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ABSTRACT

Background: Cell phone users increased over the world and the question
is whether health hazards could result from microwaves of these
instruments.

Aim of the work: Studying the effect of Electromagnetic Filed (EMF)
similar to that emitted from cellular phones on the histological structure
of frontal cerebral cortex of different ages.

Material and Methods: Sixty male albino rats were used in this study
divided into control group (I), EMF exposure group (II) and recovery
group (I1) .Each of the three groups of twenty rats and subdivided
according to the age into 3 subgroups: adult of seven rats, young of seven
rats and middle age of six rats. Control group left without interference.
EMF exposure group exposed by EMF generator to electromagnetic field
near the mobile phone pulsing signal of 217 Hz 3 h/day for 6 days/week
for 1.5 month then sacrified. Recovery group left for 1.5 month to
recover after exposure before sacrifaction At the study end, paraffin
sections were prepared from cerebrum of all rats then subjected to
hematoxylin and eosin and immunohistochemical stain for Glial
Fibrillary Acidic Protein (GFAP). Statistical analysis for assessment of
frontal cortex thickness, number of its cells and GFAP stained area
Result: EMF groups showed shrunken cells with darkly stained nuclei
with pericellular haloes and congested vessels with increased
immunoreactivity for GFAP. On recovery decrease number of pyknotic
nuclei and decreased immunoreactivity for GFAP.

Conclusion: EMF induces histopathological and immune histochemical
changes in frontal cortex and withdrawal from EMF can reverse or
decrease these changes.

Keywords: EMF; Phone; Recovery; Frontal cortex.

Disclosure: The authors have no financial interest to declare in relation to the content of this article. The Article
Processing Charge was paid for by the authors.

Authorship: All authors have a substantial contribution to the article.

Copyright The Authors published by Al-Azhar University, Faculty of Medicine, Cairo, Egypt. Users have the right
to read, download, copy, distribute, print, search, or link to the full texts of articles under the following conditions:
Creative Commons Attribution-Share Alike 4.0 International Public License (CC BY-SA 4.0).

INTRODUCTION

Frequent using of mobile phones daily led to a
concern of cancer risk possibility from frequent
exposure to radiofrequency radiation. However, this
relation is not raised to be a clear scientific

There is an increase in cell phone users in the world.
We ask could microwaves of these instruments cause
health affection .Disturbance in cells metabolic
function is expected with their exposure to magnetic
field with very large strength relative to cells
biomagnetic field leading to their death or increased
division.*

Various cellular changes may occur on exposure to
extremely low frequency electromagnetic field.?

Frontal lobe: is the largest lobe, has significant
functions for our body as prospective memory that
involves remembering the plans that you made,
speech production, personality. Making decisions
and movements control.®
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evidence.*

Increased lipid peroxidation and oxidative DNA
damage formation in rats frontal lobe may result
from exposure to 900, 1800 and 2100-MegaHz
released from mobile phones.®

Our objective in the research To shed light on the
changes induced by low frequency Electromagnetic
Filed (EMF) similar to that emitted form cellular
phones on the histological structure of cerebral
cortex in the frontal lobe of male albino rats of
different ages.


mailto:shokair1438@gmail.com

MATERIAL AND METHODS
a- EMF generator:

Electromagnetic field (EMF) generator
(trannstelltrafo. LTS (602), Sewed). It was available
by the international center for advanced researches
(ICTAR Egypt) at Al-Azhar University, Cairo,
Egypt. It generates an electromagnetic field

frequency (0.035mT) and adjusted by Tesla meter
digital counter near to the pulsing signal of mobile
phone of 217 Hz.®

b) Animals

The study included sixty adult male albino rats. They
were obtained and handled according to the
guidelines after the approval of the ethical committee
(CU I F 87 17) from the Animal House-Faculty of
Medicine at Al-Azhar University. All the animals
were handled for a period prior to experiment to
minimize nonspecific stress on the days of the
experiment, and were kept at room temperature (24-
26C) with a 12:12h light: dark cycle and provided
with standard crushed food and water during the
experiment.

Experimental design: The experiment was done in
the research unit at the histology department Faculty
of Medicine at Al-Azhar University. Rats were
equally dispensed into three main groups each of
which subdivided into three groups according to age:

Group | Control Group

Twenty rats were used, left without any interference.
Divided into three subgroups:

Adult group | (A):7 rats aged five months.
Young group | (Y):7 rats aged one month.
Middle age group | (M): 6 rats aged twelve months.

Group Il (EMF exposed group)

All exposed to frequency EMF near to the emitted
signal of mobile phone of 217 Hz three hour daily for
six days per week for one and half month, this group
divided into three subgroups.

Adult group 11 (A):7 rats aged five months
Young group Il (Y):7 rats aged one month
Middle age group 11 (M):6 rats aged twelve months

Group Il recovery group rats leaved for
spontaneous recovery for 1.5 months after exposure
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to EMF as described in group 1l this group divided
into three subgroups.

Adult group 111 (A): 7rats aged five months.

Young group I (Y): 7rats aged one month.

Middle age group Il (M): 6 rats aged twelve
months.

At the end of experiment (according to the group
EMF group after 1.5 month and recovery group after
3 months from the experiment beginning) animals
were euthanized by IP injection of sodium
pentobarbital (100 mg/kg).” Then the animals were
given intracardiac injection of 10% formalin. Skull of
each animal was opened and cerebrum was
immediately dissected out and divided into two parts:

The first part from each cerebrum was fixed in 10%
buffered formalin solution, dehydrated in ascending
grades of ethanol and embedded in paraffin. Serial
sections of 7 um thickness were cut and subjected to
the

1. Light Microscopic study
- Haematoxylin and eosin stain.?

- Immunohistochemical stain for Glial Fibrillary
Acidic Protein (GFAP) of the astrocyte.’

2. Statistical Analysis

Non overlapping fields from all groups were
analyzed measuring frontal cortex thickness and
counting cells number were done by image j
analyzing software ,also GFAP stained area was
measured by the same program [Image J 1.53e
Wayne Rasband and contributors National institute

of Health ,USA http://imagej.nih.gov/ijlava
1.8.0_172(64-bit)  4490K of  3000MB({1%)].
Comparison ~ between  normally  distributed

(parametric) quantitative data of more than two
groups was conducted using ANOVA test by (IBM
SPSS Statistics for Windows, Version 20.0. Armonk,
NY: IBM Corp. followed by post-hoc for multiple
comparisons

NB: The P value of < 0.05 indicates significant
results at confidence interval.’°

The measurements were done in 10 high power fields
(HPF) in the experimental groups in measuring
thickness and counting the cells number.
Measurements were done in 200 (HPF) in measuring
GFAP stained area using the binary mode.

RESULTS
Light Microscopic Results:

Hematoxylin and eosin stained sections (Figures 1,
2 and 3)

The control adult young and middle age groups
revealed the frontal cortex covered with pia matter.
Below it, six layers named: molecular, external
granular, external pyramidal, internal granular,
internal pyramidal and multiform layers.
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The molecular and external granular layers formed of
few neurons, granule cells and neuroglial cells in
pink background of neuropil. (Figures 1A, B and C)

The external pyramidal layer had varying sizes of
pyramidal cells with scattered granular cells.

The internal granular and internal pyramidal layers
showed normal pyramidal cells and normal granule
cells. Glial cells appeared smaller in size with small
deeply stained nuclei in the intercellular area
(neuropil).

The inner most multiform layer had variety of
neurons of different shapes and sizes.

Neurons divided into pyramidal cells had a long
apical dendrite, basophilic cytoplasm and large
vesicular nucleus and granular cells had round cell
bodies and large rounded open face nuclei.

Young and middle age group appeared less in
thickness relative to adult. The middle age groups
were similar to adult but other pyramidal cells appear
with rounded dark nuclei and acidophilic cytoplasm.
(Figures1 D, E and F)

In EMF exposed group, the frontal cortex exhibited
many shrunken cells with dark stained nuclei with
little acidophilic cytoplasm .Cells are surrounded by
empty spaces. Also congested blood vessels and
vacuolated neuropil are present in some areas in
neuropil. (Figure 2 A, B and C)

Frontal cortex of adult and young recovery rats
revealed many pyramidal granular cells with
apparently normal appearance. There are also few
shrunken distorted pyramidal dark stained nuclei
surrounded by empty space also the congestion in the
pia matter and some neuropil vessels still. (Figure 3
A and B)

In middle age recovery group few pyramidal and
granular cells had apparently normal appearance,
while many darkly stained nuclei shrunken ones
surrounded by empty space were still present also
congestion in pia matter and neuropil still present.
(Figure 3 C)

Immunohistochemically  stained sections for

GFAP (Figure 4, 5 and 6)

Control adult and young groups showed weak
positive immunostaining in GFAP immunoreaction
stained area as in cytoplasm and processes of
astrocytes. They appear small (Figure 4 A and B)

The middle age control group showed moderate
positive GFAP immunoreaction stained area as in
astrocytes cytoplasm and processes (arrows)
appearing enlarged (Figure 4 C)

EMF exposure group in all ages show strong positive
GFAP immunoreaction stained area as astrocytes
cytoplasm and processes (arrows) appearing enlarged
(Figure 5 A, B and C)

The adult and young rat of recovery showed
moderate positive GFAP immunoreaction stained
area as astrocytes cytoplasm and processes appearing
enlarged (Figure 6 A and B)
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The middle age recovery group showed strong
positive GFAP immunoreaction stained area as
astrocytes cytoplasm and processes appearing
enlarged (Figure 6 C)

Morphometric and statistical results (Table 2 and
Histograms 1-3)

The mean thickness and number of cells of frontal
cortex in control adult show highly significant
increase if compared with control young and middle
rats in adult and young rats (group Il A) was highly
significant lower as compared to control adult and
non-significantly lower in thickness but significantly
lower in cells number as compared to recovery adult
(group 111 A).

(Group II' M) was none significantly lower than
control middle age (group | M) and (group 111 M).

Concerning the mean of percentage area of positive
GFAP in control middle age (group I M) showed
highly significant increase than control adult and
young groups.

(Group 11 A, Y) showed highly significant increase
as compared to control adult and recovery adult and
young (group 111 A) groups.

EMF middle age (group Il M) show highly
significant increase than control middle age (group |
M) and non-significant increase as compared to
recovery middle age (group 111 M).

Histology



Fig. 1 A, B and C: Frontal cortex of all ages in
control rats stained with H&E (x100) Molecular
layer (M) followed by External granular (EG),
External pyramidal (EP), Internal granular (1G),
Internal pyramidal (IP) and Multiform (MF) layers.
Part of white matter (WM) appears.

Fig. 1 D and E: Frontal cortex of rats H&E (x400)
control adult and young groups external pyramidal,
internal granular, internal pyramidal layers showing
pyramidal cells (p) with rounded vesicular nuclei and
multipolar shape with basophilic cytoplasm. Granular
cells (G) with rounded open face nuclei, prominent
nucleolus and little cytoplasm. Pink stained
background is the neuropil (arrow heads). Neuroglial
cells (arrows).
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Fig. 1F: Control middle aged internal granular,
internal pyramidal and multiform layers. Some
pyramidal cells (p) with pale nuclei, prominent
nucleoli, and multipolar shape with basophilic
cytoplasm. Other pyramidal cells appear with
rounded dark nuclei acidophilic cytoplasm (red
arrows). Granular cells (G) had rounded open face
nuclei, and little cytoplasm. Neuroglial cells (arrows)
are seen.

Fig. 2 A, B and C: Frontal cortex of all ages of
EMF rats H&E (x400) showed many shrunken cells
with small darkly stained pyknotic nuclei and little
acidophilic cytoplasm with empty space around
(arrows) Shrunken distorted pyramidal cells (p) are
seen and inflammatory infiltration (black asterisk)
neuroglial cells (NG). Congested blood vessel
(empty asterisk) in EMF adult and young groups.
Vacuolated neuropil in EMF middle age group
(arrow heads).
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Fig. 3 A and B: Frontal cortex of adult and young
recovery rats H&E (x400) many pyramidal cells (p)
multipolar shape with rounded nuclei and basophilic
cytoplasm. Granular cells (G) with round open face
nuclei, prominent nucleolus and little cytoplasm.
Also few shrunken distorted pyramidal cells with
dark stained nuclei (arrows). Congested blood vessel
still (asterisks). Neuroglial cells (NG).

Fig. 3C: Many shrunken cells with small darkly
stained nuclei and little acidophilic cytoplasm with
empty space around (arrow head). Shrunken distorted
pyramidal cells (arrows) surrounded by empty space
are demonstrated. Few pyramidal cells (p)
approximately normal .neuroglial cells (NG).
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4C

Fig. 4 A and B: Frontal cortex of adult and young
control rats stained with GFAP immunostaining
(x200) demonstrating the pia matter superficial half
of cortex showed faint positive GFAP
immunoreaction stained area as in cytoplasm and
processes of astrocytes. They appear small. Fig.4C:
in middle age control group showed moderate
positive  GFAP immunoreaction stained area as
astrocytes cytoplasm and processes (arrows)
appearing enlarged.




5C
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Fig. 5 A, B and C: Frontal cortex of EMF exposure : 6C

rats GFAP immunostaining (x200) in all ages strong
positive GFAP immunoreaction stained area as

astrocytes and  processes

cytoplasm

appearing enlarged.

Age

Adult

Young

Middle
ANOVA f

P-value

(arrows)

Fig. 6 A and B: Frontal cortex of young and adult
recovery rats GFAP immunostaining (x200) showing
moderate positive GFAP immunoreaction stained
area as astrocytes cytoplasm and processes appeared
enlarged Fig. 6C: middle age recovery group
showing strong positive GFAP immunoreaction
stained area as astrocytes cytoplasm and processes
appearing enlarged.

Thickness of frontal cortex in pixels

Control Radiation Recovery ANOVA Tukey’s test
Mean SD Mean SD Mean SD f P-value P1 P2 P3
1168.65 100.55 832.85 73.57 8524 75.08 30.221 <0.001*  <0.001*  <0.001* 0.658
922.3 69.75 77150 5256 830.7 58.19 9.434 0.002* 0.002* 0.033* 0.094
882.7 7860 79515 66.84 8359 644 2.335 0.131 0.065 0.286 0.307
275.403 5.070 1.754
<0.001** 0.007* 0.176

P1 = Control & Radiatio n, P2 = Control & Recovery, P3 = Radiation & Recovery

Table 1: The mean thickness of frontal cortex in all groups.
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Histogram 1: The mean thickness of frontal cortex in all groups.

Age Cells number in frontal cortex in 500x800pixel
Control Radiation Recovery ANOVA Tukey’s test
Mean SD Mean SD Mean SD f P-value P1
Adult 669.45 40.32 51395 5459 599.1 4123 17.308 <0.001* <0.001*
Young 530.95 59.78 346.05 4459 4435 5389 18.190 <0.001* <0.001*
Middle 481.73 43.83 433.3 63.27 440 30.78 1.804 0.199 0.154
ANOVA F 18.310 1937.852 22.026
P-value  <0.001* <0.001* <0.001*
P1 = Control & Radiation, P2 = Control & Recovery, P3 = Radiation & Recovery
Table 2: The mean cells number in frontal cortex in all groups.
m Control m Radiation Recovery
800 669.45
700
600 513 95 ' : “"95
66 it 4435 48173 43;.3 o
400 34605 J_ I
300
200
100
0
Adult Young Middle
Histogram 2: The mean cells number in frontal cortex in all groups.
Age GFAP STAINED AREA %
Control Radiation Recovery ANOVA
Mean SD Mean SD Mean SD f P-value
Adult 9.41 2.078 15.06 1238 1285 1.125 68.350 <0.001* <0.001*
Young 7.12 1.070 14.2 2212 989 1.113 104.950 <0.001* <0.001*
Middle 12.76 1.142 1535 1256 148 2174 14.685 <0.001* <0.001*
ANOVA f 21.402 0.805 15.215
P-value <0.001* 0.466 <0.001*

P1 = Control & Radiation, P2 = Control & Recovery, P3 = Radiation & Recovery.

Table 3: The mean percentage area of positive GFAP in frontal cortex of all groups
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P2

0.014*

0.024*

0.085

Tukey’s test

P2

<0.001*

<0.001*

0.002*

Histology

—

P3
0.012*
0.007*

0.820

P3
<0.001*
<0.001*

0.333
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Histogram 3: The mean percentage area of positive GFAP in frontal cortex of all groups.

DISCUSSION

Exposure to extremely low  frequency
electromagnetic field may cause various cellular
changes.?

Light microscopic examination of H&E stained
sections of the frontal cortex revealed decreased
thickness in control young (group 1Y) relative to
control adult (group IA). Similar to results obtained
by Ryan et al.'!

Control middle age (group IM) showed decreased
thickness than adult group similar result in
comparison middle to adult rats is recorded by
Lemaitre et al.*2

In the present study in the control middle age (group
IM) revealed shrunken neurons had dark stained
pyknotic nuclei contribute to the shrinkage and
cortical thinning of the aging brain. Similar results
obtained by Alexis.*®

In our study there was decrease in cells number in
control young (group 1Y) control middle age (group
IM) relative to control adult (group | A). This can be
explained by that major increase in neurons number
occurs between 1 and 2-3 months of age, followed
by a significant widespread and progressive neuronal
loss that begins at 3 months and the reduction in
numbers become evident at 12 or 22 months.*

In the present study, examination of H&E stained
sections of the frontal cortex exposed rats group II
revealed many shrunken cells having small dark
pyknotic nuclei, little cytoplasmic acidophilia and
empty spaces around cells. These criteria as signs of

apoptosis were described by Elmore et al and Eser et
a|.15, 16

Apoptosis is one of the final outcomes during the
process of MW radiation-induced brain damage."

Ca2+ influx through voltage-dependent Ca channels
in EMF exposed cells result in cell activation and an
antioxidant response. With more activation oxidative
stress causing DNA damage or cell death may
follow.*®

Lipid peroxidation previously mentioned by Mehmet
etal® can be explained by Blessy stating that
oxidative damage occurs in the form of lipid
peroxidation.  Products of membrane lipid
peroxidation and other oxidants like H 2 O 2 may
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react with superoxide dismutase causing oxidative
modification causing loss of enzyme activity.
Reactive oxygen species (ROS) start the radical
peroxidation chain reactions by attacking unsaturated
fatty acids containing multiple double bonds with
reactive hydrogen atoms. Oxidative stress involves
complex processes and change of many cellular
components by ROS including proteins, nucleic acids
and lipids.*®

Due to high needs for oxygen and high concentration
of polyunsaturated fatty acids brain is a target organ
for oxidative damage (free radicals).?

The previous causes can explain the resulted
decrease in thickness and cell loss in all groups after
EMF exposure. In a study on cerebellum after A 900-
MHz EMF causes apoptosis (as explanation) there
was decreases in the layers compared with control
group.?

In our study there were inflammatory cell
infiltrations after EMF exposure similar results by
Sibghatullah et al in the brain parynchema after EMF
900MHz 1hr/day.?

Empty spaces or vacuolation, distorted pyramidal
cells and congested blood vessel after exposure to
EMF in the present study can be explained by the
results in a study in H&E stained sections obtained
from 900 MHz exposed animals revealed most nerve
cells shrunken with loss of their processes and peri-
cellular halos. The affection was more to pyramidal
cells as they lost their processes with shape
irregularity. With higher EMR (1800MHZ) animals
showed more severe degeneration in nerve cells,
vacuolated neuropil in all layers and congestion in
many blood vessels.?

Congestion in the vessels and RBCs extravasation in
a myocardial study, may be due to free radical
generation with EMF.*

In recovery groups (I11) pyramidal or granular cells
showed approximately normal appearance this can be
supported by persistent appearance of newborn
cortical neurons after stroke.*®

Also from adult brains multipotent neural stem cells
were isolated.?

With exposure to media containing epidermal growth
factor, stem cells proliferation and differentiation
into neurons and glial cells can occur in vitro. The
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ependymal cells lining lateral ventricle have been
further traced as the possible origin of the stem cells
residing in the subventricular zone.?

Neurogenesis can explain increased thickness after
recovery from EMF as a cause of cerebral injury.
Neurogenesis in adult humans is a controversial topic
in neuroscience field. While some researchers report
that a sharp drop in neurogenesis as the human brain
ages.?®

Others report that neurogenesis in the dentate gyrus
of the hippocampus of human brains continues into
old age.®

Also, some researches revealed Prefrontal cortical
thickening after mild traumatic brain injury.*

In our study there is highly significant increase in
GFAP stained area in control middle age (group IM)
as compared with control young (group 1Y) and
control adult (group 1A)

This is supported by Goodall et al stated that the
cortex and the cerebellum of the mouse cohort GFAP
expression significantly correlated with aging in
mice.*

Also in our study showed highly significant increase
in GFAP stained area in all EMF exposure groups.
Similar results revealed an apparent increase in the
number of the star-shaped astrocytes with intense
GFAP immunoreaction by Ammari et al.*2

Increased GFAP-reactivity has been associated with
neuronal injury.®

In our study highly significant decrease in GFAP
stained areas in recovery adult (group IlIA) and
recovery young (group I11Y) groups as compared to
radiation group of the same age. This can be
explained by that acute trauma to the brain cause
gliosis, most often in its severe form with the
development of a glial scar. Diffuse traumatic injury
can cause diffuse or more moderate gliosis without
scarring. In such cases, gliosis may also be
reversible. In all instances of gliosis resulting from
CNS trauma, the long-term clinical outcome is highly
dependent on the degree of astrogliosis and scar
formation.**

Spontaneous regression of pilocytic astrocytoma
(astrocyte tumor) in children, young adults also in a
unique case of a woman 64-year old shortly
regressed before surgery.®

CONCLUSION

EMF exposure induce histopathological and immune
histochemical alternation in frontal cerebral cortex
and these changes can be reversed or decrease with
withdrawal of EMF exposure.

Conflict of interest : none

REFERENCES

1. Horiuchi S., Ishizaki Y., Okuno K., et al. Change
inbroth culture is associated with significant
suppression of E. coli death under high

159

magnetic field. Bioelectrochemistry, (2002) 57:
139-44.

2. Anna Koziorowska, Maria  Romerowicz-
Misielak , Przemystaw Sotek , et al . Extremely
low frequency variable electromagnetic fields
affect cancer and noncancerous cells in vitro
differently: Preliminary study. Electromagn
Biol Med. 2018;37(1):35-42.

3. Khaled H. Jawabri; Cerebral Cortex Functions
Sandeep Sharma Physiology, (Last
Update: 2019.) StatPearls Publishing LLC.
Bookshelf ID: NBK538496PMID: 30860731

4. Dasdag S, Akdag MZ, Ulukaya E, et al: Effect of
mobile phone exposure on apoptotic glial cells
and status of oxidative stress in rat brain.
Electromagn Biol Med , 2009. 28(4): 342-54

5. Mehmet EsrefAlkis, Hakki Murat Bilgin,
VeysiAkpolat, et al. Effect of 900-, 1800-, and
2100-MHz radiofrequency radiation on DNA
and oxidative stress in brain. Electromagnetic
Biology and Medicine - 2019. pagel2. DOI:
10.1080/15368378.2019.1567526

6. Tuor M, Ebert S, Schuderer J, et al. Assessment of
ELF Exposure from GSM Handsets and
Development of an Optimized RF/ELF
ExposureSetup  for  Studies of Human
Volunteers. Foundation for
ResearchonInformation ~ Technologies  in
Society, Report: BAG Reg. , 2005. N0.2.23.02.-
18/02.001778, Zurich.

7. Celik I, Seker M and Salbacak A. Histological
and histomorphometric  studies on the
cerebellar cortex and silver stained nucleolus
organizer regions of Purkinje neurons in
chronic morphine-treated rats. Veterinarski
Arhiv.2018; 88(1), 75-88.

8. Suvarna, S.K., Layton, C. and Bancroft J.D. The
hematoxylins and eosin. In: Bancroft’s Theory
and Practice of Histological Techniques, 7"

edition,  Churchill ~ Livingstone Elsevier,
London, 2013. 178-9.
9. Suvarna, S.K., Layton, C., and Bancroft

J.D.Immunohistochemical  techniques. In:
Bancroft’s Theory and Practice of Histological
Techniques, 7" edition, Churchill Livingstone
Elsevier, London,2013. 387-418.

10. Emsley R, Dunn G and White IR: Mediation and
moderation of treatment effects in randomized
controlled trials of complex interventions.
Statistical Methods in Medical Research. 2010;
19(3), 237-70.

11. Ryan P. Vetreno, Richard Yaxley, Beatriz
Paniagua, G. et al. Adult rat cortical thickness
changes across age and following adolescent
intermittent ethanol treatment. Addict Biol.
2017 May; 22(3): 712-23.

12. H Lemaitre, AL Goldman, F Sambataro, BA
Verchinski, A Meyer-Lindenberg, DR
Weinberger, and VS Mattay. Normal age-
related  brain  morphometric  changes:

Histology


https://pubmed.ncbi.nlm.nih.gov/?term=Koziorowska+A&cauthor_id=29513614
https://pubmed.ncbi.nlm.nih.gov/?term=Romerowicz-Misielak+M&cauthor_id=29513614
https://pubmed.ncbi.nlm.nih.gov/?term=Romerowicz-Misielak+M&cauthor_id=29513614
https://pubmed.ncbi.nlm.nih.gov/?term=So%C5%82ek+P&cauthor_id=29513614
https://pubmed.ncbi.nlm.nih.gov/?term=Koziorowski+M&cauthor_id=29513614

13.

14.

15

16

17

18.

19.

20.

21

22

23.

24.

Nonuniformity across cortical thickness,
surface area and grey matter volume, Neurobiol
Aging. 2012. 33(3): 617.e1-617.€9.

Alexis Wnuk. How the Brain Changes With
Age. BrainFacts/SfN,
https://www.brainfacts.org/thinking-sensing
and-behaving/aging/2019/how-the-brain-
changes-with-age-083019

Priscilla Mortera and Suzana Herculano-Houzel.
Age-related neuronal loss in the rat brain starts
at the end of adolescence Front Neuroanat.
2012. 6: 45.

. Elmore, S. Apoptosis: A Review of Programmed

Cell Death. Toxicologic Pathology, 2007. 35:
(4), 495-16.

. Eser O, Songur A, Aktas C, Karavelioglu E, et al.

The effect of electromagnetic radiation on the
rat brain: An experimental study. Turk
Neurosurg 2013; 23:707 15.

. Yan-HuiHao, Li Zhao and Rui-Yun Peng. Effects

of microwave radiation on brain energy
metabolism and related mechanisms. Hao et al.
Military Medical Research. 2015 ( 2:4)

Volker  Ullrich,  Hans-Jurgen  Apell..
Electromagnetic Fields and Calcium Signaling
by the Voltage Dependent Anion Channel.
Open Journal of Veterinary Medicine, 2021.

Blessy Baby Mathew. Lipid peroxidation:
mechanism, models and  significance,
International Journal of Current Science, 2012,
3, 11-7.

Floyd, R. A. & Carney, J. M. Free radical
damage to protein and DNA: Mechanisms
involved and relevant observations on brain
undergoing oxidative stress. Annals of
Neurology, 1992. 32: (S1), S22-7.

. Tolga Mercantepe, Levent Tiimkaya, Mehmet

Fatih Gokge, et al. Effect of 900-MHz
Electromagnetic Field on the Cerebellum: A
Histopathological Investigation. Sisli Etfal
Hastan Tip Bul. 2018; 52(2): 129-34.

. Sibghatullah Muhammad Ali Sangi, Abdulhakim

Bawadekji, Nawaf M Alotaibi, et al. Protective
Effects of Vitamin E on Mobile Phone Induced
Injury in The Brain of Rats. International
Journal of Pharmaceutical and
Phytopharmacological Research  (elJPPR)
2020. Page 97-104

S.K.IM. Belal, O.K. Afifi, AA. Afeefy.
Evaluation of mobile phone radiation-induced
structural changes of rat brain with emphasis
on the possible protective role of pomegranate
peel extract International Journal of Radiation
Research, 2020.

Hanafy LK, Karam SH and Saleh A The
Adverse Effects of Mobile Phone Radiation on
Some Visceral Organs. Research Journal of
Medicine and Medical Sciences.2010; 5(1): 95-
9.

160

25

26

27

28.

29

30.

31

32

33

34.

35

AIMJ Vol.3-Issue8: 2022

. Wei Jiang, WeiGang Gu, Thomas Briannstrom, et

al. Cortical Neurogenesis in Adult Rats After
Transient Middle Cerebral Artery Occlusion.
Stroke Volume 32, Issue 5, May 2001; Pages
1201-7.

. Reynolds BA, Weiss S. Generation of neurons

and astrocytes from isolated cells of the adult
mammalian central nervous system. Science.
1992; 255:1707-10

. Johansson CB, Momma S, Clarke DL, et al.

Identification of a neural stem cell in the adult
mammalian central nervous system. Cell. 1999;
96:25-34.

Sorrells SF, Paredes MF, Cebrian-Silla A.
Human hippocampal neurogenesis drops
sharply in children to undetectable levels in
adults. Nature. 2018; 555(7696):377-81.

. Boldrini M, Fulmore CA, Tartt AN, et al. Human

hippocampal neurogenesis persists throughout
aging. Stem Cell. 2018; 22(4):589-99.e5.

PatriziaDall'Acqua, Soénke Johannes, Ladislav
Mica, et al. Prefrontal Cortical Thickening after
Mild Traumatic Brain Injury: A One-Year
Magnetic Resonance Imaging Study. J
Neurotrauma. 2017 1; 34(23):3270-9.

. E F Goodall , C Wang, J E Simpson , et al . Age-

associated changes in the blood-brain barrier:
comparative studies in human and mouse.
Neuropathol Appl Neurobiol.2018. 44(3): 328-
40.

. Mohamed Ammari, Christelle Gamez, Anthony

Lecomte, et al. GFAP expression in the rat
brain following sub-chronic exposure to a 900
MHz electromagnetic field signal, Int J Radiat
Biol 86.2010. (5):367-75.

. Eng, L. F., Ghirnikar, R. S. & Lee, Y. L. Glial

fibrillary acidic protein: GFAP-thirty-one years
(1969-2000). Neurochemical Research,
2000.25: (9-10), 1439-51.

Sofroniew, Michael V; Vinters, Harry V .
"Astrocytes: Biology and pathology". Acta
Neuropathologica. 2009. 119 (1): 7-35.

. Daizo Kamase, Namiko Nishida, Hiroki Toda, et

al. Spontaneous regression of right frontal
pilocytic astrocytoma in an elderly patient. J-
STAGE home. Progress in Neuro-Oncology.
2014; Pages 31-6.


https://www.brainfacts.org/thinking-sensing%20and-behaving/aging/2019/how-the-brain-changes-with-age-083019
https://www.brainfacts.org/thinking-sensing%20and-behaving/aging/2019/how-the-brain-changes-with-age-083019
https://www.brainfacts.org/thinking-sensing%20and-behaving/aging/2019/how-the-brain-changes-with-age-083019
https://www.researchgate.net/profile/Blessy-Mathew-4
https://pubmed.ncbi.nlm.nih.gov/?term=Goodall+EF&cauthor_id=28453876
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+C&cauthor_id=28453876
https://pubmed.ncbi.nlm.nih.gov/?term=Simpson+JE&cauthor_id=28453876
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Daizo+Kamase
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Namiko+Nishida
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Hiroki+Toda
https://www.jstage.jst.go.jp/browse/-char/en
https://www.jstage.jst.go.jp/browse/-char/en
https://www.jstage.jst.go.jp/browse/neurooncology/-char/en

