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Introduction
It is has become a common way of living for people to be exposed to
sophisticated technologies such as televisions, microwaves, and cell phones. These
interactions with technology expose populations of people to large amounts of radiation.
According to data from 2010, it can be concluded that the number of cell phone users in
the U.S has risen threefold from 110 million in 2000 to 303 million in 2010 (National
Cancer Institute, 2013). This is an issue because non-threshold effects can cause fatal
fetal effects and a higher risk of cancer, while threshold effects can cause health issues
such as cataracts, and reduced thyroid function (New York State Department of Health,
2007).
Researchers have studied the effects of radiation on human health through
epidemiological approaches and there is a discrepancy between the conclusions arrived.
For example, rats have been exposed to radiation and while life span is normal, there was
oxidative damage in brain tissues (Zhao, Zou, & Knapp, 2006). According to current
research it has been shown that glial cells play a significant role in the neuroprotection
against indirect effects by reducing oxidative stress and apoptotic death. (Saeed et al.
2015). Several explanations are offered as to why lifespan remains unharmed while brain
tissues are affected; one possible explanation could stem from the central nervous system
where neurons are altering their functions due to their interactions (Wu et al., 2012).
Molecular studies have shown evidence that glial cells are vital for the survival of
neurons by providing trophic factors to neurons. Thus, the mechanism underlying the late
adverse brain effects of radiation has been believed to be cause by the insufficient supply
of nutrients and blood to neurons. This is caused by impaired functions of irradiated glial
and vascular endothelial cells rather than a direct effect of the radiation itself on neurons
(Kudo et al. 2014). As a result it would be worth exploring the effects of cell phone
radiation on glial cells. If the brain tissues in rats were damaged but the lifespans
remained the same, then we would expect results for chick embryo (Gallus gallus) cells
could potentially exhibit similar results. In this study, my hypothesis is the following; if
glial cells were exposed to radiation, then the motility rate of glial cells from Gallus
gallus will be slower than that of normal non-irradiated glial cells. Gallus gallus have
been chosen as a species of experiment because of the similarities that its nervous system
has in relation to humans. A chick embryo gives one the ability to follow human
neuronal cell development as opposed to other animals such as rodents would show one
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more mature nervous tissues (Podrygajlo et al., 2009). Since chick embryos and humans
share this quality, studying this effect would help scientists better understand the impact
radiation has on chick embryos nervous system and how that can relate to us.

Materials and Methods
For this experiment primary cultures were first collected, then plated onto
coverslips and finally incubated at 37oC by following Professor Bob Morris procedure.
(Morris, 2015a). Once Dorsal Root Ganglia (DRGs) were dissected and incubated at
37oC, three plates containing ganglia were obtained and labeled high radiation, medium
radiation and low radiation.
Following Dr. Morris procedure on the software Spot and following proper phase
illumination we looked at each plate using a Nikon Eclipse TS1000 upright microscope
phase 1 at 10x magnification. Pictures were taken using the software Spot version
4.6.1.26, the camera Spot idea model 27.2-327.1mp color serial number 257279 and
using an iMac version 10.5.8 with 2Ghz inter core 2 duo and 2 GB 667 MHz DDR2
SDRAM of each plate pre-radiation in order to draw it on a piece of paper to later refer to
the same points. Since radiation has the quality of spreading not just in one direction but
also in all directions (RF(Radio Frequency) Safe, 2015), it is not possible to establish one
plate as a control group because radiation would be exposed to them all at smaller or
larger levels. The amount of radiation that will be exposed to the cell plate will be
1.58W/kg (RF (Radio Frequency) Safe, 2015) when both Wi-Fi and Bluetooth are on,
which is slightly below the limit that the Federal Communications Commission is
1.6W/kg. (Federal Communications Commission). In order to determine the amount of
radiation received from the other plates, an equation from Professor Jason Goodman was
followed which was (D1/D2)2, where D1 is the distance from the phone to the radiated
cells and D2 was the distance from the radiated plated to either plate 2 or plate 3.
The high radiation plate was separated 25cm away from the medium radiation
plate. The low radiation plate was separated 48cm away from high radiation plate. For
this experiment the medium radiation plate was exposed to 0.0016 times less radiation
than the high radiation plate while the low radiation plate was exposed to 0.00043 times
less radiation than the high radiation plate. A physiological dosage of radiation from a
phone should be two hours (Salford et al., 2003) however, for this experiment the high
radiation plate was completely covered with an iPhone 5C for three hours. After three
hours had passed, the iPhone 5C was removed from the high radiation plate and plates
were taken one by one for light microscopy analysis in order to allow cells to remain in
the incubator at 37°C.
Since one plate would be analyzed at a time, the two plates not being analyzed
were kept in the incubator at 37oC. Using the sketch drawn before radiation and a Nikon
Eclipse TS1000 inverted microscope, glial cells were localized using 10x magnification
and at phase 1 in order to continue obtaining phase illumination. The software Spot
version 4.6.1.26 was opened and the microscope was flipped from Bino to Photo. A
LASKO Ceramic Air Heater, model: 754200 was placed next to the microscope with a
thermometer to ensure that the temperature around the cells was always around 37oC. Ten
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photos were taken every 10 seconds for each individual ganglion and saved in order to
use for data analysis. In order to get more data to assess analysis, pictures would be taken
every 12 hours, however after three sets of data it was concluded given time constraint
we would not be able to analyze so much data, so it was decided that four pictures would
be taken every ten seconds apart.
In order to analyze the motility rate of glial cells first a ruler was put under the
inverted microscope at 10x magnification. The program Spot was once again used to take
a picture of one millimeter following the Spot protocol. An image of a millimeter was
taken in order to find the number of pixels in a millimeter. The picture was then opened
in ImageJ and using the segmented line tool the distance from the start of a tick mark
until the beginning of the next tick mark was measured in order to determine the number
of pixels in an image taken. The calculated amount was about 1618.95 pixels.
In order to determine the number of µm/min that a glial cell moved, photos were
chosen and stagger on top of another in Adobe Photoshop CC 2015 Once uploaded the
opacity was changed to about 50% depending on how good or bad the resolution of the
image in order to dim the previous image and locate the glial cell movements. Once this
step was completed the file would be saved and reopened on ImageJ. Once the image was
uploaded, using the segmented line tool in ImageJ, one would pick a glial cell. For
purposes of this experiment the starting point would be the nucleus of the glial cell. The
segmented line would start from the nucleus and move the segmented line to the new
nucleus point of the same glial cell. Then the measure button would be clicked to
determine the number of pixels that the image is. Lastly the formula above would be
followed to convert the pixels into µm/min. In order to convert pixels to µm/min the
following formula was used:
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Results
By using light microscopy images were taken in order to identify motility rate of
glial cells. Figure 1 shows how the method of taking a picture was taken for every cell
regardless of the radiation amount exposed to them. The data being shown is preliminary
because of the limitation of time. For each image taken about 2-3 glial cells were
analyzed and measured.
A

Figure 1) The light microscopy image shows ganglia with an abundance of glial cells
taken at phase 1, 10x magnification. Pictures were taken after radiation exposure from
time 0 (A) up until 40 seconds later (B). Notice how there is no significant movement
from a naked eye view.
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A

B

Figure 2) Images at phase 1, 10x magnification were taken and stacked upon each other
in Photoshop at an opacity of about 50% show in (A). In order to be able to see the
movement of glial cells. 2-3 glial cells were looked at per image due to time constraint
and only if the glial cell presented a clear nucleus to have a starting point as shown by the
red arrows and the red-segmented line.
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Collecting data from every cell was the final step and then each dataset would be
converted from pixels to µm. This was done in order to then find an average of glial cell
motility for both trials and use as comparison for data analysis.
A

B

Table 1) The graphs show the motility rate of both trials throughout every dataset
collected for an n value of about 10-12 per plate for each trial conducted. The graph (A)
demonstrates the average distance traveled for trial 1 for every image for 40 seconds
each. The average distance traveled for trial 2 for 40 seconds each image is shown in the
graph (B).
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Discussion and Conclusion
Based on the data collected, the hypothesis, if glial cells were exposed to
radiation, then the motility rate of glial cells from Gallus gallus will be slower than that
of normal non-irradiated glial cells was not supported. When comparing figures 1 that
showed cells before 40 seconds and after 40 seconds, there seemed to be no change in
movement. Based on the analysis in figure 2 and 4, it can be noted that the high radiation
plate was the cell that moved that fastest and the low radiation plate was the cell that
moved at a slower rate in both trials one and two. By analyzing the figures, similar trend
in trials one and two can be noted and it is shown in figure 4 as two separate graphs
instead of lumps to show that similar results would continue to repeat if this experiment
were to be done many times.. The same techniques and procedures were applied equally
in both trials. These changes suggest that radiation may not have an impact on glial cells
because, as previously stated, “glial cells are more resistant to oxidative stress and
apoptotic damage” (Saeed et al. 2015). Other factors affecting the hypothesis include the
specific sites observed. It could have been that the sites under observation had multiple
neural stem cells. The amount of these stem cells causes radiation effects to vary
according to the location where radiation is provided its effect, the length of the radiation
exposure and the amount of radiation given to a certain thing (Kudo et al. 2014). The
cells were picked from the same irradiation site and therefore, it is possible that the cells
were not radiated long enough to see an observable effect. If large amounts of data were
to have been collected, and the same results were obtained, then it could be assumed that
the higher radiated plated demonstrates a larger motility rate than any other plate.
Though most of the data for both trials was consistent for all three radiated
groups, there are areas in which improvements can be made to obtain more accurate
results. Future experimentation could benefit from the analysis of more glial cells per
image. Being that there was a large amount of data and time was limited, a single glial
cell was analyzed per cell, in order for all datasets to be run. If multiple glial cells were to
have been measured per cell image, then a larger compilation of data would provide a
more accurate average of movement per minute. The data plotted would therefore reflect
the results more precisely. Given a larger budget, this experiment could be performed
using multiple samples not just Gallus gallus, because a number of studies have shown
that the ability to repair radiation damage differs among neurons and glia and the location
on each of those cells (Kudo et al. 2014). It would be beneficial to see whether the rate of
the high radiated plates were as fast for only chick embryos or other samples as well.
Determining a start point for measurements was a critical step in the analysis that could
have affected data. When using ImageJ during measurements, staying within the center of
the nucleus was vital in obtaining consistent data. Another experiment that could be
conducted would be to have a control where the one plate would be incubated in a
different incubator to analyze the differences between no radiation exposure and full or
some radiation exposure.
It would be of interest in future experiments to expose glial cells to larger
quantities of radiation concentrations. This would provide insight into how much
radiation glial cells are able to experience before degeneration. In Suzuki’s experiment it
is shown that only glial cells were radiosensitive at 21 days in vitro (DIV), whereas
neurons exhibited radioresistance at 21 DIV (Kudo et al. 2014). A final alteration for
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future experimentation is the analysis of data for longer periods of time. It is possible that
the radiated cells were growing at a rapid speed. At a certain point, the cells rate of
motility could have decreased. Due to the time constraint, long-term analysis may not
have been done sufficiently. Altering this procedure would be advantageous to
researchers in order to find better ways to apply treatments such as radioactive therapy.
This would also be beneficial for environmentalists in order to avoid radiation
contamination.
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