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Introduction
 Methyl mercury is a recognized neurotoxicant that has many adverse effects on the Central Nervous System including
 the degradation of microtubules, which are essential for the structure of the membrane, axoplasmic transport, and the
 normal growth of neurites. Neurites house growth cones, which are required for proper extension, the pathfinding of
 axons, and the selection of target cells (Leong et al, 2001) Other negative effects of methyl mercury include
 neurotransmitter release rates, the regulation of Ca2+ within a cell, the permeability of the cell membrane, the blockage
 of voltage-dependent channels (Ca2+ and Na+), inhibition of enzymes within mitochondria, reduced ATP production,
 and reduced protein synthesis (Atchison and Hare, 1994). The numerous and widespread results of methyl mercury
 exposure support the notion of more, undiscovered effects. 

 In this study, I observed axon-axon interactions. I tested the hypothesis that the presence of methyl mercury would
 decrease the number of interactions between axons. In order to do this, I looked at the presence of fasciculation, or the
 act of an axon forming its path based on the already formed path of an axon projecting from a pioneer neuron (Kandel
 et al, 2013). This was shown by axons coming together to combine in a bundle that then appeared to be one axon,
 therefore, axon-axon interactions that result in fasciculation. Fasciculation, as well as defasciculation, are crucial
 aspects of axon pathfinding as well as the ability of an axon to reach its target. It has been proven that these processes
 can be affected and regulated, for example by the presence or absence of cell adhesion molecules such as
 Semaphorin3D, which serves to force axons together by forming a repulsive surrounding, and is therefore a repulsive
 molecule (Wolman et al, 2007), as well as the presence or absence of integrins, also related to cell adhesion and
 additionally signaling (Baum and Garriga, 1997). These findings beg the question of what other molecules may affect
 fasciculation occurrence. To test my hypothesis, the organism Gallus gallus was used. The 10 day-old embryo of a
 domestic chicken allowed for a relatively easy dissection to acquire living primary tissue, ganglia and sympathetic
 nerve chains. Younger embryos provide small ganglia that are more difficult to extract while older embryos are more
 challenging to remove sympathetic chains from (Morris, 2013). In this study nerve cells were pre-treated with methyl
 mercury following dissection, titration, and plating, then compared to a control group following incubation and growth
 to compare axon-axon interactions through the presence or absence of fasciculation. Due to the inability for neurites to
 grow normally without microtubules, and the degradation of microtubules caused by methyl mercury (noted above), I
 expected fasciculation occurrence to greatly decrease in the experimental sample as neurites contain growth cones
 which are vital in axon pathfinding and therefore fasciculation. 

 
Materials and Methods
Dissection and Plating of Cells
The procedure for the dissection of 10 day-old chick embryos was determined by the lab handout provided by Professor
 Robert Morris (Morris, 2013). Additional steps were taken to grow axons from neurons, including: an increased time in
 Poly K treatment (3 hours), an increased time in Laminin treatment (2 hours), an increased concentration of Nerve
 Growth Factor (4x), an increased concentration of Glutamine (2x), vibrational isolation of the shelf on which cultures
 were placed, an increased number of ganglia and sympathetic chains plated (1.5x), and an increased amount of time
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 allotted for growth (1.5x) (Morris, 2014a).
 
Creation of Observational Chambers
The procedure for observing and imaging the gathered primary tissue culture cells was determined by additional lab
 handouts provided by Professor Robert Morris (Morris, 2014b and Morris, 2014c). A control observational chamber
 and a pre-treated methyl mercury observational chamber were created. The methyl mercury dose was based on that
 used by Leong et al. (2001) and was diluted in DMEM to result in a 40nM MeHg in DMEM dose administered to cells
 prior to incubation (Morris, 2014c).
 
Imaging
Each chamber was imaged under a Nikon Eclipse E200 microscope using a 40x objective lens using a Sony DFW-X700
 camera on a 1.0x mount. BTV software on the ICUC Mac OSX Virgo Computer was used to acquire an image every 15
 seconds for 10 minutes for both the control and experimental slides. The 15-second time interval was chosen due to the
 immense activity noticed in each sample over a short period of time prior to experimental imaging. One trial was
 conducted resulting in one control image set and one experimental image set. Each set of images was then viewed using
 Preview software in a time-lapse phase microscopy video. Throughout imaging, cells were maintained at a temperature
 of 37 degrees Celsius through the use of a space heater (Morris, 2014b).
 
Data Analysis and Quantification
Observation of each time-lapse video provided qualitative data of the occurrence of fasciculation of axons. Axons in an
 image were recognized as thin, long lines. Fasciculation in an image was recognized as the merging over space and/or
 over time of one or more axons that were close to each other, an increased diameter of an axon over time, or the
 presence of a growth cone in the middle of an axon. Both the number of visible interactions (the perceived overlapping
 of axons or a directional change of an axon due to another) and instances of fasciculation (observed union of axons,
 greater diameter of an axon, or a visible growth cone on an axon) were counted in each control and experimental image
 shown. Analysis of this numerical data then provided quantitative data of the percentage of fasciculation per visible
 axon-axon interactions by dividing the number of fasciculation instances by the number of visible interactions. 
 
 
Results
In both the control and experimental images axon-axon interactions were identified and counted. Additionally,
 interactions that resulted in fasciculation after 10 minutes were identified and counted, as seen in Figures 1A, 1B, 2A,
 and 2B. The experimental observational chamber had a higher density of cells resulting in an increased presence of
 axon-axon interactions and therefore of available data related to such interactions. Due to this discrepancy between the
 control and experimental data, the fasciculation occurrence was not only counted but also analyzed in relation to the
 number of visible interactions, as shown in Figure 3.  This resulted in the calculation of a percentage for each data set to
 allow for comparison, as shown in Figure 4. The presence of methyl mercury slightly decreased the occurrence of
 fasciculation between axons, exhibited in Figure 4. 
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Figure 1A – Control
Control data, axon-axon interactions that resulted in fasciculation circled.
There are two clear areas of interaction between two axons that result in fasciculation, as shown in Figure 1B.
 
 

 
Figure 1B – Control
Control data, visible instances of fasciculation after 10 minutes of imaging circled. 
In each area there is now one distinguishable axon where there initially were two, as fasciculation has occurred,
 bundling the axons together.
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Figure 2A – Experimental
Experimental data, axon-axon interactions that resulted in fasciculation circled.
There are eight clear areas of axon-axon interaction that result in fasciculation, as shown in Figure 2B.
 
 
 

 
Figure 2B – Experimental
Experimental data, visible instances of fasciculation after 10 minutes of imaging circled.
In each area separate axons are no longer distinguishable, axons have seemingly disappeared, or a growth cone is visible
 in the middle of the axon, signs stated earlier to indicate fasciculation.
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 Figure 3 – Axon-Axon Interaction and Fasciculation
Fasciculation (merging of axons over time, increased diameter of an axon, or presence of a growth cone in central area
 of an axon) and visible interactions (overlapping of axons or directional change of an axon due to another) compared
 between control and experimental data. The standard deviation for the control group was 0.71 compared to a standard
 deviation of 4.95 in the experimental group.
 
 

 Figure 4 – Fasciculation Percentage
Fasciculation percentage (observed instances of fasciculation per axon-axon interactions) calculated based on identified
 instances of fasciculation per number of visible interactions.
Fasciculation was recognized as the merging of axons over time, the increased diameter of an axon, or the presence of a
 growth cone in the central area of an axon. Visible interactions between axons were recognized as the overlapping of
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 axons or the directional change of an axon due to another axon.
 
 
Discussion
The results did support my hypothesis that the presence of methyl mercury would decrease the occurrence of
 fasciculation and therefore of axon-axon interactions, however, this decrease was smaller than expected. Interpretable
 fasciculation was seen as the merging of axons over space and/or over time, the increase in the diameter of an axon, or
 the presence of a growth cone in the central region of an axon. Visible interactions were observed as overlapping axons
 or the directional change of an axon due to another axon. It can be concluded that methyl mercury does have a negative
 effect on fasciculation occurrence, but the magnitude of this effect is still questionable. The percentage of fasciculation
 was lower in the MeHg treated sample than the control sample, as shown in Figure 4, however, the standard deviation
 for the experimental sample stated in the legend of Figure 3 shows that a statistically significant conclusion cannot be
 claimed. The major weakness in this experiment was a lack of data. Only one group of axon-axon interactions was
 observed and imaged for both the control and experimental slides, again, resulting in insufficient results for a strong
 conclusion. Another source of weakness was the large difference in the number of axons present between the control
 and experimental images. A source of error in this experiment was the definition used to count visible interactions, as
 overlapping axons are not necessarily interacting. If I were to perform this experiment again, I would refine it by
 finding an image field in each slide (control and experiment) with close to equal number of axons as well as imaging
 more than one group of axons within each slide. These changes would allow for more easily comparable data as well as
 the accumulation of more data, strengthening (or possibly refuting) the current conclusion. Another experiment could
 be conducted that focused on specific points of fasciculation in a control slide then utilized a methyl mercury buffer
 change to see if those instances of fasciculation were affected, rather than comparing fasciculation between different
 axons on different slides. The set up of such an experiment would provide insight as to whether methyl mercury
 deteriorates already present axon-axon fasciculation or if it only prevents fasciculation form occurring. Such a
 conclusion would be useful in predicting the effects of methyl mercury exposure at a young age, when more instances
 of fasciculation would be likely to occur as axons search for target cells, versus later in life, when fasciculation has
 already occurred allowing for important connections and synapses to form.  Many current studies focus on effects of
 methyl mercury at the organismal level, but molecular effects are also widespread and of vital importance, such as
 those discussed by Castoldi et al (2001). In relation to this experiment, discoveries of the degradation of microtubules
 due to methyl mercury are very important due to the functions of microtubules discussed earlier. Susceptibility is
 greater in years of early development, as exhibited by symptoms of newborn infants in Iraq who suffered from a methyl
 mercury exposure in utero from 1971-1972. Both the stage of exposure and the dose of methyl mercury were
 recognized as having the ability to alter the severity of the effects on the newborns, and this could also be true of the
 cells studied in the current experiment (Castoldi et al, 2001). It was expected that instances of axon-axon fasciculation
 would be greatly decreased, and while the results show a decrease, it was not a compelling difference, possibly due to
 the administered dose or the stage in development at which the dose was given, but further testing is required to provide
 additional, convincing data.
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