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SUMMARY

The widespread use of cell phones recently has
raised interest in studying the safety of exposure
to their electromagnetic waves. This study aimed
to evaluate the possible protective role of vitamin
C (Vit. C) against the pathological effects produced
by the relatively long duration of third-generation
mobile phone radiation exposure in the parot-
id gland of male white albino rats. Also, to detect
the expected recovery after 4 weeks of withdraw-
al by immunohistochemical, histopathological,
and biomolecular studies. Forty male adult white
albino rats were used in this study, equally divid-
ed into 4 groups of 10 rats in each group: Group
I served as the sham control group; Group II was
exposed to radiation by phone generator (2100
MHz) for 3 hours/day for 5 days/week for 6 weeks;
and Group III was exposed to phone radiation sim-
ilar to Group II and supplemented with Vit. C at a
dose of 40 mg/kg for 5 days per week for 6 weeks.
Group IV (withdrawal) was exposed to radiation
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as Group II, then left without intervention for 4
weeks. Histological and immunohistochemical,
and the biochemical evaluation of oxidative stress
within parotid tissue (malonaldehyde (MDA), su-
peroxide dismutase (SOD), salivary total protein,
and amylase activity). qRT-PCR for TGF, MMP2,
NFKB, and TNF gene expression was performed
in this study. Histological examination of the pa-
rotid gland in group II showed many histological
changes, such as degenerative changes in the duct
system, epithelial lining of the acini, interstitial
space which different collagen fibers and poly-
saccharides, blood capillaries, and nuclei. Also,
alpha smooth muscle actin (a-SMA) and Ki-67
were aggravated. The statistical analysis showed
that treating rats with vitamin C improved the
parotid glands’ ability to secrete amylase activi-
ty and total protein. It also fixed the antioxidant.
Inflammatory cytokines TNF, NFKB, and fibrot-
ic marker TGF and MMP2 gene expression were
significantly upregulated in the exposed group,
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which was restored nearly to the control group
after Vit C supplementation. Long-term exposure
to mobile radiation affected the secretory func-
tion and the histological structure of the parotid
tissues. Vitamin C supplementation ameliorated
these pathological effects.
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INTRODUCTION

In recent times, non-ionizing radiation, par-
ticularly microwave radiation emitted by mobile
phones, has become ubiquitous, with almost the
entire global population utilizing these devices
(Rosado et al., 2014). The potential health impacts
of mobile phone radiation had been the previously
studied with relevant positive association. The In-
ternational Agency for Research on Cancer (IARC)
has classified the electromagnetic fields (EMF)
generated by mobile phones as potentially carcino-
genic, emphasizing the importance of ongoing pub-
lic health surveillance. Over the last two decades,
several studies had been developed on the effects
of mobile phone radiation on head and neck can-
cers, with the parotid gland being identified as par-
ticularly vulnerable due to its proximity to mobile
phone usage. The widespread adoption of 3G mo-
bile technology has raised concerns about both the
thermal and non-thermal effects of electromagnetic
radiation. There is growing apprehension regarding
the mechanisms by which mobile phones may exert
their adverse effects, including the potential for in-
ducing oxidative stress and disrupting antioxidant
defense systems. Saliva, a critical component in
maintaining oral health, is produced predominantly
by the major salivary glands, with the parotid gland
contributing significantly. Disruptions in salivary
gland function can lead to xerostomia, a condition
with challenging side effects, highlighting the ur-
gency for effective protective measures against mo-
bile phone radiation. This study aims to explore the
protective effects of Vitamin C on the parotid glands
of male Albino rats exposed to 3G mobile phone
radiation, assessing both the immediate and long-
term recovery potential through histopathological,
immunohistochemical, and biomolecular analyses.

MATERIALS AND METHODS

Used drug

Effervescent Vit C (vitacid C) tablets were pur-
chased from Chemical Industries Development
Company, Giza, Egypt. Each tablet contains 1000
mg of Vit C.

Animals

The study included 40 healthy adult male white
albino rats had 3-4 months age, weighing 200-230
gm obtained from the animal house of Faculty of
Medicine Helwan University and handled accord-
ing to the guidelines after the approval of the Re-
search Ethics Committee (REC) for human and
animal research with approval number (REC-FM-
HU-38-2023) from the animal house-Faculty of
Medicine Helwan University. The animals were
maintained at 50-70% humidity, temperature of
22 +£2°Cand with a 12 hlight/dark cycle. All efforts
were done to reduce animals’ suffering. Sample
size was calculated using the G power software.
Based on Rosado et al. (2014), we found that ten
rats per group were an appropriate sample size
for the study, with total sample size 40 rats (four
groups). a error probability = 0.05, power = 80%
and, effect size = 0.56, after acclimatization, rats
were randomly divided equally into 4 groups (10
rats for each group):

+ Group I (Sham control): rats were given 0.5 ml
of distilled water once /day/orally for 5 days/
week for 6 weeks.

+ GroupII (irradiated group): rats were exposed
to mobile phone generator radiation 2100
MHz EMF 3hrs/day (between 10 am and 1 pm)
for 5 consecutive days /week for 6 weeks.

«  Group III:( irradiated + vitamin C group): rats
were given 40mg/kg Vit C orally, one hour
before exposure to irradiation as in group II
(Jelodar et al., 2013).

« Group IV: (irradiated + withdrawal group):
rats were exposed to irradiation as in group II,
then left for withdrawal without intervention
for further4 weeks.



Exposure system and application of electro-
magnetic field

Animals were exposed to 2100 MHz radiofre-
quency radiation emitted by an electromagnetic
field generator (Trannsteltrafo. LTS 602) simu-
lating a 3G mobile phone for 3hrs/day (between
10 am and 1 pm) for 5 consecutive days /week
for 6weeks. A specially designated exposure sys-
tem of electromagnetic field (EMF) was used with
dipole exposure antenna and round plastic tube
cage (Holiday Industries Inc., UK) (El-Bediwi et
al., 2011). The animals were sacrificed by cer-
vical dislocation (El-Akabawy et al., 2015) at the
end of the experiment, right parotid glands of all
rats were carefully dissected and divided into two
parts. One part was used for histological evalua-
tion, and the other is for biomolecular analysis.

Biomolecular analysis

Estimation of oxidative markers MDA and
antioxidant marker SOD

Parotid tissue Malondialdehyde (MDA) was as-
sessed by ELISA technique according to kit in-
struction: MYBio source, USA. Cat # MBS2605193
Parotid tissue superoxide dismutase (SOD) was
assessed by ELISA technique according to kit in-
struction: MYBio source, USA. Cat # MBS036924.

Collection and preparation of saliva

Whole saliva was collected after 10-hrs fasting
according to a standardized method. Using 0.1 ml/
kg Hypnorm IM (Janssen Pharmaceutical, Beerse,
Belgium) The animals were anaesthetized. Saliva
secretion was stimulated by injection of a combi-
nation of 2.5 mg/kg body weight of isoproterenol
(Sigma Chemical Co., St. Louis, MO) and 2.5 mg/
kg body weight of pilocarpine (Sigma Chemical
Co., St. Louis, MO) subcutaneously. To prevent the
contamination from tears and nasal secretion,
the rats were put with their mouth placed over a
plastic cup; also to ensure a constant body tem-
perature for 3-5 minutes during saliva collection,
the rats were placed under electric lamps. The
collected saliva samples were centrifuged for 10
minutes at 3000 rpm; the biochemical parame-
ters of the supernatants were analyzed (Johans-
son et al., 1989).

Estimation of salivary amylase activity

Salivary amylase activity was assessed by ELI-
SA technique according to kit instruction: MYBio
source, USA. Cat # MBS8806064.

Estimation of salivary total protein

Salivary total protein was assessed by ELISA
technique according to kit instruction: MYBio
source, USA. Cat # MBS3808613.

Quantitative RT-PCR for studied genes

Parotid tissues from all groups were homog-
enized for total RNA extraction in 300 ul of ly-
sis buffer according to kit instruction Gene JET
Kit (Thermo Fisher Scientific Inc., Germany,
#K0732). 5 ul from the total RNA were used for
gRT-PCR using the Step-one instrument (Applied
Biosystems, U.S.A.) according to kit instructions
(SensiFASTTM SYBR R Hi-ROX) (catalog num-
ber PI-50217 V). Thermal cycles were as follows:
15min for 45°C for one cycle for cDNA synthesis,
10 min at 95°C for reverse transcriptase enzyme
inactivation, followed by 40 cycles for amplifica-
tion. Each cycle was continued for: 10 s at 95°C,
30 s at 60°C, and 30 s at 72°C. The expression of
studied genes was normalized to GAPDH and ana-
lyzed by AA ct method.

Primer sequences for TGF gene:

forward, 5'-CCCAGCATCTGCAAAGCTC3'
reverse, 5’GTCAATGTACAGCTGCCGCA3'
MMP2gene

Forward, 5'GTCTTCCCCTTCACTTTTCTG3'
reverse, 5'CGGAA GTTCTTGGTGTAGGTG3'
NFKB gene

forward, 5’AATTGCCCCGGCAT3'

reverse, 5'TCCCGTAACCGCGTA3

TNF gene

forward, 5’'CTCTTCTGCCTGCTGCACTTTG3'
reverse, 5’ ATGGGCTACAGGCTTGTCACTC3'
GAPDH gene

forward, 5’'CATGTTCGTCATGGGGTGAACCA3'
reverse, 5’ AGTGATGGCATGGACTGTGGTCAT-3'
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Histological study

The right parotid salivary glands of all rats were
dissected and were fixed in neutral buffered 10%
formalin, dehydrated, embedded in paraffin, sec-
tions of 5 um-thick were cut, stained with H&E to an-
alyze the histological structure, Masson’s trichrome
stain was done to assess collagen fiber content. The
presence of glycoprotein at the basement mem-
brane was detected by Periodic acid Schiff (PAS)
staining histochemical study (Suvarna et al., 2013).

Immunohistochemical study

In this study using immunohistochemistry for
alpha smooth muscle actin («SMA) helped iden-
tify the myoepithelial cells (MECs) during their
differentiation (Suvarna et al., 2013), and Ki- 67
immune staining was used to detect the cellular
proliferation (Maher et al., 2020).

Immunostaining for a-SMA

It was performed on deparaffinized, rehydrated,
sections of 5-um-thick were blocked with 1.5%
normal goat serum in PBS. The sections were in-
cubated with 6 ml prediluted primary (1ry) mouse
monoclonal antia-SMA antibody (Ab) (ab5694)
(Dako Corporation, Glostrup, Denmark) for 45
minutes at room temperature, then incubated
with a second-stage biotinylated antibody for 1
h, at room temperature (biotin conjugated goat
anti-rabbit IgG, 1:200,). The reaction products
were visualized after rinsing in PBS by immers-
ing the section into the chromogen diaminobenzi-
dine. Finally, counterstaining of the sections was
done with Mayer’s hematoxylin, dehydrated, and
mounted. The positive cells for a-SMA showed
brown cytoplasmic reaction. The negative control
was processed in the same way, but omitting the
step of 1ry Ab (Suvarna et al., 2013).

Immunostaining for Ki-67

5-um paraffin sections were used for immu-
nohistochemical detection of Ki-67 antigen us-
ing a rabbit monoclonal antibody. Hydration, and
blocking of endogenous peroxidase was done
after standard deparaffinization, sections were
processed in a microwave oven twice (5 min each)
at high power. Followed by a standard streptavi-
din-biotin peroxidase technique to detect the an-

tigen. Sections were incubated at room tempera-
ture with anti-Ki-67 (dilution 1:40, DAKO, USA) for
30 min diaminobenzidine (Sigma Fast DAB). May-
er’s haematoxylin solution was used for counter-
staining. The same streptavidin—biotin technique
was used in tissue sections, where 1% BSA in PBS
replaced the primary antibody for negative con-
trol. The nuclear (nucleoplasmic) staining for Ki-
67 was considered positive (Maher et al., 2020).

Morphometric study

Using Leica Quin 500LTD (Cambridge, UK) com-
puter assisted image analysis system. The count
of vesicular nuclei was performed in H&E-stained
sections. The area percentage of collagen fibers
stained with Masson trichrome and PAS positive
staining of basement membrane was measured
using binary mode.

The area percentage of a-SMA +ve MECs and
that of Ki-67 positive nuclei were performed using
interactive measurements menu (The Ki-67-pos-
itive nuclei were counted through a minimum of
200 cells per field in five different fields at x400
magnification). The Ki-67 labeling index (Ki-67
LI) is the number (%) of positive cells (Luo et al.,
2005; Hashemipour et al., 2014). The measure-
ments were done in 10 high power fields.

Statistical analysis

Statistical analysis of the studied parameters
was performed by using SPSS program (version
25; SPSS Inc., Chicago, Illinois, USA). Values were
expressed as means * SD and compared using
ANOVA test. P <0.05 was considered statistically
significant (Emsley et al., 2010).

RESULTS
General observations

No rat deaths were observed during the experi-
ment. The electromagnetic fields were well toler-
ated by the animals throughout the study.

Histological results
Haematoxylin.and.Eosin.stain

Group I (sham control group): The sections of pa-
rotid glands of the control group using the light



microscope showed the normal architecture. It is
formed of stroma, which consists of the connec-
tive tissue capsule and the septa extending from
capsule and dividing the glands into lobules. The
parenchyma between the septa consists of groups
of pure serous acini, and were lined by pyrami-
dal cells having rounded central vesicular nuclei
and basal basophilic cytoplasm. The duct portion,
consisting of striated, interlobular and intra-lob-
ular ducts, were easily detected. There was a net-
work of capillaries in between the acini and in a
connective tissue septum (Fig. 1A).

Group Il showed widened connective tissue sep-
ta between some lobules and homogenous acido-
philic material in others; besides, disorganized
acini in some areas could be observed. Some ac-
inar cells showed dark nuclei and others showed
cytoplasmic vacuoles. Inter-lobular septa contain
dense connective tissue fibers with cellular infil-
tration between the lobules and around a dilated
duct. Dilated and congested blood vessels were

seen. There was also loss of the architecture of
multiple lobules (Fig. 1B).

Group III (irradiated + Vit C) showed the capsule,
septa between the lobules. Also, an inter-lobular
duct in a connective tissue septum and intra-lob-
ular ducts in between the acini apparently nor-
mal serous acini, intra-lobular duct, interlobular
ducts and non-congested blood vessel in a slight-
ly thickened connective tissue septum containing
homogeneous material (Fig. 1C).

Group IV (irradiated + Withdrew): Apart from the
presence of few vacuolations, few pyknotic nuclei,
and slightly congested blood vessels, it showed
apparently normal histological features (Fig. 1D).

Masson’s Trichrome Stain

Group I (sham control group): few blue collagen fi-
bersin the capsule, fibers in the septa between the
lobes and the lobules and around the interlobular
ducts and blood vessels were detected (Fig. 2A).

Fig. 1.- H&E-stained parotid gland sections of all groups. x 400. Scale bars = 50 um. (1A): Group I (sham control) showing rounded
serous acini (yellow arrow) with narrow lumen. They have basal vesicular nuclei and basal basophilia. Note normal appearance
of intralobular ducts (green arrow) and thin septa (blue arrow). (1B): group II (Radiation) showing irregular acini with ill-defined
outline and darkly stained nuclei (red arrows) and cytoplasmic vacuoles (yellow arrows) and homogenous acidophilic material
(white arrows). Cellular infiltration (green arrow) inside thick connective tissue septa and around a dilated interlobular duct (ID)
with dilated congested blood vessels (black arrows). (1C): group III (Radiation +Vit C) showing acini and interlobular ducts nearly
as control group (blue arrow) with few dark stained nuclei (green arrow), septa are also seen showed nearly normal blood vessels
(red arrows). (1D): Group IV (Radiation + Withdrawal) showing nearly as control in acini (blue arrow) and intralobular ducts (yellow
arrow) but few of dark stained nuclei and some vacuoles in few acini could be detected (green arrow).
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Group II (irradiated): Multiple blue collagen fibers
in the capsule, excessive collagen fibers in inter-
lobular septa, around interlobular ducts in addi-
tion to blood vessels were detected (Fig. 2B).

Group III (irradiated+ Vit C): Sections clarified
that the low amount of collagen fibers appeared in
between the lobes and lobules and around ducts
and blood vessels (Fig. 2C).

Group IV (irradiated + Withdrew): sections clarified
that a moderate amount of collagen fibers (more
than in Group III) appeared in between the lobes
and lobules and around ducts and blood vessels
(Fig. 2D).

PAS reaction

Group I (sham control group) showed obvious pos-
itive (a magenta color) PAS reaction in the base-
ment membrane of the acini (Fig. 3A).

Group II (irradiated): The basement membrane of
some acini showed moderate positive PAS reac-
tion and absent in others (Fig. 3B).

Group III (irradiated + Vit C) showed obvious pos-
itive PAS reaction in the basement membrane of
the acini (Fig. 3C).

Group IV (irradiated + Withdrew) showed obvious
positive PAS reaction in the basement membrane
of the acini nearly as in Group III (Fig. 3D).

Immunohistochemistry

Alpha smooth muscle actin (0-SMA)

Group I (sham control group): Immunoreaction
to a-SMA showed brown cytoplasm in multiple
MECs at the periphery of the acini and intra-lobu-
lar ducts. Mild positive reaction is also seen in the
lining of blood vessels (Fig. 4A).

Group II (irradiated group): Section showed an in-
crease in a-SMA immunoreaction at the interlob-
ular ducts and periphery of the acini (Fig. 4B).

Group III (irradiated + Vit C group): Immunore-
action to a-SMA Sections showed o-SMA immu-
noreaction in multiple MECs at the periphery of

Fig. 2.- Masson’s trichrome stain for all groups. x200. Scale bars = 25 um. (2A): Section of the parotid gland of a sham control rat
showing few blue stained collagen fibers (red arrow) in the connective tissue septa between the lobules. (2B): Section from Group II
showing extensive blue collagen surrounding lobules, interlobular ducts, and blood vessels. (red arrow). (2C): Section from Group
11T showing few blue collagen fibres in inter and intra lobular septa (red arrow). (2D): Section from Group IV showing moderate
amount of blue collagen fibres in inter and intra lobular septa (red arrows).



Fig. 3.- PAS reaction of all groups. x400. Scale bars = 50 pm. (3A): Section of the parotid gland of a control rat showing obvious positive
PAS reaction in the basement membrane of the acini (black arrows). (3B): Section of the parotid gland of irradiated group showing
mild PAS reaction in the basement membrane of acini (blue arrows). (3C): Section of the parotid gland of a rat in irradiated and with
vit. C showing strong positive PAS reaction in basement membrane of almost acini (black arrows). (3D): Section of the parotid gland
of a rat in operated and withdrawal group showing moderate PAS reaction in basement membrane of almost acini (black arrows).

the acini and intra-lobular ducts more or less as
control (Fig. 4C).

Group IV (irradiated +Withdrew group): Sections
showed 0-SMA immunoreaction in multiple MECs
at the periphery of the acini and intra-lobular
ducts more or less as control and less than Group
11 (Fig. 4D).

(Ki-67)

Group I (sham control group): Immunoreaction to
Ki-67 showed positive immune reaction in very
few nuclei (nucleoplasm) of acinar cells and the
cells lining an intra-lobular duct (Fig. 5A).

Group II (irradiated group): Immunohistochem-
ical examination showed of Ki- 67 slightly in-
creased in positive reaction nuclei of the lining
cells of acini and some cells lining an interlobular
duct (Fig. 5B).

Group I (irradiated + Vit C group): Immunoreac-
tion to Ki-67 in few nuclei of acinar cells nearly as
control group (Fig. 5C).

Group IV (irradiated + Withdrew group). Immuno-
reaction to Ki-67 in few nuclei of acinar cells more
or less as in Group II (Fig. 5D).

Morphometric analysis

The statistical analysis between the studied
groups revealed that there was a significant in-
crease in the mean number of vesicular nuclei (P
<0.05) in the sham control group (I) when com-
pared with exposure group (II). But no significant
differences (P >0.05) were found when group III
and group IV were compared, or when the last
two groups compared with sham control group
(Table 1). No significant increase (P > 0.05) in the
mean area % of collagen fibers stained by Mas-
son’s trichrome were found when compared be-
tween sham control group and group III or group
IV. But a significant increase (P <0.05) in the
mean area % of collagen fibers stained by Mas-
son’s trichrome of exposure group II was found
when compared with shame control group (Table
1). No significant difference was found (P >0.05)
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Fig. 4.- a-SMS immunoreaction of all groups. x200. Scale bars = 25 pm. (4A): Section of the parotid gland of a control rat showing a
moderate a-SMA immunoreaction in multiple MECs at the periphery of the acini (black arrows) and intralobular ducts (blue arrow).
(4B): Section of the parotid gland of a rat in irradiated group showing an apparent increase in immune reaction for a-SMA in MECs
at the periphery of the acini (black arrows), interlobular ducts (blue arrow) and in the lining of two blood vessels (green arrow) is
also seen. (4C): Section of the parotid gland of a rat in irradiated and with vit. C group showing a moderate o smooth muscle actin
immunoreaction at the periphery of the acini (black arrows) intralobular ducts (red arrow), nearly as a control group. (4D): Sec-
tion of the parotid gland of a rat in irradiated and then withdrawal group showing a-SMA immunoreaction in multiple MECs at the
periphery of the acini (green arrows) and intralobular ducts (yellow arrow) and in the lining of blood vessels (red arrows) less more

than control group but less than irradiated group.

in the mean area % of PAS reaction in group III
compared with sham control Groups I, and IV.
But a significant decrease (P <0.05) in the mean
area % of PAS reaction in Exposure group II was
found when compared with sham control group
I (Table 1). A significant increase (P <0.05) in the
mean number of positive a-SMA in cytoplasm of

MECs and mean number of positive Ki- 67 nuclei
expression in exposure group II was found com-
pared with sham control group. But no significant
differences (P >0.05) were found when compared
between group III and group IV or when the last
two groups were compared with sham control
group (Table 1).

Table 1. Mean count of vesicular nuclei, mean area percentage of Masson trichrome stained collagen fibers and PAS +ve
staining, area percentage of a-SMA +ve MECs and Ki67 + in all studied groups.

Group I Group II Group III Group IV
(sham control) (irradiated) (irradiated+ vit C) (irradiated + withdrew)
Count of vesicular nuclei 11.5+1.3 6.1 +0.5% 10.7 £1.4 # 9.6+ 1.2#
Collagen fibers 2.9+0.5 7.8+£1.1% 3.4+ 0.3 # 3.9+0.6 #
PAS +ve staining 4.1+ 0.3 2.6 £0.4*% 3.8+0.6# 3.2+0.5#
SMA+ve MECs 2.47+0.2 4.96 +0.7* 2.27+0.3 # 2.52+0.2 #
Ki-67 +ve nuclei 0.35+0.04 0.95+0.20* 0.31 +0.04# 0.38+0.05#

*significant <0.05



Fig. 5.- Ki-67 immunoreaction of all groups. x 200. Scale bars = 25 um. (5A): Section of the parotid gland of a rat of control group
showing weak +ve Ki-67 immunoreaction in few nuclei of acinar cells (green arrow) but -ve reaction in the cells lining in an inter-
lobar duct (red arrow). (5B): Section of the parotid gland of group II (irradiated) rat showing moderate +ve Ki-67 immunoreactivity
in nuclei of some cells of acini (green arrows) and also +ve in some nuclei of duct cells (red arrows). (5C): Section of the parotid
gland of a rat in Group IIl showing nearly to the control group in a few weak +ve Ki-67 immunoreaction in few nuclei of acinar cells
(green arrow) but -ve reaction in the cells lining in an interlobar duct (red arrow). (5D): Section of the parotid gland of rats in Group
IV showing Ki- 67 immunoreaction in few nuclei (green arrow) of acinar cells.

Biomolecular analysis

Salivary amylase and total protein

There was a significant reduction in the secreto-
ry activity of the parotid gland (P <0.05) regarding
the values of total protein and amylase activity in
exposure group II compared with sham control
groups I. But both Vit C administration and ra-
diation withdrawal significantly (p<0.05) retain

the secretory activity. No significant differences
(P >0.05) between group I, III and group IV were
found (Table 2).

Parotid tissue MDA and SOD

Exposure to mobile phone radiation significant-
ly (p<0.05) increase the oxidative stress within the
parotid tissue denoted by increase MDA levels and
decrease SOD levels while Vit C administration

Table 2. Mean value of total protein (ug/ml), mean value of amylase activity (ng /ml), mean value of MDA (moL/mg tissue) and SOD

(U/ml) in all studied groups.

Group I Group II Group III Group IV
(sham control) (irradiated) (irradiated + vit C) (irradiated+ withdrew)
Total protein 83.7+£3.8 60.9+3.6 * 78.6+£9.84# 71.7+£9.84#
Amylase activity 220.1+9.9 165.9+7.2 % 209.2+9.1# 198.7+8.8#
MDA 4.8+0.3 9.9+1.2 * 5.2+0.5# 5.9+0.6#
SOD 29.8+5.57 12.65+1.45* 22.5+5.07# 23.3+3.22#

*significant P <0.05 compared to control
#significant P <0.05 compared to irradiated group
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Fig. 6.- a: Inflammatory cytokines NFKB, TNF, b: fibrotic genes TGF, MMP2 expressions with the highest expression in irradiated
group and significant reduction in their expression with Vit. C administration also after withdrawal from radiation exposure.

and radiation withdrawal significantly (p<0.05)
restore the antioxidant/oxidant capacity through
increase SOD and decrease MDA. No significant
differences (P >0.05) between group, IIl and group
IV (Table 2) were found.

PCR results

Mobile phone radiation exposure significantly
(p<0.05) up-regulates the expression of inflamma-
tory cytokines NF KB, TNF and the fibrotic mark-
ers TGF, MMP2 within the parotid tissue while Vit
C administration and radiation withdrawal sig-
nificantly (p<0.05) decrease their expression. No
significant differences (P >0.05) between group,
III and group IV were found (Fig. 6).

DISCUSSION

In the past two decades, a continuous accumula-
tion of knowledge about the possible health risks
from exposure to the electromagnetic fields radi-
ated from phones has been observed (Helal and
Abdelrahman, 2012), raising concerns about their
long-term effect on the parotid salivary gland (Gh-

adhban and Mhaibes, 2018).

The parotid gland is the largest salivary gland
and, together with the submandibular salivary
gland, produces the majority of saliva volume.
The anatomical site of the parotid gland makes it
more sensitive to EMR than the submandibular
gland (Zhang et al., 2020a). The parotid gland is
composed mainly of serous cells. Thus, injury to
the parotid gland is the main cause of xerostomia
(Altayeb, 2018). This is the main reason for this
study’s choice of the parotid gland. In this study,
the parotid glands of rats that were exposed to
2100 MHz radiofrequency radiation from a gen-
erator that looked like a 3G cell phone changed a
lot histologically compared to rats that were put in
a sham control group. The changes were observed
in the connective tissue, epithelial cells, and inter-
stitial spaces. Mononuclear cell infiltration, dilat-
ed, congested blood vessels, dark stained nuclei,
and vacuoles in the cytoplasm of acinar cells were
observed, and this coincides with previous stud-
ies reporting that exposure to EMR from a mobile
phone of the third generation, with a frequency of



2100 MHgz, results in changes in the histological
structure of parotid gland in rats (Maher et al.,
2020). Other research confirmed that EMR had
non-thermal effects that led to more oxidative
stress in the tissue that was exposed to it (Imam
et al,, 2021). Another study suggested that expo-
sure to such EMR leads to an increase in the level
of free radicals (Carvalho Siqueira et al., 2016).
According to additional studies (Aydogan et al.,
2015), oxidative stress and several pathophysi-
ological changes after irradiation cause damage
to the parotid glands. ROS play a crucial role in
signal transduction, regulating cellular functions
like cell death and growth (Kivrak et al., 2017).
Excessive ROS production attenuates the cells’
antioxidant capacity, creating a state of oxidative
stress and leading to severe cellular damage (Das-
dag et al., 2016). A previous study reported that
ROS levels sharply increased in salivary glands
after EMR (Aydogan et al., 2015).

In the present study, the connective tissue stro-
ma of the parotid glands of radiation showed
dense interlobular and moderate intralobular
fibrosis, characterized by a significant increase
in the mean area percentage of collagen fibers.
These findings were in accordance with the au-
thors (Maher et al., 2020), who reported that fi-
brosis is common in advanced EMR injuries.
Radiation can cause oxidative stress, which can
strengthen the inflammatory response and cause
more inflammatory cytokines to be made (Siquei-
ra et al., 2016). The current study showed cellular
infiltration and congested blood vessels in some
areas in parotid sections that could be part of
the inflammatory response. MDA is a byproduct
of polyunsaturated fatty acid oxidation, and is a
marker of oxidative stress-mediated lipid perox-
idation (Gawet et al., 2004). In the current study,
there is a significant increase in tissue MDA and
a decrease in SOD levels in the radiation-exposed
group compared to a control group, with a signif-
icant reduction in its level after Vit C supplemen-
tation. It has been reported that vitamins E and C
have antiapoptotic activity through the reduction
of MDA and restoration of SOD in many organs.
(Younus, 2018). Previous studies suggested that
SOD partially protects against injuries produced
by head-and-neck irradiation (Nagler et al., 2000).

Cell phone radiation exposure increases the con-
centration of peroxynitrite, and superoxide that
destroy DNA, proteins, and lipids and consequent-
ly result in apoptosis and necrosis (Aydogan et al.,
2015). Our study showed a significant decrease in
the mean area per cent of PAS-positive material in
irradiated rats compared to the control group due
to the depletion of basement membrane at some
injured areas in response to the toxic effects of
EMR, as explained before. This was preserved as
nearly in groups Il and IV as in the control group.
The latter was the role of vitamin C in cell pro-
tection from breakthrough inflammation. These
findings agreed with those of other studies (Anan
etal., 2021).

Saliva is an underused diagnostic tool, but in
the last three decades it has gained much atten-
tion, as it is easy and non-invasive in its collection
(Kaufmann and Lamster, 2002). We found a sig-
nificant decrease in total protein and amylase ac-
tivity in the saliva of the exposed group compared
to the control group, while there was a significant
increase in their levels in the Vit-C-supplemented
group. Goldwein and Aframian (2010) reported
that microwave radiation exposure decreases sal-
ivary protein secretion as a result of continuous
and cumulative glandular damage. More studies
reported that higher salivary levels of amylase,
LDH and MDA were detected in high mobile us-
ers than low mobile users. (Shivashankara et al.,
2015).

In recent years, plant-derived antioxidants have
received increased attention due to their potent
antitoxic effect, low toxicity, and lower cost (Liu
et al., 2021). Previous studies reported that pa-
tients’ saliva with prolonged phone exposure has
decreased flow rate, pH, buffer capacity, and total
protein (Hashemipour et al., 2014; Madhukar et
al., 2019). In this study, the MECs demonstrated
by immunohistochemistry for aSMA revealed a
highly significant increase in a-SMA immunore-
activity around acini and intra-lobular ducts in
the irradiated group. The MECs undergo prolifer-
ative and morphological changes during the atro-
phy and regeneration of acinar cells, with subse-
quent increases in size and number. In stressful
conditions, it seems that gland function recovery
requires increasing the surviving cells’ secretory
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capacity. More MECs need to squeeze the accumu-
lated secretion (Altayeb, 2018).

In the present study, an increase in Ki-67 im-
muno-reaction in the parotids of rats Exposed
to EMR was in accordance with a previous study
that reported that exposure to EMF radiation from
many sources, like cell phones, has a proliferative
effect on salivary acini, and revealed that the in-
crease in Ki-67 expression was directly related
to the severity of the EMF exposure. Also, several
previous studied reported the relation between
benign and malignant tumor and long-term expo-
sure of phone radiation (Hantke et al., 2002).

In this study, Ki-67 immunoreaction appeared
nearly as a control in GIII, in which rats took Vit
C. Previous studies explained that Vit C could
restore normal cell proliferation of the salivary
gland (Maher et al., 2020). Several studies over the
past decade have reported that increasing usage
of mobile phones could have possible carcinogen-
ic effects as a result of exposure to radiofrequency
(Choi et al., 2020).

Vitamin C is a powerful antioxidant that helps
to reduce oxidative stress molecules in the body,
such as MDA; vitamin C acts as a redox buffer
that could reduce and neutralize reactive oxy-
gen species. Various studies explained that elec-
tromagnetic waves emitted from mobile phones
(900MHz) affect cell proliferation and apoptosis
through the induction of ROS. ROS are scavenged
by SOD, glutathione peroxidase, and catalase
(Ashor et al.,, 2014; Ahmad et al., 2016).

Ki-67 is a human nuclear protein important for
cell proliferation (Scholzen and Gerdes, 2000).
The results of the current study indicate an in-
crease in immune expression of Ki67 protein in
glandular tissue cells. This indicates an increased
ability of these cells for mitotic division in re-
sponse to oxidative stress damage.

Transforming growth factor-p (TGF-B) is a multi-
functional cytokine that influences salivary gland
homeostasis and development. TGF-p induces the
ECM deposition by inducing the biosynthesis of
fibronectin and collagens (Leask and Abraham,
2004) in addition to protease inhibitors. Moreover,
TGF-B1 enhances epithelial-mesenchymal transi-
tion with increased formation of myofibroblasts.

Salivary gland tissue damage from inflammation
or radiation exposure could result in reparative
TGFB-induced ECM production (Zavadil and Bot-
tinger., 2005). In the current study, there is sig-
nificant upregulation in TGF gene expression in
parotid tissue of the exposed group compared to
a control group, with a significant reduction in its
expression after Vit C supplementation. This is in
agreement with a previous study, which report-
ed that irradiation of the submandibular salivary
gland causes a significant decrease in salivary se-
cretion and amylase activity, but the elevation of
MDA with an increase in collagen deposition and
TGF expression (Xu et al., 2016). Further studies
reported that treating diabetic rats with vitamin
C prevents the increase in TGF in glomerular and
cortical tissues (Craven et al., 1997).

TGF-B-signaling has a crucial role in fibrosis, in-
cluding salivary gland fibrosis. Previous studies
mentioned that TGF-p/BMP-signaling molecules
could be a promising anti-fibrotic drug target
(Zhang et al., 2020b). A previous study reported
10-fold increase in salivary TGF-B protein expres-
sion in patients with radiation-induced salivary
dysfunction (Hakim et al., 2011, Spiegelberg et al.,
2014). Another study revealed that TGF-p1 expres-
sion increased afterirradiation in an experimental
mouse model and then decreased after hyperbaric
oxygen therapy (Hoesel and Schmid, 2013).

NF-«B is a central factor in cell differentiation,
proliferation, inflammation, stress response, and
cell death. NF-«kB is activated by many stimuli and
a network of signaling pathways, which influence
each other (Freudlsperger et al., 2013). TGF-B ac-
tivates NF-xB signaling involving TAK1 and IKK
kinases leading to IxkBa phosphorylation, nuclear
translocation of NF-xB and activation of NF-xB
downstream targets (Kim et al., 2016). In the pa-
rotid tissue of the exposed group, NF-«xB and TNF
gene expression were significantly higher than
in the control group. However, these genes were
significantly lower in expression after vitamin-C
supplementation. Our results are in accordance
with Matsuno et al. (2002), who reported a sig-
nificant increase in the expression of inflamma-
tory cytokines NF-«B, IkB-a, and fibrotic marker
TGF-B1 in salivary gland exposed to radiation in
experimental rats.



Tumor necrosis factor-o (TNF-a) is a pro-inflam-
matory cytokine that is found to be increased in
numerous autoimmune or inflammatory diseases
(Sullivan et al., 2005). A previous study reported
that TNF-a up-regulates TGF-B1 expression in pri-
mary mouse lung fibroblasts (Han et al., 2001). It
has been reported that TNF-alpha stimulates acti-
vation of proMMP2 in human skin through NF-kB
(Brew and Nagase, 2010). Matrix metalloproteinas-
es (MMPs) are a group of enzymes that play an im-
portant role in the turnover of ECM in normal and
pathological processes. Herein we found signifi-
cant up-regulation of MMP2 in the exposed group,
which retains to nearly normal in Vit C supple-
mented group, which is in accordance with Brew
and Nagase (2010), who reported that Vit C and E
were shown to reduce MMP expression and activity
in human dermal fibroblasts after UVA irradiation.

CONCLUSION

Radiofrequency emitted from mobile phones
has harmful effects on different organs and tis-
sues. Exposure to these waves affects the secre-
tory function of the parotid gland due to oxidative
stress and the release of inflammatory cytokines
with subsequent fibrosis. In addition to accelerat-
ed cellular proliferation to replace the damaged
tissues, the currently used drugs have many in-
tolerable side effects, so we urgently need to dis-
cover a safe method of protection against phone
exposure side effects. Vitamin C is a powerful
antioxidant that helps in prophylactic protection
against these harmful effects by ameliorating ox-
idative stress.

Recommendation: The study recommended
the need for more work on changing the behav-
iors that constitute a danger to users of mobile
phones, and more research must be done to adopt
preventive measures, such as the reduction and
rationalization of direct exposure to mobile use.
Long-term experimental and clinical studies are
needed to clarify the effect of radiofrequency ra-
diation emitted from 3G mobile phones on parot-
id tissue.
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