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ABSTRACT 

 

     Radiofrequency fields and especially microwaves are very important part of 
electromagnetic spectrum that can produce generations of reactive oxygen species, 
and thus can affect DNA and cause chromosomal aberrations. So this effect can be 
diminished by the supplement of an antioxidant such as ascorbic acid. 

      In this study, the proposed protective role of ascorbic acid was tested against the 
EMF induced chromosomal aberrations and lipid peroxidation.  

      The present study proved that EMF had a clastogenic effect on the bone marrow 
cells of mice, either with the exposure to EMF; 950 MHz or frequency EMF; 2450 
MHz. This effect was evidenced by structural and numerical chromosomal 
aberrations. 

      The study also proved that EMF had an effect on oxidative stress, evidenced by 
increase in the level of lipid peroxide, in a dose dependent manner. So, the 
mechanism of EMF induced chromosomal aberrations can be explained by this 
oxidative stress induced by EMF exposure.  

      The present study showed that ascorbic acid had a protective effect against both 
EMF induced chromosomal aberrations and oxidative stress, when it is applied 
concomitantly with EMF exposure either at frequency of 950 MHz or 2450 MHz. 
this is evident by decreases in the level of lipid peroxide and decrease in 
chromosomal aberrations.  
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INTRODUCTION 
 
       Concern continues about exposure to radiofrequency (RF) fields from sources used for mobile 
telecommunication, radars, radio and television broadcast, medical and industrial applications. Much 
of this concern arises because new technologies are introduced without provision of public 
information about their nature or discussion of the debate within the scientific community about 
possible health consequences.  
 
      In the mean time, mobile phone usage has increased dramatically with falling costs. Industry 
sources suggest that there will be over billion users worldwide by 2005 Repacholi, (2001). The levels 
of electromagnetic radiation in the microwave range are thus increasing in both working and 
residential environments.  
 
      Besides, the potential health effects of microwave attributed to heating, which were extensively 
studied non-thermal effects of microwave have only recently been discussed. Consequently, safety 
`standards have been set based, solely, upon the thermal effects of microwaves.  
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        The study of non-thermal effects of microwaves is thus considered one of the main issues for 
revising standards Peinnequin et al., (2000). The possibility that the pulsed, low intensity microwave 
currently used in GSM mobile telephony can exert subtle, non-thermal influences on a living organism 
arises because microwaves have properties other than the intensity that is regulated by safety 
guidelines.  
 
        This microwave radiation has certain well-defined frequencies, which facilitate its discernment 
by a living organism, and via which the organism can, in turn be affected Hyland, (2000). 

WHO (1998) has formulated its radiofrequency research requirements to form a database that can 
be used to conduct better health risk assessments.  

One of these research needs, is the study of the response of exposed cells either in a nutrient 
solution or as pieces of tissues. These are very important for determining exactly how RF interacts 
with living tissues.  

However, even if an effect of RF exposure is found in these cells, it dose not necessarily mean that 
the same effect will occur in whole animals or humans. Once an effect is found, it still needs to be 
studied further to determine if it has any adverse effect in humans WHO, (1998).  

The aim of the present study includes three items. First, the study of the possible effects of 
exposure to EMF on chromosomes. The investigations include examination of bone marrow aspirate 
for possible chromosomal aberrations.  

Second, to elucidate the effect of EMF on free radical production represented in detection of lipid 
peroxide levels in the blood. Third, to evaluate the possible protective effect of ascorbic acid on EMF 
induced toxicities. 

 

MATERIALS AND METHODS 
  

Adult male albino mice were used in this study. The animals were divided into five groups, the 
control group and four treated groups, and each group consists of 15 mice. The treated groups were: 
group I which was exposed to 950MHz of EMF, group II which was exposed to 2450 MHz, group III 
exposed to 950MHz with concomitant administration of vitamin C and group IV exposed to 2450MHz 
with concomitant administration of vitamin C.  

The animals were kept under steady state environment conditions, and received standard laboratory 
food and water ad libitum, with alternating 12-hr light and dark cycles.  

The experimental groups were exposed to 950MHz and 2450 MHz continuous waves RF/MW field 
for 2hr/day, 3days/week for total period two successive weeks. The exposure was carried each time at 
the same hour. During the treatment regime, animals were placed in Perspex cage and exposed to 
microwave generator (HP 8312B Synthesized CW generator) in the far field position.  

The selected power densities were 0.25 mW/cm2 and 1.69 mW/cm2 for 950 and 2450 MHz 
respectively, which is equivalent to 0.1W/Kg and 2.27 W/Kg theoretical calculated specific absorption 
rate (SAR) respectively Durney C.H et al (1986). 
 
       The injected groups were injected by 3mg/Kg body weight vitamin C i.p 2hr before the exposure. 
On the final irradiation day of the treated groups, the experimental animals were anesthetized using 
diethylether immediately after the end of exposure. 
 
       Chromosomal studies of the bone marrow cells were processed using the method described by 
Preston et al (1981).  
 
      The lipid peroxide measurement was carried out according to Preuss et al (1998)  
Statistical analysis of chromosomal abnormalities was made by the use of Chi-square test. Lipid 
peroxide results were statistically analyzed by analysis of variance (ANOVA) Pipkin, (1984). 
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RESULTS 
 

Table (1): Chi-square (χ2) statistical analysis of chromosomal abnormalities 
in exposed groups (950 MHz & 2450 MHz) and -ve control group 

   
 Group VII  

(-ve control 
group) 

Group I 
(950 MHz) 

Group II 
(2450 MHz) 

(χ2)2 P2 

Fragments 18% 
(18/100) 

 

44.6% 
(67/150) 
(χ2)1 = 19.01 
p1 < 0.001 

60.6%  
(91/150) 
(χ2)1 = 51.98 
p1 < 0.001 

12.07 <0.001 

Deletions 10% 
(10/100) 

24%  
(36/150) 
(χ2)1 = 7.83 
p1 < 0.05 

32%  
(48/150) 
(χ2)1 = 16.3 
p1 < 0.001 

2.38 >0.05 

Breaks 5% 
(5/100) 

16.6% 
(25/150) 
(χ2)1 = 7.73 
p1 < 0.05 

22.6%  
(34/150) 
(χ2)1 = 14.22 
p1 < 0.001 

1.71 >0.05 

Gaps 5% 
(5/100) 

12%  
(18/150) 
(χ2)1 = 3.52 
p1 > 0.05 

13.3%  
(20/150) 
(χ2)1 = 4.63 
p1 < 0.05 

0.12 >0.05 

Ring 
chromosome 

10% 
(1/10) 

33.3%  
(5/15) 
(χ2)1 = 1.79 
p1 > 0.05 

33.3%  
(5/15) 
(χ2)1 = 1.79 
p1 > 0.05 

0.00 >0.05 

Aneuploidy 10% 
(1/10) 

60%  
(9/15) 
(χ2)1 = 6.25 
p1 < 0.05 

66.6%  
(10/15) 
(χ2)1 = 7.82 
p1 < 0.001 

0.14 >0.05 

 
(χ2)1 is the comparison with the –ve control group (group VII) 
(χ2)2 is the comparison between groups I & II 

 

      Table (1) shows the results of the chromosomal abnormalities after exposure to electromagnetic 
wave 950 MHz and 2450 MHz. As shown in table the exposure to EMF resulted in chromosomal 
abnormalities in the form of deletions, ring chromosome, breaks, fragments, gaps and aneuploidy. By 
applying the stastical analysis Chi-square (χ2), there was a significant increase in the chromosomal 
aberrations (p<0.05 and p<0.001) except in gaps and rings in the exposure group 950 MHz which 
shows non-significant increase when compared with control group (p<0.05 ).  

      At the same time there was a non-significant increase in all chromosomal changes in the exposure 
group2450 MHz when comparing with the group  of 950 MHz, except in fragments which show 
significant increase. 
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Table (2): Chi-square (χ2) statistical analysis of chromosomal abnormalities 
in group I (950 MHz) and group III (950 MHz + Vit. C). 

                                                   
Group I 

(950 MHz) 
Group III 

(950 MHz +Vit. C)       
 

Number Percent Number Percent 
χ2 "p" 

value 

Fragments 67/150 44.6% 50/150 33.3% 4.05 <0.05 
Deletions 36/150 24% 21/150 14% 4.87 <0.05 
Breaks 25/150 16.6% 12/150 9% 0.96 <0.05 
Gaps 18/150 12% 8/150 5.3% 4.21 <0.05 
Ring chromosome 5/15 33.3% 3/15 20% 6.82 <0.01 
Aneuploidy 9/15 60% 7/15 46.6% 5.36 <0.05 

   
       The concomitant administration of Vitamin C with the exposure to 950 MHz resulted in decrease 
in the chromosomal abnormalities. This was shown when applying the Chi-square statistical analysis. 
There was a significant decrease (p<0.05) in all chromosomal aberrations. 

 
Table (3): Chi-square (χ2) statistical analysis of chromosomal abnormalities 

in group II (2450 MHz) and group IV (2450 MHz + Vit. C). 
 

Group II 
(2450 MHz) 

Group IV 
(2450 MHz +Vit.C) 

 

Number Percent Number Percent 
χ2 "p" 

value 

Fragments 91/150 60.6% 80/150 53.3% 4.07 <0.05 
Deletions 48/150 32% 32/150 21.3% 4.36 <0.05 
Breaks 34/150 22.6% 20/150 13.3% 4.43 <0.05 
Gaps 20/150 13.3% 9/150 6% 4.62 <0.05 
Ring chromosome 5/15 33.3% 3/15 20% 6.82 <0.01 
Aneuploidy 10/15 66.6% 6/15 40% 21.43 <0.001 

 
Table (3) shows the Chi-square statistical of exposure group 2450 MHz with protective group (2450 
MHz+ Vit.C). There was a significant decrease in the chromosomal abnormalities in the IV (2450 
MHz + Vit.C) when compared with group II (2450 MHz) 
 

Table (4): ANOVA one-way statistical analysis of lipid peroxide in –ve control , 
group I (950 MHz), and group II (2450 MHz) 

 
Group VII 

(-ve control) 
Group I 

(950 MHz) 
Group II 

(2450 MHz) 
 

SDx ±  SDx ±  SDx ±  
Serum lipid peroxide 

(micromole/liter) 0.91 ± 0.85 2.24 ± 0.89 3.73 ± 1.02 

F 28.066 
"p" value <0.001 
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Table (4) shows ANOVA one way statistical analysis of lipid peroxide in the exposure groups I & II 
(950 & 2450 MHz). The exposure to EMF of frequencies 950 and 2450 MHz resulted in oxidative 
stress, which manifested by increase in the level of lipid peroxide. By applying the ANOVA one way, 
there was highly significant difference (p<0.001) in the lipid peroxide level among the exposure 
groups and control group. 

 
Table (5,a): Student "t" test of lipid peroxide in groups I (950 MHz) 

& III (950 MHz+ vit C) : each group consists of 15 mice 
 

Group I 
(950 MHz) 

Group III 
(950 MHz + vit.C) 

 

SDx ±  SDx ±  
Serum lipid peroxide 

(micromole/liter) 2.24 ± 0.89 1.56 ± 0.76 

"t" value 2.238 
"p" value <0.05 

   
Table (5, b): Student "t" test of lipid peroxide in groups II (2450 MHz) 

& IV (2450 MHz + vit. C) Each group consists of 15 mice 
 

Group II 
(2450 MHz) 

Group IV 
(2450 MHz + vit.C) 

 

SDx ±  SDx ±  
Serum lipid peroxide 

(micromole/liter) 3.73 ± 1.02 3.04 ± 0.63 

"t" value 2.242 
"p" value <0.05 

 
Table (5 a and b) Show the student (t) test of protective groups. The concomitant administration of 

vitamin C with exposure to EMF of doses 950 MHz and 2450 MHz resulted in a protective effect 
against EMF induced oxidative stress, this effect was manifested by decrease in the level of lipid 
peroxide. 

 
DISCUSSION 

 
It is will-recognized that electromagnetic fields are able to affect biological functions of living 

organisms also at cellular and molecular level, thus leading to the appearance of genotixic effects, 
even through the possibility of a “thermal effect” cannot be ruled out Brusick et al (1998). The need 
for investigating into this area is connected with the dramatic increase of the electromagnetic field 
sources in these last years whose environmental impact has raised the natural electromagnetic noise by 
a factor of around 1012 Laura Zotti-Martelli et al (2000). Lai and Singh (1995) first reported DNA 
strand breaks from exposure to MR. A dose dependent increase in DNA single and double strand 
breaks in brain cells exposed at 0.6 W/Kg and 1.2 W/Kg whole body SAR were found after 2 hours of 
exposure to 2450MHz.  

Free radicals are very reactive and unstable molecular species that can initiate chain reactions to 
form new free radicals. Several mechanisms are in place to neutralize their effects, which include a 
system of nutritional and endogenous enzymatic antioxidant defenses that generally hold the 
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production of free radicals and prevent oxidant stress and subsequently tissue damage.  Hallwell 
(1994). 

The present study proved that exposure to EMF 950MHz and 2450MHz in groups I & II, induced 
chromosomal aberrations in the bone marrow cells in the form of structural and numerical 
chromosomal aberrations. The structural chromosomal aberrations detected in the present study were 
fragments, breaks, deletions, gaps and ring chromosomes.  

The numerical chromosomal aberrations were in the form of aneuploidy (2n ± 1) i.e. the 
chromosome number is not an exact multiple of the haploid number. The results are in agreement with 
Maes et al (1998) who found a marked increase in the frequency of chromosome aberrations and 
micronuclei in human peripheral blood lymphocytes exposed to 2450 MHz microwave at constant 
temperature. 

The present study also showed that exposure to EMF leads to lipid peroxidation and oxidative 
stress that was represented by increase in the serum level of lipid peroxide in a dose dependant 
manner. These results are in agreement with: Jajte et al (2002) who suggested that the mechanism by 
which magnetic fields may induce cell death involve free radicals production. They studied the level 
of lipid peroxide, as the induction of lipid peroxidation is a marker of free radical mechanism in the 
cells. They found that the magnetic field can increase the concentration of oxygen free radicals and 
thus may lead to cell death. 

Also Stopczyk et al (2002) demonstrated that microwaves produced by mobile phones significantly 
reduced super oxide dismutase activity after 1, 5 and 7 minutes of exposure. This supports the idea 
that oxidative stress after exposure to microwaves may be the reason for many adverse changes in 
cells and may cause a number of systemic disturbances in the human body. Irmak et al (2002) 
suggested that the oxygen free radicals might play a role in mechanisms of adverse effects of 
electromagnetic radiation.  

In their study, the exposure to 900 MHz resulted in increase in serum SOD activity, and the serum 
level of nitric oxide decreased compared to control group. This finding may indicate the possible role 
of increased oxidative stress in the pathophysiology of adverse effect of EMR. 

It was suggested by Moustafa et al (2001), that RF fields of cellular phones affect the human body 
by producing free radicals. They investigated the effect of acute exposure to RF field of cellular 
phones by measuring lipid peroxide and super oxide dismutase and glutathione peroxidase in plasma. 
They found that plasma level of lipid peroxide was significantly increased after 1, 2 and 4 hours of 
exposure. While the activities of SO and GSH-Px showed significant decrease.  

These results indicate that acute exposure to RF fields may modulate the oxidative stress of free 
radicals by enhancing lipid peroxidation and reducing the activity of SOD and GSH-Px, which are free 
radical scavengers. 

In conclusion, the present work indicates that exposure to non-ionizing radiations in the range of 
microwave is able to cause at our experimental conditions, increase of the chromosomal aberrations of 
the mice bone marrow cells.  

This effect was evidenced by structural and numerical chromosomal aberrations. The study also 
proved that EMF had an effect on oxidative stress, evidenced by increase in the level of lipid peroxide, 
in a dose dependent manner. So, the mechanism of EMF induced chromosomal aberrations can be 
explained by this oxidative stress induced by EMF exposure, also can be explained by the effect of 
EMF on the cell membrane permeability and on the calcium metabolism.  

The present study showed that ascorbic acid had a protective effect against both EMF induced 
chromosomal aberrations and oxidative stress, when it is applied concomitantly with EMF exposure 
either in dose of 950 MHz or 2450 MHz. this is evident by decreases in the level of lipid peroxide and 
decrease in chromosomal aberrations.  

These findings add evidence in favor of the use of cytogentic assays as dosimetry biomarker in 
epidemiological studies on workers occupationally exposed to non-ionizing radiation. Moreover, the 
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ability to detect a dose effect relationship between genomic damage and exposure to electromagnetic 
fields should be useful in order to set protective intervention steps against this type of exposure. 
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