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ABSTRACT
Background Exposure to electromagnetic radiation (EMR) is closely
associated with neurobehavioral disorders. Vitamin D (Vit.D) has
neuroprotective functions. This work aimed to clarify the effect of Vit. D3
E-mail on the cognition of rats exposed to wireless fidelity (Wi-Fi) and explore the
eman.zaher2005@gmail.com | possible underlying mechanisms.
Background Exposure to electromagnetic radiation (EMR) is closely
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Method Forty male albino rats were divided into 4 equal groups: normal
control (NC), NC+Vit.D, Wi-Fi, and Wi-Fi+Vit.D. The rats in NC+Vit.D
and in Wi-Fi+Vit.D groups were treated with Vit.D3 (500 1U/kg) orally
once daily for 40 days, the Wi-Fi and Wi-Fi +Vit.D groups were subjected
to EMR of 2.45 GHz for two hours per day for 40 days. Rat neurobehavior
tests were done then isolation of hippocampus was performed to assay
hippocambal tumor necrosis factor-a (TNF-a), superoxide dismutase
(SOD), catalase (CAT), reduced glutathione (GSH), and malondialdehyde
(MDA). apoptosis-related gene (BAX and BCL2), cyclic AMP-response
element binding protein (CREB), autophagy genes of LC3 and P62
expressions were assessed. Immunohistochemistry for caspase-3 and
histopathology of the rat hippocampus were examined.
Results Wi-Fi exposure induced anxiety and memory dysfunction in rats
associated with histological signs of neuronal degeneration in their
hippocampus, Treatment with Vit.D significantly improved cognitive
dysfunction and decreased neuronal damage. The Wi-Fi group showed
significantly higher MDA, TNF-a levels, caspase-3 immune reactions, and
BAX, P62, and BAX/BCL-2 ratio expression. However; a significant
decrease in GSH, SOD, CAT, and expression of BCL2, CREB, and LC3.
Treatment with Vit.D significantly reversed the parameters mentioned
above.
Conclusions Administering Vit.D3 can protect against cognitive
impairment associated with Wi-Fi radiation exposure.
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INTRODUCTION

he usage of mobile phones and wireless

fidelity (Wi-Fi) devices has increased
worldwide recently, with potential health hazards.
[1, 2]. Several devices can emit radiation with a
2.45 GHz or 5 GHz frequency range, such as
wireless routers and access points, old
smartphones/tablets, Bluetooth devices. The
biological effects of electromagnetic radiation
(EMR) can be classified as thermal and non-
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thermal. Thermal effects are caused by an energy
transfer, resulting in a rise in temperature.
However, there is no significant thermal effect on
the brain or other organs in the body related to Wi-
Fi exposure [3]. While the non-thermal effects are
attributed to EM field interactions with neural
function, which can induce oxidative stress,
neurotransmitter levels alteration, and disrupt
cellular communication[4].
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Data suggest that the EMR exposure results in
cognitive dysfunction and memory deficits [5]. The
hippocampus is the brain part that controls
cognition and behavioral functions; it is vulnerable
to EMR exposure [6]. In the hippocampus, the CA3
region has more extensive neural connection than
other hippocampal regions, with a specific role in
memory processes, and is highly susceptible to
neurodegeneration [7].

Exposure to 2.45 GHz Wi-Fi has been suggested to
induce oxidative stress in biological systems
[8].This increases the production of reactive
oxygen species (ROS) in cells. Elevated ROS can
damage cell components like proteins, DNA, and
lipids. As previously described, EMR mediated
oxidative stress in the heart and gonads, with
subsequent inflammation and apoptosis [9, 10].
ROS are the main mediators proposed to mediate
the non-thermal effects of EMR, specifically on the
nervous system. During such stresses, there are
compensatory cellular protective mechanisms;
autophagy is a major protective proteolytic system
that faces cellular stresses. It can deal with any
intracellular damage through sequestration of
abnormal proteins and dysfunctional organelles. It
was reported that autophagy was involved in rat
hippocampal neuronal damage following radiation
exposure [11, 12].

Furthermore, targeting neurotrophic protein is a
possible mechanism related to the harmful effect of
EMR on the brain. A study indicated that EMR
affects the cyclic AMP-response element binding
protein (CREB) gene expression in the rat
hippocampus [13]. CREB is considered an
important transcription protein, modulating the
expression of other genes necessary for the
integrity and proliferation of neurons in addition to
the consolidation of memory [14]. Interestingly,
Seok et al. [15] observed a possible link between
CREB and autophagy gene expression in the
hepatic cells of mice.

Vitamin D (Vit.D) is considered as a
neuroprotective steroid with antioxidant and anti-
inflammatory properties, in addition to its role in
calcium-phosphate  homeostasis and  bone
metabolism [16]. It was observed that Vit.D
receptors and the enzymes contributing to its
metabolism are widely distributed in the nervous
tissue. It was evidenced that Vit.D is associated
with cognitive preservation, increasing attention
and memory functions, and inhibiting neural
deterioration in models of Alzheimer's disease,
multiple sclerosis and lipopolysacharide-induced
inflammation [17], interestingly. a link between
Vit.D intake and autophagy enhancement in
retonone-treated rats was observed [19]. Moreover,
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Nadimi et al. [20] observed that Vit.D has
increased CREB phosphorylation in the
hippocampus in diabetic rats. However, the effect
of CREB gene or its molecular pathway are not
clear .

Although Vit.D was observed to be
neuroprotective in different neurodegenrative
models, however the role of Vit.D on cognition
during the exposure to EMR is still unclear and
need more clarification. So, in this study, we aimed
to clarify the effect of Wi-Fi exposure on rat
cognition and the possible ameliorative effect of
Vit. D administration on cognitive functions in rats
exposed to Wi-Fi radiation and to study the
possible underlying mechanisms including
hippocampal  apoptosis, inflammation and
oxidative  states, autophagy, and CREB
involvement.

2 Methods

2.1 Experimental animals

Forty male albino rats; 160-180 g weight, 8-week-
old , were housed in plastic cages (size 50x50x60
cm) , 5 rats per cage. kept at 20-24 °C with a 12-
hour dark-light cycle; free access to chow and
water was allowed. Acclimatization to the animal
behavior lab for one week before the study was
done [21].The experimental protocol was approved
by the Zagazig University institutional animal care
unit committee (ZU-IACUC; Sharkia; Egypt) with
approval number (ZU-1IACUC/3/F/39/2021).

2.2 Animal grouping and study design

Rats were randomly divided into 4 equal groups:
Normal control group (NC) (n=10) Rats were
subjected to a Wi-Fi router, but the device was
turned off. NC+Vit.D group (n=10) Rats were
treated with Vit.D3 with 500 1U/kg by oral gavage
once daily for 40 days [22] and subjected to a Wi-
Fi router, but the device was turned off. Wi-Fi
group (n=10) Rats were subjected to a non-ionizing
EMR of 2.45 GHz for two hours per day, from
12:00 to 14:00 for 40 days [23]. Wi-Fi +Vit.D
group (n=10) Rats were subjected to Wi-Fi
radiation and treated with Vit.D using the methods
mentioned above.

2.3 Wi-Fi setup exposure

Animals were exposed to EMR from a centrally
positioned Wi-Fi device (about 25 cm from the rat
cages), ensuring adequate space and environmental
control for temperature and humidity, the head and
body of animals were subjected to microwave
radiation with a power density of 0.016 mW/cm2
and a specific absorption rate of 0.017 W/kg for 2
hours/day. Manually, the modem was switched off
and on at constant time daily. Measure the Wi-Fi
signal strength (mW/m2) at the location where the
rats were housed using a local Wi-Fi signal
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strength meter. The Wi-Fi signals were picked up
directly by a specific access point for indoor use. It
supports wireless networking speeds of up to 150
Mbps with the public frequency 2.45 GHz for two
hours/day over 40 days [23].

2.4 Vit.D supplementation

Vit.D3 Cholecalciferol (Vidrop; Medical Union
Pharmaceuticals, Ismailia, Egypt) was used; it was
diluted in corn oil and was given daily by oral
gavage (500 IU/kg/day) to rats in the NC+Vit.D
and Wi-Fi + Vit.D groups [22]. At the exact time,
NC and Wi-Fi-exposed rats were given oral corn
oil by gavage for 40 days.

2.5 Neurobehavioral studies

Neurobehavioral tests were conducted at the last
week of the study, it began at the day 33 of the
study and continued for one week .The following
tests were done:

2.5.1 Open field test (OFT).

It tested anxiety. The open field maze was used; it
consisted of one big square (its side is 1 meter
long); its floor was divided into smaller 25 squares
(20 cm side length). The test was done according
to Briones-Aranda et al. [24]. The squares number
that was entered by each rat, rears number, latency
to move and to rear, and the numbers of fecal boli
were assessed.

2.5.2 Modified T-maze test

It tested working memory and used a modified
spontaneous alternation T-maze. A manual T-
maze, which has a central part with a guillotine
door at each goal arm, was used. The test was done
according to Wu et al. [25]. For all rats, one sample
trial and five choice runs were allowed per day for
two days, with a total of 12 trials for each rat with
a total of 10 possible alternations. The percentage
or proportion of correct choices (alternations) per
rat was calculated as follows:

Number of correct choices (Alternations)
Total possible alternations

2.5.3 Modified Barnes Maze test

It assessed spatial learning in rats. A circular
apparatus 122 cm with a wide table having forty
random holes. One target hole that leads to the
escape box. Habituation was done for all rats
before the test. Then three target sites were tested,
differing in their distance from the center. Rats
were allowed for 3 trials per day to reach the target.
After the acquisition trial, a probe test was done by
removing the escape box. For each trial, the
number of errors and the latency to reach the
escape box were recorded according to Morel et al.
[26].

2.6 Hippocampal
preparation

X 100

dissection and tissue
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After 40 days from the beginning of the study, the
rats were sacrificed by decapitation under urethane
injection (1.2 g/kg IP) [27], the brain was dissected
and rinsed in ice-cold saline, and the hemisphere
was cut to bihalfs. To expose the hippocampus, the
olfactory bulb and the frontal cortex were cut, then
the ventral side of the brain and the midbrain were
dissected. The hippocampus was extracted and
divided into two parts. One part was prepared for
tissue homogenate for biochemical and gene
analysis; this first part of the hippocampal
specimens was homogenized with ice-cold
phosphate-buffered saline. Then, centrifuged at
4,000-6,000 RPM for twenty minutes, the
supernatant was obtained [28]. The second part
was immediately placed in formalin 10% for
histopathology and immunohistochemical study of
the CA3 region.
2.7 Hippocampal oxidative and inflammatory
markers assay
Assessment of malondialdehyde (MDA) and the
tumor necrosis factor-o. (TNF-a) levels in the
hippocampus by using enzyme-linked
immunosorbent assays (ELISA) (catalog numbers
MBS727531 and CSB-E11987, respectively,
Egyptian Company for Biotechnology, Cairo,
Egypt). Reduced glutathione (GSH) levels,
superoxide dismutase (SOD), and catalase (CAT)
activities in the hippocampus were assessed by
ELISA kits (catalog numbers CSB-E12144r, CSB-
E08555r, and MBS2600683, respectively;
Biodiagnostic Company for Biotechnology, Dokki,
Giza, Egypt), all procedures were performed
according to the manufacturer's protocols.
2.8 Gene expression analysis
Quantitative  Real-Time  Polymerase  Chain
Reaction (RT-PCR) was used for analysis of
hippocampal BAX, BCL2, P62, microtubule-
associated protein light chain 3-I1 (LC3-1I), and
CREB mRNA expressions. RNAs were extracted
from hippocampal tissue homogenate using
GENEZzoITM Reagent. The RNAs were measured
by nanodrop spectrophotometry (ND 1000-
NanoDrop®). Reverse transcriptions were done by
the  TOPscriptTM  cDNA  Synthesis  Kit
(Enzynomics). Mx3005P RT-PCR Systems
(Agilent Stratagene, USA) were used for the RT-
PCR. In the PCR cycling, the samples were run in
triplicates. The primers of oligonucleotide were
obtained from Sangon Biotech (Beijing, China).
The levels of the target gene expressions were
neutralized with the mRNA expressions on the
housekeeping genes, GAPDH. Data were presented
as fold changes in comparison to control groups
according to the 2—AACT method (Table 1).

2.9 Histopathological study
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The second part of the hippocampal specimens was
immediately placed in formalin 10%, then
dehydrated by alcohol, and embedded in paraffin,
with multiple sectioning for five um in thickness,
followed by Hematoxylin-Eosin staining [29].The
intact neurons were defined as round-shaped cells
with an intact cytoplasmic membrane, without any
nuclear condensation or distorted aspect. The
degenerated cells were defined with small and
shrunken appearance, with condensed small darkly
stained nucleus. The pyramidal cells in the
hippocampal CA3 region were examined at high
magnification (400x).

2.10 Immunohistochemistry
After being placed in formalin, the hippocampal
sample was put in paraffin, and 5-um sections were
prepared for immunohistochemical study [30]. The
sections were incubated with 3% H202 for 5
minutes, followed by phosphate-buffered saline for
5 minutes. The sections were then treated with
primary antibodies for 1 day at 4 °C and thereafter
incubated with a secondary antibody for 10
minutes. The rabbit polyclonal antibodies against
rat brain active caspase-3 (ab2302; Abcam,
Cambridge, USA) were used. Slides were
photographed by an electric light microscope
(Leica ICC50 W) at the Image Analysis Unit of the
pathology department.

2.11 Morphometric analysis

The percentages of surviving cells in H&E section
of CA3 region and the percentage area of caspase-
3 positive cells were measured by Automated Cell
Counting with Imagel/Fiji (NIH, USA) software
program. Quantitative data was evaluated in 8 non-
overlapped high power random fields for same
hippocampal CA3 area (magnification 400).

STATISTICAL ANALYSIS
SPSS version 20 for windows (SPSS Inc, Chicago,
IL, USA) was used for data analysis. Comparisons
were obtained with one-way ANOVA with post
hoc analysis using Tukey test. Modified Barnez
maze test was evaluated using repeated measures
two- way anova followed by post hoc analysis
using Tukey test. Data were expressed as mean
+SD. The level of significance in all experiments
was considered p <0.05.

RESULTS

3.1 Open field test (OFT)

Wi-Fi exposure led to a marked decline in the
numbering of rears and squares that were entered
by each rat, with a marked increase in latency to
rear and to move and fecal boli number compared
to controls (p< 0.001). However, Wi-Fi-exposed
rats treated with Vit.D showed a significantly
higher number of rears and squares that were
entered by each rat (p<0.05), associated with a
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marked decrease in latency to move and to rear and
fecal boli numbering compared to those in the Wi-
Fi group (p < 0.001) (Figure 1).

3.2 Modified T-maze and Barnes maze test
Wi-Fi exposure led to a significant reduction in the
score of the T maze in comparison to controls (p <
0.001), implying working memory deficits.
However, Wi-Fi-exposed rats treated with Vit.D
showed significantly higher scores than those in the
Wi-Fi group (p < 0.001) (Figure 1). In the Barnes
maze test, the rats in the Wi-Fi group spent more
time and displayed more error numbers to reach the
escape tunnel in both acquisition trials and probe
trials compared to the control groups (p < 0.001).
However, Wi-Fi-exposed rats treated with Vit.D
showed a significant decline in duration and
number of errors in reaching the escape tunnel
compared to Wi-Fi-exposed rats (p < 0.001)
(Figure 2).

3.3 Hippocampus oxidative and inflammatory
markers

Wi-Fi exposure significantly decreased the
activities of SOD, CAT, and GSH levels in the
hippocampus (p < 0.001), while significantly
increasing the pro-oxidant "MDA" and the
inflammatory marker "TNF-a" levels compared to
controls (p < 0.01). However, Wi-Fi-exposed rats
treated with Vit.D showed a significant increase in
the activities of SOD (p< 0.05) and CAT and GSH
levels (p < 0.001) while significantly decreasing
the MDA and TNF-a levels in comparison to Wi-
Fi-exposed rats (p < 0.001) (Figure 3).

3.4 Hippocampal Bax, BCL2, LC3-1l, P62 and
CREB mRNA expression

The proapoptotic BAX expressions were
increased, while the anti-apoptotic BCL-2
expressions were decreased by exposure to Wi-Fi
compared to control groups, resulting in an
increased BAX/BCL-2 ratio. Wi-Fi-exposed rats
treated with Vit.D showed a significant decrease in
BAX expressions with an increase in BCL-2
expressions, resulting in a reduction of BAX/BCL-
2 ratio compared to Wi-Fi-exposed rats (p < 0.001)
(Figure 4).

The expressions of autophagy markers "LC3-I1" in
the hippocampus were significantly
downregulated, while the expression of "P62" was
upregulated considerably in Wi-Fi-exposed rats
compared to controls. However, Wi-Fi-exposed
rats treated with Vit.D showed a significant
increase in expression LC3-11 (p < 0.001) and drop
in P62 expressions when compared to Wi-Fi-
exposed rats (p < 0.001) (Figure 4).

CREB expression significantly decreased by
exposure to Wi-Fi radiation compared to controls
(p < 0.001). At the same time, its expression was
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significantly elevated in Wi-Fi-exposed rats treated
with Vit. D compared to the untreated Wi-Fi-
exposed (p < 0.001) (Figure 4).

3.5 Histopathology

H&E staining of the hippocampal CA3 region
showed small shrunken neuronal cells with
pyknotic dark-stained nuclei in the Wi-Fi group,
and the percentage of healthy neurons was
markedly decreased when compared with the
controls (P < 0.05). However, Vit.D administration
significantly increased the percentage of intact

Volume 31, Issue 2, FEB. 2025, Supplement Issue

neurons when compared to Wi-Fi-exposed neurons
(P < 0.05) (Figure 5).

3.6 Immunohistochemistry
Immunohistochemistry for caspase-3-positive cells
was assessed. The percentage area of caspase-3
active cells has increased markedly in the Wi-Fi
group when compared with control rats (p < 0.001)
(Figure 6). Vit.D significantly decreased the
percentage area of caspase-3 immune-positive cells
when compared to untreated Wi-Fi-exposed rats (p
<0.001).

Table 1. Primer sequences for rRT-PCR analysis of all targeted gene expression

Reverse Primer Forward Primer Gene | bp Accession NO
R: 5 F: 5 BAX | 109 | NM_017059.2
CAAACATGTCAGCTGCCACA | CGAATTGGCGATGAACTGGA

C3' 3

R: 5 F: 5 BCL- | 135 | NM_016993.1
CTGAGCAGCGTCTTCAGAGA | GACTGAGTACCTGAACCGGCA |2

CA 3 TC 3’

R: 5’ F:5' LC-3 | 147 | NM_012823.2
ACACAGTTTTCCCATGCCCA | GAAATGGTCACCCCACGAGT

3’ 3

R: F:5' P62 | 183 | NM_181550.2
CCAAGGGTCCACCTGAACAA | GGAAGCTGAAACATGGGCAC

3 3

R: 5’ F:5' CRE | 166 | NM_134443.2
ACGCCATAACAACTCCAGGG | ACTCAGCCGGGTACTACCAT 3 | B

3"

R: 5’ F: 5 GAP | 74 NM_017008.4
TACGGCCAAATCCGTTCACA | GCATCTTCTTGTGCAGTGCC 3' | DH

3!
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Figure 1. (A) Latency to move, (B) Number of squares, (C) Number of rears, (D) Rear latency in seconds,
(E) Number of fecal boli, and (F) T-maze percentage. Data are evaluated by One-way ANOVA and
presented as Mean + SD, p-value < 0.05. *: significant versus Normal control (NC), Normal control with
vitamin D (NC+Vit.D), #: significant versus WiFi group.
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Figure 2. Modified Barnes maze (latency and number of errors to reach the escape box in the studied groups
in Acquisition trials (AT) and probe trials (PT) for testing memory in Normal control (NC), Normal control
with vitamin D (NC+Vit.D), Wi-Fi and Wi-Fi +Vit.D groups. Data are expressed as Mean £ SD, repeated
measures two-way ANOVA, and p-value <0.05.
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Figure 3. (A) Hippocampal malondialdehyde (MDA) nmol/g, (B) Hippocampal Superoxide dismutase
(SOD) U/g, (C) Hippocampal reduced glutathione (GSH) nmol/g, (D) Hippocampal catalase (CAT) ng/mg,
and (E) Hippocampal tumor necrosis factor-a (TNF-a) pg/mg. Data are evaluated by one-way ANOVA and
presented as mean + SD, p-value < 0.05. *: significant versus normal control (NC), normal control with
vitamin D (NC+Vit.D), #: significant versus WiFi group.
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Figure 4. A) BAX gene expressions in the hippocampus, B) BCL-2 gene expressions in the hippocampus, C)
BAX/ BCL-2 ratio, D) Microtubule-associated protein light chain 3-11 (LC3-11) gene expressions in the
hippocampus, E) P62 gene expressions in the hippocampus, and F) cyclic AMP-response element binding
protein (CREB) gene expressions in the hippocampus. Data are evaluated by one-way ANOVA and
presented as mean + SD, p-value < 0.05. *: significant versus normal control (NC), normal control with
vitamin D (NC+Vit.D), #: significant versus WiFi group.
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Figure 5. Hematoxylin and eosin staining of a section of the hippocampus of CA3 in all studied groups,
including (A) normal control (NC), (B) normal control with Vit.D (NC+Vit.D), (C) WiFi and (D) WiFi
+Vit.D. NC and NC+Vit.D groups show normal pyramidal cells with vesicular nuclei and small central
nucleoli and oligodendrocyte (blue arrow). WiFi group shows degeneration of nuclei with dark stained nuclei
(black arrows) and perineuronal edema (arrowhead). WiFi +Vit.D group shows improvement with a increase
in the percentage number of surviving. normal pyramidal cells with vesicular nuclei (black arrows), with
decrease in number of the degenerated cells (red arrow). Data are evaluated by one-way ANOVA and
presented as mean + SD, p-value <0.05. *: significant versus NC, NC+Vit.D, #: significant versus WiFi
group, Scale bar= 20 um, x400.
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Figure 6. Immunohistochemical staining for Caspase-3 positive cells within the CA3 region in all studﬁd

groups, including (A) normal control (NC), (B) normal control with Vitamin D (NC+Vit.D), (C) WiFi and
(D) WiFi +Vit.D. The bar chart shows the statistical analysis of the percentage area of caspase-3 immune-
positive cells among all studied groups. Black arrow signifying the expression of Caspase-3 positive cells.
Data are evaluated by one-way ANOVA and presented as mean + SD, p-value < 0. 05.. *: significant versus
NC and NC+Vit.D groups, #: significant versus WiFi group, Scale bar= 20 um, x400.

DISCUSSION

EM field can affect cognitive function and memory
[4]. The hippocampus is the brain area concerned
with cognition and is highly vulnerable to stress
[6]. So, we conducted this study to evaluate the
effect of Wi-Fi exposure as a source of EMR on rat
cognitive function and to study the modulating
effect of Vit.D on rat cognition during the exposure
to Wi-Fi radiation and to evaluate the involvement
of different possible mechanisms, including
hippocampal apoptosis and the associated
inflammation and oxidative states, autophagy, and
CREB involvement.

OFT was used to test anxiety-like behavior. The
present study revealed that Wi-Fi exposure
significantly increases anxiety-like behavior. The
modified T Maze test and Barnes Maze protocol
were used to test working memory, spatial
memory, and learning, respectively. Wi-Fi
exposure led to a significant decline in the T maze
score, and the rats spent a significantly longer time
in the barnez maze with a higher number of errors
to reach the escape box compared to controls,
indicating memory and learning deterioration.
Shahin et al. [6] found memory impairment, and
Tarsaei et al. [31] observed anxiety-like behavior
following exposure to EMR in rats. Although Cobb
et al. [32] didn’t observe any memory changes with
low-level EMR exposure. They expose rats to 2.45
GHz fields for 10 days, we suppose the short
duration of exposure of the rats in the previously
mentioned study may not be enough to affect the
memory, as the memory disturbance may be
related to the duration of exposure rather than
levels of radiation.

Oxidative stresses can explain the non-thermal
effect of EMR on the neurons [4]. Our study
observed significant high MDA and TNF-o with a
significant decrease in hippocampal protective

Abozaid, E., et al

antioxidant SOD, CAT activities, and GSH levels
in the Wi-Fi group. In the same line, Mojez et al.
[33] showed that chronic exposure to EMR
markedly reduced the total antioxidant capacity,
resulting in cell death.

In the rats exposed to Wi-Fi, ROS levels in
the brain exceeded the neuronal cell antioxidant
capacity, so oxidative stress and inflammation
occurred, which was evidenced by the increase in
the level of MDA and TNF -a respectively. MDA
resulted from areaction between ROS and
polyunsaturated fatty acids in the lipid bilayer of
the cell membrane. Also, the reduced antioxidant
activities after Wi-Fi  exposure reflect the
impairment of the cell’s ability to neutralize ROS,
leading to oxidative stress, inflammation, which
could lead to apoptosis of neurons.

Apoptosis, which is important for maintaining
tissue homeostasis [34], was accused of mediating
the hazardous effect of EMR exposure. In this
issue, an in vitro study has observed the induction
of  caspase-dependent  (intrinsic)  apoptotic
pathways in relation to EMR exposure [35].
However, also caspase-independent (extrinsic)
apoptotic pathways have been activated following
EMR exposure in rat neuronal cultures [36].

The pro-apoptotic BAX protein, when activated by
signals from Wi-Fi, translocates to the
mitochondrial membrane, promoting cytochrome ¢
release, which further activates the caspase family,
this is known as caspase dependent apoptotic
pathway [37]. Caspase-3 activation is an essential
step in the apoptosis cascade, as it causes DNA
fragmentation and the breakdown of cellular
components, leading to cell death. However, the
anti-apoptotic action of BCL-2 inactivates caspase-
3, thereby promoting cell survival. BAX to BCL -2
ratio is critical in determining the susceptibility of
a cell to apoptosis [38].
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Given that, the current study revealed a significant
high proapoptotic BAX gene expression and
apoptotic marker "caspase-3" immunoreactivity.
However, the anti-apoptotic BCL-2 gene
expressions were significantly decreased in the
hippocampus of the Wi-Fi exposed rats with
significant increase in the ratio of BAX to BCL-2
when compared to the controls.

As previously described, EMR can produce an
increase in Ca?* signaling secondary to the
activation of voltage-gated Ca?* channels; this
elevates calcium/calmodulin-dependent nitric
oxide synthesis, so elevates NO and superoxides
inside cells [40]. . The increased ROS/NO reacts
with each other to form peroxynitrite, which
further breaks down to become free radicals,
producing protein and lipid carbonylation of both
neuronal and glial cells of the hippocampus, and
results in inflammation and further apoptosis,
which resembles the extrinsic apoptotic pathway
[41]. Based on that, in the current study, the noted
high level of hippocampal TNF-o in Wi-Fi-
exposed rats,, which is an important marker of
inflammation, indicates the involvement of
extrinsic apoptotic pathways as well.

Our work proved that treatment with Vit.D in Wi-
Fi-exposed rats significantly reversed the
disturbance of the neurobehavioral function,
decreased anxiety, and improved memory and
learning compared to the untreated Wi-Fi group.
Also, Vit.D that was administered to Wi-Fi-
exposed rats also resulted in a significant recovery
of oxidative stress and inflammation compared to
the Wi-Fi group. Moreover, Vit.D significantly
decreased apoptotic BAX gene and caspase-3
expressions and increased the antiapoptotic BCL-2
gene, so decreased the ratio of BAX to BCL-2.
These results approved a role for Vit.D in
modulating both the caspase-dependent and
caspase-independent apoptotic pathways.
Bakhtiari-Dovvombaygi et al. [42] demonstrated
that Vit.D improved chronic mild stress. Also, it
decreased the anxiety-like profiles and enhanced
the memory and learning activities of old
ovariectomized rats and limited TNF-o and
interleukin-6 in the hippocampus [43]. Moreover,
in humans; a relationship between abnormally low
levels of Vit. D and the high incidence of dementia
was observed [44]. Vit. D limited the oxidative
stresses through the upregulation of antioxidant
enzymes [45].

Autophagy maintains cell homeostasis by
protecting cells from environmental stresses.
However, the dysfunction of autophagy causes
aggregation of abnormal proteins, leading to a
variety of neurodegenerative diseases [46].
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Autophagy flux can be evaluated by the
guantitation of LC3-1l, moreover, LC3-ll can
interact with P62 to help the degradation of
abnormal protein aggregates [47].

There are conflicting reports about the relation of

EMR with autophagy. A study supports the idea
that EMR is positively involved in activating
autophagy [48]. Another one suggests that no EMR
effects on autophagy [49].

Our results support the involvement of autophagy as

an additional mechanism mediating the EMR
neuronal injury, and we evidenced that the
exposure to Wi-Fi radiation induced a significant
drop in the expression of the LC3-1l gene with a
significant rise in expression of the P62 gene in the
rat hippocampus compared with controls,
suggesting disturbance of autophagy. However, we
observed the inducing effect of Vit.D treatment on
LC3 expression levels and decreased P62
expression when compared to the untreated Wi-Fi
groups. Agreeing with us, Magdy et al. [19]
observed that Vit.D increased LC3-Il expression
and decreased P62 expression in retonone-treated
rats.

Interestingly, Vit.D modulates autophagy at
several levels through different mechanisms,
including the regulation of intracellular calcium
levels and its downstream pathways [50]. Tavera-
Mendoza et al. [51] reported that the Vit.D
receptors acts as a master transcriptional regulator
of autophagy. They observed that Vit.D induces
autophagy in the normal mammary gland through
up-regulation of the LC3 protein level
accompanied by increased autolysosome volume.
On contrary to these findings, Golpasandi et al.
[52] indicated that Vit.D reduced the excessive
autophagy in rats with type 2 DM. This
discrepancy suggests a role for Vit.D in regulating
disturbed autophagy rather than promoting or
suppressing autophagy.

In another point of view, targeting the neurotrophic
proteins may be related to the hazardous effect of
EMR exposure. CREB is reported to be closely
integrated in memory and learning activities.
CREB regulates neuronal proliferation and
differentiation, as well as learning and memory
functions. The active form, phosphorylated CREB
(pCREB), plays a role in neurogenesis and
hippocampal neuroprotection [53]. The current
study observed a significant decrease in
expressions of the CREB gene in the hippocampal
tissue of rats that were exposed to Wi-Fi radiation
in comparison to the controls. While a significant
rise in the expressions of the CREB gene with Vit.D
treatment was observed.
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Interestingly, Tan et al. [54] observed a decrease in
spatial memory functions associated with
downregulation of p-CREB after six hours of
microwave exposure. On the contrary, Kumar et al.
[55] observed no effect of exposure to 2.45 GHz
EMR on the expression of CREB in the
hippocampus. This different CREB expression
pattern might result from the activation of diverse
signal pathways, which included PKA, MAP
kinases, and other Ca?*/calmodulin kinases, these
pathways can be affected by the dose and duration
of microwave exposure in the hippocampus.
Nadimi et al. [20] observed that administration of
Vit.D in animals with type 1 DM has increased
CREB phosphorylation in the hippocampus. In
contrast, in a study on chronic Vit.D effects on
mice, Kouba et al. [56] observed no effects on the
p-CREB/CREB ratio in the hippocampus,
however; both studies didn’t investigate the gene
expression of CREB.

Notably, our study shined a light on the inducing
effect of Vit.D on CREB gene expressions in the
hippocampus, which may add another mechanism
explaining the positive effect of Vit.D on cognition
in our model.

Moreover, there is a link between CREB and
autophagy was observed, as it was previously
described that CREB upregulates autophagy genes
in hepatic cells [15]. CREB also indirectly
modulates the transcription of genes linked to
autophagy and lipid degradation. [57], this
suggests that the role of CREB in autophagy can
affect the molecular basis and extends to metabolic
regulations. Based on these studies, we supposed
that the possible regulation of hippocampal
autophagy-related genes under the effect of CREB
may be considered an additional factor that mediate
Vit.D effects on autophage and oxidative stress.
However, the pathways and molecular mechanisms
behind this relation still need to be clarified further.
Finally, hippocampus histopathology of the CA3
region confirmed abnormal arrangement and signs
of death of neurons with a significant reduction in
the number of normal viable neurons in Wi-Fi-
exposed rats. However, Vit.D significantly
improved the histopathological findings. Our
biochemical and histological findings reflect the
changes in the hippocampus of the Wi-Fi-exposed
rats and Vit.D-treated rats, which also explain the
findings of neurobehavioral tests.

Some limitations were noted; first evaluation of
Vit.D levels should be considered in similar
models, second; studying the effect of EMR on Vit.
D receptors distribution in hippocampus still need
evaluation. And third: different pathways of CREP
such as mitogen-activated protein kinases

Abozaid, E., et al

Volume 31, Issue 2, FEB. 2025, Supplement Issue

(MAPK), and the Ca+2-calmodulin-dependent
protein kinase pathways need more clarification
with their possible involvement in Vit. D
mechanism for cognition improvement.

CONCLUSIONS
Wi-Fi radiation exposure produced cognition
disturbance that reflected oxidative stress and an
inflammatory state in hippocampal neurons. It
activated both extrinsic and intrinsic apoptotic
pathways. In addition, autophagy and CREB were
involved in this effect. Vit.D improved the
neurobehavioral tests, It enhanced autophagy and
CREB expression, and thus, it helped the
hippocampal neurogenesis via the suppression of
the neuroinflammatory and apoptotic processes
induced by the Wi-Fi radiation exposure. Vit.D
protected rats against the cognitive impairment
associated with the Wi-Fi radiation exposure. But
there is a need for further studies before clinical
application. Also, further additional work is needed
to find out possible molecular mechanisms that lie
behind the relation between autophagy and
oxidative stress under Wi-Fi exposure and the
possible relationship between CREB and the
autophagy pathway in the hippocampus.
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