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ABSTRACT 
 

Purpose: There are numerous reports on the effect of mobile phone radiation (MPR) in various cellular 
systems. This stimulated us to examine the possible damage effect of mobile phone radiation on the retina of 
albino rats. Method: Animals were randomly grouped as follows: Group A: control animals not exposed to 
(MPR) and Group B: treated animals exposed one hour daily four weeks to MPR. Results: Histological changes 
were observed in the retina. Conclusion: Using mobile phone may induce mild impairment of retinal tissues.  
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Introduction 

 
With the increased use of mobile phone, their potential effects on human health urge scientists to 

investigate this subject. The mobile phone emits 900-MHz electromagnetic radiation which may be harmful to 
biological tissue (Knave, 2001). Their use near head increases the possibility of causing hazardous effect on 
eyes (Repacholi, 2001). Previous studies have demonstrated a relation between electromagnetic radiation and 
cataract (Stewart-Dehaan et al., 1983). Corneal damage has been recorded as well (Elder, 2003). But their 
histopathological effect on retina needs to be clarified.  
 
Materials And Methods 

 
Fifteen albino rates were used in this current study, they were kept in the animal house of research Institute 

of Ophthalmology (RIO) in Giza, Egypt. The animals were divided into two groups (A&B). Group (A): served 
as control and consisted of 5 rates. Group (B) served as treated group and composed 10 rates. The animals of the 
this group were put in cages containing opened mobile phone that called intermittently (1h/day for 4 weeks), 
they are exposed one hour four weeks to MPR. 

At the end of the experiment, the animals were scarified under anesthesia and their eyes were dissected. The 
retina was cut into small strips. These strips were immediately fixed in 0.2M sodium phosphate buffered 4% 
glutraldehyde, post fixed in 2%osmium tetroxide and embedded in epoxy resin. Semithin sections were stained 
with toludine blue while ultra-thin section were doubly stained with uranyl acetate and lead citrate and then 
examined by light and electron microscopes. 
 
Results 
 
Light microscopic examination (LM): 
 
Group A: 

 
This group served as control for good orientation of the ten layers of rat's retina. Blood capillaries are seen 

in all control specimens at outer plexiform layer (OPL), inner nuclear layer (INL) and nerve fiber layer (NFL) 
(Fig. 1). 
 
Group B: 

 
No conspicuous changes are detected in outer segment of photoreceptor (OS), outer nuclear layer (ONL) 

and inner plexiform layer (IPL). However, mild degenerative changes in the form of pale areas are found in both 
inner segment of photoreceptor (IS) and outer plexiform layer (OPL). Perinuclear cytoplasmic vacuolation and 
ill-defined nuclei are obvious in inner nuclear layer (INL). Again, the ganglion cells are not exempted, their 
cytoplasm exhibited vacuolation (Fig. 2).  
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Electron microscopic examination (EM): 

 
Multiple phagosoms and degenerated mitochondria of diverse sizes were present in the cytoplasm of retinal 

pigmented epithelium (RPE) Distortion of some lamellar discs was detected in some areas of outer segment of 
photoreceptor (OS) (Fig. 3). Many nuclei of (ONL) showed homogenous electron dense chromatin while plasma 
membranes and cell junctions were intact (Fig. 4). Lyses of synaptic vesicles and microfilaments were noticed 
in outer plexiform layer (OPL). There were intracytoplasmic vacuoles scattered in cytoplasm of inner nuclear 
layer (INL) with clumping of chromatin in some nuclei. Accumulation of residual bodies and debris was present 
in both (IPL) and nerve fiber layer (NFL) (Fig. 5). The ganglion cells demonstrated vacuolation in their 
cytoplasm and their nuclei were faintly stained (Fig. 6). 
 
Discussion: 

 
Mobile phone has become one of the indispensable devices in world as the most effective communication 

tool. They emit electromagnetic radiation that may be absorbed by various body organs according to the places 
where they are carried. Public and scientific awareness has been increased greatly in the few years about adverse 
health effects for humans exposed to radiation emitted from cellular phones (Dasdag et al., 2008). Studies on the 
effect of magnetic radiation on biological system have been carried out by many researches (Scheller et al., 
2008, Nithyaja et al., 2009 and Lin et al., 2009). They all confirmed that mobile phone radiation affects various 
tissues. The lack of knowledge about the histopathological effect of electromagnetic radiation on retina 
persuaded us to carry out this current study. Several experimental studies suggest a role of reactive oxygen 
species (ROS) in the mechanism that has been proposed to explain the biological side effects of MP (Atilla et 
al., 2004). Some authors proved biochemically that mobile phone caused oxidative damage by increasing the 
levels of nitric oxide (NO), malondialdehyde (MDA) as well as xanthine  oxidas (XO). It also increased 
adenosine deaminase (ADA) activities in brain tissue in a rat model exposed to electromagnetic radiation. Same 
author also prove that histopathological changes in brain could be prevented by antioxidant ginkgo biloba (GB) 
extracy (a potent free radical scavenger agent) (Atilla et al., 2004). This in agreement to the present study as 
outer segment of photoreceptors displayed distortion of some lamellar discs since it contains the highest 
concentration of poly unsaturated fatty acids in the body. Some investigators studied the protective effects of 
melatonin and caffeic acid phen-ethyl ester CAPE on rat retina exposed to oxidative stress due to long- term 
exposure to 900 MHz mobile phones radiation. Since MDA is the breakdown product of major chain reactions 
leading to oxidative of poly unsaturated fatty acids. So it serves as reliable marker of oxidative stress mediated 
lipid peroxidation in tissues (Ozguner et al., 2006). The previous studies reported that retinal levels of NO and 
MDA increased in EMR exposed rats while both melatonin and CAPE caused a significant reduction in the level 
of NO and MDA. Likewise, retinal SOD, GSH-Px and CAT activities were decreased in exposed animals while 
melatonin and CAPE caused a significant increase in the activities of these antioxidant enzymes. Other 
biochemical studies of the effect of mobile phone on cornea and lens showed significant changes in oxidative 
system in the form of increases in MDA and CAT activities and decrease in SOD activity. Also, in retina as 
well, they noticed significant increases in MDA and NO levels and decreases in SOD, CAT and GSH-Px 
activity and added that antioxidant such as vitamin C may have a protective effect (Balci et al., 2007). Reactive 
oxygen species (ROS), induced by oxidative stress may be an important factor in tissue injury resulted from 
radiation. This could be demonstrated in the study by lysis of cell membranes of synaptic vesicles in OPL, 
degeneration of mitochondria and clumping of chromatin of some nuclei in INL. Therefore, if ROS are not 
scavenged, these species may lead to widespread lipid, protein and DNA damage (Jajte et al., 2002). Several in 
vivo and in vitro studies have shown DNA damage that was induced microwave radiation. This is coincident 
with obvious changes in chromatin in pigment epithelium (PE), ONL, INL and GCL in this work. Again, in 
recent study done on effect of mobile radiation on DNA by using fluorescence technique, it was reported that 
DNA in very sensitive to power of the mobile radiation and consequently affect human health (Vishnu et al., 
2011). In another recent study, it has been shown that microwave exposure might induce some human cells to 
react with an increase in expression of genes encoding ribosome's proteins and therefore upregulating the 
cellular metabolism (Remondini et al., 2006). Since the disruption of oxidant/antioxidant balance in eye and 
other tissues exposed to mobile phone radiation was proved in previous experimental studies, therefore the 
detectable changes in the present study may be attributed to oxidative stress (Ozguner et al., 2006 and Irmak et 
al., 2003). 
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Fig. 1: Photomicrograph of control albino rabbits retina showing the retinal pigment epithelium(RPE); outer 

segment (OS); inner segment (IS); outer nuclear layer (ONL); outer plexiform layer (OPL); inner 
nuclear layer (INL); inner plexiform layer (IPL); ganglion cell layer (GCL); nerve fiber layer (NFL) and 
inner limiting membrane (ILM). Toluidine blue X500. 

 

 
 
Fig. 2: Photomicrograph of exposed rat retina showing pale areas in both inner segment of photoreceptors (IS),  
            OPL, Vacuolation (V) and ill-defined nuclei of INL and cytoplasmic vacuolation of GCL. Toluidine  
            blue X500. 
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Fig. 3: Electron micrograph of exposed rats retina showing multiple phagosomes (arrow) and degenerated 

mitochondria (m) in the cytoplasm of retinal pigment epithelium and distortion of lamellar discs of 
outer segment pf photoreceptors (double arrows) X4000. 

 

 
 
Fig. 4: Electron micrograph of exposed rats’ retina showing homogenous electron dense chromatin of nuclei of  
             outer nuclear layer (ONL) X4000. 
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Fig. 5: Electron micrograph of exposed rats retina showing lysis of synaptic vesicles of OPL, plasmic 

vacuolation (v) of cytoplasm of inner nuclar layer (INL) together with accumulation of chromatic of 
some nuclei (arrows) X4000. 

 

 
 
Fig. 6: Electron micrograph of exposed rats retina showing inner plexiform layer (IPL) with synaptic vesicles 

and ganglion cell layer (gcl) with vacuolated cytoplasm (v) and faintly stained nuclei (*) X4000. 
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