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Abstract

Every modern technology has two faces. On the brighter side, the mobile phone has become the most essential part of
modern life and is playing a very vital role in the life of the human being from womb to the tomb. Most of the people
are engaged with them totally to thrive their daily needs .On the other side they are harmful to the human life as they
produce thermal and non thermal stress and they can also be carcinogenic and may lead to neural disorders on long run.
According to a research they even effect the environment by producing the non-ionising radiation. There were studies
evidencing extinction of some species of birds. Most of the earlier studies were based on 2G and 3G radiation effects ,very
few had given an account of the effects of 4G mobile phone radiation so in this study 4G mobile phone with band width
800-2700 MHZ is used for 96 min/day for 6 months by means of an WhatsApp video call on the Wistar male rats and
their effects on the liver were found to be that there causes an inflammation ranging from mild to moderate, congestion of
the vessels, Kupffer cell granuloma histologically and biochemical there showed a increase in the levels of Total bilirubin,
Direct bilirubin, SGPT& AIKP with a decrease in the levels of SGOT. The results display that 4G mobile radiations may have
a adverse effects on the liver.
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become a necessity in our daily lives. For children it is a
gadget which engages them and also an educational tool.
It is ruling the world in all means. Though very little is
known about the side effects of exposure to Mobile Phone

1. Introduction

The mobile phone has become the most essential part of
modern life and is playing a very vital role in the life of the

human being from womb to the tomb. Most of the people
are engaged with them totally. People wake up to the alarm
set in their mobile phones, they depend on the same for
morning news, messages, mails, WhatsApp chats, video
calling, you tube to see the cooking recipes and to sort
out the locations for their journeys. Mobile phone has
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Radiation (MPR), research has postulated that prolonged
use of mobile phone can cause changes in the blood
parameters, microscopic changes and may lead to physical
and mental stress including fatigue, sleep disturbance’**.
Mobile phone is a device that produces non-ionizing
radiation and causes thermal and non thermal stress®.
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Children are potentially at a greater risk than adults for
developing brain cancer since their nervous system is still
growing and hence more prone to get cancer®.

In the present study 4G LTE mobile phone has been
used with a band width of 800 - 2700 MHz. 4G LTE
means “Fourth-generation long term evolution,” LTE
being a type of 4G electromagnetic waves that facilitate
the fastest connection for a mobile internet experience —
up to 10 times faster than 3G with a SAR value of 1.6 W/
kg for 10 g of tissue’. It uses about 4.5-5.0 MB of data on
an average if it is used for 1 min on a WhatsApp video
call. Earlier studies had given that there were alterations
in the proliferation of hepatocarcinoma cells in the liver
due to radiations of the mobile phones'. According to
the news of UK a study was found to be that 26% of all
car accidents were caused by a driver using cellphone
while he is drving'®. More studies are required to know
the exact effects of mobile phone radiation on human
life. In this study, effects of MPR on the livers of Wistar
rats has been studied by assessing the histological and
biochemical changes.

Abbreviations: Mobile Phone Radiation (MPR),
SGOT: Serum Glutamic Oxaloacetic Transaminase,
SGPT: Serum Glutamic Pyruvic transaminase, ALKP:
Alkaline Phosphatase. MWR: Micro Wave Radiation.

2. Material and Methods

The presented study was done at GSL Medical College,
Rajahmundry after obtaining permission from the
Institutional Animal Ethical Committee, GSL Medical
College, Rajahmundry, Andhra Pradesh. 108 male Wistar
rats of 30 days old were obtained from M/S Mahaveera
Enterprises, Hyderabad. All the animals were housed in
the central animal house in GSL Medical College in sterile
environment. The animals were maintained at an ambient
temperature of 24 2 °C and fed on standard pellet diet
and water ad libitium, the animals were maintained for
a total period of 6 months. The light was maintained in
the room for them to get 12 hours of light and 12 hours
of dark. The animals were assigned under 3 groups; 36
animals in each group which were maintained in 6 cages
per group. A branded mobile phone with 4G SIM with
a SAR value of 1.6 W/kg was kept in the rat cage which
was the recommended value by the ICNIRP guidelines.
The RF meter was kept in the cage to ensure the required
frequency of radiation and to substantiate the dosimetry
with model ED-65 Cornet Electro Smog meter with
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detection range 100MHz-6GHz. The RF meter was kept
at 9 different places all over the cage and the readings were
measured. The 96 min/day for 6 months continuously
was considered as long term radiation. Animals in first
group [E] were exposed to 4G mobile phone radiation by
a WhatsApp video call every day from another mobile
phone of the same brand for 96 min duration, assuming
that a person uses mobile phone at least for 4 minutes per
half hour in a day for 12 active hours it is going to be 96
min/day. The other group was control group [C] without
radiation exposure, the third group was sham expose
(S). Every month 6 animals from the C, S group and E
group were sacrificed by giving the ether anesthesia, 2
ml of blood was collected through cardiac puncture for
carrying out liver function tests i.e., Total Bilirubin, Direct
Bilirubin, SGOT, SGPT, ALKP and livers were removed
for histopathological examination.

The liver tissues were washed in normal saline and
were fixed in 10% Formal-Saline. Tissues were processed
in the histopathology laboratory as per standard operating
protocol. Sections were stained using Hematoxylin and
Eosin (H&E) stain. Sections were examined in detail and
microscopic findings were compared among the control,
sham, 4G groups. The findings were given Histological
Activity Index (HAI) Knodell scoring. The biochemical
readings were also analysed among the 3 groups.

Statistical analysis: Analysis of data was done by one
way analysis of variance (ANOVA) using SPSS software
(Statistical package of social sciences) with Software
version 20 for windows. The results were expressed as
differences of mean. A level of P value less than 0.05 was
considered to be significant.

3. Observations

Histological Observations: The following parameters like
change in shape and size of the nucleus of hepatocytes,
hepatocyte necrosis, hepatocytes apoptosis, formation
of Kupffer cell granulomas and periportal, portal and
lobular inflammation were noted. Blood vessels were also
observed for changes like constriction, dilatation and
congestion. (Picture 1, 2).

Month wise changes in the liver parenchyma in
comparison with control group were studied. The details
are as follows.

1** month: Mild periportal inflammation involving
1/3" of the portal tracts with lymphoplasmacytic cells
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K—Kupffercells, h —hepatocytes, PPI- periportal inflammation, SC-sinusoidal congestion,
KG —Kupffer cell granuloma, MH-Malory hyaline, CVC — central vein congestion

1. C: 1*t Month Control, 1. E 1% Month Exposure, 2. E: 2™
Month Exposure, 3. E: 3™ Month Exposure

Pic:2 Control and 4G exposure slides from 4t to 6t
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4. E: 4" Month Exposure, 5. E : 5% Month Exposure, 6. E:
6" Month exposure, 6. C: 6" Month Control

and neutrophil, spillage of inflammatory cells into
the adjacent hepatocytes, necrosis and apoptosis of
hepatocytes. Apoptotic cells showed dense condensed
eosinophilic cytoplasm and small pyknotic nuclei. There
is random clustering of the Kupffer cells surrounding
single cell necrosis.

2" month: There is mild inflammation of random
portal triads (Portal triaditis), congestion of sinusoids and
central vein; and increase in the number of Kupffer cells.
Lobular inflammation is also present, with formation of
Kupfer cell granulomas around the necrosed hepatocytes.
No significant changes in the nuclear size seen.

3 month: The hepatocytes showed feathery
degeneration of cytoplasm and nuclei were vesicular.
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Cytoplasm of the hepatocytes was bubbly or vacuolar
in appearance. At the periphery (Zone 1) random
hepatocytes show degeneration with clumping of
cytoplasm i.e., Mallory hyaline, seen. Mild to moderate
inflammation of the portal tracts was observed. There is
congestion of central veins surrounding which are seen as
lymphocytes and aggregates of Kupffer cells.

4% month: Moderate inflammation in periportal
and sinusoidal areas observed. There is an increase in
the number of Kupffer cells, at places these collections
forming granulomas around the apoptotic hepatocytes.

5% month: Severe inflammation in periportal areas,
dilation of portal vein radicals with stasis of blood in
central vein causing congestion, was seen. Kupffer cell
hyperplasia has been observed.

6% month: Piece meal necrosis of periportal
hepatocytes is observed at places occupying more
than 50% of the portal areas, and also features of early
degeneration of hepatocytes in the form of shrinkage and
dense eosinophilia of the cytoplasm. Apoptotic cells show
pyknotic nucleus with dense cytoplasm. There was focal
dense collection of the inflammatory cells in >2/3 of
the periportal area. area (Pic. 1, 2) . It has been observed
that from the first month to sixth month there was a
gradual change in the shape of the nucleus from vesicular
to pyknotic, increase in number of inflammatory cells in
the liver parenchyma, both in portal and lobular areas,
increase in the congestion of central vein and the sinusoids.
In the sixth month there is more number of lymphoid
cells in the sinusoids along with Kupffer cell granulomas.
These changes were observed in about 60-90% i.e. 3-5
animals per month in the radiation exposure group.

Table 1. Bar diagram showing number of animals,
month-wise, exhibiting morphological changes in the liver
on exposure to mobile phone radiation in comparision to
control groups
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Table 2. Knodell's HAI for Numerical Scoring of Liver Biopsy Specimens
i Periportal +/- I Intralobular degeneration I1I. Portal Fibrosis
Bridging necrosis score  and focal necrosis  score Inflammation score score
A. None 0 A None 0 A.No portal 0 A No fibrosis 0
B. Mild piece 1 B .mild (acidophilic Inflammation B .fibrosis
meal necrosis bodies balooning B. mild (sprinkling of 1 portal 1
C. Moderate piece meal 3 degeneration and/or 1  inflammatory cells C. bridging
necrosis (less than 50% scattered foci of in <1/3 rd of portal fibrosis
of the circumference hepatocellular tracts) (portal- 2
tracts) necrosis in 1/3rd of C.  moderate (increased 3 portal or
D. Marked piece meal 4 lobules or inflammatory cells portalcentral
Necrosis (more nodules in <1/3 rd-2/3portal bridging)
circumference C moderate 3 tracts
of most portal tracts) involvement of D. Marked (dense 4 D. cirrhosis 1 3
1/3-2/3 of inflammatory cells
E. Moderate piece meal 5 lobule or nodules in >2/3 of portal
Necrosis plus bridging D marked 4 tracts)
Necrosis involvement of
E  Marked piece meal 6 >2/3 of lobules
Necrosis plus bridging nodules
Necrosis
G. Multi lobular necrosis 10

(Table 1.) However no significant histological changes
were observed in the control group and sham exposed of
all 6 months.

Knodell Histology Activity Index (HAI) though
prescribed for progressive assessment of Chronic active
hepatitis cases in humans, was taken as a guideline for
assessment of histological activity and numerical scoring
was done accordingly.

In the present study the Knodell scoring is as follows:

Biochemical observations: The comparison of mean
values of control, sham exposed and 4G exposure groups
were considered. There was a gradual raise in the values
of the Total bilirubin in the 4G exposure group compared

Table 3. Knodell score from 1* to 6" month
exposure group
Month Portal inflammation periportal+/- piece meal
necrosis Interlobular degeneration fibrosis And focal
necrosis
Score Score Score Score
1% 1 0 0 0
2nd 1 0 0 0
3t 3 0 0 0
4t 3 0 0 0
5t 4 0 0 0
6t 4 4 0 0
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with control and sham from 3" to the 4" month with
significant p value (Graph 1).

In the direct bilirubin there showed a decline in the
first 3 months, from 4" month onwards there was a raise
in the levels of the direct bilirubin showing significant p
value statistically (Graph 2).

Total billrubin

* control ¥ sham ¥ 4g

Graph 1. Mean values of Total Bilurubin

Direct billrubin
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1 2 3

¥ control ¥ sham wd4g

Graph 2. Mean values Direct Bilurubin
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SGOT values had shown a decline from 1* to the 5"
month and elevation in the 6™ month in comparison
with the control and the sham groups, with statistically
significant value (Graph 3).

162.5 1425 1336 159.56

¥ control ¥ sham w4g

Graph 3. Mean values SGOT

SGPT levels were increased in the first 2 months
thereafter showed a drop in the next 4 months compared
with the other two groups, having statistically significance
(Graph 4).
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Graph 4. Mean values SGPT

ALKP had shown a drastic elevation in the 1* and
5" months and an overall elevation compared with the
control and the sham exposed groups with no significant
p value (Graph 5).
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Graph 5. Mean values of ALKP
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4. Discussion

Nowadays, mobile phones have become a part and parcel
of the human life. The present study has been taken up
to study whether the mobile phone radiation shows
any effect on the human body. Liver being the organ
of detoxification in the body, through hepatocytes and
also has Kupffer cells which are a part of the defence
mechanism of the body. In this study, significant
changes were observed in liver on exposure to mobile
phone radiation in the form of Kupffer cell hyperplasia,
sinusoidal congestion, central vein congestion and portal
vein congestion, necrosis and apoptosis of random
hepatocytes, focal portal inflammation with Kupffer cell
granuloma formation and portal triad it is of random
portal triads and piece meal necrosis of periportal
hepatocytes from second month onwards of 4G exposure.
Piece meal necrosis of periportal hepatocytes is seen at
the end of the 6" month. In comparison with the control,
sham and exposure there was an elevated levels of Total
bilirubin, direct bilirubin, SGOT and ALKP. SGPT levels
were decreased in comparison with the control and the
sham. All these changes represent the cellular damage
with extensive inflammation which can be construed as a
consequence of exposure to mobile phone radiation.

There were severe fatty vacuolation, dilated portal vein
and infiltration by large amount of inflammatory cells
within the sinusoids when they had exposed the Wistar
rats to a radiation of 900 MHz. Similar findings were also
observed in same in the present research”.

Microwave Radiation (MWR) exposure in rats
resulted in increased number of micronuclei and discrete
perivenular fatty changes in the liver. Perivenular fatty
change were not seen in the present study. They reported
an increase in the ALT quoted as a mark to the damage
of the liver”.

Exposure to 4G for 40 and 60 min/day for a period
of 60 days, certain histopathological findings like portal
vein and central vein congestion with their enlargement,
mononuclear cellular infiltration surrounding the bile
duct and hepatic artery and sinusoidal dilatation were
seen. In the present study, similar changes were seen
corroborating the effect of 4G radiation’.

There was moderate hyperaemia dilatation of liver
sinusoids, and small inflammatory foci in the centre
of liver lobules but no changes in the structure of the
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hepatocytes and the changes were classified as moderate.
They also reported that there was occasional hepatocyte
necrosis. These changes are in firm consistency with
present work''.

E.M. Brunts Knodell scoring had showed that there
was a considerable damage was produced in the liver
tissue after the 4G mobile phone radiation>'**.

Similar study to ours was done by in mice using 3G
radiation and similar histological changes were seen in
the present study also'>'.

An increase in the levels of ALT and AST indicating a
damage to the liver structure and the functioning’.

A rise in the body temperature, damage to the
hepatocytes and liver damage depending on the intensity
of the radiation and increase in ALT AST were also
mentioned Except for rise in the body temperature which
was not recorded in the rats exposed to MPR in this
present study, other features observed in that study like
liver cell damage had also been encountered in this study
along with raise in SGPT, SGOT'®".

Exposure to mobile phone radiation for duration of 2
hours for a period of 2 months can lead to inflammation
in the liver, increased levels of ALT marker of the
hepatocellular destruction. Similar, observations were
seen in this present study which is consonance with their
observations®..

900MHZ of mobile phone radiation for 8h/day for
2 months had increased the levels of total bilirubin, our
findings with 2700MHZ of radiation for 96 min/day for 6
months had also shown a raise in the levels*.

Though there were studies in which evidence of
carcinomatous changes and oxidative stress produced by
the release of free radicals due to radiation was reported,

no such changes were observed in the present study'>'>".

5. Conclusion

This study finds evidence of inflammation of the liver
histologically with damage to hepatocytes and also
changes in the vascular structure, and added by altered
levels of liver function tests on exposure to MPR which
were also a suggestive of inflammation of the liver.
The changes were found to be progressive and directly
proportional to the length of exposure to MPR. With all
the parameters being standardized and the rats were kept
in sterile environment, the changes can be construed as a
consequence of MPR. Hence it is concluded that long term
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exposure of Wistar rats to 4G mobile phone radiation may
produce a mild to moderate vascular changes and cellular
damage to the hepatocytes and the blood parameters of
the liver, that commensurate with the length of exposure
to MPR.
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