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Abstract 
Mice were exposed to electromagnetic field by placing 40 cm away from the 
cathode ray technology based video display unit (computer monitor) for 10-
12h/day for 4 weeks. Exposed mice had less gain in body weight as compared 
to control mice after 3 weeks of exposure with statistically significant  value 
(p<0.05). After four 4 weeks of exposure, 36% increase in total leucocyte 
count of exposed mice was recorded (p<0.05) as compared to the control 
mice. A comparative differential leucocyte count of exposed and control 
group revealed 14% reduction in monocytes and about 25% decline in 
neutrophils of exposed group after 4 weeks. Contrary to it, 49% increase in 
number of lymphocytes has been recorded after 4 weeks of exposure. 
Morphological assessment of WBC by fluorescent staining after density 
gradient centrifugation revealed that the percentage of live mononuclear cells 
in exposed group was reduced by more than 40% as compared to control mice 
whereas, 31% reduction in number of polymorphonuclear cells was calculated 
after 4 weeks of exposure. The results points to deleterious effects of 
electromagnetic field emitted by VDU of computer monitor on number as 
well as viability of white blood cells which constitute important part of our 
defense system to fight invading pathogens. 
Key words: Electromagnetic field, Mononuclear cells, Polymorphonuclear 
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INTRODUCTION 
Technology is changing with faster pace, however, CRT based monitors are still widely in use due to 
their longer life span, better graphics quality, color reproduction and affordability. CRT based monitor 
known as video display unit (VDU) are commonly used with personal computers, in hospitals for 
patient monitoring and with military navigation systems besides by graphics designers and animators. 
VDU display the information by converting a digital electrical signal of computer into an image. 
VDU technology is based on Cathode ray tube which processes electronic beam and change it into 
light energy. It results in the emission of electromagnetic fields (EMF) across the spectrum which is 
responsible for its effects on biological system. Various experimental and clinical studies have 
reported the harmful effects of electromagnetic field emitted from computer monitor on hematological 
parameters and immune system (Tremblay et al.,1996; Bonhomme-Faive et al.,1998; Dasdag et al., 
2002).  Some epidemiological studies have suggested that prolonged exposure to low energy 
electromagnetic radiations (EMR) may be associated with a higher risk of developing cancers, 
leukemia and brain tumours (Wetheirmer and Leeper,1979; Shelikh,1986).  A significant association 
has been reported between a type of brain cancer (glioma) and self reported occupational exposure to 
ionizing and non-ionizing radiation (Ryan et al., 1992).  Electromagnetic fields emitted from VDU 
may increase embryo mortality, alter humoral immunity and its hormonal control and reduce body 
weight (Youbicier-Simo et al., 1997). VDU users are not only influenced by intensive stress but also 
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various hazards of physical and chemical stress and most common were adverse effects on vision, 
neurobehavioral function and muscles.  Exposed to VDU (8µW/cm2) has been reported to 
significantly decrease the scores of vigor of positive mood state, Benton visual retension test (p<0.05) 
(Wang et al.,2002). VDU exposure to workers for more than 2 hours continuously per day has been 
reported to increase the prevalence rate of menoxenia (porlonged menstrual cycle, premenstrual 
tension) (Liu et al., 1994). Genotoxic effects of EMF emissions have been revealed by the higher 
frequency of chromatid breaks in individuals exposed to VDU radiations (Estecio and Silva, 2002) 
whereas, Luceri et al. (2005) suggested that extremely low-frequency (50 Hz) EMFs do not induce 
DNA damage or affect gene expression in peripheral human blood lymphocytes. EMR of certain 
frequencies make alteration in T-lymphocytes and other immune system leading to immune 
suppression, partially through induced calcium ion efflux (Cherry, 1997). In EMF impact 
environmental disturbances to immune system can cause excessive hypersensitivity. EMF can 
penetrate entire body and lead to stimulation of immune system to hyper react. EMF consists of an 
electrical part (V/m) and magnetic part (Tesla). Magnetic field as low as 0.2 µT are capable of 
producing biological effect (Johansson, 2009). Chronic exposure to a 0.2-6.6-microT magnetic field 
can lead to decreased immunological parameters (total lymphocytes and CD4+ counts) in both humans 
and mice (Bonhomme-Faivre et al., 2003).  Manti et al. (2008) has reported chromosome aberration in 
human peripheral blood lymphocytes, when exposed to X-rays in vitro.  
VDU (CRT based) is device used by millions for work. WBC constitutes part of both innate and 
adaptive immune response of our body. Any change in the number and vitality of white blood cells 
affects our response to invading pathogens. That is why study has been undertaken to evaluate effect 
of EMF exposure on WBC. Previous studies have determined only change in number of WBC upon 
EMF exposure. Present study reports not only change in number but also mortality of these important 
cells after EMF exposure. 

MATERIALS AND METHODS 
Six to eight weeks old male Balb/c mice (n=24, weighing 21-25g each) were procured from Central 
Animal House, Panjab University, Chandigarh. Mice were placed in plastic cages and exposed to 
electromagnetic radiations by placing 40 cm away from the VDU. Exposure system was 17״ digital 
color monitor based on cathode ray technology. Exposure level was .25 µT at 40cm in front of 
monitor. Computer monitor was switched on for continuous 8-10 h/day for four weeks. The control 
group (n=24) was placed in another room. Light, temperature (23o ± 2°C), relative humidity (75%) 
and noise conditions were identical to both groups. Mice of both groups were given known weight of 
pellet food and measured amount of water at same time every day. Control groups were not exposed 
to any type of radiation emitting device. Ethical clearance was taken for present study from ethical 
committee, Panjab University, Chandigarh. CPCA guidelines were followed for handling of mice. 
Body weight of each mouse (g), feed consumed (g) and water intake (ml) by each mouse/ day were 
recorded. Gain/ loss in body weight, food consumed and intake of water per 100g of body weight 
were calculated at regular weekly interval. Haematological parameters [total leucocyte count (TLC), 
differential leucocyte count (DLC) and morphological assessment of leucocytes] were measured at 
days 0, 7, 14, 21 and 28.  
TLC was done by using Neuber’s haemocytometer kit using Turk’s fluid [10% (w/v) Gentian violet 
and 1.5% (v/v) glacial acetic acid in distilled water]. Differential leucocyte counts of both groups 
were carried out by microscopic examination of Giemsa - stained (25% Giemsa stock in 0.67M 
KH2PO4 and 0.67M Na2HPO4 buffer 1:1 ratio) blood smears on similar days. 
Pooled blood of exposed/control mice was subjected separately to double density gradient 
centrifugation by layering histopaque 1077 (Sigma) over histopaque 1119 (Sigma) to separate the 
mononuclear (MN) cells from the polymorphonuclear (PMN) cells using Sigma procedure 
(Czuprynski and Brown, 1998). 
A cell suspension of 2 x 106 white blood cells in 25 µl of phosphate buffered saline (PBS, pH 7.2), 
was incubated with 2µl each of acridine orange/ ethidium bromide (AO/ EB) solution (1 part of 100 
µg/ ml AO in PBS; 1 part of 100 µg/ ml EB in PBS). Suspension was mixed gently and observed 
under fluorescent microscope (Leica, Germany) for morphological assessment of live/ dead cells 
(Kasibhatla, 1998).  
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STATISTICAL ANALYSIS   
A result has been expressed as mean ±S.E.M. Comparisons between control and exposed groups were 
assessed by student t test. P < 0.05 has been termed as statistically significant. All statistical analysis 
were performed using graph pad software 3. 

RESULTS 
Exposed mice recorded less weight gain as compared to those of control mice. By 3rd week of 
exposure, body weight (g/100) of exposed mice was 48%  less than those of control mice. Loss in 
body weight in 4th week of exposure was more than 53% as compared to control (Fig.1a) which was 
statistically significant (p<0.05). 
Feed consumption in radiation exposed mice decreased with increase in exposure time (Fig.1b). The 
same pattern of water consumption was observed in exposed mice (Fig.1c). Results were statistically 
significant after two weeks (p<0.5) of exposure.  
Total Leucocyte Count (TLC) of exposed mice increased significantly with radiation exposure. 14% 
and 36% increase in total leucocyte count was observed as compared to the control mice on days 21 
and 28 respectively which was significant statistically (p<0.05) (Fig.2a).  
Giemsa stained blood smears of mice were studied using oil immersion to calculate differential 
leucocyte count of control and exposed mice. Increase in duration of radiation exposure resulted in 
decrease in number of monocytes. About 14% decrease in number of monocytes was recorded after 4 
weeks in exposed group when compared with control mice on day 28 (Fig.2b).  Monocytes can be 
identified by their peculiar horse shoe shaped nucleus (Fig.5).  
In control group, 46.4±1.58% lymphocytes and in exposed mice, 49.2±1.97% lymphocytes were 
recorded on day 0. Lymphocytes were identified by their round nucleus filling whole cell (Fig.5). 
There was about 49% increase in lymphocyte cell population in exposed mice than those of control 
mice on day 28 (Fig. 2c). Increase in number of lymphocytes in exposed group was statistically 
significant (p<.0001) after  Ist week of exposure. 
Neutrophils were identified by their polymorphic nucleus and 36.2 ± 2.1% neutrophils were recorded 
in blood smears of the exposed mice on day 0. However, 25% decrease was observed after 28 days 
exposure when compared with the control mice on same day (Fig. 2d). Which was statistically 
significant with p<0.0001.  
Fluorescent microscopy of AO/EB stained MN and PMN white blood cells revealed that live cells 
fluoresce green and dead cells appear orange under UV light. Yellow colored cells of intermediate 
stage were also observed, which had fragmented nuclei and were calculated along with dead cells 
(Fig.4). About 35% reduction in live MN cells was observed after 4 weeks of exposure when 
compared with control mice on day 28. EMF exposure of 4 weeks resulted in 31% reduction in 
number of PMN cells as compared to control group on day 28 (Fig. 3). 

DISCUSSION 
In present investigation, it has been observed that the gain in body weight in the VDU exposed mice 
was less than those of control mice. This has a correlation with the amount of food consumption in the 
two groups of mice. It has been  reported that exposure of animals to a steady state 60 HZ magnetic 
field for 3h/ day for 42 days resulted in a statistically significant reduction in body weight, compared 
to sham-exposed animals (Wilson et al., 1999). Whereas, Bonhomme-Faivre et al. (1998) reported 
that there was no significant difference in body weight between exposed and unexposed animals.  It 
has been reported that exposure to static magnetic field (SMF) induced decrease in body weight by 2nd 
weak of treatment (Amara et al., 2006). Body weight decrease could not be related to dehydration but 
due to hypoxia which is known to alter body weight (Necka et al., 2003).  Chronic hypoxia was 
associated with increased oxidative stress as evidenced by marked by lipid peroxidation and induction 
of antioxidant enzyme response in various tissues and organs, static magnetic field exposure increase 
glycemia and hepatic damage (Yoshikawa et al., 1982; Nakanish et al., 1995).  
A change in eating behaviour has also been reported by the volunteer drawn from computer 
professionals in epidemiological studies conducted on humans. Another significant observation 
recorded in the exposed mice was hyperactivity in behaviour than those of the control mice indicating 
the induction of irritable behavior in them. 
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Beside this, there has been increase in number of total leukocyte count (TLC) in blood of exposed 
mice. White blood cells constitute the defense system of body and their decrease has been associated 
with different types of infections. Present study points to stimulation of immune system of mice after 
exposure to EMF radiations as observed in infection with pathogens.  
However, differential leukocyte count (DLC) in exposed mice revealed a different story. There was a 
decrease in number of monocytes and increase in number of lymphocytes. Since the monocytes 
participate (Gordon, 1999) in production, mobilization, activation and regulation of immune effector 
cells, their reduction in blood of exposed mice indicate that immune system of exposed mice is less 
effective than those of control mice. Peripheral blood mononuclear cells (PBMC) of humans exposed 
“ in vitro” to low frequency ELMF showed changes in cell proliferation tests following stimulation 
with mitogens (Conti et al., 1983). 
Monocytes and neutrophils are both phagocytic cells and part of innate immune system. If these cells 
fail to destroy microbes, adaptive immune response is activated by stimulating B & T cells. Later 
takes 7-10 days to mobilize completely. In EMF impact ,environmental disturbances to immune 
system can cause excessive hypersensitivity. EMF can penetrate entire body and lead to stimulation of 
immune system to hyper react. EMF consist of an electrical part (V/m) and magnetic part (Tesla). 
Magnetic field as low as 0.2 µT have been reported to produce biological effect (Johansson, 2009).  
Signorei et al. (2000) demonstrated a reduction of CD16+ CD56+ NK lymphocyte subsets in both 
non-atopic and atopic fertile women exposed to EMF. However, in present study, lymphocyte number 
increased in the mice exposed to VDU. These cells are associated with antibody production and cell 
mediated immunity (B and T-cells) in the body (Ahmed and Gray, 1996). Continuous rise in the 
lymphocytes, when there is no visible infection in the body can lead to many diseases such as 
leukemia. The present results support the observations of Bonhomme-Faivre et al. (2004) involving 
decrease in number of neutrophil counts in mice exposed to a color television screen. Thus, this study 
clearly indicates that the exposure to VDU radiations even for a shorter period of time affects the 
immune system adversely and makes the body more prone to infection. In the present investigation, 
changes in number of live/dead white blood cells have shown characteristic results. In control mice 
blood, number of dead MN and PMN cells was about 10%, but in exposed mice number of dead cells 
was more than 40%. This shows that majority of white blood cells seen in DLC are actually apoptotic 
cells. It further emphasizes the point that immune system is affected because dead cells can’t 
participate in host’s defense. Present study points towards the deleterious effect of VDU radiation on 
our immune system especially WBCs, which seem to die under exposure.  
Extremely low frequency (ELF) changes the oscillation frequency and amplitude of Ca++ ion signaling 
across cell membrane. This oscillating applied field produces an antibody like reaction as though cell 
has been attacked (Cherry, 1997). It might be responsible for increased lymphocytosis after EMF 
exposure as observed in present study. Changes in cellular Ca++  flow stimulate protein kinases whose 
activity has been associated with cancer. Src tyrosine kinases are rapidly activated by EMF exposure 
and they are known to facilitate cancer promoting genes. In addition, EMF might alter biochemical 
events in immune system that determine our susceptibility to infections (Kimberly,2010). It is now 
accepted that weak EMF can activate DNA to synthesize proteins and exposure of EMF (RF range) 
can lead to break in DNA strands. Electrohypersenstive persons (EHS) has been reported to develop 
allergies due to exposure to TV screen/VDU as EMF affects mast cells and dendritic cell population 
which degranulate these cells leading to local erythma, edema and itching etc. (Johansson,2009).   
Although, there are gaps in knowledge on biological and physical effects, and health risks related to 
EMF, it required additional independent research and appropriate measures to counter these ill effects 
of EMF on health.      
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Fig. 1c.   
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Fig. 2d. 
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Fig. 4. Live and dead mononuclear (MN) and polymorphonuclear (PMN) cells in blood 
(x400)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 5. Giemsa stained blood smears showing different types of leukocytes in normal 
mice (x1000). 
 
FIGURE LEGENDS 
Fig. 1 (a) Percent gain in body weight, (b) Feed consumption and (c) water consumption    

by VDU exposed and control mice. 
Fig. 2 (a) Total Leucocytes count, (b) percentage of monocytes, (c) lymphocytes  and (d) 

neutrophils  in blood of exposed and control mice. 
Fig. 3 Percentage of live and dead mononuclear (MN) and polymorphonuclear (PMN) cells 

in blood of exposed and control mice. 
Fig. 4 Live and dead mononuclear (MN) and polymorphonuclear (PMN) cells in blood of 

Laca mice.  
Fig. 5               Giemsa stained blood smears showing different types of leukocytes in normal mice. 
                        [Values are ±SD of all mice of control/exposed groups. P values : * <0.05] 
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