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ABSTRACT
AIM: To evaluate the impact of carnosine on Purkinje neurons in rats exposed to a 900 Mhz electromagnetic field.
MATERIAL and METHODS: This study evaluated 24 rats divided into the following three different groups: a control group, a group
exposed to the electromagnetic field, and a group that was injected with carnosine while being exposed to the electromagnetic
field. The electromagnetic field group was exposed to a 900 Mhz electromagnetic field for an hour daily over 28 days. Thereafter,
stereological analysis was performed histologically on cerebellar sections, and the number of Purkinje cells were counted.
RESULTS: The electromagnetic field group had remarkably fewer Purkinje cell compared to control. The electromagnetic field group
plus 20 mg of carnosine had significantly more total Purkinje cells compared to the electromagnetic field group (p<0.05).
CONCLUSION: The present study showed that electromagnetic field exposure decreases the number of Purkinje cell, whereas
carnosine protected the cerebellum from neural damage induced by electromagnetic field exposure.
KEYWORDS: Carnosine, Cerebellum, Electromagnetic field, Purkinje cell, Stereology, Rats
ABBREVIATIONS: EMF: Electromagnetic field, EMFG: Electromagnetic field group, MHz: Megahertz, RF: Radio frequency, IP:
Intraperitoneal, SAR: Specific absorption rate, ASF: Area sampling fraction, TSF: Thickness sampling fraction, SSF: Section
sampled fraction, CE: Coefficient of error, CV: Coefficient of variation
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INTRODUCTION

T

he widespread use of mobile phones in daily lives has
made it almost impossible to avoid electromagnetic field
(EMF) exposure from mobile phones (15), which widely
utilize 900–1800 MHz radio waves for mobile communication
(18). Therefore, people who use their mobile phones excessively are at risk of being exposed to intense EMF (16,19,37).
Hence, considerable discussions have been undertaken regarding the potentially negative impacts of mobile phone
emissions on the human nervous system (13). Several studies
have shown that EMF influences several neuronal functions,
including neuronal survival, learning, and memory. Some of
these studies involve DNA associated with the formation of
the blood–brain barrier, the neuroendocrine system, neuroelectrophysiology, protein synthesis, central nervous system
cancer, gene expression, cell proliferation, embryonic process, DNA injury, and properties of cancer publicity (24,34).
Cerebellum plays a significant role in posture, muscle control,
balance, and cognitive functions (29). Recent studies have
shown that EMFs radiation by cell phones could affect the
cerebellum (33,34).
Meanwhile, studies on cerebral ischemia and another brain
injuries have shown that carnosine, an endogenous dipeptide
found in many bodily tissues (7), exerts anti-oxidative, antiglutamergic, and excitotoxicity effects on various neurons (5,7).
Moreover, an experimental study on brain ischemia found that
carnosine reduced mortality rates and had beneficial effects
on the neurological function of animals (39).
Although various frequencies of EMF have been used in relevant research, no study has yet investigated the effects of 900
MHz EMF with carnosine administration (18,19,24). Hence,
the current study aimed to determine the neuroprotective effects of carnosine among female rats exposed to a 900 MHz
EMF using stereological methods.
█

MATERIAL and METHODS

Animals
This study had been approved by the local Animal Ethics
Commission certified (approval number: 2013/82). Tests
were applied after approval of the Erciyes University Ethics
Committee for Experimental Animals. Rats were procured
from the Headquarters for Experimental Animal Research
(DEKAM) at Erciyes University (Kayseri, Turkey).
Histopathological procedures were proffered at the Erciyes
University Faculty of Medicine, Department of HistologyEmbryology (Kayseri, Turkey). Cell counts were determined
at the Erciyes University Faculty of Medicine, Department of
Anatomy (Kayseri, Turkey).
This study evaluated 24 adult 16-week-old female Wistar
Albino rats weighing 200–250 g that were indiscriminately
separated into three groups. The rats were kept in an
environment with a 12 h light/dark cycle, which was ventilated
with an aspirator and maintained at a temperature of 25° ±
2 °C and 40%–50% humidity. Rats were placed in standard
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transparent polycarbonate cages and fed a balanced diet with
unlimited water. The experimental groups were as follows:
1. Control: not exposed to any material, EMF, or carnosine
injection (n=6).
2. EMFG: exposed to EMF (900 MHz) 1 h daily over 28 days
(27) (n=6). Rats were exposed to EMF daily from 11:00 to
12:00. The specific energy absorption rate (SAR) was about
0.008 W/kg for the entire body and 2 W W/kg regionally
to the head. Moreover, the rats’ positions were modified
everyday along the exposure process. Similar systems
have been used in previous studies (Figure 1) (3,38).
3. EMFG plus carnosine (CG): exposed to EMF (900 MHz) 1
h daily over 28 days (7,16). In the experimental process,
this group was divided into two subgroups: carnosine
administered at low (n=6) (10 mg/kg/day) and high doses
(n=6) (100 mg/kg/day) with intraperitoneal injection
provided 30 min before exposure (2,31,35). The rats were
sacrificed after the experimental process and the number
of Purkinje cells were counted using a stereological method
performed histologically on sections of the cerebellum.
Histological Procedures
Rats were anesthetized using intraperitoneal urethane (1.25 g/
kg) and were perfused intracardially with saline. Rat samples
were fixed in neutral formalin consecutively. The cerebellums
were immediately dissected, passed through xylene and
alcohol, and finally embedded into paraffin for sectioning.
Gelatin water was prepared so that the tissues need not be
removed from the thick section. Gelatin was added to 500
g water as 5 g, and the water was stirred for 8–10 min at a
temperature of 70 °C. Thereafter, the solution was placed
into a container. The samples were kept in formaldehyde for
one night in an oven at 60 °C to preserve the tissues before
staining. Paraffin-embedded tissues were cut transversely
using a rotary microtome (LeicaRM2135, Leica Instruments,
Nussloch, Germany), subsequently obtaining 30-μm thick
sections in the coronal plane using metal microtome blades
(23). Slides were selected randomly from each tenth slide of
the series to be investigated. Each cerebellar sample was
mounted on slides coated with adhesive and stained with
Hematoxylin and Eosin for stereologic analysis.
Exposure System
The current study utilized the same exposure system design
as in previous study (4). The application of EMF and exposure
system used is described in detail elsewhere (4,16,30,31). A
special EMF exposure system comprising a circular lattice
and a dipole antenna was utilized (1). An electromagnetic
power unit that produced a 900 MHz continuous regulated
EMF (2 W peak throughput power and 1 ± 0.4 mW/cm2
power volume) was constructed at TEKNOPARK Relevance
Laboratory (Kayseri, Turkey). Similar to previous work (4),
the current study measured only the average rate for the
entire brain. However, the SAR at the region morphological
alterations were sought were not measured. Thus, the mean
SAR rate of 2 W/kg denoted only the mean rate of the entire
brain. Peak SAR was computed based on the model, with the

Arslan A. et al: The Effect of Carnosine on of Purkinje Cells

force intensity indications being performed employing an EMF
meter (Kayseri Teknopark) (4).
EMF Presentation in Female Rats
Rats were exposed to the EMF using a dipole antenna to
ensure close contact (4,7). The space between the animal
and antenna was 1 cm, with the rat positioned perpendicular
to the antenna. The rat’s heads were placed at the direction
from dipole antenna. The longitudinal axis of the rats was
positioned vertical to one of the antennas (4).
Stereological Analyses
This study used a stereology workstation (Kayseri, Turkey)
for stereological analyses. The system included a computer,
picture capture card, CCD digital camera, microcator
(Heidenhain, Traunreut, Germany), computer-controlled
motorized sample stage (Prior Scientific, Cambridge, UK), and
light microscope (Leica, Nubloch, Germany). The software
program Stereo Investigator Software (MBF Biosciences,
Williston VT, USA) was utilized to calculate, register
stereological data, and capture digital images of parts. The
system created microscopic views (a 100× Leica HCX Plan
Apo objective) and presented them on a computer monitor to
calculate the total number of Purkinje cells in the cerebellum.
An optical fractionator process was used in the cerebellum at
low magnification using a 5× oil objective (Figure 2).

Figure 1: EMFG and EMF plus Carnosine group rats exposed to
EMF.

The number of Purkinje cells in cerebellum of all animals were
calculated using the optical fractionator method (3). Briefly, the
Purkinje cell was calculated when the largest nuclear profile
was focalized intermittently, coincidentally, and systematically
inside the impartial virtual counting frames along the defined
areas. The total number of Purkinje cells were computed
according to the computed and sampling possibilities (34). All
stereological examinations were blinded to obtained unbiased
results.
The area sampling fraction (asf) was 625 µm2/22,500 µm2, the
thickness sampling fraction (tsf) was 20 μm for cell counts,
the section sampled fraction (ssf) was 1/10, and the impartial
census frame dimension was 625 µm2 for cell predictions. The
first section was selected incidentally within the first 10 parts
of each cerebellum. Tsf was 5 μm for the upper guard zone,
while the average section thickness was 30 μm (25,30).
The total number of Purkinje cells in the cerebellum (N) was
calculated using the following formula:

1
1
1
N = /Q#
#
#
ssf asf tsf
where ΣQ is the total dissector neuron number. Prediction of
the total number of neurons was established from the sampling
possibility and counted number of neurons (11). The suitability
of the sampling procedure for the certainty of the forecast and
suitable sampled cell number for the prediction of total number
of Purkinje cells was tested using the coefficient of error and
the coefficient of variation as indicated in the literature (11).
Statistical Analysis
The collected data were presented as mean ± standard

Figure 2: Cerebellar layer for normal histologic view: molecular
(m), Purkinje (p) and granular (g) layers.

deviation of each group. One-way analysis of variance was
utilized to compare the number of Purkinje cells between
each group. All statistical analyses were conducted using
SPSS (Statistical Package for the Social Sciences, version 20,
SPSS Inc., Chicago, USA), with a value of p<0.05 indicating
statistical significance.
█

RESULTS

The morphological structures of cerebellar tissues in the
control group were normal, with easily distinguishable
granular, Purkinje, and molecular layers (Figure 2). More
detailed microscopic examinations showed that Purkinje cells
were uniformly arranged, and cell nuclei were had normal
Turk Neurosurg, 2022 | 3
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morphology. All control sections showed that Purkinje cells
had a normal cytoplasm across all magnifications (Figure 3).
Examination of the EMFG group found deterioration of
cerebellar tissues in certain places, which could not be
determined whether due to the effect of the tissue section or
EMF (Figure 3). After repeated examination of the cerebellar
layers, the granular, Purkinje, and molecular layers could be
easily distinguished. More detailed microscopic examinations
found that the Purkinje cells were uniformly arranged, and cell
nuclei showed normal morphology.
In the EMFG plus carnosine (CG) group, all cerebellum
samples showed a standard histological view, and the Purkinje
cells clearly showed normal arrangement in all the sections.
However, a more compact staining of the neuron cytoplasm
was noted (Figure 3).
The number of Purkinje cells in female rats in the control,
EMFG, and EMFG plus carnosine groups was then determined

(Table I). Accordingly, a significant difference in the number of
Purkinje cells was observed between the EMFG and control
groups (p=0.04, p<0.05) Table II). Section analysis obtained
140–180 sections from each rat cerebellum. For systematic
sampling, 1 out of every 20 sections were analyzed, and an
average of 6–10 sections from each rat was examined.
The EMFG plus carnosine group had a significantly higher
total number of Purkinje cells compared to the EMFG group
(p<0.05). However, no significant difference was observed
between the control and EMFG plus carnosine groups (Table
II).
█

DISCUSSION

This study indicated that EMF exposure can decrease the
average Purkinje cell numbers and that this decrease can be
ameliorated by high carnosine dosages. Our findings showed
that rats exposed to EMFG had a significantly lower number

Figure 3: The photos of the
groups are shown. Typical
Purkinje (p) cell arrangement.
Table I: The Total Number of Purkinje Cell Numbers in the Cerebellums of the Female Rats, Min-Max and Mean± SD for all Groups and
CV and CE of Stereological Analysis

Cerebellum

Control

EMFG

EMFG plus 2mg carnosine

EMFG plus 20mg carnosine

1

199,067

145,379

194,794

261,544

2

292,083

187,597

141,628

121,230

3

208,852

98,525

112,984

199,386

4

181,657

67,414

101,650

199,741

5

292,083

83,134

164,821

143,812

6

292,083

88,493

168,774

210,967

CE

0,02

0,03

0,02

0,02

CV

0,09

0,10

0,09

0,10

Min-Max

181,667-292,083

67,414-187,607

101,650-194,794

121,230-261,544

Mean ± SD

244,304 ± 53,055

111,757 ± 45,571

147,441 ± 35,545

189,446 ± 50,203
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Table II: Statistical Analysis for Each Group Comparation Using One Way ANOVA

Experimental groups
Mean differences
Control

EMFG

EMFG plus 2 mg carnosine

EMFG plus 20 mg carnosine

132,547**

96,862**

54,857

-35,684

-77,689*

EMFG
EMFG plus 2 mg carnosine

-42,004

*: 0,05 level, **: 0,001 level the mean difference between two groups.

of Purkinje cells compared to the control group. A study on
the effects of cellphone radiation on cognitive function in
mice exposed to a 900 MHz EMF for 2.5 h per day from a
cell phone for 4 days found that animals exposed to an EMF
during learning exhibited deficiencies in the transfer of spatial
knowledge and acquired it much later compared to the control
group (10).
Several studies have indicated that 900 MHz EMF influence
neurons in the cerebellum (1,29,34). Many of these studies
have stated that the EMFG showed significant decreases in
cerebellar Purkinje cells and hippocampal pyramidal neurons
(4,34).
Studies have shown that a reduction in the number of Purkinje
cell indicates cerebellar damage (9). The hippocampus,
cerebellum, and basal ganglia, all of which are brain-related
structures, are known to be affected by exposure to 2 h of
EMF produced by mobile phones at distinct forces (32).
Several recent studies have shown that EMFs radiated by
cell phones could influence the cerebellum (12,22,33,34). As
such, scientists have investigated the impact of exposure to a
900 MHz EMF for 1 h per day over 28 days on the number of
cerebellar Purkinje cells in 16-week-old female rats (1,29,34).
The aforementioned study found that the EMF group had a
remarkably lower number of the Purkinje cells compared to
the Sham-EG and Non-EG groups. Other studies using the
optical dissector method have also shown that cell phones
significantly reduced the number of Purkinje cells in the
developing cerebellum (29,34). Such results showed that
long-term and sustained exposure to a 900 MHz EMF causes
pathological effects on the cellular level in the brain of young
adult rats. The abnormal number of Purkinje cells in rats
exposed to EMF may have been caused by neuronal damage
related to oxidative stress after exposure to a 900 MHz EMF
(1).
One study reported degeneration and substantially fewer
Purkinje cells in lobule I of the rat cerebellum within the
early 24 h after only alcohol exposure on postnatal day (20).
Another study noted that pups exposed to alcohol throughout
pregnancy had remarkably reduced number of Purkinje cells
(21). Scientists have proposed that diclofenac administered
throughout the prenatal term might influence the Purkinje
cells in the developing cerebellum (25,26,30). Another study
indicated that exposure to a continuous 900 MHz EMF for an
hour daily throughout adolescence can alter the cerebellar
morphology and decrease the number of Purkinje cells in

adolescent rats (1). In another study, caffeine had been shown
to protect Purkinje cells in the cerebellum of rats exposed to an
EMF (14). Although some studies have reported that exposure
to a 900 MHz EMF promoted pathological effects on rat brains
at the cellular level, no study has yet utilized carnosine during
EMF exposure.
One study investigating the anti-ischemic effects of carnosine
in mice showed that plasma levels of carnosine peak 30–45
min after intraperitoneal injection into rats (36). Another study
reveald that carnosine exerted neuroprotective effects against
retinal ganglion cell loss in optic neuropathy (17).
Evidence has suggested that 500–1000 mg/kg of carnosine is
required to induce substantial neuroprotective effects against
cerebral ischemia in rats (35). One study concluded that
carnosine administered intravenously at 100, 500, 1000, and
2000 mg/kg for 14 days had no toxic effects and reduced cell
death (31). After reviewing the available literature, we decided
to administer 100 and 10 mg/kg of carnosine before EMF
exposure for 28 days.
The current study has some limitations worth noting. First,
the brain weight and volume of the rats were not measured.
Secondly, we could not determine the cerebellar volume and
weight of the rats. Very few studies on cell counting studies
related to EMF have used protective agents. However, the
stereological method has yet been used to determine the
impact of carnosine on the number of Purkinje cells in female
rats. For this reason, we believe that this study will facilitate
the undertaking of further studies.
The current study showed that female rats exposed to EMF
had reduced Purkinje cell count in the cerebellum, whereas
the EMF plus 20 mg carnosine group exhibited improved total
Purkinje cell counts. Therefore, high-dose carnosine could be
suggested to prevent the effects of EMF exposure.
Scientists have stated that carnosine reduces neuronal cell
death (28). In fact, one study that administered carnosine to 36
patients with Parkinson’s disease aged 46–68 at a daily dose of
1.5 g for 30 days showed that neurological function improved
and that DOPA therapy increased its effectiveness (6). Another
study on 75 adult patients with chronic schizophrenia aged
18–65 years who were administered 2 g of carnosine per day
for 3 months showed that carnosine should be considered an
adjunct therapy to improve executive dysfunction in patients
with schizophrenia (8).
Turk Neurosurg, 2022 | 5

5

Arslan A. et al: The Effect of Carnosine on of Purkinje Cells

Unfortunately, we could not identify any study in which
carnosine had been used to protect Purkinje cells in
the cerebellum. To convert these preclinical results into
clinical therapy, exact adjustments on the pharmacological
mechanism and carnosine dose are required. Overall, the
current study showed that carnosine prevented the reduction
in the number of Purkinje cells in the cerebellum after EMF
exposure, indicating that carnosine can prevent EMF-induced
neuron injury in the cerebellum.
█

ETHICS STATEMENTS

The work was certified with the Animal Ethic Committee of
Erciyes University, protocol, 13/82 (12.06.2013). Histopathological procedures were conducted in the Department of Histology-Embryology in the Erciyes University, Faculty of Medicine. Cell counts process were obtained from Department of
Anatomy in the Faculty of Medicine, Erciyes University.
█

ACKNOWLEDGEMENTS

This study was supported by the Department of Scientific
Research Projects of Erciyes University (TYL-2014-4650).
We wish to thank Kazım Ziya Gumus and Suheyla Akargol for
their skillful technical assistance. This manuscript was edited
by Erciyes University Language Editing Office.
█

AUTHORSHIP CONTRIBUTION

Study conception and design: AA, NA, HK, MFS
Data collection: AA, NA

Analysis and interpretation of results: AA, NA, UD, OGS

5. Boldyrev A, Bulygina E, Leinsoo T, Petrushanko I, Tsubone S,
Abe H: Protective of neuronal cells against reactive oxygen
species by carnosine and related compounds. Comparative
Biochemistry and Physiology Part B 137(1):81-88, 2004
6. Boldyrev A, Fedorova T, Stepanova M, Dobrotvorskaya
I, Kozlova E, Boldanova N, Bagyeva G, Smolenskaya II,
Illarioshkin S: Carnosine increases efficiency of DOPA therapy
of Parkinson’s disease: A pilot study. Rejuvenation Research
11:821-827, 2008
7. Bonfinti L, Peretto P, Marchis de S, Fasolo A: Carnosine related
dipeptides in the mammalian brain. Progress in Neurobiology
59(4):333-353, 1999
8. Chengappa KN, Turkin SR, Desanti S, Bowie C R, Brar JS,
Schlicht PJ, Murphy SL, Hetrick ML, Bilder R, Fleet D: A
preliminary, randomized, double-blind, placebocontrolled
trial of L-carnosine to improve cognition in schizophrenia.
Schizophrenia Research 142:145-152, 2012
9. Dusart I, Satela C: Lack of purkinje cell loss in adult rat
cerebellum following protracted axotomy, degenerative
changes and regenerative attempts of the severed axons. The
Journal of Comparative Neurology 347(2):211-232, 1994
10. Fragopoulou AF, Miltiadous P, Stamatakis A, Stylianopoulou
F, Koussoulakos SL, Margaritis LH: Whole body exposure
with GSM 900 MHz affects spatial memory in mice.
Pathophysiology 17(3):179-187, 2010
11. Gundersen HJG, Jensen EB: The efficacy of systematic
sampling in stereology and its prediction. J Microscopy
147(3):229-263, 1987
12. Haghani M, Shabani M, Moazzami K: Maternal mobile phone
exposure adversely effects the electrophysiological properties
of purkinje neurons in rat offspring. Neuroscience 250:588598, 2013

Critical revision of the article: AA, NA

13. Hiatenen M: Establishing the health risks of exposure to
radio frequency fields requires multidisciplinary research.
scandinavian journal of work. Environment & Health 32(3):
169-170, 2006

All authors (AA, NA, HK, MFS, TE, MG, UD, OGS) reviewed
the results and approved the final version of the manuscript.

14. Him A, Deniz NM, Onger ME: The effect of caffeine on neuron
number of rats exposed to 900-MHz electromagnetic field.
Turkish Journal of Veterinary and Animal Sciences 42(3):198204, 2018

Draft manuscript preparation: AA, NA, TE, MG

Other (study supervision, fundings, materials, etc...): HK,
UD, OGS

█

REFERENCES

1. Aslan A, İkinci A, Bas O, Sonmez OF, Kaya H, Odacı E: Longterm exposure to a continuous 900 mhz electro magnet-ic
field disrupts cerebellar morphology in young adult male rats.
Biotechnic & Histochemistry 92(5):324-330, 2017
2. Bae ON, Kelsey S, Baek SH, Lee KY, Dorrance A, Rumbeiha
W, Fitzgerald SD, Farooq MU, Naravelta B, Bhatt A, Majid A:
Safety and efficacy evaluation of carnosine, an endogenous
neuroprotective agent for ischemic stroke. Stroke 44(1):205212, 2013
3. Bas O, Odaci E, Kaplan S, Acer N, Ucok K, Colakoglu S: 900
MHz electromagnetic field exposure affects qualitative and
quantitative features of hippocampal pyramidal cells in adult
rat. Brain Research 1265:178-185, 2009
4. Bas O, Odaci E, Mollaoglu H, Ucok K, Kaplan S: Chronic
prenatal exposure to the 900 MHz electromagnetic field
induces pyramidal cell loss in the hippocampus of newborn
rats. Toxicology Industrial Health 25(6):377-384, 2009

6 | Turk Neurosurg, 2022

15. Juutilainen J, Seze de R: Biological effects of amplitudemodulated radiofrequency radiation. Scandinavian Journal of
Work Environment & Health 24(4):245-254, 1998
16. Kerimoglu G, Mercantepe T, Erol HS, Turgut A, Kaya H,
Colakoglu S, Odaci E: Effects of long-term exposure to 900
megahertz electro magnet-ic field on heart morphology and
biochemistry of male adolescent rats. Biotech Histochem 91:
445-454, 2016
17. Kim HG, Heo H, Sung MS, Park SW: Carnosine decreases
retional ganglion cell death in a Mouse model of optic nerve
crushing. Neuroscience Letters 711:134431, 2019
18. Koylu H, Mollaoglu H, Ozguner F, Naziroglu M, Delibas N:
Melatonin modulates 900 MHz microwave-induced lipid
peroxidation changes in rat brain. Toxicology and Industrial
Health 22(5):211-216, 2006
19. Koyu A, Cesur G, Ozguver F, Akdogan M, Mollaoglu H, Ozen
S: Effects of 900 MHz electro magnet-ic field on TSH on
thyroid hormones in rats. Toxicology Letters 157(3):257-262,
2005

Arslan A. et al: The Effect of Carnosine on of Purkinje Cells

20. Lee Y, Rowe J, Eskue K, West JR, Maier SE: Alcohol exposure
on postnatal day 5 induces purkinje cell loss and evidence of
purkinje cell degradation in lobule I of rat cerebellum. Alcohol
42(4):295-302, 2008

30. Ragbetli MC, Ozyurt B, Aslan H, Odaci E, Gokcimen A, Sahin
B, Kaplan S: Effect of prenatal exposure to diclofenac sodium
on purkinje cell numbers in rat cerebellum: A stereological
study. Brain Research 1174:130-135, 2007

21. Maier SE, Miller JA, Blackwell JM, West JR: Fetal alcohol
exposure and temporal vulnerability: regional differences
in cell loss as a function of the timing of binge-like alcohol
exposure during brain development. Alcohol Clinical and
Experimental Research 23(4):726-734, 1999

31. Rajanikant GK, Zemke D, Senut MC, Frenkel MB, Chen
AF, Gupta R, Majid A: Carnosine is neuroprotective against
permanent focal cerebral ischemia in mice. Stroke 38(11):
3023-3031, 2007

22. Mercantepe T, Tumkaya L, Gokce MF, Topal ZS, Esmer E:
Effect of 900-MHz electro magnet-ic field on the cerebellum:
A histopathological investigation. Sisli Etfal Hastan Tip Bul
52(2):129-134, 2018
23. Miettinen R, Hajszan T, Riedel A, Szigeti-Buck K, Leranth C:
Estimation of the total number of hippocampal Ca1 pyramidal
neurons: New methodology applied to helpless rats. J
Neurosci Methods 205(1):130-138, 2012
24. Odaci E, Bas O, Kaplan S: Effects of prenatal exposure to a
900 MHz electro magnetic field on the dentate gyrus of rats;
a stereological and histopathological study. Brain Research
1238:224-229, 2008
25. Odaci E, Cihan OF, Aslan H, Ragbetli MC, Kaplan S: Prenatal
diclofenac sodium administration increases the number
of purkinje cells in female rats: A stereological study. Int J
Develop Neurosci 28(2):145-151, 2010
26. Odaci E, Hanci H, Ikinci A, Sonmez OF, Aslan A, Sahin A, Kaya
H, Colakoglu S, Bas O: Maternal exposure to a continuous
900-MHz electro magnetic field provokes neuronal loss and
pathological changes in cerebellum of 32-day-old female rat
offspring. J Chemical Neuroanatomy 75:105-110, 2016
27. Onger ME, Gocer H, Cirakli A, Kilic M, Kaplan S: Effect of
electromagnetic wave on bone healing in fixed and unfixed
conditions. J Craniofac Surg 27(6):1606-1608, 2016
28. Ouyang L, Yueyang TY, Bao Y, Xu Y, Cheng J, Wang B,
Shen Y, Chen Z, Lyu J: Carnosine decreased neuronal cell
death through targeting glutamate system and astrocyte
mitochondrial bioenergetics in cultured neuron/astrocyte
exposed to OGD/recovery. Brain Res Bull 124:76‐84, 2016
29. Ragbetli MC, Aydinlioglu A, Koyun N, Ragbetli C. Bektas S,
Ozdemir S: The effect of mobile phone on the number of
purkinje cells: A stereological study. Int J Radiat Biol 86(7):
548-554, 2010

32. Salford LG, Brun AE, Eberhardt JL, Malmgren L, Persson
BRR: Nerve cell damage in mammalian brain after expose to
microwaves from GSM Mobile Phones. Environmental Health
Perspectives 111(7):881-883, 2003
33. Schmahmann JD: Disorders of the cerebellum: Ataxia,
dysmetria of thought, and the cerebellar cognitive affective
syndrome. J Neuropsychiatry Clin Neurosci 16(3):367-378,
2004
34. Sonmez OF, Odaci E, Bas O, Kaplan S: Purkinje cell number
decreases in the adult female rat cerebellum following
exposure to 900 MHz electro magnetic field. Brain Research
1356:95-101, 2010
35. Stvolinsky SL, Dobrota D: Anti-ischemic activity of carnosine.
Biochemistry 65(7):849-855, 2000
36. Stvolinsky SL, Kukley M, Dobrota D, Matejovicova M, Tkac
I, Boldyrev AA: Carnosine: An endogenous neuroprotector in
the ischemic brain. Cellular and Molecular Neurobiology 19(1):
45-56, 1999
37. Topal Z, Hanci H, Mercantepe T, Erol HS, Keles ON, Kaya H,
Odaci E: The effects of prenatal long-duration exposure to
900-MHz electro magnetic field on the 21-day-old newborn
male rat liver. Turkish J Med Sci 45:291-297, 2015
38. Ulubay M, Yahyazadeh A, Deniz OG, Kivrak EG, Altunkaynak
BZ, Erdem G, Kaplan S: Effects of prenatal 900 MHz
electromagnetic field exposures on the histology of rat kidney.
Int J Radiat Biol 91(1):35-41, 2015
39. Zhang X, Song L, Cheng X, Yang Y, Luan B, Jia L, Xu F, Zhang
Z: Carnosine pretreatment protects against hypoxia-ischemia
brain damage in the neonatal rat model. Eur J Clin Pharmacol
667(1-3):202-207, 2011

Turk Neurosurg, 2022 | 7

7

