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Introduction

The exposures of human to radiofrequency (RF) radiations of 
mobile phone and Wi-Fi devices have been increasing during 
recent years that evoked health concerns in the scientific com-

munity [1]. Short-term exposure to non-ionizing radiations could lead 
to health disorders, including, sleep, heart rate, and blood pressure dis-
orders while long-term exposure to this type of radiation could be a car-
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ABSTRACT
Background: Some evidence shows that a pre-exposure to RF can mitigate the ef-
fects of subsequent exposures to high doses of ionizing radiation. 
Objective: We aimed to assess the effect of a pre-exposure to non-ionizing RF 
radiation on survival, weight changes, food consumption, and water intake of lethally 
irradiated rats.
Material and Methods: In this case-control study, we used a commercial mo-
bile phone (GSM, 900/1800 MHz) as well as a 2.4 GHz Wi-Fi router as the sources of 
pre-exposure to RF radiation. Forty-eight rats were randomly divided into six groups 
of control, “8 Gy X-rays”, mobile phone, “mobile phone+8 Gy”, Wi-Fi, and “Wi-Fi+8 
Gy”. Then, the survival fraction, weight loss, water, and food consumption changes 
were compared in different groups. 
Results: The survival analysis indicated that the survival rates in all of the exposed 
animals (“8 Gy X-rays”, “mobile phone+8 Gy”, “Wi-Fi+8 Gy”) were significantly 
lower than the control, “Wi-Fi”, and “mobile phone” groups. The changes in survival 
rates of “mobile+8 Gy”, “Wi-Fi+8 Gy”, and 8 Gy alone were not statistically signifi-
cant. However, food and water intake were significantly affected by exposure to both 
RF pre-exposures and exposure to high dose ionizing radiation.  
Conclusion: To the best of our knowledge, the existence of a dose window for the 
induction of AR can be the cause of the lack of AR in our experiment. Our findings 
confirm that in a similar pattern with the adaptive responses induced by pre-exposure 
to ionizing radiation, the induction of adaptive response by RF-pre-exposures requires 
a minimum level of damage to trigger adaptive phenomena.
Citation:Citation: Borzoueisileh S, Shabestani Monfared A, Mortazavi SMJ, Zabihi E, Pouramir M, Niksirat F, Seyfizadeh N, Shafiee M. Pre-Exposure to  Borzoueisileh S, Shabestani Monfared A, Mortazavi SMJ, Zabihi E, Pouramir M, Niksirat F, Seyfizadeh N, Shafiee M. Pre-Exposure to 
Radiofrequency Electromagnetic Fields and Induction of Radioadaptive Response in Rats Irradiated with High Doses of X-Rays.Radiofrequency Electromagnetic Fields and Induction of Radioadaptive Response in Rats Irradiated with High Doses of X-Rays.  J Biomed Phys J Biomed Phys 
EngEng. 2022;12(5):505-512. doi: 10.31661/jbpe.v0i0.1271.. 2022;12(5):505-512. doi: 10.31661/jbpe.v0i0.1271.

Keyword
Radiofrequency Radiation (RF); Radioadaptive Response; Cell Phone; Elec-
tromagnetic Radiation; Survival Analysis

Copyright : © Journal of Biomedical Physics and Engineering
This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution-NonCommercial 4.0 Unported License, (http://creativecom-
mons.org/licenses/by-nc/4.0/) which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

505

http://orcid.org/0000-0003-4148-135X
https://orcid.org/0000-0002-1457-7199
https://doi.org/10.31661/jbpe.v0i0.1271


J Biomed Phys Eng 2022; 12(5)

Sajad Borzoueisileh, et al
cinogenic mediator [2]. Hence, an increasing 
number of reports about the health concerns of 
RF radiations could approve the importance of 
this field. Conversely, there are some reports 
about the beneficial effects of radiofrequency 
electromagnetic fields (RF-EMFs) in particu-
lar dose window and specific conditions [3, 4]. 
However, there are some limitations in the de-
sign of studies in this critical field.

One of the most important limitations in the 
study of RF-EMF effects on the human popu-
lation is the variation in levels of RF-EMF ex-
posure, resulting in to bias in the results [5], 
and non-reproducibility of the results. More-
over, the exposure of human to both non-ion-
izing and ionizing radiation will arise ethical 
issues [6] so that the use of animal models is 
a substitution. Nevertheless, calculations and 
measurements of RF-EMF dose and uniform 
delivery of radiations to the subjects could be 
crucial and achieved by some vehicles intro-
duced by Vijayalaxmi [7]. This, precise dose 
measurement and uniformity of exposures are 
fundamental, especially in the studies dealing 
with the adaptive response (AR) of RF-EMFs.

In AR phenomenon, pre-exposure to a stim-
ulant such as low dose radiation could induce 
a beneficial adaption to a subsequent challeng-
ing dose of ionizing radiation [8, 9]. Most of 
the current evidence reported the AR after re-
ceiving ionizing radiation with the condition-
ing dose; however, recently, some researchers 
have reported the AR induced by pre-exposure 
to RF could be a hopeful window to use this 
response in radiotherapy and astronaut indus-
try [3, 4, 10]. In addition, there are opposing 
observations [11], rejecting AR at least some 
endpoints and there are a specific dose win-
dow, dose rates, and time interval of condi-
tioning dose, limiting AR occurrence in subse-
quent challenging dose [12]. The existence of 
a dose window for the induction of AR by RF-
pre-exposures has been previously addressed 
by Mortazavi et al, [13]. The exact mechanism 
of AR has been under study. Furthermore, the 
RF-induced AR in different doses and other 

physical, biologic, and chemical conditions 
should be evaluated in detail. Nevertheless, in 
this study, we have assessed the pre-exposure 
effect of non-ionizing RF radiation and ioniz-
ing X-rays on survival, weight changes, food 
consumption and water intake before and after 
receiving RF-EMF and a lethal dose of X-ray 
in the rat.

Material and Methods

Design, ethical approval, and ir-
radiation

This case-control study was approved by 
the ethical committee of Babol University of 
Medical Sciences, Babol, Iran. 48 rat were 
randomly divided into six groups, including 
control, 8Gy, mobile phone, “mobile phone+8 
Gy”, Wi-Fi, and “Wi- Fi+8 Gy”. The stan-
dard rat polycarbonate cage type 2 was used 
(20×25×15 cm3)

The X-ray exposure was done using 6 MV 
Elekta compact accelerator on 15th day. The 
dose rate was 200 cGy/min, and SSD and 
depth were 115 cm and 3.5 cm, respectively 
and MU=983. Field size was 40×40 cm2, and 
total dose was 8 Gy.

The survival fraction, weight loss, water, 
and food consumption were compared during 
30 days after receiving 8 Gy lethal dose.

GSM, 900/1800 MHz, and 2.4 GHz RF-
EMFs

We used a Nokia 1280 mobile phone device 
(Nokia, India) for GSM, 900/1800 MHz calcu-
lations. The Specific Absorption Rate (SAR) 
EU of this device reported 1.15 W/kg by the 
manufacturer for the human head.

The commercial Wi-Fi router was used in 
this study (D-Link DSL-2740U ADSL2 Plus 
Wireless N300 Modem Router, China) and the 
antennas of modem were located at the center 
of the rat cages. Both mobile phone and Wi-
Fi radiations were applied for 14 days at 12 
hours a day as the sources of pre-exposure to 
RF radiation.
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The measurement of RF-EMF parameters 

was done by calibrated EMF meter (TES-593, 
Taiwan). We have evaluated three parameters, 
including intensity of electric and magnetic 
fields and power density (µv/m or mv/m, 
µA/m or mA/m, and µW/m2 or µW/cm2, re-
spectively).

Statistical Analysis
The Kaplan-Meier test was used to analyze 

the survival fraction of different groups. Food, 
water consumption, and animal weight dur-
ing study period were compared by one-way 
repeated measurement analysis. The P-values 
lower than 0.05 was considered significant.

Results

The Specific Absorption Rates
The electric field (V/m), Magnetic field 

(mA/m), and Power flux-density (W/m2) of 
Wi-Fi router and mobile phone were showed 
in Table 1.

Then, the Specific Absorption Rate (SAR) in 
(W/kg) could be estimated from the following 
formula [14, 15]:

2ESAR σ
ρ=

Where, σ is tissue conductivity (S/m); E is 
induced electric field strength (V/m), and ρ is 
physical density (kg/m3).

Based on mean σ and ρ of whole rat 
body, which were reported 1.34 S/m and  
1040 kg/m3, respectively [15] and E report-
ed in Table 1, the estimated SAR for mobile 
phone and Wi-Fi router in our study were 5.57 
and 91.99 mW/kg, respectively.

Survival fraction and clinical 
signs

After receiving RF-EMF for 14 days, and 
8 Gy of the X-ray on 15th day, 30 days sur-
vival fractions were plotted and analyzed in 
Figure 1. Moreover, the consumption of water 
and food was monitored carefully during the 
study, as seen in Figure 2. The repeated mea-
surement analysis revealed a statistically dif-
ferent water intake. Multiple comparisons of 
groups showed that 8 Gy, “Wi-Fi+8 Gy” had 
lower uptake than control and Wi-Fi groups. 
Furthermore, both mobile and “mobile+8 Gy” 
groups had a lower water intake than control. 

Food consumption in “mobile phone+8 Gy” 
group was significantly lower than control, 
8 Gy, and “mobile phone” groups. In con-
trast, the multiple comparisons of food intake 
among Wi-Fi, “Wi-Fi+8 Gy”, 8 Gy, and con-
trol revealed no significant difference. The 
changes in the weight of rats during the last 
10 days of their lives were shown in Figure 3.

Discussion
We have evaluated the adaptation to mobile 

phones and Wi-Fi radiation in a rodent model. 
The mobile phone and Wi-Fi routers employ 
RF-EMF, which are the packages of energy at 
wavelengths higher than visible light [16]. The 
main effects of RF-EMF on biological systems 
could be divided into thermal and non-thermal 
effects [16, 17]. At higher doses, the impor-
tance of thermal effects are dominant [16], but 
at lower doses, which thermal effects could not 
be measurable, the non-thermal effects depend 
on several biological and physical parameters 
such as frequency, time, electromagnetic field, 

Detector Position Electric field (V/m) Magnetic field (mA/m) Power flux-density (W/m2)
Wi-Fi router 8.45±2.93 21.68±5.89 163.16±86.24

Mobile Phone 2.08±1.27 5.48±3.64 18.97±23.20

Table 1: The electric field (V/m), Magnetic field (mA/m), and Power flux-density (W/m2) of Wi-Fi 
router and mobile phone
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Figure 1: The survival fraction after exposure to the mobile phone, Wi-Fi, X-ray, and their com-
binations.

Figure 2: Water intake per rat/day during 45 days follow up (0-15 radiofrequency electromag-
netic field (RF-EMF) exposure and on day 15 exposure to 8 Gy X-ray) in mobile (upper-left) and 
Wi-Fi (upper-right) groups. Food consumption per rat/day in the same period in mobile (Lower-
left) and Wi-Fi (Lower-right) groups. The repeated measurement analysis p-values were shown 
on each graph. 
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genotype, and physiological factors [17].
One of the most important factors affecting 

the thermal and non-thermal effects of RF-
EMF is SAR [18]. Hoque et al. have studied 
SAR of non-ionizing radiation from wireless/
telecommunication in Bangladesh [14]. They 
have reported that the temperature change due 
to non-ionizing radiation is proportional to 
SAR and time and inversely proportional to the 
specific heat capacity of tissue [14]. Then, two 
factors, including SAR and time, could be set 
up by researchers in biomedical studies. How-
ever, specific heat capacity is a specification 
of the tissue and biologic system. Then, we 
could control the received heat by each point 
of the body by this information. Belpomme et 
al. believed that at lower doses, non-ionizing 
radiation does not cause measurable heating in 
the body [16]. At lower doses, which we have 
been using for a AR, the molecular changes 
could be involved in the adaptation process.

Our results showed that after 8 Gy X-ray 
exposure, 50 percent lethality occurred within 
30 days follow up, which is in agreement with 
previous studies which used this dose as the 
LD50/30 for the rats. Havelek et al. reported 
that the LD50/60 of Wistar rat is 7.37 (4.68-
8.05) Gy [19], which could confirm the 8 Gy 

dose appropriateness. 
Pre-exposure to both Wi-Fi and mobile 

phone before 8 Gy irradiation did not change 
the survival fraction significantly. Moreover, 
we had seen a non-significant synergistic ef-
fect of pre-exposure on RF-EMFs compared 
to 8 Gy group. These result would not con-
firm the AR which could be due to different 
SAR, dose rate and the time interval between 
the conditioning and challenging dose of our 
study in comparison with previous studies 
[8]. Some researchers reported the existence 
of AR induced by RF-EMF. Increased radio-
resistance to lethal doses of gamma rays after 
a pre-exposure to microwave radiation is pre-
viously reported [20]. Bingcheng Jiang et al. 
reported that pre-exposure to EMF could in-
duce AR in DNA damage [21]. They assessed 
the molecular changes while the endpoint of 
our study was survival fraction. Olga Zeni et 
al. suggested that the induction of AR depends 
on the type of EMF, SAR, and frequency [22]. 
Cao et al. reported that 120 µW/cm2 could 
induce AR better 12 and 1200 µW/cm2 [23]. 
However, they did not mention their statisti-
cal test. There are controversies in the AR 
induction but what we should notice is that 
the physical, biological, chemical parameter 

Figure 3: The weight changes during the last days of rat lives per day.
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is extensive and various aspects of this issue 
should be exactly clarified. The presence of 
AR was rejected by some studies, and Cao et 
al. reported that the 900 MHz EMF exposure 
has a synergistic effect on the SHG44 cells 
[11]. Our findings are generally in line with 
this theory that in a similar pattern with the 
adaptive responses induced by pre-exposure 
to ionizing radiation, the induction of adap-
tive response by RF-pre-exposures requires a 
minimum level of damage to trigger adaptive 
phenomena [13].

Our results revealed some alterations in 
the water, food intake, and also in the weight 
changes. As the timetable of changes (Figure 
2) shows, there is a decrease in the water and 
food intake at the prodromal stage and also in 
the manifestation stages of ARS. Our results 
are in agreement with the Plett study, which 
established a model for hematopoietic syn-
drome [24].

Conclusion
Pre-exposure to two different RF frequencies 

could not induce adaptive response (AR) in le-
thally exposed rats. To the best of our knowl-
edge, the existence of a dose window for the 
induction of AR can be the cause of the lack 
of AR in our experiment. Our findings con-
firm this theory that in a similar pattern with 
adaptive responses induced by pre-exposure 
to ionizing radiation, the induction of adap-
tive response by RF-pre-exposures requires a 
minimum level of damage to trigger adaptive 
phenomena. It seems that further studies with 
different levels of RF-pre-exposures, different 
exposure timing, and other biological end-
points are needed to determine the optimum 
conditions required to induce AR by RF. The 
observed changes in food consumption, water 
intake, and weight could be associated with 
acute radiation syndrome (ARS) timeframe.

Acknowledgment
This work is financially supported by Deputy 

of research and technology, Babol University of 

Medical Sciences.

Authors’ Contribution
A. Shabestani Monfared and SMJ. Mortazavi 

conceived the idea and E. Zabihi and M. Pouramir 
contributed in the design of the work. S. Bor-
zoueisileh, F. Niksirat, M. Shafiee contributed in 
the acquisition of data. S. Borzoueisileh, A. Sha-
bestani Monfared, SMJ. Mortazavi and N. Sey-
fizadeh analyzed or interpreted the data. All of au-
thors contributed in drafting or revising and final 
approval the work.

Ethical Approval
The Ethics Committee of Babol University of 

Medical Sciences approved the protocol of the 
study (Ethic cod: MUBABOL.REC.1396.36).

Funding
This study was supported by Babol University of 

Medical Sciences [grant number: 3761].

Conflict of Interest
None

References
 1. Foster KR, Moulder JE, Wi-Fi and Health: Re-

view of Current Status of Research. Health 
Phy. 2013;105(6):561-75. doi: 10.1097/
HP.0b013e31829b49bb. PubMed PMID: 
24162060.

 2. Paul B, Saha I, Kumar S, Samim Ferdows SK, 
Ghose G. Mobile phones: time to rethink and limit 
usage. Indian J Public Health. 2015;59(1):37-41. 
doi: 10.4103/0019-557X.152856. PubMed PMID: 
25758729.

 3. Falone S, Sannino A, Romeo S, Zeni O, Santi-
ni SJ, Rispoli R, et al. Protective effect of 1950 
MHz electromagnetic field in human neuroblas-
toma cells challenged with menadione. Sci Rep. 
2018;8(1):13234. doi: 10.1038/s41598-018-
31636-7. PubMed PMID: 30185877. PubMed 
PMCID: PMC6125585.

 4. Mortazavi SMJ, Mostafavi-Pour Z, Daneshmand 
M, Zal F, Zare R, Mosleh-Shirazi MA, Adap-
tive Response Induced by Pre-Exposure to 915 
MHz Radiofrequency: A Possible Role for Anti-
oxidant Enzyme Activity. J Biomed Phys Eng. 
2017;7(2):137-42. PubMed PMID: 28580335. 
PubMed PMCID: PMC5447250.

510



J Biomed Phys Eng 2022; 12(5)

Lack of RF-Induced Adaptive Response

 5. Jones, KH, Daniels H, Heys S, Ford DV. Chal-
lenges and Potential Opportunities of Mobile 
Phone Call Detail Records in Health Research: 
Review. JMIR Mhealth Uhealth. 2018;6(7):161. 
doi: 10.2196/mhealth.9974. PubMed PMID: 
30026176. PubMed PMCID: PMC6072975.

 6. Ali J, Labrique AB, Gionfriddo K, Pariyo G, Gib-
son DG, Pratt B, et al. Ethics Considerations in 
Global Mobile Phone-Based Surveys of Noncom-
municable Diseases: A Conceptual Exploration. J 
Med Internet Res. 2017;19(5):110. doi: 10.2196/
jmir.7326. PubMed PMID: 28476723. PubMed 
PMCID: PMC5438462.

 7. Vijayalaxmi, Biological and health effects of ra-
diofrequency fields: Good study design and qual-
ity publications. Mureav. 2016;810:6-12. doi: 
10.1038/s41598-017-18953-z. PubMed PMID: 
29323219. PubMed PMCID: PMC5764990.

 8. Tang FR, Loke WK. Molecular mechanisms 
of low dose ionizing radiation-induced hor-
mesis, adaptive responses, radioresistance, 
bystander effects, and genomic instabil-
ity. Int J Radiat Biol. 2015;91(1):13-27. doi: 
10.3109/09553002.2014.937510. PubMed PMID: 
24975555.

 9. Gandhi NM. Cellular adaptive response and regu-
lation of HIF after low dose gamma-radiation 
exposure. Int J Radiat Biol. 2018;94(9):809-14. 
doi: 10.1080/09553002.2018.1493241. PubMed 
PMID: 29944059.

 10. Sannino A, Sarti M, Reddy SB, Prihoda TJ, Vijay-
alaxmi, Scarfi MR. Induction of adaptive response 
in human blood lymphocytes exposed to radiofre-
quency radiation. Radiat Res. 2009;171(6):735-
42. doi: 10.1667/RR1687.1. PubMed PMID: 
19580480.

 11. Cao Y, Zhang W, Lu MX, Xu Q, Meng QQ, Nie 
JH, et al. 900-MHz microwave radiation enhances 
gamma-ray adverse effects on SHG44 cells. J 
Toxicol Environ Health A. 2009;72(11-12):727-
32. doi: 10.1080/15287390902841466. PubMed 
PMID: 19492235.

 12. Takahashi A, Ikeda H, Yoshida Y. Role of high-lin-
ear energy transfer radiobiology in space radiation 
exposure risks. Int J Part Ther. 2018;5(1):151-9. 
doi: 10.14338/IJPT-18-00013.1. PubMed PMID: 
31773027. PubMed PMCID: PMC6871591.

 13. Mortazavi SMJ. Window theory in non-ionizing 
radiation-induced adaptive responses. Dose Re-
sponse. 2013;11(2):293-4. doi: 10.2203/dose-
response.12-060.Mortazavi. PubMed PMID: 
23930108. PubMed PMCID: PMC3682204.

 14. Hoque A, Hossain MS, Mollah AS, Akramuz-
zaman M. A study on specific absorption rate 
(SAR) due to nonionizing radiation from wire-
less/telecommunication in Bangladesh. Am J 
Phys Appl. 2013;1(3):104-10. doi: 10.11648/j.
ajpa.20130103.18.

 15. Avci B, Akar A, Bilgici B, Tunçel ÖK. Oxidative 
stress induced by 1.8 GHz radio frequency elec-
tromagnetic radiation and effects of garlic extract 
in rats. Int J Radiat Biol. 2012;88(11):799-805. 
doi: 10.3109/09553002.2012.711504. PubMed 
PMID: 22788526.

 16. Belpomme D, Hardell L, Belyaev I, Burgio E, Car-
penter DO. Thermal and non-thermal health effects 
of low intensity non-ionizing radiation: An interna-
tional perspective. Environ Pollut. 2018;242:643-
58. doi: 10.1016/j.envpol.2018.07.019. PubMed 
PMID: 30025338.

 17. Belyaev I. Non-thermal biological effects of micro-
waves. Microw Rev. 2005;11(2):13-29.

 18. Sienkiewicz Z, Van Rongen E. Can Low-Level 
Exposure to Radiofrequency Fields Effect Cogni-
tive Behaviour in Laboratory Animals? A System-
atic Review of the Literature Related to Spatial 
Learning and Place Memory. Int J Environ Res 
Pub Health. 2019;16(9):1607. doi: 10.3390/
ijerph16091607. PubMed PMID: 31071933. 
PubMed PMCID: PMC6539921.

 19. Havelek R, Řezáčová M, Šinkorová S, Zárybnická 
L, Tichý A, Vávrová J. Phosphorylation of histone 
H2AX as an indicator of received dose of gamma 
radiation after whole-body irradiation of rats. Acta 
Veterinaria Brno. 2011;80(1):113-8. doi: 10.1021/
ic2016963. PubMed PMID: 22026406.

 20. Mortazavi SMJ, Mosleh-Shirazi MA, Tavassoli A, 
Taheri M, Bagheri Z, Ghalandari R, et al. A com-
parative study on the increased radioresistance to 
lethal doses of gamma rays after exposure to mi-
crowave radiation and oral intake of flaxseed oil. 
Int J radiat Res. 2011;9(1):9-14.

 21. Jiang B, Nie J, Zhou Z, Zhang J, Tong J, Cao 
Y, Adaptive response in mice exposed to 900 
MHz radiofrequency fields: primary DNA damage. 
PLoS One. 2012;7(2):32-40. doi: 10.1371/jour-
nal.pone.0032040. PubMed PMID: 22389679. 
PubMed PMCID: PMC3289639.

 22. Zeni O, Sannino A, Romeo S, Massa R, Sarti M, 
Reddy AB, et al. Induction of an adaptive response 
in human blood lymphocytes exposed to radiofre-
quency fields: Influence of the universal mobile 
telecommunication system (UMTS) signal and the 
specific absorption rate. Mureav. 2012;747(1):29-

511



J Biomed Phys Eng 2022; 12(5)

35. doi: 10.1016/j.mrgentox.2012.03.013. 
PubMed PMID: 22525361.

 23. Cao Y, Xu Q, Jin ZD, Zhou Z, Nie JH, Tong 
J. Induction of adaptive response: Pre-ex-
posure of mice to 900 MHz radiofrequency 
fields reduces hematopoietic damage caused 
by subsequent exposure to ionising radia-
tion. Int J Radiati Biol. 2011;87(7):720-8. doi: 

10.3109/09553002.2010.550981. PubMed PMID: 
21294690.

 24. Plett PA, Sampson CH, Chua HL, Joshi M, Booth 
C, Gough A, et al. Establishing a murine model 
of the hematopoietic syndrome of the acute ra-
diation syndrome. Health Phys. 2012;103(4):343. 
doi: 10.1097/HP.0b013e3182667309. PubMed 
PMID: 22929467. PubMed PMCID: PMC3743168.

Sajad Borzoueisileh, et al

512


