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Abstract

Objectives This study evaluated the effects of non-ionizing electromagnetic radiation on rat thyroid function and
histopathology. Forty female and thirty male Sprague-Dawley rats (200-220 g, 2 months old) were exposed to

2.45 GHz Wi-Fi, mobile jammer radiation, or a sham condition. In Group A, male rats were exposed to Wi-Fi or mobile
jammers for 2 h daily for two weeks. The devices were located within a one-meter radius of the animal cage, either on
or off. In the Sham group, the experimental setup was like the other groups, but the irradiating devices were turned
off. Group B included non-pregnant females, pregnant (exposed and control subgroups), and their offspring. Thyroid
hormones in the serum were measured, and the histology was microscopically analyzed, focusing on areas of colloid
and epithelium in the thyroid follicles.

Results Compared to the control group, T4 hormone levels were significantly different in male rats exposed to
mobile jammer radiation (p-value=0.037). In group B, significant differences were found solely in the male offspring
regarding T3 levels due to jammer exposure (average = 109.00 for male offspring in the experiment vs. average =65.50
for those in the control, p-value <0.001). Additionally, histopathological findings indicated significant differences as
well. These results highlight a potential link between exposure to electromagnetic radiation and changes in thyroid
endocrine and histological parameters. Our findings suggest that ongoing assessment of existing safety guidelines on
non-ionizing radiation exposure is necessary, especially concerning its effects on thyroid hormone levels and follicular
histology.

Keywords Non-ionizing radiation, Thyroid gland physiology, Electromagnetic fields (EMF), Histopathology, Thyroid
hormone metabolism

Introduction

Electromagnetic waves are among the most significant
environmental pollutants in the world [1]. Approximately
three-quarters of the global population relies on telecom-
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lead to tissue disruption [2]. Oxidative stress affects the
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redox imbalance between reactive oxygen species (ROS)
and antioxidant defense [4]. Antioxidants are molecules
that can safely interact with free radicals and terminate
the chain reaction before vital molecules are damaged.
They are essential for protecting cells from damage [5].
The body’s antioxidant defense prevents the formation
of radicals, scavenges ROS through enzymes, and repairs
ROS-induced brain damage [6].

The thyroid gland regulates the basal metabolic rate
through the secretion of the hormones triiodothyronine
(T3) and thyroxine (T4), which trigger gene expression
to increase metabolism and thermogenesis. In particu-
lar, it generates high levels of hydrogen peroxide (H202),
especially in response to thyrotropin [7]. Thyroid peroxi-
dase uses H202 as a substrate to enable thyroid hormone
synthesis, and it can harm thyroid gland cells [5]. When
exposed to non-ionizing radiation, free radicals are typi-
cally formed in the thyroid glands. We have focused on
ROS generation from the perspective of the oxygen met-
abolic process, particularly in the thyroid glands. Stud-
ies over the last few years have reported altered thyroid
activity in rats [8]. The jammer router blocks signal trans-
mission and radiofrequency waves reception between
base stations and the receiving device [9]. According to
the design parameters, the jammer system transmits
noise on the considered frequency band [10]. The jam-
ming distance indicates the jammer’s power, which is
affected by the jamming-to-signal ratio, and the com-
munication is disturbed by interference from radio waves
between 3 kHz and 300 GHz [11]. Wi-Fi networks oper-
ating at 2.45 GHz emit electromagnetic fields (EMFs),
which may affect organs during prolonged exposure.
Pregnant and offspring animals are the most data avail-
able regarding jammer radiation data, indicating thyroid
stress responses [12]. There are health risks from elec-
tromagnetic radiation from mobile phones, towers, and
power lines, which are linked to human cancer and ani-
mal health effects. This study evaluated the thyroid gland
characteristics in rats after two weeks of exposure to con-
trolled Wi-Fi or a mobile jammer.

Table 1 Electromagnetic field (EMF) characteristics of the
mobile jammer and Wi-Fi modem, including frequency band,
power ratio, power density, and ICNIRP exposure percentage

Sources Mobile jammer Wi-Fi modem
Frequency band 1079-1763 MHz 245 GHz
Power ratio (dBmW) -36+3 -81+3

Power density (uw/m?) 24.79000 00.00215

ICNIRP* (%) 0.22 0.00

*Determining the limits of exposure to non-ionizing radiation, especially
in the frequency range of radio and microwave radiation. The International
Commission on Non-lonizing Radiation Protection (ICNIRP) safeguards against
non-ionizing radiation by providing scientific guidance on its health and
environmental effects. The ICNIRP Guidelines limit exposure to electromagnetic
fields, protecting individuals from radiofrequency fields (RF) from 100 kHz to
300 GHz, including 5G, WiFi, Bluetooth, mobile phones, and base stations
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Materials and methods

The experiment involved 30 female and 30 male Sprague-
Dawley rats, aged 2 months and weighing 200-220 g,
obtained from Shiraz University’s Comparative Experi-
mental Medicine Center, divided into two major groups.
Rats had ad libitum access to chow and water. The animal
cages were grouped around devices within a one-meter
radius, including a Wi-Fi modem or a centrally placed
mobile jammer (MB06 Mobile Blocker) [13]. The jam-
mer disrupted communication by emitting radiation at
four frequencies with a shielding radius of up to 40 m
[14]. We used a D-Link DIR-600 L Wi-Fi modem (D-Link
Corporation, Taiwan) and measured EMF with an Aaro-
nia Spectran HF-4060 device (Euscheid, Germany). Addi-
tional information can be found in Table 1. The 2.45 GHz
frequency is widely used due to its compatibility, cover-
age, cost-effectiveness, and device efficiency [14]. The rats
were exposed to the Wi-Fi and mobile jammer groups. In
major group A, three groups of 30 male rats were used,
and the Wi-Fi group experienced 2.45 GHz radiation. In
contrast, the mobile jammer group of rats was exposed
to the active jammer route for two hours daily, five days a
week, over two weeks. Sham group rats were exposed to
inactive devices.

Since we observed that only the jammer group pre-
sented significant results, we decided to divide the sec-
ond major group (B) into three subgroups: female,
control pregnant, and jammer-exposed pregnant sub-
groups in the next step. After parturition, we generated
two additional offspring subgroups: jammer-exposed
and non-exposed. In other words, the control group of
pregnant fetuses had normal conditions without radia-
tion exposure, contributing to the parturition of normal
offspring. However, the jammer-exposed subgroup of
pregnant fetuses experienced abnormal conditions due
to radiation, contributing to the parturition of irradi-
ated offspring. We synchronized the estrous cycles of all
females before the study.

After radiation, animals were anesthetized by intraperi-
toneal injection of 80 mg/kg ketamine (Sigma Aldrich
Co.), sacrificed, and blood was collected for laboratory
analysis. Serum samples were stored at -20 °C. Thyroid
tissues were fixed in 10% formalin, embedded in paraf-
fin, stained with H&E, and evaluated histologically via
computer-assisted light microscopy for detailed tissue
analysis [15].

Statistical analysis

Statistical analyses were conducted using GraphPad
Prism version 6 (GraphPad Software, La Jolla, CA, USA).
The Shapiro-Wilk test confirmed normality of the data
distribution (p >0.05). Separate one-way analyses of vari-
ance (ANOVA) revealed significant differences in the
means of T3 and T4 levels among the groups. Tukey’s
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Fig. 1 Shows the average concentrations of the T3 and T4 hormones in the Sham, Jammer, and Wi-Fi groups (for T4, the jammer group showed a signifi-
cantincrease (p=0.037)) (Error bars: +2 SD). * Demonstrated a significant difference
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Fig. 2 Shows the mean blood T3 hormone concentrations for experimental female offspring compared with those of the control group, experimental
male offspring compared with those of the control group, and the experimental pregnant group compared with those of the control pregnant group
(male offspring significantly increased (p<0.001)) (Error bars: £2 SD). * Demonstrated a significant difference

post hoc test was used to identify specific pairwise dif-
ferences between groups. A p-value of less than 0.05 was
considered statistically significant.

Results

Group A results

For the T3 hormone levels, the Sham group had a mean
concentration of 120 ng/dL, the Wi-Fi group had a value
of 130 ng/dL, and the Jammer group had the highest con-
centration of 200 ng/dL. T4 levels showed similar trends:
the sham group at 3.0 pg/dL, the Wi-Fi group at 3.5 pg/
dL; However, the Jammer group at 4.0 pg/dL showed a
significant increase (p-value = 0.037) (Fig. 1).

Group B results

T3 levels

Compared with those in the control group (73.88 ng/
dL), the levels in the female offspring in the experimental
group were slightly lower (64.00 ng/dL). Male offspring
significantly increased (109.00 ng/dL vs. 65.50 ng/dL in
the control group) (p-value<0.001). The pregnant group

had comparable levels (62.56 ng/dL in the experimental
group vs. 58.78 ng/dL in the control group) (Fig. 2).

T4 levels

In the female offspring in the experimental group, the
mean T4 level was 4.56 pg/dL, whereas it was 2.74 pg/
dL in the control group. Results for the male offspring
in the experimental group were 3.73 pg/dL, whereas the
male offspring in the control group were 2.59 pg/dL. In
the pregnant group, we observed slightly lower levels at
2.60 pg/dL in the experimental group than at 2.77 pg/dL
in the control group. The T4 hormone results revealed
that the female and male offspring exposed to radiation
were not significantly different from those in the male
and female control groups (Fig. 3).

The T3 hormone level analysis revealed that only the
irradiated male offspring group showed a significant dif-
ference from the other groups. On the other hand, the T4
hormone results showed that the female and male oft-
spring exposed to radiation were not significantly differ-
ent from those in the male and female control groups.
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Fig. 3 Shows the mean blood T4 hormone concentrations for the experimental female offspring and their control groups, the experimental male off-
spring and their control groups, and the experimental pregnant and control pregnant groups (Error bars: £2 SD)
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Image 1 The control male offspring group has medium-sized follicles with light-stained colloids in the central part of the thyroid tissue, and the size of

the follicular cells is noted

Histopathology

A histological thyroid examination was performed on the
thyroid colloid and epithelium in the follicles via com-
puter-assisted microscopy. The magnification and setup
were as follows: Microscope: Olympus BX-53, bright
light upright configuration. Camera: Olympus DP27. We
also added and evaluated the adult sham group. Images
1, 2, 3 and 4 show a volume difference in the colloid fluid
between the peripheral and central regions and a notice-
able alteration in the follicular cells, including their
thickness and size. The experimental groups presented
differences in follicular structure and colloid distribution.
The follicles in the control male offspring group were

medium-sized with lightly stained colloids. In the non-
pregnant irradiated subgroup, numerous large follicles
with loss of colloids were observed, whereas the adult
male sham subgroup presented large follicles contain-
ing high-staining colloids. The periphery region of the
irradiated pregnant group presented large colloid-filled
follicles. These observations highlight the differences
between the groups in follicular size, colloid staining, and
follicular cell morphology.
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Image 2 [rradiation in the non-pregnant group results in the accumulation of light-stained colloids in large follicles and the absence of colloids in most

follicles, along with changes in the length of follicular cells
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Image 3 The adult male sham group shows an accumulation of highly stained colloids in large follicles, while there is an absence of colloids in most of

the follicles. Additionally, the length of the follicular cells is noted

Discussion

The thyroid gland is particularly susceptible to the harm-
ful effects of non-ionizing radiation and is located in the
anterior part of the neck. Several studies have linked
non-ionizing radiation exposure to thyroid gland func-
tional impairment and alterations in serum thyroid
hormone levels, as well as insufficient thyroid activ-
ity and enhanced or impaired activity of the hypotha-
lamic-pituitary-thyroid axis, supporting our findings. In

addition, histopathological alterations in thyroid gland
follicles have been reported in rats exposed to non-ion-
izing type radiation, which varies according to the inten-
sity and exposure period of the EMF [16, 17]. It has been
reported that long-term exposure to an EMF affects thy-
roid metabolism by increasing total oxidative stress and
decreasing antioxidant status [18]. Wireless devices typi-
cally send and receive information via multiple antennas
at once, which may lead to environmental changes and
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Image 4 The irradiated pregnant group shows large colloid follicles in the periphery and medium-sized follicles with light-stained colloids in the central

part of the thyroid tissue, along with the length of the follicular cells

biological effects [19]. Studies suggest that children are
more sensitive to the impact of this radiation than adults
are, since their growth and development rates are higher
[20]. Moreover, children’s brain tissue, thinner skulls,
and higher water content in their cerebral tissues allow
EMFs to penetrate their brains more quickly [21, 22]. The
same applies to other tissues, such as the thyroid gland,
near radiation sources [19]. Findings from a 2021 cohort
study of Chinese medical radiation workers indicated
that thyroid hormone secretion might be disrupted in a
low-dose radiation exposure environment [23]. The 2021
ORSAA database also includes 15 experimental stud-
ies, 10 observational studies, and four reviews, revealing
thyroid abnormalities such as increased follicular epithe-
lial tissue, reduced colloid volume, and altered follicular
fluid, which aligns with our findings [24]. Another study
revealed histopathological changes in thyroid gland fol-
licles after rats were exposed to non-ionizing radiation,
and results were directly related to the amount and dura-
tion of exposure to EMF radiation [17]. In our study,
light microscopic examination revealed significant mor-
phological changes in the follicular epithelium, includ-
ing alterations in cell height, thickness, and colloid fluid
volume across some groups, and Esmekaya et al. reported
similar findings [25, 26]. Thyroid gland activity is cor-
related with the volume of colloid fluid. H&E staining
revealed disrupted walls, degenerated colloids, and vacu-
olated cytoplasm. These findings were consistent with
those reported by Mohamed and Elnegris [27]. Exposure
to electromagnetic fields can alter thyroid gland func-
tion and structure by inducing ROS through non-ther-
mal effects. Further research is needed on the effects of

EMF on thyroid hormone transporters and the estab-
lishment of safety standards to protect future genera-
tions [26]. Additionally, as shown in Fig. 1, the T3 levels
of adult male rats in the jammer and Wi-Fi groups were
compared with those in the sham group and were not
found to be significantly different. This is likely due to its
shorter half-life compared to the T4 effect, which has a
shorter action. While T3 has significantly greater biologi-
cal activity than T4, it is produced in peripheral tissues
through the deiodination of T4.

This study addresses the biological effects of non-ion-
izing radiation on oxidative stress. To achieve this, we
evaluated the interaction between electromagnetic waves
emitted by Wi-Fi and jammer devices in adult males and
females (pregnant and non-pregnant) and their offspring
rats. Considering that the histopathology of the thyroid
is similar in humans and rodents, the rat was chosen for
this assessment. Figure 1 shows that T4 was significantly
greater in adult male rats in the jammer group than in
those in the sham group. This finding suggests that the
jamming router’s capacity to interfere with Wi-Fi signals
may have shielded the adult male thyroid gland from
radiation. In contrast, compared with mothers exposed
to jammer radiation, the analysis of serum thyroxin
hormone levels in offspring rats from the mother rats
showed significant increases in males of offspring rats.

Conclusion

Changes in serum thyroid hormone levels and histo-
pathological alterations in the thyroid gland, includ-
ing changes in the volume of follicular cells and
follicular fluid, were observed in rats after exposure
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to non-ionizing radiation. These changes are prob-
ably related to the amount and duration of exposure to
electromagnetic field (EMF) radiation, which affects
both adults and offspring. These findings underscore
the importance of further research into the biological
effects of non-ionizing radiation, particularly its potential
impact on thyroid function.

Limitations

This study encountered several limitations, including
the high costs of maintaining animal subjects, acquiring
necessary equipment, and performing histological analy-
ses. Additionally, restrictions on using mobile jammers
regarding location, timing, and duration limit the vari-
ety of exposure conditions. The small sample size poses
a challenge; while the minimal effect size can be statisti-
cally significant, statisticians typically recommend using
at least seven animals per group in animal studies. Ethical
animal rights guidelines also advocate using the smallest
possible number of animals. These factors underline the
necessity for broader experimental designs and longer-
term studies in future research.
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