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Abstract

Background: The use of mobile phones is currently one of the fastest growing
technological developments. The microwave emitted by these telephones are considered as one
of the non-ionizing radiations which still having much uncertainities about the severity of
effects of both acute and chronic exposure to their various types. The direct biological effects of
exposure to this kind of ionizing radiation have not been studied extensively particularly from
the histological point of view. The close proximity of the antenna of such a device to the head
and the abdominal organs has raised concerns about the biological interactions between these
Electromagnetic Radiation (EMR) and cerebellum and kidney. So these organs wete chosen to
be target organs for our present study. ]

Aim: The present work was performed to assess and investigate the histopathological
effects of the frequent and long term exposure to the microwaves emitted by the mobile phone
on cerebellum and kidney of rabbits.

Materials & Methods: Male and femnale rabbits have been used in this experiment for
normal and exposed groups. Animals were sexually immature and classified into 3 groups:
Normal control (non-exposed) rabbits ( & . @ Trradiated (exposed) @ rabbits, Irradiated
( exposed) & rabbits. The radiation exposure was carried out on heads of animals for 30 min/day
for a period of 90 days at the frequency 900 MHz (Specific Absorption Rate “SAR” was 0.62
Wikg.). For kidney the duration of exposure was 90 min/day for a petiod of 90 days at the same
range of frequency but the device was operated but not activated.

Results: The exposure of the experimental animals of both sexes to this type of non-
ionizing radiations resulted in many histopathological alterations in both cerebellum and kidney.
In cerebellum herniation of some cerebellar folia, detaching of epithelia of the pial surface and
generalized perineural, perivascular and periglial edema could be recorded. The Purkinje cells
appeared degenerated, sometimes highly destructed, irregular in shape, dark in staining, small in
size, ill-defined and sutrounded by widened preicellular spaces. In some regions of cerebellar
tissue an absence of Purkinje layer after the degeneration of their cells was detected. The
granular cells appeared in darkly stained, clusters aggregated as gliosis, small in size with
hyperchromatic pyknotic nuclei. The granular cell layer in some fields accepted a generalized

- spongiform appearance resulted in compression and degeneration throughout the cerebellar
cortex. The molecular layer contained few destructed nerve cells, vacuolated matrix and
sometimes infilterated with degenerated dark cells. In some examined fields it accepted a
spongiform appearance after severe damage to its constituent fibers and cells. The renal tissue
exhibited pronounced tubular necrosis, vacuolar degeneration in glomeruli, narrowing of the
Bowman's space, partial necrosis in the medullary elements with some pyknotic nuclei in the
interstitium, tubular collapse, atrophied renal epithelia of the renal tubules forming necrotic
remnants, glomreular sclerosis, the renal tubules may be reduced to collapsed skeletons,
desquamation and absence of the normal renal epithelia. The distal convoluted tubules were
more sensitive and more affected than the proximal convoluted tubules. In both of the tested
organs (cerebellum, kidney) the effects of EMR were more destructive and more adverse in
irradiated males than irradiated females.

In conclusion: the chronic exposure to the radiofrequency radiation of the mobile phone
resulted in many histopathological alterations in cerebellum and kidney. The subject which
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leads us to suggest that these radiations may be neurotoxic and nephrotoxic at least under the
conditions used in the Present experiment (30 min/day for cerebellum and 9¢ min/day for
kidney for a period of 90 days at SAR value 0f 0.62 W/Kg ).

Key words; Mobile phone microwaves- cerebellum- kidney- rabbit,

Introduction

The growing. uge of digital mobile
phones, using protocols such as GSM
(Global System for Mobile communication
) has recently stimulated discussion aboyt
the possible health effects of the radiofr-
cequency electromagnetic field ( RF Field )
emitted by these phones. The microwaves
emitted from the mobile phones s g type of
non-jonizing radiations (NIRs) which stij]
having much uncertainities about the
severity of effects of both acute and chronic
exposure to  thejr various types. Their
possible effects on the target organs such ag
the central nervoug system and kidney have

to be tested. Some studies on animals have

shown that chronic €Xposure t0 mobile

system tumors (Zg Regina et al, 2003 and
Shirai et al,. 2007). Sanchez et qf (2006)
Teported that chronic Jocaj €Xposure to non-
ionizing radiations of mobile telephone
(GSM 900 or 1800) didn’t demonstrate
major histological ‘variations in skin of
hairless rats, Op the contrary, radiofreq-
uencies of cellular phones may affect
biological Systems, by increasing free
radicals (enhancing lipid beroxidation) and
by changing the antioxidant defence system
of tissue, thus leading to oxidative stregg
(fThan et al., 2004 and Meral et qf, 2007).
Microwave €Xposure in the frequency and
intensity of mobile telephony (900MH
band) was unlikely to produce patholo-

gically significant changes of the blood”

brain barrier bermeability as reported by
Fritze et ql (1997). They exposed rats to

door of a microwave oven, They noted
congested vessels, edema and degenerated
neurones  in " all " experimenta] dams,
Progressive edema and conspicuous

congested vessels were also seen in the
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offspring of both experimenta] groups. A
pathologic leakage across the blood-brain
barrier which might be combined with
damage to the neurons in the ratg exposed
for 2 hr to mobile phone electromagnetic
fields of different strengths was recorded by
Salford et al. (2003). _
The effects of the radiofrequency
radiation on the kidney appears to be one of
the most important issyeg to be~studied.

microwave - radiation on pregnant and
hewborn rat kidneys, They observed an
enlarged space in the Bowman's capsule
and  slightly swollen glomery]; in the
experimental dams | They also recorded
hecrosis of the renal tubules of experim- -
ental litters, and found a positive correlation
between the duration of eXposure and the
severity of tubular necrosis. The effect of
low intensity microwave radiation on the'rat

radiations on kidney parenchyma in an
€xposure- period dependant manner. They
also examined the renal tubular epithelia
and glomenylj which reflected features of
early necrotic changes. drhing o al. (2004)
recorded that at the histological leve],
kidney sections of ¢xposed newborn rats
occasionally exhibijted a slight hydropic
swelling in the tubular cells when compared
to the corresponding tissve from the control
animals. The CXposure was of pregnant rats
to pulsed GSM-like radiofrequency radjag.
ion (9.4 GHz). An increase in malondiald-
ehyde (MDA), N—acetyl-ﬁ—D-glucosami-
nidase and a decreage in glutathione levels
in different tissyes of rats including kidney
Was recorded by Ozguner ¢r al. (2005) due
to long term mobile phone exposure,
Treatment with caffejc acid phenethy! ester
(CAPE) restored the normal values, The
present study aims at the evaluation of the
histopathological effects of the frequent and
long term exposure to mobile phone
microwaves on cerebellum ‘and kidney- of
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the domestic rabbits. Therefore, we attempt
to hit the biological visks of these nof-
ionizing tadiations upon the general health
taking the histopathological alterations of
cerebellum and kidney as bioindicators 10
whether confirm or expel this danger as
well as to introduce a consistent and
convincing scientific evidence of adverse
health effects caused by these radiations.

Material and Methods

Animals:

. Twelve male and female domestic
rabbits (Oryctolagus cuniculus) of the same
generation were obtained from the animal
house at the Faculty of Pharmacy, EL-Fateh

University, Libya. Animals were sexually’

immature (one month old). The external
genitalia of males were not detected yet at
the beginning of the experiment. They were
allowed three days 10 acclimatize. Standard
pellets of rabbit were provided by the
animal house as a food for normal and
experimental animals. Clean natural water
was given ad libitum.

Animal Grouping:
Animals were divided into three
groups, four animals in each one.
Group i: The normal control (un-exposed
group) animals of both sexes .
Group ii: The group of irradiated
(exposed) females (four).

Group iii: The group of irradiated

(exposed) males (four).

Cages:

Animals were housed in living cages
under normal  temperature, —Pressure
humidity, good ventillation and day and
night illumination cycle. Three large similar
cages were used as ordinary living cages
(dimensions 75 X 50 X 30 cm). A fourth
cage was designed to lodge one animal only
during the time of mobile phone microwave
exposure (exposure ‘cage) where the animal
was not freely able 0 change its position
(dimensions 28 X 12X 10cm).

Mobile phohe characteristics:
The apparatus is GSM (digital) class,
Model Nokia 5210 made in China, 3.6 V.

CE 168, Code: 0511752, Frequency: 900

MHBz  band, SAR rating: 0.62 wikg,
Dimensions: ( 106 X 48 X 22 mm),
Weight: 92 g Two mobile phones were
used (both of Nokia 5210 model) in the
present work, one was used as a signaling
one . The other one was receiving the calls
in the exposure systenl.

Irradiation Technigue:

During exposure each animal was
placed separately in the exposure cage. The
cellular phone was placed above the cage
0.5 cm distant from the right side of the
brain of the irradiated animal, The mobile
phones were in standby position. Animals
of both sexes were exposed to the non-
jonizing radiations of the mobile phone
seeking for any sexual differences, at the
cellular level, in response to these non-
ionizg radiations. The head of each animal
in the two exposed groups (both males and
females) was exposed to microwaves
(frequency 900MHz, SAR rating 0.62
W/Kg) emitted by the activated mobile
phone for 30 min./day for 90 days taking
the cerebellum as 2 target orgamn.
Concerning the kidney, the mobile phone
was fixed at the lateral wall of the exposure
cage nearly corresponding 10 the right
kidney of the animal in 2 standby position
(operated but not activated by the other
phone) for 90 min/ day for 90 days. '

Tissue specimens:

Normal and treated rabbits were
sacrificed by cervical decapitation small
pieces of right cerebella and right kidneys of
the normal and irradiated animals were
removed, fixed in 10% neutral formalin,
washed, dehydrated, cleared and finally
embedded in paraffin blocks. Thin sections
(4p) were prepared for microscopic exami-
nation. Light microscopy Wwas performed
after slides were routinely stained with
haemotoxylin and eosin according to the
method of Bancroft and Gamble (2002).

Results

i- cerebellum: :

Tn comparison with the cerebellum of
normal control animals (figs.1-3) the
histological examination of tissue sections
obtained from the cerebellar cortex of
irradiated animals (females & males)
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revealed severg] histepathological lesions;

a- Irradiated Q rabbits:

- Atlow magnification (Fig, 4) the field
illustrated a preserved histological pattern
of the three cortical layers of cerebellum,
but despite this, an obvioys herniation of

Purkinje cel] layer with 4 consequent loss of
these neurons, The light microscopic
€xamination of further sections of the

(5) revealed part of the three cortica] layers
with three Purkinje celis (P1-P3) at different
stages of degeneration, Py having distorted
outline and ill-defined nucleus, P, under-
went complete disruption and degeneration,

while P, appeared havip Irregular shape -

with complete absence of nuclear material,
The cells of the granular layer appeared

layer. The molecular layer appeared
vacuolated, In another field (Fig. 6) the
Purkinje ceilg appeared highly degenerated,
Some aregs seemed to be devoid of them

Spaces congested with blood. The molecular
layer - contained few  destructed and
Scattered rierve cells, The microscopic
€xamination, by the oii immersion Jens

(>x1000), disclosed deleterious effects of

microwave irradiation (Fig.7). The field of

the cerebellar cortex contained g _dark
Purkinje cel exhibited an obvious state of
nuclear and Cytoplasmic degeneration,
showed a distinct chromophilia and surro-
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b- Irradiated 3 rabbits:

The histologicai €xamination of
sections in cerebellar cortex of the micrg-
wave exposed & rabbits indicated a mych
more complicated picture where the effects
of these non-ionizing radiations were more
adverse and more destructive (Figs.8-11).
The light microscopic €xamination at Jow
magnification (Fig. 8) revealed a marked
disturbance in the pattern of foliation in
cerebellum ag compared to those of the
normal animalg, Besides herniation, the
three cortical layers demonstrated S0me sort
of cavitation inside thejr mafrix and
between the molecular and the granuiar
layers. Also the field illustrated the
degeneration and absence of Purkinje cells,
at several sites of their layer, as a result of
irradiation. In A magnified part (Fig. 9) of
the previous field showed four dark and ill-
defined Purkinje celts, They were smaller i
hormal and exposed ? animals at the same
magnification, They appeared without any
cellular detajis . and showed different
degrees of deterioration, They  were
Separated from the underlying granyjar cells
by increased and  widened pericellular
Spaces. The granular cejf layer contained a
large number of degenerated cells with
pyknotic . nycle; forming aggregates . or
clusters. Also, the cells of the granular layer
appeared  smaliler ip size than thejr
comparable cells of the normal and exposed
? animais, They appeared deeply stained
and  degenerated with hyperchr-omatic
pyknotic nucle;, Also most of them
underwent aPOptosis.  In another field
(Fig.10) of cerebellar cortex of microwave
exposed 3 rabbit subjected to €xamination
at higher magnification of Fig. (8), the fieid
showed parts of the granular, Purkinje and
molecular layers exhibited- 4. generalized
Spongiform  alterations resulting  into
compressive and degenerative changes in
the neurona] mass. In the field one could
demonstrate highly destructed Purkinje
cells leading to an absence or complete loss

- perighial oedema ag well as oedema in the

peticellular Spaces. A magnified part of the
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outer molecular layer in Fig. (8) showed 2.
highly vacuolated matrix with numerous -

vacuoles of different sizes and few
damaged celis with pyknotic nuclei. The
field also illystrated an infiltration of dark
cells within the fenestrated matrix of this
layer (Fig.11).

ii- Kidney:

The light microscopic examination of
sections in kidney of jsradiated animals of
both sexes exhibited many histopathol-
ogical changes:-

a- Irradiated Q@ rabbits :

The examination of the tissue sections
of kidney of female rabbits exposed to
microwaves of mobile phone at different
magnification ~powers revealed several

histopathological alterations (Figs. 15-17).

Fig. (15) illustrated part of the renal cortex
contained two renal corpuscles with
hypertrophoid glumeruli having
degenerated and pyknotic nuclei. The cells
of distal convoluted tubules (DCT)
appeared with degenerated cytoplasm and
marked signs of karyolysis in some of their
nuclei. Some proximal convoluted tubules
(PCT) cells showed pyknotic nuclei, while
others exhibited degenerated cytoplasm and
nuclei. All the previous changes suggest a
state of tubular necrosis. Also some sort of
adhesion was noted between the glumerular
tuft. and Bowman’s capsule. The cells of
macula densa, at the vascular pole of the
renal corpuscle, which characterized by the
close proximity of its nuclei appeared with

degenerated nuclei. In another field of

kidney sections (Fig,16) all the tubular
elements of the renal meduila revealed
partial cellular necrosis with some cells
contained pyknotic nuclei. Others showed
signs of karyorrhexis and vacuolated
cytoplasm. In Fig. (17) the renal tubules
revealed an obvious state of tubular
collapse, and moderate  inflammatory
infiltrate in the interstitium. Most of PCT
and DCT cells appeared highly affected.
But the DCT cells were more sensitive than
that of the proximal ones. Some of the
epithelial cells lining the DCT contained
pyknotic nuclei while others are completely
destroyed. " Cells lining PCT showed
marginal chromatin or condensed chromatin

(pyknosis) while others appeared with
karyolysed. nuclei. So the histological
structure of the tubular elements showed an
obvious necrosis. The examination of
another field of the Kidney of irradiated Q
rabbits at higher magnification (Fig. 18)
disclosed a hypertrophied renal corpuscle
with a vacuolar degeneration in its
glomerulus, degenerated and pyknotic
nuclei, highly affected visceral and parietal
layers and complete adhesion between the
glomerular tuft and Bowman, S capsule
leading to the absence of the renal space.
The epithelia of the adjacent renal tubules
appeared atrophied, vacuolated  and
containing necrotic remnants .

b- Irradiated & rabbits:

The examination of the tissue sections
of kidney of irradiated male rabbits reve-
aled a much more complicated destructive
phase of non-ionizing radiations on the
renal tissue (Figs. 19-21). In Fig.(19) the
field demonstrated a part of the renal cortex
exhibiting a renal corpuscle with glomer-
ular sclerosis at the proximity of the
vascular pole. The celis of the proximal and
distal convoluted tubules showed a high
degree of degeneration in their nuclei and
cytoplasm progressed to a marked tubular
nectosis and collapse. In the field another
two highly degenerated renal corpuscles
could be noted. In Fig. (20) the exafmination
recorded severely damaged renal corpus-
cles, tubular necrosis, tubular atrophy with
complete absence of the normal tubular
epithelia due to necrosis and desquamation
of epithelial cells. Some tubules appeared
reduced to collapsed skeletons of basement
membrane containing cell remnants, The
subular atrophy resulted in widened intert-
wbular spaces and cellular debris. In another
field of renal cort¢X (Fig. 21) the renal
tissue appeared severely affected. The renal
corpuscles were completely damaged. The
DCT, PCT and descending limbs of Henle’s
loops appeared highly necrotic and atrop-
hied. The renal parenchyma appeared
evacuated and depleted of the renal
elements and contained many cellular
debris due to the high grade of the tubular
atrophy resulted from irradiation. Here also,
it could be- recorded that the DCT were
imore affected than PCT.
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Explanation of figures:

Plate-]

Photomicrographs '(Figs. 1-3) of sections in cerebellar cortex of normal control rabbits
stained with H, & E..
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Platedl

Photomicrographs (Figs. 4-T) of sections in cerebellar cortex of jrradiated @ rabbits

stained with ¥l & E.:

Fig.(4): Showing herniation of the granular layer (G) loss of Purkinje cells (arrows) and
detaching of pial surface (s) epithelia (x200).

Fig.(5): Showing 3 purkinje cells (P1-Ps) at different stages of degeneration, degenerated and
accumulated granular cells (G) and vacuolated molecular (M) layer (x400).

Fig.(6): Showing edematous spaces (ES) congested with blood and highly degenerated (arrows)
Purkinje cell area. Two destructed Purkinje (P} cells (x 400).

Fig.(7): Showing a dark Purkinje cell (DP), edematous spaces (ES), glioses (G) and widened
pericellular spaces (PS) (x1000). L

: 1m0
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Plate-111 .

Photomicrographs (Figs. 8-11) of sections in cereheliar cortex of irradiated d rabbits

stained with H&E,. :

Fig,(8): Showing part of the cerebellar folium demonstrating Some sort of cavitation (thin
arrows) inside the cortical layers and between the molecular and granular layers (x200)
with degeneration and absence of Purkinje cells gt several sites of their layer (thick
arrows), -

Fig.(9): A magnified part (x400) of the previous field {encircled) showing clusters of
degenerated granular cejls (arrows), foyr dark Purkinje cells (P) and vacuolated
molecular (M) layer (x400),

Fig.(10): Another Magnified part (x1000) of Fig. (8): The cortical layers containing highly
destructed Purkinje cells (P) and granular cells (G), perineuraj and periglial edemga
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Pla_tg v

i f.‘._'. TR Y

Photomicrographs (Figs. 12-14) of sections in kidney of normal rabbit (H&E).

Fig. (12): Showing the characteristic elements of the normal histology of kidney (X 100). Renal

corpuscles (RC), Proximal Convoluted Tubules (PCT), Distal convoluted Tubules
(DCTD). '

Fig. (13): Showing a part of the renal cortex and renal medulla demonstrating proximal (PCT),
distal convoluted tubules (DCT) and the thin limbs of Henle’s loops (THL) with
prominent nuclei (X 400).

Fig. (14): Showing a magnified part (X 1000) of the renal cortex with a glomerulus composed
of a numbey of capillary loops together with few mesangeal cells, podocytes visceral
(Vc) and parietal (Pa) layers of Bowman’s capsule and normal renal space (RS). In the
field a distal convoluted tubules (PCT) with large fumen and lining epithelia having
prominent nuclei was demonstrated. ‘
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Plate V

Photomicrographs (Figs. 15-17) of sections in kidney of irradiated @ rabbit (H&E x400);
Fig. (15): Showing a part of the repa) cortex revealing hypertrophied glumeruli with
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PateVI .

t ol 3. rey R
LS .!'."_':!n*f‘;r

Fig. (18) A .phdtomicrograph of a section in kidney of irradiated Q@ rabbit (H&E x1000)
showing vacuolar degeneration of 2 hypertrophied renal corpuscle with a highly
affected visceral and parietal layers (arrow heads), degenerated and pyknotic nuclei

and absence of renal space. The renal epithelia appears with necrotic remnants
(arrows).

Fig. 1N A photomicrograph of a section in kidney of irradiated Grabbits (H&E * 400) showing
glumerular sclerosis (arrow), tubular necrosis and collapse and another two highly
degenerated renal corpuscles (RC).
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Plate VII

Photomicrographs (Figs. 20-21) of sections in kidney of irradiated & rabbits (H&Ex400):
Fig. (20) Showing severely damaged renal corpuscles (RC), pronounced tybular atrophy with .
highly widened intertubular spaces and absence of normal tubular epithelia. The DCT
are more destructed than PCT. Notice the cellular debris (de). ' -
Fig. (21) Showing another field of renal cortex demonstrated severely damaged renal corpuscles
. {Rc). Highly atrophied and necrotic DCT, PCT and descending limbs (DL) of Henle’s
loops widened intertubular spaces and cellular debris (de). : -
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Discussion

There is @ recognized need for
understanding the effects of microwaves on
humans and animals due to the rapidly
expanding exposure of the public to
domestic and industrial applications of
microwave technology. Therefore, in an
attempt to depate or detect any biological
effects of these non-ionizing radiations on
the general health, it is an expected point to
investigate their effects on some target

organs such as cerebellum and kidney inan’

experimental mammalian animal. Since
most of the mobile phone users carrying it
attached to their belts, very close to the
kidneys. Therefore, the emitted radiations
of the mobile phone may be absorbed by
the kidney more than the other internal
organs. It was also previously concluded
that, the kidney was a major potential route
for the absorption of hazardous materials
encountered in the environment (frmak et
al., 2002). On the other hand, we designed
this experiment t0 investigate the effects of
these non-ionizing radiations on the
domestic rabbit as a mammalian animal in
the premature stage. The reason of choice
of this stage is that they are comparable to
human mobile phone addicted teen-agers

with respect to age (Salford et al., 2003)

The intense use of mobile phones by
youngsters is a serious memento since the
developing organs are more vulnerable than
matute organs to . microwave - radiations
because of their lower capacity to dissipate
the non-ionizing radiation (Michaelson,
1982). The present study suggested that, the
exposure of the experimental animals to the
microwaves of the mobile phone at a
frequency of 900 MHz and SAR of 0.62
W/Kg resulted in different histopathological
changes which could be recorded allover
the three cortical layers of rabbit
cerebellum. The degenerative effects of
microwave -  irradiation ~ were more
destructive in exposed males than exposed
females. Concerning the gross histological

structure of cerebellum some sort of

herniation and cavitation in some cerebeliar
folia could be recorded in this experiment.
This herniation and cavitation may be
attributed to excessive destruction of cells

EE R L
LR i'.l:_ Ty

and increased accumulation of damaged
cells inside the granular layer where its
cells have the capacity O engulf the other
degenerated cells (Albert and Sherif, 1988).
This comes in disagreement with the results
of Gona et al. (1993) who reported that
there was no herniation Of cavitation and
the pattern of foliation as well as the width
and thickness of the four layers of
cerebellar cortex were similar in two groups
of newly born rats. The first group was
control pups, while the other was irradiated
pups exposed 10 60 Hz electric and
magnetic fields. In the present study the
granular cells revealed several
histopathological criteria after radiation
exposure, The peurons of this layer
appeared greatly damaged, clumped,
aggregated and surrounded with edematous
spaces. The latter resulted into compression
of the neuronal mass leading to cellular
crawding and gliosis. These changes may
be attributed to changes in fluid osmolarity
in cerebellum as evidenced by Singh and
Singh (2002) or may be due to mechanical
effects related to increased local blood flow
as suggested by Oscar et al. (1981). Singh
and Singh (2002) concluded that, the
changes in water structure, produced by
magnetic fields may have inhibitory effects
by changing the cytoplasmic organization,
structural chemistry and activities of the
extracellular  and intracellular  fluid
components. This has been responsible for
producing edema in the cerebellum due o
changes in fluid osmolarity. This edema of
the intracellular matrix has been in turn
responsible for producing compressive
degeneration of the affected cells resulting
into apoptosis. While, Oscar et al. (1981)
suggested that the effects of microwave
exposure on the blood brain barrier (BBB)
permeability are related to an increase in
the local .cerebral blood flow. The
mechanical effect of hypertension and
vasodilatation may also play a direct effect
or indirect role. Also, a potential gliosis was
recorded previously in the rat brain by
Ammari et al. (2008) as 8 result of chronic
exposure 10 GSM 900 MHz microwaves. In
the current study , the observed generalized
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spongiform changes which resulted in
degenerative changes in neurons in the
three cortical layers of cerebellum of
exposed animals also extend and support
similar results recorded by Singh and Singh

" (2002) . The authors recorded those results -

in adult male rats of Chatles Foster strain
after giving them magnetized water for
drinking add libitum for a period of 30
days. In the present work, the histological
observations recorded the presence of dark
neurons in the granular and Purkinje cell
layers of cerebellum of exposed animals of
both sexes. These dark neurons appeared as
small deeply-stained cells with
hyperchromatic pyknotic nuclei within the
granular layer. They also appeared as dark
Purkinje cells which sometimes having
nuclear and cytoplasmic degeneration with
distinet chromophilia or having ill-defined
shapes without any cellular details. Similar
observations were noticed by several
investigatores (Albert and Sherif, 1988;

Fritsch et al, 1994; Majno and Joris, -

1995;8aiford et al., 2003; Hany,2003 and
Bertil et al., 2005 ). Albert and Sherif (1988)
studied the effect of the exposure of rats to
microwaves - for .90 consecutive days,
twenty minutes per day on the cerebellar
cortex. They recorded the presence of these
dark neurons as small deeply- stained cells
within the granular layer by the light
microscope.  They  confirmed  this
observation by the electron microscope.
According to Fritsch et al.(1994) these dark
neurons might be a manifestation of the
beginning of neuronal damage . According
to Majno and Joris (1995) the dark staining
of these damaged and degenerated neurons
reflects the accumulation of denatured
proteins and this might be caused by failure
of the
uncompansated oxidative stress. While
Salford et al. (2003), found a highly
significant evidence for neuronal damage
caused by. ‘non-thermal microwave
exposure. The cortex as well as the
hippocampus and the basal ganglia in the
brains of exposed rats contain dark neurgns.
 Also, Hamy (2003) noticed these dark
neurons in the cerebellar cortex of rats
exposed to microwaves of mobile phone.
He stated that the observation of these dark
neurons in the Purkinje and granular layers
is suggestive of both types of cell
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antioxidant  system and

degeneration. According to Bertil et.al.
(2003) the appearance of these dark neuroris
in the brain of rats exposed to mobile phone
microwaves (915 MHz ) was clearly more
frequent in exposed than unexposed
animals. They were used this as an indicator
of neuronal damage , both within the
nucleus and the soma, in the long run -
resulting in neuwronal shrinkage It is
possible to apply all these explanations to
the observed changes in the present study.
On the other hand, some investigators
considered these dark neurons to be some
sort of artifact in the fixation process
(Scherini et al., 1981) or may be due to the
different affinities of Purkinje and granular
neurons for staining which depends upon
the-physiological status of the cells at the -
time of fixation (Boselova et al, 1978).
However, in the present study the use of the
same laboratory methodology for the
normal control and exposed groups of
animals can counteract these possibilities.
Also in the present experiment, the
histological ~ observations revealed a
detectable loss in the neurons of Purkinje
and granular cell layer as a result of the
destructive and degenerative changes of
microwave exposure. This loss was readily -
apparent in Purkinje cell layer as an empty
spaces or discontinuity in their linear
arrangement, but in the granular layer
appeared as pericellular and empty spaces.

* This was explained previously by Brodal

and Bajaalie (1997) who considered that
the cerebellar granular neurons are the most
sensitive neurons for external - stimuli.
Another explanation was introduced 'by
Mark et al. .(1997) who attributed the loss
of these cerebellar neurons to degenerative
changes accumulating in neurons when
being exposed to stressful situations. The
observed empty spaces and increased and
widened pericellular spaces surrounding the
Purkinje and granular cells in the present
study were previously recorded also by
other authors (Mark et al, 1997). They
reported that the presence of multiple empty
spaces is a major sign of cell degeneration.
The terminal step of the changes is the
neuronal degeneration. It seems reasonable
to apply this explanation to the recorded
observations in the current study.

The close proximity of the antenna
of the mobile phone to the abdominal
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organs has raised concerns about the

biological interactions between EMR and -

the kidney. The results of the present study
indicated that rabbits exposed to 900MBz
radiofrequency radiation develop rénal
Jesions. Initialy under the conditions of the
present experiment both of glomeruli and
tubules seemed to be sensitive to the
radiation damage. Il our study the different
histological lesions which could  be
recorded in the kidney of rabbits of both
sexes ,as a result of exposure to mobile
phone radiation, revealed that the renal
tissue of tubules is more sensitive to the
non- ionizing radiations than that of the

glomeruli and stromal cells. These

observations come in consistentce with

those of Inaloz et al. (1 997b) who recorded-

similar results in pregnant and newborn
at’s kidney after the exposure to
microwave oven radiation. The vacuolar
degeneration in the glomeruli and renal
tubules of the kidney in the present
experiment supports and extends similar
observations recorded by Nergiz et al.
{2000) who recorded extensive apical
vesiculation in the-renal tubular epithelia
obliterating the lumen with degenerative
changes in kidney glomeruli. While the
state of renal tubular atrophy and collapse
with contained necrotic remnants which
could be recorded in the present results in
the renal tissue of exposed female rabbits

come on line with those of Accinni et al. -

(1988) who recorded collapsed tubules in
the renal tissue of animals exposed to
mobile phone  microwaves. Also, the
degenerative changes recorded in the renal
tissue of the present expetimental animals
with glomerular sclerosis and renal tubular
atrophy confirm the previous data of Nergiz
et al. (2000) who recorded glomerular
sclerosis as an end stage of degenerative
changes and aftributed this to the extensive
increase in collagen fiber pundles. Also,
Accinni et al. (1988) suggested that the
glomerular changes produced in rabbit
kidney due 0 radiofrequency radiation
exposure (27 ,12-MHz) were induced by the
localization of antigen-antibody complexes.
The mnephrities induced by ionizing

radiation is a very well documented clinical

entity that occurs in a proportion of
individuals whose kidneys have been
irradiated by a certain critical dose in the

course of x-ray therapy for a year by
neoplasm  (Madrazo and Churg, 1976).

Several clinical and expetimental studies
have desctibed pathological findings in
kidney damaged by x-irradiation and the
mode of their progression which does not
seern to be sustained by immunological
mechanisms (Keane et al, 1976 and
Williams, 1986). Although these two types
of radiation nephrities evolve differently,
jie, toward glomerulo-sclerosis and
interstitial fibrosis in jonizing radiation
nephrities and  toward glomerular
membranous changes associated  with
immune deposits in non-ionizing radiation
nephrities. There are striking similarities of
lesions recorded in the present study and
those of the previously mentioned authors.
Although the mechanisms by which
ionizing and non-ionizing types of radiation
induce these changes are not clear . The
similarity of the lesions recorded in the -
present  study with those of other
investigators suggests that a common
pathogenetic mechanism may be operative
yet, a common reaction of the renal
structures  to  different pathogenetic
mechanisms can not be excluded. The
histopathological lesions recorded _in
irradiated males were more prominent and
more drastic than those recorded in the
irradiated females. The subject which may
be attributed to the radioprotective effect of
the female sex hormones as recorded
previously by other investigators (Rugh,
1966).

References

1. Accinni L, De Martino C and Mariutti G
(1988): Effects of radiation on rabbit
kidney : morphological and immunological
study. Exp. Mol. Pathol., 49 (1): 22-37

2. Albert E and Sherif M (1988):
Morphological changes in cerebellum of

" neonatal rats exposed to 2.45 GHz micro-
waves.Prog. Clin Biol. Res; 257 :135-151.

3. Ammari M, Brilland E, Gamez C,
Lecomte A, Mohsen S, Abdelmelek H
and De Seze R (2008): Effect of a chronic
GSM 900 MHz exposure o0 glia in the rat
brain. Biomedicine & Pharmacotherapy,
20: 1-9

4. Athina P, Vossiliki K, Angeliki C,
Prodromos H, Eleni N, lonnis N, Thomas
D X, Theodoros D, and Georgios K

178




10,

i1,

12,

13.

14,

15,

179

Samir A, Nassar & Marium O, Shkorffo

(2004):  Bone 'morphogenetic protein
eXpression in Newborn rat kidneys after
radiofrequency

.radlatlon. Bioelectromagnetics 25:216-227.

Bancroft J p and Gamble M (2002);
Theory and Practice of Histologicai
Techniques, 5t Edition, Churehil,
Livingstone, London,

Bertil RR S, Jacob E, Lars p, Mikael B -

P, Arne B ang leif G § (2605); Effects of

Progress In
Research Symposium, Hangzhou, Chian,
August 22.26 >bp.1-3,

Boselova L, Ochodnicka E, Magdolenva
S, Moravci-Kova Y and Meitner E R
(1978): The Golgi apparatus of pale and
dark Purkinje cells. Folia Morphol.,26:257.
259,

14: 227249,

Fritsch P, Richard-Le Nagyy H, Denis S |
and  Ménétrier F(1994): Kinetics of
radiation-induced apoptosis  in  the
cerebellum of 14-day-old rats after acute or

during continyopsg ©Xposure. Int. J. Radiat

Biol., 66(1): 111-117,
Fritze K, Sommer C, Schmitz B, Mies G,
Hossman K. A, Kiessling M angd
i \ Effect of global
System for mobife Communication (GS
€xposure op

permeability in rat, Acta, Neuropathol., 94
(5): 465-470,

Gona A G, Yy M C, Gona O, al-Rabiai S,
Von Hagen g and

fields on the deve]opment of the rat cerebe-
um. Bioelectromagnetics, 14 (5): 433-447,
Hany M H M (2003); Changes produced

by the exposure o microwaves of mobile

phlione op cerebellum  of albino rgt,
Ph. D. Thesis, Anatomy Department,
Faculty of Medicine, Assiyt University,

Ilhan A, Gurel A, Armutey F, Kamisli S,

Iraz M, Akyold O and Ozey S (2004);

Ginkgo biloba prevents mobile phone-
induced oxidative SIess in rat prajp,
Clinica. Chimica, Acta, 340 i153-162,
Inaloz 8, Dasdag 8, Ceviz A and Bilicj A
(1997a) ‘Acceptable radiation leakage of
microwave  gvens o0 pregnant angd
newborn rat brajns, Clin. Exp. Obster,
Gynecol., 24(4):215-9,

Inaloz S, Dasdag S, Aslan A, Bilici A ang
Yayla M (1997b) :The effects of the
microwave oven On pregnant and newborn

© rat kidneys, Urogynaeoologia International

16.

17.

18.

19.

20,

21,

22,

23,

* WHO Regional

24,

25.

26.

27,

Journal, 1] (1:9-15. .
Irmak M, Fadillioglu _E, Galec ‘M,

biochem. Funet, 20: 279-283,
Keane w F, Crosson J T, Staley N A,
Anderson W R and Shapire F I, (1976):
Radiotion — induced reng] disease ., A
Clinicopathologic study .
60:127-137 .

La Regina M, Moros E G, Pickard W F,
Straub W L, Baty J and Roti Roti J I,
(2003):The effect of chronic €Xposure to
83562 Muy FDMA of

pontaneous tumors jn rats,
Radiat. Res., 160(2): 143-151

Madrazo A A, and Churg g (1976)
:Radiation nephrities. Chronjc changes
following moderage doses of radiation.Lab,
Invest., 34:283-290, '

Majno G ang Joris T ( 1995) {Apoptosis,
OnCosis, and necrosis. An overview of cel]
death.Am, J. Pathol, ;146( 1):3-15.

Mark R E, Griffin 8 T and Graham D |
(1997) :Aging-associated changes in humap
brain, 7, Neuropathol, Exp. Neurol,,
56:1269-1275.

Meral I, Mert H Mert N, Deger Y, Yoruk
I and Yetkin A (2007): Effects of 900
MHz electromagnetic field emitted from
celiular phone op brain oxidative stress and
some vitamin levels of guinea bigs, Brain
Res,, 1169: 120-124,

Michaelson § M (1982) :Microwave ang
radiofrequency radiation in: M.J. Suess
(ed.): Nonionizing Radiation Protection,
Publications | European
series (10) Copenhagen:97-l74.

Nergiz Y, Ketanj M, Akday 2z, Ersay A
and Celik M (2000): Effect of low-
intensity - microwave radiation on gt
kidney: ap ultrastructyrai study, Turk, J.
Med. Sci., 30 (3): 229-234,

Oscar K J, Gruenau § P, Folker M T and
Rapoport § | (1981): Local cerebral blood
flow after microwave exposure. Brain Res.,
204: 220-225,

Ozguner F, Oktem F, Ayara A, Koyn A
and Yilmas H R (2005): A novel
antioxidant agent caffeic acid phenethy!
ester prevents long. term mobile phone
exposure- induced reng] impairment in rat,
Molecular and Cellular Biochemistry, 277:
73-80.

Rugh R (1966) : Hand Buck Der Med,

Radiol, Strahlenbiologie » Vol. 11. Berlin,




28,

29.

30.

Changes Produced In Cerebellum And Kidney of Rabbits........

Salford L. G, Brun A E, Eberhardt J L,
Malmgren L_and Persson B R (2003 ):
Nerve cell damage in mammalian brain
after exposure to microwaves from GSM
mobile phones. Environ. Health
Perspectives, 111(7):881-883 . .
Scherini E, Bolclii F, Biggiogera M and
Bernocefii G (1981): Further evidence of
different morphofunctional aspects in the
Purkinje cell population of adult rat
cerebellum. An *ultrastructural study. J.
Submicrosc. Cytol.;13:17-29.

Sanchez S, Masuda H, Billaudel B, Haro
E, Anane R and Leveque P (2006): Effect

‘of GSM-900 and 1800 signals on the skin

of hairless rats. 11: 12 week chronic

31.

32,

33.

exposures. Int. J. Radiat. Biol.; 82(9): 675-
680.

Shirai T, Ichihara T, Wake K, Watanabe
S, Yamanaka Y and Kawabe M (2007):
Lack of promoting effects of chronic
exposure to 1.95 GHz W. CDMA signals
for IMT-2000 cellular system on
development of N-ethylnitrosourea-induced
central nervous system tumors in F344 rats
Bioelectromagnetics, 28 (7): 562-572.
Singh M and Singh K P (2002): Adult rat
brain changes induced by magnetised
water. J. Anat. Soc. India, 51(1): 47-49.
Williams M V (1986) : The cellular basis
of renal injury by radiation. Brit, J. Cancer,
53, Vi : 257-264. '

. 180




Samir A, Nassar & Marium O. Shkorffo

Il sl eolelas ol b padlf say o Y1 GlSy pubo § Al ol i)
3] IJM M‘JJ
“ﬁ;}i&‘:dﬁﬁﬁ ‘ °Jl‘o$fg.BAJi..\g.=Jw

s ¢ B3B3l Leols th}.‘.n." 74,!]5 colj,le-r.Lc ‘a-.é %
Ll B, dmalar ¢ (Guadt) pslally A1 LS <3lundf ple oo oo

IS TR u,h,, ga3 Lyandl wlytil gl o Jodh @Bt § I Cisledl Jlanioot ying
Jyon Dyt e LRSI b5 @l Lo I Tgll b wlolad Pl ol o Logs 5Lead 1 06 50l
BaxHy ool 2 il @V L5 yshis
TS 108 Tgslt b colotad Vi o g1 1380 0201 Longis 5,301 Lorghoa ot s oy
Alonl o331 3Lel 1ig) 3pal o gtll 515 B gl gl L3180 Ty o g 1SS Loyl gro
wlebud¥f odg) Luagdpall wodlebisll Jpo> w¥liaWy Bylsnlt el Labl slaely ol J Tkl
A Lty Bagialt slasll 1l LSgSy JLas Yl La.g.nlc (598 LIy puidl mo Lpuusblidog 4SS
Loyl Pl ghaarg) oy ST Sy amd Lot Ll yall Gagss Shead! 138 o 5 pobalf coleledSU Laiomalt
§ Ularily . J1 )31 o (28 lsmd (S puidl g o olad W 0igd ) Sll o3lt oyl
Labailt Logarall 1 JUf goill o wlosams &3 Jf casns &I S @y 1585 Lulyadl oia
2353 s et Lt bt Lol (D) Y1 0 platil T pall Legurmall (S + Q) Wl
318 Lo Dyur Lol 51 1568 pasy il gl 5 L Wonye LS wllgeadt JLint 3y (B
12 (11 g ,_3,.....1! it 00 LB jae clgandt § el 138 (53l o pladdl iyl Dby
551 035 of Jstomalf o Al yab B yhall slas¥f of LS I ity plasinly caalodt ... 13
oy Lgll b el il Lgalaws oo U305 pand S5y Tanalill slie¥l oo coslelad Yt oy 1,305
30 wots cwtyii) GO0MHZ o530 wts Jlaslt slell wlelasy wbigsall piy a5 $39 5Ll 6T
B of b A Tl § Lage 90 5ady o3l fiads 90 st Bm § Lons 90 5y st/ a5
Ll ey 5 Gl o 5L Bty Vs badh st 229 & Jony LS g Al ladf
72400 Gawsaly DS Plaagdl foay Lgrally pladl Lo pall oyladll eligan o 339311 Buayill
Lol dlacily Bload Gkl sy wlodle i 3 fll g G gk Lo B g 5y
L 3oy Dol LUy Zogoalt dueg¥l Sy ol iy pysill 0o ple g o ool pbuall L3Sl
& Lokl pLES3 pasg pangs 1 5T T pl1 DAY LE g0 gl 30 gl Sy Wb Jy . gl
wléldy il By Lypoms Ldlow dblne MBS @ pls Lliais prozxlyl 3 it ooy Libs Ui
(23 08 ol § Byaiog JSA Lo juby TSI Sy LIS yeb 55 kel By «paly T
LA iy S o uns Taio Baglsr Jpor ity Ablons iyl Lo [l a5y il

181




. Changes Produced In Cerebellum And Kidney of Rabbits.....n

G T 8ol dmg i g § GBU O O P sliss- Yy olatlly Sl L iy <Al
C‘Sﬁ" O b e wlsssre 3 il..da.aﬁl Basad LI oda @b Lagomell Bipall DS Jo .ra.g."dlj
¢ ol oL L G0 Sargis IS S8 o el geanll s LDy Sty paeS 8, Bl
S pblie ds Lg:.ejs'i & plbo ¥ 55l sl BSy o paradl Bk PSP g L ]
s yelid Loy Lidepadl Bl 2 Ll L pladpl Jaghll o2t LS g5 o gt JS8y wyeh
s Slgal] el Lilien Lyl Al B2 = a8y i Lalidls iy > g D> Lo
§ yurcSill Lt oo 032 Lagihe T3l Tl ey 53 pblie By el LD Tyl Sig3M
bty oy bl S gt § BRI 032 EgSh (52 5illy I Ul puSing plo il JSa b
lelad odn Byghi e Jas ! Lar el oSl Ll B ol Jusht ol elelady oyl
b Gad gl Sl pasd Bagaally g ) A B 3 g S U St s
B § S B colen Alsineg Llgll AU Tygelt Masdll o 2y Gl cology s
QEESSVRENTR I PRI g el Gl galis « St il Sl LD 938 cRdedt
Jools olps Llaly ddadl B § L0 s ¢ anbls gy LBaas Lol JSa LeslSy @
sin 1S g 1 Tl B! oo et 1,505y gl ST Basnalt T} U 5185
it Ll nsd sl oyl b 1y il et 00 S By Plasiue il
| Y1 5o S § yseby B S

et 3 L Sslglt Aad¥ papdl Jaghlt oyl o g Uiy S0 30 JS) (AvE
o o G5 Jagy « AN bl s 00 JS 3 Bondly Lz lugian s jeeb J ol el
P afCam Lo pond 3> J o o5 oy 5yghi JS.3y B Aygb it ;i1 jleadt 1a Jlasiut
850 podll & AR 30 5l ol (gny B Uay S Sasb 52 S5 e JSU ol gmilly gl
- LSS D § pse 90 850 pol § Wl 90 8us cpuidl W § p32 90

182






