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ABSTRACT

The relationship between exposures to Electromagnetic field (EMF) and human health is more in focus.
Some studies showed the possible relation between exposure to EMF and cancer. The thyroid gland is one of
the most exposed and vital organ and may be a target for any type of electromagnetic radiation; therefore, we
studied histopathological effects of electromagnetic field (EMF) on the thyroid gland of rat. In this research,
35 healthy rats were used. The animals were divided to five groups, and then all animals were exposed to
2100MHz (4G) frequency for 0, 15, 60, 120, 180 min every day for a period of 70 days. The animals were
euthanized by removing of blood from the heart then tissue samples were prepared from thyroid gland and
stained with hematoxylin and eosin (H & E) and Mason trichrome (MT). Stereological studies were done
by the Cavalier’s principle. Following the EMF exposure, a significant decrease (p < 0.05) in the diameter
of the thyroid follicles, heights of epithelial follicles and thyroid follicles volume were recorded in 180 min
exposure groups.In the EMF exposure groups (120 and 180 min) histopathological effect observed include
follicles with decreased colloid, congestion and increase of connective tissue. We also observed formation of
apoptotic body that infiltrated inside of follicle and follicular cells with condensed nuclei under the exposure
of EMF for120 and 180 min.We concluded that exposure of EMF (4G) for over 120 min for 70 consecutive
days has histopathological and stereological effects in thyroid gland in rats.
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Introduction
Wth the development of technologies, human
exposure of electromagnetic field (EMF)
has increased during the recent years. In 2021, mo-
bile phone subscriptions surpassed eight billion users
worldwide, and the number is expected to increase to
8.8 billion by 2026 [1]. Non-ionizing forms of radia-
tion include lower frequencies on the electromagnetic
spectrum and are not proven to cause DNA damage
directly [2].

Several studies showed the possible relation be-
tween exposure to EMF and certain malignancies in-
cluding lymphomas, leukemia, breast, brain and lung
cancers [3-5]. International agency for Research on
Cancer (IARC) has classified EMF as possibly car-
cinogenic to humans [6].

EMF causes morphological and functional chang-
es in endocrine system, central nervous system, im-
mune systems, cardiovascular system, reproductive
system, learning and memory [7, 8]. The thyroid
gland may be particularly vulnerable to this
effect because of its normal anatomical posi-
tion near the neck.

The finding of another study revealed that
exposure of electromagnetic fields with a 940
MHz frequency has increased the permeabil-
ity of blood brain barrier (BBB) [9]. Previous
studies have reported that EMF exposure in
rats caused a decreased uptake of iodine by
the thyroid gland and reduced levels of plas-
ma TSH [10]. Another research has reported
that EMF (50MHZ) exposure increased cy-
clic adenosine monophosphate (cAMP), T3
and T4 [11]. In another study, exposure of )
EMF (50MHz) for 2-6 month by using light
and transmission electron microscopy re-
vealed the frequent findings of several colloid
droplets within the same thyrocyte with the
occasional presence of large-diameter drop-
lets and alterations in lysosomes, granular
endoplasmic reticulum and cell nuclei com-
pared to the control group [12]. Another re-
search was designed that were epigenetic ef-
fect of 50 Hz EMF in vitro, showed alteration 12
of genome-wide methylation and DNMTS
expression may play an important role in the
biological effect in mouse spermatocyte[13].

Questions have been raised about the
safety of prolonged use of EMF in mobile
phone and other equipment. Therefore, in
the present study, we aimed to investigate the
possible harmful effect of EMF (2100MHz) 2
(4G) on thyroid gland. This paper will focus
on new generation of EMF (4G) exposure on
thyroid gland by using EMF generator.
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Graph 1.
Measurement of the diameters of the thyroid follicles (p < 0.005).

Graph 2.
Measurement of the heights of the epithelial follicles (p<0.005).
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Result
Stereological findings

Following the EMF exposure were showed in di-
ameter of the thyroid follicles significant increase in 15
min and decrease in 180 min (p < 0.005) (Graph. 1),
for heights of thyrocyte were decreased with increased
the time of exposure but have not significant change
(Graph. 2) and for thyroid follicles volume significant
decreased in180 min exposure of EMF (Graph. 3).

Histopathological finding

The results of the studies showed that in the con-
trol group (0 min) (Fig. 1) and EFM exposure group
(15 min.) tissue characteristics including follicles, thy-
mocyte cells, colloidal materials, connective tissue and
capsule of the thyroid gland were observed as normal.

Histopathological finding in the EMF exposure
groups (60 and 120 min.) include: collapsed follicles
with little colloid, congestion and increased apop-
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Graph 3.
Measurement of the thyroid follicular volume (p<0.005).
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Graph 4.
Measurement of connective tissue volume (p < 0.005).
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Figurel.

Photomicrograph of thyroid gland from control group (0 min). It shows
normal Follicle (F), Connective tissue (CT), Thyrocyte (T) and Colloid(C).
H&E staining x100.

totic bodies. (Fig. 2). We also observed
apoptotic bodies (AB) within follicles,
rupture of follicles, and TCs with het-
erochromatin nuclei were infiltrated in
interfollicular septa on the thyroid gland
that exposure of EMF for 120 and180
min. (Fig. 2, 3).

The results showed that the connec-
tive tissue between the thyroid follicles
in all of the exposed groups had in-
creased compared to the control group
but the only difference between groups
of 120 and 180 min were statistically sig-
nificant (p < 0.005) (Fig. 4) (Graph. 3).

Discussion [N

In 2021, mobile phone subscriptions
surpassed eight billion users world-
wide, and the number is expected to
increase to 8.8 billion by 2026 [1].

The relationship between exposures
to EMF and human health is very im-
portant. The present study confirms
previous finding and contributes addi-
tional evidence about histological ef-
fects of EMF (4G) exposure on thyroid
gland in rats.

The results of this study showed that
the diameter of the thyroid follicles
increased significantly in the exposure
of EMF after 15 min, and with the in-
crease in the time of the influence of
the waves, it decreased up to 180 min,
and this decrease was significant in
180 min. The reason for this initial
increase is not known to us, but with
the increase in the time of impact of
the waves on the cells, maybe with cell
organelles were damaged and with the
decrease in the secretion of thyroid
hormones, the diameter of the thyroid
follicles decreases. We were observed
that with increased of time of expo-
sure of EMF the height of thyrocyte
decreased but not significantly and we
were observed that with increased of
time of exposure of EMF the thyroid
follicles volume significantly decreased

Effect of electromagnetic field on thyroid gland

Akhgar Maryan M. et al,, IJVST 2024; Vol.16, No.4

DOI:10.22067/ijvst.2024.81413.1233




RESEARCH ARTICLE

Figure 2.

Photomicrograph of thyroid gland from animals exposed to 2100 MHz (group: 120
min). It shows numerous small follicles (MF) with decreased colloid and low height
of TCs (T), congestion (BC) and more apoptotic bodies (AB), H& E staining x 400.

Figure 3.
Photomicrograph of thyroid gland from animal exposed to 2100 MHz (group: 180
min). It shows apoptotic bodies (A), rupture of follicles (B)(RF) x400.

Figure 4.

Photomicrograph of thyroid gland from animal exposed to 2100 MHz (group: 180
min) shows colloid droplets within a TCs (F), coagulated colloid (C) and Connec-
tive tissue (CT), Mason trichrome staining x400.

in 180 minute and connective
tissue volume significantly in-
creased in180 minute. We con-
cluded that with increased of
time of exposure EMF ,it caus-
es the destruction of cell orga-
nelles and DNA of nuclear, and
after that, with the decreased in
the height of thyrocyte, the se-
cretion of hormones were de-
creased, and then the volume
of follicles were decreased and
the volume of connective tissue
were increased.

This study showed pathological
effects of TCs after exposure of
EMF including contracted fol-
licles with decreased colloid,
congestion and extension of
connective tissue in interstitial
space. Also we were observed
formation of apoptotic bodies
within follicles and follicular
cells with condensed nuclei in
thyroid gland of the rats under
the exposure of EMF for 180
min that it was consistent with
other research [14].

Some researcher revealed that
mobile phone radiofrequency
radiation might be associated
with thyroid gland insufficien-
cy and alterations in serum
thyroid hormone levels, with a
possible disruption in the hy-
pothalamic-pituitary-thyroid
axis [15].

Other researcher concluded
that EMF exposure at the fre-
quency of 1800 MHz has caused
significant changes in the levels
of serum TSH, T4, MDA, and
MCT8 concentration in the
Wistar rats [16].

Our work shows a dilation
and an increase in the number
of blood capillary in thyroid
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gland, which is similar to other researches [12].
Some scientists showed effect of that EMF expo-
sure on mast cells population and degranulation
of these cells; therefore, EMF increases released
of some mediator from mast cell [17].

According to the obtained results, the long-term
use of electromagnetic waves can inhibit the
growth and differentiation of cells by affecting the
vital mechanisms.

Materials and Methods

To do this research, for the first time an electromagnetic gen-
erator, an antenna (output power: 2000 MW, power source lithi-
um-ion battery 127, 2600 MAH) was used with a variable frequen-
cy band (2100 to 2600 MHz) (Fig.4).

In this study, 35 healthy adult male Wistar rats aged 2 months
old and weighing 300-350 gram were used. The rats purchased
from the laboratory animal unit, Mashhad University of Medi-
cal sciences, Mashhad, Iran. The Wistar rats were kept in a 12h
light: 12h dark cycle, at constant temperature of 25°C, while food
and water were accessible on an ad libitum basis. Animals were
randomly divided into five groups, each of which consisted of 7
animals. Groups exposed to 2100 MHz frequency continuously
for 0, 15, 60, 120, 180 min every day for a period of 70 days. The
animals were anesthesiad with CO, and after dissection of abdom-
inal cavity, they were euthanized by removing of blood from the
heart. Then thyroid glands were removed and the samples collect-
ed. Then the samples were fixed in 10% neutral buffered formalin
solution. Thyroid samples were transferred from formaldehyde,
after dehydration by passing tissue through a series of alcohol
solutions, were cleared in xylene and were embedded in paraffin
(Merck, Germany).Then the specimen were embedded in large
block of paraffin by paraffin dispenser (Didsabz, Iran).Then sam-
ple were sectioned at 5 m thickness using microtome (Leica, Ger-
many).The final step was staining sample with Hematoxylin and
eosin (H &E) and Masson trichrome (MT) (Merck, Germany). All
the procedures were certified by the relevant Ethical Committee of
Ferdowsi University of Mashhad, Mashhad, Iran (Code: IR.UM.
REC.1401.089).

Data were analyzed by one-way ANOVA, (statistical package
of SPSS version 19). In all tests, p<0.05 was considered as statisti-
cally significant.

Stereology

Stereological studies were done by the Cavalier’s principle in
order to estimate the epithelial height, follicular thickness, follic-
ular volume and connective tissue volume in septa [18]. For this
purpose, 10 sections were selected from each specimens and pho-
tographed by a camera (Olympus/DP25) with light microscope
(Olympus CX22). A point grid was used for point counting. Grid
was cited on the figures, each parameter was counted, and thyroid
gland was blindly estimated by the following formula:

V (mm3) = dx Ipxa (p)

d= Interval between section and section thickness; Yp = total
number of point considered on the area of sections; a (p) = the
area represented of each point in the grid.
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