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Abstract

Aim: The development of technology increases the rate of everyone having a smartphone.
Therefore, the possible biological effects of these devices are of concern. In this study, we
aimed to investigate the effect of 2100 MHz radiofrequency electromagnetic radiation on
rat liver tissue and serum paraoxonase 1 level.
Materials and Methods: Within the scope of the study, a 2100 MHz radiofrequency
electromagnetic radiation model was created. In our study, we used Sprague Dawley male
rats. Two groups were made as sham-control and exposure group (5 h a day for 2 weeks).
Liver tissue and serum paraoxonase were studied.
Results: The paraoxonase 1 value of the exposure group was higher than the sham control
group, and did not have statistically important difference in the comparison of exposure
and sham control groups (p>0.05). Did not have important difference in histopathological
parameters of rat liver tissue (p>0.05).
Conclusion: Although it seems that radiofrequency radiation does not cause liver dam-
age, more detailed studies with short- and long-term exposure are needed.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

Electromagnetic fields - regardless of the range of fre-
quency bands - have become a part of our daily lives today
and are used more and more. The prevalent use of wire-
less communication systems in the last 30 years and mo-
bile phone (MP) use is the leading one [1]. Radiofrequency
electromagnetic fields (electric and magnetic fields) affect
tissues as a result of their interaction with biological sys-
tems. These two effects (thermal and non-thermal) have
been demonstrated, but the possible effects on biological
systems are still uncertain. Radiofrequency electromag-
netic energy sources; it is frequently used in communica-
tion, industry, and health fields [2]. Radiofrequency ra-
diations emitted from MP can trigger oxidative harm by
raising lipid peroxidation and oxidative stress [3].

Many studies report that paraoxonase (PON) is associ-
ated with oxidative stress [4]. The PON family, which are
among the antioxidant enzymes: involve PON one, PON
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two, and PON three. Paraoxonase enzyme types are es-
sential enzymes whose physiopathological roles are inves-
tigated in neurodegenerative and cardiovascular diseases.
PON one (PON-1) is primarily expressed in the liver and
has been reported to be connected to high-density lipopro-
tein [5]. PON 1 is an antioxidant member that contributes
to the defense system by hydrolyzing peroxidases [6]. The
PON gene family also makes important contributions as
an endogenous free radical scavenger in the human body
[7].
In some studies, it is reported that 2100 MHz radiofre-
quency radiation (RF-R) does not cause a significant
change on the liver tissue [8], and in some studies, it causes
oxidative damage in the liver [9]. Therefore, this experi-
mental study was carried out to detect the effects of 2100
MHz radiofrequency electromagnetic radiation (RF-EMR)
on possible histopathological and serum PON activity on
rat liver tissue.

Materials and Methods
Before the start of this study, permission was obtained
from the local ethics committee of animal experiments
of Gazi University (G.Ü. ET. 20.026. Decision Date:
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28.05.2020). Later, the study was carried out at Gazi Uni-
versity GÜDAM center. In our study, it has been contin-
ued in line with the Guidelines for the Care and Use of
Laboratory Animals.

Animal and exposure design
The experiment was carried out according to ethical pro-
cedures. 14 male Sprague Dawley rats were randomly di-
vided into two equal groups. Sham-control n=7 and expo-
sure group n= 7. The sample size in experimental animals
was taken as reference to the study of Doğan et al. [25].
The animals were kept in the 12 / 12 light/dark period,
in the 21 - 23°C, humidity in the range of 45-50, and ac-
cess to water and pellets food was provided. The exposure
group was exposed to RF-EMR exposure for 14 days and
5 hours a day in the plexiglass cage. The sham-control
was in the plexiglass cage and no exposure was created.
In the study, exposure signals were created with a gen-
erator device (R&S®SMBV100A, Germany), and with
the help of a horn antenna (Schwarzbeck, 9120 L3F, Ger-
many) (as seen in Figure 1). Electric field measurement
was performed with EMR-300 Broadband RF Survey Me-
ter (Pfullingen, Germany) electromagnetic field measuring
meter. The average value of the electric field was measured
as 38.95 V/m with the measuring instrument. SAR values
for the whole body and liver tissue are given in Table 1.
For the specific absorption rate calculations, the 3D volu-
metric pixel model of the animal model was designed, and
the broadband horn antenna was modeled [10].

Table 1. SAR analysis values.

Body part-SAR 10g 1g

Whole body 305.5 mW/kg 720 mW/kg
Liver 214 mW/kg 665 mW/kg

Figure 1. The schema of 2.1 GHz RF-EMR exposure
device set up.

Measurement of PON activity
As a result of the study, rat blood taken from the intrac-
ardiac route was centrifuged at 4 minutes and 1000 rpm.

Serum samples obtained were analyzed application the en-
tirely automated method improved by Rel Assay Diagnos-
tics (cat. no. RL0031, Mega Tıp, Gaziantep, Turkey)
and using commercial kits purchased. According to this
method, two different substrates were analyzed for PON
activity. The analysis of the absorbances (37◦C, 412 nm)
was carried out with the aid of a spectrophotometer. PON
results are presented as U / L. [11, 12].

Histopathologic examination

The samples of the excised liver tissue were fixed in 10
% neutral buffered formol. Tissues to be analyzed were
kept overnight for follow-up. Sections of 4 micrometer
thickness were taken from the tissues embedded in paraf-
fin blocks. After deparaffinization and rehydration, stain-
ing with hematoxylin and eosin was achieved. In addi-
tion, Masson trichrome staining was performed to bet-
ter evaluate fibrosis. Histopathological uncovering were
evaluated beneath the light microscope by the pathologist
who did not know the experimental groups. Histopatho-
logical scoring was made proportion to the loftiest area.
By semi-quantitative semiquantitative analysis; (0= None
(0%), 1= Minimal (0-10%), 2= Mild (10-30%), 3= Mod-
erate (30-50%), 4= Severe (more than 50%)) 4 categories
were determined and the parameters were scored accord-
ingly. We evaluated the variables "necrosis, fibrosis, hep-
atocyte damage (cellular changes), inflammation, conges-
tion, bleeding and hepatic cord disorganization" to deter-
mine possible damage that may occur as a result of expo-
sure.

Statistical analysis

The data set in the study was interpreted using the SPSS
Statistics for Windows, version 21.0, (IBM Corp., Armonk,
N.Y., USA) program. The shapiro - wilk and kolmogorov
- smirnov tests were supported whether the variables were
normally distributed or not. Explanatory statistics for the
variables are given as mean ± standard deviation, min and
maximum. Independent t-test was used to compare the
groups. The Mann-Whitney-U test was used to evaluate
the histopathological scores of the two groups. Results
were evaluated significant at p<0.05.

Results

There was no statistically important difference in PON
1 data among the sham-control and exposure groups in-
cluded in the study (P>0.05). In the study, it was deter-
mined that the PON 1 level of the exposure group incre-
ment in compoarision to the sham-control group. Group

Table 2. Serum paraoxonase 1 (PON1) data obtained
from the groups.

PON (U/L) Mean ± SD Min Max p-value

Sham-control group 452.57±81.47 319 574
0.602

Exposure group 471.28±43.50 420 537

PON:Paraoxonase, SD: Standard Deviation, Min: Minimum, Max:
Maximum.
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Figure 2. Paraoxonase (PON1) distributions of the
groups.

comparison results for PON 1 are given in Table 2 and
Figure 2.
In histopathological scoring, congestion between groups
(p=0.710) was p>005. There was no significant difference
in all observation scoring results of hepatocyte damage -
cellular changes, hepatic cord disorganization, inflamma-
tion, hemorrhage, necrosis and fibrosis (mtc) parameters
(p=0.999, p>0.05). (In the Mann Whitney U test analy-
sis) (Figure 3).

Discussion
Many different scientific reports over the biological affects
of electromagnetic fields have been published for the last 10
years, and discussions continue to increase [13]. The time
people are exposed to electromagnetic radiation is increas-
ing, and further research may reveal the possible negative
effects of cell phones and base stations [14]. It is empha-
sized that exposure to electromagnetic fields originating
from MP for 6 minutes per day is more dangerous than
other electromagnetic sources [15]. Researchers investi-
gating the effects of static and electromagnetic fields on in
vitro human serum paraoxonase-1 activity indicated that
PON1 activity could be affected by pharmacological, en-
vironmental, and lifestyle factors as well as various agents
such as age and gender, and PON1 activity increased with
increasing magnetic field intensity [16]. It is stated that
900 MHz radiofrequency exposure can induce inflamma-
tory changes in liver tissue [17]. It has been reported that
1800 MHz RF-EMR can cause oxidative and nitrosative
damage in liver, brain and kidney tissues after chronic ex-
posure [18].
Considering the findings of serum PON activity in our
study, it is seen that it can be affected by the short-term
RF EMF originating from MPs. Contrary to the literature,
In our study, there was no statistically significant change
in the histopathology of the rat liver, although there were
some minor changes in the exposure group when compar-
ison to the sham-control group.
The researchers applied 15 minutes of exposure on the rab-
bits for 7 and 14 days. In the study data of the researchers,
they reported that exposure of experimental animals to
1800 MHz GSM-like RFR in the whole body may cause
oxidative stress and alter in some blood chemistry vari-
able [19]. Wistar albino rats were continuously exposed to

Figure 3. Histopathological pictures of the sham-control
and exposure group. Fig 3a: Liver tissue of rat from sham-
control group (H&E, x50). Fig 3b: Focal inflammatory
cell infiltration in the liver parenchyma of the rat from the
exposure group (H&E, x100). Fig 3c: Congested vascular
and sinusoid structures in the liver tissue of the rat from
the exposure group (H&E, x100).

a 2100 MHz RF-EMF for 30 days. The immunohistochem-
ical analysis findings in the study reported that there was
an augmented apoptotic index in the exposure group com-
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parison to the control group [20]. In a study investigating
the influence of mobile cell on oxidative stress parameters
(Wistar rat, blood analysis on the 15th and 30th days);
It has been stated that there are many changes in bio-
chemical parameters, so radiofrequency fields originating
from mobile phones can be subversive and have many ad-
verse influence on tissues and enzyme operate [21]. It has
been reported on Wistar rats that 60 Hz, 0.5 mT very
low-frequency electromagnetic field significantly increased
antioxidant serum activity (paraoxonase, HDL, total an-
tioxidant status) in a single exposure of 4 hours [22]. The
researchers reported that 1 hour of 900 MHz RF electro-
magnetic radiation for 3 weeks a day did not have a signif-
icant effect on the serum paraoxonase values of rats [23].
Researchers investigating the paraoxonase activity of ex-
posure to ionizing radiation at disparate times and doses
reported that PON1 activity levels reduction in individu-
als with long-term exposure to radiation [24]. When the
results of our study were examined, no statistically im-
portant difference was establish between the exposure and
sham-control groups. In the light of the literature findings,
an increase in the PON activity of the exposure group was
found in the study, which is similar to our study findings.
We hypothesize that the increase in PON activity may
be due to the short-term effects of the RF-EM field orig-
inating from the mobile cell and this may have increased
as a response to a protection mechanism. Our study dif-
fers from other studies because it evaluates both liver and
PON1 together. Therefore, we believe that it will be a
guide to radiofrequency electromagnetic radiation appli-
cations.

Conclusion
In conclusion, it was observed that there was no impor-
tant alteration in PON1 activity and rat liver tissue after
short-term RF-EMR exposure. It is thought that this is
an effect of the body’s protection mechanism or that short-
term exposure does not have an effect.
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