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Abstract

In this study we aimed to investigate the possible effects of 900 MHz GSM Radiofrequency
radiations (RFRs) on ghrelin, irisin and nesfatin-1 in the blood, brain and adipose tissues of healthy
and diabetic rats by using oxidative stres parameters. Twenty-four Wistar albino rats, each
weighing approximately 230 g, were divided into four main groups: Sham (n:6), RF (n:6), Diabetes
sham (n:6) and RF+Diabetes (n:6). While the rats in the experimental groups were exposed to 900
RFR for two hours a day, the rats in the sham group were kept under the same experimental
conditions but with the RF generator turned off. TAS (Total antioxidant), TOS (Total oxidant), H-O-
(hydrogen peroxide), insulin, ghrelin, nesfati-1, irisin levels in the blood, brain and adipose were
determined. 900 MHz RFR significantly decreased TAS level in brain and adipose tissue of diabetic
rats. It caused an increase in TOS levels in the brain and adipose of rats.

It caused an increase in H20: levels in diabetic rats, a significant increase in irisin level in the
brain of diabetic rats, and a decrease in ghrelin levels in the brain and adipose of diabetic rats. It
caused a decrease in nesfatin-1 levels in the blood and adipose of diabetic rats. A decrease was
observed in the blood insulin level of rats after RFR exposure. It was determined that 900 MHz
RFRs caused changes in the redox balance in blood, brain and adipose tissue in diabetic and

healthy rats, leading to disturbances in energy metabolism.
Experimental article (J Int Dent Med Res 2022; 15(1):441-447)
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Introduction

With the developments in technology,
mobile phones have become one of the
indispensable tools of daily life. GSM modulated
radiofrequency radiation (RFR) is used for image
and sound transmission in mobile phones. The
effects of these tools, which are used by people
of all ages, on human health cause public
concern. Especially in recent years, research on
the effects of RFRs on health has increased. The
results of the research also correlated RFRs with
the changes in the incidence and prognosis of
many diseases, especially brain tumors.

It was determined that long-term RFR
exposure to pregnant women may cause some
biochemical changes in their cord blood taken at
birth '. It was reported that RFR causes changes
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in blood sugar and insulin levels 3. It was found
that 900 MHz RF emitted from mobile phones (3
to 6 hours a day for 7 days) can cause damage
to Langerhans islet cells, but not alter insulin
secretion *. Moreover, in another study, it was
revealed that having a higher prevalence HbA1c
and type 2 diabetes mellitus in students exposed
to high RF (925 MHz, 9,601 nW/cm?, 6 hours per
day) was significantly higher compared to the
students exposed to low RF (925 MHz, 1.909
nW/cm?, 6 hours per day) °. Altpeter et al. (1995)
indicated that in Schwarzenberg, Switzerland, the
incidence of diabetes in the population living
within a radius close to a shortwave transmitter
was higher compared to a population living far
from the shortwave transmitter °. Although it was
determined that long-term exposure to very low
frequency electromagnetic fields may be
associated with biological effects such as
increased pancreatic islet size and decreased
glucose level 7, limited studies were conducted
on the effects of exposure to RFR used in mobile
communications such as 900 MHz °. Due to the
increase in electromagnetic pollution and its
ubiquitous nature, it is thought to be a factor of
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the increased incidence of diabetes 8. The results
obtained are impressive and they require further
research. Stimulation of stress proteins by very
low frequency or RF electromagnetic fields may
explain the increases in glucose, but there are
many ways electromagnetic fields can undermine
our health that are currently unexplored °.
However, the most prominent of these ways is
the increase in free radicals or the weakening of
the antioxidant defense systems.

We can say that exposure to RFR leads
to excessive ROS production in living cells by
looking at the results of previous studies °. Free
radicals can cause harmful effects through direct

damage due to oxidation of biological
macromolecules ''. ROS is an intrinsic part of
cellular signaling cascades. For example,

hydrogen peroxide functions as a second
messenger in both insulin signaling and growth
factor-induced signaling cascades '. So, these
free radicals are also required for some
metabolic processes '*. The peripheral peptide,
which was identified as an appetite enhancer in
mammals, is the ghrelin hormone ™. Ghrelin is a
stomach-derived hormone that affects various
processes related to eating, body weight and
blood sugar regulation as well as stimulating the
secretion of growth hormone . It was reported
that ghrelin can inhibit or stimulate insulin
secretion in humans and rats by depending on
the experimental conditions '°.

Recent studies have shown that Nesfatin-
1 has a regulatory role in glucose homeostasis "'.
It was reported in the literature that Nesfatin-1
reduces food intake and regulates energy
homeostasis '® '°. Data obtained from peripheral
administration of Nesfatin-1 to mice were found
to be similar to daily administration of
subcutaneous insulin to patients with diabetes %°.
The determination of Nesfatin-1, which has
antihyperglycemic and anorexigenic effects in
beta cells containing insulin, showed its
relationship with glucose metabolism.

Irisin, involved in energy homeostasis, is
a promising regulator of glucose metabolism #'.
Irisin contributes to normoglycemia through
functions in muscle, liver and adipose tissue. In
addition to skeletal and cardiac muscle, irisin has
also been detected in the brain (neurons and
neuroglia) 2.
In this study, we investigated the effect of RFR
on blood brain and adipose tissues, nesfatin-1,
ghrelin, irisin, blood sugar and insulin levels of

Effects of Mobile Phones on Diabetes and Appetite
Hava Bektas

healthy and diabetic rats,
production and redox balance.

through ROS

Materials and methods

This experimental study was carried out in
the Experimental Research and Application
Center of Van Yuzuncu Yil University. All stages
of the study were designed and performed
according to the guidelines of the Animal
Experiments Local Ethics Committee of Van

Yuzuncu il University  (Protocol No:
Date:2021/05-10).
Twenty-four Wistar albino rats were

divided into 4 main groups: Healthy Sham (n:6),
RF (n:6), Diabetes sham (n:6) and RF+Diabetes
(n:6). All rats were kept in a plexiglass carousel
for two hours a day for one month. While the rats
in the experimental groups were exposed to 900
RFR for two hours a day, the rats in the sham
group were kept under the same experimental
conditions but with the RF generator turned off.

Induction of experimental diabetes

Streptozotocin (STZ) is an antibiotic that
produces pancreatic islet B-cell destruction and is
widely used experimentally to produce a model of
type 1 diabetes mellitus (T1DM)?. To induce
experimental diabetes, the rats were fasted
overnight (groups 3 and 4) and then 45 mg/kg of
STZ was administered i.p. at a single dose.
Blood samples were taken from rats 72 hours
after STZ application for diabetes control. Blood
glucose levels were measured by a glucometer
(IME-DC). Blood glucose levels above 250 mg/dl
were considered diabetic %,

Exposure and field measurements

A GSM signal generator (900 PM10 type
Everest Comp., Adapazari, Turkey), which
produces 900 MHz band RF waveform identical
to the one in mobile phones was used in the
study to expose the rats. Emitted power
(omnidirectional on the plane perpendicular to
the antenna axis) of the generator was fixed
during the exposure. The antenna of the
generator was equivalent to that of a typical
mobile phone. The rats were confined in a
Plexiglas carousel and exposed to 900 MHz RF
exposure emitted from the generator. The
carousel was surrounded with electromagnetic
absorber material backed by metal to isolate
outdoor electromagnetic fields from the test set-
up during the study duration of one month.
Experimental set-up is illustrated in Figure 1.
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Power density and the electrical field were
measured by field probe TES 593 (Shenzhen,
Guangdong, P.R.C). The rats in the exposure
groups were exposed to RFR 2 h per day (5 days
a week) for one month. For the sham groups, the
rats were placed in the carousel and the same
procedure was applied to the rats except that the
generator was turned off, i.e., no RF signal was
present. The antenna of the generator was
placed at the center of the Plexiglas Carousel to
provide ideal exposure conditions. The distance
of the antenna from the head of the rats was 1
cm (Figure 1). All rats were kept under identical
conditions for one month with free access to food
and water.

Figure 1. Experimental setup.

Specific Absorption Rate Analysis

Simulation setup was created to match
the experimental setup as much as possible. The
applicator antenna, the Faraday cage, and the
rats were modeled in 3D electromagnetic field
solver wusing CST (CST AG, Darmstadt,
Germany).  Electromagnetic and thermal
modelling within the CST is based on a technique
called finite-integration technique which is a
combined method of integral and differential
solvers acting on space and time, respectively.
Using IEEE/IEC 62704-1 method whole body
SAR’s were calculated as 0.026 W/kg. SAR at
brain was calculated as 0.065 W/kg and 0.106
W/kg for 10g and 1g averaging, respectively.
Maximum SAR at blood was calculated as 0.051
W/kg and 0.087 W/kg for 10g and 1g averaging,
respectively. Rat voxel models and SAR

distribution for 1g averaging are displayed in Figs.

2A, 2B, and Fig 2C respectively.
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Figure 2. SAR distribution for 1 g averaging at
900 MHz, a) coronal cut, b) blood, c) brain.

Sample collection

At the end of experiment, after the cardiac
blood samples were obtained under ketamine
(Ketasol, Ricterphar Up, Vienna, Austria) and
bacillazine (Rompin, Istanbul, Turkey)
anesthesia, all rats were terminated. Blood
samples were centrifuged at 4500 rpm for a
period of 10 min.

Preparation of brain and adipose
tissues homogenates

At the end of treatment, the rats were
euthanized by cervical dislocation, and the
eyeballs were removed immediately for the
preparation of a homogenate. The lens tissues
were carefully washed, and their weights were
recorded. The 10% homogenate was prepared in
phosphate- buffered saline (PBS) and
centrifuged at 10.000xg for 10 min. The
supernatant was collected for further biochemical
assays.

ELISA Analyzes

Gherelin, nesfatin, irisin, insulin, TAS,
TOS and H20; concentrations in blood, brain and
adipose tissues were determined using the
sandwich Enzyme-Linked Immunosorbent Assay
(ELISA) method. This includes Nesfatin-1
(SunRed. Biological Technology Co., Ltd,,
Shanghai, China, Catalog No: 201-11-1426),
ghrelin (Sun Red Bio Biotech Co. Ltd Shanghai
Shanghond; Cat Number: 201-1-1650) irisin (Sun
Red Bio Biotech Co. Ltd Shanghai Shanghond;
Cat Number: 201-1-1713), total antioxidant status
(Sun Red Bio Biotech Co. Ltd Shanghai
Shanghond; Cat Number: 201-11-2672), total
oxidant status (Sun Red Bio Biotech Co. Ltd
Shanghai Shanghond; Cat Number: 201-1-1669),
H.O, (Sun Red Bio Biotech Co. Ltd Shanghai
Shanghond; Cat Number: 201-11-3366), insulin
(Sun Red Bio Biotech Co. Ltd.) Shanghai
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Shanghond; Cat  Number: 201-11-0708).
Precoated ELISA kits were made in accordance
with their protocols. All samples were measured
on a Biotek ELx800 device at a wavelength of
450nm.

Data Analysis

A computer program (SPSS 11.5, SPSS
Inc., Chicago, IL, USA) was used for statistical
analysis. Data were analyzed by Kruskal-Wallis
one-way analysis of variance (ANOVA) and
Benforroni corrected Mann—Whitney U-tests. The
number of specimens were low, which is why
nonparamentric tests, instead of parametric tests,
were used for comparisons. In all hypothesis
tests, a criterion level of p<0.05 was used.

Results
Blood P Weight( P
sugar o))
(mg/dL)
Healthy Sham (start) 101,5 042 2375 0.065
Healthy Sham (end) 93,5 3 261
Healthy RF (start) 107 022 2615 0.004
Healthy RF (end) 111 7 296
Diabetes Sham (start) 366 0.87 281,5 0.045
Diabetes Sham (end) 368 3 265
Diabetes RF (start) 321 041 278 0.109
Diabetes RF (end) 331 0 263

Table 1. Body weight and fasting blood sugars of
the experimental groups.

Healthy
Sham
(Group 1)
1538,636

Healthy + RF  Diabetes Sham Diabetes + RF P
(Group 2) (Group 3) (Group 4)

Ghrelin Blood 1533,383® 1370,145% 1354,136° 0.077

pg/ml Brain 3841,563*  3573,509° 3421,896% 3131,144° 0.023
Adipose  4602,16* 4436,067% 3867,801* 37873380 0.033
Nesfatin-1 _Blood 1467,560°  640,811° 445,620¢ 417,300¢ 0.001
ng/L Brain 1890,663*  1791,339* 1684,338¢ 1567,662¢ 0.258
Adipose  1440,122*  1358,171* 923,421% 835,530° 0.00
Irisin Blood 0,079 0,858 2,987% 3,123 0.232
ng/ml Brain 12,2732 12,2942 25,4830 25,647° 0.001
Adipose  14,845° 16,0482 17,0552 17,465 0.264
TAS Blood 4,348 3,925° 3,3342 3,199 0.047
U/ml Brain 10,540° 10,2702 7,375° 6,328° 0.027
Adipose 18,006 17,7812 9,464° 9.359° 0.004
TOS Blood 0,4232 0,471 0,667° 0,680° 0.009
nmol/ml _Brain 0,2312 1,3820 3,719 3,833¢ 0.000
Adipose  2,180* 2,881° 4,080¢ 4,419% 0.004
H202 Blood 96,3312 128,780° 1934720 219,848¢ 0.018
ng/ml Brain 378,191® 416,163¢ 726,259 977.455¢ 0.000
Adipose 694,655 883,415 754,3932 980,542° 0.016

Insiilin
IU/L

Table 2. The ghrelin, nesfatin-1, irisin, TAS, TOS,
H.O,, blood insulin values in the blood, adipose

and brain tissues of the experimental groups.
*Statistical difference is observed between groups labelled by
different letters (p<005), whereas no significant difference was
observed between groups labelled by the same letter (p>0.05).

Blood 5,856* 2,618 1,660 1,570¢ 0.001

There was no significant change in blood
glucose and weight gain in the 900 MHz RFR
groups (Table 1). While there was a significant
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difference between the groups in ghrelin levels in
brain and adipose tissue (p=0.023, p=0.033),
there was no difference in blood (p=0.077). In
brain and adipose, the ghrelin level of group 4
was lower than group 1. There is a significant
difference in nesfatin levels between the groups
in blood and adipose (p=0.001, p= 0.00). In the
blood, nesfatin levels of group 2 are lower than
group 1, and group 4 compared to groups 1 and
2. Nesfatin levels of groups 3 and 4 in adipose
are lower than groups 1 and 2 (Table 2).

There was a significant difference
between the groups only in the level of irisin in
the brain (0.001). The irisin levels of groups 3
and 4 are quite low compared to groups 1 and 2.
There was a significant difference in insulin levels
in blood between the groups (p=0.001). The
insulin level of group 2 is lower than group 1, and
insulin levels of group 3 and 4 are lower than
group 1 and 2 (Table 2).

TAS levels in all tissues differed between
groups (p=0.047, p=0.027, p=0.004). TAS levels
of groups 3 and 4 in adipose are quite low
compared to groups 1 and 2. TAS level of group
4 in the brain is lower than all other groups.
There was a significant difference between
groups in TOS levels in all tissues (p=0.009,
p=0.00, p=0.004). TOS levels of groups 3 and 4
in blood are higher than group 1. In brain and
adipose, TOS levels of all groups are higher than
group 1, and TOS levels of groups 3 and 4 are
considerably higher than group 2. There was a
significant difference between groups in H2O:
levels in all tissues (p=0.018, p=0.00, p=0.016).
While H2O; levels of groups 3 and 4 in blood and
brain were higher than groups 1 and 2, H.O,
levels of group 4 were higher than all other
groups in all tissues (Table 2).

Discussion

In this study, changes in nesfatin-1, irisin,
ghrelin, TAS, TOS, H20. and blood insulin levels
were detected in rats exposed to RFR in diabetic
and healthy groups. According to the results of
the study, it can be concluded that 900 MHz RFR
is effective on energy metabolism and it reveals
these effects through the changes it causes in
the redox balance.

While some study results indicate that
RFRs accelerate weight gain 22, some studies
claim the opposite * 2. However, it is a known
fact that oxidative stress is a parameter that
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affects food intake 8. According to our study
results, 900 MHz RFR did not cause a significant
difference in the weight gain of rats.

According to the results obtained, 900
MHz RFR significantly decreased the TAS level
in the brain and adipose tissue of diabetic rats. In
brain and adipose, 900 MHz RFR caused an
increase in TOS levels in both healthy and
diabetic rats, and TOS increase only in the blood
of diabetic rats; again, it caused an increase in
H20: levels in all tissues of diabetic rats. Similarly,
900 MHz RF was reported to cause oxidative
damage in rat brains and changes in redox
balance?. It was reported that 900 MHz RFR can
cause changes in miRNA expression in the brain
% It was indicated by many studies that RFRs
show their non-thermal effects via oxidative
stress caused by disrupting the Redox
balance'®"13%" Few studies stated the opposite
%2 Conflicting results may be due to differences
in experimental setups and characteristics of the
RFs used ™.

In addition, our study results showed that
RFR lowered blood insulin levels in diabetic and
healthy rats. Similarly, Mortazavi et al. (2016)
reported that RFRs lower blood insulin levels *. In
addition, RFRs were noted to cause changes to
insulin receptors 33, However, in our results, it
was observed that RF did not cause a significant
change in blood glucose. Conversely, It was
stated that RFR exposure caused an increase
blood sugar 3. On the other hand; Meo et al.
Wistar found that exposure to RF (15 min, three
months, GSM modulated) in albino rats caused
an increase in fasting blood glucose and serum
insulin, and they stated that the increase in
fasting blood glucose was due to insulin
resistance 2.

In another study, it was determined that
2.4 GHz RF causes high plasma glucose and low
plasma insulin levels, and it was stated that the
reason for this may be excessive ROS
production or decreased antioxidant level 3.
There are studies expressing that disruptions in
the redox balance alter the protein function and
insulin effect by changing the cysteine residues *°.
However, the results of the study on glucose
metabolism of electromagnetic fields are
contradictory and still no clear result has been
obtained™.

According to reported study results, irisin
is involved in many physiological processes,
including energy metabolism *. In addition, an
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increase in irisin level was reported in cases of
oxidative stress and inflammation such as morbid
obesity®®*”. On the other hand, it was determined
that a balanced diet reduces the irisin level®®. In
the results obtained from our study, it was
determined that 900 MHz RF caused a
significant increase in irisin levels in the brain of
diabetic rats. It can be thought that the increase
in irisin in the brain is due to oxidative stress
caused by 900 MHz RF.

According to the results obtained in our
study, it was observed that RFR caused a
decrease in ghrelin levels in the brain and fat in
individuals with diabetes® *°.

A decrease in the number of ghrelin
positive cells due to oxidative stress and changes
in energy metabolism in diabetics *' and a
decrease in blood ghrelin levels were reported *2.
Therefore, changes in the amount of ghrelin
caused by RFR may be associated with oxidative
stress. It was suggested that changes in blood
glucose trigger changes in ghrelin secretion 3% 4°,
However, on the contrary, it was indicated that
oxidative stress leads to an increase in ghrelin
levels**. On the other hand, in a study by Tripathi
et al. (2021), it was determined that RFR
exposure caused an increase in ghrelin levels*.
Contradictions in study results may be due to
differences in experimental setups used**.

In this study, RFR caused a significant
decrease in nesfatin levels in blood and fat in
diabetic rats. Nesfatin, which is related to
appetite, was reported to be effective in blood
glucose and insulin secretion*. In addition, a
decrease in nesfatin levels in diabetics was
indicated*®*’. In this study, it is thought that the
changes in the nesfatin redox balance in the RFR
groups caused a decrease in the nesfatin levels.
The results obtained are also compatible with the
literature*®.

Due to their high reactivity and diversity of
interactions, a particular set of ROS caused by
Electromagnetic fields of is quite difficult to reveal
4 However, the results of our study show that
900 MHz RFR causes changes in the secretion
of the hormones insulin, ghrelin, nesfatin-1 and
irisin, which are effective on appetite and energy
metabolism. It can be stated that these changes
are induced by disturbances in the redox balance.
In addition, another study reported that diabetic
people may be more vulnerable to RFR than the
normal population®.
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Conclusions

The results of the study reveal that 900
MHz RF is another risk factor that has the
potential to contribute to the development of
diabetes. Morover, they showed that diabetic rats
were more sensitive to 900 MHz RFR originating
from mobile phones. People with diabetes should
avoid cell phone use as much as possible. We
are aware of the importance of the mobile phone
industry and the benefits it brings to our lives in
every field. However, our results show that they
are not so innocent in terms of human health.
More comprehensive molecular studies are
needed to explain the changes caused by RFRs
in the secretion of hormones that play an active
role in energy metabolism.

Acknowledgements

Grant sponsor: Van Yuzuncu il

University, grant number: TYD-2021-9598

Declaration of Interest
The authors report no conflict of interest.

References

1. Bektas H, Bektas MS, Dasdag S. Effects of mobile phone
exposure on biochemical parameters of cord blood: A
preliminary study. Electromagn Biol Med 2018;37(4):184-91.

2. Meo SA, Al Rubeaan K. Effects of exposure to electromagnetic
field radiation (EMFR) generated by activated mobile phones on
fasting blood glucose. International journal of occupational
medicine and environmental health 2013;26(2):235-41.

3. Masoumi R, Badiei A, Dirandeh E, et al. Quantification of the
uterine involution and dimensions, hormonal response and
reproductive performance of pyometric and healthy dairy cows
treated with Dinoprost. South African Journal of Animal Science
2018;48(2):222-33.

4. Mortazavi S, Owiji S, Shojaei-Fard M, et al. GSM 900 MHz
microwave radiation-induced alterations of insulin level and
histopathological changes of liver and pancreas in rat. Journal
of biomedical physics & engineering 2016;6(4):235.

5. Meo SA, Alsubaie Y, Almubarak Z, et al. Association of
exposure to radio-frequency electromagnetic field radiation (RF-
EMFR) generated by mobile phone base stations with glycated
hemoglobin (HbA1c) and risk of type 2 diabetes mellitus.
International journal of environmental research and public
health 2015;12(11):14519-28.

6. Alpeter E, Krebs T, Pfluger D, et al. Study on health effects of
the shortwave transmitter station of Schwarzenburg. BEW
Publication Series, Study No. 55, Univeristy of Berne Institute
for Social and Preventive Medicine, Berne 1995.

7. Gholampour F, Javadifar T, Owji S, Bahaoddini A. Prolonged
exposure to extremely low frequency electromagnetic field
affects endocrine secretion and structure of pancreas in rats.
International Journal of Zoological Research 2011;7(4):338.

8. Havas M. Dirty electricity elevates blood sugar among
electrically sensitive diabetics and may explain brittle diabetes.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Electromagnetic biology and medicine 2008;27(2):135-46.
Center P. Does radio frequency radiation induce micronuclei
frequency in exfoliated bladder cells of diabetic rats? Endocrine
regulations 2015;49:126-30.

Bektas H, Dasdag S, Bektas MS. Evaluation of 900 and 1800
Mhz Radiofrequency Radiation Emitted from Mobile Phones on
Pregnant Women. Journal of International Dental & Medical
Research 2021;14(4).

Bektas H, Dasdag S, Bektas MS. Comparison of effects of 2.4
GHz Wi-Fi and mobile phone exposure on human placenta and
cord blood. Biotechnology & Biotechnological Equipment
2020;34(1):154-62.

Sies H. Role of metabolic H202 generation: redox signaling and

oxidative  stress. Journal of Biological Chemistry
2014;289(13):8735-41.
Yakymenko |, Tsybulin O, Sidorik E, et al. Oxidative

mechanisms of biological activity of low-intensity radiofrequency

radiation. Electromagnetic biology and medicine
2016;35(2):186-202.
Austin  J, Marks D. Hormonal regulators of appetite.

International journal of pediatric endocrinology 2008;2009:1-9.
Muller TD, Nogueiras R, Andermann ML, et al. Ghrelin.
Molecular metabolism 2015;4(6):437-60.

Tritos NA, Kokkotou EG. The physiology and potential clinical
applications of ghrelin, a novel peptide hormone. Paper
presented at: Mayo Clinic Proceedings, 2006.

Nakata M, Manaka K, Yamamoto S, Mori M, Yada T. Nesfatin-1
enhances glucose-induced insulin secretion by promoting Ca2+
influx through L-type channels in mouse islet B-cells. Endocrine
journal 2011:1102080532-32.

Kohno D, Nakata M, Maejima Y, et al. Nesfatin-1 neurons in
paraventricular and supraoptic nuclei of the rat hypothalamus
coexpress oxytocin and vasopressin and are activated by
refeeding. Endocrinology 2008;149(3):1295-301.

Stengel A, Taché Y. Brain peptides and the modulation of
postoperative gastric ileus. Current opinion in pharmacology
2014;19:31-37.

Masuo K. Nesfatin-1 could be a strong candidate obesity or
diabetes medication, if blood pressure elevation can be
controlled. Hypertension Research 2014;37(2):98-99.

Perakakis N, Triantafyllou GA, Fernandez-Real JM, et al.
Physiology and role of irisin in glucose homeostasis. Nature
reviews endocrinology 2017;13(6):324-37.

Furman BL. Streptozotocin-induced diabetic models in mice
and rats. Current protocols in pharmacology 2015;70(1):5.47. 1-
5.47. 20.

Ontiirk H, Ozbek H. Carried out of experimental diabetes and
the measurement of glycemic activity. General Medicine
Journal 2007;17(4):231-36.

Fahmy H, Mohammed F, Abdelrahman R, Abu Elfetoh M,
Mohammed Y. Effect of radiofrequency waves emitted from
conventional WIFI devices on some oxidative stress parameters
in rat kidney. J Drug Metab Toxicol 2015;6(195):2.

Pelletier A, Delanaud S, Décima P, et al. Effects of chronic
exposure to radiofrequency electromagnetic fields on energy
balance in developing rats. Environmental Science and
Pollution Research 2013;20(5):2735-46.

Sommer AM, Streckert J, Bitz AK, Hansen VW, Lerchl A. No
effects of GSM-modulated 900 MHz electromagnetic fields on
survival rate and spontaneous development of lymphoma in
female AKR/J mice. BMC cancer 2004;4(1):1-13.

Salah MB, Abdelmelek H, Abderraba M. Effects of olive leave
extract on metabolic disorders and oxidative stress induced by
2.45 GHz WIFI signals. Environmental toxicology and
pharmacology 2013;36(3):826-34.

Tobore TO. Towards a comprehensive theory of obesity and a
healthy diet: The causal role of oxidative stress in food
addiction and obesity. Behavioural brain research
2020;384:112560.

Dasdag S, Akdag MZ, Ulukaya E, Uzunlar AK, Ocak AR. Effect
of mobile phone exposure on apoptotic glial cells and status of
oxidative stress in rat brain. Electromagnetic biology and
medicine 2009;28(4):342-54.

Volume - 15 - Number - 1 - 2022 Page 446




Journal of International Dental and Medical R ch ISSN 1309-100X Effects of Mobile Phones on Diabetes and Appetite

Hava Bektas

30. Dasdag S, Akdag MZ, Erdal ME, et al. Long term and excessive
use of 900 MHz radiofrequency radiation alter microRNA
expression in brain. International Journal of Radiation Biology
2015;91(4):306-11.

31. Dasdag S, Akdag MZ. The link between radiofrequencies
emitted from wireless technologies and oxidative stress. J
Chem Neuroanat 2016;75(Pt B):85-93.

32. Dasdag S, Akdag MZ. The link between radiofrequencies
emitted from wireless technologies and oxidative stress. Journal
of chemical neuroanatomy 2016;75:85-93.

33. Kleiber CE. Radiation from wireless technology elevates blood
glucose and body temperature in 40-year-old type 1 diabetic
male. Electromagnetic biology and medicine 2017;36(3):259-
64.

34. Li F, Lei T, Xie K, et al. Effects of extremely low frequency
pulsed magnetic fields on diabetic nephropathy in
streptozotocin-treated rats. Biomedical engineering online
2016;15(1):1-13.

35. Carter CS, Huang SC, Searby CC, et al. Exposure to static
magnetic and electric fields treats type 2 diabetes. Cell
metabolism 2020;32(4):561-74. e7.

36. Ren Y, Zhang J, Wang M, et al. Identification of irisin as a
therapeutic agent that inhibits oxidative stress and fibrosis in a
murine model of chronic pancreatitis. Biomedicine &
Pharmacotherapy 2020;126:110101.

37. Fagundo AB, Jiménez-Murcia S, Giner-Bartolomé C, et al.
Modulation of irisin and physical activity on executive functions
in obesity and morbid obesity. Scientific reports 2016;6(1):1-9.

38. Abulmeaty MMA, Almajwal AM, Alam |, et al. Relationship of
vitamin D-deficient diet and irisin, and their impact on energy
homeostasis in rats. Frontiers in physiology 2020;11:25.

39. Mani BK, Shankar K, Zigman JM. Ghrelin’s relationship to blood
glucose. Endocrinology 2019;160(5):1247-61.

40. Shankar K, Gupta D, Mani BK, et al. Ghrelin protects against
insulin-induced hypoglycemia in a mouse model of Type 1
diabetes mellitus. Frontiers in endocrinology 2020;11:606.

41. Artas G, Kuloglu T. Enalaprilin Diyabetik Sigan Mide
Dokusunda Ghrelin Ekspresyonuna Etkileri. Firat Tip Dergisi
2014;19(4).

42. Holdstock C, Ludvigsson J, Karlsson F. Abnormal ghrelin
secretion in new onset childhood Type 1 diabetes. Diabetologia
2004;47(1):150-51.

43. Magherini F, Fiaschi T, Marzocchini R, et al. Oxidative stress in
exercise training: The involvement of inflammation and
peripheral signals. Free radical research 2019;53(11-12):1155-
65.

44. Tripathi R, Banerjee SK, Nirala JP, Mathur R. Simultaneous
exposure to electromagnetic field from mobile phone and
unimpeded fructose drinking during pre-, peri-, and post-
pubertal stages perturbs the hypothalamic and hepatic
regulation of energy homeostasis by early adulthood:
experimental evidence. Environmental Science and Pollution
Research 2021:1-14.

45. Oztirk Ozkan G. Effects of Nesfatin-1 on food intake and
hyperglycemia. Journal of the American College of Nutrition
2020;39(4):345-51.

46. Gonzalez R, Reingold BK, Gao X, et al. Nesfatin-1 exerts a
direct, glucose-dependent insulinotropic action on mouse islet
B-and MING6 cells. Journal of Endocrinology 2011;208(3):R9-
R16.

47. Li Q-C, Wang H-Y, Chen X, Guan HZ, Jiang Z-Y. Fasting
plasma levels of nesfatin-1 in patients with type 1 and type 2
diabetes mellitus and the nutrient-related fluctuation of nesfatin-
1 level in normal humans. Regulatory peptides 2010;159(1-
3):72-77.

48. Hussein S, El-Saba AA, Galal MK. Biochemical and histological
studies on adverse effects of mobile phone radiation on rat’s
brain. Journal of chemical neuroanatomy 2016;78:10-19.

49. Brandes RP, Rezende F, Schroder K. Redox regulation beyond
ROS: why ROS should not be measured as often. Circulation
research 2018;123(3):326-28.

Volume - 15 - Number - 1 - 2022 Page 447




