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ABSTRACT
With an ever increasing number of cell phone users since late twenty ﬁrst century, magnitude of the problem of
exposure to radiation emitted by cell phone is self evident. Extensive research had been devoted to incriminate
or absolve it as a health hazard. Radiofrequency radiation emitted by cell phone had been stated to be a
potent carcinogen, cytotoxic, genotoxic, mutagenic and neurobehavioral teratogen. Its effect on the brain had
been a subject of extensive research evidently due to its proximity to the user’s brain. While considering the
biological effects of radiofrequency radiation, its intensity, frequency and the duration of exposure are important
determinants. Nevertheless the results of these different studies have not been unequivocal. Considering
the contradictory reports, the present work was undertaken to study the effect of such an exposure on the
developing neural tissue of chick embryo. The processes of cell division and differentiation are fundamental
to the development of any living being and are a sensitive index of any insult sustained at this stage. Neurons
of dorsal root ganglion were selected for the present study as these ganglia were fully differentiated as early as
fourth day of embryonic life. By varying duration of exposure, the embryos were exposed to different doses
of radiation, sacriﬁced at different periods of incubation and subjected to histological processing. On light
microscopic study it was observed that developing neurons of dorsal root ganglion suffered a damage which
was dose dependent and persisted in spite of giving the exposure-free period between two exposures.
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INTRODUCTION
Phenomenal increase in the number of cell phone users
since late twenty ﬁrst century has resulted in an exposure
to radiofrequency radiation (RFR) emitted by cell phone
becoming a matter of great concern for the population
in general and the cell phone users in particular. The
concern regarding its effects on the human body led to an
extensive research involving epidemiological studies, in
vivo studies in mammals, chicks and other lower animals,
in vitro studies in cells,1 tissues2 and organs.3 From the
above studies some extremely hazardous effects have
been highlighted. The adverse effects which had been
reported vary from those at the molecular level resulting
in an increase in single and double strand DNA breakages,4
increased incidence of aneuploidy,5 change in ornithine
decarboxylase activity,6 renal tubular damage,7-9 increased
risk of brain tumours,10 disruption of learned behavior,11
dysaesthesia12 to increased chick embryo mortality.13,14
Conversely others have failed to detect any adverse
biological effects as evident from the following
reports. No change in the peripheral blood parameters
was noted on exposure to RFR. 15 Its effect as an
initiator or accelerator of tumours was not proved.16

No change in the reproductive function of testes in
rats was observed on exposure to RFR.17 Cultured
human lymphocytes exposed to RFR did not show any
increase in the incidence of chromosomal aberrations
and sister chromatid exchanges.18 Studies were also
performed to determine whether exposure to RFR
could act as a neurobehavioral teratogen, the results
of which had been conﬂicting. In some of the studies
the resulting damage to the tissues were stated to be
due to hyperthermia induced by the exposure to a high
frequency radiation.19 Objective of the present study is to
determine the sensitivity of the embryonic nervous tissue
i.e. the neurons of the developing dorsal root ganglion
to radiation emitted by cell phone in chick embryo at
the histological level.

MATERIALS AND METHODS
Fertile hen eggs (Gallus domesticus) were incubated in
three batches. Each batch consisted of 18 eggs.
Control group: From every batch, nine eggs were
incubated in a standard egg incubator at 37 +
0· 5°C and 50-55 % humidity. They were treated as
control.
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Exposed group: Remaining 9 eggs were incubated
under similar conditions of temperature and humidity
as that of control group in a special incubator having
an arrangement at its roof for mounting the cell phone.
The body of incubator was made of a speciﬁc heat
resistant nonmetallic material (wood) to avoid any
internal reﬂection of radiation emitted by the cell phone.
Radiation exposure duration meter was incorporated to
measure the cumulative time of cell phone radiation.
Meter started adding time as soon as cell phone started
emitting radiation with each outgoing signal. A small
fan was installed inside the incubator to keep the air
circulating and prevent the formation of hot spots
inside the incubator. This incubator was pre-tested for
temperature control and humidity and was found to be
on par with the standard egg incubator.
A standard cell phone hand set with a frequency
bandwidth of 900 MHz, power of 2 Watt and Speciﬁc
Absorption Rate (SAR) of 0.37 W/Kg. as standardized
by the manufacturer for the said handset was used for
radiating the embryos.
Exposure to radiation: Nine eggs from each batch
were incubated in the specially designed incubator. Eggs
were given radiation in sessions lasting half an hour
each. The sessions were spaced at 12 hours interval, to
give an exposure-free interval to see if the damage was
reversible. The ﬁrst session was at 12 hours from the
starting of incubation.

signal which again activated the radiation exposure
duration meter (REDM) to record the time of emission of
radiation. Thus cumulative time of exposure to radiation
in one session was recorded by meter (REDM). In each
session at an interval of every 12 hours, the dialing
procedure was repeated till the exposure for desired
duration (half an hour) was accomplished.
Exposed groups of 1st, 2nd and 3rd batches received 4 hrs
of exposure in 8 sessions, 5 hrs of exposure in 10 sessions
and 6 hrs of exposure in 12 sessions respectively.
Both the control and the exposed groups of three batches
were sacriﬁced at the completion of 6th, 8th and 10th day
of incubation respectively.
The embryos were examined for viability and congenital
anomaly if any. Only those embryos which were alive
and apparently normal were taken for study. Embryos
were chilled to death and then subjected to routine
histological processing and parafﬁn embedding. Blocks
were made in such a way that the whole embryo was cut
in coronal sections. 5 μ thick sections were cut. Sections
were stained with H&E as a routine stain, cresyl fast
violet as a special stain for nervous tissue and studied
under light microscope.

OBSERVATIONS

For giving desired dose of exposure to radiation, the
following procedure was adopted. The cell phone was
placed in the incubator immediately after dialing a
particular number. The cell phone started emitting signal
which was recorded by radiation exposure duration
meter. This was followed by a silent interval during
which there was no emission of radiation. Silent interval
was followed by an automatic redialing. After the
redialing was complete, cell phone again started emitting

Sections of control embryos: In sections stained with
Cresyl violet, dorsal root ganglia in the embryos of all
the three batches were seen as distinct, well demarcated
structures surrounded by a thin capsule. Dorsal nerve
root was seen extending between the ganglion and the
spinal cord (Fig.1). Dorsal root ganglion showed cells
forming radiating cords from medial to lateral aspect.
The cords of cells were separated from each other by
wide spaces. Cells showed an increase in size from
medial to lateral side and from deeper to peripheral
part (Fig.1,2). Most of the cells in the ganglion were
rounded in shape with large rounded vesicular nuclei

Fig.1: Dorsal root ganglion in 10 days old control embryo.
Cresyl violet × 100 Ganglion (G), dorsal nerve root (R),
capsule (C), cords of cells (CC).

Fig.2: Dorsal root ganglion in 10 days old control embryo.
Cresyl violet × 400 Cords of cells (CC), cytoplasm (C T),
nucleus (N), nucleolus (NL)
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Fig.3: Dorsal root ganglion in 6 day’s old exposed embryo.
Cresyl violet × 400 Capsule(C), clumping of cells (CP),
angulated cells (A), nucleus (N), nucleolus (NL)

Fig.4: Dorsal root ganglion in 8 day’s old exposed embryo.
Cresyl violet ×400 Clumps of cells (CP), cytoplasmic
vacuoles (VC), nuclear vacuoles (VN), disrupted cell
membrane (DC), and swollen nucleolus (SW).

showing distinct rounded nucleoli. The peripheral cells
were seen as discrete, large, rounded cells. In some
of the cells, nuclei were centrally located surrounded
by a peripheral ring of cytoplasm, whereas in others,
nuclei were eccentric making the cytoplasm look like
a crescent
Sections from exposed embryos: In the exposed
embryos of all the three batches, the dorsal root ganglion
was seen as a well demarcated structure surrounded by
a thin capsule as in case of control embryos in 6 days
old embryos (Fig.3) the arrangement of cells forming
radiating cords was seen to some extent. The cells
were crowded forming irregular clumps in the deeper
as well as peripheral part. In the clumped areas cell
boundaries were indistinguishable. In the deeper part of
ganglion cells were mostly rounded in shape. In Cresyl
violet stained sections, cytoplasm was stained violet
and formed a peripheral ring in some and a crescent
in others. The cells showed large rounded nuclei with
distinct nucleoli. At the periphery of the ganglion, many
cells were angulated and irregular in shape and did not

Fig.5: Dorsal root ganglion in 8 days old exposed embryo
.Cresyl violet ×1000 Clumps ofcells(CP),cytoplasmic
vacuoles(VC), nuclear vacuoles (VN), disrupted cell
membrane(DC),disrupted nuclear membrane(DN),swollen
nucleolus (SW).

show remarkable difference in size from those in the
medial and central part of the ganglion. Cell margins
were disrupted in some of the cells. In many cells nuclei
were irregular with indistinct or disrupted nuclear
margins. In some of the peripheral cells, nucleoli looked
swollen and some what irregular whereas in others the
nucleoli were indistinct or absent. Interstitial spaces
were widened in many areas.
In 8 days old embryos (Fig. 4) the arrangement of cells
did not follow any deﬁnite pattern. There was clumping
of cells in many areas. The cells were seen to be studded
with vacuoles which made the boundaries of many cells
indistinct (Fig. 5). Some of the neurons were rounded
in shape while many others showed irregular margins.
Most of the cells showed vacuolated cytoplasm making
it look fragmented. Vacuoles were also seen in the
nuclei of most of the neurons leading to irregularity of
nuclear margins. Some of the cells showed disruption
of cell wall and nuclear membrane. Many cells showed
nucleoli which were swollen and irregular. Some of the

Fig.6: Dorsal root ganglion in 10 days old exposed embryo.
Cresyl violet ×400 Clumps of cells (CP), angulated
cells (A), irregular nuclei(IR), disrupted cell membrane
(DC),disrupted nuclear membrane (DN), swollen nucleolus
(SW).
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Fig.7: Dorsal root ganglion in 10 days old exposed embryo.
Cresyl violet ×1000 Angulated cells (A), irregular nucleus
(IR), disrupted cell membrane (DC), disrupted nuclear
membrane (DN), swollen nucleolus (SW).

cells showed two nucleoli which were also irregular
in shape. The changes were more extensive involving
almost all the neurons.
In 10 days old exposed embryos (Fig. 6,7) the changes
were extensive involving almost all the neurons. At places
cells formed clumps which were more conspicuous in
the deeper part of the ganglion. In some areas the cell
boundaries were indistinguishable due to clumping.
Most of the neurons in the peripheral part were seen to
be irregular, shrunken, angulated and were apparently
smaller than the deeper cells. Instead of being rounded,
nuclei were irregular in shape in most of the cells. Many
cells showed nuclei without nucleoli. In some cells
nucleoli were swollen and irregular in shape whereas in
others indistinct. Cell membrane and nuclear membrane
was disrupted in many cells. Shrinkage and the angular
shape of cells was the change prominently seen in most
of the neurons of the ganglion. Interstitial spaces were
widened adding credence to the shrinkage of cells.

DISCUSSION
In the past, many researchers have reported hazardous
effects of RFR emitted by cell phone on the biological
tissues.5,7,10,11,12 On the other hand several studies have
absolved it from these effects.15,17,18 Such studies reporting
deleterious effects or otherwise have used different
experimental animal models like rats,8 mice,20 chick21 etc.
For our study chick embryo was selected as an experimental
animal since the embryo was not compromised by the
mother’s biological system. The other points of justiﬁcation
for chick embryo as an experimental animal were an easy
control of temperature and accurate estimation of the dose
of radiation received by it.
Results of this study indicated that repeated exposures
to radiation emitted by the cell phone at a frequency
of 900MHz, power 2Watts, and SAR 0.37 Watts/Kg
caused changes in the developing neurons of the dorsal

root ganglion at the histological level. The degree of
damage suffered by the neurons varied with the dose of
radiation as shown by the different durations of exposure
schedules. It also indicated that the degenerative changes
worsened in spite of allowing an exposure-free period
between the two sessions of radiation. RFR had been
studied to determine whether exposure to it could cause
neural teratological effects, i.e. structural damage to the
nervous system of the embryo or fetus or as a behavioral
teratogen. Some of the reported teratological effects in
animals were stated to be due to hyperthermia induced
by the exposure rather than the direct effect of radiation
as many of the studies were performed at a higher range
of radiofrequency radiation (2.45 GHz).22 In the present
study following factors ruled out the possibility of
inducing hyperthermia of tissues.
1. Work was undertaken at a lower range of
radiofrequency bandwidth (300-3000 MHz) i.e. 900
MHz, power 2 W and SAR 0.37W/Kg. which was
insufﬁcient to cause heating of tissues.
2. The temperature inside the incubator was accurately
maintained at 370±0.50 C by an electronic temperature
controller.
3. Temperature inside the incubator was kept uniform
by an air circulating fan installed inside. This ruled
out the development of hot spots.
4. The cell phone was kept at a distance from the
embryos and not touching them. The distance of the
cell phone antenna (emitting maximum radiation)
from the embryo (egg) ranged from 5cms (nearest)
to 9.25 cms (the farthest).
The above measures ruled out the possibility of any rise
in the temperature of embryos.
Not many reports were available regarding the effect of
RFR on the developing neural
tissue at the histological level. Some of the studies
showed that exposure to RFR had its effect on the
development of the nervous system without causing
heating of animals. There has been a report of the non
thermal effect of exposure to Radio frequency (591MHz)
radiation on the energy metabolism of rat brain cells
(cerebral cortex) where the temperature was kept
normal23. The effect was stated to be power intensity
dependent, thus indicating the sensitivity of neurons to
Radio Frequency Radiation. It was reported that RFR
applied to the dorsal root ganglia caused a selective
increase in ATF3 (activating transcription factor 3), an
indicator of cellular stress, a biological effect which
was unlikely to be due to thermal damage.24 According
to the above authors, the effect of RFR seemed to be
selective so as to target the groups of neurons whose
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axons were small in diameter like C ﬁbers and delta
nociceptive ﬁbers.
Prenatal exposure to Radio frequency Radiation emitted
by cell phone can adversely affect the development and
can be a potential teratogen. The conﬂicting reports
regarding the teratological effects of RFR could be
due to different experimental animals used and the
differences in frequency, power density and duration
of exposure which were important determinants while
considering these effects.
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