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ABSTRACT 
  A total number of 180 male albino rats were divided into 8 groups, each 
group included 20 rats: Control group, Diadezin treated group, Irradiated group 
(subjected to four doses of whole body gamma-irradiation each of 2 Gy at interval 
of 48 hr), AFB1 treated group, another group was injected with AFB1 and then 
exposed to gamma-radiation, Diadezin treated group before treatment with both 
aflatoxin and radiation. 
 Blood serum was collected for the determination of liver function, lipid fraction 
and kidney function. Lipid peroxids, glutathion content, superoxide dismutase and 
catalase enzyme were assayed in blood. Exposure to gamma rays and aflatoxin 
resulted in an increase in the mentioned parameters accompanied by a decrease in 
glutathione content, superoxide dismutase and catalase activity. Animal treated 
with diadezin showed an improvement of studied parameters.   
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INTRODUCTION  

Free radicals or reactive oxygen species (ROS) formation following irradiation, play a decisive role in 
the functional organization of the biological tissues(1). Also, free radicals production induced by 
aflatoxins may be reponsible for the induction of carcinogenicity of them(2).  

There are several cellular mechanisms that counterbalance the production of ROS, known 
as antioxidants, including enzymatic and nonenzymatic pathways(3). These defenses serve to 
lower steady state concentration of free radical species(4).  

Oxidative stress occurs when antioxidant balance is disrupted by excessive production of 
reactive oxygen species such as superoxide radical, hydroxyl radical, hydrogen peroxide, single 
oxygen and/or by inadequate, antioxidant defense mechanisms as superoxide dismutase 
activity(5). 

It has been observed in experimental animals that chronic exposure to aflatoxin (sublethal 
dose for long time) results in initial decrease in appetite, slow growth, kidney hemorrage, bile duct 
proliferation, fibrosis and/or cirrhosis of the liver. Acute aflatoxicosis (large dose) results in 
hemorrhage, fatty accumulation in the liver and death(6). 

The most potent metabolite of aflatoxins is the aflatoxin B1 (AFB1) which is supposed 
to be mutagenic, teratogenic and carcinogenic. The carcinogenic properties of aflatoxin B1 are 
considered of prime important in the public and animal health which induce liver tumors(7). 

AFB1 is demonstrated as a potent developmental toxin in several animals species. The 
effects of prenatal exposure to aflatoxin have been reported in mice(8), hamsters(9) and rats(10). 



Flavonoids (widely distributed in vegitable pigments) have recently aroused 
considerable interest because of their blood pharmacological activity. They have anti viral, 
anti allergic anti-inflammatory and anti-tumoral activities. The pharmacological properties of 
bioflavonoids have been ascribed both to the concomitant inhibition of enzymes involoved in 
the production of free radicals and their free radical scavenging and iron chelating 
capacity(11). Soy isoflavones have been known and used for centuries for their health 
beauty(12).  

Dietary intake of soy has been linked with decreased cancer risk. The active compounds 
in soy that have been identified including the isoflavones genistein and daidazein. These 
compounds have antioxidant properties. Soy isoflavones supplementation decreases levels of 
oxidative DNA damage in humans and this may be a mechanism behind the cancer 
preventive effects of soy isoflavones(13). 

The radioprotective effects of flavonoides in mice may be attributed to the hydroxyl 
radical scavenging potency in a direct or an endogenous enzyme mediated manner(14).  

This study has been conducted to investigate the toxic effects of exposure to aflatoxin 
B1 and whole body gamma-irradiation in albino rat and to evaluate the possible protective 
role of isoflavones (Diadizen).  This included the effect on lipid peroxidation, the antioxidant 
enzymes (catalase, superoxide dismutase and glutathione peroxidase) and biochemical 
prameter (urea, uric acid, ALT, AST, Albumin, Creatinine, triglycerides and cholesterol).   

MATERIALS AND METHODS 

Materials 

Experimental animals: 

Adult male albino rats (120-140g) were used in this study.  The animals (180 rats) were 
housed in cages (6 rats/cage) and maintained on standard cube pellets diet. The diet 
consisted of 20% protein, 5% fibers, 3.5 fats and 6.5 % ash and supplied with vitaimns 
mixture. 

Preparation of aflatoxin for oral injection 

The aflatoxin that used in this studies is aflatoxin B1 with (M.F. C17H12O7, M.wt. 312.3) 
purchased from Sigma Chemicals Company, st. Louis, U.S.A. It was dissolved in few  drops of 
DMSO then diluted with normal saline for daily oral injection (2 weeks) at dose of 10 �g/kg 
body weight.  

Preparation of daidzein for oral injection 

Soy extract purshased from ArKopharma, U.K. one capsule contain 650 mg soy extract. 
The dose delivered to rats contained in 1 ml of distilled water which equal  63 mg soya extract.  



Experimental design: 

    The experimental animals were divided into 8 main groups (each of 20 rats) 

• Group I: Normal untreated rats   

• Group II: Animal received daidzein by oral administration through gastric intubation at a dose 
level of 63 mg/kg/ day. The supplementation was continued for 14 consecutive days. 

• Group III: Animals received fractionated whole body gamma irradiation delivered at 2 
Gy increament day by other day 4 day up to total cumulative dose of 8 Gy. 

• Group IV: Animals of this group received daidzein supplementation for 14 days before the first 
fractionated dose of radiation and it was continued during the whole period of irradiation 
exposure. 

• Group V:Animals of this group received aflatoxin B1, by oral administration through 
gastric intubation at a dose of 10 �g/g body weight AFB1 for each animals. The vial of 
stock solution contains 10 mg of aflatoxin B1 (AFB1) dissolved in 10 ml of dimethyl 
sulphoxide (DMSO), 1 ml of the stock solution was diluted with 9 ml dist H2O 

• Group VI: This group received aflatoxin B1 by oral administration through gastric 
intubation. After administration of AFB, the animals were injected orally with daidzein.  

• Group VII: This group subjected to whole body gamma irradiation and injected with 
aflatoxin B1 

• Group VIII:This group subjected to whole body gamma irradiation supplemented by oral 
intubation tubes with aflatoxin B1 and daidzein   

Radiation exposure  

Irradiation was carried out using a ventilated Cesium-137 source (Gamma Cell-40 ) 
installed at the National Center for Radiation Research and Technology (NCRRT), Atomic 
Engry Authority (AEA), Cairo, Egypt. The dose rate at the time of experimentation was 1.36 r/s. 

Methods 

Animals were sacrificed from each group 24 hrs after the last dose of treatment and/or 
irradiation. Blood samples were collected through heart puncture after light anethesia. A part of the 
blood samples was immediatelly collected and centrifuged to obtain serum for biochemical 
analysis. 

Aminotransferase (AST) and alanin aminotransferase (ALT) were measured according 
to(15). Serum total cholesterol, serum triglycerids and phospholipid were measured according to(16-

18), respectively.  

Serum creatinine, urea and uric acid were measured according to(19-21), respectively. 



Serum albumin and serum total proteins were measured according to(22,23), respectively. 
EDTA  was used as anticoagulant for blood samples required to measure thiobarbituric acid 
reactive substances (TBARS) according to the method described by(24). Superoxide 
dismutase (SOD) activity was estimated in blood erythrocytes according to the method 
described by(25).  

The catalase activity was determined following the procedure described by(26). 
Glutathione peroxidase was assayed according to the method described by(27). 

Statistical analysis 

For statistical analysis mean and standard error (X ± S.E.) of data  were calculated and 
were compared by student "t" test. 

RESULTS 

The hazardous effects of treatment of rats with either radiation and/or aflatoxin 
administration were investigated. The possible amiliorating role of daidazein was evaluated.  

Table (1) and Figs. (1) illustrate the serum level of ALT, AST, cholestrol, triglyceride 
and phospholipids of control rats and different treated groups. The data revealed a significant 
elevation in the level of ALT only in irradiated group and irradiated group received AFB1. 
AST significantly elevated in Rad., AFB and AFB + Rad.. The results showed a highly 
significant elevation in the cholesterol and triglyceride levels of all groups except treated 
control and AFB + treatment. Phospholipids significantly elevated only in irradiated groups. 
Adminstration of daidazein to  control animals resulted in a non significant change in the 
level of the abovementioned parameters. 

Table (2) and Fig. (2) illustrate the level of blood urea, serum creatinine, serum uric 
acid, serum total proteins and albumin in control rats and different treated groups. The data 
revealed a highly significant elevation in blood urea in Rad., AFB, AFB + treatment, AFB + 
Rad. and AFB + Rad. + Treatment. Serum creatinine in all groups except control group with 
daidzein. Serum uric acid significantly elevated in AFB, AFB + T, AFB + Rad + T and Rad 
+ T. In respect to total proteins, it significantly elevated in Rad., AFB and AFB + T while 
albumin significantly elevated in Rad., AFB + T and Rad. + T. Adminstration of daidazein to  
control animals resulted in a non significant change in the level of the abovementioned 
parameters. 

Table (3) and Fig. (3) illustrate blood level of lipid peroxidation, GSH, SOD and 
catalase. The data revealed a significant elevation of lipid peroxidation in Rad., AFB + Rad. , 
AFB + Rad + T and Rad + T. On the other hand, GSH significantly reduced in treated 
control and AFB + Rad. Also, SOD significantly reduced in Rad., AFB + T and AFB + Rad. 
T and Catalase activity showed a significant reduction in AFB and AFB + T.  



 

 

 

 

TABLE (1): Effect of whole body gamma irradiation and/or AFB1 and treatment with 

diadezin on the level of serum phospholipid, cholesterol, triglycrid and transaminases  

 
ALT 

U/I 

AST 

U/I 

Cholesterol 

mg/dl 

Triglycrid 

mg/dl 

Phospholipid 

mg/dl 

Control 39.0±1.06 43.0±0.26 120.0±8.48 151.59±7.38 338.9±25.0 

Treated 

control 

38.0±1.06 41.0±0.52 

 

124.0±12.11 

 

150.38±7.1 

 

402.3±19.57 

 

Rad. 

** 

56.0±0.68 

 

** 

61.66±0.49 

 

* 

192.5±27.72 

 

** 

205.9±29.72 

 

* 

414.6±23.75 

 

AFB 

 

44.83±1.19 

 

** 

51.0±0.96 

** 

198.0±31.66 

 

* 

197.3±26.85 

 

 

343.5±34.30 

 

AFB 

+ 

Teatment 

 

41.66±1.05 

 

 

41.5±0.56 

 

137.0±9.81 

 

163.0±8.86 

 

364.7±14.86 

 

AFB 

+ 

Rad. 

* 

63.16±3.43 

 

** 

68.83±1.14 

 

** 

211.3±30.04 

 

** 

235.08±257 

 

 

387.1±24.49 

 



AFB+ 

Rad.+ 

Treatment 

 

44.17±0.70 

 

47.83±3.42 

 

** 

186.5±27.16 

 

* 

192.5±8.55 

 

 

351.9±15.97 

 

Rad. 

+ 

Treatment 

41.0±0.96 

 

42.0±4.49 
** 

160.5±12.93 

 

* 

181.88±5.05 

 

 

362.3±13.73 

 

- Each value represents the mean of 6 rats ± SE 
- Significance compared to control  
*      P< 0.05, ** P< 0.01 

#       Significant difference when compared with the corresponding value of  irradiated rats. 

 

Fig. (1): % change of the level of serum phospholipid, 
cholesterol, triglycrid and transaminases.
(Significant results are only represented) 
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TABLE (2): Effect of whole body gamma irradiation and/or AFB1 and treatment with diadezin on 
the level blood urea, serum creatinine, uric acid, total proteins and albumin. 

 
Blood urea 

(mg/dl) 

Serum 

creatinin 

(mg/dl) 

Serum 

uric acid 

(mg/dl) 

Total   

proteins 

g/dL 

Albumin 

g/dL 

Control 23.94±2.16 1.90±0.09 3.58±0.30 5.70±0.39 4.64±0.39 

Treated 

(daidazein) 

 

28.75±3.68 

 

 

1.88±0.18 

 

 

4.48±0.50 

 

6.00±0.46 4.87±0.72 

Rad. 

** 

43.62±4.00 

 

** 

5.90±0.38 

 

5.75±0.45 
** 

7.73±0.51 

** 

6.57±0.39 

AFB 

* 

47.19±9.85 

 

** 

5.74±0.32 

 

* 

7.01±0.81 

** 

7.45±0.27 

 

5.78±0.83 

 

AFB + 

Treated 

(daidazein) 

** 

44.49±4.82 

 

** 

5.49±0.68 

 

* 

7.2±0.63 

** 

8.24±0.49 

** 

6.53±0.39 



AFB 

+ 

Rad. 

** 

46.16±5.78 

** 

6.29±0.25 
4.68±0.6 6.58±0.39 

 

4.78±0.19 

 

AFB+ 

Rad.+ 

Treated 

(daidazein) 

* 

42.26±6.90 

** 

4.12±0.64 

* 

6.15±0.54 
5.98±0.47 4.76±0.31 

Rad. 

+ 

Treated 

(daidazein) 

34.69±5.09 
** 

3.71±0.36 

* 

6.31±0.81 

 

5.43±0.55 

 

* 

5.92±0.45 

 

- Each value represents the mean of 6 rats ± SE 
- Significance compared to control  
*    P< 0.05, ** P< 0.01 

#  Significant difference when compared with the corresponding value of irradiated ra 

 

Fig. (2): % change of blood levels of urea, creatinine, uric acid, total proteins 
and albumin in different animals groups.
(Significant results are only represented)
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TABLE (3): Effect of exposure to whole body gamma irradiation on the blood of male albino rats 

injected with AFB1 and treated with daidezin on the investigated parameters  



 
MDA (mM/L) 

 

GSH 
(mg/dL) 

SOD  

(U/m) 

Catalase 
(U/ml) 

Control 160.05+11.86 84.68+13.68 6.46+1.10 50.74+7.14 

Treated 
control 

 

177.03+19.72 

 

* 

66.53+9.88 

 

 

6.18+0.94 

 

48.63+9.11 

Rad. 

* 

194.98+16.56 

 

 

74.29+12.09 

 

* 

5.95+0.87 

 

 

44.93+6.68 

 

AFB 

** 

212.72+18.53 

 

 

73.60+11.77 

 

 

6.15+0.53 

 

* 

29.21+5.55 

 

AFB          
+  

Treatment 

 

184.39+12.75 

 

 

81.97+7.41 

 

* 

5.43+0.98 

 

* 

30.86+5.55 

 

AFB 
+ 

Rad. 

** 

228.79+27.41 

 

* 

64.02+10.75 

 

 

5.23+0.90 

 

 

43.86+5.90 

 

AFB + 
Rad. + 

Treatment 

** 

224.23+26.05 

 

 

81.89+8.19 

 

* 

5.38+1.18 

 

 

43.86+5.90 

 



Rad. 
+ 

Treatment 

* 

189.57+26.33 

 

 

85.43+8.19 

 

 

6.31+1.03 

 

 

48.90+7.89 

 

- Each value represents the mean of 6 rats ± SE 
- Significance compared to control  
 *    P< 0.05, ** P< 0.01 

#  Significant difference when compared with the corresponding value of irradiated rats. 

 

Fig. (3): % change of MDA, GSH, SOD and catalase in 
different animals groups. 

(Significant results are only represented)
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DISCUSSION 

Exposure to oxidative stress in the form of free radicals either due to radiation 
exposure or environmental pollution with carcinogenic agents is a marked problem in 
man life. Administration of anticarcinogenic agents may offer a practical tool for 
inhibition of the development of cancer(28). 

The results of the present study revealed that exposure of animals to 4 doses of 
gamma-irradiation (2 Gy every two days other day)  (8 Gy gamma-irradiation) and/or 
AFB1 resulted in a significant elevation in lipid peroxide level accompanied by a 
depression in antioxidant system (glutathione content, superoxide dismutase and 
catalase enzymes).  

It was reported that the free radicals formed by irradiation enhance lipid 
peroxidation and increase cytoplasmic membrane permeability to organic substances 
including enzymes(29). Also, a significant depletion in the antioxidant system 



accompanied by an elevation in lipid peroxide level in blood of different organs of rats 
after radiation exposure was recorded by(30,31).  

Several authers (32-34) reported that the distrbances occurred in lipid metabolism 
after gamma irradiation was secondary process subsequent to a hormonal imbalance.  

The polyunsaturated bonds of membrane cholesterol and fatty acid can readily react 
with the generated free radicals and undergo lipid peroxidation through the 
abstraction of hydrogen, then react with molecular oxygen to form intermediates 
terminated by either scavenging reaction or continued to form MDA(35). 

Accumulation of lipid peroxide in tissues of Guinea pigs after exposure to 
fractionated dose of gamma-irradiation was reported by(36) and in pulmonary surface 
of female rats exposed to gamma irradiation(37). Enhancement of lipid peroxidation was 
also detected after exposure to 2 Gy and 6 Gy of gamma rays in plasma, spleen and 
bone marrow of rats(38) and in spleen after 6 and 10 Gy of gamma-irradiation(39). 

The data obtained in the present study are also in arcordance with the finding of 
(40,41) who recorded an increased level of malondialdehyde of animals after radiation 
exposure. 

The increase in lipid peroxidation level after irradiation attributed to the inhibition 
of the antioxidant enzyme activities(42). 

It was found a good correlation between the fractionated dose of gamma-
irradiation and the decrease in the antioxidant system(43,44). The decrease in GSH 
content after irradiation attributed to diminished activities of glutathione reductase 
and to the deficiency of NADPH which is necessary to change the oxidized glutathione 
to its reduced form(45). The inhibition obtained in SOD after irradiation was due to 
H2O2 which is the dismutation product of superoxide by reducing the enzyme bond 
Cu+2 to Cu+4 and then reaction with Cu+4 to give a potent hydrooxyl radical (OH) which 
in turn attack an adjacent active site (histidine residue) necessary for the enzyme catalytic 
activity(46). 

AFB1 which is a potent animal hepatotoxin and hepatocarcinogen may be considered 
as an etiological factor in primary liver cancer(47).  The toxic properties of aflatoxins 
depend on dose, duration of exposure and the test system. AFB1 has shown to be lethal 
to animals in large doses when once administered. On the other hand, it causes 
histopathological changes when smaller doses were administrated. Chronic exposure 
has resulted in tumor induction in several animal species(48). It was reported that free 
radical mechanisms convert the parent AFB1 to its mutagenic derivatives(49). 



It was investigated the role of reactive oxygen species (ROS), in AFB1 induced cell 
injury in cultures of rat hepatocytes. They found an enhancement of malodialdehyde 
generation and lactate dehydrogenase release as indices of lipid peroxidation and cell 
injury, respectively. The significantly elevated levels of LDH released and MDA 
generated into the medium indicate that AFB1 was capable of inducing oxidative 
damages in the cells. Further MDA generation and LDH release were inhibited by 
addition of superoxide dismutase and catalase. These evidences, therefore suggested 
that ROS, superoxide radicals and hydrogen peroxides are involved in AFB1 cell injury 
cultured rat hepatocytes(50,51).  

It was postulated that the metabolic process of AFB1 by cytochrome P-450 might 
be the possible source of the elevated ROS level in AFB1 treated hepatocytes(51). In this 
respect, an evidence provided by(52,53) that aflatoxin B1 at dose of 1 mg/kg body weight 
induced elevation in lipid peroxidation and oxidative DNA damage which could be 
mitigated by antioxidants. 

The recorded depression in antioxidant enzymes could be attributed to generation 
of malondialdehyde as a result of free radical formation after AFB1  treatment. 
Malondialdehyde can alter membrane properties because it difuses inside the cell and 
react with nitrogenous bases of DNA(35). Also, AFB1 is a procarcinogen and requires 
metabolic activation for expression of its mutagenicity and carcinogenicity via 
microsomal P-450 dependent epioxidation yielding AFB1 epoxide then binds covalently 
with DNA(54). On the other hand, aflatoxin inhibits hepatic nuclear RNAsynthesis 
impairs protein synthesis and inhibits enzyme synthesis. This argument is based on the 
inhibition of rat hepatic r-RNA and t-RNA  synthesis. Also, AFB1 inhibits rat hepatic 
m-RNA synthesis, as a result of inhibition of RNA polymerase enzyme(55). 

The disturbance observed in liver and kidney functions may be attributed to the 
observed oxidative stress induced by either ionizing radiation or AFB1 expopsure. The 
combined action resulted in enhancement of these disturbances    

 



CONCLUSION 

In conclusion, it could be recommended to add isoflavones (diadzein) to our diet as 
a protector against hazardons effects of the developed oxidative stresses in the 
environment. 
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