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Abstract 

With more than 6.8 billion mobile phone users 

world-wide, health effects due to continuous 

exposure to radiofrequency radiation emitted from 

mobile phones (MP-RFR) has generated serious 

concern. Brain due to its proximity to mobile phones 

while talking and its specific physiology, is 

particularly vulnerable. There are no of reports 

available regarding MP-RFR induced effect on brain 

ranging from headache, fatigue to more severe 

effects like cognitive impairment and brain tumor. 

Most of these effects are reported to be mediated via 

oxidative stress mechanism. In most of these studies 

effect of MP-RFR was assessed on whole brain. 

However different regions of brain greatly vary in 

their molecular and cellular composition and 

controls different cognitive functions. In this regards 

objective of this study was to assess impact of MP-

RFR on redox environment and functionality of 

brain in a region-specific manner. For experimental 

procedure 6-week-old male Wistar rats were divided 

into two independent groups sham and exposed, 

animals of exposed group were subjected to MP-

RFR of 1915MHz at power density and SAR value 

of 4 mW/cm2 and 0.36 W/Kg respectively for 

16weeks (2hrs/day, 5days/week). Animals of sham 

group was kept in similar condition except MP-RFR 

exposure. Towards the end of exposure period 

behavioural testing was performed and the animals 

were sacrificed to dissect out hippocampus, cortex, 

striatum and cerebellum region of brain for 

estimation of oxidative stress markers. We observed 

a significant increase in reactive oxygen species, 

lipid peroxides and protein carbonyl level in both 

hippocampus and cortex region of brain. There was 

no change in the any of the oxidative stress 

parameters in striatum and cerebellum region of 

brain. Decrease in hippocampus dependent fear 

memory was also not significant.  Outcomes of this 

study indicate that the hippocampus and cortex 

region of brain is more sensitive to MP-RFR induced 

changes and these two regions can further be 

investigated for actual effect occurring at molecular 

level and their functional implications. 

 

 1 Introduction 

Over the past few decades there is an exponential 

growth in the number of mobile phone subscription 

worldwide. Having the number of mobile phone 

users reaching 6.8 billion in 2019 

(www.statistica.com), exposure to radiofrequency 

(RF) radiations emitted from these devices has 

become an unavoidable concern. As the mobile 

phones (MP) are kept in close proximity to brain 

while talking, RF radiations emitted can be absorbed 

at a depth which can affect neuronal activity [1]. 

Reports regarding effect of RF radiations on central 

nervous system (CNS) ranges from common fatigue 

and headache to more severe effects including 

behavioural abnormality, cognitive impairment, and 

brain tumor [2]. Since the intensity of RF radiation 

emitted from mobile phones are much below the 

limiting guidelines, possibility of thermal 

mechanism for afore said effects on CNS has been 

ruled out [3]. However, certain oscillating 

frequencies of MP-RF signal which are within the 

range of certain oscillating frequencies in CNS, may 

interfere and thus impact the neuronal signalling 

process [4]. Further oxidative stress is the most 

hypothesized mechanism of action for harmful 

effects of MP-RFR [5]. There are number of studies 

which have reported MP-RFR induced increase in 

concentration of free radical and several oxidative 

stress markers in CNS and their consequential 

impact on cognitive functions [6]. Most of these 

studies have estimated an overall impact of MP-RF 

radiation on whole brain. However, different 

subregions of brain differ in their molecular and 

cellular composition and play different role in 

controlling various behavioural and memory 

functions [7]. So, in this study we have examined the 

effect of MP-RFR exposure at a dose duration and 

exposure condition mimicking the real human uses 

on redox environment of Wistar rat brain in a region-

specific manner and whether these changes 

culminate into altered behavioural or memory 

functions controlled by that specific region of brain. 

 

 



2 Methodology 

Male Wistar rats aged 6-7 weeks were obtained from 

Central Laboratory Animal Resources, Jawaharlal 

Nehru University-New Delhi and kept in the animal 

room in a standard housing condition (12-12hr light 

dark cycle, 25°C room temperature) with food and 

water ad libitum. Prior approval for all the 

experimental procedures performed on animals was 

taken from institutional animal ethical committee 

(IAEC) of Jawaharlal Nehru University, New Delhi, 

India (Application code # 23/2016). After one week 

of acclimatization period animals were randomly 

divided in to two independent groups (n=4/group) 

Sham and Exposed. Animals of exposed group were 

subjected to RF radiation for 16 weeks (2hrs/day; 

5days a week). Exposure of 1915MHz frequency at 

a power density of 4mW/cm2was given in a specially 

designed exposure chamber through a horn antenna 

connected to signal generator and amplifier. 

Frequency and power were periodically measured 

during the course of exposure by power meter 

(NBM-520, Narda, Germany) and spectrum 

analyser (Field fox, N9912A, Agilent technology, 

USA) to see any fluctuation. Whole body average 

specific absorption rate (SAR) for each animal was 

calculated using empirical formula of average SAR 

[8]. Whole body average SAR comes out to be 0.36 

W/Kg. Animals from sham group are kept in exactly 

similar condition as exposed except any radiation 

exposure. Six days before the end of exposure period 

animals were subjected to 5-day contextual fear 

conditioning protocol while exposure was continued 

as usual. One day after the behavioural testing 

protocol and just after the end of exposure animals 

were sacrificed by CO2 asphyxiation to avoid any 

behavioural procedure related effect. Within 10 

minutes of sacrificing the animal, brain was 

harvested and various sub-regions viz. hippocampus 

cerebral cortex, striatum and cerebellum was 

dissected out, flash frozen in liquid nitrogen and 

stored at -80°C for further biochemical analysis. 

Various oxidative stress markers viz reactive oxygen 

species (ROS), ferric reducing ability of plasma 

(FRAP) a measure of total antioxidant capacity, 

protein carbonyl a derivative of oxidized protein and 

malonaldehyde (MDA) a measure of total lipid 

peroxides was estimated in each region of the brain 

using standard protocols [9,10,11,12]. Contextual 

fear conditioning test was performed according to 

earlier described protocol [13] with few changes. 

Percentage freezing was considered as measure of 

contextual memory. For all the analysis p-value 

were calculated using unpaired students t-test and 

values less than 0.05 considered significant. All the 

experimental data was analysed using GraphPad 

Prizm software (GraphPad Prism 8.3.1, USA) 

 

 

3 Results 

In this study we observed that exposure to MP-RF 

signal at 1915MHz frequency and SAR of 0.36 

W/Kg for 16weeks has generated oxidative stress in 

hippocampus and cortex region of brain. All the 

oxidative stress markers viz ROS (p=0.002) lipid 

peroxides (p=0.003) and protein carbonyl (p=0.004) 

were significantly upregulated (Figure 1A, B &C) 

while total antioxidant level was significantly down 

regulated (p=0.006) in hippocampus of exposed 

group as compared to sham (Figure 1D). In cerebral 

cortex region of brain ROS (p=0.009), lipid peroxide 

(p=0.02) and protein carbonyl (p=0.01) level was 

significantly increased in exposed group as 

compared to sham (Figure 1A, B &C ) while there is 

no change in antioxidant level (p>0.05) between the 

groups (Figure 1D). Striatum and cerebellum region 

of brain have shown no sign of oxidative stress as 

changes in the oxidative stress markers are not 

significant (p=>0.05) between the groups (Figure 

1A, B, C & D). The effect of MP-RF radiation was 

particularly pronounced in the hippocampus region 

of brain as observed by the increased level of all the 

oxidative stress marker measured. So, we further 

investigated the animals for any impact of RF signal 

on hippocampal functionality by subjecting them to 

hippocampus dependent memory test viz contextual 

fear memory. We observed a 33% decrease in 

percentage freezing (a measure of fear memory 

retrieval) in exposed group as compared to sham on 

testing day however it is not significant. Decrease in 

percentage freezing at base line and training day was 

also not significant in the exposure group as 

compared to control (Figure 2). 

4 Discussion 

In the present study we found that exposure to the 

cell phone RF signal is primarily affecting the redox 

environment of hippocampus and cortex region, 

making them more oxidizing, however effect on 

other two regions striatum and cerebellum was not 

significant. Hippocampus region of brain is 

particularly sensitive to any of the environmental 

stressors including MP-RFR as it controls major 

stress related behavioural, memory functions, site of 

adult neurogenesis, and also rich in glucocorticoid 

and cytokine receptors [14, 15]. Further, there are 

several reports available which have shown that 

impact of stress condition on hippocampus specific 

functions like neurogenesis, cognition etc. are 

mediated via altered oxidative environment of the 

hippocampus and vice-versa [16, 17]). These facts 

corroborate our findings where effect of MP-RFR 

measured in terms of oxidative stress markers were 

particularly pronounced in the hippocampus region 

of brain. Moreover, it is reported that RF radiations 

emitted from mobile phone antennae can penetrate 

4-6cm deep in brain [18] and cortex region of brain 

is closest to the source of RF radiation (mobile 



phones) while talking thus it absorbs maximum 

radiation. This might be the region for increased 

oxidative stress in this region of brain upon MP-RFR 

exposure. In this study we also observed a 33% 

decrease in fear memory however decrease was not 

significant enough to be called as impairment of 

hippocampal memory. This might be due to the 

small sample size. Further, hippocampal function 

depends on several other factors as well like level of 

cytokine, stress hormone etc. which is not measured 

in this study and these factors have a mutually 

opposing impact on hippocampal functionality. So, 

in conclusion this study provides an interesting 

insight about which region of brain is particularly 

vulnerable to harmful impact of RF radiations 

emitted from cell phones and further studies looking 

in to molecular targets of MP-RFR in hippocampus 

and cortex region of brain can be done to get precise 

information about actual interaction at molecular 

level. 

 

Figure 1. Exposure to radiofrequency radiation of 

1915MHz frequency at a SAR value of 0.36W/Kg 

for 16 weeks (2hrs/day, 5days/week) caused 

oxidative stress in hippocampus and cortex region of 

brain however redox environment of striatum and 

cerebellum region remain unaltered. (A) Reactive 

oxygen species (ROS) level expressed in Units (U) 

where one unit is equal to 1mg/L H2O2. (B) Lipid 

peroxidation measured in terms of malonaldehyde 

and expressed as nmole MDA/mg protein. (C) Level 

of protein carbonyl, a measure of total oxidized 

protein expressed as nmol/mg protein and (D) Total 

antioxidant capacity expressed in terms of µmol of 

FeSO4 equivalents/g tissue in different brain 

subregions. Results were expressed as mean 

±Standard deviation (SD) and compared with Sham 

by two tailed unpaired t-test (n=4). p-values 

represents as *; P < 0.05; **; P < 0.01. 

 

Figure 2. Exposure to radiofrequency radiations of 

1915MHz frequency at a SAR value of 0.36W/Kg 

for 16 weeks (2hrs/day, 5days/week) does not have 

any impairing effect on hippocampal dependent fear 

memory. Results were calculated as percent time the 

rat expressed freezing behaviour during the 5 min 

observation period for context. Decrease in freezing 

(%) was taken as measure of impaired fear memory. 

Values were expressed as mean ±SD and compared 

with control by two tailed unpaired t-test (n=6). 
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