
International Journal of Environmental Monitoring and Protection  
2017; 4(4): 20-28 

http://www.openscienceonline.com/journal/ijemp 

ISSN: 2381-4551 (Print); ISSN: 2381-456X (Online) 
 

 

The Cytogenetic Effects Evaluation of Non-thermal 
Radiofrequency Radiation from Cellular Phones on 
Rat Peripheral Blood Lymphocytes 

El Idrissi Sidi Brahim Salem
1, 2

, El Arbi Boussaber
1, *

, El Goumi Younes
1
, Hayat Talbi

1
,  

Choukri Abdelmajid
2
, Hillali Abderraouf

1
 

1Laboratory of Agrofood and Health, Faculty of Sciences and Technology, University Hassan 1, Settat, Morocco 
2Laboratory “Polymers, Radiations and Environment”, Faculty of Sciences, University Ibn Tofail, Kenitra, Morocco 

Email address 

elidrissidi@gmail.com (El I. S. B. Salem), larbi_boussaber@yahoo.fr (El A. Boussaber) 
*Corresponding author 

To cite this article 
El Idrissi Sidi Brahim Salem, El Arbi Boussaber, El Goumi Younes, Hayat Talbi, Choukri Abdelmajid, Hillali Abderraouf. The Cytogenetic 

Effects Evaluation of Non-thermal Radiofrequency Radiation from Cellular Phones on Rat Peripheral Blood Lymphocytes. International 

Journal of Environmental Monitoring and Protection. Vol. 4, No. 4, 2017, pp. 20-28. 

Received: April 6, 2017; Accepted: June 3, 2017; Published: August 2, 2017 

Abstract 

The widespread use of mobile phones over the past decade has raised considerable concern public about possible biological 

effects of electromagnetic field emitted from cell phones and their consequences on human health. The aim of this study was to 

evaluate whether chronic whole-body exposure to non-thermal radiofrequency (RF) radiation from cellular phones could induce 

cytogenetic effects on peripheral blood lymphocytes of rats exposed to radiofrequency radiation. Twelve (23) Wistar rats were 

used for the study and randomly divided into 4 groups according to time of exposure, animals in treatment were exposed 

respectively for: oh (control), 1h, 2 and 3h daily 7 days a week for up 15 weeks to 900 MHz radiofrequency radiation at an 

average special absorption rate (SAR) of 0.873-0.352 W/kg, all rats were visually checked daily and were weighed weekly. After 

the period of exposure, blood samples were collected from all groups and peripheral blood cultures were performed using 

standard laboratory methods for the extent of genotoxicity, assessed by the cytokinesis-block micronucleus assay. The results 

indicated that significant increase of micronucleated (MN) cells in the lymphocytes among the study groups in a time-dependent 

manner compared with the control. The proliferation index (PI), is significantly decreased in all exposed groups in a 

time-dependent manner compared with the control, however body weight gain was insignificantly changed in all groups exposed 

comparing to unexposed rats. This study shows that the chronic exposure to 900 MHz radiofrequency radiation from cell phones 

may induce cytogenetic effects in rat lymphocytes, and this effect is more remarkable for long exposure time. 
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1. Introduction 

In environment, the human organism is more and more 

exposed to non-thermal electromagnetic (EM) pollution 

emanates from wireless communication devices and many 

new technology, the massive and daily use of mobile 

communication system in the world has raised public concern 

about the biological effects of exposure to radiofrequency (RF) 

radiation for human health [1], these electromagnetic 

radiations in frequency range from 0 Hz to 300 GHz are 

considered as a type of non-ionizing radiation which have a 

energy unable to break the bonds of the cell tissues of living 

organisms [2]. 

The cell phones become an essential communication tool 

for almost people in modern society, it operates approximately 

at 300 MHz - 2 GHz and their antenna transmits and receives 

electromagnetic radiofrequency (RF) radiation. 

The increasing use of wireless communication system has 

prompted growing public attention about a possible biological 
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thermal or non-thermal effects following exposure of the 

electromagnetic radiation emitted by mobile phones such as 

EMR may interact with living matter or a process leading to 

indirect adverse effects, radiofrequency (RF) radiation 

exposure can be measured by the amount of energy absorbed 

by a unit mass of living matter. 

In this context, the specific absorption rate (SAR) 

considered as a parameter assesses the transfer energy from 

electromagnetic radiofrequency (RF) radiation to organism 

tissue, it is expressed as with units of W/kg. 

Several studies assessing the genotoxicity of RF radiation 

have been conducted in humans and animals at various 

frequencies, and the conclusions are controversial. 

Diem et al. [3] reported that the exposure to RF radiation of 

1800 MHz was associated with breakage of DNA in cell 

cultures. 

Hardell et al. [4] found an increased risk of brain tumors by 

a factor of 1.5 after 10 years of use of the digital cellular phone 

or wireless phone. Zotti-Martelli et al. [5] also showed an 

increase in micronuclei in human cells exposed to a frequency 

of 1800 MHz. Gandhi et al. [6] revealed the genetic damage in 

individuals residing in the vicinity of a mobile phone base 

station. 

However, lack of genotoxicity of RF radiations have been 

reported in many studies ([7], [8], [9]; [10]; [11]; [12]; [13]; 

[14]; [15]; [16]; [17]; [18]; [19]). 

The aim of the current study is to investigate the potential 

cytogenetic effects of chronic exposure to 900 MHz 

radiofrequency radiation on peripheral blood lymphocytes of 

rats exposed for: 1h, 2 and 3h a day 7 days a week for up 15 

weeks using the micronucleus test (indicator of genotoxic 

activity, it able to detect both chromosome breakage and 

chromosome loss) and the cellular proliferation index (which 

measures the cellular kinetics). 

2. Materials and Methods 

2.1. Animals 

All procedures were performed in compliance according to 

international laws and regulations on animal welfare. 

Twenty-three Wistar rats involved in this study were 

purchased from Chouaib Doukkali University animal facility, 

the animals were approximately 3 months old and weighted 

116 and 184 g (males and females) at the beginning of the 

experiment, These rats were housed in polycarbonate, 

maintained under a 12h light/12h dark cycle in a temperature 

(23 ± 1°C), humidity was (40 ± 10%.) with free access to 

water and food. 

Then they are divided into four groups as follows: the 

control group (n = 8), the 1h exposed group (n = 5), the 2h 

exposed group (n = 5) and the 3h exposed group (n = 5), 

respectively, irradiated (0h (control), 1h, 2h and 3h) daily for 

15 weeks and weighted every weekend during the treatment. 

2.2. Exposure System 

The exposure system consisted of two cell phones and a 

plastic cage (WxLxH) 30x40x40cm, all experimental animals 

were suited in the same conditions with daylight, in room 

without near sources of microwave radiation. Each cell phone 

was positioned and fixed above the side ceiling of plastic cage 

about 2-3 cm from the body of the rats, its were placed as 

closely as possible to the whole body of the rats for uniform 

field distribution of electromagnetic field (EMF) during wave 

exposure, the cage was constantly aerated and all rats are able 

to move around freely, the experimental groups were 

continually exposed to the microwave radiation from two cell 

phones (900 MHz GSM, electromagnetic field pulsed at 217 

Hz) system was used, the peak specific absorption rate (SAR) 

of the head was 0.873 W/kg and the average SAR of the whole 

body was 0.352 W/kg), mobile phones were activated by 

calling each other, all study groups were exposed to 

radiofrequency radiation at 10:00 a.m daily. 

The temperature inside the cage was monitored during the 

experiments; it was almost unchanged (23 ± 1°C). 

2.3. Cellular Culture 

At the end of the exposure period (15 weeks), blood 

samples were collected into the glass tubes (with heparin as 

anticoagulants) by cardiac puncture under the ether anesthesia, 

the rats were then decapitated according to the technical 

conditions employed in laboratory. 

Cell cultures were made according to the standard protocol 

for the micronucleus test as described by Fenech and Morley 

[20]. Briefly, 0.5 mL of the whole blood were incubated in 

glass tubes containing 5 mL RPIM 1640 growth medium 

supplemented with 15% fetal calf serum, 1% 

phytohemagglutinine and 1% antibiotics 

(penicillin/streptomycin). 

Culture tubes were incubated at 37°C for 72 h. After 44 h of 

cultivation, 0.1 mL of cytochalasin B was added to stop the 

cytoplasm division without inhibiting nuclear division. 

After 72h incubation at 37°C, total blood cultures were 

centrifuged at 1000 rpm for 10 minutes and then exposed to a 

light hypotonic shock with 0.075 M KCl and fixed with a 1/3 

acetic-acid/methanol solution, then spread over microscope 

slides, which were air-dried and stained with 5% Giemsa in 

phosphate buffer (pH= 6.8) and coded. 

2.4. Micronuclei (MN) Analysis 

The micronuclei were scored in 500 binucleated 

lymphocytes per animal, and were counted only in binucleated 

cells. The criteria for identifying MN are as follows: The MN 

is nuclear entities independent of the main nucleus, round or 

oval in shape and has the same staining intensity and texture as 

the main nucleus, most cells with MN will contain only one 

MN but it is possible to find cells with two or more MN, the 

size must be between the sixteenth and the third smallest of the 

main nucleus [21]. 

2.5. Proliferation Index 

Cell proliferation index (PI) is an indirect measurement of 

cell cycle duration, and is calculated according to the 
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following formula [22]: 

PI �
�1xN1 � 2xN2 � 3xN3 � 4xN4�

1000	analyzed	cells
 

Where N1 is the number of cells in the first division, N2 the 

number of cells in the second division, N3 the number of cells 

in the third division and N4 the number of cells in the fourth 

division. 

2.6. Statistical Analysis 

Data were expressed as means ± SEM. Statistical analysis 

were carried out by analysis of variance (ANOVA) ± SEM 

followed by appropriate post-hoc tests including multiple 

comparison (LSD), differences were considered significant at 

0.05 level. 

3. Results and Discussion 

3.1. The Weekly Body Weight Gain 

The weekly body weight gain is defined as: WBWG= the 

body weight difference of rat after one week. 

Table 1. Weekly body weight gain of all four group rats during the exposure period (15 week). 

WBWG (g) 

Week 
The group control (n=8) The 1h exposed group (n=5) The 2h exposed group (n=5) The 3h exposed group (n=5) 

1 37,38 37,34 35,02 36,26 

2 19,56 29,70 14,70 15,38 

3 27,25 -3,58 12,38 11,96 

4 15,19 14,50 4,30 17,44 

5 7,01 20,34 23,50 14,68 

6 14,54 5,50 1,22 -4,40 

7 2,4 4,78 13,18 19,40 

8 9,78 1,24 12,90 10,90 

9 10,73 17,52 4,94 -3,86 

10 9,63 11,58 14,56 16,66 

11 9,07 16,68 -6,10 2,58 

12 6,94 -5,66 -2,60 5,30 

13 6,15 3,80 7,90 16,80 

14 -1,05 5,00 5,96 -1,00 

 

Values are given as the mean ± SEM and differences were considered significant at *P < 0.05 

Figure 1. The values correspond to the mean of the weekly body weight gain of the exposed groups (1h, 2h, 3h) and control. 
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The analysis of variance (ANOVA) revealed no significant 

difference in weekly gain of body weight between all 

exposed groups and control group (F=0,102; P=0,96). 

Figure 1 shows that the average weekly gain of body 

weight decreases slightly for the study groups compared to 

the group control and indeed the WBWG of the 1h exposed 

group is 11,34±2,94g, the WBWG of the 2h exposed group is 

10,13±2,94g and the WBWG of the 3h exposed group is 

11,29±2,94g while the WBWG of the control group is 

12,47±2,94g however, there were no statistically differences 

when compared each group exposed (1h, 2h, 3h) respectively 

to the control group (P1=0,79; P2=0,58; P3=0,78). 

Body weight is considered an important parameter 

reflecting the healthy state of living organisms but also an 

early indicator of the possibility of developing certain 

diseases or health outcome. 

This study indicates that the body weight gain of rats 

exposed for 15 weeks decreased slightly over the exposure 

time, but there was no significant difference in the body 

weight gain between the groups. 

So, the study groups were exposed respectively for: 1h, 2 

and 3h a day 7 days a week for up 15 weeks to 900 MHz 

radiofrequency radiation at an average special absorption rate 

(SAR) of 0.873- 0.352 W/kg) did not induce a significant 

effect on body weight gain when compared each group 

exposed or all groups exposed to the control group (P1= 0, 

79; P2=0,58; P3 = 0,78); (F=0,102; P=0,96). 

The present study is in agreement with data reported by Jin 

et al. [23] how exposed two groups of rats to 849 MHz 

CDMA (code division multiple access) and 1.95 GHz 

WCDMA (Wideband Code Division Multiple) 

radiofrequency (RF) radiations simultaneously at 2.0 W/kg 

(total 4.0 W/kg) for 45 min/day, 5 days per week for one year, 

no significant alteration in body weight was found with the 

simultaneous combined RF exposure. 

Similarly, Sonmez et al. [24] showed that the exposure 

three groups of rats to 900 MHz electromagnetic field (EMF) 

for 1 hour/day, during 28 days, with a SAR of 0.016-2 W/kg, 

did not induce a change significantly in the body weight after 

EMF exposure. 

Grafstrom et al. [25] did not record any changes in body 

weight after exposing rats to (GSM-900) radiofrequency 

radiation for 2 hours per week about 55 weeks with a DAS 

(average) of 0.6 and 60 mW / kg. 

However, Ray and Bihari [26] concluded that the exposure 

of Young albino rats (both sexes) to 7.5 GHz microwaves 

(1.0 KHz square wave modulation, average power 0.6 

mW/cm
2
) for 3 h daily for up 60 days causes a reduction in 

body weight gain of exposed animals. 

The same findings were reported by Krstic et al [27] 

showing the irradiation a group of mice to GSM 900 MHz 

for 30 minutes per day for 2 months.) 

3.2. Cytogenetic Study 

Table 2. Cytogenetic results for the all groups. 

the exposure time (h) sex MN (total) Cells with 1 MN Cells with 2 MN Cells with 3 MN PI 

1h M 6 2 2 0 1,399 

1h M 7 4 0 1 1,264 

1h M 7 3 2 0 1,342 

1h F 8 3 1 1 1,298 

1h F 7 2 1 1 1,387 

2h M 12 8 2 0 1,235 

2h M 9 7 1 0 1,209 

2h M 14 8 3 0 1,186 

2h F 13 7 3 0 1,217 

2h F 13 4 3 1 1,281 

3h M 16 10 0 2 1,251 

3h M 12 10 1 0 1,188 

3h M 13 9 2 0 1,173 

3h M 14 8 3 0 1,25 

3h F 14 10 2 0 1,253 

0h (control) M 1 1 0 0 1,552 

0h M 2 2 0 0 1,611 

0h M 1 1 0 0 1,553 

0h M 0 0 0 0 1,542 

0h M 1 1 0 0 1,582 

0h F 1 1 0 0 1,672 

0h F 2 2 0 0 1,542 

0h F 0 0 0 0 1,602 
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3.3. MN Test 

 

Values are given as the mean ±± SEM and differences were considered significant *P < 0.05 

Figure 2. The values correspond to the mean of MN in the peripheral blood of the four groups: 0h (control), 1h, 2h and 3h. 

The analysis of variance (ANOVA) showed statistically 

significant difference in micronucleus frequency (F = 138.68, 

P <0.001) between all exposed groups and control group. 

Figure 2 revealed that all exposed groups showed an 

increased MN formation with an increase in the exposure 

time. 

in fact the average number of MN in binucleated cells 

(BNC) among all exposed groups (7,00±0,56; 12,20±0,56; 

13,80±0,56 respectively for the 1h exposed group, the 2h 

exposed group and the 3h exposed group) far exceeding that 

observed in control group (MN=1,00 ± 0,44), this difference 

was highly significant (P<0.001). 

Similarly, the average number of MN in BNC among the 2 

and 3h exposed groups (12.20 ± 0.56; 13.80 ± 0.56 

respectively for the 2h exposed group and the 3h exposed 

group) exceeds that observed in the 1h exposed group (7.00 ± 

0.56), this difference is significant (p <0.001). 

However, the average number of MN in BNC among the 3 

exposed group (13.80 ± 0.56) exceeds marginally that of the 

2h exposed group (12.20 ± 0.56), this difference was not 

significant (P = 0.06). 

3.4. PI Test 

Statistical analysis (ANOVA) showed a significant 

difference in Proliferation indices (PI) between all exposed 

groups and unexposed group (control) (F = 94.3561, P 

<0.0001). All exposed groups showed a decrease in PI with 

an increase in duration of exposure. 

As shown in Figure 3 the average values of PI in the 

exposed groups (PI=1, 338±0,020; PI=1,223±0,020; 

PI=1,226± 0,020 respectively for the 1h exposed group, the 

2h exposed group and the 3h exposed group) is much lower 

compared to that observed in the control (PI=1,582± 0,016), 

the difference was highly significant (p<0.001). 

Similarly, the mean values of PI in the 2 and 3h exposed 

groups (PI=1,226±0,020; PI=1,223±0,020 respectively for 

the 2h exposed group and the 3h exposed group) is lower 

than that observed in the 1h exposed group (PI=1,338 ± 

0,020), these differences were statistically significant (p= 

0.001). Whereas, the mean of PI in the 3h exposed group 

(PI=1,223±0,020) is lower slightly than that observed in the 

2h exposed group (PI= 1,226± 0,020), the difference was not 

significant (P= 0, 9284). 
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Values are given as the mean ±± SEM and differences were considered significant at *P < 0.05. 

Figure 3. The values correspond to the mean of Proliferation indices (PI) in all groups: 0h (control), 1h, 2h and 3h. 

 

Values are given as the mean ±± SEM and differences were considered significant at 0.05 level. 

Figure 4. MN frequency according to gender in all groups: 0h (control), 1h, 2h and 3h (M=males, F=females). 

Figure 4 showed that the average number of MN in BNC 

in female exposed groups (7.5±0,941; 13±0,941; 14±1,331 

respectively for the 1h exposed group, the 2h exposed group 

and the 3h exposed group) is higher slightly than that of 

males in the exposed groups (6.667±0,769; 11.667± 0,769; 

13.750±0,666 respectively for the 1h exposed group, the 2h 

exposed group and the 3h exposed group). 

Statistical analysis (ANOVA) revealed that difference was 

not significant (F=0,2768; P =0,8412) while the number of 

MN remains unchanged for males and females belonging to 
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the control group 

 

Values are given as the mean ±± SEM and differences were considered significant at 0.05 level. 

Figure 5. Proliferation indices (PI) according to gender in all groups: 0h (control), 1h, 2h and 3h (M=males, F=females). 

As shown in Figure 5, the average values of PI in female 

exposed groups (PI=1.343±0.033; PI=1.249±0.033; 

PI=1.253±0.047 respectively for the 1h exposed group, the 

2h exposed group and the 3h exposed group) is higher 

marginally than that of males in the exposed groups 

(PI=1.335±0,027; PI=1.21±0.027; PI=1.215±0,023 

respectively for the 1h exposed group, the 2h exposed group 

and the 3h exposed group), the same for control (female: 

PI=1.605±0.027; male: PI=1.568±0.021), the statistical 

analysis (ANOVA) confirmed that the increase was not 

significant (F=0,1282; P = 0,9419). 

On the other hand, there is an inverse correlation between 

the frequency of MN and the PI among the exposed groups in 

the range of -0.924 and very significant (p <0.0001). 

In this study, we used the micronucleus test to investigate 

the genotoxicity, that detects the activity of clastogenic and 

aneugenic of genotoxic agents so acentric chromosome 

fragments (i.e. lacking a centromere) or whole chromosomes 

are unable to migrate to the poles during the anaphase stage 

of cell division that results in micronucleus formation in 

telophase and also, the proliferation index related to cell 

cycle duration considered as detector the toxic activity is 

evaluated. 

The present study clearly demonstrated that a Chronic 

Exposure to 900 MHz of rats respectively for three times (1, 

2 and 3h) at a maximum SAR (0.873- 0.352 W/kg) induce 

formation micronucleus in the blood cells and decrease cell 

proliferation value among the exposed rats, the statistical 

analysis (ANOVA) confirms that changes in those parameters 

were respectively significant (F = 138.68, P <0.001) et (F 

=94.3561; P <0.0001). 

Indeed, the number of MN and PI in the exposed groups 

was affected after exposure to radiofrequency radiation, the 

effects are much stronger with increasing time of exposure 

Consequently, these radiations increased the frequency of 

micronucleus formation and decreased PI level in a 

time-dependent manner, the obtained results show that a 

correlation between the frequency of MN and IP level has 

been calculated and found to be negatively correlated. The 

increased formation of micronuclei, delays the normal 

progression through the cell cycle, it is probably due to 

checkpoint activation in response to DNA damage. That is, 

radiofrequency considered as non-ionising radiations 

characterized by low energy and neither sufficient directly to 

break a chemical bond nor for the induction of heat in tissues 

leading to elevation of temperature in a subject exposed, that 

genotoxic effects are probably mediated by indirect 

mechanisms as microthermal processes, generation of 

oxygen radicals (ROS), or a disturbance of DNA-repair 

process [28]. 

These results are in agreement with data published by 

Sekeroglu et al. [29] showing that exposure of the immature 

and mature rats for 2 h a day for up 45 days to 1800 MHz RF 

radiation with a SAR of 0.37 W/kg and 0.49 W/kg led to a 

significant differences in chromosomal aberrations (CA), 

micronuclei frequency (MN), mitotic index (MI) and ratio of 

polychromatic erythrocytes (PCEs) for all exposed groups, 

the immature rats more affected by cytogenotoxic damage, 

even after the recovery period. 

Similarly Trosic et al. [30] have exposed male rats for 2 h 

a day, 7 days a week for up to 2, 8, 15 and 30 days to 

continuous 2450MHz radiofrequency microwave (rf/MW) at 

DAS 1.25+ / - 0.36 W / kg, the frequency of micronucleated 

was significantly increased on experimental day 15 and the 

polychromatic erythrocytes were showed also a significant 

differences after 8 and 15 days of exposure. 

A significant Micronucleated erythrocyte frequency in 

peripheral blood of female Latvian Brown cows from a farm 

close to and in front of the Skrunda Radar was found by 

Balode [31] in vivo animal study. 
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However, Vijayalaxmi, et al. [32] found the frequency of 

micronuclei polychromatic erythrocytes was not significant 

compared with the control after the exposure of rats and their 

nursing offspring for 2h/day, 7 days/week to a 1.6 GHz at 

whole-body average SARs of 0.036 – 0.077 W/kg until 

weaning then followed by chronic, head-only exposure (SAR 

0.16 or 1.6 W/kg in the brain) of the offspring to a near-field 

1.6 GHz signal for 2h/day, 5 days/week, over 2 years. 

An in vitro study was conducted by Scarfi et al. [33] how 

demonstrated that the exposure of cultured human peripheral 

blood lymphocytes by 900 MHz exposure (GSM signal) at 

SAR of 0, 1, 5 and 10 W/kg for 24 hours did not cause any 

further increase in MN frequency nor variation in PI. 

4. Conclusion 

In conclusion, the present findings indicate that the in vivo 

exposure of mobile phone GSM-900 MHz radiofrequencies at 

873-0.352 W/kg for 1, 2 and 3h /day for up 15 weeks to rat 

lymphocyte cell leads to cytogenetic alterations by significant 

differences in the number of MN and PI in all treatment groups 

and that this effect is more important for long exposure time, 

in this context more studies are necessary to clarify the 

mechanisms responsible for the damage of EMF. 

References 

[1] Kanu Megha a, Pravin Suryakantrao Deshmukh a, Basu Dev 
Banerjee a,*, Ashok Kumar Tripathi a, Rafat Ahmed a, 
Mahesh Pandurang Abegaonkar b Low intensity microwave 
radiation induced oxidative stress, inflammatory response and 
DNA damage in rat brain. NeuroToxicology 51 (2015) 158–
165. 

[2] Vecchia, P., Matthes, R., Ziegelberger, G., Lin, J., Saunders, R., 
Swerdlow, A. (2009) ‘Exposure to High Frequency 
Electromagnetic Fields, Biological Effects and Health 
Consequences (100 kHz-300 GHz)’ ICNIRP 16/2009. 

[3] Diem E, Schwarz C, Adlkofer F, Jahn O, et Rüdiger H, (2005). 
Non-thermal DNA breakage by mobile-phone radiation (1800 
MHz) in human fibroblasts and in transformed GFSH-R17 rat 
granulosa cells in vitro. Mutât Res; 583: 178-183. 

[4] Hardell L, K H Mild, M Carlberg and F Söderqvist, (2006). 
Tumour risk associated with use of cellular telephones or cordless 
desktop telephones. World J Surg Oncol Oct 11; 4 (1): 74. 

[5] Zotti-Martelli L, Peccatori M, Maggini V, Ballardin M, et 
Barale R, (2005). Individual responsiveness to induction of 
micronuclei in human lymphocytes after exposure in vitro to 
1800 MHz microwave radiation, Mutat Res., 582: 42-52. 

[6] Gandhi G, Kaur G, Nisar U (2014). A cross-sectional case 
control study on genetic damage in individuals residing in the 
vicinity of a mobile phone base station. Electromagn Biol 
Med. 34 (4): 344- 354. 

[7] Vijayalaxmi, Leal, B. Z., Szilagyi, M., Prihoda, T. J. and 
Meltz, M, (2000). Primary DNA damage in human blood 
lymphocytes exposed in vitro to 2450 MHz radiofrequency 
radiation. Radiat Res; 153: 479-486. 

[8] Vijayalaxmi, Pickard, W. F., Bisht, K. S., Leal, B. Z., Meltz, 

M. L., Roti Roti, J. L., Straube, W. L. and Moros, E. G (2001). 
Cytogenetic studies in human blood lymphocytes exposed in 
vitro to radiofrequency radiation at a cellular telephone 
frequency (835.62 MHz, FDMA) Radiat Res; 155: 113-121. 

[9] Vijayalaxmi, (2006). Cytogenetics studies in human blood 
lymphocytes exposed in vitro to 2.45 GHz or 8.2 GHz 
radiofrequency radiation. Radiat Res; 166: 532-538. 

[10] Gos P, Eicher B, Kohli J, Heyer W-D, (2000). No mutagenic 
or recombinogenic effects of mobile phone fields at 900 MHz 
detected in the yeast Saccharomyces cerevisiae 
Bioelectromagnetics; 21: 515-523. 

[11] Roti Roti, J. L., Malyapa, R. S., Bisht, K. S., Ahern, E. W., 
Moros, E. G., Pickard, W. F., Straube, W. L., (2001). 
Neoplastic transformation in C3H 10T (1/2) cells after 
exposure to 835.62 MHz FDMA and 847.74 MHz CDMA 
radiations. Radiat. Res. 155, 239-247. 

[12] Maes A, Collier M, Verschaeve L (2001). Cytogenetic effects 
of 900 MHz (GSM) microwaves on human lymphocytes. 
Bioelectromagnetics; 22: 91-96. 

[13] Lagroye I, Anane R, Wettring BA, Moros EG, Straube WL, 
Laregina, Niehoff M, Pickard WF, Baty J, Roti Roti JL, (2004). 
Measurements of DNA damage after acute exposure to pulsed 
waves 2450MHz in rat brain cells by two alkaline comet assay 
methods. Int J Radiat Biol; 80 (1): 11-20. 

[14] Hook, G. J., Zhang, P., Lagroye, I., Li, L., Higashikubo, R., 
Moros, E. G., Straube, W. L., Pickard, W. F., Baty, J. D. and 
Roti Roti, J. L., (2004). Measurement of DNA damage and 
apoptosis in Molt-4 cells after in vitro exposure to 
radiofrequency radiation Radiat Res; 161: 193-200. 

[15] Zeni, O, Chiavoni AS, Sannino A, Antonili A, Forigo D, 
Bersani F, Scarfi MR, (2004). Lack of genotoxic effects 
(micronucleus induction) in human lymphocytes exposed in 
vitro at 99MHz EMF. Radiation Res; 160-2: 152-158. 

[16] Sakuma N, Komatsubara Y, Takeda H, Hirose H, Sekijima M, 
Nojima T, Miyakoshi J, (2006). DNA strand breaks are not 
induced in human cells exposed to 2.1425 GHz band CW and 
W-CDMA modulated radiofrequency fields allocated to 
mobile radio base stations. Bioelectromagnetics; 27: 51-57. 

[17] Stronati L, Testa A, Moquet J, Edwards A, Cordelli E, Villani P, 
Marino C, Fresegna AM, Appolloni M, Lloyd D, (2006).935 
MHz cellular phone radiation. An in vitro study of genotoxicity 
in human lymphocytes. Int J Radiat Biol; 82: 339-346. 

[18] Glaser Katharina, Martina Rohland, Thomas Kleine-Ostmann, 
Thorsten Schrader, Helga Stopper, Henning Hintzsche, (2016). 
Effect of Radiofrequency Radiation on Human Hematopoietic 
Stem Cells, Radiation Research; Vol. 186, No. 5, pp. 455-465. 

[19] Liling Su, Xiaoxia Wei, Zhengping Xu, (2017). Guangdi Chen. 
RF-EMF exposure at 1800 MHz did not elicit DNA damage or 
abnormal cellular behaviors in different neurogenic cells. 
Bioelectromagnetics, 38 (3): 175-185. 

[20] Fenech M, Morley AA (1985). Measurement of micronuclei in 
lymphocytes. Mutat Res; 147: 29–36. 

[21] Fenech, M. 1993. The cytokinesis – block micronucleus 
technique: a detailed description of the method and its 
application to genotoxicity studies in a human population. 
Mutat. Res., 285: 35-44. 



 International Journal of Environmental Monitoring and Protection 2017; 4(4): 20-28 28 

 

[22] Titenko-Holland, N., Windhan, G., Kolachana, P., Reinish, F., 
Paravatham, S., Osorio, A. M. and Smith, M. T, (1997). 
Genotoxicity of malathion in human lymphocytes assessed 
using the micronucleus assay in vitro and in vivo: a study of 
malathion-exposed workers. Mut. Res., 388: 85-95. 

[23] Jin, Y. B., Lee, H. J., Seon Lee, J., Pack, J. K., Kim, N., Lee, Y. 
S., 2010 Dec 21. One-year, simultaneous combined exposure 
of CDMA and WCDMA radiofrequency electromagnetic 
fields to rats. Int. J. Radiat. Biol. [Epub ahead of print]. 

[24] Sonmez OF, Odaci E, Bas O, Kaplan S. Purkinje cell number 
decreases in the adult female rat cerebellum following 
exposure to 900 MHz electromagnetic field. Brain Res 2010; 
1356: 95–101. 

[25] Grafstrom, G. et al., Histopathological examinations of rat 
brains after long-term exposure to GSM-900 mobile phone 
radiation, Brain Res. Bull. 5 (2008) 257–26. 

[26] Ray, S., & Behari, J., (1990). Physiological changes in rats 
after exposure to low levels of microwaves. Radiat Res 123: 
190-202. 

[27] Krstic DD, Dinctic BJ, Sokolovic DT, Markovic VV, Petkovic 
DM, Radic SB, (2005). The results of experimental exposition 
of mice by mobile telephones. Mikrotalasna revija; 11: 34-37. 

[28] Hugo W. Ruediger, (2009). Genotoxic effects of 

radiofrequency electromagnetic fields Pathophysiology 16 89–
102. 

[29] Sekeroglu Vedat, Aysegul Akar, Zulal Atlı Sekeroglu, (2012). 
Cytotoxic and genotoxic effects of high-frequency 
electromagnetic fields (GSM 1800 MHz) on immature and 
mature rats Ecotoxicology and Environmental Safety 80 140–
144. 

[30] Trosic I, Busljeta I, Modlic B, (2004). Investigation of the 
genotoxic effect of microwave irradiation in rat bone marrow 
cells: in vivo exposure. Mutagenesis. 19 (5): 361-364. 

[31] Balode, Z, (1996). Assessment of radio-frequency 
electromagnetic radiation by themicronucleus test in bovine 
peripheral erythrocytes. Science of the Total Environment, 
180 (1): 81-85. 

[32] Vijayalaxmi, L. B. Sasser, J. E. Morris, B. W. Wilson, L. E. 
Anderson, (2003). Genotoxic potential of 1.6 GHz wireless 
communication signal: in vivo two-year bioassay, Radiat. Res. 
159 (4) 558–564. 

[33] Scarfi, M. R., A. M. Fresegna, P. Villani, R. Pinto, C. Marino, 
M. Sarti, A. Sannino, P. Altavista, and G. A. Lovisolo, (2006). 
Exposure to radiofrequency radiation (900 MHz, GSM signal) 
does not affect micronucleus frequency and cell proliferation 
in human peripheral blood lymphocytes. Radiat. Res 165: 
655–663. 

 


