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ABSTRACT
Background: The rapidly increasing use of mobile phones has led to public con-
cerns about possible health effects of these popular communication devices. This study 
is an attempt to investigate the effects of radiofrequency (RF) radiation produced by 
GSM mobile phones on the insulin release in rats.
Methods: Forty two female adult Sprague Dawley rats were randomly divided into 
4 groups. Group1 were exposed to RF radiation 6 hours per day for 7 days. Group 2 
received sham exposure (6 hours per day for 7 days). Groups 3 and 4 received RF ra-
diation 3 hours per day for 7 days and sham exposure (3 hours per day), respectively. 
The specific absorption rate (SAR) of RF was 2.0 W/kg.
Results: Our results showed that RF radiations emitted from mobile phone could 
not alter insulin release in rats. However, mild to severe inflammatory changes in the 
portal spaces of the liver of rats as well as damage in the cells of islet of Langerhans 
were observed. These changes were linked with the duration of the exposures. 
Conclusion: RF exposure can induce inflammatory changes in the liver as well 
causing damage in the cells of islet of Langerhans.
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Introduction

Radiofrequency (RF) radiation has long been used for different 
types of information exchange. Mobile phones which are low 
power, single channel two-way radios, emit signals via elec-

tromagnetic waves. Widespread use and increased popularity of these 
modern communication devices have caused a growing public concern 
about possible health effects of electromagnetic fields (EMFs).[1-5] Al-
though mobile phones and mobile base stations emit the same type of 
radiation, the role of mobile phones in human exposures is estimated 
to be significantly higher than that of the towers. Although the output 
power of towers is two to three orders of magnitude greater than that of 
mobile phones, the phones are held just a few centimeters from sensi-
tive parts of the body such as the brain and the eyes. It is estimated that 
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approximately 50-70% of the output power of 
a phone is absorbed by the user.[6] 

The bioeffects of exposure to electromagnet-
ic fields on the function of different glands of 
endocrine system such as pineal, [7] pituitary 
gland,[8-10] adrenal,[11] hypothalamus,[8] 
and thyroid gland,[12] as well as of the endo-
crine pancreas,[13, 14] testicles,[15-17] and 
ovaries,[8] have been widely investigated. 
Insulin plays important roles such as mainte-
nance of sufficient energy stores to allow for 
development, growth, and reproduction and 
serving as a feedback regulator of plasma glu-
cose.[18] Although it is known that long term 
exposure to extremely low frequency electro-
magnetic fields (ELFEMF) can be associated 
with biological effects such as increased size 
of pancreatic islets and decreased glucose 
level [19], the effects of short-term exposure 
to radiofrequency radiations used in mobile 
communication (900/1800 MHz) on the in-
sulin level and the structure of liver and pan-
creas are not clearly understood. Over the past 
years, our laboratory has focused on studying 
the health effects of exposure of laboratory 
animals and humans to some common and/or 
occupational sources of electromagnetic fields 
including  mobile phones,[12, 20-26]. 

Materials and Methods

Animals 
Forty two female adult Sprague Dawly rats 

(200-250 g) were randomly divided into 4 
groups of 14 or 7 animals each. The rational 
for this design was this point that there was 
no exposure in the both of sham-exposure 
groups. Therefore, we could pool the results of 
these two sham exposure groups. The animals 
were kept in special cages with controlled 
temperature (22 ± 2°C), humidity (50 ± 10%,) 
and lighting (fluorescent lighting was pro-
vided for 12 h daily). All animal experiments 
were considered and approved by the Animal 
Experimentation Ethics Committee of Shiraz 
University of Medical Sciences prior to com-

mencing work. The animals in the first group 
were exposed to RF radiation 6 hours per day 
for 7 days. The 2nd group received sham ex-
posure (6 hours per day for 7 days). The 3rd 
and 4th groups received RF radiation 3 hours 
per day for 7 days and sham exposure (3 hours 
per day), respectively.

Exposure (Radiofrequency 
Irradiation)

A Nokia 1200 GSM mobile phone in talk 
mode was used for RF irradiation. During the 
RF exposure, the animals were immobilized 
by placing their body through Plexiglas re-
strainers. The distance between the antenna of 
the mobile phone and animal’s head was 5 cm. 
The specific absorption rate (SAR) of RF was 
2.0 W/kg.

Insulin Measurement and 
Histological Studies

Insulin level was measured by using Merco-
dia rat insulin kit. On day 9 all animals were 
sacrificed and the liver and pancreas were ex-
cised. These organs were cut by sagital plane 
and stored in buffered 10% formalin solution. 
After routing processing, paraffin blocks were 
prepared for liver and pancreas separately. 
Sections with 5μm thickness were stained with 
hematoxylin and eosin (H & E) respectively 
and were studied under light microscope.

Statistical analysis
The difference among the mean insulin levels 

of different groups was evaluated by the non-
parametric tests. A value of P<0.05 (2-sided) 
was considered statistically significant.

Results
The mean insulin level in the 1st group be-

fore exposure to RF radiation was 0.34±0.22 
μUI/dl (Table 1), while after exposure (6 hours 
per day for 7 days) it was 0.16±0.05 μUI/dl 
(P=0.001). On the other hand, the mean insulin 
level in the 2nd group before sham exposure to 
RF radiation was 0.53±0.37 μUI/dl, while af-
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ter sham exposure (6 hours per day for 7 days) 
it was 0.26±0.17 μUI/dl (P=0.028). In animals 
of the 3rd group, the mean insulin level before 
exposure to RF radiation was 0.22±0.26 μUI/
dl, while after exposure (3 hours per day for 7 
days) it was 0.23±0.14 μUI/dl (P=0.423). On 
the other hand, the mean insulin level in the 
4th group before sham exposure to RF radia-
tion was 0.28±0.28 μUI/dl, while after sham 
exposure (6 hours per day for 7 days) it was 
0.27±0.15 μUI/dl (P=0.917). In spite of the 
observed differences, the baseline (before the 
exposure) insulin levels in all groups were 
within the acceptable levels for these animals 
and the differences in the baseline insulin lev-
els were not statistically significant.

Histological Findings
In this study, as shown in Figure 1, no his-

tological abnormalities were observed in the 
liver of the sham exposed groups (groups 2 
and 4).  The histological sections of the liver 
of group 1 (6 h exposure per day for 7 days) 
showed severe infiltration of mononuclear 
cells, mainly lymphocytes in the portal spaces 
of the hepatic lobules with penetration of the 
cells into the limiting plate of portal space Fig-
ure 2 . The sections of the liver in the group 3 
(3 h exposure per day for 7 days) showed mild 

mononuclear cellular infiltration in the portal 
spaces with no penetration into the limiting 
plates Figure 3. In both of the above groups 
no histologic abnormalities were observed in 
the central veins, hepatocyte cytoplasm and 
nuclei, liver sinosuids and kuppfer cells.

No histological abnormalities were observed 
in the pancreas of the sham exposed groups 
(Figure 4). The histopathologic changes of the 
pancreas in the group 2 (6 h exposure per day 
for 7 days) showed moderate diffuse dissocia-
tion of the endocrine cells of the islet cells of 
pancreas from each other (Figure 5).

The sections of the pancreas in the group 4 
(3 h exposure per day for 7 days) showed mild 
focal dissociation of the cells in the islet cells 
of the Langerhance.  The exocrine portion of 
the pancreas and pancreatic duct and blood 
vessels in both of groups 2 and 4 were normal 
(Figure 6).

Discussion

Insulin Level
Findings of this study showed that exposure 

to RF radiation (6 hours per day for 7 days) 
significantly decreased the mean insulin level 
in the 1st group (0.34±0.22 μUI/dl before ex-
posure and 0.16±0.05 μUI/dl after exposure, 

Figure 1: Micrographs of liver of the sham exposed groups (groups 2 and 4).  No histological 
abnormalities can be observed in the histological sections (a ×160, b ×400).

 

     

a                                                                        b 
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 Figure 2: Micrographs of the liver of group 1 (6 h exposure per day for 7 days).  Severe infiltra-
tion of mononuclear cells, mainly lymphocytes in the portal spaces of the hepatic lobules with 
penetration of the cells into the limiting plate of portal space is observed. (a ×160, b ×400).

  

    

                                  a                                                                        b 

 

 

Figure 3: The sections of the liver in the group 3 (3 h exposure per day for 7 days) show mild 
mononuclear cellular infiltration in the portal spaces with no penetration into the limiting 
plates. No histologic abnormalities can be observed in the central veins, hepatocyte cytoplasm 
and nuclei, liver sinosuids and kuppfer cells (a ×160, b ×400).

P=0.001). It is worth mentioning that the mean 
insulin level in the 2nd group that were sham 
exposed to RF radiation (6 hours per day for 
7 days) also decreased after sham exposure 
(0.53±0.37 μUI/dl before sham exposure 
and 0.26±0.17 μUI/dl after sham exposure, 
P=0.028). 

Interestingly decreasing the exposure time 

from 6 hours per day to 3 hours per day (for 
7 days) did not affect the insulin level (there 
was no any statistical significant difference 
between before exposure/sham exposure and 
after exposure/sham exposure insulin levels). 
To the best of our knowledge, our study is the 
first survey to assess the associations between 
exposure to 900 MHz GSM mobile phone ra-
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                                  a                                                                        b 

 Figure 4: The sections of the pancreas in the sham exposed group showing normal acini and 
normal islet cells of the Langerhance (a ×160, b ×250).

Figure 5: The sections of the pancreas in the group 2 (6 h exposure per day for 7 days) showing 
dissociation of most of the islet cells of the Langerhance  (a ×160, b ×250).

    

                                  a                                                                        b 

 

diations and alterations in the levels of insu-
lin hormone as well as the histopathological 
changes of liver and pancreas. However, there 
are some published reports on the effects of 
extremely low frequency radiations (ELF) on 
insulin level in laboratory animals. Our find-
ings are in contrast with those reported by 
Gholampour et al. who showed that the insulin 
level of the exposed rats (continuous exposure 
to 50 Hz extremely low frequency EMF 24 h/
day for 135 days) was increased. According to 
their report this increase was associated with 

the increased size of pancreatic Langerhans is-
lets.[19] It is worth mentioning that our study 
and that conducted by Gholampour et al. are 
different in many ways. First of all, we used 
900 MHz GSM mobile phone radiations while 
50 Hz extremely low frequency EMF was used 
in the study of Gholampour and his colleagues. 
On the other hand, the duration of exposure in 
our study was much shorter than that of Ghol-
ampour et al. (3 or 6 hours per day for 7 days 
versus continuous exposure to 50 Hz extreme-
ly low frequency EMF 24 h/day for 135 days). 
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the exposure from 3 to 6 hours per day for 7 
days. No definite hepatic histological chang-
es have been reported in the literature so far. 
However, regarding the bioeffects of exposure 
to extremely low frequency electromagnetic 
fields, there are some published reports. Ghol-
ampour et al. have previously shown that con-
tinuous exposure of rats to 50 Hz extremely 
low frequency EMF 24 h/day for 135 days al-
ters insulin secretion by affecting the structure 
of pancreas. [19]_ENREF_34.

Also the RF radiation of mobile phones can 
induce damage in the cells of islet of Lang-
erhans as separation of the cells from each 
other with mild focal to moderate and diffuse 
depending on the duration of exposures from 
3 to 6 hours per day for 7 days. Further large-
scale research is required to clarify the extent 
of alterations caused by mobile phone use on 
the insulin level in humans.

Conclusion
Based on the results obtained in this study 

it can be concluded that mobile phones signal 
strength cannot significantly alter the accuracy 
of home blood glucose monitors. More stud-
ies using blood glucose monitors and mobile 

These basic variations in the study design and 
methods can easily explain the observed dif-
ferent findings. Interestingly, Sakuarai et al 
had previously suggested that the exposure 
to extremely low frequency magnetic fields 
(continuous exposure to 60 Hz ELF, magnetic 
flux densities of  400 µT, 1 mT or 5 mT for 
either 10 or 15 min)  can be clinically used as 
a novel inhibitory method of excessive insulin 
secretion in treatment of type 2 diabetes.[27] 
Bahaoddini et al. also studied the effects of 
exposure to magnetic field (exposure to 50Hz 
ELF, 500µT, 10 h/day for 2 months) on energy 
metabolism in rats, divided 45 adult male rats 
into 3 equal groups. Serum insulin and choles-
terol levels in the EMF exposed group were 
less than those of other groups, while serum 
glucose level was significantly higher in the 
exposed animals. These authors also reported 
that based on their findings exposure to EMF 
has a potential role in clinical use.

Histological Findings
This study showed that RF radiation emitted 

from mobile phones can induce mild to severe 
inflammatory changes in the portal spaces of 
the liver of rat depending on the duration of 

    

                                  a                                                                 b 

Figure 6: The sections of the pancreas in the group 4 (3 h exposure per day for 7 days) show 
mild focal dissociation of the cells in the islet cells of the Langerhance.  Exocrine portion of the 
pancreas and pancreatic duct and blood vessels in both of groups 2 and 4 are normal (a ×160, 
b ×250).
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phones made by different manufactures are 
needed to better understand the role of mo-
bile phone signal strength on the occurrence 
of EMI.
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