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Abstract
Effects of electromagnetic energy radiated from mobile phones (MPs) on heart is one of the research interests.
The current study was designed to investigate the effects of electromagnetic radiation (EMR) from third-
generation (3G) MP on the heart rate (HR), blood pressure (BP) and ECG parameters and also to investigate
whether exogenous melatonin can exert any protective effect on these parameters. In this study 36 rats were
randomized and evenly categorized into 4 groups: group 1 (3G-EMR exposed); group 2 (3G-EMR exposed þ
melatonin); group 3 (control) and group 4 (control þ melatonin). The rats in groups 1 and 2 were exposed to
3G-specific MP’s EMR for 20 days (40 min/day; 20 min active (speech position) and 20 min passive (listening
position)). Group 2 was also administered with melatonin for 20 days (5 mg/kg daily during the experimental
period). ECG signals were recorded from cannulated carotid artery both before and after the experiment, and
BP and HR were calculated on 1st, 3rd and 5th min of recordings. ECG signals were processed and statistically
evaluated. In our experience, the obtained results did not show significant differences in the BP, HR and ECG
parameters among the groups both before and after the experiment. Melatonin, also, did not exhibit any addi-
tional effects, neither beneficial nor hazardous, on the heart hemodynamics of rats. Therefore, the strategy
(noncontact) of using a 3G MP could be the reason for ineffectiveness; and use of 3G MP, in this perspective,
seems to be safer compared to the ones used in close contact with the head. However, further study is needed
for standardization of such an assumption.
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Introduction

Mobile phones (MPs) are now substituting the land-

line phones and becoming ubiquitous in our lives. The

increase in the use of MPs raises the concern about

health-related risks that influence the quality of life

(Patrick et al., 2008). Today, the third-generation

(3G)-specific MPs are taking place in the world’s lar-

gest mobile telecommunication systems. No doubt,

3G MP applications, such as video-based calling,

messaging, conferencing and so on, emit more contin-

uous electromagnetic radiation (EMR) to the environ-

ment (Smith and Collins, 2000).

Survey studies show that EMR emitted by MPs

may cause a series of diseases such as headache,

extreme irritation, increase in carelessness and forget-

fulness, decrease in reflexes, sound in the ears, inner

ear damage, blurring of vision, inflammation in the

eyes, endometrial apoptosis (Oral et al., 2006), retinal

oxidative stress, brain tumor and cancer. Also, it has

been shown that occupational exposition to EMR

could somewhat cause fluctuations in heart rate

(HR) (Ahamed et al., 2008; Koyu et al., 2005; Myung

et al., 2009; Ozguner et al., 2006; Panda et al., 2010).

The emitted EMR by MP may influence the auto-

nomic nerve tone and thus modify the function of cir-

culatory system (Andrzejak et al., 2008). So far, a few

studies assessed the influence of EMR on cardiovas-

cular functions including HR, blood pressure (BP)

and ECG analyses, however, the obtained results are

controversial both in human (Atlasz et al., 2006; Bar-

ker et al., 2007; Szmigielski et al., 1998; Tahvanainen

et al., 2004; Tamer et al., 2009; Vangelova et al.,

2006) and in animals (Ciejka and Goraca, 2009;

Dasenbrock, 2005).

Within the last decade, in vivo animal studies have

shown that oxidative stress develops in response to

MP-induced EMR, which might disturb antioxidant

protection system by increasing the production of

reactive oxygen species (ROS) or by decreasing the

antioxidant enzyme activities (Balci et al., 2007;

Meral et al., 2007). Studies have also demonstrated

that antioxidants such as melatonin (Oktem et al.,

2005), caffeic acid phenyl ester (Ozguner et al.,

2005a), vitamin C and vitamin E (Guney et al.,

2007) can prevent oxidative stress or apoptosis caused

by MP-induced EMR in animal tissues. Also, it has

been hypothesized that extremely low-frequency

(40–50 Hz) EMR could suppress melatonin produc-

tion from pineal gland (Hata et al., 2005). Based on

this relationship, Ozguner et al. (2006) showed that

melatonin can protect retinal oxidative stress and skin

changes relative to the use of MP.

The pineal secretory product, melatonin, was

shown to have free radical scavenging ability. Also,

melatonin activates several antioxidative enzymes

and reduces lipid peroxidation (Reiter et al., 1995,

2009).

As we have searched the literature, we did not

come across a study establishing a correlation

between the cardiovascular effects and the EMR

emitted by 3G-specific MPs. From this standpoint, the

current study was designed to investigate (a) whether

the EMR from 3G-specific MP can cause acute

changes in the HR, BP and ECG parameters; (b)

whether exogenous melatonin can exert any effect

on these parameters.

Materials and methods

Animals and groups

A total of 36 male Wistar rats weighing 200–300 g

produced at Experimental Animal Research Center

of Inonu University were placed in a quiet con-

trolled room where the temperature (21 + 2�C),

humidity (60 + 5%) and light–dark cycle (12–12

h) were maintained. All the rats were housed into

polypropylene cages on wood chip bedding and

allowed free access to pelleted diet and drinking

water. The animals were maintained and used in

accordance with the Animal Welfare Act and the

Guide for the Care and Use of Laboratory animals

founded by the Inonu University, Animal Ethical

Committee, Malatya, Turkey.

The rats were randomly set into 4 groups, each with

9 rats: group 1 (3G-EMR exposed); group 2 (3G-EMR

exposed þ melatonin); group 3 (control) and group 4

(control þ melatonin). Randomization procedure

used in this study was the simple randomization.

Vehicle or melatonin (5 mg/kg) was administered

intraperitoneally (i.p.) daily and continued for 20 days

(during the experimentation period). Melatonin

(Sigma, St Louis, MO, USA) was dissolved in ethanol

and further diluted in saline to give a final concentra-

tion of 1%. All pharmacologic agents were given in

equal volumes (0.5 ml). Also, in all groups, melatonin

and saline (vehicle) including 1% ethanol were admi-

nistered between 17:00 and 18:00 h. According to our

previous studies, i.p. route was chosen for vehicle and

melatonin administration, because of the ease of

application and the reproducibility of dosing (Parlak-

pinar et al., 2002).
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Blood pressure, heart rate and
electrocardiographic analyses

The rats were weighted and then anesthetized with

ketamine hydrochloride (75 mg/kg) and xylazine (8

mg/kg), which were administered i.p. All rats were

marked with permanent pen for their identification

in pre- and postexperimental studies. Systemic BP

and HR from the cannulated carotid artery were mon-

itored and recorded by a BIOPAC MP-100 A-CE data

acquisition system (Goleta, CA, USA). Also, the ECG

signal activity was recorded for at least 5 min, with a

sampling frequency of 500 Hz under anesthesia using

disposable electrodes attached to the thorax of the rat

(Figure 1). These parameters were recorded on the

first (preexperimental data) and on the final (22nd

day) day of the experiment (postexperimental data)

while the 3G MP is turned off (Figure 2). After the

parameters were successfully recorded in all the 36

rats, they were weighed and then killed under an over-

dose of anesthesia, for further studies. Next, the ECG

traces were visually analyzed by two clinician experts

for assessing HR, ventricular ectopic beats (VEBs),

ventricular tachycardia (VT), ventricular fibrillation

(VF), ST depression, QRS enlargement and major

ECG anomalies such as atrioventricular (AV) blocks

or branch blocks. The hemodynamic parameters were

calculated during the 1st, 3rd and 5th min of record-

ing. Afterward, changes in the ECG signal, P and

QRS durations and R–R periods, for assessing HR

variability, were analyzed through a specific program

that was developed by our group using Matlab (R6;

The MathWorks, Natick, MA, USA).

3G-EMR exposure experiment

Before the start of the experiment, two fluent graduate

students (a girl and a boy) separately read the same

chapter from a textbook (Katzung et al., 2009) and

their speech was recorded into digital recorders (Pre-

mier, PDR-6015) for 20 min in a silent room. To

demonstrate an interactive conversation, these records

(male and female voices) were alternately used as the

speech of orator group that linked to the microphone

Figure 1. Example of measured ECG, heart rate and blood pressure signals through BIOPAC MP-100 A-CE data
acquisition system.
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on 3G MP, while MP in the video streaming mode,

transmitting rat’s profile to another 3G-EMR exposed

group, as listener. Afterward, the roles of the groups

(listener and speaker) were reversed and the same pro-

cedure was conducted for another 20 min. This proce-

dure was repeated everyday from the 2nd to the 21st

day (between 17:00 and 19:00 h daily) of experiment.

The employed 3G MP was a Nokia N-70 MP (900,

1800 and 1900 MHz with general packet radio service

(GPRS) and enhanced GPRS (EGPRS) (EDGE) data

rate capabilities, Nokia Corporation, Helsinki, Fin-

land), and the commercial mobile communication

operating system was operating approximately at 2

MB/sec data rate in 1.9–2.2 GHz frequency band.

During the course of the experiment, the 3G-EMR

exposure groups (groups 1 and 2) were kept in specif-

ically designed plastic cages (length: 40 cm, width: 30

cm, height: 15 cm and without wood chip bedding)

and the MPs for both orator and listener were placed

in contact with the transparent underside of the cages.

The rats were placed in close contact above the cell

phone and the cage ventilated to decrease the stress

of the rats while in the cage box. The orator’s and lis-

tener’s cages were placed at 10 m distant from each

other. MPs were manually turned on for activating

(40 min) incessant conservation and turned off

(standby mode) for the rest of the day (23 h and 20

min) while their batteries were charged continuously.

The digital recorders were kept away from the MPs to

eliminate the possible effects of the recorder on the

experiment. In the nonexposure groups (group 3 and

group 4), the MP was kept in a standby mode and the

batteries of MPs were charged continuously. The

experiment was performed on the 3G-EMR exposure

and nonexposure group pairs at the same time in

separate similarly conditioned rooms as shown in

Figure 3.

In order to reduce the possible environmental

effects on the rat’s emotional state, the ambient tem-

perature was controlled to provide comfort to all rats

during the experimental sessions. Also, to reduce the

effects of other electromagnetic sources, MPs and

electronic instruments were turned off and computers

were removed from the exposure zone of the experi-

mental room. MP was set in silent mode (not vibrate

or illuminate) during the experiment. For achieving the

same experimental protocol conditions in all groups, it

was made sure that the equipments and tools used in the

experiment did not include metal or iron which could

affect the electromagnetic conduction, and the fluores-

cent lights were turned off during the experiment.

Unfortunately due to the shortage of microwave-

measuring instrument, it was not possible to measure

the intensity of microwave emitted by the MP. Since

we did not come across any reported experimental

study in the literature concerning the duration of EMR

exposure from 3G MP, the available data concerning

the classical MP exposure duration schemes, 15 min–

1.5 h for 4 days–4 weeks, were taken as reference (Gul

et al., 2009; Irmak et al., 2002; Koyu et al., 2005;

Mailankot et al., 2009; Meral et al., 2007; Ozguner et

al., 2005b; Tahvanainen et al., 2004). Therefore in the

current study, the EMR exposure time was chosen as

40 min a day (20 min oral and 20 min aural).

Statistical analysis

For detecting even minor effects, the required sample

sizes used in this experiment were identified using the

statistical power analysis. The sample sizes of nine

Figure 2. Flow chart of the experimental days.
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rats in each group necessary for a power of 0.80 were

estimated using the Number Cruncher Statistical

System (NCSS) software. The normality of the distribu-

tion was confirmed through the Kolmogorov-Smirnov Z

test. According to the results obtained from the normal-

ity test, one-way analysis of variance (ANOVA),

Kruskal-Wallis H test and repeated measures ANOVA

were used for the statistical analysis as appropriate.

Multiple comparisons or pair wise comparisons were

carried out by the tests of Tukey, Bonferroni, paired

samples t or Wilcoxon signed rank. Data were analyzed

using SPSS software program, version 16.0, for Win-

dows (SPSS Inc., Chicago, IL, USA). A p value <

0.05 was considered statistically significant. The

obtained data were expressed in terms of mean + SD

or median (interquartile range) as appropriate.

Results

A simple randomization method was used for allocating

nine rats to four groups equally at the beginning of

the experiment. Unfortunately, during the surgical

procedure 2 rats from group 3 (control) and 1 rat from

group 4 (control þ melatonin) died due to bleeding.

Therefore, the current study was completed with 33 rats.

Body weights

There was no significant difference detected in the

mean body weights (g) of the groups before (251 +
21, 233 + 14, 235 + 23 and 243 + 27) and after

(252 + 28, 236 + 17, 246 + 34 and 243 + 35) the

experiment.

Hemodynamics

Table 1 indicates the mean arterial BP (mm Hg) and

HR (beats/min) values which were measured at 1st,

3rd and 5th min of recording time for both before

(baseline or preexperiment) and end of the experi-

ment. Based on these three temporal points, signifi-

cant differences among the groups in the BP and

HR values were not detected for baseline records.

At the end of the experiment, BP values were not dif-

ferent among the groups. However, HR values in

group 1 (278.8 + 30) and group 2 (281.7 + 18) were

significantly lower than in group 4 (333.9 + 55.1) at

the 5th min. As the BP and HR values measured

before and after experiment were compared, no sig-

nificant differences were observed for BP values

except in group 4. In this group, the postexperiment

Figure 3. Experimental design is defined for both exposure group (groups 1 and 2) and control group (groups 3 and 4). The
exposure group is in room 1, and A indicates the first 20-min period of daily 3G exposure procedure. B indicates the second
20-min period just after A. To further proceed B, the call direction was shifted. Control group is in room 2 and A
indicates the first 20-min period of daily sound exposure procedure. B indicates the second 20-min period just after
A. To further proceed B, the recorders were shifted.
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BP values at all the three measuring points (124,

116.1, 109.5; time 1, 3, 5, respectively) were

decreased (140.50, 131.6, 123.3; time 1, 3, 5, respec-

tively) when compared to the preexperiment BP values.

ECG analysis

The ECG analysis was performed in two cooperating

ways: (a) visual evaluation and (b) computerized

assessment.

Both pre- and postexperiment ECG data were

visually evaluated by two specialist clinicians who

were blind to the status of animals. Although they

have observed minor ECG changes such as ST

depression, QRS enlargement, branch block, AV

complete block, VEB, VT, VF, sinus bradycardia and

sick sinus syndrome at some periods of ECG traces of

some subjects, they did not consider these arrhyth-

mias as significant and specific for any group to spec-

ulate any heart disorder caused by the 3G MPs’ EMR.

Both pre- and postexperiment ECG data were ana-

lyzed through the developed software. In this case, the

analysis takes into account the high precision mea-

surement of the duration and fluctuations in the P and

QS waves and the HR variability across the groups.

Therefore, first the mean and standard deviation

(SD) of the P and QS waves for each individual ECG

signal were determined, and second from this data the

gross mean and SD of P and QS waves over the sub-

jects in each group were calculated. Similarly the

gross mean and SD of the HR were calculated. Also

to measure the variability of P, QS waves as well as

HR across the animals within each group, SD of the

gross mean values of P, QS and HR for each group

were calculated as SDP, SDQS and SDHR, respectively.

The obtained results, that is, the gross mean and SD

values were given in Table 2, which are expressed as

mean + SD and SD of the gross mean values.

Discussion

Although the emerging 3G cellular technology offers

diverse services to users and contributing to social and

economic benefits, there are still some issues with the

3G MPs not ascertained, as it is not clear whether this

technology has any hazardous effect on the body.

There is no satisfactory report concerning experimen-

tal exploration regarding the 3G MP effects either

on heart or on other tissues. The common belief is

that the technologies emitting electromagnetic field

Table 1. Blood pressure (BP) and heart rate (HR) variables with respect to groupsa

Groups

Variable Time (min) 3G 3G þ Mel Control Control þ Mel p

Before

n 9 9 7 8

BP
1 131 (28.50) 141 (39) 123.50 (17.75) 140.50 (12.50)b 0.18c

3 118.0 + 23.8 122.9 + 21.8 115.9 + 15.9 131.6 + 5.8d 0.36e

5 112.4 + 23 115.3 + 15.8 110.1 + 16.6 123.3 + 5.3f 0.44e

HR
1 289.2 + 65 282.3 + 41.3 299.0 + 45.3 273.3 + 86.3 0.87e

3 275 (62.50) 309 (48.50) 291 (138) 300 (97.25) 0.62c

5 289.9 + 42.3 302.7 + 34.1 317.9 + 48.6 339.1 + 58.2 0.17e

After

n 9 9 7 8

BP
1 117.6 + 15.1 118.1 + 15.2 113.2 + 15.1 124.0 + 16.1 0.11e

3 109.4 + 18.2 109.2 + 15.8 98.0 + 9.9 116.1 + 14.8 0.20e

5 108.1 + 13.5 100.0 + 15.7 96.2 + 9.0 109.5 + 16.2 0.23e

HR
1 275 (53) 278 (29) 269 (45.50) 283.50 (56.25) 0.89c

3 272.9 + 28.0 289.3 + 38.2 284.8 + 19.2 278.6 + 82.4 0.90c

5 278.8 + 30.0g 281.7 + 18.0g 289.3 + 16.0 333.9 + 55.1 0.009e

Mel: melatonin, 3G: third generation.
aData are expressed as mean + SD or median (interquartile range).
bVersus time 1 (paired samples t test or Wilcoxon signed rank test, p < 0.05).
cKruskal-Wallis H test.
dVersus time 2 (paired samples t test or Wilcoxon signed rank test, p < 0.05).
eOne-way ANOVA.
fVersus time 3 (paired samples t test or Wilcoxon signed rank test, p < 0.05).
gVersus control þ Mel (Tukey test, p < 0.05).
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(EMF), particularly the communication systems, are

associated with the rate of exposure of people to

EMFs. It has been reported that EMF increases free

radical activity in cells (Grundler et al., 1992) and the

EMF radiating from MP gives rise to the development

of ROS (Desai et al., 2009). Various studies concern-

ing the effect of EMR on heart showed that EMR

exposure can increase BP, and the levels of BP and

HR changed in subjects working with EMFs (Barker

et al., 2007). Tamer et al. (2009) reported that the

EMR from MP enhanced the oxidative stress in the

heart tissue and also, in normal volunteers, it affected

the HR and BP by increasing the BP to about 5–10

mm Hg. However, they did not consider this effect

to be related with MP according to previous studies

that evaluated the acute effects of MP on HR and

BP. All of these results are based on conventional

MPs. Here, as a first trial, we investigate the effect

of EM radiated from a 3G MP on the rat’s heart tissue.

Our results showed no significant differences in the

BP values as evaluated among the groups both before

and at the end of the experiment. However, in the

evaluation of postexperiment records, HR values in

groups 1 2 were significantly lower than in group 4

at the 5th min. Within each group the BP values both

pre and post experiment were compared, and no sig-

nificant differences were observed in BP values

except in the melatonin-treated group (group 4). In

this group, BP values at all the three measuring points

were found decreased when compared to the baseline

values. This result is not surprising; because it has

been well documented that melatonin treatment can

cause reduction in BP by vasodilatation via nitric

oxide-dependent pathway. Owing to this reason, HR

values were found increased in groups 1 and 2 for

continuing the homeostatic status of body by autonomic

nerves reflex system. Therefore, the investigation

toward therapeutic usage of melatonin in patients with

hypertension still continues (Simko and Pechanova,

2009). This foresight is also in accordance with the

previous studies reporting no significant changes in

arterial BP and HR during or after RF exposures to

900 MHz or 1800 MHz MPs (Tahvanainen et al.,

2004). Also, according to our gross mean HR values

(Table 2), there were no significant differences both in

the preexperiment and in the postexperiment hemody-

namic parameters values, among all the groups.

As mentioned before, the minor arrhythmia that

was observed through visual analysis was not con-

sidered significant as well as not common to any

group to, therefore, put forward any words regarding

the effect of 3G MP on the heart. Even in the case of

normal MPs, the effect of EMR on heart remained

either uncertain; for example, Koivisto et al. (2001)

did not find an association between exposure to 900

MHz cellular phones and the subjective symptoms

complained by users or speculative otherwise.

It has been demonstrated that ROS are directly

involved in oxidative damage induced by EMR expo-

sure of cellular phones on macromolecules (e.g.

lipids, proteins and nucleic acids in tissues). ROS can

spur myocyte hypertrophy, re-expression of fetal gene

programs and apoptosis in cardiac myocytes in cul-

ture. Also some investigators declared that ROS pro-

duction increases in biological system particularly in

the myocardium of patients with ischemic–reperfused

heart and heart failure caused by induced oxidative

stress (Ozguner et al., 2005). As Reiter et al. (1998)

had mentioned, the EMF exposure gives rise to aug-

mentation in the levels of free radicals and therefore

Table 2. The hemodynamic parameters derived from before (preexperiment) and after (postexperiment) ECG traces of
rat groups

Groups P SDP QS SDQS HR SDHR

Before
1 9.08 + 2.28 2.03 18.60 + 1.53 3.89 269.15 + 5.31 37.20
2 10.98 + 0.96 1.44 19.52 + 1.58 2.62 279.29 + 6.30 41.49
3 11.06 + 1.43 1.35 18.68 + 2.06 2.41 305.35 + 5.26 49.55
4 10.92 + 1.5 1.34 19.37 + 1.20 2.60 314.07 + 4.23 46.77

After
1 9.57 + 0.92 0.50 19.92 + 1.11 1.05 258.38 + 3.22 21.22
2 9.09 + 1.06 2.75 18.75 + 1.36 2.47 274.04 + 2.77 20.23
3 9.83 + 0.73 1.61 19.35 + 1.43 1.73 283.77 + 3.22 19.17
4 11.08 + 0.43 1.64 19.30 + 0.48 4.97 297.72 + 4.01 24.04

P: gross mean + SD of P wave, SDP: SD of gross P values, QS: gross mean + SD of QS wave, SDQS: SD of gross QS values, HR: gross
mean + SD of HR wave, SDHR: SD of gross HR values.
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reduction in serum melatonin due to the increase in

uptake of melatonin by tissues. Also, Irmak et al.

(2002) declared that treatments of rats before and

after EMR exposure with melatonin and vitamin E

were found to block the adverse effect of EMR, pos-

sibly by affecting the lifetime of the radicals. In this

respect, Jauchem (2008) mentioned two contrary

studies investigating the relation of melatonin meta-

bolite excretion with MP usage. In one of them (77

subjects), a linearly decreasing trend of melatonin

metabolite excretion across categories of increasing

MP use had been observed. In another study (149 sub-

jects), however, no significant changes had been

observed. Sahna et al. (2002) investigated melatonin’s

protective effect on heart tissue and reported that mel-

atonin substitution or supplement might suspend the

incidence of sudden cardiac death induced by VF.

In this study, in order to investigate the possible

protective effects of melatonin against 3G EMR expo-

sure on the heart which may manifest through the

ECG records, melatonin-treated groups were

employed in the design of the study. The parameters

derived from ECG records given in Table 2 showed

a significant effect of 3G-EMR exposures which

could not be perceived. However, the values given

in Table 2 could be coevaluated by the experts

researching on this subject. The minor variations in

P, QS and HR values of the groups were considered

as natural not due to the 3G-EMR exposures. Accord-

ingly, it was considered that this study did not demon-

strate a significant effect of 3G EMR on BP, HR and

ECG parameters in the rats. Although melatonin is a

potent free radical scavenger and antioxidant hor-

mone, it did not exhibit any additional effects (neither

beneficial nor hazardous) on the hemodynamics of

rat hearts. The fact that the hemodynamics of rat

hearts were not affected by 3G-exposed EMR could

be because in the experiment the 3G MPs were not

placed in contact with the head or chest, which is not

the actual format of 3G MP usage. Therefore, the strat-

egy of usage of a 3G MP seems to be much safer com-

pared to the ones used in close contact with the head.

According to the results obtained here, when 3G

MP is placed distant to the chest or head, it seems that

significant effects of EMR from 3G MP on the rats’

cardiovascular functions or hemodynamic parameters

could not be demonstrated. Nonetheless, this issue

needs to be further investigated in a variety of

perspectives to be able to elucidate the effects of

3G-exposed EMR on cardiovascular functions. For

example, investigating the intensity of EMR from

3G MP as a function of distance from the MP’s

antenna might provide some more specific informa-

tion about the hazardous rate of MP. Also, to under-

stand the effect of melatonin, further study perhaps

in the light of biochemical and histopathological anal-

ysis might be beneficial.
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