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Summary 
 

Objective: Nucleolar organizer region (NORs) is directly related to cell cycle and is an 
indicator of cell proliferation. We explored, in the present study, whether there was a 
difference in proliferation between brain tissues subjected to magnetic field for different 
durations. 
Study Design: The study comprised 5 groups with six rats each. Groups A and B were 
exposed to magnetic fields for 2.5 hours/day and 2.5 minutes/day, respectively, everyday for 
three months. Sham groups for Group A (SA) and Group B (SB) were constructed and 
switched-off cellular phones were left in the same environment for the same duration as their 
corresponding experimental groups. Rat's brains were removed, placed in 10% formalin and 3 
micron thick sections were obtained following routine histological methods. Sections were 
stained with AgNOR stain. The number of AgNORs for each 100 cortical neurons, 
hippocampal neurons, ependymal and choroid plexus cells were counted on every section 
with an immersion microscope objective. 
Results: Statistical analyses revealed that mean number of AgNORs was highest in Group A 
(3.69±0.54), followed by Group B (3.06±0.48). Even though there was no statistically 
significant difference between sham groups (SA=1.76±0.56 and SB=1.84±0.65, p=0.990), 
mean number of AgNORs in sham groups was significantly higher than the control group 
(1.29±0.42) (p≤0.05). Groups A and B differed significantly from the sham and control 
groups in terms of mean number of AgNORs (p≤0.001). 
Conclusion: Increased proliferative activity and protein synthesis in neuronal and glial cells 
of the brain tissue in response to exposure to magnetic field is demonstrated by AgNORs. 
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Manyetik Alana Maruz Kalan Şıçan Beyinlerinin Proliferatif Aktivitesinin Agnor ile 
Değerlendirilmesi 

Özet 
 

Amaç: Nükleolar organizer region (NORs) doğrudan hücre siklusu ile ilişkilidir ve hücre 
proliferasyonunu yansıtır. Çalışmamızda, farklı sürelerde manyetik alana maruz kalan beyin 
dokularının proliferasyonları arasında fark olup olmadığını araştırdık. 
Materyal ve Metod: Çalışmamız, her birinde 6 sıçan bulunan 5 gruptan oluşmuştur. Deney 
grupları üç ay süreyle, haftada yedi gün, her gün, A grubu: 2,5 saat, B grubu: 2,5 dakika 
manyetik alana maruz bırakıldı. A ve B gruplarıyla aynı sürelerde ortamda kapalı olarak cep 
telefonu bulundurulan sham grupları (SA ve SB) oluşturuldu. Ortamda cep telefonu 
bulundurulmayan grup kontrol grubu olarak değerlendirildi. Sıçanların beyinleri anestezi 
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etkisi altında çıkarılarak %10'luk formaldehite konuldu ve doku takibi yapılarak 3 mikronluk 
kesitler alındı. Kesitler AgNOR boyası ile boyandı. Her kesitte 100'er adet korteks ve 
hipokampus bölgesi nöronları, ependim ve koroid pleksusa ait hücrelerin AgNOR tanecikleri 
immersiyon objektifte sayıldı. 
Bulgular: İstatistiksel olarak değerlendirildiğinde ortalama tanecik sayısı en fazla grup A'ya 
aitti (3.69±0.54). B grubu (3.06±0.48) ikinci sırada yer almaktaydı. Sham grupları kendi 
arasında (SA=1.76±0.56 ve SB=1.84±0.65) istatistiksel olarak anlamlılık olmamakla birlikte 
(p=0.990) ortalama tanecik sayısı bakımından kontrol grubundan (1.29±0.42) daha fazla 
sayıda taneciğe sahiplerdi ve istatistiksel olarak anlamlıydı (p≤0.05). Ortalama tanecik sayısı 
bakımından A ve B grupları sham ve kontrol gruplarıyla karşılaştırıldığında istatistiksel olarak 
ileri düzeyde anlamlı bulundu (p≤0.001). 
Sonuç: Manyetik alana maruz kalmaya bağlı olarak beyin dokusundaki nöronal ve glial 
hücrelerde, proliferatif aktivite artışını AgNOR tanecikleri göstermiştir. 
 

Anahtar Kelimeler: AgNOR, rat beyin, manyetik alan, cep telefonu 
 
 
INTRODUCTION 
Mobile telephones have become one of the 
most widely used sources of 
electromagnetic field(14,21). Having become 
an indispensible item of our daily lives and 
been implicated as a source of microwave 
pollution, it has been argued that mobile 
phones can cause immune system 
disorders, damage to the glial cells and 
neurons and exert carcinogenic 
effects(14,30,31). It has been argued that there 
is an increase in the incidence of cerebral 
tumors as a result of the increase in mobile 
phone use and that mobile phones 
constitute a risk(16,17,22). Various staining 
methods such as Ki-67, PCNA, BrdU and 
AgNOR have been used to assess the 
proliferation potential of brain tumors 
histologically(7,29). 
 

NORs can be selectively stained as black 
dots in the nuclei by a silver staining 
technique (AgNOR)(15) based on 
argyrophilia of NOR associated proteins 
(NOR-Aps) and so-called AgNOR 
proteins(28). The amount of silver deposits 
in a cell indicates the quantity of Nucleolar 
Organizer Regions (NORs), which are 
related to protein synthesis. NORs are 
loops of ribosomal DNA that contain 
protein synthesis related gene(6). They are 
located on the short arms of the 
chromosomes 13, 14, 15, 21 and 22. the 
acrocentric chromosomes. With silver 

staining method, fibrillary non-histone 
proteins can be demonstrated in the 
nucleus related to the NOR(24). This 
suggests that AgNOR is a marker of cell 
proliferation(3,9,12,19,20,25,27,35,36). AgNOR, 
believed to be an easy and rapid method to 
calculate proliferation potential,(10) has 
been widely used in histopathologic 
evaluation of malignant and benign 
cerebral tumors(3,4,5,13,18,23,24,26,34). In the 
present study, we aimed to investigate, 
using AgNOR method, whether there was 
a difference in cell proliferation between 
different regions of rat brain subjected to 
magnetic field induced by mobile phones. 
 
MATERIAL AND METHODS 
1. Construction of the experimental 
groups and conducting the experiment 
A total of 30 male Wistar albino rats 
weighing 250-300 g and obtained from 
Pamukkale University Experimental 
Research Unit were used in the study. Rats 
were randomly allocated to one of six 
groups. 
 

Using a mobile phone on “talk” mode, rats 
in Group A were exposed to 30 minutes of 
magnetic field 5 times a day, with 5 
minutes of break between exposures, for 7 
days a week for 3 months. Therefore, rats 
in Group A were exposed to magnetic field 
for 2.5 hours a day. 
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Rats in Group B were exposed to 0.5 
minute of magnetic field 5 times a day 
while the phone was ringing, with 30 
minutes of break between exposures, for 7 
days a week for 3 months. Therefore, rats 
in Group B were exposed to magnetic field 
for 2.5 minutes a day. 
 

For each experiment group, a sham group 
was constructed and a mobile phone that 
was switched off was put within the 
apparatus the animals were kept. Therefore 
two sham groups for each experiment 
group, namely sham A (SA) and sham B 
(SB) were constructed. Rats kept in the 
same experimental apparatus with no 
mobile phone inside comprised the control 
group. 
 

Rats were housed in plastic cages in a 
temperature (22ºC) and humidity (50%) 
controlled environment, had ad libitum 
access to tap water and standard pellet food 
and were maintained on a 12:12 light/dark 
cycle (07.00-19.00 h). 
 

2. Experiment apparatus  
Six rats were placed in a plexiglas 
container with air-vents and containers 
were placed in a radial manner, equidistant 
to the center. Handling was carried out 
initially to help animals adjust to the 
apparatus. Animals adjusted to containers 
were then observed to have a tendency to 
go in the same container each time during 
the experiment stage. 
 

In this study, we needed to know the 
electrical characteristics of brain tissue at 
900 MHz to calculate the magnitude of 
induced Elocal electric field and SAR. In the 
apparatus used, the external electric field 
Eduwas 70 V/m, with regard to the 
localization of the brain tissue. Electric 
field was measured by Holaday (Holaday 
Industries, Eden Prairie, Minnesota, USA) 
electric field probe and electric field meter. 

Since 





2
local

local
ESAR  W/kg, mean 

specific absorption ratio generated in the 

brain tissue under these conditions was 
calculated as 1.42 W/kg(11,32). 
 

3. Anesthesia and Obtaining tissues 
At the end of the experiment stage, 
anesthesia was induced by ketamin (50 
mg/kg) and xylazine (5 mg/kg) 
combination. Brain tissue was fixed in 
10% buffered formalin solution. 2-3 mm 
thick sagittal sections were obtained from 
each brain. Following routine histological 
processing, 2.5-3 µ thick sections from the 
midbrain were stained by H&E and 
AgNOR. 
 

Methods described by Crocker and Nar 
was used for AgNOR staining(8). On 
sections obtained from each rat, the 
AgNORs were counted by the same 
researcher in 100 neurons each from the 
cortex and hippocampus, ependymal cells 
and choroid plexus cells under X1000 
magnification using an oil immersion lens. 
Neurons from the hippocampus and cortex 
in the right hemisphere were evaluated. 
 

Total number of AgNORs was divided by 
100 to obtain mean AgNOR number for 
each case. Significance of differences 
between groups was analyzed statistically 
by t-test and One Way ANOVA. 
 
RESULTS 
Statistical comparisons of groups showed 
that the highest number of AgNORs was in 
Group A (3.69±0.54) in which rats were 
exposed to magnetic field for 2.5 hours. 
Rats in Group B were exposed to magnetic 
field for 2.5 minutes while the phone was 
ringing mode had a mean 3.06±0.48 
AgNORs. There was no statistically 
significant difference between the sham 
groups (SA=1.76±0.56 and SB=1.84±0.65) 
(p=0.990). The differences between the 
mean number of AgNORs in the control 
(1.29±0.42) and sham groups were 
statistically significant (p≤0.05). Mean 
numbers of AgNORs in groups A and B 
were statistically higher than those of the 
sham and control groups (p≤0.001) (Table 
1). 
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Table I. Mean numbers of AgNOR dots in cells of the groups 

 Group A 

mean±SD 

Group B 

mean±SD 

Group SA 

mean±SD 

Group SB 

mean±SD 

Control 

mean±SD 

Choroid 

plexus cells 

4.05±0.38* 3.11±0.52* 2.17±0.29 2.23±0.46 1.55±0.39 

Ependymal 

cells 

4.05±0.46* 3.38±0.43* 2.35±0.28** 2.49±0.26** 1.69±0.28 

Hippocampal 

neurons  

3.59±0.30* 2.94±0.43* 1.39±0.19 1.54±0.42 1.01±0.09 

Cortical 

neurons 

3.07±0.33* 2.82±0.44* 1.15±0.22 1.11±0.27 0.89±0.15 

*p≤ 0.001  in comparison with control group 
**p<0.05 in comparison with control group 
 
 
 
 
In all groups, the highest number of 
AgNORs was observed in the ependymal 
cells (2.81±0.91), followed by the cell in 
the choroid plexus region (2.64±0.97) and 
hippocampal neurons (2.12±1.05). The 
least number AgNORs was in the cortical 
neurons (1.83±1.00). 
 

When we compared the mean number of 
AgNORs in the ependymal and choroid 
plexus cells, we did not find a statistically 
significant difference (p=0.271) whereas 
the difference between the mean number of 
AgNORs in the cortical and hippocampal 
neurons was significant (p=0.013). 
 

Choroid plexus cells (Figure 1) 
Group A had the highest number of mean 
AgNORs. When the Group A was 
compared with the sham and control 
groups, statistically significant differences 
were observed (p<0.001). Group A, in 
comparison to Group B, contained 
significantly more granules (p≤0.05). 
Mean number of AgNORs in Group B was 
significantly higher than the sham (SA 
(p=0.010), SB (p=0.011) and control 
groups (p<0.001). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ependymal cells (Figure 2) 
Mean number of AgNORs of Group A was 
significantly higher than that of Group B 
(p=0.027). Comparisons of Group A, sham 
groups and the control group yielded 
significant differences (p≤0.001). Mean 
number of AgNORs of Group B was 
significantly different than the SA 
(p=0.001), SB (p=0.002) and control 
groups (p<0.001). 
 

Figure 1: The appearance of AgNOR dots in 
Coroidal plexus cells belonging to A) group A, B) 
group B, C) sham A and D) sham B (X1000). 
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Hippocampal neurons (Figure 3) 
Mean numbers of AgNORs of Group A 
and Group B were significantly different 
than those of the sham and control groups 
(p<0.001). Group A, when compared to 
group B, had significantly more AgNORs 
(p=0.015). Cortical neurons (Figure 4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean number of AgNORs was highest in 
Group A. Comparison of mean AgNORs in 
Group A and Group B did not yield a 
statistically significant result (p=0.6) 
whereas mean numbers of AgNORs of 
Groups A and B were significantly 
different than those of the sham and 
control groups (p<0.001). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean number of AgNORs increased 
depending on the duration of exposure to 
magnetic field. Presence of a mobile phone 
in the vicinity caused an increase in 
AgNORs. There were also increases in the 
number of AgNORs in the sham groups in 
comparison to the control group. 
 
DISCUSSION 
AgNORs have long been used as an 
indicator of proliferative activity. As a 
result of the advent of 
immunohistochemical markers such as 
PCNA and Ki-67, the use of AgNORs as a 
proliferative marker has declined. As 
opposed to immunohistochemical markers, 
AgNORs are preferred due to being less 
affected by fixation, low cost and ease of 
use. It has been used safely as an 
experienced eye can detect an artifact 
easily. AgNOR has long been used to 
differentiate normal tissue from tumors. 
 

It has been reported that AgNOR 
expression was associated with 
proliferative activity in glial tumors(1,13) 
and that the number of AgNORs and their 
sizes increased with the grade of the brain 
tumor(26,33). Various studies argued that 
there is an increase in the frequency of 
brain tumors in recent years as a result of 
widespread use of mobile phones(15,17,22). 
Changes in brain tissue in response to 

Figure 2: The appearance of AgNOR dots in 
ependymal cells belonging toA) group A B) group 
B, C) Sham A and D) Control groups (X1000). 

Figure 3: The appearance of AgNOR dots in 
Hippocampal neurons A) groupA, B) group B, C) 
sham B ve D) control group (X1000). 

Figure 4: The appearance of AgNOR dots in 
Cortical neurons A) group A, B) group B, C) 
sham B and D) control group (X1000). 
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exposure to electromagnetic field have 
been investigated in many studies(2,21,30,31). 
Among these, Mausset-Bonnefont and 
colleagues (2004) reported an increase in 
reactive fields on day 3 of exposure to 
electromagnetic field by 140% in striatum 
and by 20-25% in the hippocampus and 
cortex of rat brain. In a similar study, 
researchers showed that, on day 2 of 
exposure to GSM microwave, there were 
marked increases in reactive astrogliosis in 
rat brain tissue, most notably in the frontal 
cortex, which was closest to the antenna, 
and cauda and putamen of striatum to the 
lateral ventricles(2). 
 

Mausset-Bonnefont et al.(21) and Brillaud et 
al.(2) argued that changes might be related 
to astrocytic hypertrophy or glial 
hyperplasia. In the present study, our 
findings regarding the increased 
proliferation in the choroid plexus and 
ependymal cells lend support to these 
studies. 
 

Studies that utilized AgNOR method 
reported that the amount of AgNOR in 
astrocytomas, irrespective of its grade, was 
significantly higher than the amount of 
AgNOR in normal brain tissue(1,3,4). 
 

Our finding that very significant statistical 
difference in the mean number of AgNORs 
existed between subjects exposed to 
electromagnetic field and controls was in 
agreement with the studies of Berny et 
al.(1) and Bukhari et al.(3,4). 
 

In Salford and colleagues' study injury to 
the neurons of the cortex, hippocampus 
and basal ganglia was observed in rats 
when exposed to non-thermal, 915 MHz 
GSM electromagnetic fields of various 
strengths for 2 hours(30). Increase in the 
proliferation in cortical and hippocampal 
neurons with exposure to electromagnetic 
field observed in the present study is in an 
agreement with the finding of Salford et 
al.(30). 
 

It is noteworthy that strong astroglial 
activation was generally observed in 
regions adjacent to the ventricles and 

subarachnoidal regions (cortex of the 
cerebellum, frontal cortex and caude 
putamen of striatum). The onset and 
propagation of this effect in the central 
nervous system was attributed to the 
cerebrospinal fluid(2). We also found that 
cells neighboring the cerebrospinal fluid 
(choroid plexus and ependymal cells) had 
higher number of AgNORs than the cells 
of other regions (cortex, hippocampus). 
However, even though choroid plexus and 
ependymal cells are adjacent to the 
cerebrospinal fluid, they are actually glial 
cells. Therefore, it would not be an 
unexpected finding to observe excessive 
AgNORs due to their potent proliferative 
abilities and this supports the hypothesis of 
Brillaud et al.(2). 
 
CONCLUSION 
In the present study, we showed that 
proliferation and protein synthesis in rat 
brain markedly increased with prolonged 
exposure to electromagnetic field. When 
compared to the control group, increase in 
the number of AgNORs in the sham groups 
showed us the adverse effects of mobile 
phones even if they are not ringing or talk 
mode. 
 

We detected the increase in proliferation 
and protein synthesis using the number of 
AgNORs, a valuable tool though it lost its 
popularity in recent years. Due to the fact 
that rat brain is way smaller than human 
brain, magnetic field generated by mobile 
phones is expected to affect the rat brain 
more. Magnetic field generated by mobile 
phones in human brain is smaller than that 
generated in rat brain. Nevertheless, we 
believe that extended use of mobile 
phones, can increase the proliferation and 
protein synthesis of glial cell in the brain. 
These findings need to be supported by 
further studies. 
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