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Background: The present study aimed to assess the oxidative and toxic effects of a 50 Hz magnetic field
(MF) and aluminum chloride (AICI3), as well as the protective effect of Myrtus communis extract, on the
plasma and hemoglobin of rats.

Methods: For the purpose of the study, 50 Hz and 1 mT alternating MFs were administered to Wistar rats.
I The regime was applied for one month with 2 h each day. The rats were subjected to daily intraperitoneal
injections of 8 mg/kg AlCI3; moreover, 2 h before the injections, 1.5 mg/kg extract of Myrtus communis
was administered in the form of gavage. After experiments, blood samples were taken from the rats, and
oxyhemoglobin, methemoglobin, and hemichrome levels were measured in the samples. In addition, Ferric
Reducing Ability of Plasma (FRAP) and Malondialdehyde (MDA) tests were also performed.

Results: Exposing the rats to separate alternating MF and AICI; resulted in a marked decrease in FRAP
(P<0.01) and an increase in MDA (P<0.01). Furthermore, simultaneous exposure of rats to alternating MF
and AICI3 enhanced the above oxidative effects synergically (P<0.01). In these effects, the use of the extract
of Myrtus communis significantly decreased the adverse oxidative effects (P<0.01).

Conclusion: As evidenced by the results of this study, alternating MF and AICl; exert an oxidant effect
separately; moreover, their simultaneous use brings about a synergic effect and results in adverse biological
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impacts. Furthermore, Myrtus communis extract has a protective effect against these oxidant effects.
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Introduction

In biological systems, there are different mechanisms
for reaction against the toxic effects of free radicals;
nonetheless, a large amount of toxic and reactive oxygen
species (ROSs) is accumulated if antioxidant systems lack
sufficient capacity. This will result in oxidative stress and
changes in biomolecules and different diseases [1-6].
Defence mechanisms are activated in response to
oxidative stress and prevent continuing oxidation.
Different parameters, including the measurement of the
activity of superoxide dismutase, alkyl hydroperoxidase,
and peroxidases, are used for the evaluation of the
performance of the immune system against oxidative
stress [7, 8]. Ferric reducing ability of plasma (FRAP) is
a sensitive and accurate technique for assessing the impact
of antioxidant agents, and this technique offers several
advantages [9].

Due to recent advances in modern technology, the
exposure of human and other biological systems has been
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largely increased [10,11]. Therefore, concerns are
arising regarding the adverse effects of electromagnetic
fields (EMFs) on human and biological systems [10-
15]. Numerous studies have been conducted on such
effects and have yielded contradictory results due to the
complexity of such systems and biological processes
[16-19]. Antioxidant agents can neutralize the adverse
effects of ROSs. There are different types of
antioxidants, including enzymes and minerals [20].
Oxidative stress can be mild or severe, and it can induce
different cellular effects, including cellular signalling,
lipid peroxidation, and damage to deoxyribonucleic
acid (DNA) [21, 22].

Exposure to physical factors, such as ionizing
radiation and EMFs, can induce oxidative stress. Due
to their high energies, X and gamma rays have
determined mechanisms and effects in the production
of free radicals and oxidative stress [23]. On the other
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hand, the use of physical and chemical protective agents
can prevent the adverse effects of such factors [24-27].
Aluminum is one of the most abundant elements in the
Earth's crust, found in the form of different chemical
compositions in the soil [2]. Chemical compositions, such
as AICI3, can be found in foodstuffs and drinking water
[7]. The production of aluminum compositions by
different industrial manufacturers and their distribution in
the environment can exert adverse effects on human
health [8].

Different studies have been performed on the effect of
either MFs or herbal extracts on rats and cells were
evaluated [27-34]. There are also recent studies on the
impact of either AICIl;z or MFs on oxidative stress [35-44].
Nevertheless, some of the studies have reported
contradictory outcomes regarding the oxidative stress of
AICI3. In light of the aforementioned issues, the present
study aimed to assess the oxidative effect of 50 Hz MF
and AICI3, as well as the protective effect of Myrtus
communis extract, on the plasma and hemoglobin of rats.

Materials and Methods

Preparation of aqueous extract of Myrtus communis leaves
For the preparation of aqueous extract, 10 g of Myrtus

Table 1. Description of the 6 experiment groups evaluated in this study.

communis leaves were washed with distilled water and
dried at 27+2°C. The leaves were ground, and the
obtained powder was soaked for 24 h at room
temperature (25+2°C) by the maceration technique.
Therafter, the obtained sample was filtered by a
Watman paper filter. The cleared solution was
sterilized, and 1 unit of the sterilized solution was
injected into each mouse.

Animals

The experiment samples included six groups, each
group containing eight rats. The experiment groups are
mentioned in Table 1. The treatments were performed
for 30 days. In the MF group, the Wistar rats were
exposed to 50 Hz, 1 mT alternating MF, daily for 2 h
per day. The MF was generated using a Helmholtz coil
with a 30 cm radius, and the mice cages were
positioned in the space in which the MF was relatively
uniform. The Helmholtz coil was used to expose the
rats to the alternating MF (Figure 1). For those groups
that received Myrtus communis, the gavage feeding of
the Myrtus communis extract was performed 2 h before
receiving the AICl; chemical agent. In those groups
receiving MF and AICIs, the cages were positioned in
the MF after the injection of AlCls.

Group number

Description

Exposed to the MF (50 Hz, 1 mT)
Received AICI; (8 mg/kg)

AN AW N

Control (without receiving any external factor)

Exposed to MF (50 Hz, 1 mT) and AICI; (8 mg/kg)
Received AICI; (8 mg/kg) and Myrtus communis extract (1.5 mg/kg, via gavage feeding)
Received MF (50 Hz, 1 mT) and AICl; (8 mg/kg) and Myrtus communis extract (1.5 mg/kg, via gavage feeding)

Figure 1. Helmholtz coil used in this study to expose the rats to the 50 Hz, 1 mT MF

Blood sampling

Using a heparin syringe, 1.5 mL blood samples were
taken from the rats, transferred to Eppendorf tubes, and
the tubes were then inserted into an ice container. All
samples were centrifuged at 800 g force for 10 minutes.
After the separation of blood plasma, the blood cells were
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washed twice using isotonic saline and three times
using isotonic phosphate buffer, and each time the
washings were centrifuged for 10 minutes. Finally, all
samples were poured in adequate volumes in 1.5 mL
Eppendorf tubes, and the tubes were transferred to a -
80°C freezer.
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Measurement of hemoglobin, and
hemichrome of red blood cells

The measurement of hemoglobin was performed using
the cyanmethemoglobin technique. In this technique, the
ferrous ions in hemoglobin are converted into ferric ions
using ferrocyanide. Following that, the obtained
methemoglobin is converted to stable cyanmethemoglobin
using potassium cyanide. The maximum optical absorbance
of the obtained solution is at 540 nm wavelength, and the
color of the solution depends directly on the concentration
of hemoglobin in the solution. When hemoglobin is
oxidized, methemoglobin is produced. For the measurement
of methemoglobin, the erythrocyte was hemolysed using
cold hypotonic phosphate buffer. Therafter, the optical
absorbance spectrum for methemoglobin was evaluated.
According to equation 2, when methemoglobin is oxidized,
hemichrome is produced, resulting in the hemolysis of red
blood cells. For the measurement of hemichrome, the
erythrocyte was hemolysed using cold hypotonic phosphate
buffer. Subsequently, the optical absorbance spectrum for
hemichrome was evaluated according to Equation 3.

methemoglobin,

OthemOgloblne = 119A577 - 39A630 - 89A560

(1

Methemoglobine = 28A45,; — 3074430 — 554540
2

HemlChI‘Ome = _133A577 - 114A630 + 233A560
3)

Ferric reducing antioxidant power assay

The antioxidant power of plasma was measured using
the Ferric Reducing Antioxidant Power (FRAP) assay.
This assay is a sensitive, reliable, and accurate technique
in which the antioxidant factors of a sample convert
complex ferric tripyridyltriazine (Fe™-TPTZ) into the
ferrous form (Fe'-TPTZ). The latter one has a blue color
in an acidic solution, and its maximum optical absorbance
is at 593 nm. The reaction speed or reduction power of a
sample has a linear trend, and the antioxidant power of
plasma can be determined in micromoles using this
technique or a standard curve.

Malondialdehyde assay

In this assay, thiobarbituric acid (TBA) was combined
with a chemical reagent, and the solution had a color
corresponding to 530-540 nm wavelengths. Then lipid
peroxidation of plasma was measured. The used solutions
were: TPA powder, 20 mL HOCA (5x), 500 umolar of
standard solution, 10 mL alkaline solution (10x), and 12

mL detergent solution. For this assay, 80 mL of
distilled water was added to the HOCA solution, and
90 mL of distilled water was then added to the alkaline
solution. 100 mg of the TBA powder was added to the
HOCA solution, and 1000 mL was added to the
alkaline solution. The obtained solution was heated
gradually so that the powders were dissolved. The
standard solutions were obtained by serial dilution of
the 500 umolar standard solution in the form of 0.78,
1.56, 3.12, 5.6, 12, 25, and 50 pmolar concentrations.
To this end, the standard solution was boiled in a Bain-
Marie and then cooled in the ice container and
centrifuged at 10000 rpm. 200 pl of the superficial
solution was transferred to a microplate, absorption
reading was performed at 535 nm wavelength, and the
corresponding concentration to this wavelength was
calculated. Using SPSS software (version 20) and
Analysis of variance (ANOVA) test, the mean values
from different groups were analyzed, and the related
plots were illustrated using Microsoft Excel software
(version 2017).

Discussion

In the present study, the effect of 50 Hz alternating MF
and AICI; on oxidative stress in red blood cells of rats,
and the protective effect of Myrtus communis against the
adverse effects of alternating MF and AICl; were
investigated. The results of the present research indicated
that the conformation of red blood cells can be changed
under the effects of the physical factor (the 1 mT
alternating MF) and the chemical factor (AICl3). As
illustrated in Table 2, Figure 2, and Figure 3, the Myrtus
communis extract has a significant protective effect
(P<0.05) in the groups undergoing oxidative stress (the
group exposed to MF and AICI3). It is evident also from
the results (Table 1) that after the application of MF, the
amount of oxyhemoglobin was significantly decreased,
and the amount of production of methemoglobin, which
is an index indicating oxidative stress, was markedly
increased. The results of this study on the protective
effects of Myrtus communis are in agreement with the
results of the research by Jyoti et al. [33]. In the stated
study, it was reported that the extract of Bacopa can
significantly decrease the neurotoxic effects of AlCI; in
rats. One of the main results of the present study is that
the oxidative stress due to AlCl; can be enhanced when it
is combined with the alternating MF. In other words, the
MFs and AICl; have synergic effects as oxidant factors
on red blood cells.

Table 2. Absorbance of oxyhemoglobin, methemoglobin, and hemichrome for different groups evaluated in this study

Control MF AICI; MF and AICI; AICl; and M‘!;rtus MF and AICI; an‘d Mpyrtus
communis communis
b T USommals  2309:120 1504001 1SSe1ss  asenmss 2070012342138
Mowemodo | LLUTEenI B0 DB sneeasen 3896504002
Hemichrome g:gg)(fdsfs‘ iigg)fd?; ::(3)8)(136?102- 2:25)(156(.)551- 1.54 (1.31-1.80)+0.18 1.83 (1.73-1.94)+0.07
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The results of the present study also pointed out that such as Hb. As the results of the present study indicate,
AICI; is an oxidant agent that can change oxyHb to ferromagnetic fragments, such as Hb, which contain
methemoglobin and hemichrome. The results of the FRAP iron, are highly affected by external MFs due to their
test demonstrated that AICl; can significantly reduce the magnetic properties. Relatively, half of the iron in the
antioxidant properties of the blood plasma of rats, body is contained in the Hb molecules.
compared to the control group. The MF exposure of the The ferromagnetic molecules, which are exposed to
rats that received the AICI3 agent can enhance the an external MF, are excited, and this in turn can affect
oxidative effects of AICI3. This result is in agreement with the biological equilibrium of the exposed system [46].
the findings of the study by Ranjbar et al. [34], which One of the adverse effects of MFs on red blood cells is
pinpointed that exposure to Al induced oxidative stress in their effect on the cell membrane. With this effect, the
aluminum production workers. protective role of the membrane against external
Different mechanisms were reported in the literature damage is changed. The damage to the cell membrane
about the effects of EMFs on live systems, including the can affect the structure and properties of the red blood
induction of electrical current, direct effect on biological cell due to the effect on Na-K channels and other ionic
materials, discharging energy, production of free radicals, processes [47]. One of the adverse effects of an external
and stimulation of the cell membrane [45]. From a MF is hemolysis, which occurs due to exposure to
magnetic point of view, the human body contains organic electromagnetic radiation. Oxidation-antioxidation
diamagnetic compounds, which include paramagnetic biochemical equilibrium is a biological equilibrium,
molecules, such as O, and ferromagnetic microstructures, and based on the results of the present study, the
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oxidation-antioxidation biochemical equilibrium can be
changed due to the presence of external MF and free
radicals. This effect is in agreement with the study by
Hashish et al. [48].

In a study by Rui and Yongjian [35], AICl3 was
administered in different doses through diet for 100 days.
The results displayed a marked decrease in superoxide
dismutase (SOD) activity and an increase in MDA level
in the rats treated with AICl3, suggesting the involvement
of oxidative stress by AlCls. Abd-Elghaffar et al. [36]
investigated the neurotoxic oxidative damage of orally
administered aluminum chloride (AICl3) in rabbits. They
reported that chronic exposure to AICI; resulted in
encephalopathic morphopathological lesions, enhanced
lipid peroxidation, and inhibition of the superoxide
dismutase enzyme. Cheraghi and Roshanaei [42]
performed experiments to assess the effect of curcumin on
reducing the hepatotoxicity effects of AICI3 in rats. In
their study, treatments were based on intraperitoneal

injections for 28 days. AICI3 caused a notable rise in
some plasma enzyme activities with decreased total
protein compared to the control group. AlCl;
significantly reduced the superoxide dismutase,
catalase, and glutathione levels. On the other hand, it
increased the malondialdehyde (MDA) level in the
liver of rats. It also caused histopathological changes in
the livers. Curcumin had beneficial effects to
compensate for the toxicity effects of AICI3 [42]. These
studies are in agreement with the current research in
highlighting the toxic effects of AICls. In other words,
the results of the current research and the study by
Cheraghi and Roshanaei [42] pointed out that AlCl;
induced oxidative stress. Based on the results of the
FRAP test (Table 3), exposing the rats to alternating
MF and/or AICI; resulted in to decrease in FRAP. On
the other hand, the use of the extract of Myrtus
communis for the MF and/or AICl; groups increased
the FRAP values.

Table 3. Mean and standard deviation values of FRAP (umolar) and MDA (nmol/ml) for different groups were evaluated in this study

FRAP MDA
Control 90.47+2.39 18.14+0.67
MF 76.45+1.36 14.62+0.37
AlCl; 73.36+1.89 12.25+0.19
MF and AICI; 68.27+1.32 8.5440.57
AICI; and Myrtus communis extract 82.52+1.01 13.51+0.75
MF and AICl; and Myrtus communis extract 80.22+1.44 12.38+0.35

Pretreatment with Myrtus extract resulted in lower
concentrations of metHb and hemichrome after exposure to
EMFs, indicating the protective effects of the aqueous
extract of Myrtus Communis leaves. These results are in
agreement with the study by Gebicka and Banasiak, which
emphasized the antioxidant effects of catechin, quercetin,
and rutin, as well as the reduction of ferryl hemoglobin to
methemoglobin [45]. The significant difference in the
results of the FRAP test (Table 3) demonstrates that MF can
produce stress in a biological system by the production of
free radicals and disturbing the oxidant-antioxidant balance.
Oxygen free radicals have oxidative reactions with lipids,
proteins, and nucleic acids that can induce damage to
cellular functions and, finally, can result in cell death. The
results of the present study indicate that the Myrtus
communis extract can significantly decrease the oxidative
damage of 50 Hz, 1 mT alternating MF. The results are also
in consonance with the findings of other studies regarding
the effects of MFs on the liver [48], brain [49], kidney [50],
lymphocytes, and red blood cells [51].

There are also recent studies on the effect of MFs on
oxidative stress. Ghodbane et al. [37] reviewed the
biological effects of static MFs on free radical generation,
oxidative stress, apoptosis, genotoxicity, and cancer. They
concluded that exposure to static MFs causes oxidative
stress, damage in ion channels, changes in cell
morphology and expression of different genes and
proteins, as well as cell apoptosis and proliferation.
Contrary to our study, Balind et al. [38] introduced the
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beneficial effects of ELF-MF (50 Hz, 0.5 mT) on a
model of global cerebral ischemia in the brain of
gerbils.

Sharpe Martyn et al. [39] studied the effects of
oscillating MFs on the mitochondrial electron transport
chain by measuring the consumption of oxygen (O>) in
isolated rat liver mitochondria, normal human
astrocytes, several human brain tumor cells, and
O, generation/consumption of plant cells by an
O, electrode. The results suggested that variable fields
could be therapeutically efficacious in brain cancers,
such as glioblastoma, and diffuse intrinsic pontine
glioma through selective disruption of the electron flow
in immobile electron transport chain complexes [39].
Schuermann and Mevissen [40] summarized key
experimental findings on oxidative stress related to
animal and cell exposure to EMFs. Based on that
review, many animal and cell studies illustrated
increased oxidative stress due to exposure to
radiofrequency and ELF-MF. Wang and Zhang [41]
reviewed reported studies about the impact of MFs on
the levels of reactive oxygen species. There were
discrepancies regarding the increasing or decreasing
levels of reactive oxygen species in human, mouse, and
rat cells and tissues due to MF type, intensity,
frequency, exposure time, and assay time-point, as well
as different biological samples examined in different
studies.

In a study by Quesnel-Galvan et al. [43], the male
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Wistar rats were subjected to an experimental model of
chronic unpredictable mild stress, and the antioxidant
status of the cerebrum and cerebellum was estimated after
14 days. Their results demonstrated a significant increase
in the catalase activity and reduced concentration of
glutathione, which showed a partial restoration in the
cerebrum antioxidant system. Coballase-Urrutia et al. [44]
demonstrated the effects of static MFs (0.8 mT) in a
restraint-stressed animal model, based on changes in
different markers of oxidative damage. The results
indicated a significant increase in nitric oxide, MDA, and
advanced oxidation protein products, as well as a decrease
in superoxide dismutase, glutathione, and glycation end
products in the plasma of the restraint stress model. It was
proposed that exposure to weak-intensity static MFs could
offer a complementary therapy by attenuating oxidative
stress. The results of several studies align with the
findings of the present research, which indicate the
oxidative effects of alternating MFs. The results of our
study emphasized the oxidative effects of EMF and
aluminum chloride on male Wistar rats and the protective
antioxidant properties of the aqueous extract of Myrtus
Communis leaves.
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