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 Introduction 
As of May 2015, over 94 million people in the U.S. alone use an Apple iPhone 

(CNET, 2015). Whilst the iPhone is considered a great technological advancement, risks 
of radiation exposure do not play a major role in consumers’ buying decisions—If this 
were the case, the iPhone would not be as much of a popular commodity. Radiation 
exposure has become a growing concern over the past few decades since mobile phones 
have continued to evolve into more technologically complex instruments with features 
such as Bluetooth and Wi-Fi.  The FCC requires all cell phones to be tested for its 
Specific Absorption Rate (SAR) levels, the maximum amount of microwave radiation 
absorbed by the head or body, before they can be released onto the market for consumers. 
Apple’s iPhones are only 0.01 W/Kg away from the legal level of SAR at 1.60 W/Kg, 
making it the phone with the highest SAR level on the market ((RF (Radio Frequency) 
Safe, 2015).  

There already exists studies that support the notion that radiation exposure results 
in damages—these studies include those that show deleterious biological effects of stress 
protein, micronuclei, free radicals, sperm damage, and DNA breakage (Giuliani L. 
Soffritti M., 2010). However, there is limited amount of information on how radiation 
affects one of the more radiation-exposed parts of the body, which are the neurons in 
human brains. In this study, we tested the hypothesis that radiation would have a 
deleterious effect on neurons’ axons, specifically, Gallus gallus embryo neurons. 
Because obtaining human neurons was not possible, the best alternative was to obtain 
neurons from another vertebrate species with a similar nervous system during the early 
stages of development (Gilbert, 2000).  

In this study, I treated chick sympathetic neurons with the radiation that emits 
from the iPhone5 C and observed the growth rate of the neurons’ axons. Axons stem 
from the nerve cell body, projecting out towards other neurons’ dendrites, sending action 
potentials in order to communicate.  Each axon has multiple protruding branches called 
axon collaterals that aid the axon in communicating with other neurons and contributes to 
the overall size of the neuron. The degeneration of axons and axon collaterals is 
associated with injury and disease in adult nervous systems, such as Parkinson’s disease, 
Alzheimer’s disease, and other motor neuron diseases caused by a lack of communication 
between cells (Saxena S. Coroni P., 2007). Therefore, an axon with a higher count of 
branches would be able to better communicate with a higher number of neurons, and the 
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neuron must therefore be larger in overall size including all of its branches. Radiation, 
which has the ability to heat tissue to a detrimental point, could lead to axonal 
degeneration and thus reduce the overall size of the neuron (Stone et al. 2003). This 
would lessen necessary communications between neurons, potentially increasing the 
likelihood of developing illnesses. For this experiment, I hypothesize that radiation 
exposure will decrease the number of axon collaterals stemming from neuron’s axons. 

 
 
 
Materials and Methods 

Cell cultures:  
To obtain the necessary embryonic chick neuron cultures for this experiment, 

primary chick cell cultures were dissected, collected, plated, and incubated by Professor 
Robert L. Morris of Wheaton College using a procedure based off the work of Peter J. 
Hollenbeck of Purdue University. This procedure allowed for more axonal growth within 
the cell cultures, with the Nerve Growth factor increased to 200 ng/ml and the glutamine 
concentration increased to 4 mM in the growth medium. In addition, the coverslips were 
treated for 3 hours with poly-lysine and with laminin for 2 hours. We used a total of 6 
cell cultures for this experiment.  

Radiation of Neurons:  
This experiment had six groups in total: G1, G2, G3, G4, G5, and G6. G1 and G4 

were directly exposed to radiation, whilst the rest of the groups were not. G2 was 
distanced 25 cm away from G1, and G3 was distanced 48 cm from G1, with G2 in the 
middle. In the second trial, G5 was also distanced 25 cm away from G4, and G6 was 
distanced 48 cm from G4, with G5 in the middle. The head of the iPhone 5C was placed 
directly on top of G1 (2 cm above the bottom of the petri dish) with Wi-Fi and Bluetooth 
turned on so that it could emit 1.58 W/Kg of radiation. Whilst being radiated, the petri 
dish’s caps were left on to avoid contamination. G2 and G3 were left alone, as radiation 
would reach the dishes regardless of where we placed them. The same protocol was 
repeated for G4, G5, and G6. A 2014 iPhone 5C was used to radiate the neuron cultures 
inside of an incubator at 37C. Because all cell cultures would be exposed to a minimal 
amount of radiation even without a direct source, there was no control cell culture group 
for this experiment. Professor Jason Goodman (Wheaton College, Norton MA) explained 
that in order to calculate the exact amount of radiation that was exposed to each culture, 
we should use the formula (D1/D2)^2, where D = distance between the culture and the 
phone. G1 was exposed to 1.58 W/Kg of radiation, G2 was exposed to 0.0043 times less 
radiation, and G3 was exposed to 0.00042 times less radiation. For G1, D1=1. For G2, 
D2 = 48 and for G3, D2= 25.  

Imaging:  
The SPOT programme was used on an Apple Mac desktop connected to a Nikon 

Eclipse TS100 inverted microscope with a SPOT “Idea” Camera (model: 27.2-3.1 MP 
color serial number 257279) to take photos of the neurons. Whilst taking photos, we used 
a LASKO Ceramic Air Heater (model: 754200) heater to keep the cells warm at 37C. A 
thermometer was attached to the microscope stand to monitor the temperature.  
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Data Collection and Analysis:  
To observe the branching of axons within a specific area, I cut out a 12 cm x 12 

cm square from a piece of paper, and then cut out another 10cm x 10cm square within to 
produce a frame. This frame was placed on the image adjacent to the right of the ganglion, 
and the number of axons and axon collaterals within the square was recorded. An axon 
was defined as any branch that stemmed out of the ganglia and an axon collateral was 
define as the extended branches from the axons. Images for G1, G2, and G3 were 
collected starting at 2:30 and then came back to collect more data every 12 hours over 72 
hours. One week later, images for G4, G5, and G6 were collected at 2:30 PM and came 
back to collect data every 12 hours over a span of 48 hours. For the first run with G1, G2, 
and G3, we took eleven photos of each cell that were timed to be ten seconds apart. For 
the second run with G4, G5, and G6, we took 5 photos of each cell that were 10 seconds 
apart. The change in quantity of data taken was made after the first run when we realised 
we were collecting too much data for this experiment and there would not be enough time 
to analyse all of it. All images were taken at 10x magnification except for G5, cell 1 at 
20x, because the ganglion was too small to view under 10x.  
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Results  
 The following images were used to collect results: From G1: Ganglia 1 (Image 1 
at all 6 times), G2: Ganglia 1(Image 1 at all 6 times), G3: Ganglia 1 (Image 1 at all 6 
times), G4: Ganglia 1 (Image 1 at all 4 times), G5: Ganglia 1 (Image 1 at all 4 times), G6: 
Ganglia 1 (Image 1 at all 4 times), to produce a total of 30 images of six total ganglia 
analyzed, two cells in each of the three treatment condition.  
 
 

 
Figure 1. G6 Ganglia 1 Image 1 before any radiation exposure.  
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Figure 2. G6 Ganglia 1 Image 1 after 12 hours of radiation exposure.  
 
 

 
Figure 3.  Dotted-boxed area in which axon collaterals were counted for G6 Cell Ganglia 
1.  
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Figure 4. Enlarged boxed area in which axons and axon collaterals were counted. The 
top arrow is pointing to an axon collateral whilst the lower arrow is pointing to an axon 
collateral.  
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Figure 4. Axon collateral growth of cultures G1, G2, G3, G4, G5, and G6 over a span of 
72 hours. Data was collected every 12 hours.  
 
 
 Discussion  

 Based on the results, the hypothesis that radiation would inhibit growth rate of 
neurons was supported. In Trial 1, G1 Cell 1’s axon collaterals increased by 1.114 times, 
G2 Cell 1’s axon collaterals increased by 1.357 times, and G3 Cell 1 increased 1.23 times. 
In Trial 2, G4 Cell 1’s axon collaterals increased by 1.11 times, G5 Cell 1’s axon 
collaterals increased by 1.26 times, and G6 Cell 1’s axon collaterals increased by 1.371 
times.   
 The conclusion could be made that radiation had a deleterious effect on axon 
collateral growth shown through the radiated culture’s slower growth rate. If this 
experiment was to be repeated, and the same results were to be obtained, then we can 
definitely draw the conclusion that radiation has a deleterious effect on axon collaterals, 
or branches. However, it is impossible to determine what is happening at a molecular 
level based on this experiment because of the ways in which data was collected. For this 
experiment, all that was done was to count the number of branches in a given area and 
this could only show whether the number of branches increased or decreased over time. It 
does not, however, show whether an axon went under axonal degeneration or retraction.   

It is important to determine which one of these phenomena is occurring because 
there is in fact, a difference between these phenomena. According to previous research, 
axon retraction occurs when axonal material is transported back into other sections of the 
axon, and this doesn’t cause damage to the axon: Axon degeneration occurs when 
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fragments of the axon are stretched into short segments, and then removed by phagocytic 
cells (Low & Cheng, 2005; Luo & O’Leary, 2005). As stated previously, this process can 
greatly contribute to motor neuron diseases.  

For this experiment, there was room for potential sources of error. The most 
prominent source of error would be in counting the axon collaterals because of the image 
quality. Lighting was not always optimal for taking images, and any type of vibration in 
the room shook the microscope, thus moving the neurons on the stage. As a result of this 
blurriness, it was not always easy to count all of the branches. In addition, it was difficult 
to visually differentiate between axons and axon collaterals, as there were several layers 
of branches that interweave with one another. Another source of error would come from 
the fact that the amount of radiation exposure to cell cultures could differ by a few 
minutes. These errors could be corrected by spending more time on adjusting light 
settings whilst imaging in addition to taking more care regarding movement within the 
laboratory. It would have been ideal to have a control group that did not receive any kind 
of radiation treatment—this was not feasible due to the fact that regardless of how far a 
cell culture is placed from a source of radiation, the culture would still receive a minimal 
amount of radiation.  

For future experiments involving radiation on neurons, observations should be 
made at the cellular level to determine whether axon retraction or degeneration occurred. 
Previous research shows that for axonal degeneration is initiated by axolemna swelling, 
the swelling of the cell membrane, which surrounds the axon (Marieb & Hoehn, 2007). It 
would also be worth studying the signal pathways that lead to axolemna swelling and 
degeneration because once this is known, medicinal advancements could be made to aid 
motor neuron diseases amoungst other diseases that are potentially affected by radiation 
exposure.  
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