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Oxidative and antioxidative responses in submandibular and parotid glands of rats

exposed to long-term extremely low frequency magnetic field

Uzun siireli oldukga diisiik frekansl manyetik alanin submandibular ve parotis bezlerinde

olusturdugu oksidatif ve antioksidatif yanit

Mehmet Akdag?, Mehmet Ziilkiif Akdag?, Siileyman Dasdag?, Ozcan Erel®

ABSTRACT

Objective: Some epidemiologic and laboratory studies
have suggested a possible associations between expo-
sure to extremely low frequency magnetic field (ELF-MF)
and cancer. However, it is not known underlying mecha-
nisms of this interaction. The aim of the study was to in-
vestigate the possible oxidative damage induced by long-
term ELF-MF exposure on submandibular and parotid
glands of rats.

Methods: Rats in the experimental group were exposed
to 100 and 500 pT ELF-MF (2 h/day, 7 days/week, for
10 months) corresponding to exposure levels that are
considered safe for humans. The same experimental
procedures were applied to the sham group, but the ELF
generator was turned off. The levels of catalase (CAT),
malondialdehyde (MDA), myeloperoxidase (MPO), total
antioxidative capacity (TAC), total oxidant status (TOS),
and oxidative stress index (OSI) were measured in rat
submandibular and parotid gland.

Results: Although some oxidative and antioxidative pa-
rameters of submandibular gland were altered by ELF-
100 and ELF-500 exposure groups, these changes were
not statistically significant (p >0.05). However, a decrease
observed in CAT levels of parotid gland in both the ELF-
100 and ELF-500 exposure groups (p<0.05, p<0.01). No
significant alterations was found in other endpoints relat-
ed to parotid gland (p>0.05).

Conclusion: Our results showed that long-term ELF-MF
exposure did not alter oxidative, antioxidative processes
and lipid peroxidation in submandibular gland of rats.
However, 100 pT and 500 pT ELF-MF exposure de-
creased CAT activity in parotid gland. J Clin Exp Invest
2014; 5 (2): 219-225
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OZET

Amag: Bazi epidemiyolojik ve laboratuar galismalar ol-
dukga dusuk frekansli manyetik alan ile kanser arasin-
da iligki oldugunu ileri sirmektedir. Ancak bu etkilesimin
altinda yatan mekanizma tam olarak bilinmemektedir.
Calismamizin amaci ratlardaki submandibular ve paro-
tis bezleri Gzerindeki uzun sureli oldukga dusuk frekansli
manyetik alanin oksidatif ve antioksidatif etkilerini aras-
tirmaktir.

Yontemler: Ratlar; calisma dizenegi olarak ginde 2
saat, yedi giin ve 10 ay boyunca insanlar icin guivenli ka-
bul edilen 100 ve 500 pT’ ik manyetik alana maruz bira-
kildi. Ayni prosedir sham konrol grubuna uygulandi, fakat
manyetik alan jeneratéru kapali tutuldu. Calismanin bittigi
10. ay’dan sonra katalaz, malondilaldehit, myeloperok-
sidaz, total antioksidan kapasite, total oksidan status ve
oksidatif stres indeks parametreleri 6l¢ildi.

Bulgular: ELF-100 ve ELF-500 uygulama grubunda bu-
lunan ratlarin submandibular dokusunun bazi oksidatif
ve antioksidatif parametrelerinde degisiklik olmakla bir-
likte, bu degisiklikler istatistiksel olarak anlamh degildi
(p>0.05). Ancak hem ELF-100 ve hem de ELF-500 uy-
gulama grubunda bulunan ratlarin parotis bezlerinin kata-
laz diizeyinde anlamli azalma goézlendi (p<0.05, p<0.01).
Parotisle ilgili diger degiskenlerde anlamli degisiklik g6z-
lenmedi (p>0.05).

Sonug: Sonug olarak, uzun sureli oldukga diisuk frekans-
Il manyetik alanin submandibular glandin oksidatif, anti
oksidatif stiregleri ve lipit peroksidasyon diizeylerini de-
gistirmedigi gozlendi. Ancak 100 ve 500 pT’hk uzun sureli
manyetik alan uygulamasinin parotis bezinin katalaz akti-
vitesinde azalmaya neden oldu.

Anahtar kelimeler: Oldukga disuk frekansli manyetik
alan, oksidatif stres, antioksidan enzim, submandibular
bez, parotis bezi
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INTRODUCTION

Since the distribution of electricity and increasing
use of electric and electronic appliances, which
emit Extremely Low Frequency Magnetic Field
(ELF-MF), the number of humans exposed to ELF
electromagnetic fields has increased during the last
century in the worldwide [1]. Therefore, questions
have been raised ELF-EMF can produce adverse
health outcomes since the late 1970s. Several epi-
demiologic and laboratory studies have suggested
a possible associations between ELF-MF exposure
and certain type of cancer, particularly leukemia
and brain cancer [2,3]. Extremely Low Frequency
Magnetic Field have also been classified as being
possibly carcinogenic to humans in group 2B by the
International Agency Research on Cancer (IARC)
reports [4], based on data pooled from epidemio-
logical studies by Ahlbom et al.[5] and Greenland
et al.[6], that show the risk of childhood leukemia
doubles with exposure to ELF-MF. There are lots
of studies try to detect biological effects of ELF-MF
in vivo and in vitro. However, the molecular mecha-
nism, which ELF-MF can effect on living system, is
still unclear.

One of the proposed interaction mechanisms
between ELF-MF and cells is the radical pair mech-
anism which static and ELF magnetic fields can
affect the chemistry of individual molecules [7-11].
This interaction mechanism involves a specific type
of chemical reaction: the recombination of a pair of
short-lived, reactive free radicals generated either
from a single molecule or from two molecules by
intermolecular electron or hydrogen atom transfer
[12]. The effect of an applied magnetic field de-
pends upon its interaction with the spin of unpaired
electrons of the radicals. Importantly, this effect may
constitute a mechanism for the biological effects of
very weak fields [13,14]. Free radicals are a chemi-
cal species formed during many metabolic pro-
cesses and thought to contribute to various disease
states such as neurodegenerative disease [12].
Most cells contain a variety of radical scavengers
such as glutathione peroxidase that provide anti-
oxidant defense mechanisms. If these are depleted,
for example from exposure to an agent that gener-
ates excess reactive oxygen species (ROS), tissue
damage may occur [12].

Several studies were performed to test whether
ELF magnetic field can modulate oxidative stress
and antioxidant systems in tissues by measuring
free radical levels and antioxidant enzyme activi-
ties, respectively [15,16]. According to their results,

Falone et al. 17 suggest that the exposure to ELF-
MFs may act as a risk factor for the occurrence of
oxidative stress-based nervous system pathologies
associated with ageing. Chu et al. [18] investigated
whether extremely low frequency magnetic field
(ELF-MF) induces lipid peroxidation and reactive
oxygen species in mouse cerebellum. They indicate
that ELF-MF may induce oxidative stress in mouse
cerebellum [18]. Ciejka et al. [19] have shown that
ELF-MF applied for 30 min/day for 10 days can af-
fect free radical generation in the brain. They also
suggested that the effect of ELF-MF irradiation on
oxidative stress parameters depends on the time of
animal exposure to magnetic field. Cui. et al. [20]
found that ELF-MF exposure (1 mT, 50 Hz) induced
serious oxidative stress in the hippocampus and
striatum and impaired hippocampal-dependent spa-
tial learning and striatum-dependent habit learning.
There are several studies in relation to the effect
of ELF-MF on ROS production and oxidative dam-
age of brain tissue. However, no studies have been
found to investigate oxidative damage induced by
long-term ELF-MF exposure on salivary glands.
Since the lack of studies, we don’t know whether
long-term ELF-MF exposure can effect on oxidative
and antioxidative processes of submandibular and
parotid glands in rats. The underlying mechanisms
of oxidative and antioxidative events induced by
ELF-MF in the salivary glands is still unclear. There-
fore, in the present study, we investigated the pos-
sible oxidative damage induced by long-term ELF-
MF exposure on submandibular and parotid glands
of rats.

METHODS

Subjects and animal care

The experiments were performed on 30 male
Sprague-Dawley rats obtained from Medical Sci-
ence Application and Research Center of Dicle
University. Experimental protocols were approved
by the local ethics committee. The rats (4 months
of age and weighing 339.10+36.95 g) were kept
in 14/10 h light/dark environment at constant tem-
perature of 22+3°C, 45+10% humidity and received
standard laboratory food (TAVAS Inc, Adana, Tur-
key) and tap water ad libitum.

Rats were assigned into three groups (sham
group, n: 10 and two experimental groups: n: 10 for
each group). Rats in the experimental groups were
randomly divided into two groups named as ELF
100 and ELF 500 exposure groups, respectively.
The first experimental group rats were exposed to
100 pT while second experimental group exposed

J Clin Exp Invest

www.jceionline.org

Vol 5, No 2, June 2014



Akdag et al. Oxidation in salivary glands of rats exposed to magnetic field

221

to 500 uT ELF-MF for 2 h/day (7 days in a week)
during 10 months in a Plexiglas cage. For the sham
group, the similar experimental procedure was ap-
plied to the rats which are kept in a Plexiglas cage
identical to that for the exposed group and the ELF-
MF generator was turned off. This cage was main-
tained within a Helmholtz coil and inside a Faraday
cage during the experiment

Magnetic field generation and exposure of rat

The magnetic field strength used in present study
is within the limits contained in occupational and
public environment Magnetic Field ( MF) expo-
sure guideline standards and it exists in both the
public and the occupational environments [21].
The MF was generated by using a pair of Helm-
holtz coils of 25 cm in diameter in a Faraday cage
(130%65%80 cm) that earthed shielding against the
electric component. This magnet was constructed
by winding 225 turns of insulated soft copper wire
with a diameter of 1.0 mm and coils were placed
horizontally facing each other. An AC current (0.12
A for 100 pT and 0.50 A for 500 uT, which yielded
50 Hz MF) was produced by an AC power supply
(DAYM, Ankara, Turkey) was passed through the
device. The MF intensities were measured once a
week as 100 uT and 500 uT in 15 different points
of methacrylate cage by using a digital teslameter
(Phywe, S/N; 209101074, Goéttingen, Germany) to
ensure homogeneity of the field during the course
of the experiment. All field measurements were per-
formed by persons who were unaware of the groups
so that the subsequent analysis could be performed
blind. The rats were kept freely moving in methac-
rylate cage inside the coils. After 10 months of MF
exposure, the study was terminated. Immediately
after the last exposure, rats were euthanized un-
der ketamine anesthesia (100 mg/kg, intramuscu-
larly). The submandibular and parotid glands were
removed for CAT, MDA, TAC, TOS, OSI, and MPO
measurements.

Tissue sampling and homogenization

Before biochemical assays, all submandibular
and parotid tissues were weighed, then they were
placed in empty glass tubes. Ten milliliters of 140
mM KCI solution/gram of tissue were added to each
tubes and all tissue were then homogenized in a
motor-driven homogenizer. The homogenates were
centrifuged at 2,800xg for 10 min at 4°C and the su-
pernatant obtained were used for the measurement
of CAT, MDA, TAC TOS, OSI, MPO levels. Homog-
enized all tissues were placed in labeled vials and

stored in deep-freezer at —80°C. Microprotein level
was measured by the method of Lowry et al [22].

The determination of myeloperoxidase

The method described by Wei and Frenkel [23] was
used for the tissue MPO activity assay [23], which is
a lysosomal oxidative enzyme that is found in white
blood cells, and data are expressed as units per
gram protein.

Measurement of total antioxidative capacity

The TAC levels of all tissues were measured us-
ing a novel automated colorimetric measurement
method developed by Erel [24,25].

Measurement of total oxidant status

TOS levels of all tissues were determined using a
novel automated measurement method, developed
by Erel [26]. In this method, oxidants present in the
sample oxidize the ferrous ion-o-dianisidine com-
plex to ferric ion. The oxidation reaction is enhanced
by glycerol molecules, which are abundantly pres-
ent in the reaction medium. The ferric ion makes
a colored complex with xylenol orange in an acidic
medium. The color intensity, which can be mea-
sured spectrophotometrically, is related to the total
amount of oxidant molecules present in the sample.
The assay is calibrated with hydrogen peroxide,
and the results are expressed in terms of micromo-
lar hydrogen peroxide equivalent per gram protein
(micromoles H,O, equivalents per gram protein).

Oxidative stress index

The percent ratio of the TOS to the TAC gave the
OSlI, an indicator of the degree of oxidative stress
(15). The OSI value was calculated as the formula:
OSI=[(TOS; micromoles H,O, equivalents per gram
protein)/(TAC; micromoles Trolox equivalents per
gram protein)]

Determination of catalase activity

CAT activity in supernatant of tissues was assayed
by a method described by Goth 27. From the ho-
mogenate, 0.2 mL homogenate was incubated in
1.0 mL substrate (65 umol per H,O, in 60 mmol/L
sodium-potassium phosphate buffer, pH 7.4) at
37°C for 60 s. The enzymatic reaction was stopped
with 1.0 mL of 32.4 mmol/L ammonium molybdate
((NH,)6Mo0,0,,*4H.,0), and the yellow complex
of molybdate and H,O, was measured at 405 nm
against blank 3. Homogenate CAT activity is linear
up to100 kU/L. If the CAT activity exceeded 100
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kU/L, the homogenate was diluted with the phos-
phate buffer (two- to tenfold), and the assay was
repeated. One unit of CAT decomposes 1 ymol of
H,O,/L min under these conditions. Results were
expressed as kilounits per gram protein which was
calculated as follows:

CAT kU/g protein= A(sample)-A(blank 1)/A
(blank 2)-A(blank 3).271

Determination of malondialdehyde levels

Lipid peroxidation of all tissues was evaluated by
the fluorometric method based on the reaction be-
tween MDA and thiobarbituric acid[28]. Briefly, 50
ML of supernatant of tissues was added to 1 mL
of 10 mmol/L diethylthiobarbituric acid reagent in
a phosphate buffer (0.1 mol/L, pH 3). The mixture
was mixed for 5 s and incubated for 60 min at 95°C.
Samples were placed on ice for 5 min, and then 5
mL of butanol was added. The mixture was shaken
for 1 min to extract the MDA adduct and then cen-
trifuged at 1500%g for 10 min at 4°C. Fluorescence
of the butanol extract was measured at an excita-
tion wavelength of 539 and emission wavelength of
553. 1,1,3,3 Tetraethoxypropane was used as the
Standard solution, and the values were presented
as micromoles per gram protein.

Statistical analysis

Means values and standard deviations were calcu-
lated, and statistical significance of the differences
between exposed samples and controls was evalu-
ated. A computer program (SPSS 10.0, SPSS Inc.,
Chicago, IL, USA) were used for statistical analy-
sis. Data were analyzed by Kruskal-Wallis one-way
analysis of variance (ANOVA) on ranks and post
hoc multiple comparison tests using a Tukey’s Hon-
estly Significant Difference (HSD). All hypothesis
tests used a criterion level of p=0.05.

RESULTS

The results of oxidative and antioxidative param-
eters in rats’ submandibular and parotid glands,
which were exposed to long-term 100 and 500 pT
ELF-MF, were shown on table 1 and 2.

Although some oxidative and antioxidative pa-
rameters of submandibular gland were altered by
ELF-100 and ELF-500 exposure, these changes
were not statistically significant ( p >0.05) (Table
1). However, the statistically significant decrease in
CAT levels of parotid gland was found in both the
ELF-100 and ELF-500 exposure groups (p<0.05,
p<0.01) (Table 2). No significant alterations was
found in the other endpoints related to parotid gland
(p>0.05) (Table 2).

Table 1. The concentrations

¢ sub dibul and Parameters Sham ELF-100 ELF-500
of submandibular gland my- -

eloperoxidase (MPO), cata- CAT (kU/gr protein) 103.5£22.3 83.5+6.2 153.7£115.4
lase (CAT), malondialdehyde MPO (U/gr protein) 1.97+1.04 2.23+1.67 5.6046.27
(MDA), (tTOAacl )antiOﬁidantdca- MDA (umol/gr protein) 3.988+1.432 4.433+4.322 5.349+4.134
pacity , total oxidant . .

status (TOS) and oxidative TOS (umol H,O, equiv/gr protein) ~ 6.425+1.710 6.773+5.186 8.473+5.480
stress index (OSIl) in rats TAC (pumolTroloxEqv./gr protein) 6.685+1.871 7.561+1.796 9.480+6.292
in the exposed and sham 0SlI (AU) 1.058+0.459  1.063£1.048  1.194%1.050

groups

No significant difference was found between the groups (p>0.05). The values repre-
sent mean + SD, Arbitrary units (AU).

T?ble 'f-d TTe goncelr‘tratiOHS Parameters Sham ELF-100 ELF-500
of parotid gland myeloperoxi- , ; -

dase (MPO), catalase (CAT), CAT (kU/gr protein) 124.2+18.9 100.749.8 100.0+12.9
malondialdehyde (MDA), MPO (U/gr protein) 6.747+5.272 5.167+2.669 6.948+3.385
zotalc) antioxidant  capacity MDA (umol/gr protein) 3.427+1.166 2.771+0.506 3.281+1.625
TAC), total oxidant status . .

(TOS) and oxidative stress TOS (umolH,0, equiv/gr protein) 6.591+2.135 5.292+0.755 5.854+3.576
index (OSI) in rats in the ex- TAC (pmolTroloxEqv./gr protein) 7.071£4.367 7.693+3.761 7.725+3.054
posed and sham groups. OSI (AU) 1.356£0.915 0.843+0.385 1.034+1.159

The statistically significant decrease in CAT levels of parotid gland was found both
the ELF-100 exposure group and ELF-500 exposure group in comparison to sham
group respectively (a=Statistically significant, compares sham group (p<0.05).
a*=Statistically significant, compares sham group (p<0.01)). The values represent
mean + SD, Arbitrary units (AU).
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DISCUSSION

In the present study, it was indicated that long term
ELF-MF exposure, which is below exposure limits
for public and occupational safety as determined by
International Commission on Non lonizing Radia-
tion Protection (ICNIRP) [21], could not affect oxida-
tive and antioxidative parameters on submandibular
gland of rats. Whereas, 100 and 500 pT ELF expo-
sure altered the catalase activity of parotid gland.
On the other hand, no significant differences were
found in relation to the other parameters, which was
presented in this study, on parotid gland of rats.

Salivary glands are responsible, to a large
extent, for maintaining soft and hard oral tissue
homeostasis by the secretion of saliva. Salivary
glands also play an important role in metabolism,
digestion, oral and systemic health by regulating,
and maintaining the integrity of the oral hard and
soft tissues, and even in the humoral immunity by
IgA secretion [29-31]. The biological mechanism
of the impairment of salivary gland function has
been studied, [32-33] but the details are not yet
understood. ROS are involved in the impairment of
salivary gland function due to aging, inflammation,
drugs, and ionising irradiation [34-37]. However, we
don’t know whether long-term ELF-MF exposure
can induce ROS on salivary glands such as parotid
and submandibular gland. In order to explore this
interaction mechanisms, we intend to do the pres-
ent study.

The role of reactive oxygen species (ROS) have
been implicated in tissue injury. At the cellular level,
lipids, proteins, carbohydrates, and nucleic acids
may be damaged by reactions with ROS [38]. More-
over, the increase of the concentration of ROS may
cause to functional and morphological disturbances
in the cell through the oxidative stress leading to
reversible or irreversible tissue injury, e.g., DNA
damage [38]. It is suggested that MF can prolong
the life of free radical species and change some en-
zyme activities [39]. In our study, we observed that
long-term ELF-MF exposure could not alter oxida-
tive and antioxidative parameters on submandibular
glands. However, we found that long-term 100 and
500 puT ELF-MF exposure can decrease catalase
activity, which was one of bioindicator in antioxida-
tion, on parotid gland. We also determined differ-
ent response in two different salivary glands after
ELF-MF exposure in relation to oxidative and anti-
oxidative parameters. It is possible that these differ-
ent response may be due to metabolic differences
between the two glands, while the metabolism of

parotid glands is predominantly aerobic, the me-
tabolism of submandibular glands is predominantly
anaerobic [40]. In view of this differences in metabo-
lism, probably the parotid glands are more sensitive
the action of the generated ROS than the subman-
dibular glands.

Catalase is a common enzyme found in nearly
all living organisms exposed to oxygen. It catalyzes
the decomposition of hydrogen peroxide to water
and oxygen [41]. It is also very important enzyme
in protecting the cell from oxidative damage by re-
active oxygen species (ROS). Furthermore, cata-
lase has one of the highest turnover numbers of all
enzymes; one catalase molecule can convert mil-
lions of molecules of hydrogen peroxide to water
and oxygen each second [41]. Because of catalase
enzyme activity is one of the important enzyme to
show antioxidative activity, catalase activity has
been used in biological studies to explore antioxi-
dative changes after physicochemical exposures.
There are some studies, which is investigated the
effect of ELF-MF on catalase enzyme activity. For
example, Kula et al. [42] stated that ELF magnetic
field (0.018 T, for 20 days, 2 h a day) increased sig-
nificantly catalase activity in the liver and kidney of
rats. Regoli et al. [43] reported that catalase activity
decreased at in the land snail Helix aspersa after
50 uT ELF-MF exposure intensity up to 2 months.
Falone et al.[17] demonstrated that 50 Hz, 100 pT
MF exposure (for 10 days) did not affect catalase
levels in brain cortices of youg rats. However, they
reported that this exposure procedure reduced on
catalase activity in brain cortices of aged rats [17].
Amara et al. [44] also determined that the exposure
of rats to static magnetic field (128mT, 1 h/day dur-
ing 30 consecutive days) decreased the activities
of glutathione peroxidase (GPx), catalase (CAT)
and the superoxide dismutase (SOD) in liver and
kidney. Martinez-Samano et al. [45] reported no
significant differences in CAT activity of rat’s liver,
heart, kidney and plasma after 2h ELF-MF (60 Hz,
2.4 mT). Sahebjamei et al. [46] reported that the ac-
tivity of the catalase (CAT) of suspension-cultured
tobacco cells was decreased by MF, compared with
those of the control cells. In our previous study, we
determined that CAT activity decreased in brain of
rats, which was exposed to long-term ELF-MF [47].
However, in a recently published our study, it was
concluded that long-term ELF-MF exposure did not
affect oxidative or antioxidative processes including
catalase activity, lipid peroxidation,or reproductive
components such as sperm count and morphology
in testes tissue of rats [48]. Duan et al. [49] reported
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that catalase activity decreased significantly after
ELF-MF exposure (50 Hz, 8 mT, 28 days) in the hip-
pocampus and serum of mice. In the present study,
it was determined that long-term ELF-MF exposure
could cause decrease in CAT activity of parotid
gland. However, it was demonstrated no significant
differences in regarding to oxidative and antioxida-
tive processes in submandibular gland and parot-
id gland except CAT activity. These results are in
agreement with some studies, which reported that
ELF-MF exposure can cause decrease CAT activity
[17,43, 44, 46, 47,49]. However, some studies dem-
onstrated that CAT activity increased or not altered
after ELF-MF exposure, and oxidative/antioxidative
processes were affected by ELF-MF. A possible rea-
son for the inconsistencies between present study
and other studies may be due to different experi-
mental conditions. Exposure parameters such as
frequency, waveform, intensity, duration and timing
of MF exposure have generally not been controlled
in the experiments and may be a cause for the in-
consistent results [50].

CONCLUSIONS

We showed that long-term ELF-MF exposure did
not affect oxidative, antioxidative processes and
lipid peroxidation in submandibular gland of rats.
However, 100 uT and 500 uT ELF-MF exposure
could decrease only CAT activity and not alter other
endpoints. Additionally, we can state that subman-
dibular and parotid glands reacted differently to 100
and 500 microTesla ELF-MF.

REFERENCES

1. Repacholi MH, Greenebaum B. Interaction of static
and extremely low frequency electric and magnetic
fields with living systems: health effects and research
needs. Bioelectromagnetics 1999;20:133-160.

2. Kheifets L, Monroe J, Vergara X, et al. Occupational
electromagnetic fields and leukemia and brain cancer:
An update to two meta-analyses. J Occup Environ
Med 2008;50:677-688.

3. O’ Carroll MJ, Henshaw DL. Aggregating epidemiologi-
cal evidence: Comparing two seminal EMF reviews.
Risk Analysis 2008;28:225-234.

4. International Agency Research on Cancer (IARC):
Monographs of the evaluation of carcinogenic risks
to humans. Non-ionizing radiation, Part 1: Static and
extremely low-frequency (ELF) electric and magnetic
fields. 2002,Vol.80. Lyon, France: IARC. pp 331-338.

5. Ahlbom A, Day N, Feychting M, et al. A pooled analy-
sis of magnetic fields and childhood leukaemia. Brit J
Cancer 2000;83:692-698.

6. Greenland S, Sheppard AR, Kaune WT, et al. A pooled
analysis of magnetic fi elds, wire codes and childhood
leukaemia. Epidemiology 2000;11:624-634.

7. Brocklehurst B, McLauchlan KA. Free radical mecha-
nism for the effects of environmental electromag-
netic fields on biological systems. Int J Radiat Biol
1996;69:3-24.

8. Eveson RW, Timmel CR, Brocklehurst B, et al. The ef-
fects of weak magnetic fields on radical recombination
reactions in micelles. Int J Radiat Biol 2000;76:1509-
1522.

9. Grissom CB. Magnetic field effects in biology: A survey
of possible mechanisms with emphasis on radical-pair
recombination. Chem Rev 1995;95:3-24.

10. MclLauchlan K. Are environmental magnetic fields
dangerous? Phys World 1992;5:41-45.

11. Steiner UE, Ulrich T. Magnetic field effects in chemi-
cal kinetics and related phenomena. Chem Rev
1989;89:51-147.

12. World Health Organization (WHO). Extremely low fre-
quency fields. Environmental health criteria 238,2007,
Spain: WHO. pp 97-115.

13. Adair RK. Effects of very weak magnetic fields
on radical pair reformation. Bioelectromagnetics
1999;20:255-263.

14. Timmel CR, Till U, Brocklehurst B, et al. Effects of
weak magnetic fields on free radical recombination
reactions. Mol Phys 1998;95:71-89.

15. Guler G, Seyhan N and Aricioglu A. Effects of Static
and 50 Hz Alternating Electric Fields on Superoxide
Dismutase Activity and TBARS Levels in Guinea Pigs.
Gen. Physiol. Biophys 2006;25:177-193.

16. Erdal N, Gurgul S, Tamer L, and Ayaz L. Effect of
Long therm Exposure of Extremely Low frequency
Magnetic Field on Oxidative/Nitrosative stres in Liver.
J Radiat Res 2008;49:181-187.

17. Falone S, Mirabilio A, Carbone MC, et al. Chronic ex-
posure to 50Hz magnetic fields causes a significant
weakening of antioxidant defence systems in aged rat
brain. Int J Biochem Cell Biol 2008,40,2762-2770.

18. ChulY, Lee JH, Nam YS, et al. Extremely low frequen-
cy magnetic field induces oxidative stress in mouse
cerebellum. Gen Physiol Biophys 2011;30:415-421.

19. Ciejka E, Kleniewska P, Skibska B, Goraca A. Effects
of extremely low frequency magnetic field on oxida-
tive balance in brain of rats. J Physiol Pharmacol
2011;62:657-661.

20. Cui Y, Ge Z, Rizak JD, et al. Deficits in water maze
performance and oxidative stress in the hippocam-
pus and striatum induced by extremely low frequency
magnetic field exposure. PLoS One 2012;7: €32196.
10.1371/journal.pone.0032196.

21. International Commission on Non lonizing Radiation
Protection (ICNIRP): Guidelines for limiting exposure
to time-varying electric and magnetic fi elds (1 Hz-100
kHz). Health Physics 2010;99:818-836.

J Clin Exp Invest

www.jceionline.org

Vol 5, No 2, June 2014



Akdag et al. Oxidation in salivary glands of rats exposed to magnetic field

225

22. Lowry OH, Rosebrough NL, Farr AL, Randall RF. Pro-
tein measurement with the Folin phenol reagent. J
Biol Chem 1951;193:265-275

23. Wei H, Frenkel K: Relationship of oxidative events
and DNA oxidation in SENCAR mice to in vivo pro-
moting activity of phorbol ester-type tumor promoters.
Carcinogenesis 1993;14:1195-1201.

24. Erel O. A novel automated method to measure total
antioxidant response against potent free radical reac-
tions. Clin Biochem 2004;37:112-119.

25. Erel O. A novel automated direct measurement meth-
od for total antioxidant capacity using a new genera-
tion, more stable ABTS radical cation. Clin Biochem
2004;37:277-285.

26. Erel O. A new automated -colorimetric meth-
od for measuring total oxidant status. Clin Bio-
chem?2005;38:1103-1111.

27. Goth L. A simple method for determination of serum
catalase activity and revision of reference range. Clin
Chim Acta 1991;196:143-152.

28. Conti M, Morand PC, Levillain P, Lemonnier A: Im-
proved fluorimetric determination of malondialdehyde.
Clin Chem 1991;37:1273-1275.

29. Brigagao MRPL, Colepicolo P. Oscillations in super-
oxide anion release by polymorphonuclear leuko-
cytes and its inhibition by saliva. Biol Rhythm Res
1996;27:261-268.

30. Nagler RM, Kitrossky N, Chevion M. Antioxidant ac-
tivity of rat parotid saliva. Arch Oto Head Neck Surg
1997;123:989-993.

31. Brigagao MRPL, Colepicolo P: Activation of neutro-
phils is daily inhibited by saliva. Biol Rhythm Res
1998;29:598-605.

32. Nikolov NP, lllei GG. Pathogenesis of Sjogren’s syn-
drome. Curr Opin Rheumatol 2009;21:465-70.

33. Limesand KH, Said S, Anderson SM. Suppression of
radiation-induced salivary gland dysfunction by IGF-1.
PLoSOne 2009;4:e4663.

34. Salvolini E, Martarelli D, Di Giorgio R, et al. Age-relat-
ed modifications in human unstimulated whole saliva:
a biochemical study. Aging 2000;12:445-448.

35. Nagler RM, Salameh F, Reznick AZ, et al. Salivary
gland involvement in rheumatoid arthritis and its re-
lationship to induced oxidative stress. Rheumatology
2003;42:1234-1241.

36. Abdollahi M, Fooladian F, Emami B, et al. Protection
by sildenafil and theophylline of lead acetate-induced
oxidative stress in rat submandibular gland and sa-
liva. Hum Exp Toxicol 2003;22:587-592.

37. de la Cal C, Lomniczi A, Mohn CE, et al. Decrease
in salivary secretion by radiation mediated by nitric
oxide and prostaglandins. Neuroimmunomodulation
2006;13:19-27.

38. Jajte J, Grzegorczyk, Zmyslony M, Rajkowska E. Ef-
fect of 7 mT static magnetic field and iron ions on rat
lymphocytes: apoptosis, necrosis and free radical pro-
cesses. Bioelectrochemistry 2002;57:107-111.

39. Yoshikawa T, Tanigawa M, Tanigawa T, et al. Enhance-
ment of nitric oxide generation by low frequency elec-
tromagnetic field Pathophysiology 2000;7:131-135.

40. Nogueira FN, Carvalho AM, Yamaguti PM, Nicolau J.
Antioxidant parameters and lipid peroxidation in sali-
vary glands of streptozotocin-induced diabetic rats.
Clinica Chimica Acta 2005;353:133-139.

41. Chelikani P, Fita I, Loewen PC. “Diversity of struc-
tures and properties among catalases”. Cell Mol Life
Sci 2004;61:192-208.

42. Kula B, Sobczak A, and Rafat Kuska R. Effects of stat-
ic and ELF magnetic fields on free-radical processes
in rat liver and kidney. Electro- and Magnetobiology
2000;19:99-105.

43. Regoli F, Gorbi S, Machella N, et al. Pro-oxidant ef-
fects of extremely low frequency electromagnetic
fields in the land snail Helix aspersa. Free Radical Bi-
ology and Medicine 2005:39:1620-1628.

44. Amaraa S, Abdelmelek H, Garrel C, et al.: Zinc
supplementation ameliorates static magnetic field-
induced oxidative stress in rat tissues. Environ Toxicol
Pharmacol 2007;23:193-197.

45. Martinez-Samano J, Torres-Duran PV, et al. Effects of
acute electromagnetic field exposure and movement
restraint on antioxidant system in liver, heart, kidney
and plasma of Wistar rats: a preliminary report. Int J
Radiat Biol 2010;86:1088-1094.

46. Sahebjamei H, Abdolmaleki P, Ghanati F. Effects of
magnetic field on the antioxidant enzyme activities of
suspension-cultured tobacco cells. Bioelectromagnet-
ics 2007;28:42-47.

47. Akdag MZ, Dasdag S, Ulukaya E, et al. Effects of Ex-
tremely Low-Frequency Magnetic Field on Caspase
Activities and Oxidative Stress Values in Rat Brain,
Biol Trace Elem Res 2010;138:238-249.

48. Akdag MZ, Dasdag S, Uzunlar AK, et al.: Can safe
and long-term exposure to extremely low frequency
(50 Hz) magnetic fields affect apoptosis, reproduction,
and oxidative stres? Int J Radiation Biol 2013;89:1053-
1060.

49. Duan YQ, Wang ZG, Zhang HH, et al. The preventive
effect of lotus seedpod procyanidins on cognitive im-
pairment and oxidative damage induced by extremely
low frequency electromagnetic field exposure. Food
Function 2013;4:1252-1256.

50. Valberg PA. Designing EMF experiments: What is re-
quired to characterize exposure? Bioelectromagnet-
ics 1995;16:396-401.

J Clin Exp Invest

www.jceionline.org

Vol 5, No 2, June 2014



