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ABSTRACT ARTICLE HISTORY
Background/aim: The aim of this study was to determine whether Extremely low frequency electric Received 28 December 2016
and magnetic field (ELF-EMF) had any harmful effects on dental pulp tissue and examine Accepted 19 July 2017
histologically whether melatonin (MLT) and Ganoderma lucidum (GL) play a protective role against KEYWORDS

these harmful effects. ) ) ) ELF-EMF; odontoblast; dental
Material and method: A total of 56 adult, male Wistar Albino rats were used in the study. The rats pulp; danoderma lucidum;
were separated into 8 equal groups and were exposed to ELF-EMF, generated by high voltage melatonin

source, for 8 hours/day for 26 days — Groups |, Il and Ill and for 52 days-Groups V, VI and VII. For

sham-control groups (Groups IV and VIII for 26 and 52 days), rats were placed into same

experimental set-up as exposure groups and same procedure was applied except ELF-EMF

exposure. GL (20 mg/kg/day) and MLT (10 mg/kg/day) were administered by oral gavage and the

intraperitoneal route respectively. At the end of the study, the rats anterior teeth were examined

immunohistochemicaly using vimentin and vascular endothelial growth factor (VEGF).

Results: Degeneration in the odontoblast cells, inflammatory cell infiltration, dilatation of the blood

vessels and haemorrhagic changes were determined in the pulp of the rats in Groups | and V. A

statistically significant difference was determined in the groups treated with MLT and GL (p < 0.05).

Conclusion: It was determined that exposure to ELF-EMF induced histological changes in the dental

pulp of rats, the using of MLT and GL could have a protective effect against these effects.

Introduction tissue, penetration, the healing regeneration of the tis-
sue and some exposure parameters [7].

Free radicals and reactive oxygen species damage mac-
romolecules such as tissue fat, proteins and nucleic acids.
Genotoxic, cytotoxic and cancerogenous effects have been
reported [8,9]. One of the possible interaction mechanisms
of ELF-EMF with biological systems is that ELF-EMF can
induce oxidative stress and apoptosis by altered reactive
oxygen species (ROS) formation [1,10]. Some authors have
also reported that ROS may be active in the mechanisms of
ELF-EMF effects [11-13]. If cellular or plasma ROS levels are
changed by exposure to ELF electromagnetic fields and
radiofrequency radiation, the levels of oxidative DNA dam-
age, cell death and apoptotic processes in some tissues
would be altered as well [10,14-16].

The teeth, which are the most important tissues of the
internal structures of the mouth, are formed of enamel,

In recent years, public concerns and scientific interest
increased in relation to the effects of ELF-EMF emitted
from many devices used in daily life [1]. Some in vivo
and in vitro studies suggest that exposure to EMF can
affect the nervous system, body weight, tissue morphol-
ogy and histology, blood biochemical parameters, hor-
mones, the immune system and the repair system [2].
Different types of studies, included animal and human,
reported contradictory results, which indicated that ELF-
EMFcan or cannot affect biological systems [1,3]. Some
of the studies show that there is a relationship between
exposure to power frequency ELF-EMF and cellular
changes [4,5]. However, others failed to demonstrate
such a link [6]. The main cause of contradictory results
may arise from the cellular and molecular changes made
by EMF, which vary with the duration of exposure of the
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dentin, cement and pulp. Dental pulp, which develops from
dental papilla, is formed of odontoblasts, fibroblasts, pro-
tein, blood and nerve vessels [17]. Odontoblast cells are the
most important cells of the pulp and are the cells responsi-
ble for the construction of dentin and pre-dentin. In patho-
logical conditions they are responsible for the construction
of reparative dentin [18,19].When the integrity of the pulp
is threatened, pulp cells, especially fibroblasts, produce var-
ious inflammatory mediators such as IL-6, IL-8 and VEGF
[20,21]. Dental pulp undertakes a series of biological activi-
ties such as nourishment, sensitivity, structure and protec-
tion [22]. Changes in the blood pressure and flow in the
vessels coming from the apical region significantly affect
the health of the pulp [23].When dental pulp damage
occurs through mechanical, chemical, thermal or microbial
irritants, there are local tissue reactions and various lym-
phatic and vascular inflammatory responses [24]. The pri-
mary cause of inflammation in the pulp is the presence of
dentin affected by intra-oral bacteria causing caries [25]. As
a result of the restricted environment, changes which occur
in the vascular tissue or in the blood flow to the pulp have
serious effects on the pulp health [26].

Animal, laboratory and epidemiological studies have
reported exposure to ELF-EMF to be related with many dis-
eases [27]. Tissues in the dental and mouth, which is an
important structure of the body, are also affected by EMF.
The enamel hardness, the element content of the tooth,
periodontal tissues and the jawbone may be affected [28-
30].There are studies in literature related to dental hard tis-
sue and ELF-EMF [25,30-32]. However, the obtained data is
not enough to explain the interaction mechanisms
between ELF-MF and oral tissues, and this led us to carry
out the present study. The aim of the current study was to
determine whether ELF-EMF had any harmful effects on
dental pulp tissue and examine histologically whether or
not melatonin (MLT) and Ganoderma lucidum (GL) had a
protective role against these harmful effects.

Transformer

Input: 220V
Output:10 kV

AC, 1.2 m

10000 Volt experiment area

Materials and methods

This study was conducted in the Research and Applica-
tions Centre of Dicle University Prof. Dr Sabahattin Pay-
zin Healthcare Units. The experimental design and study
protocol were approved by the Animal Ethics Committee
at the University of Dicle (Diyarbakir, Turkey). A total of
64 adult, male Wistar Albino rats, each weighing 250-
300 g, were used in the study. After a one-week adapta-
tion period, the rats were randomly separated into 8
equal groups.

The groups were formed as Group I: (n = 8), ELF-EMF
exposure for 26 days, Group II: (n = 8), ELF-EMF exposure
for 26 days + GL, Group lll: (n = 8), ELF-EMF exposure for
26 days + MLT, Group IV: (n = 8), control, Group V: (n = 8),
ELF-EMF exposure for 52 days, Group VI: (n = 8), ELF-EMF
exposure for 52 days + GL, Group VII: (n = 8), ELF-EMF
exposure for 52 days + MLT, Group VIII: (n = 8), control.

To create ELF-MF, two transformers that produced
10 kV (10,000 V) of high voltage were used. For trans-
former 1, the input was 220 V, and the output was 10 kV.
For transformer 2, the input was 10 kV, and the output
was 220 V and 5,000 VA. The rats in the 26-day and 52-
day experimental groups (Groups |, II, lll, V, VI and VII)
were exposed to ELF-EMF for 8 hours each day (Figure 1).
The electric and magnetic field intensity were measured
with the aid of a Spectran device NF5035 (AARONIA AG,
Strickscheid, Germany), with reference to the method of
6-minute measurement (ICNIRP). The electric and mag-
netic field intensity measurements in experimental setup
were determined as 80.3 V/m and 2.48 T, respectively.

Throughout the period of exposure to ELF-EMF, GL
was administered by oral gavage to Groups Il and VI, tak-
ing into account the weight of the animals and standard
doses (20 mg/kg/day). MLT at a dose of 10 mg/kg/day
was administered to Groups Ill and VIl intraperitoneally
throughout the period of exposure to ELF-EMF.

Room 1

Transformer

220V
>

Input: AC, 10 kV
lOutput:AC,220V

2000 W

Electric

15m

Figure 1. Schematic view of the experimental set-up.
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At the end of the study, the rats were euthanized by
draining intracardiac blood under anaesthesia. The ante-
rior teeth were then removed from the rats and fixed in
a 10% formalin solution until histopathological and
immunohistochemical examinations.

Histological examination
Tissue preparation for light microscopy

At the end of the study, rat teeth were fixed with neutral
buffered 10% formalin solution and decalcified with 5%
EDTA (Ethylene-diamine-tetraacetic acid). After preserva-
tion, samples were directly dehydrated in a graded series
of ethanol and then embedded in paraffin wax. Sections
of 4-6 pm thickness were cut with a microtome (Rota-
tory Microtome, Leica, RM 2265, Germany) and mounted
on coated slides. The sections were stained with Haema-
toxylin and Eosin (H-E),.

Immunohistochemical staining

The antigen retrieval process was performed in a citrate
buffer solution (pH:6.0) two times, firstly for 7 minutes,
then for 5 minutes in a microwave oven at 700 W. The
samples were allowed to cool to room temperature for
20 minutes and then were washed in distilled water for
5 minutes twice. Endogenous peroxidase activity was
blocked in 0.1% Hydrogen peroxide for 10 minutes. Ultra
V block (Histostain-Plus Kit, Invitrogen, Carlsbad, CA) was
applied for 10 minutes prior to the application of primary
antibodies Vascular Endothelial Growth Factor (VEGF),
(mouse monoclonal, 1/100, Santa Cruz, CA),Vimentin
(mouse monoclonal, 1/200, Santa Cruz, CA), and then
were stored overnight. A secondary antibody (Histo-
stain-Plus Kit, Invitrogen, Carlsbad, CA) was applied for
20 minutes. After then the slides were exposed to strep-
tavidin-peroxidase for 20 minutes. Diaminobenzidine
(DAB, Invitrogen, Carlsbad, CA) was used as a chromo-
gen. Control slides were prepared as stated above but
with the omission of the primary antibodies. After coun-
terstaining with Hematoxylin, the slides were washed in
tap water for 5 minutes and in distilled water for 2 x 5
minutes, then the slides were mounted.

Data analyses

Conformity to normal distribution of the data was tested
with the Shapiro Wilk test and in the comparison of
groups not showing normal distribution of data, Kruskal
Wallis test variance analysis was applied as a non-
parametric test. Differences between the groups accord-
ing to the results of the Kruskal Wallis variance analysis
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were deemed to be statistically significant at p<0.05. In
the paired comparisons between groups, the Bonferroni
corrected Mann Whitney U-test was applied as a multiple
comparison test.

Results and discussion

In the histological and immunohistochemical examina-
tions applied at the end of the study period, it was deter-
mined that exposure to ELF-EMF had caused
degeneration in the odontoblast cells, increased inflam-
matory cell infiltration, dilatation in the blood vessels
and haemorrhage. Compared to the control group, the
least damage was seen in the groups where MLT was
administered. As a result of the histopathological and
immunohistochemical examinations applied at the end
of the study period, the following data were obtained:

Histopathological results

As a result of the H&E staining procedure, the following
results were obtained:

In Group |, dilatation and haemorrhage were
observed in the vessels of the pulp, as well as an increase
in collagen fibres. Degeneration was observed in the
odontoblast cells (Figure 2(a)). In Group Il, haemorrhage
was observed in the small vessels of the pulp, and hyper-
plasia and degeneration in the odontoblastic cells
(Figure 2(b)). In Group llI, proliferation of the connective
tissue cells in the pulp, regular alignment of the collagen
fibres and increased odontoblastic activity were deter-
mined (Figure 2(c)). In Group V, increased dilatation and
haemorrhage in the vessels of the pulp, an increase in
fibrous tissue and leukocyte infiltrations were observed
(Figure 2(d)). In Group VI, dilatation was observed in the
pulp vessels, inflammatory cell infiltrations in the sur-
rounding vessel and degenerative changes in odonto-
blastic cells (Figure 2(e)). In Group VII, regular alignment
was observed in the odontoblast cells at the border of
the dentin and pulp and no change was observed in the
fibre and cellular distribution or in the vessel structure
(Figure 2(f)).

Immunohistochemical results

As a result of the VEGF immune-staining, the following
results were obtained: In Group |, VEGF positive expres-
sion was observed in dilated vessels in the pulp and in
inflammatory cell infiltrations (Figure 3(a)). In Group I,
VEGF positive reaction was observed in the vessel wall in
the pulp and a reduced VEGF expression in inflammatory
cells was seen to be weak (Figure 3(b)).
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Figure 2. a- Group I: Dilatation and haemorrhage in the vessels of the pulp, an increase in collagen fibres, degeneration in odontoblast
cells, and a widening of the periodontal membrane and alveolar spaces were observed (H-E staining Bar 100 pm); b — Group II: Hae-
morrhage in the small vessels of the pulp, hyperplasia and degeneration in odontoblastic cells and dilatation and haemorrhage in the
vessels of the periodontal membrane were observed (H-E staining Bar 100 wm); ¢ — Group lI: Proliferation in the connective tissue cells
in the pulp, regular alignment in collagen fibres and increased odontoblastic activity were observed (H-E staining Bar 100 wm); d -
Group V: Increased dilatation and haemorrhage in the vessls of the pulp, an increase in fibrous tissue and leukocyte infiltrations and
loss of tissue with necrotic tissue and hyalinisation in the periodontal membrane were observed (H-E staining Bar 100 wm); e — Group
VI: Dilatation in the pulp vessels and inflammatory cell infiltrations surrounding the vessel and degenerative changes in odontoblastic
cells were observed (H-E staining Bar 50 wm); f — Regular alignment was observed in the odontoblast cells at the border of the dentin
and the pulp (arrow) and no change in the fibrous, vascular structure or cellular alignment in the pulp (H-E staining Bar 50 pm).
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f

Figure 3. a- Group I: VEGF positive expression observed in dlated vessels and inflammatory cell infiltrations in the pulp (VEGF immune
staining 100 pm); b — Group II: VEGF positive reaction in the vessel wall in the pulp (red arrow), reduced and weak VEGF expression in
inflammatory cells (VEGF immune staining 100 wm); c — Group Ill: VEGF positive expression in the vessels close to odontoblastic cells
and in vessels in the cement-periodontal space (red arrow) and neo-angiogenesis was seen to have been induced (VEGF immune stain-
ing 100 wm); d — Group V: VEGF positive expression in the endothelial cells of the expanded vessel wall in the pulp, in the small vessels
between degenerative odontoblast cells and in inflammatory cells (VEGF immune staining 50 p.m); e — Group VI: VEGF positive expres-
sion in the vessels of the periodontal ligaments and pulp (VEGF immune staining 100 wm), f — Group VII: VEGF positive reaction in the
small blood vessels of the pulp and in some inflammatory cells (VEGF immune staining 50 pm).
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Figure 4. a — Group I: Vimentin expression was observed in degenerative odntoblast cells, fibroblast cells and impaired fibrous struc-
tures in the pulp (Vimentin immune staining 50 wm); b — Group II: Vimentin was positive in the degenerative change in the fibres of
the periodontal membrane and weak Vimentin expression was observed in scattered fibre distribution in the pulp (Vimentin immune
staining100 wm); ¢ — Group lll: Vimentin positive expression was observed in odontoblast cells and fibroblast cells and a positive Vimen-
tin reaction was observed in the regular fibre organisation in the pulp (Vimentin immune staining50 wm); d — Group V: Degenerative
change was observed in the odontoblast cells of the pulp and positive Vimentin reaction in the impaired fibrous structure around the
dilated vessel and in areas of hyalinisation (Vimentin immune staining50 wm); e — Group VI: A positive Vimentin reaction was observed
in odontoblasts and in the fibrous structure around the vessel (Vimentin immune staining50 wm); f — Group VII: A positive Vimentin
reaction was observed in a diffuse form within the pulp fibroblasts with regular odontoblastic alignment between the dentin and pulp
(Vimentin immune staining 50 pm).



In Group lll, VEGF positive expression was seen in the
vessels close to odontoblastic cells and neo-angiogene-
sis was observed to be induced (Figure 3(c)). In Group V,
VEGF positive expression in endothelial cells in the
expanded vessel wall in the pulp and VEGF positive
expression (50 wm) was observed in inflammatory cells
and in the small vessels between degenerative odonto-
blastic cells (Figure 3(d)). In Group VI, VEGF positive
expression in the vessels in the pulp was observed
(Figure 3(e)). In Group VII, VEGF positive reaction (50 pm)
observed in the small blood vessels of the pulp and in
some inflammatory cells was observed (Figure 3(f)).

As a result of the Vimentin immune-staining, the fol-
lowing results were obtained: In Group |, Vimentin
expression was observed in degenerative odontoblast
cells in the pulp, in fibroblast cells and in impaired
fibrous structures (Figure 4(a)). In Group II, weak Vimen-
tin expression was observed in scattered fibrous align-
ment in the pulp (Figure 4(b)). In Group lll, positive
Vimentin expression was observed in odontoblast cells
and fibroblast cells and in the regular fibrous alignment
in the pulp (Figure 4(c)). In Group V, degenerative
changes were seen in odontoblast cells in the pulp and
Vimentin positive reaction in the impaired fibre structure
around the dilated vessels and in areas of hyalinisation
(Figure 4(d)). In Group VI, Vimentin positive reaction was
observed in odontoblasts and in the fibrous structure
around the vessels (Figure 4(e)). In Group VII, odonto-
blastic alignment was regular between the dentin and
pulp and Vimentin positive reaction was observed in dif-
fuse fibroblasts within the pulp (Figure 4(f)).

Statistical results

The statistical results of the scores in relation to histo-
pathological examinations are shown in Tables 1-3. As a
result of the statistical evaluation, no statistically signifi-
cant difference was determined between the control
group and the groups where MLT was administered
(Groups Il and VII) (Tables 1-3). A statistically significant
difference was determined between the control group
and Groups |, Il, V and VI in respect of odontoblast
degeneration and inflammatory cell infiltration created
as a result of ELF-EMF (Tables 1 and 2). While no statisti-
cally significant difference was determined between the
control group and Group Il in respect of vasodilation in
the pulp blood vessels and haemorrhage as a result of
ELF-EMF (Table 3), a statistically significant difference
was determined between the control group and Groups
I, Vand VI (p < 0.05) (Table 3).

As a result of technological developments, there is
increasing concern about the effects of ELF-EMF on
human health. It is also important as to whether or not
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Table 1. The statistical results of odontoblast cell degeneration
scores in groups. The values represent mean =+ SD. A statistically
significant difference was determined between the control group
and Groups |, II, V and VI in respect of odontoblast degeneration
as a result of ELF-EMF exposure.

Groups Mean =+ SD Comparison P
Group | 2,86 +£0,70 Group I-Group I, 0.635
Group I-Group Il 0.001
Group Il 2,57 £0,54 Group [I-Group IV 0.001
Group lll 1,57 £ 0,54 Group llI-Group IV 0.188
Group lI-Grouplll 0.056
Group IV 0,71 + 0,49 Group |-Group IV 0.00
Group V 3,71+ 0,49 Group V-Group VI 0.070
Group V-Group VII 0.00
Group VI 2,57 + 0,54 Group VI-Group VIII 0.001
Group VI-Group VII 0.030
Group VII 1,43 £ 0,54 Group VII-Group VIII 0.291
Group VIII 0,29 + 0,49 Group V-Group VIII 0.00

the effects are harmful to biological systems [33]. Previ-
ous studies have suggested that EMF has an impact on
cancer, reproduction and neurobehavioural reactions
[3,34].

There have been reports in previous studies that ELF-
EMF has harmful effects on the hardness of teeth, the
mineral content and periodontal tissues [28-30,35]. It
was also reported that long-term RF exposure can cause
some histopathologic significant differences between
exposure and sham groups such as vasodilatation in
periodontal ligament and alveolar bone and can be a
factor to alter the teeth trace elements’ densities [36,37].
In the current study, the harmful effects of high voltage
generated ELF-EMF on rat dental pulp were examined
and whether antioxidants (MLT and GL) could reduce
these harmful effects. From the results of the study, it
was determined that rat teeth were affected by ELF-EMF.
In the histological and immunohistochemical examina-
tions of this study, it was determined that the electro-
magnetic field created by high voltage caused

Table 2. The statistical results of Inflammatory cell infiltration
scores in groups. The values represent mean =+ SD. A statistically
significant difference was determined between the control group
and groups |, II, V and VI in respect of inflammatory cell infiltra-
tion as a result of ELF-EMF exposure.

Groups Mean =+ SD Comparison P
Group | 3,00 £ 0,58 Group I-Group I, 0.426
Group |-Group Il 0.006
Group Il 2,57 + 0,54 Group lI-Group IV 0.001
Group Il 1,57 £ 0,54 Group llI-Group IV 0.040
Group lI-Grouplll 0.134
Group IV 043 +0,53 Group |I-Group IV 0.00
Group V 3,57 £ 0,54 Group V-Group VI 0.048
Group V-Group VII 0.00
Group VI 2,43 £0,54 Group VI-Group VIII 0.002
Group VI-Group VII 0.103
Group VII 1,57 £ 0,54 Group VII-Group VIII 0.001
Group VIII 0,57 + 0,54 Group V-Group VIII 0.000
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Table 3. The statistical results of dilatation and hemorrhage in
blood vessels scores in groups. The values represent mean =+ SD.
While no statistically significant difference was determined
between the control group and Group Il in respect of vasodila-
tion in the pulp blood vessels and haemorrhage as a result of
ELF-EMF exposure. However, a statistically significant difference
was determined between the control group and Groups |, V and
VI.

Groups Mean £ SD Comparison P
Group | 2,86 + 0,70 Group |-Group Il 0.464
Group |-Group Il 0.321
Group Il 2,43 + 0,54 Group II-Group IV 0.051
Group lll 1,43 £ 0,54 Group llI-Group IV 0.004
Group lI-Grouplll 0.090
Group IV 0,29 + 0,49 Group |-Group IV 0.004
Group V 3,86 + 0,38 Group V-Group VI 0.090
Group V-Group VII 0.003
Group VI 2,71 + 0,49 Group VI-Group VIII 0.007
Group VI-Group VII 0.090
Group VII 1,43 £0,79 Group VII-Group VIII 0.154
Group VIII 043 + 0,54 Group V-Group VIII 0.000

degeneration in the odontoblast cells, increased inflam-
matory cell infiltration, dilatation in the blood vessels
and haemorrhage in the dental pulp. As the duration of
exposure to ELF-EMF increased, so the damage was seen
to increase. Compared to the control group, the least
damage was seen to be in the groups where MLT was
administered.

In a previous study conducted on rat dental pulp, it
was reported that osteogenic differentiation and miner-
alisation in the pulp cells were accelerated by a static
magnetic field [38]. In contrast to that study, Kaya et al
reported that ELF-EMF created changes in odontoblasts,
fibroblasts, collagen fibres and blood vessels in the den-
tal pulp [35]. Similar to the results of that study, it was
determined as a result of the immunohistochemical
staining in the current study that ELF-EMF created
degeneration in odontoblasts and dilatation in the blood
vessels.

In a study related to the effect of ELF-EMF on oral tis-
sues, histological changes in mineral density and in the
tissue structure of the head and jaw bones were
reported to be created by a magnetic field [25]. Further
research is required to determine whether ELF-MF could
lead to stimulation on the odontoblast cells activities,
cells number, growth and repair ability of the pulp tissue
[31]. In another study, as a result of exposure to 900 MHz
radio frequency, abnormal histological changes such as
focal areas of bleeding and vasodilatation were reported
to have formed in rat dental pulp [36]. Similar to the find-
ings of that study, in the current study, vasodilatation
and haemorrhage were determined in the pulp vessels
as a result of ELF-EMF at high voltage of 10 kV. It was
also determined that MLT has a protective effect against
this damage.

Significant changes in the element values of rat teeth
by EMF created from 50 Hz have been reported [32]. In
another study, changes were reported in the values of
elements related to oxidative stress (e.g. iron, zing, silver)
in teeth from electromagnetic radiation created from
2.45 GHz. In the Caspase-3 immunohistochemical stain-
ing of the same study, a mild effect was determined in
the oral mucosa epithelium, odontoblasts and amelo-
blasts [28]. In the current study, VEGF and Vimentin
immunochemical staining methods were used to exam-
ine the vessels and cells in the pulp. In the groups
exposed to ELF-EMF for 26 days, VEGF positive expres-
sion was determined in dilated vessels in the pulp and in
inflammatory cell infiltrations and in the groups exposed
to ELF-EMF for 52 days, VEGF positive expression was
observed in endothelial cells in the expanded vessel
walls in the pulp, in small vessels between degenerative
odontoblast cells and in inflammatory cells.

Kog et al reported that melatonin and Omega 3 pro-
tected cells against neural damage in the hippocampus
created by EMF of 900MHz [39]. Melatonin has been
reported to have a preventative and protective effect
against acute pulpitis and has been stated to have a
therapeutic effect for oral diseases [40]. It has also been
reported that melatonin could be beneficial due to anti-
oxidant and anti-inflammatory effects [41]. In accor-
dance with the findings of these studies, MLT and GL
were used in the current study against the harmful
effects of ELF-EMF which could have been created in the
dental pulp tissues. It was concluded from the results of
the current study that MLT protected rat dental pulp
against ELF-EMF. In addition, no statistically significant
difference was determined between the control group
and the groups where MLT was administered (Groups IlI
and VII).

It has been reported that exposure to EMF formed
from 50 Hz has a stimulating effect on cells and tissues
and can therefore provide recovery from periodontitis
[42]. In another study, it was determined that extremely
low frequency pulsed electromagnetic fields accelerated
osteogenesis and provided early cell proliferation in
alveolar bone cells [43]. However, in the current study,
ELF-EMF was determined to have caused abnormal
changes in the dental pulp structure.

It has been reported that EMF causes oxidative dam-
age and learning and memory damage and that this
damage has been prevented by Lotus seedpod procya-
nidins through stimulation of anti-oxidant enzymes and
cleaning of free oxygen radicals [44]. With a similar aim
in the current study, Ganoderma lucidum fungus was
used. Although GL was observed to have a protective
effect against the damage created in the dental pulp by
ELF-EMF, it was not as effective as MLT.



Conclusion

From the results in the current study it was concluded
that exposure to ELF-EMF causes degeneration and dam-
age to important structures in the dental pulp. Changes
were made in odontoblast and fibroblast cells, which are
important for pulp and dental health. In addition struc-
tural changes occurred in the vessels which are impor-
tant for the defence, nourishment and construction
processes of the pulp. The use of MLT and GL reduces
the damage which can occur in the dental pulp as a
result of exposure to ELF-EMF. Therefore, for people
working in areas where there is ELF-EMF, the use of
toothpastes or other products containing MLT could be
considered beneficial. There is a need for further studies
on this subject.
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