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ABSTRACT: 

 

Modern society is the pervasive use of electric power producing electromagnetic Fields (EMFs) and 

light at night (LAN). This has resulted in the indiscriminate use of electrical and electronic gadgets which 

release Electromagnetic Radiations, which are supposed to cause the biological effects by some scientists. 

However ELF- EMFs and LAN are hypothesized to be responsible for the changes in hormonal 

configurations leading to development of cancer in women particularly nurses who are occupationally 

exposed to ELF- EMFs and LAN.  

The blood samples of 342 exposed subjects and 150 non exposed individuals were analyzed. Plasma 

melatonin was measured by Radioimmunoassay (RIA), DNA damage was studied by alkaline comet assay 

along with Micronucleus Test and RT-PCR. Our results suggest that the plasma melatonin levels were 

significantly suppressed in the occupationally exposed subjects (p < 0.05), and DNA damage ranged between 

8µm to 10µm. Group-C exposed subjects sown more DNA damage. The occupationally exposed subjects were 

found to be vulnerable for electromagnetic stress with decreased melatonin concentrations, increased DNA 

damage. 
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INTRODUCTION: 
The generation, distribution, and use of electric power is a hallmark of modern life. Most of us are 

depending on the wireless communications like cell phones, internet, satellite devices, Wi-Fi, personal systems etc. 

Due to this humans as well as other living beings are continuously exposed to the EMFs day and night in an 

extreme way35,7. The extensive use of technology generates Electro-Magnetic Fields (EMFs). EMFs are supposed 

to increase temperature of live tissue and have thermal effect on bio-organisms. These effects can change 

membrane electric potential and ion distribution and finally can disrupt biochemical reactions in cells. However, a 

few experiments have shown a thermal cellular effects of EMFs19.   

These EMFs are supposed to have effect on endocrine system, particularly pineal hormone-melatonin. 

Several studies have also reported an association between exposure to ELF-EMFs and neurodegenerative 

disorders6,30. Electric power resulting in exposure to light at night (LAN) and anthropogenic electromagnetic fields 

is likely to decrease the melatonin levels. The role of melatonin in circadian regulation and prevention of cancer is 

well established. There is mounting evidence of an association between night shift work and breast cancer risk 

which is of increasing concern24,5. Some studies have evaluated the evidence linking women’s occupation and 

workplace exposures to breast cancer. Overall, the data do not suggest that occupational exposures to EMF 

increases the risk of breast cancer14. 
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Melatonin is a neuroendocrine hormone, an indoleamine (N-acetyl-5 methoxytryptamine) secreted by the 

pinealocytes of the pineal gland situated in the hypothalamic region of the brain. It transduces the body’s circadian 

rhythms and controls the sleep-wake cycle, an internal 24 hour time keeping system (biological clock). 

Melatonin’s hypothermic, antioxidant and free radical scavenging properties attribute it to an immune modulator 

and an oncostatic agent. According to the ‘melatonin hypothesis’ of cancer, the exposure to light at night (LAN) 

and anthropogenic electric and magnetic fields (EMFs) is related to the increased incidence of breast cancer due to 

melatonin disruption. It is important to understand that night shift workers are more likely to be obese and to have 

unhealthy life style which may also contribute to risk of breast cancer41. Controversial reports addressing health 

effects like neurodegenerative disorders and brain tumors due to RF electromagnetic field exposure has been 

mounting9. 

At low frequency waves, EMFs have the effect on the nervous system due to their intensive sensitivity. 

Not only the nervous system they also affect the psychological conditions. Due to the heat released by them the 

temperature of the body also raises40,43. 

 

 

Figure 1: Synthesis of Melatonin 

 

Figure 2: Free-radical scavenging activity of melatonin 
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The aim of our study is to understand the association between melatonin levels and the increase incidences 

of breast cancer in urbanized cities. It is reported that working at night shifts could be responsible for the depletion 

of melatonin and disruption of circadian rhythm. Such sleep disturbances are supposed to suppress immune system 

by suppressing melatonin production. Breast cancer is the leading cause of cancer death in women in industrialized 

countries59,10. 

 

Light and Melatonin  

The effect of light on pineal function in humans has been extensively studied62. The effect is qualitatively 

similar to the effect in other mammals where the intensity of nocturnal illumination suppresses melatonin 

production to daytime levels33,34. The normal melatonin rhythm in humans has characteristics that may be relevant 

to breast cancer risk37. In animals, very brief light exposure (minutes or even seconds) at night can suppress 

melatonin production46.  The exposure to light at night (LAN) and anthropogenic electric and magnetic fields is 

related to the increased incidence of breast cancer due to melatonin disruption21.  In recent years a large number of 

studies are held on this topic but the results are controversial and largely unanswered. However ELF-EMFs and 

LAN are hypothesized to be responsible for the changes in hormonal configurations leading to development of 

cancer in women, particularly night shift workers52. The mechanism where ELF-EMFs and LAN exposure could 

increase cancer risk lie in the possible oncostatic property of melatonin and its circulating levels38. 

 

Electric and Magnetic Fields and Melatonin 

The first reports that the pineal body might respond to an artificial EMF appeared in the early 1980s. The 

electrical activity of pineal cells in anesthetized male guinea pigs was studied49. The exposure of rats to a 60-Hz 

electric field suppressed the normal nocturnal rise in pineal melatonin production in male Sprague-Dawley-derived 

rats was reported63. In humans an association between use of wireless phones and brain tumors was also 

indicated16. 

We propose the role of melatonin as and antioxidant to explain the biological effects of EMFs. The 

rationale behind our study is that the increased free radical production in response to magnetic field exposure 

might result in suppressed circulating melatonin levels. The suppression of melatonin with extended free radical 

lifetime may also enhance DNA damage45,17. In female workers exposed to magnetic fields, Nocturnal 6-hydroxy 

melatonin sulfate levels were suppressed28. This hypothesis could have an important implication for the possible 

health effects associated with exposure to ELF magnetic fields in the public and occupational environments. Based 

on the epidemiological association between residential exposure to ELF-EMFs and childhood leukemia, the 

International Agency for Research on Cancer (IARC) classified ELF-EMFs as a “possible human carcinogen”57. 

However, the literature survey indicates a controversy on whether the ELF-EMFs can induce adverse biological 

effects particularly cancer. Several meta-analyses showed a statistical association between childhood leukemia and 

a range of exposure 0.1–2.36 µT MF intensity50.  Hence, to rule out the controversy, the subjects exposed to EMFs 

from occupational environments i.e., Light at Night are included in this study. Although it is generally accepted 

that EMFs can exert biological effects, in general, epidemiological studies show a weak and sometimes 

inconsistent association between exposure to power frequency fields (PFF) and cancer. In most cases, the studies 

fail to show a dose-response relationship29,11. 

 

MATERIALS AND METHODS: 

The women workers (n=342) working in the night shifts for about 5 years, from different hospitals and 

BPO centers situated in various locations in Hyderabad, India, were considered for the study. Age, diet and recent 

infection if any were used as criteria for the selection of both exposed and control population (n=150) who are not 

night shift workers [Table 1].  Detailed questionnaire on subjective symptoms related to EMFs exposure, included 

self-assessment of non-specific symptoms such as headache, dizziness, tinnitus, visual impairments and sleep 

disturbances. 

 

Sampling 
After receiving informed consent, 5 ml peripheral blood was collected at the late night times between 12 

am to 4 am from each volunteer by venepuncture into a sterilized disposable syringe. 1ml of whole blood was 

allowed to clot to collect the serum. The remaining 4 ml of blood was heparinized and both the samples placed in 

ice to prevent exogenous damage. The samples were processed in the laboratory for estimating Melatonin by RIA, 

DNA damage by comet assay and Micronucleus Test and RT-PCR.  

 

1.Alkaline Comet Assay 

Alkaline Comet assay or Single Cell Gel Electrophoresis (SCGE) was used to study DNA damage53,36,4. 
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Chemicals 

The source of chemicals were as follows: Agarose (low melting (20°C) and normal melting point (35°C)), 

sodium lauryl sarcosinate, titron X-100, silver nitrate, catalase from Sigma-USA; tungstostilic acid from Koch-

light Laboratories, England; sodium chloride, sodium hydroxide, potassium chloride, TRIS, EDTA, potassium 

dihydrogen phosphate and sodium phosphate dibasic from Glaxo, Mumbai, India; zinc sulphate and ammonium 

nitrate from fischer, Madras, India; thiobarbituaric acid, butylated hydroxyl toluene, sulphosalicyclic acid and N-1-

napthyl ethylene diamine dihydrochloride from SD Fine, Mumbai. 

 

Preparation of slides 

On a clean, dry plain slide 100 µl of 0.75% Normal melting agarose (NMA) prepared in phosphate 

buffered saline (PBS) was first layered. These precoated slides were dried at 37°C. On top of this layer, 30 µl of 

Peripheral blood leukocytes (PBL) suspended in PBS, mixed with 110 µl of 0.5% low melting agarose (LMA) 

prepared in PBS was layered second. The third layer consisted of 100µl of LMA. The slides were incubated in cold 

lysis buffer (2.5 M NaCl, 100 mM Na2EDTA, 10 mM Tris;1% sodium lauryl sarcosinate;1% Triton X-100 and 

DMSO added fresh) at 4°C overnight. 

Alkali treatment and electrophoresis 

The slides were removed from the lysing solution and placed side by side in a horizontal electrophoresis 

unit. The slides were completely immersed in freshly prepared alkaline electrophoretic buffer (1 mM Na2EDTA 

and 30 mM NaOH, pH 13) for 30 min to facilitate the DNA unwinding and expression of alkali labile sites. 

 After alkali treatment, the electrophoresis was carried out for 30 min at 300 mA and 0.67V/cm. The slides 

were carefully lifted from the buffer and gently washed with neutralizing buffer (0.4M  Tris buffer, pH 7.5).The 

slides were then washed with distilled water and air dried. 

Silver staining 

The air dried slides were immersed in the fixing solution (15% w/v trochloroacetic acid, 5% w/v zinc 

sulphate and 5% w/v glycerol) for 10 min and washed gently with double distilled water several times. For 

staining, 32 ml of staining solution A (5% w/v Na2CO3) was mixed with 68ml of staining solution B (0.02% w/v 

NH4NO3, 0.02% w/v AgNO3, 0.1% w/v tungtosilic acid and 0.05% v/v formaldehyde) and poured over the slides so 

as to cover the slides uniformly. The slides were kept in small boxes covered with aluminium foil until a light grey 

colour was obtained.. To stop the staining process, the slides were immersed in stopping solution (1% acetic acid) 

for 5 min, washed with double distilled water and air dried. 

Evaluation of DNA damage 

For visualization of DNA damage, a bright field, transmission light microscope (Oympus Research 

Microscope CH20i (Binocular vision), India) was used at 400X magnification. Comet tail length was measured, 

using an ocular micrometer fitted in the eyepiece, in 200 cells per treatment. Mean comet tail length, which is an 

estimate of DNA damage, was calculated for each sample. 

 

2.Melatonin Assay (Direct Radio Immuno Assay) 

 Plasma Melatonin was quantitatively measured by Direct Radio Immuno Assay (RIA) described by Fraser 

et al.18. The amount of 125I-labelled antigen bound to the antibody is inversely proportional to the analyte 

concentration of the sample. Standard melatonin from the Melatonin Direct RIA Kit (BA R 3300, LDN Labor 

Diagnostika Nord GmbH & Co. KG, Nordhorn, Germany) used in this assay, represents the principle where during 

equilibrium the antibody bound radioactivity gets precipitated with a second antibody in the presence of 

polyethylene glycol. The precipitate was counted in a gamma counter from Automatic Gamma Counter (Model 

No: 1480-11 Wizard 3), Perkin Elmer, USA. Quantification of unknown samples was achieved by comparing their 

activity with a reference curve prepared with known calibrators. 

 

3.Micronucleus Test (MNT) in Buccal Epithelial Cells (BECs) 
The study of exfoliated buccal epithelial cells was performed by the standard technique58,13, with slight 

variations made for the requirements of this investigation. BECs were analysed for micronuclei, which are 

indicators of genetic damage. The slides were air dried, fixed in Carnoy's fixative for 10 minutes and stained in 2% 

Giemsa for 10 minutes. Under a bright field transmission light microscope (Oympus Research Microscope CH20i 

(Binocular vision), India) at 400X magnification, at least 1000 cells from each individual were examined the 

number of cells with nuclear anomalies was scored. The criterion was followed for scanning cells for micronuclei 

and other nuclear anomalies.  
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4. Gene expression by real-time PCR (RT-PCR)  

Protocol of Schmittgen & Livak (2008) was followed for RT-PCR analysis. According to this protocol, the 

RNA was first isolated from the sample. Then the RNA was exposed with DNAse I, later cDNA was synthesized. 

In the next step RT-PCR from Eppendorf (Mastercycler gradient) was performed, where triplicates PCRs per gene, 

per cDNA sample were made. To the triplicates, master mix containing SYBER green reagent was added as per the 

protocol. PCR was performed using real time instrument. 40 cycles of 15s at 95°C was followed for SYBER green 

detection. Further PCR efficiency of gene of interest and control genes was determined. 

 

 

Statistical Analysis 

 

Mean + SE of each parameter for each type of exposure is calculated. Student t-test and ANOVA was 

carried out for comparison. Statistical analysis was performed using International Business Machines (IBM) 

Corporation Statistical Package for the Social Sciences (SPSS) Statistics for Windows (version 20.0. Armonk, 

New York: IBM Corporation). 

 

RESULTS & DISCUSSION:  

 

The general characteristics of the exposed group and controls are shown [Table 1]. The duration of 

occupationally exposed groups based on age shown [Table 2]. 

Table 1: General characteristics of the study group and controls 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Occupationally Exposure characteristics based on duration 

 

Duration 

Group 
Age Subjects (n) Parameter Mean ± SD 

A 

(1-6 days) 
19-45 

121 
Comet Tail length 

(CTL) 
10.21  ± 1.28 

121 Melatonin (MEL) 38.1 ± 2.5 

121 Micronuclei Test (MNT) 1.41 ± 0.65 

121 RT-PCR 8.04  ± 6.62 

B 

(1 to 4 

weeks) 

19-45 

114 
Comet Tail length 

(CTL) 
8.5  ± 1.1 

114 Melatonin (MEL) 37.5 ± 2.3 

114 Micronuclei Test (MNT) 1.38 ± 0.62 

114 RT-PCR 7.84 ± 6.61 

C 

(1 to 6 

Months) 

19-45 

107 
Comet Tail length 

(CTL) 
8.8  ± 1.3 

107 Melatonin (MEL) 37.8 ± 2.5 

107 Micronuclei Test (MNT) 1.42 ± 0.71 

107 RT-PCR 7.06 ± 6.53 

S.No

. 
Variables 

Expos

ed 

Contr

ols 

 

1. 

 

 

Number(n) 342 150 

 

2. 

 

 

Age (years) 

 

19-45 20-45 
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Effect of ELF-EMFs on DNA by Comet Assay: 

The comet tail was coinciding with 100 divisions of the Ocular ruler. Tail length observed was 4 divisions 

of Oculometer (OM). One Oculometer division (OD) for 40X objective lens was 2.5 µm. So the tail length of 

comet is 4 OD x 2.5 µm = 10 µm. 

The results of basal DNA damage assessed by alkaline comet assay in terms of Mean ± SD comet tail 

length are summarized [Table 2]. Independent t test showed significant difference in the mean comet tail length 

values [Figure 3&4] of exposed and control groups. [Table 3]. 

 

Table 3:  Results of Mean Concentrations of DNA damage, Melatonin, Micronucleus Test and RT-PCR 

levels between the Exposure and Control groups 

 

 

Parameters 

EXPOSED CONTROLS t-value p-value 
N Mean ± SD N Mean ± SD 

DNA damage 342 10.21 ± 1.28 150 4.21 ± 1.13 49.556 <0.0001 

Melatonin(pg/ml) 342 37.92 ± 2.72 150 98.00 ± 140.59 7.909 <0.0001 

MNT (%) 
342 1.40 ± 0.66 150 1.24 ± 0.67 2.464 <0.0141 

RT-PCR (pg/ml) 
342 7.65 ± 6.59 150 1.24 ± 1.13 11.930 <0.0001 

Figure 3. Single Cell Gel Electrophoresis Comet cell images 

 

 
 

 

Figure 4. Box plot of DNA Damage in presence of comet tail length 

 

 
 

Effect of ELF-EMFs on Melatonin Concentration: 
The results of Melatonin concentration levels gradually decreased when the duration of exposure increased 

shown [Table 2] and also between Exposure and control groups [Table 3]. [Figure 5&6]. 
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Figure 5. Melatonin Assay by RIA counted in a gamma counter from Automatic Gamma Counter (1480-11 

Wizard 3), Perkin Elmer, USA. 

 
 

 

Figure 6. Box plot of Melatonin concentration levels 

 

 
Effect of ELF-EMFs on Buccal Epithelial Cells (BECs): 

The results of Micronuclei Test, the percentage of micronucleated cells (%MNC) of the exposed groups 

[Figure 7] based on duration found difference in values and the decrease of mean RT-PCR value from short 

duration to long duration exposure groups was observed [Table 2].  

 

Figure 7. Micronuclei in binucleated lymphocytes 

 

 
a. Binucleated cell, b. Single micronucleated cell, c & d. Binucleated cells with more than one 

micronuclei. 

 

The results was observed from one-way ANOVA revealed significant differences in DNA damage, 

Melatonin concentrations, incidence of micronuclei and also RT-PCR among subgroups based on duration of 

occupationally exposed subjects [Table 2].  
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In overall, the observation was carried out between different parameters to assess the extent of Mean ± SD 

relationship between the endpoints of comet assay [8.51 ± 1.28], melatonin concentrations [37.92 ± 2.72], 

micronuclei percentage [1.40 ± 0.66] and RT-PCR analysis [7.65 ± 6.59] showed a significant difference in the 

exposed as well the control subjects [Table 3]. 

 

The research into the potential health effects of exposure to EMFs has been underway for several decades. 

A number of independent scientific committees and working groups have reviewed the literature and concluded 

with various degrees of confidence that exposures to EMF, as encountered in residential and in most occupational 

settings, to impose adverse health effects in humans2,23,61,1,8. Nonetheless, considering the scientific ‘‘weight of 

evidence,’’ mostly from human epidemiological data, the International Agency for Research on Cancer (IARC) 

concluded that EMF exposures act as ‘‘possible human carcinogen’’ in the IARC category of Class 2B56. Despite 

the epidemiologic association of magnetic fields with health hazards, a cause-and-effect relationship cannot be 

inferred.  

The present study has shown the possible bioeffects of ELF-EMFs on exposed subjects occupationally 

exposed to light at night. However, itis the general consensus of the majority of the scientific community that 

scientific studies, to date, have suggested that the existence of harmful effects from environmental levels of 

exposure has not been substantiated but remains a possibility44. However, it is the general consensus of the 

majority of the scientific community that scientific studies, to date, have suggested that the existence of harmful 

effects from environmental levels of exposure has not been substantiated but remains a possibility42. 

 

Bioeffects on occupational exposure to ELF-EMFs  

The advent of electricity has brought about far greater and increasing ELF-EMFs exposures over the last 

120 years, from the generation, transmission, and use of electricity27,55. The hypothesis that chronic exposure to 

residential and/or occupational ELF-EMFs may cause adverse health hazards has led to a great deal of research. 

Epidemiological reports particularly on increased risk of childhood leukaemia, breast cancer and neurological 

disorders had been a subject of National and International reviews54,22.  However, very few epidemiological studies 

have directly evaluated the cause of such bioeffects. As studies on genotoxicity are highly relevant in evaluation of 

carcinogenicity, the present study focused on such an issue in occupational settings of ELF exposure. Moreover, in 

India no studies are conducted in evaluating genotoxicity and stress effects of magnetic fields on such occupational 

exposure.  

 

ELF Magnetic field effect on Biomarkers of Genetic Damage 

An important basis for assessing a potential cancer risk due to ELF-EMF exposure is knowledge of 

biological effects on human cells at the DNA and chromosomal level. The findings from alkaline comet assay 

carried out in peripheral blood lymphocytes showed induction of DNA damage in occupationally exposed when 

compared against controls. In the previous experiments carried out at our laboratory using comet assay, increase in 

DNA strand breaks were observed in cells exposed to low level, low frequency EMFs61,3. This  observation was 

also similar to our earlier reports on human peripheral blood leukocytes exposed to 5 flux densities in the range of 

2 to 10 Mt4. 

Using comet assay an increase in DNA damage in rat brain cells exposed to ELF-EMFs (0.25 mT and 0.5 

mT) was also reported32. Similarly, the data from an in vivo study indicated the cytotoxic / genotoxic potential of 

long-term EMF exposure at 1mT15. A report also showed evident increase in all parameters consistent with 

damaged DNA after 1hour exposure to power frequency magnetic fields66. Some other studies on cytogenetic 

effects of ELF-EMFs have also shown supporting evidences25,31,64,65. 

Similarly a dose dependent increase in DNA strand breaks from microwave RF at low intensity levels was 

also evaluated, indicating a causal relationship between RF exposure and genetic damage48. Some other workers 

also have not observed an increased inducible DNA damage by exposure to radiofrequency signals39. In general, 

the energy of ELF-EMFs is considered to be insufficient to break chemical bonds in DNA. However, recent 

observations have shown that DNA can transfer electrons within its base pairs. These studies suggest that EMF 

may initiate transcription by generating repulsive forces causing chain separation at specific DNA sequences. As in 

the state of transcription the DNA presents itself as a vulnerable target to genotoxic influences, ELF-EMF 

exposure may lead to DNA disruption, causing DNA strand breaks26. Indeed, epigenetic changes, including 

modifications of histones and microRNA expression and DNA methylation, can be associated to ELF MF 

exposure12,20. 

Nonetheless, it has been suggested that EMFs may induce cell specific activation processes which in turn 

activate signal transduction pathways causing excessive reactive oxygen species (ROS) formation/ cell cycle 

disturbances47. These disturbances have the potential to disrupt DNA integrity. 

 

Relevance of Electromagnetic field Exposure Indices  

The exposure indices such as magnetic field strength, duration on night shift in nights,  number of hours 

exposure at night, age intensity and diet were considered. The inclusion of duration and intensity of exposure in 

evaluating personal exposure level can be of prime importance. For the duration estimates, we systematically used 
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the number of nights of exposure, which are expected to provide better estimates of the duration of long-term 

exposure. When occupationally exposed nurses were categorized based on duration in nights, evaluation of 

melatonin showed a significant decrease. 

 

Magnetic field Effect on Neuroendocrine Hormones  

Few studies were carried out on melatonin secretion in occupationally ELF-EMFs exposed subjects. The 

effect of ELF-EMFs occupational exposure on production of pineal gland hormone, melatonin was evaluated in 

our study. The mean melatonin concentration [Table 2] of the exposed was significantly different from those of 

healthy individuals. The exposed night shift workers have suppressed melatonin levels against the control group. 

Another occupational study of a group of female garment industry workers of night shifts, showed reduced 6-

OHMS46.  

We propose the role of melatonin to explain the biological effects of EMFs.  The rationale behind our 

study is that, the increased DNA damage in response to magnetic field exposure, resulting in suppressed circulating 

melatonin is due to the scavenging property of melatonin. The suppression of melatonin synthesis with extended 

lifetime, may also enhance DNA damage51,45. 

 

CONCLUSION: 

Although the effect of EMF on melatonin release was extensively studied, the site and mechanism of 

action of magnetic field on the pineal gland that leads to changes in melatonin synthesis is unclear. The effect of 

magnetic field on melatonin synthesis can result from changes in neural input. Magnetic fields are perceived and 

interpreted by photoreceptors in eye as ‘light’, resulting in the suppression of melatonin. This hypothesis could 

have an important implication for the possible health effects associated with exposure to ELF magnetic fields in 

the public and occupational environments particularly at night. 

Our results show a significant effect associated with longer duration of intense night shifts and relatively 

lesser effect for few night shifts. Our results warrant more epidemiological studies considering the confounding 

factors. 
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