mackowiak, 1998). 
 

Fever is a manifestation often seen in cases of infection by bacteria, 
viruses as well as in cases of tumors. As a possible mechanism of fever, it 
is suggested that endotoxins released from invading microorganisms may 
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possibly stimulate monocytes and macrophages to inducibly produce 
febrile cytokines as interleukin-1,  interleukin-6, interferon and tumor 
necrosis factor (LeMay et al., 1990; Taniguchi et al., 1997). These 
endogenous pyrogens could be transported by blood to promote 
prostaglandin release, which subsequently could react with the 
preoptic/anterior hypothalamus to change the activity of temperature-

sensitive neurons in the hypothalamus (Hori et al., 1991).  
 

Cytokines such as tumor necrosis factor, interferones and 
interleukin-6 are able to induce fever (Dinarello, 1999). Cytokines are 
polypeptides acting as humoral regulators at nano- to picomolar 
concentrations and modulate the functional activities of individual cells 

and tissues (Zeisberger, 1999). 
 

A suggestion by Nedwin et al. (1985)  was that,  IL-2 causes fever 
by an indirect mechanism rather than by a direct effect on the 
hypothalamus. It was found that IL-2 induces TNF and  IFN-γ from 
human mononuclear cells in vitro, and these molecules could in turn 

mediate   IL-2-induced fever. 
 

Interleukin-1 (IL-1) appears to be the most potent cytokines 
(Dinarello, 1999). The members of the IL-1 family, IL-1α, IL-1β and the 
receptor antagonist IL-1ra are the most investigated cytokines. IL-1ra is a 
secreted protein acting as a negative regulator of  IL-1α  and  IL-1β  

actions (Conti et al., 2004).  
 

It has been found that injection of IL-1 into experimental animals 
has potent pyrogenic effects, and administration of an excess dose of    
IL-1ra can prevent fever (Chai et al., 1996). Injection of IL-1β induced 
fever in rodents (Avitsur et al., 1997). This was confirmed by the effects 
of IL-1ra pre-treatment, which reduced the IL-1β-induced fever 

(Lundkvist et al., 1999). 
 

Tumor necrosis factor (TNF) family consists of TNF-α and TNF-β 
and both are pyrogenic (Dinarello et al., 1986). TNF, like IL-1, is defined 
as an endogenous pyrogen because of its ability to act directly on the 
hypothalamus and  induce fever (Rothwell, 1988). TNF participates in a 
wide variety of clinical conditions including fever and hepatocyte 

regeneration (Cressman et al., 1996). 
 

Interferons (IFNs) family include IFN-α, IFN-β and IFN-γ. They  
were initially described as antiviral substances. Although IFNs had other 
biologic properties, fever was a prominent effect (Billiau et al., 1980). 
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Nevertheless, it is clear that  IFN-α is an endogenous pyrogen and 
induces fever via the same mechanism as that shown for other 

endogenous pyrogen (Dinarello et al., 1984 ). 
 

Hyperthermia could be induced by many agents including 
interleukin (IL) 1, IL-6 and tumor necrosis factor TNF-α (Klir et al., 
1993; Mackowiak, 1998) as well as yeast. Yeast could induce fever 
indirectly through release of endogenous pyrogens (Cashin and Heading, 
1968). Brewer's yeast is injected intramuscularly 1ml/100g of 44% w/v 

aqueous suspension according to Roszkowski et al. (1971).  
 

 
Fever and oxidative stress 

 
Fever could induce reactive oxygen species (ROS) generation, 
cellular hypoxia and metabolic stress (Hall et al., 2000).  In vivo 
hyperthermia–generated ROS have been shown to oxidize carboxyl and 
thiol groups of amino acid residues (Berlett and Stadtman, 1997; Dean 

et al., 1997) thus altering protein structure and function. 
  

Hyperthermia was shown to induce production of free radicals. A 
sharp increase in ROS generation has been observed after hyperthermia  
in a cellular model (Flanagan et al., 1998). Moreover, oxidative        
stress assessed by the efflux of both GSH and GSSG, has been         
shown to be significantly increased by hyperthermia in the rat liver 

(Powers et  al., 1992). 
 

Moreover, it is known that heat stress can affect cellular energy-
generating systems at several critical points, leading to reactive oxygen 
species (ROS) production (Hall et al., 1999). Free radicals produced 
during hyperthermic stress are thought to play an important role in the 

degenerative process (Mladenov et al., 2006). 
 

It was shown that body temperature depends critically on a 
precisely regulated ratio of GSH/GSSG within the brain. This balance     
is lost after pyrogens enter the circulation and cause oxidative stress  

(Riedel et al., 2003). 
Many metabolic abnormalities are associated with hyperthermia, 
including hypoxia (Simon, 1993), respiratory alkalosis, metabolic 
acidosis, hypokalemia, hyperkalemia, hypernatremia, hypophosphatemia, 
hypomagnesemia, and hypoglycemia. Hematologic abnormalities, 
including hemoconcentration, leukocytosis, and thrombocytosis,            
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are common, but serious renal and hepatic failure is less common  
(Robins et  al., 1989). 

 
The increase in body temperature was shown to intensify the lipid 
peroxidation process, which indicates that pyrexia is associated with 
increased oxidative stress (Mutalik et al., 2003). There is an observation 
by Brzezińska-Ślebodzińska (2001)  that there is a significant increase in 
the thiobarbituric acid reactive substances level in serum and tissue 
homogenates during fever and the antioxidant supplementation decreased 

the lipid peroxidation processes.  
 

In particular, the liver appears to be critical target tissues for       
heat stress-related injury (Hall et al., 1997). Liver expresses high levels 
of primary antioxidant enzymes following heat challenge suggesting    
that heat stress stimulates reactive oxygen species production in liver 

(Hall et al., 1999). 
 

Heat stress markedly decreased plasma aspartate aminotransferase 
(AST) in sheep (Duncan and Prasse, 1994). Clinical serum enzymatic 
activity was measured to assist in the overall evaluation of the health 
status of the animal. The decrease in this enzyme suggests that there is no 
liver damage but rather a slow down of the function of the liver when the 

animals were subjected to heat stress (Srikandakumar et al., 2003). 
 

Combined effects of hyperthermia–induced ischemia and cellular 
metabolic stress promote cellular oxidative stress, which in turn may     
be involved in the pathogenesis of heat toxicity (Mirochnitchenko            

  et al., 1995). 
 
 
 
 
 
 
 
 
 

 
Fever and radioprotection 

 
Exposure of mice to whole body hyperthermia (WBH) prior to total 
body irradiation (TBI), affords significant protection of mice against 

radiation as assessed by their survival (Patil et al., 1996). 
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Clinical studies have shown WBH myeloprotection relative to  
both chemotherapy and ionizing radiation. This observation is consistent 
with WBH induced increase in peripheral platelet counts in mice (Robins 
et al., 1990) and dogs (Woods et al., 1996) and enhancement of 

antineoplastic effects (Robins et al., 1986). 
 

In recent years, an array of haemopoietic growth factors and 
cytokines such as interleukin-7 (Bolotin et al., 1996), interleukin-11 (Van 
der Meeren et al., 2002), granulocyte-colony stimulating factor (G-CSF) 
(Russel et al., 2000), granulocyte, macrophage- colony stimulating factor 
(GM-CSF) (Mettler and Guskova, 2001), stem cell factor and 
antiapoptotic cytokine combinations (Herodin et al., 2003) have been 
used to mitigate radiation–induced damage and to augment recovery of 

stem cells and their precursors after radiation exposure. 
 

Whole body hyperthermia myeloprotection may be related to  
WBH–induced peripheral cytokines which have direct stimulatory   
effects on maturation and differentiation of hematopoietic cells 

(Katschinski et al., 1999). 
 

Whole body hyperthermia induced radioprotection of mice could 
be due to immunomodulation manifested through induction of cytokines 
responsible for protection and proliferative response, leading to 
accelerated recovery from hematopoietic damage which is a major cause 

of radiation–induced death (Zaidi et al., 2002). 
 

Administration of interleukin-1 can protect mice against radiation– 
induced bone marrow damage possibly through modulation of cell cycle 
changes (Neta et al., 1987). Similarly administration of interleukin-6 has 

been shown to have radioprotective effect (Patchen et al., 1991). 
 

The most extensively studied cytokines regarding their 
radioprotective action are: interleukin-1 (IL-1), tumor necrosis factor 
alpha (TNF-α), granulocyte colony-stimulating factor (G-CSF) and 
granulocyte-macrophage CSF (GM-CSF) (Eastgate et al., 1993). One of 
the possible mechanisms proposed to explain the radioprotective action of 
IL-1 is that it stimulates stem cells and hematopoiesis (Neta et al., 1994). 

Stress-inducible heat shock proteins (Hsp) can contribute to 
protection of the vital systems of hematopoiesis and immunity from the 
detrimental action of severe gamma-irradiation. It is possible that Hsp 
accumulated in murine cells can suppress apoptosis induced by radiation 
exposure. Heat shock protein (Hsp) induction was found in tissue samples 
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like liver, lung, spleen, brain, skin, skeletal and cardiac muscles from 
heat-preconditioned mice (Malyutina et al., 2005). 

 
It was suggested that hyperthermia may induce oxidative stress due 
to increased production of reactive oxygen species and /or the promotion 
of cellular oxidation events (Skibba et al., 1991). Data also support the 
idea that ROS may be involved in hyperthermic induction of heat shock 
protein  (Craig and Gross, 1991), which is known to play an essential 
role in protecting cells from irreversible cell damage by heat   

(Hightower, 1991). 
 

Moreover, the increase in the intracellular levels of Hsp may 
promote accumulation of the intracellular reduced glutathione (GSH) 
(Baek et al., 2000), thereby protecting the cell from chemically 
aggressive free radicals which are generated through radiolysis of 

molecules (Malyutina et al., 2005). 
 

Cytokines and growth factors have been reported to protect against 
radiation–induced apoptosis(Okunieff et al., 1998; Schwarz et al., 2002). 

 
Hyperthermia is now established as a successful therapy for some 
tumors. It has been found that, for some tumors, the combination of heat 
and ionizing radiation is more effective than either type of treatment on 

its own (Loverock and Haar., 1991). 
 

 
Management of fever 

The most important step in the management of hyperthermia is to 
diagnose and treat the underlying disorder, while providing appropriate 
cardiovascular and metabolic support. Antipyretic therapy is the obvious 

response to elevated body temperatures (Simon, 1993).  

Methods for reducing body temperature in fever include the use of 
antipyretics and /or physical means. Dissipation of body heat may be 
aided by removing excess clothing or bedding, maintaining a cool 
environment, and avoiding movement. Maintaining an adequate fluid 

intake is important (Drwal-Klein and Phelps, 1992). 
Most of the antipyretic drugs inhibit COX-2 expression to reduce 
the elevated body temperature by inhibiting PGE2 biosynthesis 
(Chattopadhyay et al., 2005). Moreover, these synthetic agents 
irreversibly inhibit COX-2 with high selectivity but are toxic to the 
hepatic cells, whereas natural COX-2 inhibitors have lower selectivity 
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with fewer side effects (Cheng et al., 2005). A natural antipyretic agent 
with reduced or no toxicity is therefore, essential.  

 
Yeast induced pyrexia in rats was lowered significantly with ethyl 
acetate extract of Acacia catechu. The antipyretic effect of the test drug 
may be due to presence of flavonoid compounds such as quercetin, as 
some flavonoids are predominant inhibitors of cyclooxygenase or 

lipooxygenase (Rajnarayana et al., 2001). 
  

Several species of Nepta genus are utilized in folk medicine for 
treatment of rheumatic pains and fever. The phytochemical studies on 
aerial parts of Nepta sibthorpii Bentham (Lamiaceae), an endemic plant 
of Greece, lead to the isolation of ursolic acid and some flavonoids 

including rutin (Miceli et al., 2005).  
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Material 
 
♦ Animals  
    

Adult male Wistar albino rats,weighing 150-200 g, were obtained 
from the National Center for Research (Giza, Egypt). The animals were 
kept under suitable laboratory conditions throughout the period of 
investigation. They were allowed free access to food consisting of 
standard pellet and water ad libitum. 
 
♦ Drugs 
 

1. Rutin: It was freshly dissolved in distilled water and orally 
daily administered for two weeks before irradiation in a dose of 1.064 
mmol/kg according to Osman (2003). 
  

2. Vitamin E: It was dissolved in sunflower oil and injected i.p 
daily for seven days before irradiation in a dose of  50mg/100g  according 
to Ramadan and El-Ghazaly (1997). 
 

3. Cysteine: It  was freshly dissolved in distilled water and i.p 
administered 30 min. before irradiation in a single dose of 30 mg/kg 
according to El-Shamy et al. (2001). 
 

4. Brewer's yeast:  It  was freshly suspended in distilled water and 
i.m administered 18 hours before irradiation in order to induce fever, in a 
single dose of 1ml/100g of 44% w/v aqueous suspension according to 
Roszkowski et al. (1971).   
 

Each drug concentration was adjusted so that each 100 g animal 
body weight received 1 ml suspension or solution containing the required 
dose. 
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♦ Chemicals and reagents 
 

All the chemicals, reagents and reagent kits used in the present 
study and their sources are shown in the following list: 
 

Item Source 
 
Alkaline phosphatase kit 
 
AST kit 
 
ALT kit 
 
Chloroform 
 
Cysteine 
 
Diethylenetriaminepentaacetic acid 
(DTPA) 
 
Dipotassium hydrogen ortho-
phosphate (K2HPO4) 
 
Disodium hydrogen phosphate 
(Na2HPO4) 
 
Disodium salt of Ethylenediamine-
tetraacetic acid (Na2EDTA) 
 
Ellman's reagent [5,5-dithiobis(2-
nitrobenzoic acid)] 
 
Ethanol (absolute) 
 
Glutathione, reduced 
 
Hydrochloric acid 
 
Malondialdehyde (1,1-3,3-
tetramethoxypropane) 
 

 
Diamond Diagnostics, Egypt 
 
Diamond Diagnostics, Egypt 
 
Diamond Diagnostics, Egypt 
 
ADWIC, Egypt  
 
Sigma Chemical Company, USA 
 
Sigma Chemical Company, USA 
 
 
ADWIC, Egypt  
 
 
ADWIC, Egypt   
         
 
ADWIC, Egypt  
 
 
Sigma Chemical Company, USA 
 
 
ADWIC, Egypt 
 
BDH Limited Poole, England 
  
ADWIC, Egypt   
 
ICN Biomedicals, Germany 
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Item Source 
 
Metaphosphoric acid 
 
Potassium dihydrogen phosphate 
(KH2PO4) 
 
Pyrogallol 
 
Rutin 
 
Sodium chloride 
 
Sodium citrate 
 
Superoxide dismutase 
 
Thiobarbituric acid 
 
Trichloroacetic acid 
 
Tris-hydroxymethylaminomethane
 
Vitamin E 
 
Yeast 
 

 
Fluka, USA 
 
Veb Laborchemie, Apolda 
 
 
Merk, Germany 
 
Byron Chemical Company, USA 
 
ADWIC, Egypt   
 
Sigma Chemical Company, USA 
 
Sigma Chemical Company, USA 
 
Acros Organics, USA 
 
ADWIC, Egypt   
 
Aldrich Chemical Company, England
 
Pharco Pharmaceuticals, Egypt 
 
Matroh, Egypt. 
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♦ Experimental design 
 

1- A pilot experiment was carried out in order to select the suitable 
time  for evaluating the effect of radiation. Four groups of animals each 
of  7 rats were used. The 1st gp included normal animals, while the other 3 
gps were examined 1, 3 and 7 days following exposure to radiation, 
respectively. 

 
Three days following exposure to radiation was selected to be the 

suitable time for evaluating the effect of radiation. 
 
2- Two main sets of animals were used in the present study: The 1st 

set was constructed in order to study the effect of irradiation, while the 
second set was used to study the effect of irradiation on feverish rats. 

 
A- The 1st set of animals was subdivided into 10 gps each of  7 

rats. The animals of the 1st  four groups were normal. They received 
saline, rutin, vitamin E and cysteine, respectively. 

 
The other groups were treated with saline, rutin, vitamin E, 

cysteine, rutin + cysteine, vitamin E + cysteine then the animals were 
exposed to gamma radiation. 

 
Treatment of the animals of the 1st  set was carried out as follows: 
 
The normal animals:  
 

1st   group: received saline and served as normal control. 
 
2nd  group: received rutin (1.064 mmol/kg, oral) daily for two weeks. 
                                                                                                                                                 
3rd   group: received vitamin E (50mg/100g, i.p) daily for seven  days. 
 
4th   group: received cysteine (30 mg/kg, i.p) 30 min.before sacrification. 
 

The irradiated animals:  
 

5th   group:  received   saline  then   irradiated  (6.5 Gy)  and   served   as  
                   irradiated control. 
 
6th   group: received rutin (1.064 mmol/kg, oral) daily for two weeks then 
                  irradiated (6.5 Gy).    
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7th   group: received vitamin E (50mg/100g, i.p) daily for seven days then  
                  irradiated (6.5 Gy). 
 
8th  group: received cysteine (30 mg/kg, i.p) 30 min. before irradiation. 
                   
9th   group: received rutin (1.064 mmol/kg, oral) daily for two weeks and  
                  cysteine (30 mg/kg, i.p) 30 min.before irradiation.  
 
10th   group: received vitamin E (50mg/100g, i.p) daily for seven days 
                  and cysteine (30 mg/kg, i.p) 30 min.before irradiation.     
 

Third day following irradiation was selected at which animals were 
sacrificed, the blood was collected and liver was isolated. 
 

B- The 2 nd set of animals included two normal groups each of  7 
rats, the first received saline, while the other received saline and was 
exposed to gamma radiation and served as irradiated control. The other 
groups were feverish 18 hr following administration of brewer's yeast 
(1ml/100g of 44% yeast suspension, i.m). The feverish animals were 
further subdivided into 7 groups each consisted of 7 rats. 

 
The first group of the feverish rats was not exposed to gamma 

radiation. The other six groups were exposed to gamma radiation. These 
groups were previously treated with saline, rutin, vitamin E, cysteine, 
rutin + cysteine, vitamin E + cysteine then the animals were exposed to 
gamma radiation. 

 
Treatment of the feverish animals of the 2 nd  set was carried out as 

follows: 
 

The feverish rats: 
 

1st   group: received saline and served as hyperthermic control. 
 
2nd  group:  received  saline   then  irradiated  (6.5 Gy)  and   served   as 
                   hyperthermic irradiated control. 
 
3rd  group: received rutin (1.064 mmol/kg, oral) daily for two   weeks then 
                 irradiated (6.5 Gy). 
                                      
4th  group: received vitamin E (50mg/100g, i.p) daily for seven  days then 
                 irradiated (6.5 Gy). 
5th   group: received cysteine (30 mg/kg, i.p) 30 min.before irradiation.          
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6th   group: received rutin (1.064 mmol/kg, oral) daily for two weeks and  
                  cysteine (30 mg/kg, i.p) 30 min.before irradiation. 
 
7th   group: received vitamin E (50mg/100g, i.p) daily for seven days and  
                  cysteine (30 mg/kg, i.p) 30 min.before irradiation. 
 
 
♦ The following parameters were measured  

 
1- Rectal body temperature in intact animals. 
2- Reduced glutathione content in blood and liver  homogenate. 
3- Lipid peroxides in plasma and liver homogenate. 
4- Superoxide dismutase activity in plasma. 
5- Alkaline phosphatase activity in serum. 
6- Aspartate aminotransferase activity in serum. 
7- Alanine  aminotransferase activity in serum. 

 
 
♦ The used instruments 

 
1- Digital thermometer with stainless steel sensor probe with a    

temperature range of -40 ºC to +200 ºC , Germany. 
2- Centrifuge, Hettich, MIKRO 22, Germany. 
3- Cooling centrifuge, Hettich, MIKRO 22, Germany. 
4- Incubator, Heraeus, Hanau.  
5- Tissue homogenizer. 
6- Water bath, Greenfield, Oldham, England. 
7- Spectrophotometer, UNICAM 8625, UV/VIS, England. 
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Hyperthermic Irradiated Set 
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Methods 
 
♦ Irradiation of animals 

 
Rats were exposed to whole body gamma radiation at acute single 

dose level of  6.5 Gy (El-Shamy et al., 2001; Osman, 2003; Azab et al., 
2004) delivered at a dose rate of 0.48 Gy/min. The radiation source was 
137 Cs using Gamma Cell-40 biological irradiator, belonging to the 
National Center for Radiation Research and Technology, Cairo, Egypt. 
 
♦ Induction of fever 
 

Fever was induced according to the method described by 
Roszkowski et al. (1971). 

 
Active dry yeast (brewer's yeast) was thoroughly suspended with 

distilled water to give a 44% w/v aqueous suspension. One ml/100 g body 
weight was administered by an intramuscular injection. The site of 
injection was then massaged to spread the suspension into the tissues.The 
rectal temperature was measured before and 18 hours following the yeast 
injection. The measured body temperatures serve as the normal and the 
basic line of elevated body temperature respectively. Equivalent volume 
of saline to that of the used yeast suspention was similarly injected into a 
group of normal animals. 

 
♦ Measurement of body temperature 

 
Core body temperature was measured rectally using a digital 

thermometer with a stainless steel sensor probe with a temperature range 
of -40 ºC to +200 ºC. The probe was lubricated and inserted into the 
rectum (Lomax, 1966).  
 
♦ Withdrawal of blood samples 
 

The blood sample was withdrawn from the retro-orbital vein using 
heparinized capillary tube (Cocchetto and Bjornsoon, 1983). Each 
sample was collected into 2 tubes, heparinized and non-heparinized. The 
non-heparinized blood samples were allowed to coagulate and then 
centrifuged at 1000 xg for 20 min. The separated sera were used for the 
estimation of alkaline phosphatase, aspartate aminotransferase and 
alanine aminotransferase. 
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The heparinized blood samples were divided into 2 aliquots. The 
first aliquot was used for determination of lipid peroxides activity. The 
second aliquot was haemolyzed using bidistilled water and the 
haemolysate of each sample was divided into two portions. The           
first portion was treated with chloroform – ethanol (3:5 V/V) mixture to 
precipitate haemoglobin and the resultant supernatant was used for the 
determination of SOD activity. The second portion was deproteinized 
with meta-phosphoric acid and the clear supernatant was used for the 
estimation of glutathione level. 

 
♦ Preparation of liver samples 

 
Animals were killed by cervical dislocation, then the liver was 

rapidly removed, weighed and homogenized with ice-cooled saline to 
prepare 20% W/V homogenate. 

 
The homogenate was divided into two aliquots. The first one was 

deproteinized with trichloroacetic acid and the obtained supernatant, after 
centrifugation at 1000 xg was used for the estimation of glutathione 
content. The second aliquot was centrifuged at 1000 xg and the resultant 
supernatant was used for estimation of lipids peroxides. 
 
♦ Determination of lipid peroxides 

 
Lipid peroxides were determined in plasma and liver homogenates 

as thiobarbituric acid reactive substances (TBARS). It was determined 
according to the method of Yoshioka et al. (1979). 

 
Principle 
 

Lipid peroxidation products were estimated by the determination  
of the level of thiobarbituric acid reactive substances (TBARS) that were 
measured as malondialdehyde (MDA). The latter is a decomposition 
product of the process of lipid peroxidation and is used as an indicator of 
this process. 

 
The principle of the assay depends on a colorimetric determination 

of a pink pigment product, resulting from the reaction of TBARS with 
thiobarbituric acid in an acidic medium, at high temperature. The 
resultant colour product was extracted in n-butanol, and the absorbance 
was measured at 535 nm. 
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Reagents 
 
1- Trichloroacetic acid (TCA) 20 % in distilled water. 
 
2- Thiobarbituric acid (TBA) 0.67 % in distilled water. Warming as well 

as the use of a magnetic stirrer is necessary for preparation. 
 
3- n-Butanol. 
 
4- Standard solution: serial dilutions of MDA in concentrations ranging 

from 10 to 60 nmol/ml were prepared by dissolving 1,1-3,3-
tetramethoxypropane in distilled water. The latter when dissolved in 
water  is hydrolysed to produce MDA. 

 
Procedure 
 

In a centrifuge tube, 2.5 ml of 20 % trichloroacetic acid and 1 ml of 
0.67 % thiobarbituric acid were added to 0.5 ml sample (plasma, liver 
homogenate or standard). The mixture was heated for 30 min. in a boiling 
water bath followed by rapid cooling, then 4 ml n-butanol was added and 
mixed vigorously. The n-butanol layer was separated by centrifugation at 
3000 rpm for 10 min. The absorbance of the pink coloured product was 
measured at 535 nm against blank containing 0.5 ml distilled water 
instead of the sample. 
 
Calculations 

 
The concentration of TBARS in the plasma samples was expressed 

as nmol/ml and was calculated using the standard curve constructed with 
the prepared serial dilutions of MDA (Figure IV ). 

 
TBARS in liver homogenate was expressed as nmol/g protein. This 

was carried out by first calculation of TBARS as nmol/ml from the curve 
(Figure IV ) then converting it to nmol/g wet tissue according to the 
following equation: 

 
Liver TBARS (nmol /g wet tissue)  =  TBARS (nmol /ml) × Dilution factor 
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       Figure ( IV ): Standard curve for malondialdehyde (MDA) 
 
(This curve was used as a reference for lipid peroxides determined in 
plasma and liver homogenate) 
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♦ Determination of glutathione(GSH) 
 

A- Blood glutathione 
 

GSH in blood was determined according to the method described 
by  Beutler and his colleagues (1963). 

 
Principle 
 

The method depends on the fact that both Pr-SHs and non-Pr-SHs 
(mainly GSH) groups react with Ellman's reagent [5,5-dithiobis             
(2-nitrobenzoic acid)] to form a stable yellow colour of 5-thio-2-
nitrobenzoic acid, which can be measured at 412 nm. In order to 
determine GSH level in blood, precipitation of Pr-SHs groups by meta-
phosphoric acid is necessary before the addition of Ellman's reagent. 

 
Reagents 
 

1- Precipitating solution was prepared by dissolving 1.67 g of meta-
phosphoric acid, 0.2 of  Na2EDTA and 30 g of NaCl in 100 ml of 
bidistilled water. This solution is stable for 3 weeks at 4 ºC. A fine 
precipitate of Na2EDTA may be formed and does not interfere. The 
addition of Na2EDTA is only necessary when water supplies contain 
appreciable concentration of metallic ions. 

 
2- Phosphate solution (0.3 M) was prepared by dissolving 42.59 g of 

Na2HPO4 in one liter of  bidistilled water. This solution is stable and if 
crystals develop during storage at 4 ºC, heating may redissolve them. 

 
3- Ellman's regent was prepared by dissolving 40 mg of  [5,5-dithiobis(2- 

nitrobenzoic acid)] in 100 ml of 1% sodium citrate. Sodium citrate has 
been selected for convenience, since its pH is appropriate for both the 
solubility and stability of the reagent. 

 
4- Standard solution: serial dilutions of GSH in concentrations ranging 

from 9 to 75 µg /ml were prepared by dissolving 7.5 mg of GSH in 
100 ml of 1% meta-phosphoric acid. 
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Procedure  
 

An aliquot of 0.1 ml of blood sample was haemolysed by the 
addition of 0.9 ml bidistilled water. To the haemolysate, 1.5 ml of the 
precipitating solution was added, mixed and allowed to stand for 5 min. 
Centrifugation at 1000 xg was carried out for 15 min. 

 
To 1 ml of the resulting supernatant, 4 ml of phosphate solution 

was added followed by 0.5 ml of Ellman's regent. The absorbance was 
measured within 5 min. at 412 nm. The blank solution was prepared with 
4 ml phosphate solution, 1 ml diluted precipitating solution with 
bidistilled water (3 : 2 V/V) and 0.5 ml of Ellman's regent. 

 
To 1 ml of the prepared standard GSH serial dilutions, 4 ml 

phosphate solution and 0.5 ml of Ellman's regent were added and the 
absorbance was measured at 412 nm against blank, containing 1 ml 
bidistilled water instead of the standard solution. A standard curve for 
GSH was constructed by plotting absorbance of the samples versus their 
concentrations (Figure V ). 

 
Calculations   
 

Blood GSH was expressed as mg % and was calculated from the 
following formula: 
                                    AT                         1 
      GSH (mg %)  =              ×     n   ×              ×   100   ×  Dilution factor 
                                    AS                     1000  

 
Where:  AT = Absorbance of the test sample. 
               AS  = Absorbance of the standard sample. 
                n   =  Concentration of the standard as µg /ml. 
                Dilution factor = 2.5/0.1 = 25   
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        Figure ( V ): Standard curve for blood glutathione (GSH) 
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B- Liver glutathione 
 

GSH in liver homogenate was determined according to the method 
described by  Ahmed et al. (1991). 

 
Principle 
 

The method depends on the reduction of Ellman's reagent by the –
SH group in GSH to form a product, 5-thio-2-nitrobenzoic acid, which 
can be measured colourimetrically at 412 nm. Precipitation of Pr-SHs by 
trichloroacetic acid should be carried out before the addition of Ellman's 
reagent. 

 
Reagents 
 

1- Precipitating solution was prepared by dissolving 10 g of 
trichloroacetic acid and 0.186 g of Na2EDTA in 100 ml of bidistilled 
water. 

 
2- Potassium phosphate buffer (0.1 M, pH 8) was prepared by dissolving 

17.42 g of K2HPO4 in one liter bidistilled water and the pH was 
adjusted by addition of a suitable amount of another solution prepared 
by dissolving 13.61 g of KH2PO4 in one liter bidistilled water. 

 
3- Ellman's regent was prepared by dissolving 0.396 g of  [5,5-dithiobis 

(2- nitrobenzoic acid)] in 100 ml phosphate buffer.   
                   
4- Standard solution: for GSH in liver homogenate was prepared by 

dissolving 5 mg of GSH in 20 ml bidistilled water and was then used 
to prepare serial dilutions of GSH ranging from 0.05 to 0.25 mg/ml. 

 
Procedure 
 

In a centrifuge tube, 0.5 ml sample (liver homogenate) was added 
to 0.5 ml precipitating reagent, then mixed well and centrifuged at     
1000 xg for 5 min. To 0.1 ml of the resulting clear supernatant, 0.85 ml of 
phosphate buffer and 0.05 ml of Ellman's reagent were added and mixed 
thoroughly. Exactly after 5 min., the absorbance was measured at 412 nm 
against blank containing 0.5 ml bidistilled water instead of the sample. 
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Calculations 
 

GSH content in liver homogenate was expressed as mg/g protein. 
This was carried out by first calculating the GSH as mg/ml from the 
constructed standard curve (Figure VI ) then converting it to mg/g tissue 
according to the following equation: 

 
             GSH (mg/g tissue) = GSH (mg/ml) × Dilution factor 
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Figure ( VI ): Standard curve for liver GSH (GSH) 
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♦ Determination of superoxide dismutase (SOD) activity 
 

SOD activity was determined in blood. The assay was carried out 
kinetically according to the method of  Marklund and Marklund  (1974). 

 
Principle 

 
The method depends on the fact that the spontaneous autoxidation 

of pyrogallol, at alkaline pH < 9.5, produces superoxide anion (O2
.-) 

radical, which in turn enhances further oxidation of pyrogallol with a 
resultant increase in absorbance at 420 nm. The presence of SOD in the 
reaction medium inhibits pyrogallol autoxidation by scavenging the 
formed O2

- according to the following reaction: 
                                          SOD 
            2 O2

.-    +    2 H+                  O2   +   H2O2 
 
Reagents 

 
1- Tris HCl buffer (50 mM, pH 9): is prepared by dissolving 6.55 g of 

tris-hydroxymethylaminomethane, 110 ml of 200 mM HCl and 393 
mg of diethylenetriaminepentacetic acid (DTPA) in one liter of 
bidistilled water. DTPA acts as a chelator to remove any traces of 
Fe2+, Cu2+ and Mn2+ that accelerate pyrogallol autoxidation and 
interferes with the assay. 

 
2- Pyrogallol (20 mM): is prepared by dissolving 12.6 mg of pyrogallol in  

5 ml of 10 mM HCl. 
 
3-  Chloroform ─ ethanol mixture (3:5 V/V) 
 
4- Standard SOD solution: it was prepared by dissolving 80 µg of SOD in 

0.5 ml bidistilled water and used to prepare serial dilutions of the 
enzyme ranging from 0.05 to 2 U/ml. The standard solutions were 
treated exactly like the blood samples. 

 
Procedure 

 
Blood samples for SOD estimation were prepared according to the 

method described by Marklund and Marklund  (1974). An aliquot        
of  0.1 ml of heparinized blood was haemolysed by the addition of 0.9 ml 
of cold bidistilled water (4 ºC), then 0.75 ml of chloroform–ethanol 
mixture was added to the haemolysate to precipitate haemoglobin.      
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This was followed by vigorous mixing and centrifugation at 1000 xg     
for 20 min. The resulting clear supernatant containing SOD is stable for 
10 days at 4 ºC. 

 
In a spectrophotometric microcuvette, 1 ml of tris HCl buffer was 

added to 10 µl of pyrogallol solution and 5 µl of the sample (standard or 
blood sample). Absorbance at 420 nm was measured after 1 and 2 min. 
The difference in absorbance per min. was calculated. Reagent blank was 
prepared by using bidistilled water instead of the sample and treated in 
the same way. 
 
Calculations 
 

The percentage inhibition of pyrogallol autoxidation was calculated 
according to the following equation: 
            
  % inhibition of pyrogallol autoxidation = 
                                                             (∆A/min) T or S 
                                           100  ─  [ ────────── ] × 100 

                                                           (∆A/min) B  
Where: 
 
(∆A/min) T  =  change in absorbance of test sample within 1 min. 
(∆A/min) S  =  change in absorbance of standard sample within 1 min.                                 
(∆A/min) B  =  change in absorbance of blank sample within 1 min. 

 
In order to construct standard curve for estimation of SOD activity 

in blood, the corresponding serial standard dilutions were plotted versus 
its percentage inhibition of pyrogallol autoxidation. 

 
The activity of SOD in blood was determined as U/ml using SOD 

standard curve (Figure  VII ). 
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Figure ( VII ): Standard curve for superoxide dismutase (SOD) activity 
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♦ Determination of alkaline phosphatase (ALP) activity 
 

Alkaline phosphatase activity was determined in serum. The ALP 
assay was performed kinetically using a test reagent kit according to the 
method of Rec. GSCC. (1972). 
 

Principle      
                                          ALP 

p-nitrophenylphosphate  + H2O                p-nitrophenol  +  phosphate 
 

The substrate p-nitrophenylphosphate is splitted by the enzyme 
alkaline phosphatase into phosphate and the yellow colored indicator     
p-nitrophenol. Increase in optical density (O.D) per min. measured at  
405 nm is proportional to ALP activity in the sample. 
 

Reagents 
 

Reagent 1(Buffer): Diethanolamine buffer 
                                  MgCl2      
 

     1.0 mol/L 
   0.5 mmol/L 

Reagent 2 (Substrate): P-nitrophenylphosphate 
 

     10 nmol/L 

                                                                              
All reagents were stable up to the expiry date when stored at 2-8 ºC. 
 

Procedure 
 

1. Working solution: 2 ml of R 2 (substrate reagent) was added to one 
vial of  R 1 (buffer reagent) and mixed well. This solution is stable for 
3 weeks at 2-8 ºC and for 3 days at 20-25 ºC. 

 
2. In a cuvette, 2 ml of working solution was mixed with 20 µl of sample 

(fresh serum), initial absorbance after 30 sec. was readed at 405 nm 
and stopwatch was started at the same time. Reading was repeated 
after exactly 1, 2 and 3 min. and the mean absorbance change per min. 
(∆A/min) was determined. 
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Calculation 
 

In order to calculate the alkaline phosphatase (ALP) activity, the 
following formula is used: 

                    ALP  (U/L)   =   5454   ×   ∆A 
 

 Where: ∆A = absorbance change of the sample per min. 
 
 

♦ Determination of aspartate aminotransferase(AST) activity    
 

AST (GOT) was determined in serum. The AST colorimetric assay 
was performed using a test reagent kit according to the method of 
Reitman and Frankel  (1957).  

 
Principle 

                                                         AST 
α-ketoglutarate  +  L-aspartate                  L-glutamate  +  oxaloacetate 
 

The formed oxaloacetate is measured by monitoring the 
concentration of  oxaloacetate hydrazone formed with 2,4-
dinitrophenylhydrazine. 
 

Reagents  
 

Reagent 1: phosphate buffer pH 7.2 
                  Buffer: L-Aspartate 
                  Substrate: α-ketoglutarate 
                       

100 mmol/L 
80  mmol/L 
4.0 mmol/L 

Reagent 2 (color reagent): 
            2,4- dinitrophenylhydrazine  
        

 
4.0 mmol/L 

NaOH   
 

0.4mol/L 

                         
All reagents were stable up to the expiry date when stored at 2-8 ºC. 
 

Procedure 
 

In a test tube, 100 µl of sample was added to 0.5 ml of reagent 1, 
mixed and incubated for exactly 30 minutes at 37 ºC , 0.5 ml of reagent 2 
was added, mixed and incubated for exactly 20 minutes at  20-25 ºC 
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followed by addition of 5 ml of NaOH, mixed and the absorbance of 
sample (fresh serum) was measured after 5 minutes at 546 nm. against 
reagent blank containing 100 µl of distilled water instead of the sample. 
The color intensity was stable for 60 minutes. 

 
Calculation 
 

The activity of AST in serum was determined as U/L using AST 
standard curve (Figure VIII ). 
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Figure ( VIII ): Standard curve for aspartate aminotransferase activity 
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♦ Determination of alanine aminotransferase (ALT) activity 
 

ALT (GPT) was determined in serum. The ALT colorimetric assay 
was performed using a test reagent kit according to the method of 
Reitman and Frankel  (1957). 
 

Principle 
                                                      ALT 
α-ketoglutarate  +  DL-alanine               L-glutamate +  pyruvate 

 
The formed pyruvate is measured by monitoring the concentration 

of pyruvate hydrazone formed with 2,4-dinitrophenylhydrazine. 
 

Reagents  
 

Reagent 1: phosphate buffer pH 7.2 
                  Buffer: DL-Alanine 
                  Substrate: α-ketoglutarate 
                       

100 mmol/L 
80  mmol/L 
4.0 mmol/L 

Reagent 2 (color reagent): 
            2,4- dinitrophenylhydrazine  
        

 
4.0 mmol/L 

NaOH   
 

0.4mol/L 

 
All reagents were stable up to the expiry date when stored at 2-8 ºC. 
 

Procedure 
 
In a test tube, 100 µl of sample was added to 0.5 ml of reagent 1, 

mixed and incubated for exactly 30 minutes at  37 ºC , then 0.5 ml of 
reagent 2 was added, mixed and incubated for exactly 20 minutes at  20-
25 ºC followed by addition of 5 ml of NaOH, mixed and the absorbance 
of sample (fresh serum) was measured after 5 minutes at 546 nm. against 
reagent blank containing 100 µl of distilled water instead of the sample. 
The color intensity was stable for 60 minutes. 
 

Calculation 
 

The activity of ALT in serum was determined as U/L using ALT 
standard curve (Figure  IX ). 
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Figure ( IX ): Standard curve for alanine aminotransferase (ALT) activity 
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♦ Statistical Analysis 
 

All the values were expressed as means ± S.E. Comparisons 
between means were carried out using different statistical tests according 
to the determined parameter. 

 
1- The concentration of GSH and MDA and the activities of SOD, ALP, 

AST and ALT were evaluated and statistical analysis was carried out 
by means of one-way ANOVA followed by Tukey-Kramer multiple 
comparison test using Instat software, version 2 (Graphpad Software, 
Inc., San Diego, USA). 

 
2- The data of febrile responses of animal groups with different 

treatments and the time course study of irradiation were analysed by 
repeated measures two-way ANOVA followed by Duncan’s multiple 
range test using Statistica software, version 5 (Statsoft, Inc., USA). 
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Effect of whole body gamma irradiation on oxidative stress 
biomarkers and the activities of liver enzymes in rats 1,3 and 7 
days following irradiation. 
 
The results are shown in Table ( 1 ) and illustrated in Figure ( 1 ).  

 
The normal values of plasma and liver MDA were shown to         be 

6.30±0.13 nmol/ml and 161.00±0.85 nmol/g tissue, respectively      (Table 1). 
 
Exposure to γ radiation increased the plasma MDA by 25, 65 and 110 % 

at 1, 3 and 7 days following the exposure respectively. The increase of liver MDA 
was only detected at 3 and 7 days following the exposure to be 93  and 106 %,  
respectively (Table 1 and Figure 1). 

  
Blood GSH level of normal animals was 51.60±2.64 mg %, while that of 

irradiated rats was significantly decreased in a time–dependent manner by 15, 
38 and 45 % at 1, 3 and 7 days following exposure to     6.5 Gy γ radiation 
respectively as compared with that of normal animals (Table 1 and Figure 1). 

 
Liver GSH content of normal animals was 22.00±0.60 mg/g tissue, while 

that of irradiated rats was significantly decreased in a time–dependent manner 
by 20, 31 and 39 % at 1, 3 and 7 days after         animal exposure to 6.5 Gy γ 
radiation respectively as compared with normal values (Table 1 and Figure 1). 

 
Plasma SOD activity of normal animals was found to be            1.27 ± 0.01 

U/ml, while that of irradiated rats was significantly decreased in a time–
dependent manner by 12, 41 and 46 % at 1, 3 and 7 days after animal exposure 
to 6.5 Gy γ radiation respectively as compared to  normal values (Table 1 and 
Figure 1). 

 
Serum ALP activity of normal animals was 105.17 ± 3.08 U/L, and that of 

irradiated rats at 3 and 7 days was significantly increased by       66 and 50 % 
after animal exposure to 6.5 Gy γ radiation respectively as compared with that of 
normal animals (Table 1 and Figure 1). 

 
Serum AST activity of normal animals was 70.28 ± 0.92 U/L, and that of 

irradiated rats at 3 and 7 days was significantly increased by        57 and 30 % 
after animal exposure to 6.5 Gy γ radiation respectively as compared with that of 
normal animals (Table 1 and Figure 1). 

Serum ALT activity of normal animals was 52.28 ± 0.92 U/L, and that of 
irradiated rats at 3 and 7 days was significantly increased by       83 and 61 % 
after animal exposure to 6.5 Gy γ radiation respectively as compared with 
normal values (Table 1 and Figure 1). 

 
The results concerning liver MDA content and activities of serum ALP, 

AST as well as ALT revealed that 3 days following exposure to γ radiation is 
suitable for the further investigations. 
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Table ( 1 ): Effect of whole body gamma irradiation on 
oxidative stress biomarkers and the activities of liver enzymes 
in rats 1,3 and 7 days following irradiation. 
 

Irradiated 
 

           Groups         
                                  
Parameters     

Normal 
1 Day 3 Days 7 Days 

Plasma MDA  
(nmol/ml) 6.30 ± 0.13 

 
7.90*  ± 0.70 

 
10.37* ± 0.27 

 
13.26*± 0.29 

Liver MDA  
(nmol/g tissue) 161.00 ± 0.85 173.20 ± 1.13 311.41*±6.23  331.47*±10.48 

Blood GSH  
( mg % ) 51.60 ± 2.64 43.84*± 1.99 31.83* ± 1.11 28.26* ± 0.49 

Liver GSH 
 ( mg / g tissue ) 22.00 ± 0.60 17.56*± 0.39 15.10*± 0.59 13.43*± 0.23 

Plasma SOD         ( 
U/ml ) 1.27 ± 0.01 1.11*± 0.03  0.75*± 0.03  0.69*± 0.01  

Serum ALP ( U/L) 
 

105.17 ± 3.08 
 

116.07 ± 3.51 
 

174.53*±3.37  
 

157.38*± 2.78 

Serum AST ( U/L) 70.28 ± 0.92 76.14 ± 2.23 110.71*±3.21  91.50*± 1.63  

Serum ALT (U/L) 52.28 ± 0.92 56.00 ± 1.53 95.50*± 2.30  84.28*± 0.87  

 
Three groups of animals each consisting of 7 rats were exposed to            γ 
radiation  (6.5 Gy).   Blood   was   collected  and   liver  was   isolated from the 
animals of the three irradiated gps 1, 3 and 7 days following       γ radiation 
exposure, respectively. A fourth gp was unexposed to γ radiation and served as 
normal gp. 
Each value represents mean ± S.E of the mean. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from normal group at p ≤ 0.05. 
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Figure ( 1 ): Effect of whole body gamma irradiation on oxidative 
stress biomarkers and the activities of liver enzymes in rats 1,3 
and 7 days following irradiation. 
 
Three groups of animals each consisting of 7 rats were exposed to            γ 
radiation (6.5 Gy). Blood was collected and liver was isolated from the animals of 
the 1st, 2nd and 3rd gp 1, 3 and 7 days following γ radiation exposure, respectively. 
A fourth gp was unexposed to γ radiation and served as normal gp. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from normal group at p ≤ 0.05. 
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Effect of rutin or vitamin E alone or combined with cysteine on 
oxidative stress biomarkers in normal and whole body irradiated 
rats. 
 
The results are shown in Tables ( 2 ) and ( 3 ) and illustrated in Figures      ( 2 ), ( 
3 ) and ( 4 ). 
 

Plasma MDA level of normal animals was 6.30 ± 0.13 nmol/ml, while that 
of irradiated rats was significantly elevated  to be 10.37 ± 0.27 nmol/ml (Table 2). 

 
Liver MDA content of normal animals was 161.00 ± 0.85 nmol/g tissue, 

while that of irradiated rats was markedly elevated  to be 311.41 ± 6.23 nmol/g 
tissue (Table 2). 

 
Blood GSH level of normal animals was 51.60 ± 2.64 mg %, while that of 

irradiated rats was significantly decreased to be 31.83 ±            1.11 mg % (Table 
2).  

 
Liver GSH content of normal animals was 22.00 ± 0.60 mg/g tissue, while 

that of irradiated rats was significantly decreased to be  15.10 ± 0.59 mg/g tissue 
(Table 2).  

 
Plasma SOD activity of normal animals was 1.27 ± 0.01 U/ml, while that 

of irradiated rats was significantly decreased to be                0.75 ± 0.03 U/ml 
(Table 2). 

 
Daily oral administration of rutin (1.064 mmol/kg) for two     weeks to 

normal animals only elevated SOD activity by 14 % (Table 2,     Figure 2).  
 
Daily oral administration of rutin (1.064 mmol/kg) for two weeks before 

irradiation resulted in reduction of plasma and liver MDA by      20 and 25 % 
respectively, elevation of blood  and liver glutathione by 51 and 29 % 
respectively, and elevation of plasma SOD by 45 % (Table 2 and Figure 3). 

 
Administration of a single i.p dose of cysteine (30 mg/kg)      before 

irradiation resulted in reduction of plasma and liver MDA           by 16 and 28 % 
respectively, elevation of blood  and liver glutathione by    40 and 21 % 
respectively, and elevation of plasma SOD by 23 %      (Table 2, 3 and Figure 
3,4).  

Administration of daily i.p dose of vitamin E (50 mg/100g) for seven days 
to normal animals only elevated SOD to be 1.43 ± 0.03 U/ml (Table 3 and Figure 
2).   

 
Administration of daily i.p dose of vitamin E (50 mg/100g) for seven days 

before irradiation resulted in reduction of plasma and liver MDA by 24 and 34 
% respectively, elevation of blood  and liver glutathione by 47 and 36 % 
respectively, and elevation of plasma SOD by 40 % (Table 3 and Figure 4).   
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Combined therapy of rutin and cysteine before irradiation resulted in 
reduction of plasma and liver MDA by 27 and 37 % respectively, elevation of 
blood and liver glutathione by 65 and 43 % respectively, and elevation of plasma 
SOD by 60 % (Table 2 and Figure 3).  

 
Combined treatment of vitamin E with cysteine before irradiation 

resulted in reduction of plasma and liver MDA by 34 and 42 % respectively, 
elevation of blood  and liver glutathione by 59 and 50 % respectively, and 
elevation of plasma SOD by 48 % (Table 3 and       Figure 4). 

 



                                                                                                                                                                                 
Results                                                                                                           

 - 95 -

Table ( 2 ): Effect of rutin alone or combined with cysteine on oxidative stress biomarkers in normal 
and whole body irradiated rats. 

SOD  GSH MDA 
Plasma 
(U/ml) 

Liver 
(mg/g tissue) 

Blood 
(mg%)  

Liver  
(nmol/g tissue) 

Plasma  
(nmol/ml) 

                       Parameters 
  
Groups  

1.27 ± 0.01 22.00±0.60 
 

51.60±2.64 
 

161.00±0.85 
 

6.30  ±0.13 
 

Normal 
(Saline 10 ml/kg) 

1.45*@ ±0.02 
 

23.83@ ±0.84 
 

57.83@ ±0.49 
 

154.74@ ±1.61 
 

5.83@ ±0.19 
 

Rutin 
(1.064 mmol/kg, oral/day for 2 weeks) 

1.39@ ±0.04 
 

23.23@ ±0.65 
 

53.63@ ±1.17 
 

144.63@±2.49 
 

6.04@ ±0.20 
 

Cysteine 
(30 mg/kg, i.p., 30 min. before 
sacrification) 

0.75*± 0.03  15.10* ±0.59 
 

31.83* ±1.11 
 

311.41* ±6.23 
 

10.37* ±0.27 
 

Irradiated (6.5 Gy) 
(Saline 10 ml/kg) 

1.09*@ ±0.03 
 

19.57@ ±0.62 
 

47.96@ ±1.22 
 

233.24*@ ±9.37 
 

8.24*@ ±0.27 
 

Rutin (1.064mmol/kg)  
+Irradiated (6.5 Gy) 

0.92*@ ±0.05 
 

18.26*@ ±0.29 
 

44.61*@±1.25 
 

222.61*@ ±5.34 
 

8.74*@ ±0.19 
 

Cysteine (30mg/kg, i.p.,30 min. 
before irradiation) +Irradiated (6.5 
Gy) 

1.20@ ±0.02 
 

21.64@ ±0.97 
 

52.67@ ±1.22 
 

196.47*@ ±3.56 
 

7.54*@ ±0.24 
 

Rutin (1.064mmol/kg)  
+Cysteine (30 mg/kg) 
+Irradiated (6.5 Gy) 
Three groups of animals each consisting of 7 normal rats were used. They received saline (10 ml/kg), rutin (1.064 mmol/kg, 
oral/day for 2 weeks) and cysteine (30 mg/kg, i.p., 30 min. before sacrification), respectively. The other groups were treated with 
saline, rutin, cysteine (30 min. before irradiation), rutin +cysteine as mentioned above then the animals were exposed to gamma 
radiation. Blood was collected and liver was isolated post treatment in the 1st three gps and 3 days following  γ irradiation in the 
last four gps.  
Each value represents mean ± S.E of the mean. 
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Statistical analysis was carried out by one-way ANOVA followed by Tukey-Kramer multiple comparisons test. 
* Significant difference from normal group at p ≤ 0.05          @ Significant difference from irradiated group at p ≤ 0.05
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Table ( 3 ): Effect of vitamin E alone or combined with cysteine on oxidative stress biomarkers in normal 
and whole body irradiated rats. 

SOD  GSH MDA 
Plasma 
(U/ml) 

Liver 
(mg/gtissue) 

Blood 
(mg%)  

Liver  
(nmol/g tissue) 

Plasma  
(nmol/ml) 

                       Parameters 
  
     Groups  

1.27 ± 0.01 22.00 ± 0.60 51.60 ± 2.64 161.00 ± 0.85 6.30 ± 0.13 Normal 
(Saline 10 ml/kg) 

1.43*@ ± 0.03  
 

24.61@ ± 0.85  
 

56.20@ ± 0.85  
 

151.53@ ± 2.29  
 

5.76@ ± 0.15  
 

Vitamin E 
 (50 mg/100g, i.p./day for 1 week ) 

1.39@ ±0.04 
 

23.23@ ± 0.65  
 

53.63@ ± 1.17  
 

144.63@ ± 2.49  
 

6.04@ ± 0.20  
 

Cysteine 
(30 mg/kg, i.p., 30 min. before 
sacrification) 

0.75*± 0.03 15.10* ± 0.59  31.83* ± 1.11  311.41* ± 6.23  10.37* ± 0.27  Irradiated (6.5 Gy) 
(Saline 10 ml/kg) 

1.05*@ ± 0.01  20.61@ ± 0.92  46.63@ ± 1.71  205.14*@ ± 3.87  7.90*@ ± 0.36  Vitamin E  (50 mg/100g) 
+Irradiated(6.5 Gy) 

0.92*@ ±0.05 
 

18.26*@ ± 0.29  
 

44.61*@ ± 1.25  
 

222.61*@ ± 5.34  
 

8.74*@ ± 0.19  
 

Cysteine (30 mg/kg, i.p., 30 min. 
before iradiation)+Irradiated(6.5 Gy) 

1.11*@ ± 0.01  22.70@ ± 0.82  
 

50.67@ ± 1.37  
 

181.70*@ ± 2.24  
 

6.84@ ± 0.39  
 

Vitamin E  (50 mg/100g) 
+Cysteine (30 mg/kg) 
+Irradiated (6.5 Gy) 
 
Three groups of animals each consisting of 7 normal rats were used. They received saline (10 ml/kg), vitamin E (50 mg/100g, i.p./day for           
1 week) and cysteine (30 mg/kg, i.p., 30 min. before sacrification), respectively. The other groups were treated with saline, vitamin E, 
cysteine (30 min. before irradiation), vitamin E + cysteine as mentioned above then the animals were exposed to gamma radiation. Blood 
was collected and liver was isolated post treatment in the 1st three gps and 3 days following  γ irradiation in the last four gps.  
Each value represents mean ± S.E of the mean. 
Statistics carried out by one-way ANOVA followed by Tukey-Kramer multiple comparisons test. 
* Significant difference from normal group at p ≤ 0.05          @ Significant difference from irradiated group at p ≤ 0.05
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Figure ( 2 ): Effect of rutin, cysteine and vitamin E on blood level and liver contents 
of malondialdehyde and glutathione and the activity of plasma superoxide dismutase 
in normal rats. 
 
Four groups of animals each consisting of 7 normal rats were used. They 
received saline (10 ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine 
(30 mg/kg, i.p., 30 min. before sacrification) and vitamin E     (50 mg/100g, 
i.p./day for 1 week ), respectively. The 1st gp served as normal gp. Blood was 
collected and liver was isolated for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from normal group at p ≤ 0.05. 
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Figure ( 3 ): Effect of rutin alone or combined with cysteine on blood level and liver 
contents of malondialdehyde and glutathione and the activity of plasma superoxide 
dismutase in whole body  γ  irradiated rats. 
 
Four groups of animals each consisting of 7 rats were used. They received saline 
(10 ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine (30 mg/kg, i.p., 
30 min. before irradiation) and rutin+cysteine as mentioned above then the 
animals were exposed to gamma radiation. The 1st gp served as irradiated 
control. Blood was collected and liver was isolated 3 days following  γ irradiation 
for further investigation.  
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from irradiated group at p ≤ 0.05. 
 
 



                                                                                                          
Results                                                                                                           

 - 100 -

 
 
 
 
 
 

0

20

40

60

80

100

120

140

160

180

200

Plasma MDA Liver MDA Blood GSH Liver GSH SOD

%
 o

f I
rra

di
at

ed
 c

on
tro

l

Vitamin E+Irradiation Cysteine+Irradiation Vitamin E+Cysteine

Irradiated 
control*

*

* *
*

* *

* *
*

* *
*

*
*

 
 
 
 
 
Figure ( 4 ): Effect of vitamin E alone or combined with cysteine on blood level and 
liver contents of malondialdehyde and glutathione and the activity of plasma 
superoxide dismutase in whole body  γ  irradiated rats. 
 
Four groups of animals each consisting of 7 rats were used. They received saline 
(10 ml/kg), vitamin E (50 mg/100g, i.p./day for 1 week ), cysteine (30 mg/kg, i.p., 
30 min. before irradiation) and vitamin E+cysteine as mentioned above then the 
animals were exposed to gamma radiation. The 1st gp served as irradiated 
control. Blood was collected and liver was isolated 3 days following γ irradiation 
for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from irradiated group at p ≤ 0.05. 
 
 
 
 
 
 
 
Effect of rutin or vitamin E alone or combined with cysteine on 
oxidative stress biomarkers in hyperthermic irradiated rats. 
 
The results are shown in Tables ( 4 ) and ( 5 ) and illustrated in Figures      ( 5 ), ( 
6 ) and  ( 7 ).  
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Plasma MDA level of normal animals was 6.30 ± 0.13 nmol/ml, whereas 
that of hyperthermic, irradiated and hyperthermic irradiated groups  were 
markedly elevated  by 22, 65 and 93 %, respectively relative to the normal group 
(Table 4 and Figure 5).  

 
Liver MDA content of normal animals was 161.00 ± 0.85 nmol/g tissue, 

whereas that of hyperthermic, irradiated and hyperthermic irradiated groups  
were markedly elevated  by 31, 93 and 118 %, respectively relative to the normal 
group (Table 4 and Figure 5). 

 
Blood GSH level of normal animals was 51.60 ± 2.64 mg %, while that of 

irradiated rats was significantly decreased  by 38 % relative to that of normal 
group. On the other hand, blood GSH level of hyperthermic rats was 
significantly increased  by 20 % relative to that of normal group (Table 4 and 
Figure 5). 

 
Liver GSH content of normal animals was 22.00 ± 0.60 mg/g tissue, while 

that of irradiated rats was significantly decreased  by 31 % . On the other hand, 
liver GSH content of hyperthermic rats was significantly increased  by 17 % 
relative to that of normal group (Table 4 and Figure 5). 

 
Plasma SOD activity of normal animals was 1.27 ± 0.01 U/ml, while that 

of hyperthermic, irradiated and hyperthermic irradiated groups  were markedly 
decreased  by 19, 37  and 45 %, respectively relative to that of normal rats 
(Table 4 and Figure 5). 

 
Oral daily administration of rutin (1.064 mmol/kg) for two weeks before 

hyperthermia and irradiation resulted in reduction of plasma and liver MDA by 
23 and 27 % respectively, elevation of blood  and liver glutathione by 17 and 12 
% respectively, and elevation of plasma SOD by 54 %  relative to hyperthermic 
irradiated animals (Table 4 and      Figure 6).  

 
Administration of a single i.p dose of cysteine (30 mg/kg) before 

hyperthermia and irradiation resulted in reduction of plasma and liver MDA by 
19 and 31 % respectively, elevation of blood glutathione level by 12 % and 
elevation of plasma SOD by 30 % relative to hyperthermic irradiated animals 
(Table 4, 5 and Figure 6, 7).  

 
Daily administration of i.p dose of vitamin E (50 mg/100g) for seven days 

before hyperthermia and irradiation resulted in reduction of plasma and liver 
MDA by 32 and 34 % respectively, elevation of blood  and liver glutathione by 
14 and 19 % respectively, and elevation of plasma SOD by 40 % relative to 
hyperthermic irradiated animals (Table 5 and Figure 7).  

  
Combined therapy of rutin and cysteine before hyperthermia and 

irradiation resulted in reduction of plasma and liver MDA by 36 and     39 % 
respectively, elevation of blood  and liver glutathione by 26 and   22 % 
respectively, and elevation of plasma SOD by 65 % relative to hyperthermic 
irradiated animals (Table 4 and Figure 6).  
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Combined therapy of vitamin E and cysteine before hyperthermia and 
irradiation resulted in reduction of plasma and liver MDA by 38 and     42 % 
respectively, elevation of blood  and liver glutathione by 20 and   27 % 
respectively, and elevation of plasma SOD by 59 % relative to hyperthermic 
irradiated animals (Table 5 and Figure 7). 
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Table ( 4 ): Effect of rutin alone or combined with cysteine on oxidative stress biomarkers in hyperthermic 
irradiated rats. 

SOD  GSH MDA 
Plasma 
(U/ml) 

Liver 
(mg/gtissue) 

Blood 
(mg%)  

Liver  
(nmol/g tissue) 

Plasma  
(nmol/ml) 

                       Parameters 
  
Groups  

1.27 ± 0.01 22.00 ± 0.60 
 

51.60 ± 2.64 
 

161.00 ± 0.85 
 

6.30 ± 0.13 
 

Normal 
(Saline 10 ml/kg) 

1.00 *a ± 0.04 25.73 *a ± 0.58 61.84 *a ± 0.49 211.40 *a ± 2.40 7.70*a ± 0.41 Hyperthermic control 
(1 ml/100g yeast) 

0.75 *b  ± 0.03 15.10 *b  ± 0.59 31.83 *b  ± 1.11 311.41 *b  ± 6.23 10.37*b  ± 0.27 Irradiated (6.5 Gy) 
(Saline 10 ml/kg) 

0.63 *b  ± 0.01 
 

20.01 ab ± 0.29 
 

48.53 ab ± 0.39 
 

351.56 *ab  ± 5.05 
 

12.16*ab  ± 0.16 Hyperthermic (1 ml/100g yeast) 
+Irradiated (6.5 Gy) 

0.97 *ac ± 0.03 

 
22.37 abc ± 0.47 

 
56.57 abc ± 0.50 

 
257.64 *abc  ± 3.05 

 
9.32*bc  ± 0.31 

 
Rutin (1.064 mmol/kg, oral/day for 2 
weeks) +Hyperthermic (1ml/100g 
yeast) +Irradiated (6.5Gy) 

0.82 *bc  ± 0.02 

 
21.57 ab ± 0.49 

 
54.21 abc ± 0.59 243.66 *abc ± 2.13 

 
9.86*bc ± 0.41 

 
Cysteine (30 mg/kg, i.p., 30 min. before 
irradiation)+Hyperthermic (1 ml/100g 
yeast) +Irradiated (6.5Gy) 

1.04 *ac ± 0.03 
 

24.41 *ac ± 0.46 
 

60.91*ac ± 0.72 
 

213.33 *ac  ± 2.16 
 

7.81*ac ± 0.26 
 

Rutin(1.064mmol/kg) +Cysteine 
(30mg/kg)+Hyperthermic (1 ml/100g 
yeast) +Irradiated (6.5Gy) 
Fever was induced by i.m. administration of brewer's yeast (1 ml/100g of 44% yeast suspension) in five gps of animals each of 7 rats. 
Eighteen hours following induction of fever, the animal of 4 gps were irradiated (6.5 Gy), while the fifth one was unexposed to γ 
radiation and served as hyperthermic control. The four hyperthermic irradiated gps received saline (10 ml/kg), rutin (1.064 mmol/kg, 
oral/day for 2 weeks), cysteine   (30 min. before irradiation) and rutin+cysteine as mentioned above. Blood was collected and liver was 
isolated for further investigation. 
Each value represents mean ± S.E of the mean. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-Kramer multiple comparisons test. 
* Significant difference from normal group at p ≤ 0.05                a Significant difference from irradiated group at p ≤ 0.05 
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b Significant difference from hyperthermic group at p ≤ 0.05           c Significant difference from hyperthermic + irradiated group at p ≤ 
0.05 
Table ( 5 ): Effect of vitamin E alone or combined with cysteine on oxidative stress biomarkers in 
hyperthermic irradiated rats. 

SOD  GSH MDA 
Plasma 
(U/ml) 

Liver 
(mg/gtissue) 

Blood 
(mg%)  

Liver  
(nmol/g tissue) 

Plasma  
(nmol/ml) 

                       Parameters 
  
Groups  

1.27 ± 0.01 22.00 ± 0.60 
 

51.60 ± 2.64 
 

161.00 ± 0.85 
 

6.30 ± 0.13 
 

Normal 
(Saline 10 ml/kg) 

1.00 *a ± 0.04 25.73 *a ± 0.58 61.84 *a ± 0.49 211.40 *a ± 2.40 7.70 *a ± 0.41 Hyperthermic control 
(1 ml/100g yeast) 

0.75 *b  ± 0.03 15.10 *b  ± 0.59 31.83 *b  ± 1.11 311.41 *b  ± 6.23 10.37 *b  ± 0.27 Irradiated (6.5 Gy) 
(Saline 10 ml/kg) 

0.63 *b  ± 0.01 
 

20.01 ab ± 0.29 
 

48.53 ab ± 0.39 
 

351.56 *ab  ± 5.05 
 

12.16 *ab  ± 0.16 Hyperthermic (1 ml/100g yeast)  
+Irradiated (6.5 Gy) 

0.88 *ac ± 0.03 

 
23.80 ac ± 0.57 

 
55.21 abc ± 0.56 

 
231.47 *abc  ± 2.56 

 
8.29 *ac  ± 0.31 

 
Vitamin E (50 mg/100g, i.p./day for 1 
week) +Hyperthermic (1ml/100g 
yeast)+ Irradiated (6.5Gy) 

0.82 *bc  ± 0.02 

 
21.57 ab ± 0.49 

 
54.21 abc ± 0.59 243.66 *abc ± 2.13 

 
9.86 *bc ± 0.41 

 
Cysteine (30 mg/kg, i.p., 30 min. 
before irradiation) +Hyperthermic 
(1 ml/100g yeast)+Irradiated (6.5Gy) 

1.00 *ac ± 0.03 
 

25.51 *ac ± 0.34 
 

58.38*ac ± 0.38 
 

204.66 *ac  ± 2.56 
 

7.52 ac ± 0.29 
 

Vitamin E (50mg/100g) +Cysteine 
(30mg/kg)+Hyperthermic            (1 
ml/100g yeast)+Irradiated (6.5Gy) 
Fever was induced by i.m. administration of brewer's yeast (1 ml/100g of 44% yeast suspension) in five gps of animals each of 7 rats. 
Eighteen hours following induction of fever, the animal of 4 gps were irradiated (6.5 Gy), while the fifth one was unexposed to γ 
radiation and served as hyperthermic control. The four hyperthermic irradiated gps received saline (10 ml/kg), vitamin E (50 mg/100g, 
i.p./day for 1 week), cysteine (30 min. before irradiation) and vitamin E+cysteine as mentioned above. Blood was collected and liver was 
isolated for further investigation. 
Each value represents mean ± S.E of the mean. 
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Statistical analysis was carried out by one-way ANOVA followed by Tukey-Kramer multiple comparisons test. 
* Significant difference from normal group at p ≤ 0.05                       a Significant difference from irradiated group at p ≤ 0.05  
b Significant difference from hyperthermic group at p ≤ 0.05           c Significant difference from hyperthermic + irradiated group at p ≤ 
0.05  
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Figure ( 5 ): Blood level and liver contents of malondialdehyde and glutathione and 
the activity of plasma superoxide dismutase in hyperthermic, irradiated and 
hyperthermic irradiated rats. 
 
Four groups of animals each consisting of 7 rats were used, the 1st received saline 
(10 ml/kg) and served as normal gp., while the other received saline and was 
exposed to γ radiation (6.5 Gy). Fever was induced by administration of brewer's 
yeast in two groups, only one of them was exposed to gamma radiation. Blood 
was collected and liver was isolated for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from normal group at p ≤ 0.05. 
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Figure ( 6 ): Effect of rutin alone or combined with cysteine on oxidative stress 
biomarkers in hyperthermic irradiated rats. 
 
Four groups of animals each consisting of 7 rats in which fever was induced by 
administration of brewer's yeast and were received saline    (10 ml/kg), rutin 
(1.064 mmol/kg, oral/day for 2 weeks), cysteine         (30 mg/kg, i.p., 30 min. 
before irradiation) and rutin+cysteine as mentioned above then the animals were 
exposed to γ radiation (6.5 Gy). The 1st gp served as hyperthermic irradiated 
control. Blood was collected and liver was isolated for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from hyperthermic irradiated group at p ≤ 0.05. 
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Figure ( 7 ): Effect of vitamin E alone or combined with cysteine on oxidative stress 
biomarkers in hyperthermic irradiated rats. 
 
Four groups of animals each consisting of 7 rats in which fever was induced by 
administration of brewer's yeast and received saline (10 ml/kg), vitamin E (50 
mg/100g, i.p./day for 1 week ), cysteine (30 mg/kg, i.p., 30 min. before 
irradiation)  and vitamin E+cysteine as mentioned above then the animals were 
exposed to γ radiation (6.5 Gy). The 1st gp served as hyperthermic irradiated 
control. Blood was collected and liver was isolated for further investigation.  
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from hyperthermic irradiated group at p ≤ 0.05. 
 
 
 
 
 
 
 
 
 
Effect of rutin or vitamin E alone or combined with cysteine on 
serum alkaline phosphatase (ALP), aspartate amino-transferase 
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(AST) and alanine aminotransferase (ALT) activities in normal 
and whole body gamma  irradiated rats. 
 
The results are showed in Table ( 6 ) and illustrated in Figures ( 8 )      and ( 9 ).  

 
Serum ALP activity of normal animals was 105.17 ± 3.08 U/L.     A single 

dose of irradiation (6.5 Gy) caused marked elevation of serum ALP to be  174.53 
± 3.37 U/L (Table 6). 

 
Serum AST activity of normal animals was 70.28 ± 0.92 U/L.       A single 

dose of irradiation (6.5 Gy) caused significant elevation of serum AST to be  
110.71 ± 3.21 U/L (Table 6). 

 
Serum ALT activity of normal animals was 52.28 ± 0.92 U/L.       A single 

dose of irradiation (6.5 Gy) caused significant elevation of serum ALT to be  
95.50 ± 2.30 U/L (Table 6). 

 
Daily oral administration of rutin (1.064 mmol/kg) for two weeks or i.p 

dose of vitamin E (50 mg/100g) for seven days or a single i.p dose of cysteine (30 
mg/kg) to normal animals did not produce any change in serum activities of 
ALP, AST and ALT (Table 6 and Figure 8).. 

 
Administration of daily oral rutin (1.064 mmol/kg) for two weeks before 

irradiation resulted in reduction of serum activities of ALP, AST and ALT by 
18, 17 and 17 %, respectively (Table 6 and Figure 9). 

 
Administration of daily i.p dose of vitamin E (50 mg/100g) for seven days 

before irradiation resulted in reduction of serum activities of ALP, AST and 
ALT by 27, 25 and 24 %, respectively (Table 6 and   Figure 9). 

 
Administration of a single i.p dose of cysteine (30 mg/kg) before 

irradiation resulted in reduction of serum activities of ALP, AST and ALT by 
23, 21 and 20 %, respectively (Table 6 and Figure 9). 

     
Combined therapy of rutin and cysteine before irradiation resulted in 

reduction of serum activities of ALP, AST and ALT by 28, 29 and    33 %, 
respectively (Table 6 and Figure 9). 

Combined therapy of vitamin E and cysteine before irradiation resulted 
in reduction of serum activities of ALP, AST and ALT by 34, 31 and 39 %, 
respectively (Table 6 and Figure 9). 
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Table ( 6 ): Effect of rutin or vitamin E alone or combined with 
cysteine on serum alkaline phosphatase (ALP), aspartate 
aminotransferase (AST) and alanine amino-transferase (ALT) 
activities in whole body γ  irradiated rats.   

ALT AST ALP 

Serum 
U/L 

Serum 
U/L 

Serum 
U/L 

                     Parameters 
                                 
      Groups                     

52.28 ± 0.92 
 

70.28 ± 0.92 
 

105.17 ± 3.08 
 

Normal 
(Saline 10 ml/kg) 

49.57@ ± 0.78 

 
68.14@ ± 1.29  

 
98.17 @ ± 2.38  

 
Rutin 
(1.064 mmol/kg, oral/day for 2 
weeks) 

48.43@ ± 0.97 
 

66.43@ ± 1.66  
 

96.63 @ ± 3.08  
 

Cysteine 
(30 mg/kg, i.p., 30 min. before 
sacrification) 

46.43@ ± 1.09  
 

63.43@ ±2.36  
 

94.28@ ± 2.29  
 

Vitamin E   
(50 mg/100g, i.p./day for 1 week) 

95.50* ± 2.30  110.71* ± 3.21  174.53* ± 3.37  Irradiated (6.5 Gy) 
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Four groups of animals each consisting of 7 normal rats were used. They 
received saline (10 ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine 
(30 mg/kg, i.p., 30 min. before sacrification) and vitamin E (50 mg/100g, i.p./day 
for 1 week) respectively. The 1st gp served as normal gp. The other groups were 
treated with saline, rutin, cysteine (30 mg/kg, i.p., 30 min. before irradiation), 
vitamin E, rutin +cysteine and vitamin E+cysteine as mentioned above then the 
animals were exposed to γ radiation. Blood was collected and liver was isolated 
post treatment in the 1st four gps and 3 days following  γ irradiation in the last 
six gps. for further investigation. 
Each value represents mean ± S.E of the mean. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
*  Significant difference from normal group at p ≤ 0.05  
@ Significant difference from irradiated group at p ≤ 0.05  
 
 
 
 
 
 
 

   (Saline 10 ml/kg) 
79.71*@ ± 3.36  92.21*@ ± 2.21  142.54*@ ± 2.51 Rutin (1.064mmol/kg) 

+ Irradiated (6.5 Gy) 

76.00*@ ± 2.19 87.07*@ ± 2.01  133.98*@ ± 3.11 Cysteine (30mg/kg)     
+Irradiated (6.5 Gy)     

72.14*@±2.18 
 

83.50*@±2.75  
 

127.76*@ ± 3.11 
 

Vitamin E  (50 mg/100g) 
+ Irradiated (6.5 Gy) 

64.43*@ ± 1.19 
 

79.14*@ ± 0.79  
 

125.43*@ ± 2.91 
 

Rutin (1.064mmol/kg) 
+ Cysteine (30mg/kg)  
+ Irradiated (6.5 Gy) 

58.43@ ±1.76  
 

75.86@ ±1.75  
 

114.53@ ± 3.36 
 

Vitamin E  (50 mg/100g) 
+ Cysteine(30mg/kg)  
+ Irradiated (6.5 Gy) 
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Figure ( 8 ): Effect of rutin, vitamin E and cysteine on serum alkaline phosphatase 
(ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 
activities in normal animals.    
 
Four groups of animals each consisting of 7 normal rats were used. They 
received saline (10 ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine 
(30 mg/kg, i.p., 30 min. before sacrification) and vitamin E (50 mg/100g, i.p./day 
for 1 week) respectively. The 1st gp served as normal. Blood was collected post 
treatment for further investigation. 
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Figure ( 9 ): Effect of rutin or vitamin E alone or combined with cysteine on serum 
alkaline phosphatase (ALP), aspartate amino-transferase (AST) and alanine 
aminotransferase (ALT) activities in whole body γ  irradiated rats. 
 
Six groups of animals each consisting of 7 rats were used. They received saline 
(10 ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine (30 mg/kg, i.p., 
30 min. before irradiation), vitamin E (50 mg/100g, i.p./day for 1 week), 
rutin+cysteine and vitamin E+cysteine as mentioned above then the animals 
were exposed to γ radiation (6.5 Gy). The 1st gp served as irradiated control. 
Blood was collected 3 days following irradiation for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from irradiated group at p ≤ 0.05. 
 
 
 
 
 
 
Effect of rutin or vitamin E alone or combined with cysteine on 
serum alkaline phosphatase (ALP), aspartate amino-transferase 
(AST) and alanine aminotransferase (ALT) activities in 
hyperthermic  irradiated rats. 
 
The results are showed in Tables ( 7 ) and ( 8 ) and illustrated in Figures    ( 10 ), 
( 11 ) and ( 12 ).  
 

Serum ALP activity of normal animals was 105.17 ± 3.08 U/L, while that 
of hyperthermic rats was significantly reduced by  21 % relative to that of 
normal group. On the other hand, that of irradiated and hyperthermic 
irradiated groups were markedly elevated by  66 and  43 %, respectively as 
compared with that of normal group (Table 7 and       Figure 10). 
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Serum AST activity of normal animals was 70.28 ± 0.92 U/L, while that of 
hyperthermic rats was significantly reduced by  55 % relative to normal group. 
On the other hand, that of irradiated and hyperthermic irradiated groups were 
markedly elevated by 58 and 35 %, respectively as compared with that of normal 
group (Table 7 and       Figure 10). 

 
Serum ALT activity of normal animals was 52.28 ± 0.92 U/L, whereas that 

of hyperthermic rats was significantly reduced by 38 % relative to that of 
normal group. On the other hand, that of irradiated and hyperthermic 
irradiated groups were significantly elevated by 83 and     51 %, respectively  
relative to that of  normal group (Table 7 and       Figure 10). 

 
Daily oral administration of rutin (1.064 mmol/kg) for two weeks before 

hyperthermia and irradiation resulted in reduction of serum AST activity by 12 
% relative to hyperthermic irradiated animals. On the other hand, it did not 
affect serum ALP or ALT activities (Table 7 and       Figure 11). 

 
Administration of a single i.p dose of cysteine (30 mg/kg) before 

irradiation resulted in reduction of serum activities of ALP, AST and ALT by 
13, 18 and 17 %, respectively relative to hyperthermic irradiated animals (Table 
7, 8 and Figure 11, 12).  

 
Administration of daily i.p dose of vitamin E (50 mg/100g) for seven days 

before hyperthermia and irradiation resulted in reduction of serum activities of 
ALP, AST and ALT by 18, 21 and 21 %, respectively relative to hyperthermic 
irradiated animals (Table 8 and Figure 12). 

 
Combined therapy of rutin and cysteine before hyperthermia and 

irradiation resulted in reduction of serum activities of ALP, AST and ALT by 
23, 22 and 31 %, respectively relative to hyperthermic irradiated animals (Table 
7 and Figure 11). 

 
Combined therapy of vitamin E and cysteine before hyperthermia and 

irradiation resulted in reduction of serum activities of ALP, AST and ALT by 
25, 22 and 32 %, respectively relative to hyperthermic irradiated animals (Table 
8 and Figure 12). 
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Table ( 7 ): Effect of rutin alone or combined with cysteine on 
serum alkaline phosphatase (ALP), aspartate amino-transferase 
(AST) and alanine aminotransferase (ALT) activities in 
hyperthermic  irradiated rats.   

ALT AST ALP 

Serum 
U/L 

Serum 
U/L 

Serum 
U/L 

                     Parameters 
                                 
      Groups                     

52.28 ± 0.92 70.28 ± 0.92 105.17 ± 3.08 
Normal 
(Saline 10 ml/kg) 

32.43*a ± 2.26 
 

31.86*a ± 1.33  

 
83.43*a ± 3.10  

 

Hyperthermic control 
(1ml/100g yeast) 

95.50*b
 ±2.30 

 
110.71*b ±3.21 

 
174.53*b  ±3.37 

 

Irradiated  (6.5 Gy) 
(Saline 10 ml/kg) 

78.86*ab±1.68  94.86*ab±1.53  150.36*ab±3.55 
Hyperthermic (1ml/100g yeast) 
+Irradiated (6.5 Gy) 

71.57*ab±2.26  83.57*abc±1.79 137.10*ab± 2.77 

Rutin (1.064 mmol/kg, oral/day for 2 
weeks)+ Hyperthermic (1ml/100g 
yeast)+ Irradiated (6.5 Gy) 

65.43*abc±2.32 77.71 abc±1.29  130.87*abc±2.91 

Cysteine (30 mg/kg, i.p., 30 min. 
before irradiation)+ Hyperthermic 
(1ml/100g yeast)+Irradiated (6.5 Gy) 

54.57 abc
 ±1.97 

 
74.43 abc±2.08  

 
116.08 abc±2.29 

 

Rutin  (1.064mmol/kg) 
+ Cysteine (30mg/kg)  
+ Hyperthermic (1ml/100g yeast) 
+ Irradiated (6.5 Gy) 
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Fever was induced by i.m. administration of brewer's yeast (1 ml/100g of 44% 
yeast suspension) in five gps of animals each of 7 rats. Eighteen hours following 
induction of fever, the animal of 4 gps were irradiated (6.5 Gy), while the fifth 
one was unexposed to γ radiation and served as hyperthermic control. The four 
hyperthermic irradiated gps received saline (10 ml/kg), rutin (1.064 mmol/kg, 
oral/day for 2 weeks), cysteine (30 min. before irradiation) and rutin+cysteine as 
mentioned above. Blood was collected for further investigation. 
Each value represents mean ± S.E of the mean. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significant difference from normal group at p ≤ 0.05  
a Significant difference from irradiated group at p ≤ 0.05  
b Significant difference from hyperthermic group at p ≤ 0.05  
c Significant difference from hyperthermic + irradiated group at p ≤ 0.05  
Table ( 8 ): Effect of vitamin E alone or combined with cysteine 
on serum alkaline phosphatase (ALP), aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
activities in hyperthermic  irradiated rats.   
 

Fever was induced by i.m. administration of brewer's yeast (1 ml/100g of 44% 
yeast suspension) in five gps of animals each of 7 rats. Eighteen hours following 
induction of fever, the animal of 4 gps were irradiated (6.5 Gy), while the fifth 
one was unexposed to γ radiation and served as hyperthermic control. The four 

ALT AST ALP 

Serum 
U/L 

Serum 
U/L 

Serum 
U/L 

                     Parameters 
                                 
      Groups                     

52.28 ± 0.92 70.28 ± 0.92 105.17 ± 3.08 Normal 
(Saline 10 ml/kg) 

32.43*a ± 2.26  
 

31.86*a ± 1.33  

 
83.43*a ± 3.10  

 

Hyperthermic control 
(1ml/100g yeast) 

95.50*b
  ±2.30 
 

110.71*b ±3.21 
 

174.53*b  ±3.37 
 

Irradiated  (6.5 Gy) 
(Saline 10 ml/kg) 

78.86*ab±1.68  94.86*ab±1.53  150.36*ab±3.55 
Hyperthermic (1ml/100g yeast) 
+Irradiated (6.5 Gy) 

62.57*abc ±2.29 75.28abc±2.07 123.86*abc ± 3.08
Vitamin E  (50 mg/100g, i.p./day for 1 
week)+ Hyperthermic ((1ml/100g 
yeast)+ Irradiated (6.5 Gy) 

65.43*abc±2.32 77.71 abc±1.29  130.87*abc±2.91  
Cysteine (30 mg/kg, i.p., 30 min. 
before irradiation)+  Hyperthermic 
(1ml/100g yeast)+Irradiated (6.5 Gy)  

53.57 abc
 ±2.42 

 
73.57 abc±1.96  

 
112.18 abc±3.11  

 

Vitamin E  (50 mg/100g) 
+ Cysteine (30mg/kg)  
+ Hyperthermic (1ml/100g yeast) 
+ Irradiated (6.5 Gy) 
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hyperthermic irradiated gps received saline (10 ml/kg), vitamin E (50 mg/100g, 
i.p./day for 1 week), cysteine (30 min. before irradiation) and vitamin E+cysteine 
as mentioned above. Blood was collected for further investigation. 
Each value represents mean ± S.E of the mean. 
Statistics carried out by one-way ANOVA followed by Tukey-Kramer multiple 
comparisons test. 
* Significant difference from normal group at p ≤ 0.05  
a Significant difference from irradiated group at p ≤ 0.05  
b Significant difference from hyperthermic group at p ≤ 0.05 
c Significant difference from hyperthermic + irradiated group at p ≤ 0.05  
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Figure ( 10 ): Activity of serum alkaline phosphatase (ALP), aspartate 
aminotransferase (AST) as well as alanine amino-transferase (ALT) in normal, 
hyperthermic, irradiated and hyperthermic irradiated rats. 
 
Four groups of animals each consisting of 7 rats were used, the 1st received saline 
(10 ml/kg) and served as normal gp, while the other received saline and was 
exposed to gamma radiation (6.5 Gy). Fever was induced by administration of 
brewer's yeast (1ml/100g yeast) in two groups, only one of them was exposed to γ 
radiation. Blood was collected for further investigation.  
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from normal group at p ≤ 0.05. 
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Figure ( 11 ): Effect of rutin alone or combined with cysteine on serum alkaline 
phosphatase (ALP), aspartate aminotransferase (AST) as well as alanine 
aminotransferase (ALT) activities in hyperthermic irradiated rats. 
 
Fever was induced in four groups of animals each consisting of 7 rats by 
administration of brewer's yeast (1ml/100g yeast). They received saline (10 
ml/kg), rutin (1.064 mmol/kg, oral/day for 2 weeks), cysteine (30 mg/kg, i.p., 30 
min. before irradiation) and rutin+cysteine as mentioned above. Eighteen hours 
following induction of fever, the animals were exposed to gamma radiation (6.5 
Gy). The 1st gp served as hyperthermic irradiated control. Blood was collected 3 
days following irradiation for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from hyperthermic irradiated group at p ≤ 0.05. 
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Figure ( 12 ): Effect of vitamin E alone or combined with cysteine on serum alkaline 
phosphatase (ALP), aspartate aminotransferase (AST) as well as alanine 
aminotransferase (ALT) activities in hyperthermic irradiated rats. 
 
Fever was induced in four groups of animals each consisting of 7 rats by 
administration of brewer's yeast (1ml/100g yeast). They received saline (10 
ml/kg), vitamin E (50 mg/100g, i.p./day for 1 week), cysteine (30 mg/kg, i.p., 30 
min. before irradiation) and vitamin E+cysteine as mentioned above. Eighteen 
hours following induction of fever, the animals were exposed to gamma radiation 
(6.5 Gy). The 1st gp served as hyperthermic irradiated control. Blood was 
collected 3 days following irradiation for further investigation. 
Statistical analysis was carried out by one-way ANOVA followed by Tukey-
Kramer multiple comparisons test. 
* Significantly different from hyperthermic irradiated group at p ≤ 0.05. 
 
 
 
 
Effect of exposure to radiation on body temperature in normal 
and feverish rats. 
 
The results are showed in Table ( 9 ). 
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Body temperature of normal animals at zero time was              37.37 ± 0.05 
ºC. 

   
Induction of fever by i.m injection of brewer’s yeast (1 ml/100g of 44% 

yeast suspension) caused significant elevation of body temperature after 18 hours 
of yeast injection to be 39.10±0.20 ºC relative to normal group. 

 
On the other hand, rectal temperature of irradiated animals did not show 

any change as compared to normal rats. 
 
Hyperthermic irradiated rats showed elevation of body temperature after 

18 hours of yeast injection to be 38.84 ±0.10 ºC . The value was still different than 
that of the normal gp but did not alter relative to the value of the hyperthermic 
gp.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table ( 9 ): Effect of exposure to radiation on body temperature 
in normal and feverish rats. 
 
 

Body temperature (ºC) 
Post-irradiation 

 
                    Time 

    Groups           Zero time 
(18 hr Post-yeast) 

3 days 

Normal 
(saline 1ml/100g) 
 

37.54 ±  0.03 37.41 ±  0.07 

Hyperthermic 39.10 *±  0.20 37.35 ±  0.08 
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(1ml/100g yeast) 
 

 

Irradiated 
(6.5 Gy) 
 

37.13 @± 0.04 37.06 ± 0.05 

Hyperthermic 
(1ml/100g yeast) 
+Irradiated (6.5 Gy) 
 

38.84  *±  0.10 37.37 ±  0.07 

 
Statistical analysis was carried out by two-way ANOVA followed by Duncan’s 
multiple range test. 
* Significantly different from the normal group at the respective time interval at 
p ≤ 0.05. 
@ Significantly different from the hyperthermic group at the respective time at p 
≤ 0.05. 
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Effect of rutin alone, vitamin E alone or combined  with 
cysteine on body temperature in hyperthermic irradiated rats. 
 
The results are showed in Table ( 10 ). 
 

Body temperature of normal animals was 37.31 ± 0.05 ºC. 
 
Daily oral administration of rutin (1.064 mmol/kg) for two weeks alone or 

combined with  a single dose of cysteine (30 mg/kg, i.p.) 30 min. before 
irradiation showed significant reduction in brewer's yeast– induced 
hyperthermia in rats to be 37.30 ± 0.04 and 37.41 ± 0.05, respectively. 
 

On the other hand, administration of a single dose of cysteine     (30 
mg/kg, i.p.) 30 min. before exposure to γ radiation to hyperthermic rats did not 
affect the body temperature measured 3 days following irradiation. 

 
Administration of i.p dose of vitamin E (50 mg/100g) daily for seven days 

before induction of fever, a single dose of cysteine (30 mg/kg, i.p.) 30 min. before 
irradiation or their combined administration  did not show any significant 
protective effect against yeast– induced elevation in body temperature after 18 
hours from yeast injection.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table ( 10 ): Effect of rutin or vitamin E alone or combined with 
cysteine on body temperature in hyperthermic irradiated rats. 

Body temperature (ºC) 
Post-irradiation                                               Time 

           Groups                                 Zero time 
(18 hr Post-yeast) 3 days 

Hyperthermic irradiated 
(1ml/100g yeast + 6.5 Gy) 38.84  ±  0.10 37.37 ±  0.07 

Rutin  (1.064 mmol/kg, oral/day for 2 weeks) 
+Hyperthermic  (1ml/100g yeast)  
+Irradiated  (6.5 Gy) 

37.30 *± 0.04 37.18 ± 0.05 
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Fever was induced in six groups each consisting of 7 rats. The 1 st   group was 
exposed to γ radiation 18 hr following induction of fever and served as 
hyperthermic irradiated gp. The 2 nd gp was treated daily for two weeks by rutin 
(1.064 mmol/kg) before induction of fever then exposed to γ radiation (6.5 Gy), 
while, 3 rd feverish gp received cysteine (30 mg/kg) 30 min. before irradiation. 4 th  
group was treated daily for one week by vitamin E (50 mg/100g) before induction 
of fever then exposed to γ radiation (6.5 Gy). The other two gps received 
rutin+cysteine and vitamin E+cysteine as mentioned before.   
Statistical analysis was carried out by two-way ANOVA followed by Duncan’s 
multiple range test. 
* Significantly different from the hyperthermic irradiated group at the 
respective time at p ≤ 0.05. 
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Cysteine (30 mg/kg, i.p., 30 min. before 
irradiation) +Hyperthermic (1ml/100g yeast) 
+Irradiated (6.5 Gy) 

38.91± 0.04   37.33 ± 0.07 

Vitamin E  (50 mg/100g, i.p./day for 1 week) 
+Hyperthermic  (1ml/100g yeast)  
+Irradiated  (6.5 Gy) 

38.88  ± 0.04  37.27 ± 0.05 

Rutin  (1.064mmol/kg) 
+Cysteine  (30mg/kg) 
 +Hyperthermic  (1ml/100g yeast) 
+Irradiated  (6.5 Gy) 

37.41 *± 0.05 37.20 ± 0.05 

Vitamin E  (50 mg/100g) 
+Cysteine  (30mg/kg)  
+Hyperthermic  (1ml/100g yeast) 
+Irradiated  (6.5 Gy) 

38.88 ± 0.07 37.37 ± 0.05 
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Lipid peroxides of normal rats in the present study were measured 
as malondialdehyde (MDA). Their normal values were in agreement with 

that of the study carried out by  Mete et al. (1999). 
 

The pilot experiment carried out in the current study in order to 
select the suitable time for evaluating the effect of radiation exposure 
showed that the plasma level of MDA was increased 1st, 3 rd, and 7 th day 
following exposure, while, the increase of liver MDA content was only 

significant  3 rd, and 7 th day following exposure.        
 

The increased plasma level and liver MDA content due to exposure 
to gamma radiation is in agreement with those of previous studies (Saada 
and Azab, 2001; Azab et al., 2004) that revealed that exposure to ionizing 
radiation induced lipid peroxidation. Similar results were produced in rat 
liver microsomes (Varshney and Kale, 1990), rat spleen lymphocytes 
(Kucherenko et al., 1991) and plasma of inflamed rats (El- Ghazaly and 

Khayyal, 1995). 
 

The present results are also in accordance with the results of 
Ramadan and El-Ghazaly (1997), who found that whole body gamma 
irradiation (6.5 Gy) induced significant increase in MDA concentration of 
plasma and liver homogenate of rats 1st, 2 nd, 7 th and 14 th day post-
irradiation. Whole body exposure of rats to lower dose of γ-radiation at    
     3.5 Gy (Sridharan and Shyamaladevi, 2002) as well as at 4.5 Gy 
(Abbady et al., 1999) also caused increases in lipid peroxidation.   
Another study of Hassan et al. (1996)  demonstrated that MDA contents 
in liver, spleen, intestine, kidney, lung and brain of irradiated rats with 
sublethal dose of 4 Gy were markedly increased as compared to normal 

values 3 days post exposure.  
 

Furthermore, in the study of Osman (2003), exposure of female 
rats to whole body gamma radiation (single dose, 6.5 Gy) created 
seriously an oxidative stress in the biological systems. The effect was 
early detected, one day post exposure and was continued till the 14 th day 
after irradiation. In addition, 24 hr. post irradiation of rats with 6.5 Gy 

resulted in increase of blood and liver MDA (El-Shamy et al., 2001).   
 

In addition, the present results are in agreement with previously 
published reports by Hasegawa et al. (1992); Osman (1996) and  Saada 
et al. (1999), who found an increase in  lipid peroxides together with a 

decrease in the antioxidant systems after whole body irradiation of rats. 
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Furthermore, exposure of mice to lethal radiation dosage of 18 Gy 
induced a significant increase in MDA levels in the lung 4 days following 

exposure (Neal et al., 2003). 
 

The deleterious damage due to radiation exposure was manifested 
as significant acceleration in the oxidation of lipids in plasma as well as 
their content in liver homogenate. It was argued that the oxidant/ 
antioxidant imbalance due to oxidative stress is the main cause of the 

excessive formation of peroxides (Chen et al., 1997;  Osman, 2003).  
 

More evidence was provided by Romero et al. (1998), who 
reported that after radiation exposure, the predominant free radicals 
showed imbalance with the antioxidant system which became inactivated. 
Peroxidation of lipids is a common consequence of tissue damage           
by free radicals and the presence of the reaction product malondi-     
aldehyde (MDA) is an indication that such process has taken place 

(Furuno et al., 1998). 
 

It has been shown that, the effect of gamma rays on water     
present in biological cells has potentially very damaging biological 
consequences. One of the reaction products, the hydroxyl radical (OH•), 
is one of the most potent oxidants known (Holahan, 1987). The most 
characterized biological damage caused by OH• is its ability to stimulate 
the free radical chain reaction known as lipid peroxidation. This occurs 
when the OH• is generated close to membranes, and attacks the fatty acid 

side chains of the membrane phospholipids (Halliwell, 1989). 
 

The acceleration in lipid peroxidation was shown to be attributed to 
peroxidation of the membrane unsaturated fatty acids due to free radicals 

propagation (Zheng et al., 1996).  
 

The extensive lipid peroxidation results in membrane dis-
organization by peroxidizing the highly unsaturated fatty acids, which in 
turn alters the ratio of polyunsaturated to other fatty acids leading to a 
decrease in the membrane fluidity, which may be sufficient to cause cell 

death (Rotruck, et al. 1979). 
 

The complex mechanism of lipid peroxidation, including the 
formation of  MDA, is known to require the participation of highly 
reactive superoxide ( O2

• ) and singlet oxygen in the chain of biochemical 
reactions. Lipid peroxidation occurs in any part of the body where these 

free radicals are present (Yoshioka et al., 1979). 
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In the current study, whole body γ-irradiation (6.5 Gy) induced 
significant decrease in GSH level in blood and liver homogenate of rats 
1st, 3 rd and 7 th day post-irradiation. The present results were in agreement 
with those of Abu-Ghadeer et al. (1999); Yamaoka et al. (2000); Neal   

et al. (2003) as well as Baliga et al. (2004). 
 

 Exposure of rats to a fractionated dose of γ radiation up to             
9 Gy also induced decrease in GSH content  in blood, liver, spleen       
and intestine 3 th,  7 th and 15 th day post–radiation exposure (Abu-

Ghadeer et al., 1999). 
 

The present findings concerning glutathione are in accordance with 
those of Neal et al. (2003), who recorded a significant depletion in the 
GSH content with an increase in GSSG in the lung of mice 4 days 

following exposure to lethal radiation dosage of 18 Gy. 
 

Moreover, the exposure of mice to different doses of gamma 
radiation caused a significant dose–dependent decline in GSH 

concentration in the liver of irradiated animals (Baliga et al., 2004)    
 

Gamma irradiation was shown to generate free radicals as a 
secondary event following the ionization of biological molecules (Kiefer, 
1990). In this respect, the fixed relation was proved between oxidative 
stress and decrease in GSH level (Alhar and Iqbal, 1998; Osman, 2003). 
This leads to the suggestion that the reduction in GSH content might be 

attributed to its consumption by free radicals. 
 

On the contrary, experiment carried out by Sridharan and 
Shyamaladevi (2002) showed that, whole body exposure of rats to γ rays 
(3.5 Gy) caused increases in reduced glutathione (GSH) and total 
sulphydryl groups (TSH), probably to counteract the damages produced 

by the lipid peroxides. 
 

In the current study, plasma SOD activity of normal as well as 
whole body γ irradiated animals were  measured. Results showed a 
significant reduction in blood SOD activity 1st, 3 rd, and 7 th day following 
radiation exposure which was in conformity with the findings of El-
Shamy et al. (2001), who found decrease in blood and liver SOD at 24 

and 72 hr post irradiation with a dose of 6.5 Gy. 
 

The present decrease in blood superoxide dismutase after whole 
body gamma irradiation was in agreement with the results of the studies 
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carried out by Hasegawa et al. (1992); Nommura and Yamaoka  (1999); 
Yamaoka et al. (2000) as well as  El-shamy et al. (2001).   

 
It is more likely that the decrease in SOD enzyme activity could be 
 attributed to its inactivation by the increase in reactive oxygen species or 

lipid peroxides (Hasegawa et al., 1992).  
 

There is support for this concept in recent studies by Raja  et  al. 
(2007), who reported that during hepatic injury, superoxide radicals 
generate at the site of damage and modulate SOD, resulting in the loss of 

activity and accumulation of superoxide radical, which damages liver. 
 

However, Ramadan and El-Ghazaly (1997) reported that no 
change was observed in plasma SOD activity 1st and 2 nd day after 
irradiation (6.5 Gy), while the activity of SOD decreased significantly at 

the 7 th and 14 th day post-irradiation.  
 

On the contrary, the results of Shaheen and Hassan (1991) 
showed a significant increase in SOD activity following exposure to 

radiation. 
 

In the current experiment, the activity of serum alkaline 
phosphatase (ALP), aspartate aminotransferase (AST) as well as alanine 
aminotransferase (ALT) of normal were measured and the results of AST 
and ALT were in harmony with those of Donder et al. (1998). It seems 
that determination of the activity of hepatic enzymes released into the 
blood has become one of the most useful tools in the study of 

hepatotoxicity (Zimmerman, 1976). 
 

The serum transaminase level is most widely used as a measure of 
hepatic injury, due to its ease of measurement and high degree of 
sensitivity. It is useful for the detection of early damage of hepatic tissue 
and requires less effort than that required for a histologic analysis, 

moreover without sacrifice of the animals (Ray et al., 2006). 
 

It seems that serumASTand ALT are the most sensitive markers 
employed in the diagnosis of hepatic damage due to their location in the 
cytoplasm and hence released into the circulation after cellular damage 

(Pradeep et al., 2007). 
 

Data of the present investigation showed that whole body               
γ irradiation  (6.5 Gy) induced significant elevation in activities of serum 
ALP, AST as well as ALT. The increase in the enzymes activities was 
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only 3 rd and 7 th day following exposure to γ rays compared to normal 
values. This was in agreement with previously reported observations 
(Manciulea et al., 1978; El-Naggar et al., 1980; Todorov and 
Damianov, 1985; Mahdy and El-Kashef, 1988; Khamis et al., 1989; 

Kafafy, 2000; Ramadan et al., 2002). 
 

Since the increase in serum liver enzymes was prominant only       
3 rd and 7 th day following exposure, this leads to the suggestion that       
the period, 1 day following exposure might not be enough to       
influence MDA content in liver homogenate and serum ALP, AST         

as well as ALT activities. 
 

Concerning alkaline phosphatase activity, it seems that there is a 
strong correlation between the liver enzyme activity and that of the 
serum, i.e. the changes occurred in the serum were related to changes 

occurred in the liver (Roushdy et al., 1984).  
 

Elevated serum activity of ALP appears to reflect cholestatic injury 
(Plaa and Hewitt, 1982; Stacey et al., 1993; Martin and Friedman, 
1998). The increase in its activity due to irradiation could be       
attributed to liver disturbances particularly to cell membrane permeability 
and release of this enzyme from the tissues to the blood stream   

(Roushdy et al., 1984). 
 

Other enzymes that when elevated indicate parenchymal injury are 
aspartate aminotransferase and alanine aminotransferase (Balazs et al., 

1962; Stacey et al., 1993). 
 

It is more likely that the rise in the AST is usually accompanied by 
an elevation in the activity of ALT, which plays a vital role in the 

conversion of amino acids to keto acids (Raghavendran et al., 2004). 
 

The observation by Mahdy and El-Kashef (1988) showed that 
whole body gamma irradiation of albino rats at the dose of 7 Gy seriously 
increased the activity level of both serum AST and ALT on the 3 rd  up to 

the 10 th  days post irradiation.  
 

In addition, some investigators have reported that the increase       
in serum transaminases after radiation exposure was concordant          
with the radiation dose received and could be attributed to cellular 
destruction in several extrahepatic tissues (Manciulea et al., 1978; El-

Naggar et al., 1980). 
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Moreover, Ramadan et al. (2002) demonstrated that a single dose 
of whole body γ irradiation in rats (3 or 6 Gy) showed a significant 
increase in the activity level of serum AST, 72 hour and one week post-

irradiation. 
 

In other studies, rats treated with single dose of γ radiation 
developed a significant hepatic damage and oxidative stress, which was 
observed from a substantial increase in the activities of serum AST and 
ALT. This is indicative of cellular leakage and loss of functional integrity 

(of cell membrane in liver 1978, Drotman and Lawhorn ;, Mukherjee
2002; 2003, Mukherjee. ) 

 
A mechanism that could be involved in elevated AST and ALT 
activities is the drastic physiological effects directly caused by irradiation 
interaction with cellular membranes, mitochondria or through action of 
free radicals. Hence, it may be related to extensive breakdown of liver 
parenchyma and renal tubules with subsequent enzyme release leading to 
their increase in blood (Roushdy et al., 1984; Khamis and Roushdy, 
1991). It may also be related to hypoxia of parenchymal cells and 

increased permeability of cell membranes (Kafafy, 2000).  
 

Furthermore, Sridharan and Shyamaladevi (2002) stated that the 
excessive production of free radicals and lipid peroxides might have 
caused the leakage of cytosolic enzymes such as aminotransferases    

AST and ALT. 
 

On the other hand, in vivo experiments with different animal 
models (rat and rabbit) showed an early radiation–induced increase          
in AST activity in serum, liver, intestine, kidney and heart. The     
greatest increase has been observed on the first day after exposure 

(Claraz et al., 1999). 
 

Oxidative stress is a common mechanism contributing to initiation 
and progression of hepatic damage in a variety of liver disorders. 
Increasing evidence indicates the role of oxidative stress in liver injury, 
cirrhosis development and carcinogenesis (Stal and Olsson, 2000). 
Hence, there is a great demand for the development of agents with potent 

antioxidant effect (Pradeep et al., 2007). 
 

Results of the present investigation showed that administration of 
rutin, vitamine E and cysteine did not alter plasma level or liver 
malondialdehyde (MDA) content in normal animals. Similar results were 
obtained concerning glutathione. However, administration of rutin and 
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vitamin E resulted in significant increase only in plasma superoxide 
dismutase (SOD) activity compared to those of normal animals.  

 
In the current experiments, administration of rutin before radiation 
exposure ameliorated, to a great extent the damaging effects of radiation 
on lipid peroxidation in plasma and liver homogenate of rats. This was in 

agreement with the results of Park et al. (2002) and Osman, (2003). 
 

This suggested a possible radioprotective effect of rutin against 
radiation–induced lipid peroxidation indicating its beneficial role in 
scavenging free radicals and reactive oxygen species as a promising 
antioxidant (Grinberg et al., 1994; Saija et al., 1995; Haenen et al., 
1997). These results revealed the useulness of flavonoids and poly-

phenolics as natural occurring antioxidants. 
 

There is a support for this concept in other studies carried out by 
La casa et al. (2000), who have established the use of rutin against     

lipid peroxidation. 
 

More evidences were provided by Yoshino and Murakami (1998), 
who revealed that flavonoids and polyphenolics effectively inhibited the 
formation of thiobarbituric acid reactive substances as a marker of lipid 
peroxidation. They investigated the scavenging activity of flavonoids by 

their inhibiting effect on oxygen radical formation. 
 

In addition, the anti-lipoperoxidative effect of querectin, the 
aglycone of rutin, has been also reported (Cesquini et al., 2003; Lopez-

Revuelta et al., 2006). 
 

It was postulated that flavonoids can effectively protect cells      
and tissues against the deleterious effects of reactive oxygen species 
(Metodiewa et al., 1997). The antioxidant activity of flavonoids could   
be attributed to the scavenging of free radicals and other oxidizing 
intermediates (Russo et al., 2000), hydrogen donors (Korkina and 
Afanas'ev, 1997), chelation of iron or copper ions (Morel et al., 1994; 
Sugihara et al., 1999), inhibition of oxidases, scavenging of lipid and 
protein-derived radicals as well as hypochlorous acid (HOCL) which is 

effectively trapped by flavonoids (Groot and Rauen, 1998). 
 

In addition, another mechanism that could be involved in 
antioxidant activity of rutin was correlated to its structure. In fact, rutin 
showed  a scavenger efficiency. This effect may be attributable to the     
o-dihydroxy (catechol)  structure of  ring B (Cotelle et al., 1996); the 2, 3 
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double bond in conjugation with a 4-oxo function; and the presence of 
both 5- and 7-hydroxyl groups (Saija et al., 1995).  

 
It has been established that the antioxidant properties of flavonoids 
are favoured by a high degree of OH substitution (Torel et al., 1986; 

Groot and Rauen, 1998).  
 

The study of Afanas'ev and coworkers (1989) added that rutin  can 
inhibit iron ion-dependent lipid peroxidation by chelating iron ions. Rutin 
has been shown to protect against tert-butyl hydroperoxide–induced 
oxidative damage to DNA by acting as a metal ion chelator (Aherne and 

O'Brien, 2000). 
 

It seems that, the overall potential of the antioxidant system       
was significantly enhanced by the rutin supplement as the plasma and 
hepatic TBARS levels were lowered while the hepatic SOD and GPx 
activities were increased in the high-cholesterol fed rats. Furthermore,     
it was  suggested that the supplementation of rutin decreased absorption 
of dietary cholesterol as well as lowered plasma and hepatic cholesterol 

(Park et al., 2002).  
 

Furthermore, the effects of rutin and α-tocopherol on peroxidative 
processes were studied by Nègre-Salvayre et al. (1991) and showed that 

rutin was the most potent radical scavenger, followed by α- tocopherol. 
 

On the other hand, the present results of rutin regarding lipid 
peroxidation are in contrary with those of studies carried out by Schmitt 

et al. (1995) as well as  Liu and Zheng (2002). 
 

The observation by  Schmitt et al. (1995) showed that, rutin did not 
block lipid peroxidation induced by oxidized low density lipoproteins in 
cultured endothelial cells, while, the finding of Liu and Zheng (2002) 
revealed that, rutin failed to provide any protection against hydrogen 
peroxide-induced DNA damage  in human peripheral blood lymphocytes.  

 
Data of the present study revealed that, oral administration of   
rutin tended to normalize the depletion of both blood and liver 
glutathione (GSH) content induced by radiation exposure. Results are in 
line with previous studies (Schmitt et al., 1995; Rohman and Mac, 2000; 

  Osman, 2003; Raja et al., 2007).  
 

Effective concentrations of rutin inhibited glutathione depletion as 
well as cytotoxicity induced by oxidized LDL in cultured endothelial 
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cells, but did not block cellular lipid peroxidation (Schmitt et al., 1995). 
This suggests that the glutathione depletion is directly correlated to the 
cytotoxicity of oxidized LDL, whereas cellular lipid peroxidation is 
probably not directly the cause of cellular damage leading to cell death 
and the depletion of glutathione may be more directly involved in cell 
death, in agreement with the general scheme of the oxidative stress in cell 

injury (Boobis et al., 1989). 
 

The antioxidant scavenging activity of rutin is clearly pronounced 
in the amelioration of GSH level. It was proved that γ glutamylcysteine 
synthetase, the rate limiting enzyme in GSH synthesis, is regulated by 

phenolic antioxidants (Rohman and Mac, 2000).  
 

In addition, these results were also in accordance with the finding 
of Raja et al. (2007), who reported that the reduced levels of GSH in 
CCl4–treated rats were significantly increased by treatment with a plant 

extract (Cytisus scoparius) that contains rutin. 
 

In contrast, La Casa and his coworkers (2000) showed that rutin 
failed to ameliorate the diminution of gastric mucosal GSH content 

caused by ethanol administration. 
 

Rutin in the current experiment provided protection against 
radiation–induced reduction in superoxide dismutase activity (SOD). 
Data is in accordance with the studies of Russo et al. (2000) and 

Kahraman et al. (2003). 
 

Moreover, the study of Russo et al. (2000) to investigate the 
superoxide anion scavenging capacity of rutin, revealed that rutin 
inhibited the superoxide anion radicals formation in a dose–dependent 
manner by inhibiting xanthine oxidase enzyme activity involved in     

their formation.  
 

Similar results showed that quercetin, the aglycone of rutin,  
increased SOD in rats exposed to ethanol-induced gastric ulcer 

(Kahraman et al., 2003). 
 

The increase in SOD activity in this study might be due to rutin 
itself or to quercetin which is released after hydrolysis of rutin by 
bacterial enzymes in the large intestine (Crespo et al., 1999). This 
increase could be attributed to the antioxidant potential of rutin or its 

aglycone quercetin.  
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It is of interest that in the current work, rutin supplementation  did 
not induce any adverse changes in indices of liver function as compared 
to that in normal animals. This was in line with the study carried out by 

Sahelian (2000). 
 

Regarding the effects of rutin administered prophylactically for  
two weeks, protected against irradiarion–induced liver dysfunction, as 
evidenced by prevention of elevation in serum ALP, AST and ALT  
activities. Results are in accordance with previous reports (Rage et al., 

1984; Rajnarayana et al., 2001; Ray et al., 2006; Raja et al., 2007).  
 

Furthermore, the study of Ray et al. (2006) suggested that, the 
hepatoprotective activity of Acacia catechu that contains quercetin 
against CCl 4–induced hepatotoxicity could be attributed to the presence 
of bioflavonoids which have hepatoprotective and antioxidant properties 

(Rage et al., 1984; Rajnarayana et al., 2001). 
 

It seems that sufficient antioxidant protection is important for the 
prevention of liver damage but treatment with natural antioxidants may 

be more advantageous to the liver protection (Kucharska et al., 2004). 
 

Cytisus scoparius extract which contains rutin has significant effect 
in liver injuries as well as oxidative stress, resulting in reduced lipid 
peroxidation and improved serum biochemical parameters such as serum 
AST and ALT. The reduced levels of parameters of SOD and GSH in 
CCl4–treated rats were significantly increased by treatment with the   

plant extract (Raja et al., 2007). 
 

Cysteine, a synthetic radioprotector used in the present study, did 
not alter the blood or liver malondialdehyde (MDA) as compared with the 
value of normal animals. Results are in line with previous studies done by 

El-Shamy et al. (2001); Neal et al. (2003) as well as Azab et al. (2004). 
 

In the study of Neal et al. (2003), the intraperitoneal administration 
of N-acetylcysteine (NAC) to normal rats did not produce changes in 

liver, lung or spleen MDA activities. 
 

Furthermore, pretreatment with cysteine before exposure to 
radiation in the current work, decreased the elevation in both blood and 
liver MDA triggered by irradiation, but the level did not reach that of 
normal values. The present findings are in agreement with the results of  

El-Shamy et al. (2001) as well as Azab et al. (2004). 
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Several mechanisms have been proposed to explain the 
radioprotective effects of sulfhydryl compounds including free radical 
scavenging, hydrogen atom donation by –SH groups and –COOH groups 
(Upadhyay and Kumar, 2004), repair of free radicals in target molecules, 
induction of hypoxia, target stabilization by binding to DNA, mixed 
disulfide formation and general enhanced protection from oxidative stress 
(Muray, 1998; Agrawal and Kale, 2001). Among these possibilities, the 
first three deserve the most serious consideration (Hassan and                

El-Kady, 2002). 
 

Cysteine was found to be protective against radiation illness, 
excellent free radicals scavenger, peroxide decomposer, catalyst of 
sulfhydryl disulfide exchange and can possibly implement repair of 
damaged sites (Kafafy, 2000). It was found to be effective in ameliorating 

various side effects of radiotherapy (Monig et al., 1990). 
 

Consequently, NAC is effective in protecting from the damages 
caused by gamma radiation and its prospects as an adjuvant to 
radiotherapy should be considered (Sridharan and Shyamaladevi, 2002). 

 
Again, administration of NAC did not change GSH level in blood 
and liver homogenate when administered to normal animals. This was in 

agreement with the results of Neal et al. (2003). 
 

Results of the present experiment revealed that pretreatment with 
cysteine minimized the reduction in both blood and liver glutathione 
induced by irradiation, but the level was less than the normal values. 
These findings are in conformity with the study of Holdiness (1991); 
Meyer et al. (1994); El-Shamy et al. (2001) as well as  Neal et al. (2003). 

  
 

More evidences were provided by Neal et al. (2003)  who recorded 
that N-acetyl cysteine protected the blood cells from glutathione (GSH) 

depletion following radiation exposure. 
 

However, Holdiness (1991) gives evidence showing that        
plasma GSH level increases immediately following intravenous    

injections of NAC.  
 

Irradiation dramatically decreased the GSH levels and increased 
the GSSG and MDA levels. Interestingly, Meyer et al. (1994) have 
shown that, in state of oxidative stress, lung glutathione levels can be 
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augmented by NAC administration. The study of Neal et al. (2003)  
supports this observation. 

No change in blood superoxide dismutase activity was shown in 
this study between normal group and that treated with cysteine.  

 
Pretreatment with cysteine before exposure to radiation decreased 
the reduction in blood SOD, but the level did not reach that of the   
normal values. The current results are in agreement with a report by      

El-Shamy et al. (2001). 
 

Cysteine supplementation in the current work did not induce any 
adverse changes in indices of liver function expressed by serum ALP, 

AST as well as ALT activities.  
 

Results of the present experiment revealed that pretreatment with 
cysteine afforded protection against elevation in serum ALP, AST as well 
as ALT activities induced by irradiation, but the level was higher than 

that of the normal values. 
 

It is important to notify that, in the current study there was no 
significant difference in MDA concentration in plasma as well as in liver 
homogenate between the normal group and the non-irradiated vitamin E 
treated group. These results are in agreement with the study done by 

Ramadan and El-Ghazaly (1997). 
 

The potential role of vitamin E to prevent radiation–induced 
damage has been investigated in the present study. Results demonstrated 
that administration of α-tocopherol as pretreatment led to a highly 
significant diminution of MDA levels, as has been reported by several 
studies (Konings and Drijver, 1979; Carpenter, 1991; Schmitt et al., 

1995;  Ramadan and El-Ghazaly, 1997; Kotzampassi et al., 2003). 
 

Administration of α-tocopherol into rats before being subjected     
to radiation seems to exert a beneficial prophylactic effect, since              
it decreased lipid peroxidation. Therefore, the administration of                 
α-tocopherol before the irradiation of rats could offer a considerable 
protection against radiation–induced liver injury (Kotzampassi                 

et al., 2003). 
 

It has been observed by Ramadan and El-Ghazaly (1997) that 
administration of vitamin E before exposure to radiation caused a 
reduction of MDA concentrations in liver and spleen homogenates as 
well as in plasma of irradiated rats 1st, 2 nd, 7 th and 14 th day post-
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irradiation. This protective effect of vitamin E could be attributed to its 
role in terminating the peroxidative reactions of unsaturated fatty acids, 
because of its antioxidant capacity and lipophilic character (Tappel, 

1972; Fukuzawa et al., 1977; Halliwell, 1989). 
 

Vitamin E has a strong physical interaction with polyunsaturated 
fatty acids in the cell membrane (Lucy, 1972). It can effectively protect 
the cell membranes through its protection of polyunsaturated fatty acids 

against radiation induced peroxidation (Konings and Drijver, 1979). 
 

More evidences were provided by Schmitt et al. (1995)  who 
showed that effective concentrations of α-tocopherol inhibited cellular 
lipid peroxidation induced by oxidized LDL in cultured endothelial cells.  

 
The principal role of α-tocopherol as an antioxidant is to scavenge 
the lipid peroxyl radical before it is able to attack the target lipid substrate 

(Wang and Quinn, 1999). 
 

In addition, vitamin E is the most effective and is by far the most 
important lipid–soluble chain breaking antioxidant in vivo in humans. 
Thus the content of vitamin E in circulating low density lipoprotein helps 
to determine their resistance to lipid peroxidation and thus may affect the 
development of tissue damage (Halliwell, 1988; Esterbauer et al., 1989). 

 
One of the ways in which α-tocopherol is believed to stabilize 
membranes is to form complexes with membrane lipid components that 
have a tendency to destabilize the bilayer structure thereby countering 
their effects and rendering the membrane more stable (Wang and   

Quinn, 1999).  
 

In addition, spectrometric paramagnetic resonance spectroscopy 
studies have demonstrated the formation of complexes between              
α-tocopherol and free fatty acids in phospholipids bilayer membranes. 
Apparently, α-tocopherol maintains the balance between the hydrophilic 
and hydrophobic clusters inside the cell membrane and suppresses the 
effect of hydrolyzed products that affect membrane stability (Wang and 

Quinn, 1999). 
 

The mode of interaction of unsaturated fatty acids with                  
α-tocopherol has been investigated by Urano et al. (1993) using 
flurorescence and NMR methods. They showed that the three methyl 
groups attached to the aromatic ring rather than the isoprenoid side chain 

have the strongest affinity for unsaturated lipids. 
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Pretreatment of rats with α-tocopherol before exposure to               
γ radiation in the current study, inhibited glutathione depletion induced 
by radiation. Results are in accordance with the findings of  previous 
studies (Koning and Oasteroloo, 1980; Zeji et al., 1994; Schmitt et al., 

1995; Kotzampassi et al., 2003). 

The inhibition of glutathione depletion by α-tocopherol is 
consistent with block of the cellular oxidative process triggered by 

oxidized LDL (Schmitt et al., 1995). 

Results from animal studies indicated that antioxidant nutrients, 
such as vitamin E and selenium compounds, are protective against 
lethality and other radiation effects but to a lesser degree than most 

synthetic protectors (Weiss and Landauer, 2003). 
 

More evidences were provided by Kotzampassi et al. (2003)  who 
showed that α-tocopherol helps maintain high blood levels of reduced 

glutathione after irradiation.   
 

Furthermore, levels of vitamin E and other vitamins are decreased 
during radiotherapy (Schreurs et al., 1985). 

 
The studies of Kagerud and Peterson (1981) demonstrated that 
tocopherol at doses of 50-/500 mg/kg body weight given intramuscularly 
or orally (acetate form), 7 days before tumor irradiation significantly 

enhanced the radiation-induced retardation of growth of a rat sarcoma. 
 

A concentration of α-tocopherol (400 IU/kg) with a different 
emulsifier enhanced protection when administered S.C 24 hr before 
cobalt-60 irradiation at 0.6 Gy/min (Kumar et al., 2002). These studies 
indicated that vitamin E, including post-irradiation administration, 
provides an extended window of protection. The post-irradiation 
protective or therapeutic effect was first observed by Malick et al. (1978), 
who used an aqueous α-tocopherol preparation administered 
intraperitoneally (I.P), which was linked to enhanced cell-mediated and 

humoral immunity (Roy et al., 1988). 
 

However, El-Nahas et al. (1993)  stated that, hydrogen peroxide 
and hydroxyl radicals produced by radiation causing cellular damage are 
not scavenged by vitamin E, which is a singlet oxygen scavenger. While, 
Felemovicius et al. (1995) demonstrated the radioprotective effect of 
vitamin E both in its water-soluble form (alpha-tocopherol phosphate) 
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and in its fat-soluble form (alpha-tocopherol acetate) on the X-radiation–
induced damage on intestinal mucosa in rats. 

 
It has been reported that an increase in the survival rate of 
irradiated mice was observed (Sakamoto and Sakka, 1973) after feeding 
with vitamin E. It has been reported that vitamin E deficiency leads to 
enhancement of peroxidation of polyunsaturated acids in vitro caused by 
X-irradiation (Konings and Drijver, 1979). Moreover, Koning and 
Oasteroloo (1980), have shown that the protection of the liposomal 
membranes against lipid peroxidation (intiated by ionizing radiation) was 
achieved by about 50% when low concentration of vitamin E was 
administrated. The observation by Zeji et al. (1994) revealed a     
powerful effect of vitamin E on reducing MDA level in mice serum after 

irradiation at dose level 3 Gy. 
 

On the other hand, reports in the literature are conflicting with 
respect to a possible radioprotective effect of vitamin E in vivo. Haley    
et al. (1954) did not observe a protective effect of vitamin E on survival 

time in irradiated mice.  
 

In the current experiments, it is important to notify that there was 
slight increase in blood superoxide dismutase in the vitamin E treated 
group when compared to normal rats. On the other hand, pretreatment 
with vitamin E minimized the reduction in blood SOD induced by 

irradiation, but the level was however less than the normal values. 
 

In addition, the present data showed that rats treated with  vitamin 
E showed no changes in the activity of ALP and both serum 
transaminases (AST and ALT) compared with that of the normal 
untreated rats. The present findings are in accordance with that of Mahdy 
and El-Kashef (1988) who did not find any difference in AST and ALT 

activities between vitamin E–treated group and normal rats. 
 

The present results revealed that pretreatment with vitamin E 
afforded protection against elevation in serum ALP, AST as well as ALT 
activities induced by irradiation, but the activity was however less than 
that of the normal rats. These results are in agreement with the study done 

by Zaidi et al. (2005). 
 

It has been found that vitamins E can be given as a prophylactic/ 
therapeutic supplement for combating scavenging free radicals generated 
in liver tissue. This approach may reduce oxidative stress caused by 
diseases such as cirrhosis (Zaidi et al., 2005). Furthermore, vitamin E 
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was found to be more effective in restoring the endogenous antioxidant 
system than vitamin A. The beneficial effects of vitamin E treatment was 
also reflected in reversions of altered AST and ALT activities towards 

their control values (Zaidi et al., 2005). 
 

The present data indicated that the combined administration of 
vitamin E or rutin with cysteine exerted favourable recovery effect in 
most of the measured parameters. The results were in line with those of 
previous studies (Shaheen et al., 1990; Shaheen and Hassan, 1991; 

Hassan, 1994; Kafafy, 2000; Hassan and El-Kady, 2002). 
 

The radioprotective effect of cysteine, vitamin E and their 
combination on adrenocortical function was estimated by Shaheen et al. 
(1990) in male rats 24 and 48 hrs after whole body gamma - irradiation at 
a dose level of 7.5 Gy. Results showed that, combination of cysteine and 
vitamin E, effectively enhanced the survival of the irradiated rats than 

those treated with either agent alone (Hassan, 1994).  
 

Moreover, the results of the adrenocortical function revealed that 
whole body gamma - irradiation caused an initial increase in the level of 
plasma corticosterone followed by a marked drop in its level as compared 
to normal values 24 and 48 hrs post–irradiation respectively. Such 
alteration in plasma corticosterone was accompanied by a significant 
increase in adrenal cholesterol with a progressive decrease in the activity 

of adrenal glucose 6- phosphate dehydrogenase (G6 - PD).  
 

Pretreatment with cysteine or vitamin E gave a significant 
radioprotection to the above adrenocortical parameters. However, 
combination of both agents afforded a better protection, so that all the 
measured parameters were restored to the pre-irradiated values. The 
greater improvement in the radioprotective action of cysteine by 
concurrent administration of vitamine E was explained by Shaheen et al. 

(1990) in the light of the antioxidant properties of vitamin E. 
 

The study of Hassan and El-Kady (2002) was carried out             
to evaluate the radioprotective effect of cysteine, vitamin E and          
their combination on gamma irradiation–induced alteration in some 
haematological parameters such as blood GSH, RBCs counts and 
haemoglobin level. However, combination of both agents afforded a 
better protection, so that most of the measured parameters were restored 

to the pre–irradiated values.  
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Again, the improvement in the radioprotective action of cysteine 
by combined administration with vitamin E could be explained in the 
light of the antioxidant property of vitamin E (Hassan and El-Kady, 
2002). The role of vitamin E as a natural antioxidant in various biological 
system has been well established (Green, 1969). Being a powerful 
peroxide inhibitor, vitamin E has been proposed as having a stabilizing 
effect on membrane structure through interaction with the fatty acyl 

chains of polyunsaturated phospholipids (Liebler et al., 1986).  
 

Vitamin E being fat soluble vitamin is likely to be concentrated in 
the membrane of all body tissues, therefore, the presence of vitamin E 
within the membrane structure of the erythrocytes would help in 

attenuating the radiation damage to those cells (Scott, 1978).  
 

The radioprotection provided by combined administration of 
vitamin E and cysteine is feasible and perhaps, even more efficient 
against radiation injury to RBCs (Hassan and El-Kady, 2002). This will 
appreciate the usage of such combination in protecting the patient during 

radiotherapy. 
 

It has been documented that combined administration of cysteine 
and vitamin E to 3 Gy irradiated rats effectively controlled the radiation 

induced elevation in AST and ALT  activities (Kafafy, 2000). 
 

Curative action of combined administration of cysteine and vitamin 
E may be explained on the basis of its free radical scavenging ability, 
peroxide decomposition and catalyzing sulfhydryl disulfide exchange 
(Jacobs et al., 1983; Ketterer et al., 1983; Ramadan and El-Ghazaly, 

1997; Kafafy, 2000). 
 

In the current experiments, body temperature was elevated in 
normal rats by intramuscular injection of yeast in a dose of 1ml/100g of 
44% w/v aqueous suspension. It is possible that yeast acts as an 

exogenous pyrogen in rats  (Roszkowski et al., 1971).   
 

The mean initial basal rectal temperature of normal animals at zero 
time was measured which were similar to the findings of other workers 
(Mutalik et al., 2003). Results showed that, the body temperature after  
18 h of the intramuscular yeast injection increased and were in harmony 

with the findings of Ray et  al. (2006). 
 

Moreover, the observation by Ray et al. (2006) demonstrated     
that the initial rise of temperature after 18 h of subcutaneous yeast 
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injection was 0.95 ºC to 1.67 ºC, which were in accordance with the 
findings of Hajare et al. (2000). 

 
However, experiments carried out by Loux et al. (1972) showed 
that the maximum rise in rat body temperature occurred 19.5-24 hr after 

yeast injection (20 mg/kg). 
 

Yeast acts as an exogenous pyrogen that can evoke cytokine and 
non-cytokine mediators capable of activating various phospholipases   
and ultimately promoting the synthesis of prostaglandins (PG) 

(Dinarello, 1991). 
 

Many investigators suggested that fever could be induced as           
a result of the invasion of endogenous pyrogens released from     
leukocytes into  the central nervous system, especially the hypothalamus, 
where the pyrogens act to produce and release prostaglandins       

(Coceani et al., 1988).  
 

There is an enormous data supporting the hypothesis that PGE2 is 
involved in fever. Milton and Wendlandt (1971) were probably the first 
to propose that pyrogens might induce fever through the production of 
specific PG, and that antipyretic drugs reduce fever by blocking its 
synthesis. It is probable that most fever-inducing actions of cytokines are 
mediated by PG (Kluger et al., 1998). Increased PG levels in the brain 
during fever primarily result from cyclooxygenase-2 induced in the brain 

by fever (Taniguchi et al., 1997). 
 

Data of the present study showed that, the rectal temperature of 
irradiated group did not change as compared to the normal value which is 

in conformity with the findings of Abou-Safi et al. (2004). 
 

The present results showed that administration of rutin before yeast 
injection in normal rats effectively reduced the elevated body 
temperature. The current data are in agreement with previous studies 

(Gunasegaran et al., 2001; Mutalik et al., 2003; Ray et al., 2006). 
 

Canthium dicoccum (C. dicoccum) is one of the four Canthium 
species growing in India  and recorded as a medicinal plant possessing 
antipyretic activity. The leaves of C. dicoccum were investigated for 
polyphenolics and the results were leading to the isolation of rutin 

(Gunasegaran et al., 2001). 
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Furthermore, the antipyretic properties of Acacia catechu may     
be ascribed to the presence of flavonoids (Ray et al., 2006), as           
some flavonoids are predominant inhibitors of cyclooxygenase or 

lipooxygenase (Mathew and Parpia, 1971; Rajnarayana et al., 2001). 
 

The study by Mutalik et al. (2003) on the antipyretic activity of 
Solanum melongena leaves suggested that, its antipyretic activity can be 
attributed to the presence of flavonoids. In many earlier studies, 
flavonoids have been reported to exhibit antipyretic effect (Brasseur, 

1989; Vimala et al., 1997). 
 

The flavonoids are reported to have antioxidant activity (Sudheesh 
et al., 1999). Hence, antioxidant activity of rutin may be one of the 

possible mechanisms by which it reduces the elevated body temperature. 
 

Increased body temperature and pain are among the main 
symptoms of the body against an inflammatory stimulation. Hence,          
a drug possessing antiinflammatory activity may also exhibit antipyretic 
properties (Perianayagam et al., 2004). In earlier studies, rutin showed    
   potent antiinflammatory activity (Lindahl and Tagesson, 1997). The 
antipyretic effect of rutin was studied on hyperthermia in rat model. Rutin 
showed a significant decrease in rectal temperature. This result suggested 
that rutin has some influence on prostaglandin biosynthesis because 
prostaglandin is believed to be a regulator of body temperature (Milton, 
1982). This effect could be due to inhibition of prostaglandin synthesis by 

its anti-inflammatory activity. 
 

Aporosa lindleyana root is used in jaundice and fever in the 
folklore in India. Hypoglycaemic, diuretic and hypothermic activities of 
the plant were reported (Dhawan et al., 1980; Bhakuni et al., 1988). A 
proof provided by  Badami et al., 2005 for the ethnomedical use and also 
indication that the antioxidant nature of the plant may be responsible for 

the ethnomedical and reported biological activities.  
 

On the other hand, cysteine and vitamin E seem devoid of 
antipyretic activity. This suggests that their antioxidant effectivness is via 
their influence on the oxidative stress imbalance (Monig et al., 1990; 

Zaidi et al., 2005). 
 

The present results showed that fever caused increases of the blood 
level as well as liver homogenate content of TBARS. The current data are 
in agreement with previous studies (Brzezińska-Ślebodzińska, 2001;   

Niu et al., 2003; Mladenov et al., 2006).  
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In other studies, it has been shown that the increase in body 
temperature intensified lipid peroxidation  processes where malondi-
aldehyde (MDA) increased in serum, kidney and liver homogenate 
(Brzezińska-Ślebodzińska, 2001). The increase in lipid peroxidation 
could be attributed to the the production of large amounts of     
superoxide anion  (O2

•–) and other oxygen intermediates by macrophages 
(Teshima et al., 1995). Furthermore, acute heat exposure markedly 

stimulated the process of lipid peroxidation  (Mladenov et al., 2006). 
 

In the study of Niu et al. (2003), lipid peroxidation was greater in 
rats exposed to heat stress (ambient temperature 42 °C to induce heat 
stroke), compared with control rats. Similarly, plasma cytokines, 
including tumour necrosis factor (TNF-α), interleukin, IL-1β and IL-6 
were significantly higher in heat stroke rats compared with their 

normothermic controls. 
 

Fever in the current study, increased GSH level in blood and in 
liver homogenate. This is in agreement with the results of Mitchell      
and Russo (1983) and Freeman et al. (1990) who reported that GSH 

increased rapidly in cells exposed to elevated temperatures.   
 

This might be a compensatory mechanism against fever–generated 
reactive oxygen species (ROS). Tissue GSH levels have been shown      
to increase in response to experimentally induced oxidative stress 
(Forman et al., 1995).  However, Osorio et al. (2003) suggested that 
hyperthermia does not produce a great stimulus for development of 
antioxidant mechanism related to GSH. The enhanced plasma GSH level 
is a reflection of combined tissue efforts in maintaining the redox state 

and to cope with the oxidative stress during fever exposure. 
 

It has been shown in the present study that, fever reduced blood 
SOD activity. This finding is in harmony with that of Yang and Lin 
(2002) who reported the decrease in brain homogenate SOD activity in 

rats exposed to heat stress. 
 

The onset of fever was found to be correlated with the production 
of O2

•–  formed by the macrophages (Grisham et al., 1988). The reduction 
in SOD activity might be attributed to its consumption by free radicals.   

 
Based on the fact that SOD represents one of the endogenous 
antioxidant defense mechanisms that get rid of the harmful species O2

•-, it 
seems conceivable that the reduction of SOD activity observed in the 
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present study may be due to exhaustion of the enzyme as a consequence 
of  O2

•–  overproduction. 
 

Fever in the present experiments decreased serum ALP, AST as 
well as ALT. Results were in line with the results of a previous study by 
Kamal et al. (1987), who reported an inhibitory effect of  hyperthermia 

on liver functions.  
 

However, the precise mechanism by which fever reduced the 
activities of liver enzymes remains unknown and needs further 

investigations. 
 

Cellular hypoxia contributes to hyperthermia-related injury in the 
liver (Hall et al., 1999). Consequently, the observation by Hall et al., 
1994 and Mirochnitchenko et al., 1995  strongly suggested that cellular 

oxidative stress may be elevated by thermal challenge. 
 

Hepatic glycogen content was decreased in all heat-stressed rats, 
which support the hypothesis that liver and intestine undergo metabolic 

stress during heat challenge (Hall et al., 1999). 
 

Pretreatment with α-tocopherol before the onset of heat exposure 
significantly attenuated heat stroke-induced increased free radical 
formation, lipid peroxidation as well as prolongation of survival time of 

rats (Niu et al., 2003). 
 

It seems that, exposure of feverish rats to γ radiation resulted  in 
damage of all the measured parameters except blood and liver 
glutathione, since glutathione was increased by hyperthermia and 

irradiation could normalize it.  
 

One can conclude that prophylactic treatment with the natural 
antioxidants rutin alone, vitamin E alone or in combination with cysteine 
produced a potential effect against radiation and hyperthermia–induced 
damage in the biological systems. Thus, such treatment aids in 
counteracting many of the risks associated with oxidative stress 

imbalance and liver toxicity, and hence modulate severity of the injury. 
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In the present experiments, a study of the radioprotective effects of 
natural antioxidants, rutin alone, vitamine E alone or each of them 
combined with synthetic radioprotector, cysteine have been investigated 
in irradiated and feverish irradiated rats. Furthermore, the oxidative stress 
biomarkers and certain liver function tests of the irradiated and the 

feverish whole body irradiated rats were examined. 
 

Two main sets of animals were used: The 1st set was constructed in 
order to study the effect of irradiation, while the second set was used to 

study the effect of irradiation on feverish rats. 
 

The effect of irradiation was evaluated by exposing the whole body 
of rats to gamma radiation at acute single dose level of  6.5 Gy. Rutin was 
orally daily administered for two weeks before irradiation in a dose of 
1.064 mmol/kg , vitamine E was injected intraperitoneally daily for seven 
days before irradiation in a dose of  50mg/100g. While, cysteine was 
intraperitoneally administered only 30 min. before irradiation in a dose of 

 30 mg/kg. 
 

In order to determine the antipyretic effect of the drugs, body 
temperature of each animal was measured before induction of 
hyperthermia as well as 18 hours following yeast injection. Rats were 
treated with the tested drugs before induction of fever then exposed to 
whole body gamma radiation at acute single dose level of  6.5 Gy and 

body temperature of each animal was measured 3 days after irradiation. 
 

The results of the present study are summarized as follows: 
 

I. Effect of whole body gamma irradiation on oxidative stress 
biomarkers and certain liver function tests in rats 1,3 and 7 days 
following irradiation. 

 
1. Exposure of rats to γ radiation increased the blood lipid peroxides 

level estimated by the determination of thiobarbituric acid reactive 
substances (TBARS) measured as malondialdehyde (MDA) 1, 3 and 7 
days following exposure. The increase of liver MDA was only 
significant  3 rd, and 7 th day following exposure.        

 
2. Whole body γ-irradiation (6.5 Gy) induced significant reduction in 

glutathione (GSH) level in plasma and in liver homogenate of rats   
1st, 3 rd and 7 th day post–irradiation. 
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3. A significant decrease in blood superoxide dismutase (SOD) activity 
was observed 1st, 3 rd and 7 th day post-irradiation. 

 
4. Whole body γ-irradiation  (6.5 Gy) induced significant elevation in 

activities of serum ALP, AST as well as ALT  only 3 rd and 7 th day 
following exposure.  

 
 

II. Effect of rutin on oxidative stress biomarkers and certain liver 
function tests in normal and whole body irradiated rats. 

 
1. Daily oral administration of rutin (1.064 mmol/kg) for two weeks to 

normal animals only elevated SOD activity.  
 

2. Administration of rutin before radiation exposure ameliorated, to a 
great extent the damaging effects of radiation on lipid peroxidation in 
both blood and liver of rats. 

 
3. Administration of rutin tended to normalize the depletion of both 

blood level and liver glutathione (GSH) content induced by radiation 
exposure. 

 
4. Rutin provided protection against radiation–induced reduction in SOD 

activity. 
 

5. Hepatoprotective activity of rutin was expressed by controlling the 
radiation induced elevation in  ALP, AST and ALT  activities. 

 
 

III. Effect of cysteine on oxidative stress biomarkers and certain liver 
function tests in normal and whole body irradiated rats. 

 
1. A single intraperitoneal dose of cysteine (30 mg/kg) to normal rats did 

not produce any changes in oxidative stress biomarkers and liver 
function tests. 

 
2. Pretreatment with cysteine before exposure to radiation decreased the 

elevation in both blood and liver MDA triggered by irradiation. 
 

3. Pretreatment with cysteine minimized the reduction in both blood 
level and liver glutathione content induced by irradiation. 
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4. Administration of cysteine before exposure to radiation decreased the 
reduction in blood SOD activity. 

 
5. Cysteine afforded protection against elevation in serum ALP, AST as 

well as ALT activities induced by irradiation. 
 

 
IV. Effect of vitamin E on oxidative stress biomarkers and certain 

liver function tests in normal and whole body γ  irradiated rats. 
 

1. Administration of daily intraperitoneal dose of vitamin E (50 mg/ 
100g) for seven days to normal animals only elevated SOD activity.  

 
2. The potential role of vitamin E to prevent radiation induced damage 

has been shown. Results demonstrated that administration of α–
tocopherol as pretreatment led to a highly significant diminution of 
MDA levels. 

 
3. Administration of α–tocopherol before exposure to γ radiation 

reduced the glutathione depletion induced by radiation. 
 

4. Vitamine E minimized the reduction in blood SOD induced by 
irradiation. 

 
5. Vitamine E afforded protection against elevation in serum ALP, AST 

as well as ALT activities induced by irradiation. 
 
 

V. Effect of radiation exposure and administration of rutin, vitamin 
E and cysteine on body temperature. 

 
1. Rectal temperature of irradiated rats did not change as compared to 

that of normal values. 
 

2. Administration of rutin before yeast injection in normal rats 
effectively reduced the elevated body temperature. 

 
3. Neither vitamin E nor cysteine produced antipyretic effect. 
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VI. Effect of hyperthermia on oxidative stress biomarkers and certain 
liver function tests in rats. 

 
1. The increase in body temperature intensified lipid peroxidation  

processes where malondialdehyde (MDA) increased in plasma and 
liver homogenate. 

 
2. Fever increased GSH level in blood and liver homogenate. 

 
3. Fever reduced blood SOD activity. 

 
4. Fever decreased serum ALP, AST as well as ALT activities. 

 
 

VII. Effect of rutin alone, vitamin E alone or each of them combined 
with cysteine on oxidative stress biomarkers and certain liver 
function tests in hyperthermic irradiated rats. 

 
1. Pretreatment with α-tocopherol and rutin alone or combined with 

cysteine before the onset of hyperthermia significantly attenuated 
fever–induced increased free radical formation and lipid peroxidation. 

 
2. Increase in blood level and liver GSH content and plasma SOD 

activity were observed after administration of rutin and vitamin E 
alone or combined with cysteine as compared with hyperthermic 
irradiated rats. 

 
3. Since hyperthermia is known to alter certain liver function tests, it  

was found that, pretreatment with rutin and vitamin E alone or 
combined with cysteine have modulating effect on the measured liver 
enzymes activity. 

 
 

Depending on the results of the present study, it could be     
concluded that:  

 
1. Irradiation resulted in a significant increase in plasma and liver lipid 

peroxides which was reversed by rutin and vitamin E alone or 
combined with cysteine. 

 
2. Whole body γ irradiation  (6.5 Gy) induced significant reduction in 

blood and liver GSH as well as SOD activity. Rutin, vitamine E alone 
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or combined with cysteine attenuated the produced harmful effects    
of irradiation. 

 
3. Rutin and vitamin E alone or combined with cysteine effectively 

controlled the radiation–induced elevation in ALP, AST and ALT  
activities. 

 
4. Pretreatment with rutin and vitamin E alone or combined with 

cysteine before the onset of heat exposure ameliorated, to a great 
extent the effects induced by hyperthermia including blood and liver 
MDA, GSH contents and plasma SOD activity as well as serum liver 
enzymes such as ALP, AST and ALT activities. 

 
5. Radiation exposure did not change the body temperature when 

measured 3 rd day following exposure. 
 

6. Rutin has an antipyretic effect in yeast-induced hyperthermia  in rats. 
 

7. It could be concluded that treatment with the natural antioxidants can 
control radiation and hyperthermia–induced oxidative damage in the 
biological system. This study indicates that the use of combinations of 
agents is a promising approach for maximizing radioprotection with 
minimal adverse effects. Administration of cysteine increases the 
radioprotective effects of rutin and vitamin E against the damaging 
effects of ionizing radiation.  
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