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Abstract 
The expanding use of electronic devices (including cellular phones) in normal life has increased 
the production of magnetic fields. This has stimulated research on the effects of magnetic field 
on living organisms; with a view to better protect human health against their probable 
unfavourable effects. Several studies have shown that static magnetic fields, SMF, increase the 
production and life span of reactive oxygen species, ROS. This study therefore evaluated the 
effect of sub-chronic moderate intensity SMF exposure of normal female Wistar rats on 
oxidative stress parameters of different tissues. Superoxide dismutase (SOD) activities, catalase 
(CAT) activities and malondialdehyde (MDA) concentrations were measured in plasma, liver, 
kidney, heart, brain and ovaries. Exposure of normal female rats to moderate intensity SMF 
(6h/day at 41 mT, 56 Hz) for 35 consecutive days caused significant reductions in body weight 
gain, reduced plasma and tissue superoxide dismutase activities as well as malondialdehyde 
concentrations, and mostly increased plasma and tissue catalase activities. While overt oxidative 
stress conditions were not recorded in this study, the indication of oxidative imbalance suggests 
that longer period of exposure may result in clearly defined oxidative stress. 
 
Key words: Static magnetic field; Oxidative stress; Superoxide dismutase; Catalase; 
Malondialdehyde. 

Introduction  

The negative biological effects of static 

magnetic field (SMF) have not been well 

defined. Studies from various researchers are 

inconclusive (Mustafa et al., 2006). Growing 

evidence however shows that the adverse 

effects of SMF exposure increases at higher 

frequencies and duration of exposure 

(Schenck, 2000). In medicine and research, 

the use of static magnetic fields such as 

magnetic resonance imaging, has proved to be 

therapeutically relevant (Schenck, 2000).  

Several studies have reported the beneficial 

effects of low frequency magnetic fields 

(Steyn et al., 2000). 
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Pulsed magnetic fields have been used to 

treat various conditions, such as 

inflammation (Joseph and Sikyta, 1975), 

osteoarthritis (Trock et al., 1993; Trock et 

al., 1994), soft-tissue injuries (Wilson, 

1974), chronic pelvic pain (Varcaccio–

Garofalo et al., 1995), and tendonitis (Lee et 

al., 1997), and have been reported to be 

useful for nerve regeneration (Sisken et al., 

1990; Kort et al., 1980).  

The rapid increase in technologies 

employing electromagnetic fields and 

radiations covering all parts of the 

electromagnetic spectrum has made it 

imperative to investigate the effects of these 

radiations on biological systems (Tablado et 

al., 1998). Magnetic field enter the animal 

body and act on all organs, altering cell 

membrane potential and the distribution of 

ions and dipoles (Berg, 1993). These 

alteration may influence biochemical 

processes in the cell (Hassan, 2011).  

Alteration in the dynamics of oxidative 

processes has been suggested as possible 

effects of electromagnetic fields and static 

magnetic fields (SMF) (Zmyślony et al., 

1998). Several studies have shown that SMF 

increases the production and life span of 

reactive oxygen species, ROS (Politański et 

al., 2010; Hulbert and Metcalfe, 1998). This 

increases the interaction between free 

radicals and cellular components. Oxidative 

stress has been implicated in abnormalities 

in gene expression, damage of proteins, 

changes in the activity of certain enzymes, 

effects on membrane structure, cell growth, 

and cell death (Mohtat et al., 1998). A 

balance exists between the processes of 

proliferation and apoptosis in normal cells 

(Guo and Hay, 1999), alteration of this 

balance as a result of exposure to the 

physical or chemical stimulators such as 

SMF, may result in altered cellular number 

and architecture (Dini and Abbro, 2005). 

This study was therefore designed to 

evaluate the effect of sub-chronic exposure 

to static magnetic field on oxidative stress 

parameters of different tissues in normal 

female Wistar rats. 

Materials and Methods 

Experimental Animals 

Twelve post-weaned Wistar rats of average 

weight 100g, purchased from the Animal 

Unit of the University of Ibadan Teaching 

Hospital (UCH), Ibadan, Nigeria, were used 

for this study. The rats acclimatized for two 

weeks before the commencement of the 

study and were allowed free access to food 

and water. The rats were randomly divided 

into two groups. Reports that gender may 

affect ROS detoxification (Julicher et al., 

1984), necessitated the use of only female 

animals. The rats were housed in groups of 

six per cage and maintained in a room with a 

12-h light/dark cycle. The rats were weighed 

weekly. Treatment of the animals conformed 

to the guideline for the Care and Use of 

Laboratory Animals (The National Academy 

of Sciences, 2011). 

Experimental design 

Animals were randomly divided into two 

groups as follows:  

Group I (n=6) - the control group, animals 

were housed in the same conditions as the 

experimental group.  

Group II (n=6) - animals were exposed to 

SMF in a rectangular shape solenoid of 

frequency 56 Hz, generating 41 mT SMF. 

The group II rats were exposed to magnetic 

field for 35 days at the same time of the day 

from 9:00 am to 3:00 p.m. (i.e. 6h/day). 
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Figure 1: The solenoid 

The rectifying circuit was made up of three 

major sections: 

Section A: The A.C input section, stepped 

down to 15V 

Section B: This section consisted of the diodes 

(D1, D2, D3 and D4) and capacitor C1, used to 

rectify the A.C input to a D.C output. The 

current value from the D.C was 5.5A. 

Section C: The section, the solenoid, is where 

the static magnetic field was generated.

 

 
 

Biochemical Analyses 

The rats were sacrificed after 35 days of 

exposure to SMF. Blood was obtained through 

heart puncture and placed in heparinized 

blood bottles. The liver, kidneys, heart, brain 

and ovaries were also collected. The blood 

samples were centrifuged at 1,000 X g for 5 

minutes, the plasma was then separated. 

Tissues were homogenized in ice cold normal 

saline (1:4 w/v), centrifuged at 1,000 X g for 5 

minutes and the supernatant stored in the 

freezer until analyses. 

Lipid peroxidation 

The malondialdehyde (MDA) concentration 

was used to estimate the level of lipid 

peroxidation. MDA levels were determined in 

the plasma, liver, kidney, heart, brain and 

ovaries by the thiobarbituric acid reactive 

substances (TBARS) method (Varshney and 

Kale, 1990).  

Catalase (CAT) 

Catalase activity was determined in the 

plasma, liver, kidney, heart, brain and ovaries 

(Sinha, 1972). 

Superoxide Dismutase (SOD) 

Misra and Fridovich (1972) method was used 

to determine SOD in the plasma, liver, kidney, 

heart, brain and ovaries of rats.  

Statistical analysis 

The data are expressed as means of 6 

determinations ± S.E.M. The differences 

between groups were analyzed by the 

Independent Sample t-test.  IBM SPSS 

Statistics, Version 21.0 was used for this 

analysis. P<0.05 was considered significant. 
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Results  

Figure 2 presents the result for body weight of 

rats exposed to SMF for 35 days. The body 

weight of normal rats increased steadily 

throughout the duration of the study, while there 

was no body weight gain observed in the female 

rats exposed to SMF. Weight gain was 

significantly (p<0.05) lower in the exposed rats 

from week 3 to the end of the study period.  

The liver, kidney, heart and brain relative organ 

weight of normal female rats exposed to SMF 

increased slightly compared to control while 

ovary body weight decreased slightly (not 

statistically significant) (Figure 3).  

Plasma, brain and heart SOD activities 

decreased while liver, kidney, and ovaries 

activities increased slightly in the SMF exposed 

female rats compared to control. 

Plasma, liver and ovaries CAT activities 

significantly (p<0.05) increased in female rats 

exposed to SMF compared with control. The 

values obtained for kidney, heart and brain were 

statistically similar to control. 

MDA concentrations for the plasma, kidney, 

brain (significant) and ovaries reduced in the 

female rats exposed to SMF compared to 

control. Liver and heart MDA concentrations 

for the SMF exposed rats slightly increased. 

Discussion 

The increasing production of magnetic fields, 

due to the expanding use of electronic devices 

(including cellular phones) in normal life, is 

stimulating research on the effects of magnetic 

field on living organisms, with a view to better 

protect human health against their probable 

unfavourable effects (Amara et al., 2006). 

Studies showing that SMF effects on oxidative 

stress can lead to genetic mutation and 

apoptosis/necrosis have raised health and 

environmental concerns (Okano, 2008). Studies 

have also shown that there is a relation between 

exposure to SMF and oxidative stress through 

distressing redox balance leading to 

physiological disturbances (Hashish et al., 

2008). This study therefore simulates sub-

chronic exposure to medium frequency SMF 

and assesses its effects on oxidative stress 

parameters of normal female Wistar rats. 

Living systems protect themselves against 

oxidative damage by means of antioxidants and 

antioxidant enzymes (Politański et al., 2010). 

The presence of oxidants normally stimulates 

the production of these antioxidant enzymes. 

However, when the onslaught of oxidants in the 

system is perpetuated, the antioxidant defense 

mechanism may become weakened and this tilts 

the scale towards oxidative damage. Different 

antioxidant enzymes participate at different 

stages of oxidative damage. Studies have shown 

that in both mouse bone marrow-derived 

macrophages and their precursor cells, exposure 

to magnetic field mainly produced superoxide 

anion radicals (Rollwitz et al., 2004). 

Superoxide radicals are first converted to 

hydrogen peroxide by the enzyme superoxide 

dismutase (SOD). Subsequently, the hydrogen 

peroxide is converted to water by catalase 

(CAT). This therefore means that the action of 

SOD is required before that of CAT. The results 

of this study recorded mostly depletion in the 

activities of plasma and tissue SOD activities. 

This may be attributed to its use in the initial 

dismutation of the superoxide anion radicals to 

hydrogen peroxide, thus depleting the activities 

of SOD. The depletion in the activities of SOD 

itself is an indication of an overriding oxidant 

onslaught, i.e. the inability of redox balance to 

be maintained by the production of more 

antioxidant enzymes. After 35 days of SMF 

exposure, the conversion of hydrogen peroxide 

to water appears to be actively occurring as the 

activities of catalase in plasma and some tissue 

is still significantly high. The findings from this 

study show that after 35 days exposure to SMF 

(6h/day at 41 mT, 56 Hz), significant lipid 
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peroxidation did not occur. Some studies have 

reported marked increases in the levels of 

malondialdehyde (MDA) and other oxidative 

products of lipids and DNA in brain tissues and 

plasma after magnetic field exposure, while 

antioxidant enzyme levels were depleted (Wolf 

et al., 2005; Yokus et al., 2005; Amara et al., 

2006). These studies have however used higher 

intensity SMF such as, 128 mT, 1 h/day during 

30 consecutive days, supporting the hypothesis 

that higher strength SMF and/or longer period 

of exposure may worsen the oxidative effect of 

SMF. Also the fact that antioxidant enzymes 

activities were not completely inhibited by the 

conditions of this study, may have helped the 

prevention of lipid peroxidation, hence the 

reduction in MDA concentrations.  

The marked decrease the body weight gain of 

female rats exposed to SMF in this study could 

be a reflection of a negative caloric state. It has 

indeed been reported that SMF is strongly 

lipolytic and glycogenolytic in rats 

(Chernysheva, 1990; Gorczynska and 

Wegrzynowics, 1989) and the exposure of mice 

to 5T for 48hour suppressed eating and drinking 

behavior (Tsuji et al., 1996). Studies have 

reported that exposure to SMF (128 mT, 1 

h/day) for 5 days (Lahbib et al., 2010) and 13 

days (Chater et al., 2006) did not affect rat body 

weight. However, body weight reductions (-

15%) were observed after 15 days exposure 

(Lahbib et al., 2010). This present study showed 

a 40% weight reduction in female rats exposed 

to SMF (6h/day at 41 mT, 56 Hz). This further 

supports results from various studies that 

suggest longer duration of exposure to SMF 

worsens its effects. The weight reduction 

observed may be attributable to changes in 

eating habits or other metabolic changes 

(Sandrey et al., 1999, 2002). The relative organs 

weights of rats exposed to SMF in this study 

were statistically similar to control. Lahbib et al. 

(2010) reported a reduction in relative liver 

weight of rats exposed to SMF (128 mT, 1 

h/day) for 15 days. In this case, the intensity of 

the SMF rather that the duration of exposure, 

may have played a role altering the relative liver 

weight. 

 

Conclusion 

Exposure of normal female rats to moderate 

intensity SMF (6h/day at 41 mT, 56 Hz) for 35 

consecutive days caused significant reductions 

in body weight gain, reduced plasma and tissue 

superoxide dismutase activities as well as 

malondialdehyde concentrations, and mostly 

increased plasma and tissue catalase activities. 

While overt oxidative stress conditions were not 

recorded in this study, the indication of 

oxidative imbalance suggests that longer period 

of exposure may result in clearly defined 

oxidative stress. 
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