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Abstract 

Continuous microwave radiation leakage from microwave oven may be harmful for users who have high exposure to them. 
The aim of this work was to assess the effects of microwave leakage on blood, liver, kidney and testis of pre-and post-
pubertal male Swiss albino mice.  An experimental study was conducted on control and experimental groups from both 
stages of mice. The experimental groups were exposed to leakage waves from oven three times a day for 30 minutes 
each. At the end of experiment (8weeks) blood and organs were collected for physiological, biochemical analyses.  The 
results revealed a decrease in the experimental groups Hb and RBCs count (p< 0.05)with an increase in WBCs 
count(p>0.05) compared to their controls. Albumin, bilirubin and protein indicated some changes (p>0.05) meanwhile 
protein decreased significantly (p<0.05) in post-pubertal experimental group. ALP, ALT and AST values were increased 
(p<0.001) in both stages. Triglycerides were increased in both stages (p<0.001). Testosterone and LH decreased in the 
experimental groups than the control (p>0.05). There was a significant decrease in activity of GPx and SOD and an 
increase in MDA activity among the experimental groups. The present study concluded that the regular use of microwave 
ovens leads to negative impact upon physiological activities. 
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INTRODUCTION 

The microwave radiation exposure causes biological effects in living organisms. The increase usage of microwave 
radiation equipment at home and industry makes adverse concern about the effect of microwave leakage on biological 
systems. The most frequency commonly used in domestic and industrial food preparation is 2.45 GHz microwave 
radiation.The radiation Leakage from improperly maintained ovens is a source of environmental pollution and may make a 
risk on human health (Parkar et al., 2010).The enormous amount of energy going into the food molecules from microwave 
radiation is sufficient to break protein molecules. The molecular structure of the food is changed furthermore, the 
producing molecules unnatural in the body and consider being carcinogenic substance (Lita lee, 2001). Parkar et al. 
(2010) recorded an elevation in some haematological parameters as white blood cells and hematocrit after exposure to 
electromagnetic waves. 

The exposure to electromagnetic field has a deleterious on the haematological parameters; this effect is more severe in 
immature animals (Moussa, 2009). The experimental studies on animals which were affected by electromagnetic waves 
showing a wide range of damage which occurred on the testicular function, the exposure to microwave radiation leads to 
infertility in male mice (Davoudi et al., 2002).Testes are active body organ which affect by microwave radiation as well as 
the change which occurred in the concentration of testosterone and luteinizing hormones (Roosli et al., 2007).Reactive 
oxygen species (ROS) which produced from the process known as oxidative stress resulting from many environmental 
factors as the use of cell phones have adverse effect on the quality of semen which contributes on male infertility. 
Furthermore, imbalance in spermatozoa cell cycle, gonadal dysfunctions and poor sperm motility (Agarwal et al., 2008).  

There were many changes occurred in the levels of the antioxidant enzymes as superoxide dismutase (SOD) and 
glutathione peroxidase (GPx) which play a major role in protecting the cells by removal the free radical which were 
generated by electromagnetic radiation (Kesari et al.,2011).The widespread leakage of microwave radiation gave public 
and scientific discussion about the possible health effect on organs as liver and testes according to the interaction 
between the electromagnetic radiation and the vital organs (Jauchem, 2008).The present study aimed to evaluate the 
effects of the leakage of microwave radiation on some physiological parameters as well as histological examination for 
liver and testes. These evaluations were done on male Swiss albino mice (pre (one month) and pre (three months)-
pubertal ages).The microwave ovens have effects on people who ingest the microwaved foods and also, for their users. 
The oven door is the most dangerous place for microwave leakage as well as magnetic fields can be present around the 
oven (IEEE, 2002).The health effects of microwave radiation which can be induced in the tissue dependent on the 
condition of the exposure (Kundi et al., 2004).  

There are two types of exposure according to the time of exposure, the first is short-term (acute-exposure which has 
exposure time lower than 4 months) and the second ones is prolonged (chronic-exposure which has exposure time rather 
than 4 months) (Grigoriev,2004). The dose of radiation is the accumulated absorbed energy measured in radiobiology 
multiplied by the exposure time (Grigoriev et al., 2005).Junhua et al.(2013) analyzed the blood serum components of 
experimental rats which had being exposed to microwave radiation leakage of microwave heated food and found that, 
there were significant changes in the blood content, causes a broken in red blood cell and change in blood circulation.The 
decrease of ALP activity in vascular smooth muscle cells inhibits artery calcification (Negrao et al.,2006).The increase in 
ALP concentration is associated with clinical conditions (Sattar et al., 2004). The elevation of serum (ALT) activity in blood 
is widely used as a marker for tissue damage after irradiated by electromagnetic waves (Su et al.,2006). Moussa, (2009) 
studied the effect of microwave radiation on serum transaminases (AST& ALT) and alkaline phosphatase (ALP) of Swiss 
albino mice that exhibited significant increase in the liver enzymes after comparing with control mice. 

 High blood concentrations of uric acid lead to gout as well as kidney stones (Ford et al.,2007).Elevated urea levels may 
be used as an indicator of dehydration, starvation or shock. Urea levels below the normal physiological range indicate over 
hydration, malnutrition and liver injury/disease. Adaptation may also occur in response to increased or decreased urea 
concentrations within physiological range of homeostasis (Ortolani et al., 2000).The urea formed in the body from protein 
and amino acid catabolism, is eliminated via the urinary system and accounts for about half of the total urinary salts 
(Nomura et al., 2006).A rise in blood creatinine level is observed with marked damage in nephrons function. Therefore, the 
elevation of creatinine concentration is indicator to kidney disease (Chen et al., 2006).There are adverse effects on the 
biological system as kidney function by increasing the creatinine and urea concentrations of the mice after exposure to 
microwave radiation (Mossua, 2009).Oktem et al.(2005) examined the damage which occurred in the kidney of mice after 
inducing the tissue by 900 MHz mobile phone radiation.The level of creatinine is a significant marker of renal function in 
cirrhosis. An important finding is that the serum of creatinine is an independent predictor for early mortality in patients who 
had being exposed to long-term electromagnetic waves (Chen et al., 2006). 

Testosterone is an androgen sex steroid hormone which made from cholesterol. Testosterone has two different kinds of 
effects, the first effect is anabolic this effect causes growth of muscle and bone. The second ones is androgenic these 
effects are responsible for male characteristics (Desai et al., 2011).The reduction in testosterone hormone makes the 
pituitary gland does not produce normal amounts of some or all of its hormones. Increased testosterone levels may mean 
cancer in testes and androgen resistance (Cheah and Yang, 2011).De-Iuliis et al. (2009) studied human sperm obtained 
from 2110 patients attending clinics from 1993 to 2007. Semen analysis was performed in all patients. Serum free 
testosterone (T), follicle stimulating hormone (FSH), luteinizing hormone (LH) and found that patients using cell phone; 
showed a significant higher T and lower LH levels than those who did not use a cell phone.Trosic et al.(2002) studied the 
effect of cell phone frequency 900 MHz radiofrequency radiation on rabbits. Some hormonal and biochemical parameters 
were investigated as LH which was any significant difference when comparing with control groups.Gandhi and Anita, 
(2007) studied the effect of mobile phone on lipid profile and found that there were some changes in the concentrations of 
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some parameters as cholesterol and triglycerides.The exposure of electromagnetic filed from (0-300 GHz) makes increase 
in low density lipoprotein, high density lipoprotein, triglyceride, and total cholesterol (NRPB, 2004).The decrease of GPx 
concentration depends on the exposure to oxidative stress (Perricone et al., 2009). 

 The production of spermatozoa is called spermatogenesis, a process that includes cell division through mitosis and 
meiosis and the final differentiation of spermatozoids, which is called spermiogenesis (Terra et al., 2009).Forgacs et al. 
(2006) studied the effect of 1800 MHz microwave radiation on testicular morphology of mice and revealed that there were 
many alternations in histological examination in the Sertoli cells as well as abnormality in the morphology of the sperm. 

MATERIALS AND METHODS 

The present study deals with the investigation of the impact of exposure to radiation leakage from microwave oven (2.45 
GHz).The experimental animal of this study is male Swiss Albino mice were used with body weight ranged from 
17.7±0.8g(prepuberta animals,age 1 month) to 35.5±0.7g(pubertal animal,age 3 month) were obtained from the animal 
house of faculty of Medicine-Alexandria University. Animals were housed under optimal environmental conditions, water 
and natural food with available to the mice adlibitium.The used microwave oven in the present study has model number 
NGM-123E, power in 1400 W, power out 900W, 23 liters, weight13.6Kg and radiation leakage of microwave oven was 
measured by (2.45 GHz meter for microwave). Radiation leakage was measured by Microwave oven meter.  

 A-The first group is (Control groups):-Animals in this group reared in normal condition and fed on natural food without 
exposed to any microwave radiation. This group contains two subgroups according to the maturation of animals:- 

A-1.Pre-pubertal subgroup:- Numbers of animals in these group ten animals, average weight (17.7±0.8g) and fed on 
natural food without exposed to any microwave radiation. 

A-2.Post-pubertal subgroup:-Animals in this group are ten animals, average weight (27.3±0.7g) and fed on natural food 
with any exposed to microwave radiation leakage. 

B-The second group is (Experimental groups):-This group was investigating the effect of exposure of the experimental 
animals to microwave radiation leakage from the door of microwave oven. 

The experimental group was divided into two subgroups according to the maturation of animals.  

B.1-Pre-pubertal subgroup:-Animals in this group aged one month, average weight (17.7±0.8g) and exposed to microwave 
radiation leakage from the door of microwave oven three times daily, each time thirty minutes for eight weeks. 

B.2-Post-pubertal subgroup:-Animals in this group aged  three months (number=10), average weight (27.3±0.7g) and 
were exposed to microwave radiation leakage three times daily, each time thirty  minutes for eight weeks.  

-Determination of mortality rate and survival rate:-(Total number of animals - number of survived animal)×100/total number 
of animals. 

     (Total number of animals - number of dead animal) ×100/total number of animals. 

-physiological studies:-Haematological measurements according to Gartner (1980) method; this study was terminated 
twenty four hours after last dosing. Mice from the control and experimental groups were sacrificed by slaughtering, and the 
blood samples were collected from the neck blood vessels into clean, dry, sterile container containing EDTA (1 mg/ml 
fresh blood). Anticoagulated blood samples were used for the determination of erythrocytic count, leukocytic count, 
haemoglobin content,and haematocrit value . All the measurements were examined within two hours after blood collection 

-Biochemical assessments:-Estimation of the liver function and some marker enzymes;in this part of study; 

albumin by colorimetric method of Tietz (1990): bilirubin, total protein, alkaline phosphatase (ALP), alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) were estimated after exposing mice to microwave radiation 
for 8 weeks. 

-The estimation of kidney function:-Uric acid(enzymatic colorimetric method of Tiet,1990), urea(enzymatic colorimetric 
method of Marini et al.,2006) and creatinine(kinetic method of Henry,1974) were estimated. 

-The estimation of testis function:-The hormonal levels of testosterone (enzyme-linked immunosorbent assay (ELISA) of 
Zirkin and Chen,2000) and luteinizing hormone (quantitative ELISA method of Shioya and Wakabayashi,1998)  were 
determined in the experimental groups after exposed to microwave radiation for 8 weeks. 

-Estimation of lipid profile:-Lipid profile as cholesterol(quantitative enzymatic colorimetric method of Cohn et al.,1988) and 
triglycerides(enzymatic colorimetric of Kaplan,1984) were determined in the experimental groups. 

-Estimation of antioxidant enzymes in the liver tissue:-  Estimation of Glutathione peroxidase (GPx) by UV method of 
Ellman’s method (1958), malondialdehyde (MDA) by colorimetric method of Drury et al.(1997) and superoxide dismutase 
(SOD) by colorimetric method of Verma et al.(2010).Estimation of total protein by Lowry's method (1951). 

- Histological studies:-Histological examination on liver and testes were carried out according to (Culling,1974) in order to 
investigate the histo-pathological effect of the radiation leakage on these organs. 

-Statistical studies:- The results were analyzed using SPSS program -10 package (release 3, SPSS Inc.,Chicago III) to 
evaluate the significance of the difference between mean value of the measured parameters in experimental groups and 
control groups, all the data were expressed by (mean value ± standard deviation). 
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RESULTS 

In the serum of experimental animals haematological measurements and biochemical studies were established to 
determine the concentration of liver enzymes, renal function (urea, uric acid and creatinine) and hormonal level of testis 
(testosterone and LH) as well as antioxidant stress on liver tissue.The mean value of Hb of experimental group with age 1 
month was 10.78±1.2 g/dl and in 3 months old was 11.02±0.92 g/dl. In the control groups (pre and post-pubertal stages) 
were 13.46±0.68 g/dl and 12.54±0.52 g/dl respectively. From the above cited data it was noticed that there was a 
significant decrease (p≤0.05) in Hb content (g/dl) after exposure to microwave radiation leakage (table,1). 

The data of haematocrit value (%) which recorded in table (1) showed that the values of control groups with age 1 and 3 
months were 43.2±1.3% and 42.8±3.7 %, respectively. After exposure to 2.45 GHz from microwave radiation for 8 weeks 
the Ht for experimental groups was decrease to 34.4±3.36 % in pre-pubertal stage and 34.4±2.79 % for post-pubertal 
stage. From the previous data it was concluded that there was a highly significant decrease in two subgroups 
(p≤0.001).The data of RBCs count were recorded in table (1) showed that the red blood cell count was decreased in 
exposed groups after 8 weeks (experiment period). In pre-pubertal stage there was a significant decreases in mean values 
and reached to 3.94±0.35 ×1012/L (p≤0.05).While in post-pubertal stage it showed that there was insignificant changes 
(p≥0.05) between their values 3.9±0.29 ×1012/L and the mean value of control groups with age 1 and 3 months 4.68±0.31 
×1012/L and 4.02±0.48 ×1012/L, respectively. 

After 8 weeks for exposure the experimental groups to microwave radiation the mean values of white blood cells for both 
ages had the same value 1.56±0.2 ×109/L which was higher than (insignificant difference, p≥0.05) the mean values of the 
control groups (1.41±0.9 ×109/L and 1.30±0.6 ×109/L) for pre and post-pubertal stage, respectively (Table,1). 

Table (1):-Complete blood count (CBC) in male mice after exposed to microwave radiation leakage 
for 8 weeks. 

Groups Age Hb 

(g/dl) 

RBC 

(×10
12

/L) 

Ht 

(%) 

WBCs 

(×10
9
/L) 

 

Control 

Groups 

Pre-pubertal stage 
Mean± S.D 

13.46±0.68 

 

4.68±0.31 

 

43.2±1.3 

 

1.41±0.9 

 

Post-pubertal stage 

Mean± S.D 

12.54±0.52 4.02±0.48 42.8±3.7 1.30±0.6 

Exposed 
groups 

Pre-pubertal stage 

Mean±S.D 

** 

10.78±1.2 

** 

3.94±0.35 

*** 

34.4±3.36 

NS 

1.56±0.2 

Post-pubertal stage 

Mean± S.D 

** 

11.02±0.92 

NS 

3.9±0.29 

*** 

34.4±2.79 

NS 

1.56±0.2 
 

Statistical analysis:(**)  significant (p≤0.05).(***) highly significant (p≤0.001)                                                                     
(NS) insignificant changes (p≥0.05). 

Determination of liver function and marker enzymes: 

The mean values of albumin levels in the control groups were 2.44±0.29 g/dl and 3.2±0.47 g/dl for pre and post-pubertal 
stages, respectively (Table, 9). It was observed these data were more than control groups as follow: 2.76±0.46 g/dl for 
pre-pubertal stage as well as 3.66±0.38 g/dl for post-pubertal ones.In table (2) the recorded data of bilirubin 
concentrations for both pre (0.334±0.11mg/dl) and post (0.278±0.10mg/dl) -pubertal stages of experimental groups 
showed that insignificant difference (p≥0.05) between the experimental and control groups (0.244±0.09 mg/dl and 
0.242±0.09 mg/dl) for the pre and the post-pubertal stages of control groups. It was noticed that there was an increase in 
bilirubin levels of irradiated groups. 

The protein concentration in the serum of exposed mice in table (2) it had a decrease value in the pre and post-pubertal 
stages as comparing with control groups. The protein levels in pre-pubertal stages were 6.12±0.46 g/dl and 5.50.67 g/dl 
for control and exposed groups, respectively. In post-pubertal stage of control group, protein level was 6.42±0.56 g/dl, 
after 8 weeks for exposure to microwave radiation leakage (period of experiment) protein concentration attained to 
5.22±0.60 g/dl.The concentrations of ALP showed a highly significant increase (p≤0.001) in experimental groups which 
exposed to microwave radiation for 8 weeks when compared to that of the control groups. In pre-pubertal stage (1 month 
old) of the control group the mean value of ALP concentration was 64.8±3.70 U/L while for post-pubertal stage (3 months 
old) was 74.8±5.44 U/L. In exposed groups for microwave radiation leakage the mean values of ALP concentrations which 
recorded in table (3) were 137.6±5.50 U/L and 139 ±2.34 U/L for pre and post-pubertal stages, respectively. 

The mean values of ALT concentration (Table, 3) showed that there were highly significant increases (p≤0.001) in ALT 
concentration of exposed groups which irradiated by 2.45 GHz microwave radiation leakage as compared to the data of 
the control groups. In pre-pubertal stages the ALT concentrations were 73.6±4.03 U/L and 123.2±4.91 U/L for the control 
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and exposed groups, respectively. The mean data of the ALT concentrations of the post-pubertal stages were 71.8±3.49 
U/L and 145±10.51 U/L for the control and exposed groups, respectively.The data of both pre and post-pubertal stages of 
experimental groups which exposed to 2.45 GHz were recorded in table (3), shows that there were highly significant 
differences (p≤0.001) in AST concentration as comparing with control groups as following: 117.8±4.1 U/L and 232.4±8.96 
U/L for pre-pubertal stages of control and exposed groups, 123.8±4.76 U/L and 234.4±3.64 U/L for post-pubertal stages of 
control and exposed groups, respectively. 

Table (2):-Determination of albumin, bilirubin and protein serum of mice after exposure to microwave radiation 

leakage for 8 weeks. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Statistical analysis:-(**)  significant (p≤0.05). 

Table (3):-Determination of liver marker enzyme in serum of mice after exposure to microwave 
radiation leakage after 8 weeks. 

Liver marker enzyme 

Groups Age ALP(U/L) ALT(U/L) AST(U/L) 

 

Control 

Groups 

Pre-pubertal 
stage Mean ± S.D 

64.8±3.70 

 
 

73.6±4.03 117.8±4.1 

 

 

Post-pubertal 
stage Mean ± S.D 

74.8±5.44 71.8±3.49 123.8±4.76 

 

Exposed 

Groups 

Pre-pubertal 
stage Mean ± S.D 

*** 

137.6±5.5 

*** 

123.2±4.91 

*** 

232.4±8.96 

Mean ± S.D Post-
pubertal stage 

*** 

139 ±2.3 

*** 

234.4±3.64 

*** 

234.4±3.64 

 
 

Statistical analysis:(**)  significant (p≤0.05).(***) highly significant (p≤0.001). 

.Renal function  

It is clear from table (4), that the concentration of uric acid shows an increase in pre- and post-pubertal stages of 

experimental mice as compared to the control groups. The mean values of control groups were 4.74±0.98 mg/d and 
4.06±0.45 mg/dl for the pre and post-pubertal stages, respectively while the data raised in experimental groups and  mg/dl 
4.92±0.4 for pre-pubertal stage and 6.68±0.8 mg/dl (highly significant change, p≤0.001) for post-pubertal stage. 

Liver function 

Groups  Age Albumin (g/dl) Bilirubin(mg/dl) Protein (g/dl) 

Control 

group 

 

Pre-pubertal 
stage 

Mean ± S.D 

2.44±0.29 

 

0.244±0.09 6.12±0.46 

 

Post-pubertal 
stage 

Mean ± S.D 

3.2±0.47 0.242±0.09 6.42±0.56 

 

Exposed 
groups 

Pre-pubertal 
stage 

Mean ± S.D 

2.76±0.46 0.334±0.11 

 

5.5 ±0.67 

 

Post-pubertal  
stage 

Mean ± S.D 

3.66±0.38 
 

0.278±0.108 ** 

5.22±0.60 
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The urea concentration of the experimental groups with age 1 and 3 months old were increased when compared with 
control mice. In control groups the mean values of urea concentrations were 36.2±5.76 mg/dl for pre-pubertal stage and 
33.8±3.7 mg/dl for post-pubertal stage. The mean values of exposed group were 47.8±11.21 mg/dl and 40.8±4.32 mg/dl 
for pre and post-pubertal stages, respectively (Table, 4).The creatinine concentrations in both pre and post-pubertal 
stages of exposed group were 0.50±0.15 mg/dl and 0.53±0.11 mg/dl, respectively. As well as in control group with age 1 
month the mean value was 0.31±0.08 mg/dl and for 3 months old was 0.38±0.05 mg/dl. From the above data, it was 
noticed that, there was an elevation in creatinine levels of exposed groups more than the values in the control mice 
(Table,4). 

Table (4):-Determination of renal function in the serum of mice exposed to microwave radiation 
leakage for 8 weeks: 

Renal function 

Groups Age Uric acid(mg/dl) Urea (mg/dl) Creatinine (mg/dl) 

Control 
groups 

Pre-pubertal 
stageMean ± 

S.D 

4.74±0.98 36.2±5.76 0.31±0.08 

Post-pubertal 
stageMean ± 

S.D 

4.06±0.45 33.8±3.7 0.38±0.05 

Exposed 
groups 

Pre-pubertal 
stageMean ± 

S.D 

4.92±0.4 47.8±11.21 0.50±0.15 

Mean ± S.D *** 

6.68±0.85 

40.8±4.32 0.53±0.11 

 

Statistical analysis:(**)  significant (p≤0.05).(***) highly significant (p≤0.001. 

.Determination of testes function  

In control groups, the mean values of testosterone were 5.6±1.03 ng/ml and 6.94±1.48 ng/ml for pre-and post-pubertal 
stages, respectively. After 8 weeks (the experimental period) of exposure to microwave radiation the hormone level was 
decreased to 5.1±0.86 ng/ml for the pre-pubertal stage and 6.74±1.15 ng/ml for post-pubertal stage (Table, 5).Table 
(5),shows that the mean values of the control groups of pre- and post-pubertal stages were 3.76±1.78 ng/ml and 
5.517±2.07 ng/ml, respectively while in the exposed groups which irradiated by 2.45 GHz from microwave oven the LH 
levels were decreased insignificantly and attained to 2.98±0.59 ng/ml and 4.21±1.22 ng/ml for pre- and post-pubertal 

stages, respectively. 

Table (8):-Determination of testis function of mice after exposure to microwave radiation leakage for 8 
weeks. 

 

 

 

 

 

 

 

 

 

 

 

Testis function 

Groups  Age  Testosterone (ng/ml) LH (ng/ml)  
 Control 

 Groups 
Pre-pubertal 

stage 
Mean ± S.D 

5.6±1.03 
 

3.767±1.78 
 

Post-pubertal 
stage 

Mean ± S.D 
 

6.94±1.48 
 
 
 
 
 

 

5.517±2.07 
 

Exposed groups Pre-pubertal 
stage 

Mean ± S.D 

5.1±0.86 
 

2.98±0.59 
 

Post-pubertal 
stage 

Mean ± S.D 

6.74±1.15 
 

4.21±1.22 
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.Estimation of lipid profile  

The mean value of cholesterol concentration in post-pubertal stage of exposed groups had a significant increase (141.2 
±9.57 mg/dl, p≤0.001) after 8 weeks for exposure to radiation leakage, while in pre-pubertal stage showed insignificant 
change (105.6±7.7 mg/dl) when compared to control groups of the same ages (96±6.16 mg/dl and 106±5.97 mg/dl for pre 
and post-pubertal stages, respectively) (table,6). There was a highly significant increase difference (p≤0.001) in irradiated 
group. The mean values of triglycerides in the pre-pubertal stages were 136±6.38 mg/dl and 219.6±5.41 mg/dl for the 
control and experimental groups, respectively. Furthermore, in post-pubertal stages the mean values were 119.2±3.11 
mg/dl for the control group and 215.4±7.76 mg/dl for exposed group (Table, 6). 

Table (6):-Determination of lipid profile of mice after exposure to radiation leakage from microwave 
oven for 8 weeks 

Lipid profile  

Groups Age CH (mg/dl) TC (mg/dl)  

 
Control 

Groups 

Pre-pubertal 

stage Mean ± S.D 

96 ±6.16 136 ±6.38 

Post-pubertal 
stage Mean ± S.D 

106 ±5.97 119.2 ±3.11 

Exposed 

Groups 

Pre-pubertal 

stage Mean ± S.D 

105.6 ±7.7 *** 

219.6± 5.41 

Post-pubertal 

Stage Mean ± S.D 

** 

141.2 ±9.57 

*** 

215.4 ±7.76 
 

Statistical analysis:(**)  significant (p≤0.05).   (***) highly significant (p≤0.001) 

.Biochemical markers of oxidative stress in the liver tissue of mice : 

As seen in table (7) the experimental groups have significant decreases (p≤0.05) for pre and post-pubertal stages 
(26.4±6.61 nmol/mg tissue, 28.8±2.58 nmol/mg tissue). In control groups, the mean values for GPx were 44.2±5.35 
nmol/mg tissue for pre-pubertal stage, 44.2±4.96 nmol/mg tissue for post-pubertal stage.  The mean values of MDA 
concentrations in control groups are 4.86±0.66 nmol/mg tissue and 4.46±1.10 nmol/mg tissue for pre and post-pubertal 
stages, respectively. In exposed groups of 1 month old the MDA level was 7.34±0.95 nmol/mg tissue and for 3 months old 
the mean value was 7.98±0.88 nmol/mg tissue. From the above cited data it was noticed that there was significant 
increase in MDA concentration in experimental group as compared to the control groups which irradiated by 2.45 GHz 
from microwave oven (Table, 7) . 

This parameter showed a highly significant decrease (p≤0.001) in SOD concentration of irradiated mice when compared to 
control groups. The mean values of SOD for pre-pubertal stages were 52.4±3.34 nmol/mg tissue and 36.4±5.128 
nmol/tissue for control and experimental groups, respectively. In post-pubertal stage of control group the SOD level is 
56.8±6.22 nmol/mg tissue while the SOD concentration for exposed group is 35.6±7.36 nmol/mg tissue (Table,7).In the 
control group, the protein concentration was 260.6±3.78 nmol/mg tissue for pre-pubertal stage and 244.2±5.31 nmol/mg 
tissue for post-pubertal stage. In irradiated groups which exposed to 2.45 GHz from microwave radiation leakage from 
oven, the protein levels were 224±4.84 nmol/mg tissue and 266.6±4.66 nmol/mg tissue for pre and post-pubertal stages, 
respectively (table, 7) it was noticed that there was insignificant difference (p≥0.05) between two groups. 
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Table (7):-Determination of oxidative stress of liver tissue of mice after exposed to microwave 
radiation leakage for 8 weeks. 

Oxidative stress 

Groups  Age  GPx(nmol/ 

mg tissue) 

MDA(nmol/ 

mg tissue) 

SOD(nmol/ 

mg tissue) 

Protein(nmol/ 

mg tissue) 

Control  

Groups 

Pre-pubertal 
stage Mean ± 

S.D 

44.2±5.35 

 

4.86±0.66 

 

52.4±3.34 260.6±3.78 

Post-pubertal 
stage Mean ± 

S.D 

44.2±4.96 

 

4.46±1.10 

 

56.8±6.22 

 

244.2±5.31 

 Exposed 
groups 

Pre-pubertal 
stage Mean ± 

S.D 

       **  

26.4±6.61 

      **   

7.34±0.95 

 

     ***  

36.4±5.12 

 

224±4.84 

Post-pubertal 
stage Mean ± 

S.D 

    ** 

28.8±2.58 

** 

7.98±0.88 

 

    *** 

35.6±7.36 

266.6±4.66 

 

Statistical analysis:(**)  significant (p≤0.05).(***) highly significant (p≤0.001) 

-Histological results  

     Some organs are selected in this part to estimate the effect of microwave radiation leakage. In control group with both 
ages (pre and post-pubertal stages) the examination of light micrographs reveals that the structural components of the 
liver are the liver cells called hepatocytes which are radically arranged in anatomizing and branching plates separated by 
wide vascular channels known as blood sinusoids. Hepatocytes may contain one nucleus (mononucleated) or two nuclei 
(binucleated). The blood sinusoid is lined with endothelial cell and contains many triangle kupffer cells.  The central vein is 
lined by endothelium with flattened nuclei as well as hepatocytes are polyhedral in outline and exhibited distinct bounders 
and all hepatocytes have centrally placed spherical basophilic nuclei with prominent nucleolus.  In 3 months age of 
experimental groups which exposed for 2.45 GHz microwave radiation for 8 weeks, the inspection of liver tissue 
demonstrated the presence of many pathological effects in liver tissue as cellular infiltration, disappear of normal blood 
sinusoids and foamy area are present. There are disappear in normal architecture of liver as well as the dilation and 
congestion of hepatic vessels with increase the number of kupffer cells. From the above cited observation it was reflected 
the harmful effect of microwave radiation and these results are agreement with the physiological data which recorded in 
table (5) of liver marker enzymes which recorded an increase in the concentrations. In 5 months age experimental group, 
there is an increase in binucleated hepatocytes as well as degeneration of some hepatocytes nucleus with cytoplasmic 
vacuolization. 

     The testis of control group is surrounded by a thick capsule of connective tissue called the tunica albuginea. The testis 
consists of a number of seminiferous tubules with complete spermatogenesis process separated by loose connective 
tissue (interstitial tissue) contained polyhedral cells (Leydig cells). The seminiferous tubule had central lumen filled with 
spermatozoa and lined with a complex thick stratified epithelium. The spermatogenic lineage occupies the space between 
the basal lamina and the lumen of the tubule. With higher magnification, each seminiferous tubule contained various 
developmental stages of germ cells which consists the spermatogenic lineage and supporting Sertoli cells with long 
extension with prominent nucleolus to which elongated spermatids are directed. These spermatids transformed to 
spermatozoa through the process of spermiogenesis. In 3 months age of experimental group which irradiated by 2.45 GHz 
microwave radiation, the light microscope showing deformed and necrotic germinal cells with damage in the basal lamina. 
Pathological effects were detected with the presence of deformed Sertoli cell with disappearance of its cytoplasmic 
extensions with accumulation of residual bodies inside the tubular lumen as result of decrease in the number of Sertoli 
cells which lead to absence of phagosomatic activity. There are some morphological differences between the sizes of 
seminiferouse tubules in 5 months age of experimental group according to the deformation which occurred in intra tubular 
vacuolation as result from the exposure to microwave radiation. There was a decrease in number of spermatozoa with 
sloughing of germinal cells, seminiferous tubules with abnormal contour with epithelial out growth. The germinal lyses and 
the congestion in intra tubular connective tissue from previous results it was clear that the adverse effect of radiation 
leakage.  
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5-DISCUSSION 

      In the present study, some questions will be answered on particularly; physiological parameters which changed 
according to the exposure to microwave radiation leakage and feeding on microwave heated food. In this part of the 
research some parameters were determined. 

5-1-Determination of total body weight of mice:- 

      The results of the present study show there were an increase in the body weight of all experimental mice but the 
percentage of body weight gains in subgroups of age 1month (per-pubertal stage) were higher than those of subgroups 
with 3 month age (post-pubertal stage). A number of works provide some examples of physiological trails, measurable in 
the first half of the life span, young stages that can provide significant prognostic information about life expectancy in 
animals (Miller et al., 2002).Determination of body weight gain in mice of this work disagrees with Lita, (2001) who 
revealed that there was a decrease in the body weight with life span. In contrast to the observation of this work because 
there was a positive correlation between body weight and life span across mammalian species.In the present result there 
was an increase in the body weight in pre-pubertal stage of exposed mice to microwave radiation leakage.  

      The result of this work assured that there was an increase in percentage of body weight in pre and post-pubertal 
stages. This study agrees with Kesari et al.(2011) they showed that there was a significant decrease in body weight of 
exposed animals as comparing with unexposed animals. The results of the present study disagrees with the works of 
other authors as Cosquer et al. (2005) they found that radiofrequency radiation exposure had no influence on several 
parameters as the body weight gains.     Chaturvedi et al.(2011) stated that there was no significant difference in the body 
weight of mice which exposed to 2.45 GHz microwave continuous radiation(2hours/day for 30 days) when comparing with 
control groups as well as chronic exposure to microwave radiation had no effect on the body weight.           

Trosic et al.(2002) observed in their  experimental animals  which exposed to microwave radiation leakage there were a 
significant body mass reduction when compared to control animals after 20, 40 and 60 days (p<0.001).Abdel Aziz et 
al.(2010) reported that no significant difference was found in the groups of mice which exposed to microwave radiation 
with power density (40 mW/cm2) and control mice. Also, Kristic et al.(2005) stated that there was neither reduction in the 
body weight of control groups nor experimental groups which exposed to microwave radiation leakage (2.45 GHz).The 
number of mice which exposed to microwave radiation leakage from oven door for 8 weeks decreased when comparing 
with the control groups so; the mortality rate of the experimental groups were higher than the mortality rate of control mice. 
Grigor'ev, (2003) reported an increase in mortality rate of chick embryos which has exposed to radiation of mobile phone. 
Nakamura et al.(2003) discussed the impact of this phenomena according to thermal effect of microwave radiation 
leakage and recorded that there were fetal malformations leads to death in experimental animals. These studies agree 
with the present research who found that the number of experimental animals in pre-pubertal stage decrease after 
exposure to microwave radiation leakage.The current study stated that there was an increase in white blood count and this 
work agrees with Zeni et al.(2003) who found that there were correlation between the increasing white blood cells (WBCs) 
count and inflammation which predict cardiovascular disease and high mortality rate as well as the association between 
WBCs count and mortality rate in the oldest age of the animals. 

 

    The results of present research who recorded that the mortality rate in post-pubertal stage was higher than pre-pubertal 
stage and that in agree with the statement of Tiikkainen et al.(2003) who stated that there was an increase in ages there 
were an increase in the mortality rate. Ono et al.(2004) observed that the exposure to microwave radiation affects on the 
mortality rate of irradiated animals. Gorlitz et al.(2005) who showed that  there is a significant decrease in the  number and 
weight of  exposed animal. Turek et al.(2005) who discussed that the reason of increase the mortality rate that there were 
damage on the blood which may induce increasing morbidity and even mortality. On the other side, the studies of 
Wannamethee et al.(2005) were in disagreement with the present study because they found that there was no significant 
effects of the low-level microwave exposure, 2.45 GHz, at a power density of 1 mW/cm2 and specific absorption rate of 
1.2 mW/g, continuous waves (CW) or pulsed waves (PW), 2.5 h/day through 6 weeks and has been studing on the black 
mice. There was no observation of tumor development in irradiated animals when comparing with control mice. The same 
result recorded also on the studies of Paulraj and Behari, (2004) who revealed that there were insignificant differences in 
the mortality rate among control and exposed groups. 

     Some physiological parameters were estimated in male mice after exposed to microwave radiation for 8 weeks as 
hematological estimation, liver function and some marker enzymes, renal and testes function, lipid profile and oxidative 
stress on liver tissue of the experimental mice.  Zare et al.(2007) explained that haemoglobin mass is a key factor for 
maximal exercise capacity. Blood parameters are believed to be the primary particles that come in contact with microwave 
radiation. Blood ions are reacted with electromagnetic waves as microwave radiation (Usman et al.,2012). Complete blood 
count (C.B.C.) gives information about the blood cells which conducted to microwave radiation. The mean values of 
complete blood count in the present study of the experimental mice which were exposed to microwave radiation as well as 
feeding on microwave heated food for 8 weeks showed that there were decrease in the concentration of haemoglobin, red 
blood cells, packed cell volume, mean corpuscular volume, mean corpuscular haemoglobin and platelets while, an 
increase in white blood cells and mean corpuscular haemoglobin concentration . 

     The present results are in agreement with some studies which done by Prisco et al.(2008) who investigated that the 
microwave radiation leakage makes transformation of lymphocytes and abnormalities in the erythrocyte and lymphocyte 
precursors in bone marrow. Moustafa et al.(2001) reported that long-term exposure to microwave radiation makes 
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significant decrease in RBCs, HB, PCV, MCV and MCH in experimental group comparing with the control mice. Irradiation 
by microwave radiation has low intensity (p=0.5µW/cm²) induce chromosome aberrations and micronuclei increase in 
human lymphocytes (Trosic et al., 2002). 

Black and Heynick,(2003) stated that the exposure to radiofrequency electromagnetic fields can stimulate lymphocytes to 
become lymphoblasts (active cells undergoing mitosis).Rusnani et al.(2008) exposed the mice to 0.65 GHz microwave 
radiation and observed that there were decrease in RBCs count the present results are in line with findings of this work 
where the irradiation by 2.45 GHz microwave radiation causes decrease in RBCs  of mice when comparing with control 
groups.      The data of this research are in line with the results of Abdel Aziz et al.(2010) who stated that a significant 
increase in some blood parameters like WBC and MCHC comparing with control group and a significant decrease in 
RBC,HB, MCV and MCH.      The long exposure to microwave radiation leads to an increase in WBC number (leukemia) 
furthermore, chronic exposure to microwave radiation alters the blood picture (Chaturvedi et al., 2011). The current study 
reported that there was decrease in PCV and RBCs while, the results of Forgacs et al.(2006) disagree with the present 
work because who recorded that when exposed mice to 1.8 GHz there were decrease in RBCs and PCV values. Usman 
et al.(2012) studied the haematological changes of Swiss albino mice after long-term exposure to microwave radiation and 
recorded an increase in PCV, RBC and Hb values, while there were a decrease in MCHC and WBC in all the exposed 
groups and these findings are disagreement with the data of this research. The current study was disagree with 
Chaturvedi et al.(2011) they said that microwave radiation increased the number of erythrocytes  in irradiated mice this 
observation called polycythemia (increased number of  RBC) as well as no significant  change in the haemoglobin content. 
The data of this work detected that there was difference in complete blood count in control groups with experimental 
groups while the studies of Usman et al.(2012) who was comparing between the CBC of exposed and unexposed mice 
and found that all the haematological parameters of both groups in normal range.  

     Liver function and some marker enzymes were performed as albumin, bilirubin, total protein, alkaline phosphatase, 
alanine aminotransferase and aspartate aminotransferase. Renal function as urea, uric acid and creatinine were taking 
placed in experimental groups as well as testis hormonal levels of testosterone and luteinizing hormone were estimated 
and lipid profile was determined. Some antioxidant enzymes as superoxide dismutase, glutathione peroxidase and 
malondialdehyde were estimated in liver tissue of experimental mice. The liver is responsible for maintenance many 
homeostatic and physiological functions in animal body. The biochemical activity of some enzymes were maintained the 
optimal function of liver. Enzymes play a vital role in biological processes and also make cell-cell communication as well 
as any alternation in the activity or concentration of the enzymes effect on their functions (Moussa, 2009). 

       In the present study the albumin, bilirubin and protein as liver function were taking placed in two groups the first, the 
experimental group which exposed to microwave radiation and the second ones is the group which fed on microwave 
heated food for 8 weeks. All the results of albumin and bilirubin in the two groups showed that an elevation in the levels of 
two parameters while, the protein concentration was decreased in exposed and feeding groups.Veneman et al.(2004) 
discussed that the elevation in the levels of albumin and bilirubin according to the damage which be occurred in the liver 
cells after feeding the mice on irradiated food or exposed to magnetic field.The data of this part of research agrees with 
the work of other authors as Lohmann et al.(2000) who found that liver enzymes, albumin and bilirubin were significantly 
increased under the effect of 50 Hz magnetic field.The current results are agree with Moussa, (2009) who stated that there 
were an increase in albumin and bilirubin concentrations when exposed the mice for 3.5 GHz microwave radiation.There is 
association between the elevation of liver marker enzymes concentrations as (alanine aminotransferase and aspartate 
aminotransferase), albumin, bilirubin and protein levels in treated animals (Clark et al.,2003).  

The data of present study agrees with Burgert et al.(2006) reported that the elevation in liver enzyme activity as alkaline 
phosphatase as well as the increase of albumin and bilirubin concentrations induced liver damage for hepatocytes.The 
protein concentration is decreased in the present study and this result is in agreement with the works of Bohr and Bohr, 
(2000) studied the effect of electromagnetic waves exposure on protein alternation. There is an increase in biological 
activity of protein concentrations according to the effect of microwave radiation leakage. The changes in ligand binding 
properties of cellular proteins can affect their function, calcium is one of such ligands which may alter the formation of 
protein.The estimation of these enzymes concentrations in the current research recorded elevation in ALP, ALT and AST 
levels in the exposed group which irradiated by 2.45 GHz microwave radiation which emitted from the oven as well as the 
experimental group which fed on microwave heated food for 8 weeks. The present study agrees with Pashovkina and 
Akoev, (2001) who discussed that there was significant increase in ALP concentration according to the alternation in 
permeability of the cell membrane of hepatocytes of the liver. Thus, the increase in serum ALP activity observed in the 
experimental groups indicates hepatocellular injury.Dufour et al.(2000) stated that measurements of some liver marker 
enzymes concentrations in the blood were simple manner to detect the organ dysfunction as well as the damage which 
occurred in the liver hepatocytes. So, the alternations in ALP, ALT and AST activities are markers, indicators for liver 
diseases and hepatocytes necrosis.The mice in the present research which were exposed to microwave radiation for 8 
weeks has higher concentration of AST than control group and these results are in agreement with Abdel-Aziz et al.(2010) 
who recorded that the activities of AST were increased significantly after exposure the rats for electromagnetic fields for 
two weeks.Oh et al.(2006) recorded that there were an association between serum ALT concentration and non-alcoholic 
fatty liver disease (NAFLD).  

     The results of this study show that there was significant increase in alanine aminotransferase activity level in 
experimental mice. These findings are in agree with Shen et al.(2005)who observed an elevation  of ALT level and fatty 
liver diagnosis were independently associated with increased risk of metabolic syndromes (MetS).The current results were 
disagreed with Dufour et al. (2000) who observed no relationship between the activity of the liver enzymes and the 
environmental factors as radiation pollution, photoperiod and temperature.In the present study the final body weight of 
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experimental mice increase from the initial body weight body. The liver is the primary target organ which can be damaged 
by electromagnetic waves furthermore, increase the levels of albumin, bilirubin, cholesterol and triglycerides as well as an 
elevation of AST concentration in blood serum of irradiated mice (Finfer et al., 2006). The liver is exposed to toxicity 
material as arsenic the leakage of hepatic enzymes as AST is commonly used as a direct biochemical index of 
hepatocellular damage which occurred by toxic substance (Zotti-Martelli et al., 2005). Moussa, (2009) exposed rats to 
microwave radiation and found elevation in some liver enzymes as well as there was an association between specific liver 
enzymes, hepatic diseases and the damage of liver cells.  

     Kidney is a vital organ with several functions. Some biochemical parameters as urea, uric acid and creatinine were 
chosen for studying of the renal function of mice after exposed to microwave radiation leakage as well as feeding on 
microwave heated food.In the current study, the concentrations of urea, uric acid and creatinine for pre and post-pubertal 
stages of experimental mice (exposed groups) were elevated more than the control mice. The data which recorded in this 
part of the present research are in agreement with the works of Dasdag et al. (2008) who studied the effect of 
radiofrequency and microwave radiation (420 MHz, 2 GHz) on human and found that there were significant increase in the 
urea, uric acid and creatinine levels. The electromagnetic fields originate from man-made sources such as microwave 
oven increase the public concern about their possible adverse health effects. Radiofrequency radiation (RFR) which 
generated from these devices on oversensitive to the animals which exposed to this radiation (Collins et al., 2008). 

Mehta et al. (2007) revealed that the concentration of creatinine is used clinically to detect and evaluate the acute kidney 
injury and chronic kidney disease. Furthermore, the increase in creatinine level was associated with dramatic increase in  
mortality rate of human patients.The creatinine concentration is not only an index of liver function but also it is an indicator 
of early liver diseases. For example, in a patient with a high bilirubin level as 0.3mg/dl, leading to increase in creatinine 
level and also kidney damage is present (Guney et al., 2007).In the general population, the level of creatinine was used to 
estimate the glomerular filtration rate (Schwartz et al., 2009). These findings were in line with preliminary results because 
the concentration of creatinine is measured more than 280 million times annually in the United States, and more than 80% 
of clinical laboratories now reported an elevation of glomerular filtration rate when the creatinine levels were increased 
(Stevens et al.,2008).Creatinine produced from muscle metabolism and secreted into the blood serum at a continuous rate 
then excreted in the urine. This process occurred naturally in normal individuals. The muscle mass does not change in 
persons so, the elevation of creatinine indicates the increase in the glomerular filtration rate which already present. When 
the serum creatinine concentration in steady state the generation of creatinine equal creatinine excretion rate (Matsushita 
et al.,2010). 

     In the current study there was an increase in the mortality rate of the experimental mice which irradiated by 2.45 GHz 
microwave radiation. These data are in line with the observations of Stevens et al.(2006) who recorded an elevation in the 
mortality rate of experimental animals due to the increase in creatinine concentration without excretion of any amount of 
the creatinine. Guyton et al. (2006) studied the effect of 1800 MHz radiofrequency on male rats after 2 hours for exposure 
and found elevation on some parameters of the kidney as the creatinine, urea and uric acid according to the presence of 
carcinogenic cells by radiation.Testicular function is controlled by central nervous system through gonadotropin releasing 
hormone which promoter testosterone and luteinizing hormone as the key of hormonal signals. Testosterone promotes 
sexual differentiation in the fetus in addition to the presence of secondary sexual maturation and spermatogenesis 
processes in the adult (Cheung et al., 2005).Reed et al.(2006) defined testosterone as a steroid hormone related to 
androgen group. In mammals testosterone is primarily secreted in the testis of males by Leydig cells and in small amount 
in ovaries of females.  In men, testosterone plays a principle role in the development of male reproductive tissues such as 
the testis as well as promoting the secondary sexual characteristics. Desai et al.(2011) demonstrated that testosterone 
deficiency causes impairment of sperm production.The present study demonstrated that there were significant decrease in 
testosterone hormone level in serum of the first group of experimental male mice which irradiated by 2.45 GHz microwave 
radiation from oven as well as the second ones which feeding on microwave heated food for 8 weeks. 

     Testosterone is a primary male gender hormone and any change in normal levels may be leading to disorder of 
reproduction. The effect of electromagnetic field radiation (EMFR) on testosterone levels were examined by Stephen  et 
al.(2008) who exposed Wistar albino rats by radiation leakage for 60 minutes/day for 3 months and observed that there 
was significant decrease in the testosterone concentrations when comparing with control rats. In the present research,  
degeneration were observed in the cells of the testes due to the remarked decrease in the serum testosterone level which 
produce from Leydig cells and this damage were observed also in mice which feeding on microwave heated food. The 
findings of some authors as George et al.(2008) are in line with the above data who studied the effects of 900 MHz 
microwave radiation on testosterone concentration and recorded decline in the hormone levels.  

Saraiva et al.(2008) revealed that the changes which occurred in the morphology of leydig cells under experimental 
conditions as irradiation by microwave radiation make decrease in testosterone concentrations. Sadeghi et al.(2006) 
investigate the effect of long-term exposure to microwave radiation on male reproduction in rats and found that there was 
a significant decrease in serum testosterone concentration after 28 days as well as presence of injury to male reproduction 
organs which is positively correlated with the radiation dose. The findings of  Vangelova et al.(2007) are in disagreement 
with the data of this work who exposed the rats to microwave signal generator (900 MHz), 12 hours/day for 2 weeks and 
found that there are insignificant changes when comparing with control groups in the levels of testosterone. 

     As concerning the estimation of luteinizing hormone concentration it was found that, in the current study the 
concentration of luteinizing hormone was decreased in male mice after exposed male mice to 2.45 GHz microwave 
radiation for 8 weeks (experiment period). The findings of many authors as Yasmina et al.(2008) were matched with the 
present results who investigated the effect of 950 MHz magnetic field on testosterone and luteinizing hormone levels on 
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male rabbits and found that there were decline in the concentrations of both hormones. Ozguner et al.(2005) stated that 
electromagnetic fields have adverse effects on the concentration of luteinizing hormone which has lower level in 
experimental animals which affected by electromagnetic radiation which leakage from an oven when comparing with 
control groups. The present results is observed in the histological structure of testis in animals which irradiated by 
microwave radiation. This damage interpreted by many authors as Khavanin et al.(2007) who associated the effect of 
irradiation and vitamin B12 and in turn on the activity of LH. They illustrated that, the heated food on microwave oven loss 
30-40% from the amount of vitamin B12 in the food as well as makes degradation in the structure of vitamin molecules. 
Furthermore, the conversion of vitamin to inactive molecules so; the activity of the luteinizing hormone and male infertility 
reduced in mice which feeding on microwave heated food.  

        The pituitary gland secretes the gonadotropins hormones as testosterone and LH which regulate the testicular 
spermatogenesis and steroidgenesis processes. The effect of electromagnetic waves on gonadotropins hormones levels 
have been studied in humans and other animals by many authors as Alhekail, (2001) who examined the concentrations of 
LH in 21 healthy males after applying 900 MHz radiofrequency radiation which emitted from a cell phone (2 h/day for 1 
month) and found no effect has occurred in the hormone level of experimental animals. Aghdam et al.(2008) evaluated the 
effects of  2.45 GHz electromagnetic field (EMF) radiation on germ cell spermatogenesis processes and observed that the 
levels of serum LH does not show any significant difference between the exposed and control groups. 

      In the present study the concentration of total cholesterol and triglycerides were increased after exposed to microwave 
radiation for 8 weeks.Dasdag et al.(2008) investigated the effects of radiofrequency and microwave on the people 
occupationally exposed to non-ionizing radiation. An increase in cholesterol level was observed in experimental groups 
when comparing with control mice. High concentration of cholesterol causes hemodialysis.Precipitation of excess 
cholesterol in bile as solid plate-like monohydrate crystals is an indicator for the formation of cholesterol gallstones 
(Portincasa et al.,2006).The liver plays as a central role in cholesterol homeostasis and lipoprotein metabolism (Tsai et 
al.,2004). Weihs et al.(2005) performed some toxicology studies in rats and recorded  high levels of cholesterol in treated 
rats. 

   ALP level is recognized as a clinical marker of liver injury and Non-alcoholic fatty disease (NAFLD). NAFLD is the most 
common liver disease, the pathogenesis of this disease result from accumulation of triglycerides in hepatocytes and 
subsequent lipid peroxidation and after that oxidative stress (Farrell et al., 2007). Non-alcoholic fatty disease is 
characterized by accumulation of fat in liver with or without inflammation, fibrosis and cirrhosis according to the exposure 
to microwave radiation (Su et al.,2006).Shahryar et al.(2009) studied the effect of radiation which leakage from the cell 
phone and found that there are changes in the lipid profile of male medical students after using their phones.The findings 
of Igel-Korcagova et al.(2003) are in disagreement with the results of this research who observed the decline of the 
cholesterol concentration in experimental animals after exposure to direct solar radiation when comparing with the 
morning levels. 

     Oxidative stress is toxicological activities which induced through cellular damage by producing the free radicals (Wu et 
al., 2008). Several epidemiological studies suggest a link between electromagnetic field  exposure which is resulting from 
the use of electric devices as microwave oven (Roosli et al.,2007). In the current study the results of GPx and SOD 
concentrations showed significant decrease in groups which exposed to microwave radiation as well as feeding on 
microwave heated food as comparing with the control mice. Belyaev, (2000) said that the exposure to microwave radiation 
induced decline in the concentration of GPx and SOD in liver tissue.Fang et al.(2002) homogenate the liver tissue of mice 
after treatment and estimated the enzymatic antioxidant as GPx and SOD and recorded the reduction in concentrations of 
these parameters. Banerjee et al.(2003) studied the effect of mobile phone and microwave radiation (2.45 GHz) on liver 
tissue of male rats and found that there was decline in GPx and SOD concentrations.  The findings of some authors are 
disagree with the results of this research as Stopczyk et al.(2005) they studied that the impact of 150 KHz electromagnetic 
fields on male rats which showed significant increase (p≤0.01) in SOD concentration in brain tissue of rats.  

     The results of the present work indicate there was a significant increase in MDA concentrations in the liver tissue of 
male mice which irradiated by microwave radiation for 8 weeks as comparing with the control mice as well as there was 
decline in the protein level in experimental groups. Belyaev et al.(2000) exposed the animals to microwave radiation and 
found that there was an increase in MDA concentration as an index to lipid profile. Moussa, (2009) discus that the 
electromagnetic fields as microwave radiation affect biological systems by increasing the free radicals which enhanced the 
lipid peroxidation and change the concentration of antioxidant enzymes. The lipid peroxidation level was significantly 
increased which indicated that there is an association between the exposure to microwave radiation and oxidative stress 
leading to physiological disturbances. The increased level of lipid peroxidation was an induction of free radicals during the 
microwave exposure. These free radicals affect the lipid membrane and protein content and elevated the chance of 
diseases. 

      The microwave radiation can work as environmental pollutant which cause genetic and cell alternation furthermore, 
oxidative stress (Lykkesfeldt,2007).Yurekli et al.(2006) investigated the effects of microwave radiation and effects on 
oxidative stress in rats. When microwave radiation well below current exposure limits the MDA level was increased from 
the normal concentration. The exposure to 900 MHz and 1800 MHz microwave radiation (30 days) lead to significant 
increase (p≤0.05) in MDA concentration in brain tissue of rats as a marker of lipid peroxidation as compared to control 
mice (Ilhan et al., 2004). The investigation of biological effects of microwave radiation on the brain and liver tissue of 
experimental animals showed that the MDA concentration was significantly higher in the brain and liver tissues of MWR-
exposed rats so there are significant increase in lipid peroxidation as a direct result (Zotti-Martelli et al.,2005). The findings 
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of some authors are disagree with the results of this research as Irmak et al. (2002) found that the exposure to radiation of 
900MHz not effect on the MDA concentration in serum and brain tissue of rabbits.  

     Histological examination of the liver cells revealed that there were loss of radial arrangement in addition there are 
hypertrophy, vacuolization and hyalinization of hepatocytes with dilated central vein and sinusoids after the exposure the 
experimental mice to the microwave radiation and also feeding on microwave heated food for 8 weeks. The findings of 
some authors are agreement with the observation of this research as Verschaeve, (2009) who investigated the effects of 
2.45 GHz microwave radiation on the vital organ of mice as liver, kidney and testis and found that in liver cells there are 
some histophatological evidence of cell injury when compared to control ones. The liver cell look cloudy in their 
appearance and there are aedema in some cells. The liver cells show isolated pyknotic hepatocytes, increased mitotic 
figures and there were increased hyperchromasia in occasional cell. Also, narrow blood sinusoids and cell necrosis were 
observed.The present study also reported that there was alternation in hepatic sinusoid of the liver which is the smallest 
vessel which plays an important role in hepatic microcirculation. The structure of these sinusoids has an effect on the 
functions of the liver.  The results of the current study are in concomitant with the observation of  Usman et al.(2012) who 
found significant disorders in function and structure of liver cell in the experimental mice which exposed to 0.9 GHz and 
1.8 GHz microwave radiation for 8 weeks (experiment period). There is inflammatory response. 

     Liver histopathology has been used as an indicator of environmental stress, since it provides a definite biological end 
point of historical exposure (Fernandes et al.,2008). As well as the kind injury of damage is often dependent upon the time 
of exposure to any pollutants (Gaskill et al.,2005).  In the present research, there are liver alternations as a ballon shape of 
hepatocytes in pre and post-pubertal stages of experimental mice which fed on microwave heated food. Lysosomal 
membrane is more sensitive to the microwave radiation and lead to the release of the enzymes from lysosome and 
caused degeneration as well as appears of vacuolation of the hepatocytes of liver (Mohamed and Gad,2005). The liver 
consider as the target organ for irradiated heated food on microwave oven. These food substances are absorbed in blood 
circulation especially via portal vein of liver this leads to adverse effect on the health of liver in turn, there are presence of 
steatosis of red blood cells which consider the characteristic features of chronic hepatitis C (Au,2004).   It can be 
concluded that the results of the present study suggests that the microwave radiation has adverse effects on liver 
functions leading to histological and physiological impairment. 

    The results which obtained in the present study revealed that the exposure mice to microwave radiation and feeding on 
microwave heated food for 8 weeks induced various histological changes in the testis which indicated inhibition of 
spermatogenesis processes (in pre-pubertal stage rather than post-pubertal stage of experimental group). These changes 
include alternations in both germ and Sertoli cells. The seminiferous tubule showed irregularly in shape, degeneration and 
reduction in number of elongated spermatids as well as in interstitial tissue appeared lytic.  In agreement with these 
changes in the testis many authors reported similar findings under experimental conditions as Lucke and Coffy, (1999) 
who considered that the presence of intracellular vacuolization and reduction in number of spermatids which are similar to 
the changes in the testis of the present results may be due to impairment of androgen hormone in testis. 

     The role of androgenic steroids as testosterone hormone in spermatogenesis stages is proved by Isoken and Chijioke, 
(2010). The alternations which occurred in seminiferous tubules as consequential effect of hormone secretion. Decreased 
number of spermatids in mice testis due to the exposure to microwave radiation in present research may indicate that 
there were general toxic effects occurred in the testis with the resultant interference with spermatogenesis. The necrosis of 
interstitial cells probably would have resulted in decreased synthesis of testosterone hormone concentration which is well 
known to support spermatogenesis and might be a possible explanation of pathological changes seen in seminiferous 
tubules (Singh and Bansode,2011).   From the previous results of physiological studies it can be found that there is 
decrease in the testosterone hormone level in mice after exposure to microwave radiation in turn affected the testicular 
blood barrier. This interpretation in confirmed by (Monsees et al.,2001).  In the current studies, there is inhibition of 
spermatogenesis and the function of seminiferous tubule in pre-pubertal stage of experimental group was affected by 
interfering of the environmental pollutants as microwave radiation with the testicular blood barrier of young stages. These 
observations are concomitant with the studies of (Raychoudhury and Kubinsk,2003). 

     Electromagnetic waves radiation  alter Leydig and Sertoli cell function, leading to decreased hormone secretion as 
testosterone which may lead to altered cell proliferation (Roosli et al.,2007). Leydig cells are known as interstitial cells of 
the testis, are responsible for secretion of androgen under the effect of luteinizing hormone. Testosterone secretion is 
essential for initiation and maintenance of spermatogenesis. Generally, Leydig cells are known for their resistance to the 
effects of ionizing radiation across a wide range of exposed doses. However, the impact of EMW on the function of Leydig 
cells has been examined in a variety of animal studies and observed that there are injury to these cells which may affect 
spermatogenesis (Shahryar et al.,2009). Sertoli cells are found in between the spermatogenic cell based on basement 
membrane and have process that extends between the germ cells of seminiferous tubules. These cells have many 
functions during spermatogenesis as supporting and nutrition of the formed germ cells (Raychoudhury and Kubinsk,2003) 
and it have important role in the formation of testicular blood barrier which protects the new formed cells from the toxic 
material in blood that surround the testis (Gartner and Hiatt,2001). 

     Testosterone has been essential role for normal spermatogenesis because it stimulates the conversion of round 
spermatids into elongated spermatids. Androgen deficiency disturb the spermiation process by altering spermatid Sertoli 
cells and seminal epithelium (Beardsely and O'Donnell,2003).  The histological examination of testis revealed 
degeneration of the extensions of Sertoli cells. Therefore, there are number of residual bodies accumulated in the lumen 
of seminiferous tubules due to inability of Sertoli cells to make their normal function in engulfing these residual bodies 
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which separated from spermatids during transformation to spermatozoa. The above cited views confirm the statement of 
Orisakwe et al.(2004) who said that disruption of Sertoli cells affects the functional status of the testis. 

Conclusions:- 

From the above mentioned results it was concluded that: 

1-Microwave radiations must be considered potentially environmental pollutant. 

3-The leakage of microwave radiation has marked physiological disturbances as hematological measurements, liver 
function and enzymes, renal function, hormonal levels of male reproductive organs as well as lipid profile. 

5-Microscopical examination of some organs as liver and testis showing many changes in structures and functions of 
these organs. 
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