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Recently, the possible effects of extra low frequency electromagnetic fields on the public health have 
become an interesting subject. Generally, electromagnetic fields occur around the high voltage lines. 
However, electromagnetic fields also occur with some electrical machines use for fun and TV used 
routinely at our home and offices. Epidemiological researches explained that the effects of 
electromagnetic fields are related with the childhood cancer such as leukemia and melanoma. The 
results of some researches focused on cellular level which shows that electromagnetic fields have no 
direct mutagenic effects on DNA, but also changed the cellular metabolism and arrangement. In this 
review, the results of some researches on the effects of electromagnetic fields on the biological 
systems have been compiled. 
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INTRODUCTION 
 
The effects of extremely low frequency electromagnetic 
field on public health have become an increasingly 
interesting issue recently. Electromagnetic field usually 
forms around high voltage power lines and electric 
transformers. It is a fact that electromagnetic field also 
results from electrical devices such as hair dryers and 
televisions used daily at houses and workplaces, and it 
affects the user and the people nearby. In addition, 
radiofrequency emitting sources are radars, mobile 
phones and their base stations, radio and television 
broadcasting, microwave oven, devices used in medical 
and industrial applications, could have effect on living 
organisms. 

Epidemiological studies have revealed that 
electromagnetic field is related with some childhood 
cancers like leukemia and melanoma. On the other hand, 
cell level studies have shown that electromagnetic fields 
do not have a directly mutagenic effect but it has a 
modifying effect on the metabolism and normal operation  
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order of the cell. In this review, the results of the studies 
on the effects of electromagnetic field on biological 
systems are presented. 
 
 
THE BIOLOGICAL EFFECTS OF ELECTROMAGNETIC 
FIELD 
 
The motivation of people is increasing towards the 
possible effects of extremely low frequency, 
electromagnetic field on public health. With 
industrialization and gradual improvement in quality of 
life, the chances of more frequent and more intense 
exposure of people to extremely low frequency (elf) 
electromagnetic field (EMF) are on the increase. 
Therefore, people from many groups of the society, 
particularly scientists, have started to spend effort to 
relate EMF exposure and some cancer types that are 
seen in both children and adults, and which are ever 
increasing, and so far, many epidemiological studies 
have been produced.  

EMF at power-line frequencies produced by specific 
voltages on high-voltage transmission lines can be 
classified by different properties of it. EMF is created 
during the flow of electrical current along a conductor. 
Normally, EMF under 200 to 300 Hz is labeled as elf and 
many   people   are   exposed   to   elf    EMF  because of  
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conditions of their house and work environments. 
Although EMF is usually created intensively around high 
voltage power lines and electrical transformation 
systems, elf EMF is also created during the daily use of 
any electrically driven device like television, video and 
hair dryer, which are present in our homes and 
workplaces. The people operating such devices or are 
around such during their operation are likely to be 
exposed to these fields (Goodman et al., 1993). The first 
studies on the biological effects of EMF, which started to 
attract more and more attention, was a constant source 
of doubt. The first experiment on EMF has been run by 
Galvani (1737-1798) around mid-18th century. In the last 
20 to 25 years, various effects created by EMF on 
biological organisms have been examined by respected 
studies that are carried out on both cellular and organism 
levels (Goodman et al., 1993; Elhasoğlu, 2006; Funk et 
al., 2009; Răcucıu et al., 2009; Çenesiz et al., 2011). 

The possible adverse effects of low-frequency electro 
magnetic fields on reproductive outcome have been 
studied both epidemiologically and experimentally 
(Saadat, 2005; Aydin et al., 2009;Türkkan and Pala 
2009). The epidemiological studies that are carried out 
for revealing the relationship between EMF and cancer 
have put forth that there are no specific cancer types that 
are directly linked in EMF. Yet EMF is a positive risk 
factor for many cancer types including leukemia, 
lymphoma, melanoma, lung cancer and others (Savitz et 
al., 1988, 1990; Jauchem and Merritt, 1991; London et 
al., 1991; Theriault, 1992; Feychting and Ahlbom, 1993; 
Goodman et al., 1993, Mezei et al., 2006; Henry and 
Singh, 2010; Seyhan, 2010). The research on how EMF 
physically interacts with biological systems makes up an 
important part of the studies on biological effects created 
by exposures to it. During these periods, some studies 
were made about animal groups and cell systems and it 
is found that elf EMF interacts with biological systems 
and causes some biological effects (Anderson, 1991; 
Luben, 1991; Tenforde, 1991; Liburdy, 1992). The 
interaction mechanisms of EMFs can be explained as 
follows (Şeker and Çerezci, 1991):  
 
1. Gravitation of ferromagnetic particles that are made up 
of biological molecules carrying magnetic characteristics. 
2. Gravitation of diamagnetic and paramagnetic 
anisotropic molecules. 
3. Creation of potential difference that is vertical to the 
ionic flow due to the magnetic force.  
4. Structural arrangements or changes in mid-products in 
the electron transfer caused by Zeeman shift in molecular 
energy level. 
5. The currents that are created in the organism by the 
induction of electrical and static areas. 
 
Many biological molecules take place in the cells and in a 
cell, especially from elements like C, O, H, N and S,  

 
 
 
 
which are the building blocks of protein molecule; more 
than 1014 H and O atoms in average and 1012 to 1014 C 
and N atoms. Besides, in each cell, 1010 to 1012 Si, P, Na, 
K, Mg, Ga, Cl; 106 to 108 Sn, Ti, Mo, Co, I, Pb, Ag, Br, Sr, 
Ni, V, Sc, Cd, Cr, Se; about 104 to106 U, Be, Hg and 102 
to 104 trace elements of about 40 types also exist. The 
spins of most of the atoms (such as 8O16 ve 6C12) occur in 
these cells. In these types of atoms, extremely thin (ultra 
structural) structure is not formed. In an EMF sensitive 
atom, there are uncoupled head value electrons. When 
biological objects are exposed to EMF, with respect to 
increasing intensity of the field, a change in their ultra thin 
structure is observed. Changes occur in the energy levels 
of uncoupled EMF sensitive electrons of molecules which 
are in the cells of living beings that are exposed to EMF 
and which are partially unstable. Therefore, the changes 
that are reflected on the lives of molecules and the 
energy which comes out, affects the ratios of chemical 
reactions and thus noticeable chemical changes will 
occur at different EMF intensities. 

Since biological molecules are highly heterogeneous in 
structures, when they are exposed to electrical fields, 
important changes occur in their properties. The current 
that passes through the biological system, causes the 
positively and negatively charged molecules in the 
environment to drift towards opposite directions. In this 
way, the structural ingredient order of the environment 
changes and there is an increase in the concentration of 
certain loaded ions in different parts of the cell. This 
system, which is known as electrophoresis (also the 
basis of an experimental method in molecular biology) is 
used for separating loaded biological molecules. The 
degree of the effect of electrical field is up to the 
conductivity value of the media. In biological systems, the 
most important factors of determination of the 
conductivity level are the ionic strength and viscosity. For 
this reason, the fastest and easiest affected cellular part 
from EMF is the cytosolic fraction which is made up of 
molecules soluble in cytoplasm. The ionic flows, which 
can be formed in case these molecules are affected from 
EMF, change the degrees and structures of ionic and 
hydrogen bonds itself and between different molecules 
and Van der Waals interactions. This situation creates 
differences in both the three dimensional structures of 
cellular proteins and their biological activities, as well as 
the interaction levels of other protein and nucleic acid 
type molecules. As provided by some studies, there is a 
delay in G1 phase and RNA and protein synthesis, which 
is realized in the previous phase of synthesis phase. The 
ion flow on DNA increases with respect to the effect of 
EMF; ornithine decarboxylase synthesis of cells that are 
exposed to EMF is five times greater than that of normal 
cells (Byus et al., 1987; Goodman et al., 1995; Blank and 
Goodman, 1997; Alikamanoğlu et al., 2007). Besides, in 
a study which was aimed at revealing the effects of EMF 
on  DNA-protein  interaction  on  a  protein-DNA  complex 



  
 
 
 
 
that was created with a synthetic DNA molecule carrying 
“zinc-finger” structured DNA binding domain of GAL4 
protein and a specific response element, chemical shifts 
in the amide nitrogen number 15 of the DNA binding 
domain of the protein due to EMF were identified (Bax, 
1997). In another study examining the “zinc-finger” 
synthetic peptide of 26 amino acids, it was shown that 
EMF causes a shift on the peptide skeleton and this 
effect is seen in different degrees on tetramers made with 
its own monomers (Kemple et al., 1997).  
 
 
THE RESPONSES OF CELLULAR STRUCTURES TO 
ELECTROMAGNETIC OR MAGNETIC FIELDS 
 
It is difficult to evaluate the effects on organisms that are 
exposed to electromagnetic or magnetic fields. The main 
reason for this is the complex structure of biological 
systems. Many experiments about the effects of electrical 
or magnetic fields are completed on both complex 
structured and simple structured organisms. Since most 
of the biological structures are non homogenous, when 
they are exposed to electrical or magnetic fields, they 
show important cellular changes. This situation can be 
explained by the examination of the responses of 
molecules, ions and membranes under electrical and 
magnetic fields. The cell level effects of electrical and 
magnetic fields can be listed as (Goodman et al., 1995; 
Simko, 2004; Funk et al., 2009):  
 
1) Membrane changes 
2) Ionic effects 
3) Nucleic acid and gene expression 
4) Enzymatic activity 
5) Biorhythms and hormones 
6) Genotoxic effects 
 
 
Membrane changes 
 
The cellular structures that are affected by EMF in the 
first degree are the cellular membrane structures. While 
the membranes act like porous solids against electrical 
fields that are applied vertical to their surfaces, they 
respond like viscose liquids against such fields in 
membrane plane. Membranes have non-homogenous 
structures composed of different parts, and can be 
affected differently by the electrical fields. Besides, 
membranes, when they are electrically or chemically 
stimulated, create active biochemical reactions which can 
change the ionic channels inside them according to the 
requirements of the cell. This is why electrical fields affect 
the semi-permeable character of membranes for various 
molecules and ions; they change the lipid and protein 
configuration of the membrane and change the 
interaction   level   of   molecules  that   interact  with  the  
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membrane. As a result of the changes in the activities of 
active ion and molecule channels, differences can be 
seen in the functioning of cells, tissues and organs 
compared to their normal functioning. Since calcium most 
especially is an important element of cellular 
communication system, it is not complicated to predict 
the results this situation can cause in a cell (Adey, 1993).  

In some studies that examined the effects of EMF on 
the structure of cellular membrane and on the activity of 
transportation systems on the membrane, changes of 
cellular membrane structure of Physarum polycephalum 
were noted as a result of EMF effect and Na, K-ATPase 
activity was found to be affected by both electrical and 
magnetic fields in different ways (Goodman et al., 1986). 
While magnetic field always increases the activity of the 
enzyme, the electrical field affects enzymes differently 
with respect to the power level (Blank and Goodman, 
1997). In a study that was made on chicken muscle cells, 
cells were exposed to 50 Hz sinusoidal magnetic field. 
While there was a decrease in the conductivity and 
permeability of muscle cells, there were no differences at 
the connections of muscle cells. The decrease in the 
transportation of various ions can be interpreted as a 
proof for changes in permeability, but the regions which 
block the transit are not evident. This decrease in 
permeability is interpreted as a change in the electrical 
loads on the cells due to the changes in lipids, proteins or 
in both (Grandolfo et al., 1991). Chionna et al. (2003) 
also reported changes in human lymphocytes and U937 
cells due to a static magnetic field (MFs). They were 
investigated in the morphological structure of cells by 
transmission (TEM) and scanning (SEM) electron 
microscopy. They found out that static magnetic field 
modified cell shape, plasma membrane, and increased 
the level of intracellular [Ca++] which plays an 
antiapoptotic role in both cell types. 

When the erythroleukemia series of K 562 cells were 
exposed to 2.5 mT EMF for 24 to 72 h and the cellular 
surfaces of the control and experiment groups were 
compared under the electron microscope, cellular 
surfaces with many microvillus and bubble like structures 
that were created quickly are seen in cells that 
reproduced under direct EMF exposure (Paradisi et al., 
1993). According to the data obtained after the laboratory 
experiments, it was concluded that changes in both the 
structures forming the membrane and in surface loads 
are as a result of EMF exposure. Furthermore, 60 Hz, 0.1 
mT, 1.0V/m sinusoidal EMF was applied on the cells of a 
microorganism named Paramecium polycephalum. 
Another group of microorganisms were exposed to only 
electrical or magnetic fields. When the ones exposed to 
electrical or magnetic field both separately and in 
combination for 24 h were compared, it was observed 
that the negativity of the surface loads increased. 
Besides, it is reported that the membranes of these cells 
are  more  hydrophobic.  As  one  can  understand   from  
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these studies, hydrophobic structure is altered where 
electrical or magnetic field is applied on cells, or 
hydrophobic characteristic is decreased due to negative 
oriented membrane load changes (Marron et al., 1983, 
1988). 

Tiber and Garip (2008) exposed human lymphocytes to 
(50 Hz, 5 mT) extremely low frequency electromagnetic 
field (ELF-EMF) for 90 min. Researchers noted that 
magnetic field lymphocytes showed hyperpolarization 
with respect to control. These results show that ELF-EMF 
affected membrane potential and cell proliferation. 10 
V/cm DC electrical field was applied on chicken embryos 
for 60 min and some changes in the morphological 
structure of the cells were determined (Hamada et al., 
1989). An EMF between 0.35 and 1.77 T was applied to 
HeLa cells and if the application was carried out in a 
period less than 10 s, the inflow of ouabaine sensitive 
Rb+ would be significantly decreased. In later times, an 
increase in the outflow of K+ would also be observed 
(Yamaguchi et al., 1992). 
 
 
Ionic effects 
 
Calcium 
 
As aforementioned, the changes that occur in the ionic 
channels in the membrane when the cellular membrane 
structures are affected by EMF change the concentration 
of channel specific ions inside the cell and the cellular 
activities connected to these ions. Jurkat E6 human 
leukemia cells were reproduced in 60 Hz EMF media and 
research has been carried out on how EMF affects 
intracellular Ca2+ concentrations. As a result of this study, 
it is found that there were no important changes in the 
intracellular Ca+2 concentrations of the cells that were 
reproduced in EMF media (Lyle et al., 1992). Kindzelskii 
and Petty (2005) investigated similar effects on cell 
electromagnetically treated. In high field concentration 
experiments that were carried out on Jurkat type cells, 
cells were reproduced in an electrical field of 50 Hz 
sinusoidal 50 mV/cm and Ca2+ and Mn2+ levels were 
evaluated by fluorescent Fura-2 paint. The result 
obtained indicate that there is an important increase in 
the intracellular Mn2+ concentrations of the cells which 
were exposed to the electrical field for 4 min, but the 
intracellular Ca2+ concentration was found unaffected 
(Walleczek and Budinger, 1992). 

In another study, 50 Hz, 0.1 mT EMF was applied to 
Jurkat cells and it was found that EMF is affected on the 
free intracellular Ca2+ concentrations. The researchers 
passed the cells through Helmholtz coil for periods 
between 15 and 200 s. During this process, the 
intracellular Ca2+ level increased two to four-fold, from its 
normal values of 50 to 100 nM to values of 200 to 400 
nM.   Similar   studies   were   carried  out  on   peripheral  

 
 
 
 
lymphocytes and the response of the intracellular Ca2+ 
concentrations was found to be the same. Thus, 10% of 
the lymphocytes responded to magnetic field. On the 
other hand, it was observed that 85% of the Jurkat cells 
responded to EMF. Furthermore, there is an increase in 
the intracellular Ca2+ concentration (Lindström et al., 
1993).  

In a similar study on this field, HL-60 cells were 
exposed to various strengths of magnetic field in 6.25 
MHz for various time periods between 10 and 60 min by 
using magnetic resonance system (MRI) and the 
changes in Ca2+ inflow were determined by indo-1 
fluorescence paint. As a result of this study, it was seen 
that 23 min application increased the Ca2+ intake by 25% 
compared to that of the normal (Carson et al., 1990). 
More also, in another study on calcium, radioactive Ca2+ 
flagged microsomes were used as a model system. The 
flagged microsomes were exposed to 60 Hz, 0.1 mT 
magnetic field. The dependence of Ca2+ increase in the 
vesicle on ATP was also measured. In this experiment, it 
was observed that the Ca2+ amount decreased by 20% 
after 3, 5 and 10 min of EMF incubation in comparison to 
the control group. It is stated that this result is due the 
inhibition of Ca-ATPase which is connected to the 
membrane or leaking from microsome vesicles (Stagg et 
al., 1992).  
 
 
Sodium and potassium 
 
When compared with calcium, there are fewer studies on 
the effects of EMF on sodium and potassium. In studies 
that were carried out by Tsong and his colleagues, it was 
observed that there is an increase in the Rb+ 
transportation which is potassium analog. Despite the 
concentration gradient, there is no change in the ATP 
hydrolysis. In view of this result, it is suggested that Na+-
K+ ATPase enzyme increases the Rb+ transportation by 
using the energy coming from EMF (Teissie and Tsong, 
1981; Serpersu and Tsong, 1983; Serpersu and Tsong; 
1984). This mechanism shows similarities with the 
mechanism proposed by Blank and Soo (1992, 1993) in 
the later years (Blank and Soo, 1992, 1993). 
 
 
Nucleic acid and gene expression 
 
DNA 
 
In many studies that were carried out on the in vivo 
effects of electrical and magnetic fields, it is reported that 
the DNA is not affected negatively. However, it is put 
forward that EMF increases the risks associated with 
some cancer types like leukemia, central nervous system 
and lymphoma (Fiorani et al., 1992). On the other hand, it 
is  believed  that  epidemiological   research   has  to   be  



  
 
 
 
 
carried out whether there exists a possible interaction 
between cancer risk and EMF. The results of such 
studies will make important contributions to question 
whether EMF increases cancer risk, although the results 
of some epidemiological studies that are in the literature 
show that EMF will not cause genetic changes (Cohen et 
al., 1986).  

Experiments on the cellular responses of rat fibroblasts 
are separately carried out in both 50 Hz electrical field 
and 2 mT magnetic fields. While the magnetic field has 
increased the fibroblast deposit in G1 phase of cellular 
cycle, it has caused more accumulation of the electrical 
field in S, G2 and M phases (Schimmelpfeng and 
Dertinger, 1993). Similarly, in another study on rat 
osteoblasts, it was found that EMF with 50 Hz value 
lengthened the S phase of cellular cycle and decreased 
the apoptosis rate in cells (Tang and Zhao, 1999). The 
effect of EMF on DNA replication was also studied and it 
is determined that EMF at a level of 0.1 to 0.4 mT inhibits 
the DNA synthesis in Jurkat cells (Nindl et al., 1997). The 
studies that were carried out presented the idea that EMF 
does not directly affect DNA in in vivo conditions, but it 
may affect DNA indirectly by changing some important 
cellular responses (Blank and Goodman, 1997; 
Kindzelski and Petty,2000). In another study on brain 
cells of the rat were exposed to 0.01 mT of magnetic field 
in 60 Hz for 24 h by using electromagnetic field, it was 
observed that 24 h application increased the DNA single 
and double strand breaks in brain cells compared to that 
of the normal (Lai and Singh, 2004). 
 
 
RNA 
 
The research on the order of gene expression is 
progressively getting more attention and becoming more 
important. Researchers are carrying out some studies on 
the arrangement of oncogene precursor genes in order to 
reveal the interaction of EMF with cancer formation. In a 
study on this subject, CEM CM-3 T lymphoblasts were 
left in a 60 Hz, 0.1 mT strength EMF environment for 15 
to 120 min and the transcription levels of c-fos, c-jun, c-
myc and protein kinase C genes were examined. As a 
result of this study, significant changes compared to the 
normal in the transcription rates with respect to 
increasing cellular density and incubation time were 
recorded. For example at c-fos transcription level, a 2.5 
times increase was observed without any connection to 
cellular density (Phillips et al., 1992). Similarly, when 50 
MHz radio frequency and 16 Hz non ionized radiation 
were applied to Jurkat T-lenfoblast and Leydig TM3 cells, 
it was observed that 16 Hz EMF caused a high increase 
in the RNA synthesis rate of ets1 oncogenes (Romano-
Spica et al., 2000).  

In a study on this subject, the mRNA expression of the 
receptor activator  of  NF-kappa-B (RANK)  and  carbonic  
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anhydrase II (CA II) in ovariectomized rat osteoclast-like 
cells were exposed to 8 H, 3.8 mT, strength pulsed 
electromagnetic fields (PEMF) for three days and 40 min 
per day. The expression of RANK and CA II mRNA was 
determined with real-time fluorescent-nested quantitative 
polymerase chain reaction. Consequently, PEMF could 
regulate the expression of RANK and CA II mRNA in the 
marrow culture system (Chen et al., 2010). 
 
 
Protein 
 
Along with the effects of EMF on transcription, its effect 
on translation phase was also a questioned issue. In 
studies that were carried out, findings showed that EMF 
generally increases the protein synthesis. For example, 
the translation level of Escherichia coli RNA polymerase 
enzyme was measured between 72 Hz and 0.07 to 1.1 
mT EMF strength for periods between 5 and 60 min, and 
it was observed that translation rate increased in low 
EMF density (0.07 mT). The decrease in the translation 
rate in high value EMF presence is connected to the 
instability of RNA in in vitro conditions (Goodman et al., 
1993). Therefore, it is now generally accepted that weak 
EMF in the power frequency range can activate DNA to 
synthesize proteins. In an investigation, the effects of 50 
Hz frequency 30 μT EMF on the reproduction behaviors 
and the protein synthesis of E. coli and Saccharomyces 
cerevisiae cells were obtained. EMF was generated with 
Helmholtz coil and EMF level (50 Hz, 30 μT) was 
especially selected in a range to which human beings can 
exposed in their daily lives. According to the results of the 
study, EMF decreased the total protein amount of the 
bacteria and yeast cells and also reduced the 
reproduction speed (Erol et al., 2003). 
 
 
Enzymatic activity 
 
There are some enzymes which directly respond to an 
electromagnetic field. One of these enzymes is ornithine 
decarboxylase (ODC). In most of the studies, an increase 
in the activity of ODC enzyme in cells which were 
exposed to magnetic or EMF is observed. When it is 
considered that this enzyme is active especially in fast 
growing cells and induces tumor growth, it can be thought 
that a connection for the possible interaction between 
EMF and cancer risk exists (Byus et al., 1987; Litovitz et 
al., 1991). Another enzyme whose interaction with EMF 
was also examined is the acetylcholinesterase. When the 
acetylcholinesterase activity is examined in rat bone 
marrow cells which were exposed to 1.4 T fixed magnetic 
field for 30 min, a decrease in the enzymatic activities of 
cells after 2 h on which static magnetic field is applied at 
37°C was observed. At 27°C, an increase in the 
enzymatic  activity  was  detected  after 3.5 h of the same 
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 static magnetic field (Stegemann et al., 1993).  

Besides these, the effects of EMF especially on 
enzymes that take part in cellular communication system 
are important to reveal the rising of cancer risk. For 
example, when 20 Hz and 7 - 8 mT strength EMF is 
applied on human skin fibroblast culture, a significant 
decrease in the reproduction and differentiation of 
fibroblasts are observed. This result is connected to the 
graded induction of EMF on cAMP dependent protein 
kinase A activity (Loeschinger et al., 1998). In addition, 
the effect of magnetic field on carbonic anhydrase 
isoenzyme in vitro was also determined by Coskun 
(2007). In this study, the effect of magnetic field on 
purified isoenzymes was investigated and it was found 
that the enzymes were affected by magnetic field in terms 
of both the magnetic field intensity and the time intervals.  
 
 
Biorhythm and hormones 
 
In mammals, the biorhythm system is a function 
organized by the pineal gland. Pineal gland cells make 
melatonin synthesis over serotonin. It is shown that EMF 
modifies melatonin synthesis and melatonin primers. 
Melatonin is a substance which has oncostatic effect on 
active estrogen receptor expressing human cells (Wilson 
et al., 1986; Loeschinger et al., 1998). The effect of 60 
Hz, 0.19 to 1.19 mT EMF on human breast cancer cell 
(MCF-7) reproduction in the presence and lack of 
melatonin was studied. It was observed that EMF does 
not have any effect when the cells were left to reproduce 
in an environment without melatonin. In contrast, when 
EMF is applied for 24 h on cells that were reproduced in 
an environment having 10-9 M melatonin, it was observed 
that their development was inhibited by 18%. This 
inhibition is interpreted as the mutual effect of 60 Hz, 1.19 
mT EMF and melatonin which has an oncostatic activity 
characteristic (Cos et al., 1991).  

Furthermore, Koyu et al. (2005) exposed adult male 
rats to 1800 MHz electromagnetic field (EMF) for 30 
min/day five days/wk for four weeks. The researchers 
noted that 1800 MHz EMF emitting cellular phones 
increase serum T

3
, T

4 
and cortisol levels, but it has no 

effect on serum thyroid stimulating hormone (TSH) and 
testosterone levels in rats. 
 
 
Genotoxic effects 
 
Studies on EMF’s genotoxic effects are increasingly 
becoming more popular in the light of the results of 
epidemiological studies (Savitz et al., 1988; McCann, 
1998; Lai and Singh 2010). When the effects on sister 
chromatid mutations are examined by applying 50 Hz 0.1 
to 7.5 mT EMF  on  lymphocytes  taken  from  adults  and  

 
 
 
 
that are stimulated by mitosis activating substances, it 
was found that EMF does not have any effect neither on 
chromosome breaks nor on the frequency of 
chromosome mutations (Liburdy et al., 1993). There are 
some other studies in the literature which support these 
findings (Cohen et al., 1986; Rosenthal and Obe, 1989; 
Frazier et al., 1990). Besides, in another study when 0.4 
mT EMF was applied on lymphocytes, it was observed 
that there is a statistically important increase in 
chromosome breaks. The EMF that was used in this 
study is of “pulsed” character (Garcia-Sagrego et al, 
1990; Garcia-Sagrego and Monteagudo, 1991). 50 Hz 
EMF is applied on lymphocytes on which mitosis activity 
is stimulated for 24, 48, and 72 h and it is determined that 
the sister chromatid mutations in these cultures did not 
change significantly under 24 and 48 h trials, but an 
important increase in the mutation frequency under 72 h 
period was found (Khalil and Qassem, 1991). In another 
study on adult male rat exposed to 9450 MHz at power 
density 2.65 mW/cm2 of microwave radiation for 1 h a day 
during 13 day, the standard bone marrow chromosome 
analyses were carried out and experimental group was 
compared with control group. The result indicates that the 
13 days application resulted in an increased abnormal 
metaphase and mitotic index decreased in chromosomal 
of rats compared to that of the normal (Akdağ et al., 
1998).  

In many studies that were carried out on biological 
structures on the effects of electrical and magnetic fields, 
it is reported that the DNA is affected negatively (Andrei 
and Petty, 2000; Răcucıu. 2011). Aksoy (2006) observed 
similar effects on human cell and plant cell 
electromagnetically treated. For example, 1000, 1500 
and 2000 V/m power density of electric fields and 0.25, 
0.50, and 1 mT, strength of magnetic fields were 
established for Allium cepa L. and human peripheral 
lymphocytes in order to investigate the effects of 
electromagnetic fields. To investigate the genetic effects 
of electromagnetic fields on DNA levels, randomly 
amplified polymorphic DNA-polymerase. chain reaction 
(RAPD-PCR) methods were applied and it was found that 
electromagnetic fields affected the mitotic index and 
increased the chromosomal aberrations in all the 
treatment groups. 
 
 
PERSPECTIVES 
 
It can be easily understood from these studies that there 
is a direct connection among the biological effects of 
EMF and the type, degree and exposure duration of the 
field. These effects of EMF changes on biological 
systems have attracted the attention of many researchers 
all around the world who work on biology, medicine, and 
agriculture. Particularly in the recent years, many 
scientists  have  started  to  do  research  on  the  positive  



  
 
 
 
 
biological effects of magnetic field as well as its negative 
effects on living beings. According to the data gathered 
as a result of experiments, it is determined that magnetic 
field causes some changes in the biological activities of 
organisms. Besides these studies which were performed 
to determine the effect of magnetic field on the molecules 
and cells of living beings, researchers have started 
accelerating plant growth and productivity (Belyavskaya, 
2004; Hajnorouzi, 2011). Successful results were 
obtained from studies on cotton and grains in terms of 
productivity in Romania. It is found that it promotes 
growth in corn and wheat. In India, an increase in the 
growth and productivity of peanuts were provided. It is 
determined that EMF accelerates pollen creation and 
tube development in Corica papaya. In Japan, increases 
in the leaf numbers and areas of strawberries and 
strawberry productivity under EMF exposure were 
detected (Akhmedova et al., 1985; Bosica and Zeriu, 
1989; Alexander and Ganeshan, 1990; Vakharia et al., 
1991; Matsuda et al., 1993). In addition, Dardeniz and 
Tayyar (2007) have found that electromagnetic field 
positively affects some of the vegetative development 
parameters in Cardinal grape type clefts. Dao-liang et al. 
(2008) have also reported that the effect of a 10-min 
treatment of beach plum explants with a strength of 
97kA/m on the regeneration and growth was highest, and 
the number of the sprouts induced was 2.3 times greater 
than that in the control group. 

The findings above show the positive effects of 
magnetic field on plants. Nevertheless, there are studies 
on the negative effects of magnetic field on plants too 
(Magnusson, 1984; Hanafy et al., 2006). Various factors 
like some ambiguities in the starting mechanism of the 
magnetic field effect, the differences in determining the 
strength, and exposure period of the magnetic field are 
questioned. However, biological characteristics of the 
seeds that are used in such studies were not fully 
determined and this might be taken as the reason of such 
different results subject to exposure to magnetic field.  
 
 
REFERENCES 
 
Adey WR (1993). Biological effects of electromagnetic fields. J Cellular 

Biochemistry 51: 410-416. 
Akdağ MZ, Sert C, Çelik MS, Erdal ME, Ketanı MA (1998). The effect of 

9450 MHz microwave radiation on the chromosomes in Vivo. Turk.J. 
Biol. 22: 53-60. 

Akhmedova M, Tofazzal K, Alasaad I (1985). On the action of 
electromagnetic field. Field Crops Abstracts 038-02527. 

Aksoy H (2006). The Genetic Effects of Electromagnetic Fields on 
Human Lymphocytes Culture and Some Plants (Ph.D. Thesis). Gazi 
Univ. Inst. Sci. Technol. 

Alexander MP, Ganeshan S (1990). Electromagnetic field induced in 
vitro pollen germination and tube growth. Current Science, 59: 276-
277. 

Alikamanoğlu S, Yaycılı O, Atak Ç, Rzakoulieva A (2007). Effect of 
magnetic field and gamma radiation on Paulowınıa tomentosa. 
Tissue Culture, Biotechnol.  Biotechnol. Eq. 21(1): 49-53. 

Yalçın and Erdem         3939 
 
 
 
Anderson LE (1991). Biological effects of extremely low-frequency 

electromagnetic fields: in vivo studies. Proc Sci Workshop on Health  
     Effects of Electric and Magnetic Field on Workers (Cincinnati, OH: 

US Department of Health and Human Services) pp. 45-89. 
Aydin M, Cevik A, Kandemir FM, Yüksel M, Apaydın M (2009). 

Evaluation of hormonal change, biochemical parameters, and 
histopathological status of uterus in rats exposed to 50-Hz 
electromagnetic field. Toxicol. Industrial Health, 25: 153-158. 

Bax A (1997). Magnetic field dependent amide 15N chemical shifts in a 
protein-DNA complex resulting from magnetic ordering in solution. J 
Am. Chem Soc. 119: 9825-30. 

Belyavskaya NA (2004). Biological effects due to weak magnetic field 
on plant. Advances in Space Research, 34: 1566-1574. 

Blank M, Goodman R (1997). Do electromagnetic fields interact directly 
with DNA? Bioelectromagnetics, 18: 111-5. 

Blank M, Soo L (1992). The threshold for alternating current inhibition of 
the Na, K-ATPase. Bioelectromagnetics (N.Y.), 13: 329-333. 

Blank M, Soo L (1993). The Na, K-ATPase as a model for 
electromagnetic field effects on cells. Bioelectrochem Bioenerg. 30: 
85-92. 

Bosica I, Zeriu F (1989). Effect of electromagnetic field (EMF) treatment 
in the presence of nitrogen on cereal plant growth. Contributi 
Botanice, pp.219-221 (1989). 

Byus CV, Pieper SE, Adey WR (1987). The effects of low-energy 60-hz 
environmental electromagnetic fields upon the growth-related 
enzyme ornithine decarboxylase. Carcinogenesis, 8: 1385-1390. 

Carson JJL, Prato FS, Drost DJ, Diesbourg LD, Dixon SJ (1990). Time-
varying magnetic fields increase cytosolic free Ca2+ in HL-60 cells. 
Am J Physiol. 28: C687-C692  

Chionna A, Dwikat M, Panzarini E, Tenuzzo B, Carlà EC, Verri T, 
Pagliara P, Abbro L, Dini L (2003). Cell shape and plasma membrane 
alterations after static magnetic fields exposure. Eur. J. Histochem. 
47(4): 299-308. 

Cohen MM, Kunska A, Astemborski JA, Mcculloch D (1986). The effect 
of low-level 60-Hz electromagnetic fields on human lymphoid cells. II. 
Sister-chromatid exchanges in peripheral lymphocytes and 
lymphoblastoid cell lines. Mutation Research, 172: 177-184. 

Cohen MM, Kunska A, Astemborski JA, Mcculloch D, Paskewitz DA 
(1986). Effect of low-level 60-Hz electromagnetic fields on human 
lymphoid cells. I. Mitotic rate and chromosome breakage in human 
peripheral lynphocytes. Bioelectromagnetics (N.Y.), 7: 415-423. 

Chen J, He HC, Xia QJ, Huang LQ, Hu YJ, He CQ (2010). Effects of 
pulsed electromagnetic fields on the Mrna expression of RANK and 
CAII in ovariectomized rat osteoclast-Like cell. Connect Tissue Res. 
51(1):1-7. 

Cos S, Blask DE, Lemus-Wilson A, Hill AB (1991). Effects of melatonin 
on the cell cycle kinetics and “estrogen rescue” of MCF-7 human 
breast cancer cells. J. Pineal Res. 10: 36-42. 

Çenesiz M, Atakişi O, Akar A, Önbilgin G, Ormancı N (2011). Effects of 
900 and 1800 MHz electromagnetic field application on 
electrocardiogram, nitric oxide, total antioxidant capacity, total oxidant 
capacity, total protein, albumin and globulin levels in guinea pigs. J. 
Veterinary Med. Fac. Kafkas Univ. 17 (3): 357-362. 

Çoşkun S (2007). The Investigation of Effects of Magnetic Field on 
Human Erythrocytes Carbonic AnHydrase Isoenzymes in Vitro (Msc 
Thesis). Balıkesir University, Institute of Science, Department of 
Chemistry. 

Dardeniz A, Tayyar Ş (2007). Elektromanyetik alanın Cardinal üzüm 
çeşidi kalemlerinin vejetatif gelişimi üzerindeki etkileri. Akdeniz 
Üniversitesi Ziraat Fakültesi Dergisi, 20(1): 23-28. 

Dao-liang Y, Yu-qi G, Xue-ming Z, Shu-wen W, Pei Q (2008) Effects of 
electromagnetic fields exposure on rapid micropropagation of beach 
plum (Prunus Maritima). Ecological Engineering, 3 (5): 597-601. 

Elhasoğlu D (2006). Hazards of Electromagnetic Pollution (Msc Thesis). 
Department of Physics, Institute of Natural and Applied Sciences, 
University of Çukurova.  

Erol O, Oldacay S, Erdem E (2003). The reproduction behaviours of 
Escherichia coli and Saccharomyces cerevisiae strains at 
electromagnetic fields. J. Assoc. Turk. Microbiol. 33: 191-196. 



  
3940        Afr. J. Biotechnol. 
 
 
 
Feychting M, Ahlbom A (1993). Magnetics fields and cancer in children 

residing near Swedish high-voltage power lines. Am J Epidemiol. 
138: 467-81. 

Fiorani M, Cantoni O, Sestili P, Nicolini P, Vetrano F, Dacha M (1992). 
Electric and/or magnetic field effects on DNA structure and function in 
cultured human cells. Mutation Research, 282: 25-29. 

Frazier ME, Reese JA, Morris JE, Jostes RF, Miller DL (1990). 
Exposure of mammalian cells to 60-Hz magnetic or electric fields: 
Analysis of DNA repair of induced, single-strand breaks. 
Bioelectromagnetics (N.Y.), 11: 229-234. 

Funk RHW, Monsees T, Ozkucur N (2009). Electromagnetic effects – 
From cell biology to medicine, Progress in Histochem.  Cytochem.43: 
177-264. 

Garcia-Sagrego JM, Monteagudo JL (1991). Effect of low-level pulsed 
electromagnetic fields on human chromosomes in vitro: Analysis of 
chromosomal aberrations. Hereditas, 115: 9-11. 

Garcia-Sagrego JM, Parada LA, Monteagudo JL (1990). Effect on sce 
in human chromosomes in-vitro of low-level pulsed magnetic field. 
Environ. Mole. Mutagen. 16: 185-188. 

Goodman EM, Greenebaum B, Marron MT (1993). Altered protein 
synthesis in a cell-free system exposed to a sinusoidal magnetic field. 
Biochim Biophys Acta. 1202: 107-112. 

Goodman EM, Greenebaum B, Marron MT (1995). Effects of 
electromagnetic fields on molecules and cells. Int Rew Cytology: A 
survey of cell biology (Edt.: K.W. JEAN and J. JARVIK). 158: 279-
338. 

Goodman EM, Sharpe PT, Greenebaum B, Marron MT (1986). Pulsed 
magnetic fields alter the cell surface. FEBS Lett, 199: 275-278. 

Goodman R, Chizmadzhev Y, Shirly-Henderson A (1993). 
Electromagnetic fields and cells. J. Cell. Biochem. 51: 436-441. 

Grandolfo M, Santini MT, Vecchia P, Bonincontro A, Cametti C, 
Indovina PL (1991). Non-linear dependence of the dielectric 
properties of chick embryo myoblast membranes exposed to a 
sinusoidal 50 hz magnetic field. Int. J. Radiation Biol. 60: 877-890. 

Hajnorouzia A, Vaezzadeha M, Ghanatib F, Jamnezhada H, Nahidianb 
B (2011). Growth promotion and a decrease of oxidative stress in 
maize seedlings by acombination of geomagnetic and weak 
electromagnetic fields, J. Plant Physiol. 168: 1123-1128. 

Hamada SH, Witkus R, Griffith Jr. R (1989). Cell surface changes 
during electromagnetic field exposure. Exp Cell Biol. 57: 1-10. 

Hanafy MS, Mohamed HA, Abd El-Had AE (2006) The Effect Of Low 
Frequency Electric Field on The Growth Characteristics and the 
Protein Molecular structure of The Wheat Plant, Proceeding of First 
Scientific Environmental Conference, Zagazıg Univ. 49 -65. 

Jauchem JR, Merritt JH (1991). The epidemiology of exposure to 
electromagnetic fields: an overview of the recent literature. J Clin 
Epidemiol. 44: 895-906. 

Kemple MD, Buckley P, Yuan P, Prendergast FG (1997). Main-chain 
and side-chain dynamics of peptides in liquid solution from C-13 
NMR-melittin as a model pepride. Biochemistry, 36: 1678-88. 

Khalil AM, Qassem W (1991). Cytogenetic effects of pulsing 
electromagnetic field on human lymphocytes in vitro: Chromosome 
aberations, sister-chromatid exchanges and cell kinetics. Mutation 
Research, 247: 141-146. 

Kindzelskii AL, Petty HR (2000) Extremely low frequency pulsed DC 
electric fields promote neutrophil extension, metabolic resonance and 
DNA damage when phase-matched with metabolic oscillators, 
Biochimica  Biophysica Acta, 1495: 90-111. 

Kindzelskii A L, Petty H R (2005). Ion channel clustering enhances 
weak electric field detection by neutrophils: apparent roles of 
SKF96365-sensitive cation channels and myeloperoxidase trafficking 
in cellular responses. Eur Biophys J. 35: 1-26. 

Koyu A, Gökalp O, Özgüner F, Cesur G, Mollaoğlu
 

H, Özer MK, 
Çalışkan S (2005). The effects of subchronic 1800 MHz 
electromagnetic field exposure on the levels of TSH, T

3
, T

4
, cortisol 

and testosterone hormones. General Med. J.  15(3): 101-105. 
Lai H, Singh NP (2004). Magnetic-Field–Induced DNA Strand Breaks in 

Brain Cells of the Rat. Environmental Health Perspectives, 112 (6): 
687-694. 

 
 
 
 
Lai HC, Singh NP (2010). Medical Applications of Electromagnetic 

Fields. IOP Conf. Series, Earth Environ. Sci. p.10. 
Liburdy RB, Sloma TR, Sokolic R, Yaswen P (1993). ELF magnetic 
    fields, breast cancer, and melatonin: 60 Hz fields block melatonin’s 

oncostatic action on breast cancer cell proliferation. J Pineal Res. 14: 
89-97. 

Liburdy RP (1992). Biological interactions of cellular systems with time-
varying magnetic fields. Ann NY Acad Sci. 649: 74-95. 

Lindström E, Lindström P, Berglund A, Mild KH, Lundgren E (1993). 
Intracellular calcium oscillations induced in a T-cell line by weak 50 
Hz magnetic field. J Cell Physiol. 156: 395-398. 

Litovitz TA, Krause D, Mullins JM (1991). Effect of coherence time of 
the applied magnetic field on ornithine decarboxylase activity. 
Biochem. Biophy.Res. Communications 178: 862-865. 

Loeschinger M, Thumm S, Haemmerle H, Rodemann HP, Seemayer 
NH, Alink GM (1998). Stimulation of protein kinase A activity and 
induced terminal differentiation of human skin fibroblasts in culture 
bylow-frequency electromagnetic fields. Toxicology Letters, 96-97: 
369-376.  

London SJ, Thomas DC, Bowman JD, Sobel E, Cheng TC, Peters JM 
(1991). Exposure to residential electric and magnetic fields and risk 
of childhood leukemia. Am J Epidemiol. 134: 923-37. 

Luben RA (1991). Effects of low-energy electromagnetic fields (pulsed 
and DC) on membrane signal transduction processes in biological 
systems. Health Phys 61: 15-28. 

Lyle DB, Doshi J, Fuchs TA, Casamento JP, Sei Y, Swicord ML (1992). 
Intracellular calcium signalling by human T-leukemic cells exposed to 
an induced 1 mV/cm 60 Hz, sinusoidal electric field. World Congr 
Electr Magn Biol Med 1st Orlando FL. 13. 

Magnusson M (1984). Magnetic treatment of the nutrient solution for 
tomatoes and the influence of a magnetic field on water and plants. 
Rapport Ins For Tradgardsvetenskap, Sveriges, Lant Bruksuniversite, 
30: 42. 

Marron MT, Greenbaum B, Swanson JE, Goodman EM (1983). Cell 
surface effect of 60-Hz electromagnetic fields. Radiat Res. 94: 217-
220. 

Marron MT, Goodman EM, Sharpe PT, Greenebaum B (1988). Low 
frequency electric and magnetic fields have different effects on the 
cell surface. FEBS Letters, 230: 13-16. 

Matsuda T, Asou H, Kobayashi M, Yonekura M (1993). Influences of 
magnetic fields on growth and fruit production of strawberry. 2nd Int 
Strawberry Symp Beltsville, Maryland, USA, Acta Horticuture, 348: 
378-380. 

McCann J, Dietrich F, Rafferty C (1998) The genotoxic potential of 
electric and magnetic fields: An Update, Mutation Research, 411: 45-
86. 

Mezei G, Kheifets L (2006). Selection Bias and Its Implications For 
Case–Control Studies: A Case Study of Magnetic Field Exposure 
And Childhood Leukaemia, Int. J. Epidemiol. 35: 397-406. 

Nindl G, Swez JA, Miller JM, Balcavage WX (1997). Growth stage 
dependent effects of electromagnetic fields on DNA synthesis of 
Jurkat cells. FEBS Letters, 414: 501-506. 

Paradisi S, Donelli G, Santini MT, Straface E, Malorni W (1993). A 50-
Hz magnetic field induces structural and biophysical changes in 
membranes. Bioelectromagnetics, 14: 247-255. 

Phillips JL, Haggren W, Thomas WJ, Ishida-Jones T, Adey WR (1992). 
Magnetic field-induced changes in specific gene transcription. 
Biochim Biophys Acta. 1132: 140-144. 

Răcucıu M, Mıclăuş S, Creangă D (2009). The response of plant tissues 
to magnetic fluid and electromagnetic exposure. Romanian J. 
Biophys. 19 (1): 73-82. 

Răcucıu M (2011) 50 Hz frequency magnetic field effects on mitotic 
activity in the maize root. Romanian J. Biophys. 21 (1): 53–62. 

Romano-Spica V, Mucci N, Ursini CL, Ianni A, Bhat NK (2000). Ets1 
oncogene induction by ELF-modulated 50 MHz radiofrequency 
electromagnetic field. Bioelectromagnetics, 21: 8-18.  

Rosenthal M, Obe G (1989). Effects of 50-Hz electromagnetic fields on 
proliferation and on chromosomal altertions in human peripheral 
lymphocytes uncreated or pretreated with chemical mutagens. 
Mutation Research, 210: 329-335.  



  
 
 
 
 
Saadat M (2005). Offspring sex ratio in men exposed to electromagnetic 

fields. J Epidemiol Comm. Health, 59: 339. 
Savitz DA, John EM, Kleckner RC (1990). Magnetic field exposure from 

electric appliances and childhood cancer. Am J Epidemiol. 131: 763-
73. 

Savitz DA, Wachtel H, Barnes F, John EM, Tvrdik G (1988). Case-
control study of childhood cancer and exposure to 60 Hz magnetic 
fields. Am J Epidemiol. 128: 21-38.  

Schimmelpfeng J, Dertinger H (1993). The action of 50 Hz magnetic 
and electric fields upon cell proliferation and cyclic AMP content of 
cultured mammalian cells. Bioelectrochem. Bioenergy, 1993, 30: 143-
150.  

Serpersu EH, Tsong TY (1983). Stimulation of a ouabain-sensitive 
rubidium ion uptake in human erythrocytes with an external electric 
field. J. Membrane Biol. 74: 191-202. 

Serpersu EH, Tsong TY (1984). Activation of electrogenic rubidium 
transport of (sodium, potassium)-atpase by an electric field. J.Biol. 
Chem. 259: 7155-7162. 

Seyhan N (2010). Electromagnetic pollution and our health. Archives 
Neuropsychiatry, 47: 158-61 

Simkó M (2004). Induction of cell activation processes by low frequency 
electromagnetic fields. Sci. World J. 4(S2): 4-22. 

Stagg RB, Hardy PT, Macmurray A, Adey WR (1992). Electric and 
magnetic field interactions with microsomal membranes: A novel 
system for studying calcium flux across membranes. World Cong 
Elect Magn Biol Med 1st Orlando FL 12. 

Stegemann S, Altman KI, Muhlensiepen H, Feinendegen LE (1993). 
Influence of a stationary magnetic field on acetylcholinesterase in 
murine bone cells. Radiat Environ Biophys. 32: 65-72. 

Şeker ŞS, Çerezci O (1991). Elektromagnetik alanların biyolojik etkileri, 
güvenlik standartları ve korunma yöntemleri. Boğaziçi Üniversitesi 
Yayınları, Yayın. p.479. 

Tang Q, Zhao NM (1999). Effects of low frequency electromagnetic 
fields on osteoblasts proliferation and cell cycle. Chinese Science 
Bulletin, 44: 2174-2177. 

Teissie J, Tsong TY (1981). Electric field induced transient pores in 
phospholipid bilayer vesicles. Biochemistry, 20: 1548-1554. 

Tenforde TS (1991). Biological interactions of extremely-low-frequency 
electric and magnetic fields. Bioelectrochemistry and Bioenergetics, 
25: 1-17. 

Theriault G (1992). Electromagnetic fields and cancer risks. Rev 
Epidem Sante Publ 40: 555-561. 

Tiber Mega P, Garip İnhan A (2008). The effect of extremely low 
frequency magnetic fields on membrane potential of lymphocytes. 
Marmara Med. J. 21(3): 238-246.  

 
 
 
 
 
 

Yalçın and Erdem         3941 
 
 
 
Türkkan A, Pala K (2009). Extremely low frequency electromagnetic 

radiation and health effects. J. Eng. Archit. Facul. Uludağ Univ. 14(2): 
11-22. 

Vakharia DN, Davariya RL, Parameswaren W (1991). Influence of 
magnetic treatment on groundnut yield and yeld attributes. Ind J Plant 
Physiol. 34: 131-136. 

Walleczek J, Budinger TF (1992). Pulsed magnetic field effects on 
calcium signaling in lymphocytes: dependence on cell status and field 
intensity. FEBS Letters, 314: 351-355. 

Wilson BW, Chess EK, Anderson LE (1986). 60-Hz electric-field effects 
on pineal melatonin rhythms: time course for onset and recovery. 
Bioelectromagnetics, (N.Y.) 7: 239-242. 

Yamaguchi H, Ikebara T, Hosokawa K, Soda A, Shono M, Miyamoto H, 
Kinouchi Y, Tasaka T (1992). Effects of time-varying electromagnetic 
fields on K+ (Rb+) fluxes and surface charge of HeLa cells. Jpn J 
Physiol.42:929-943. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


