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 ABSTRACT  

Although the important role of the immune system in defending 

the human body against infections and cancer, only few studies 

on the possible effects of radio frequency radiation on the 

function of human immune cells have been undertaken. The 

present study was performed to investigate whether radio 

frequency (RF) field exposure could affect the activity of human 

immune system cells by studying the activity and behavior of 

human leukocytes (white blood cells) upon exposure to 

radiofrequency fields. Human blood Leukocytes were exposed to 

different temperatures and 1800 MHz RF radiation (SAR of 1.25 

W/Kg, Power density of 0.1 mW/cm2) from a mobile phone 

when placed within a distance of 5 cm from the microscope 

stage. Our results indicated that when 1800 MHz RF field was 

applied, the speed increased above the value observed at the 

same temperature, and the maximum speed exceeded that 

measured value at any temperature by approximately 50%. The 

average time for the leukocytes to respond to the effect of RF 

radiation was approximately 2.5 min. Under the effect of RF 

exposure, significant change observed in Leukocytes movement 

direction to be perpendicular to the chemotactic direction and in 

parallel with the mobile phone position. Also significant change 

in leukocytes behavior, include changing shape much faster. The 

cells were shrinking, expanding, and rolling.   

Key words: EMF Radiation, Radio Frequency (RF), Cells 

Mobility.  

1.  INTRODUCTION 

 In recent years, the public concern about the possible 

health hazards of radio frequency (RF) field exposure from 

mobile phones has increased and initiated many studies on 

the possible adverse consequences on human health [1][3]. 

The possible interaction between the radio frequency (RF) 

electromagnetic radiation and its biological effects on 

human tissues particularly on the brain, cancer, and the 

human immune system have been investigated. Although 

the important role of the immune system in defending the 

human body against infections and cancer, only few 

studies on the possible effects of radiofrequency radiation 

on the function of human immune cells have been 

undertaken [9]. The strip source diffusion technique which 

previously used [4] to study the chemotactic response of 

the Leukocytes cells by studying the ability of leukocytes 

to track cyclic-adenosine monophosphate (C-AMP) 

concentration gradient.  

The strip source diffusion technique attracted us to use the 

approach [4] as a way of studying the possible effects of 

radio frequency electromagnetic radiation on Leukocytes 

as a component of the human immune system. In the 

present work we have some factors which affect the 

motion and behavior of the leukocytes such as 

temperature, chemo-attractant concentration gradients, 

type of leukocytes (Neutrophil, Eosinophil, Lymphocyte, 

and Monocyte), and the cells age (with fresh blood we get 

the best cells activity). On the other hand, there are other 

unknown variables affect the activity and the behavior of 

the leukocytes cells such as the condition and the 

characteristics of the human donors. In our work 

approximately 80% of the experiments showed a good 

chemotactic response to C-AMP. However, the 

mechanism of the interaction between the cellular phone 

systems and the effect of EMF still unclear. There is 

possibility that the induced electric field due to exposure to 

EMF radiation could cause cellular changes. Leukocytes 

(WBC) playing essential role in our human immune 

system. It is the body defence against invading bacteria, 

viruses, fungi, and parasites.  

Leukocytes attack the invading organisms (pathogens), by 

identifying them, attaching, destroying them, and take 

them out of the blood, and continuously produce 

antibodies against that organism to the rest of the body 

life. The aim of our work is to study the effects of mobile 

phones radio frequency radiation on the immune system 

by investigate the activity and behavior of human 

leukocytes (white blood cells) upon exposure to radio 

frequency fields in vitro by using microscopic techniques. 

This is done by investigating the ability of leukocytes to 

track cyclic-Amp concentration gradients, and changes in 

cells activity.  

2.  RELATED WORK 

Evidence has been reported about the possible health 

effects such as; brain tumor, blood-brain barrier (BBB) 

permeability function, sleep problems, cognitive function, 

DNA damage, immunity system function, stress reaction, 

and increased incidence rate of traffic accidents due to 

using mobile phone during driving. Recently, many 

studies have concerns about the association between 

exposure to EMF radiation and the risk of cancer. Some 

studies reported association between cancer and the use of 

some appliances, such as television sets, hair dryers, radio 

and television transmitters, TV towers, and electric razors.  

Other studies has concerns regarding human health effects 

due to exposure to EMF radiation, such as mobile phones 

as in Hardell  et al. 1999 [10]; Muscat et al. 2000 [11]; 

Inskip et al. 2001 [12];  Johansen et al. 2001 [13]; and 

Rothman et al. 1996 [14]. Several studies have linked 

exposure to extremely low frequency electromagnetic 

fields (ELF-EMF) and increase the risk of childhood 

leukemia as in Ahlbom et al., 2000[15]; Deadman et al. 

1999 [16]; Foliart et al. 2002 [17]; and Foliart et al. 

2001[18].   

3.  MATERIALS AND METHOD 

3.1 Materials

 Cyclic-AMP (Cyclic Adenosine3’, 5’-Monophos- phate) 

is very important cell transduction signal elements (was 

Proc. of the Intl. Conf. on Advances in Electronics, Electrical and Computer Science Engineering — EEC 2012
Edited by Dr. R. K. Singh.
Copyright © Institute of Research Engineers and Doctors. All rights reserved.
ISBN: 978-981-07-2950-9 doi:10.3850/ 978-981-07-2950-9 1008

564



Proc. of the Intl. Conf. on Advances in Electronics, Electrical and Computer Science Engineering — EEC 2012

discovered in 1960`s), and it represents an indirect way of 

investigating molecular events occurring at the membrane. 

Cyclic-AMP as a second messenger involve with 

intracellular signalling, which carry signals from the cell 

surface to proteins within the cell. C-AMP was used to 

create a concentration gradient of the chemo-attractant a 

stripe source diffusion technique [4]. C-AMP of 3.3 mg 

was dissolved in 0.1 ml of serum to obtain a known 

concentration of the chemo-attractant. Then a needle was 

used to make a stripe (1 mm wide) of the solution on the 

slide. The solution stripe was  left to get dry.  

We used human blood from at least 25 adult donors to 

make two slides for each sample. One or two cells were 

used from each slide. The blood was drawn into 4.5 ml 

vacationer tubes lined with 0.5 ml of sodium citrate. Once 

the blood was collected, the tubes were slowly turned 

upside down several times to effectively mix the 

anticoagulant with the blood. The tubes were then 

centrifuged for 3 min at 150 G using a centrifuge machine. 

Separate layers were formed of  red blood cells, leukocytes 

(white blood cells) including leukocytes, platelets, and 

serum.  The mixture of leukocytes and platelets was 

concentrated at the boundary between the plasma and the 

red blood cells. A small sample containing leukocytes, 

platelets, and few red cells was drawn from the boundary 

layer using a micropipette.  

3.2 Method   

To create a concentration gradient of the chemo-attractant 

a stripe source diffusion technique [4] was used. 3.3 mg of 

C-AMP (Cyclic Adenosine3’, 5’-Monophos- phate) was 

dissolved in 0.1 ml of serum to obtain a known 

concentration of the chemo-attractant. Then a needle was 

used to make a stripe (1 mm wide) of the solution on the 

slide. Once the solution stripe was completely dry, a 

micropipette was used to extract a small sample of 

leukocytes and they were placed about 0.5 cm from the left 

side of the microscope slide.  

The drop of fluid containing leukocytes was covered with 

a cover slip to create a layer of about 15 μm thick. Then 

the cover slip was slid to the point such that C-AMP strip 

was covered along the cover slip’s one side. The chemo-

attractant diffused and created a concentration and 

concentration gradient that were numerically calculated as 

functions of time and position by using the equations 

developed in [4] and [5]. The cover slip was sealed with 

Vaseline around the edges to reduce the effects of 

pressure, temperature, and vibration on the movement of 

the leukocyte cells and to prevent the sample from drying 

out. The slide was then placed on the microscope stage 

that had been heated to the desired temperature.  The 

heater had no measurable effect on the RF field pattern 

and the 60-Hz fields were much less than 1 T.  

The leukocytes cells were exposed to 1800 MHz radio 

frequency radiation (SAR of 1.25 W/Kg, Power density of 

0.1mW/ cm2) from mobile phone placed within a distance 

of 5 cm from the microscope stage. The temperature rise 

resulting from the RF power was measured to be less than 

the 0.1°C resolution of our measuring equipment. The 

slide was placed on the heated stage for about 15 min, thus 

allowing it to reach steady state. A leukocyte was 

identified by finding a cell that was 1.5 to 2.5 times the 

size of a red blood cell, changing shape, and moving. After 

a leukocyte was found meeting the above requirements, its 

movements were tracked on the computer monitor with the 

help of a tracking system as function of time and position. 

Control data were determined  by running a series of 

experiments, at a constant strip concentration of C-AMP 

and incrementing the temperature by one degree from 29 

°C to 43 °C.  

4.  RESULTS AND DISCUSSION 

Our experiments were based on the observation of the 

motion of a life leukocyte cells, we kept the concentration 

of C-AMP constant, and the temperature of the microscope 

slide had been heated to the desired temperature (from 

29°C to 43°C), and then observe the motion and the 

behavior of 30 active leukocytes (approximately 80% of 

the cells showed a well response to C-AMP) cells both 

with and without the application of the RF.  

For the exposed cells, the motion of the cells was observed 

for about 15 min before applying the RF radiation and for 

about 15 min after application of RF radiation.  A typical 

tracking of leukocytes on the calibrated screen is shown in 

Fig. 1, and Fig. 2. Significant changes in leukocytes 

movement direction also occur. The movement direction is 

observed to be perpendicular to the direction along the C-

AMP gradient and random movements are suppressed and 

without RF these cells moved toward the C-AMP stripe, 

and these results indicate that RF radiation eliminate or 

reduce the effect of C-Amp on the leukocytes mobility.   

Our experimental results show significant change in 

leukocytes behavior (see table 1) upon the application of 

RF fields, including more rapid changes in shape, (cells 

shrinking, expanding, and rolling). The leukocytes 

tracking speed increased rapidly upon raising temperature 

between 29°C and 40oC, peaks and decreased after 40°C. 

Under the exposure to RF radiation, the leukocytes 

movement speed will rise by about 50% above the speeds 

at the same temperatures without the RF. See Fig. 3.   

Figure1.  Leukocytes cell movement without RF 

radiation exposure. [17] 
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Figure 2.  Leukocytes cell movement under RF 

radiation exposure. [12] 

3(a)

3(b) 

Figure 3(a) Cells behaviour results. [18] 

3 (b) Leukocytes velocity as a function of           

temperature. [12] 

The velocity for the cells without RF exposure was (v) = 

3.45 ±1.12 μ/min (mean and standard deviation) but with 

the exposure, the average velocity was (v) = 6.40 ± 0.90 

μ/min .The average time for the leukocytes to respond to 

the effects of RF was about 2.7 min.  One of the 

significant results we found, RF radiation caused damage 

to the leukocytes cells from specific person’s blood (three 

samples shows the same result) as shown in Fig. 4, the 

cells expanded and lost its ability to move. It is to be noted 

that leukocytes are the only cells are moving both with and 

without the application of the RF. However, no effects 

from RF were observed on the platelets or red blood cells. 

Our observation shows leukocytes from fresh  blood were 

more active than second day blood. In our work we were 

able to control some factors that affect the mobility and the 

activity of leukocytes such as the concentration gradients 

and temperature, we are expecting other factors to be 

involve and affecting the mobility and the activity of 

leukocytes such as the type of leukocytes, its age, the 

amount of anticoagulant used, and the health condition 

(such as infection and stress) of the donors.   

4 (a) 

4 (b) 

Figure 4 (a & b).  RF radiation caused damage to the 

leukocytes cells from specific person’s blood. [18] 

5.  CONCLUSIONS 

Our study was performed to investigate whether radio 

frequency (RF) field exposure could affect the activity of 

human immune system cells  by studying the activity and 

behavior of human leukocytes (white blood cells) upon 

exposure to radiofrequency fields. Human blood 

Leukocytes were exposed to different temperatures and 

1800 MHz RF radiation. Our experimental results show 

significant change in leukocytes behavior upon the 

application of RF fields, including more rapid changes in 

shape, (cells shrinking, expanding, and rolling). The 

leukocytes tracking speed increased rapidly upon raising 

temperature between 29°C and 40oC. One of the 

significant results we found, RF radiation caused damage 

to the leukocytes cells from specific person’s blood the 

cells expanded and lost its ability to move.  
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