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Introduction
Methylmercury is an environmental neurotoxin that is present in many species of fish
common in the human diet, and is consumed regularly. This presents an issue during fetal
development when human neurons are exposed to mercury. This issue is significant because the
understanding of the specific cellular pathways targeted by methylmercury during neural
development is unclear (Rand et al. 2009). Exposure to mercuric chloride also occurs in humans,
and while less impactful than methylmercury, still has negative consequences (Bernhoft 2011).
For example, the question of whether neural development is disrupted if the substrate molecule
laminin is contaminated with mercuric chloride is unanswered. Laminin has been shown to
increase human neural stem cell survival in vitro (Hall et al. 2008). If mercury contamination of
laminin substrates stunts neural development, this could be a tradeoff against the nutritional
benefits of fish consumption (Rand et al. 2009). Also, if a better understanding of the mechanism
by which mercury targets the laminin substratum is achieved, improved treatment options for
those who do adhere to a seafood diet could be developed. Among the abnormalities due to high
mercury exposure seen in the prenatal human brain are atypical cell migration and unorganized
patterning of cortical layers (Rand et al. 2009). In the current study, embryonic Gallus gallus
peripheral neurons are used as a model to test mercuric chloride effects on the laminin
substratum with the potential to apply these findings to public health issues.
Axonal outgrowth was the cellular property of Gallus gallus peripheral neurons that was
studied. The hypothesis that if Gallus gallus peripheral neurons are exposed to mercuric chloride
(HgCl2) within the laminin substratum, then axonal outgrowth would be disrupted resulting in
shorter axon length was tested. The system utilized to test this hypothesis was the embryonic
domestic chicken (Gallus gallus) because it provided for simple peripheral neuron dissection,
culturing, analysis in vitro, and was sufficient to pertain to the question rendered. In this study,
Gallus gallus peripheral neurons were treated with mercuric chloride by contaminating the
laminin substratum. My collaborators for this project were Meggin Costa, Anik Mutsuddy, and
Sydney Littlejohn.
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Materials and Methods
Materials
Materials used were detailed in Morris (2017) concerning the “Primary Culture of Chick
Embryonic Peripheral Neurons 1: Dissection”, specifically for coverslip cleaning, dissection, and
coverslip treatment.
During preliminary data collection procedures, a bottle of mercuric chloride stock
solution was used, and three separate Falcon Tubes of different concentrations were employed as
well (2500 nM, 500 nM, and 100 nM tubes). Also, 3 small 35 mm petri dishes containing the
mercuric chloride contaminated coverslips and ganglia were used in data collection.
During the data collection procedure, materials used consisted of an inverted microscope,
an IMac computer (with SPOT software version 5.3), a heater for maintenance of neuronal
dynamic behavior (with a probe), a Sharpie marker, clear tape, laminated sheets, and trays to
hold the petri dishes that contained the cells for further incubation after imaging.
During the data analysis period, materials used were the S.Gemini IMac computer within
the ICUC (inputted with ImageJ software), a scale bar, and a laptop (for Microsoft Excel
utilization and data analysis to generate interpretable results). Materials utilized for the course of
the procedure were partially adopted from Ferri (2013).

Methods
Coverslip Cleaning Method
The coverslip cleaning procedure was completed multiple days in advance of the actual
dissection per Morris (2017) “Primary Culture of Chick Embryonic Peripheral Neurons 1:
Dissection”.

Coverslip Treatment Method
The coverslip treatment method was completed before, during, and after dissection, per
Morris (2017) “Primary Culture of Chick Embryonic Peripheral Neurons 1: Dissection”. PolyLysine (1 ml) was divided up evenly by placing four drops on the inside of a 110 mm petri dish
lid. Then, four previously cleaned coverslips were placed upon the poly-K droplets, one
coverslip per drop. This sat for 20 minutes, while progression to the dissection occurred. During
dissection, coverslips were floated upon a droplet of sterile water injected underneath the
coverslip to rinse off extra poly-K, using a Pasteur pipette. Forceps were then used to lift the
coverslips off the droplets to rinse the poly-K sides. The cleaned coverslips were then leaned
against the side of the bottom of the 110 mm petri dish to dry. As dissection continued, in a
separate 110 mm petri dish, 0.5 ml of laminin was divided evenly between four drops placed on
the inside of the lid as well. Each one of the poly-K treated coverslips were then placed polyLysine side down onto the four laminin drops. The laminin coated the glass as well. This sat for
20 minutes as dissection progressed. 2 mls of growth medium was placed into each of the four 35
mm petri dishes and then laminin was rinsed with Hanks Balanced Salt Solution (HBSS), by
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injection of it beneath the coverslips with a clean Pasteur pipette. After more HBSS washing, the
coverslips were placed into dishes of growth medium, laminin-treated side up, and set aside until
cell-plating occurred after dissection.
Dissected cells were then plated out dropwise in the dishes containing growth medium
and grown for 4 days on coverslips until data analysis occurred using dense cells as well as
dorsal root ganglia.

Dissection Method
The dissection method was completed per Morris (2017) “Primary Culture of Chick
Embryonic Peripheral Neurons 1: Dissection”. Cells harvested were incubated for 4 days at 37
degrees Celsius before data collection.

Mercuric Chloride Preparation Method
Professor Jani Benoit of the Wheaton College Department of Chemistry was consulted in
the creation of the mercuric chloride stock solution that was utilized. Upon meeting with Professor
Benoit, it was figured that the stock solution concentration was to be 13.6 mg/L HgCl2, with a
slight amount of nitric acid, diluted by 10 ml of water. Mathematical calculations were checked
for accuracy.
Next, the stock solution was then used to create the working solutions to be employed for
later experimentation, at three separate concentrations of 2500 nM, 500 nM, and 100 nM mercuric
chloride. Serial dilution methodology was used when creating each of the working solutions at the
three different concentrations. The creation of the working solutions was as follows: 0.25 ml of
stock solution was added into 4.75 ml of HBSS to get the resultant 5 ml of 2500 nM mercuric
chloride. From the 2500 nM Falcon Tube, 1 ml was added to the 500 nM Falcon Tube that
contained 4 ml HBSS for a total of 5 ml of 500 nM mercuric chloride. Lastly, the same process
was repeated in which 1 ml of 500 nM concentration was added to the 100 nM Falcon Tube that
contained 4 ml of HBSS. These differing conditions represented low, medium, and high
concentrations to be later introduced into the laminin substratum. Professor Morris aided in this
process.

Control Preparation
Control dense cells were prepared according to the coverslip cleaning method, coverslip
treatment method, as well as the dissection method. This procedure prepared dense cells that were
plated normally upon laminin after dissection, and thus, no mercuric chloride working solution
was applied to these specific cells. These dense cells were incubated for 4 days until subsequent
data collection occurred.

Experimental Preparation
2500 nM ganglia, 500 nM ganglia, and 100 nM ganglia were plated onto previously
contaminated coverslips according to the coverslip treatment method, with a single deviation
from the original procedure itself. After laminin had been applied to these specific coverslips, the
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pertinent mercuric chloride concentrations were added before cell-plating in the following
manner. Each of the initially laminin-coated coverslips were lifted out of the petri dishes that
contained growth medium with forceps. The coverslips were then rinsed with HBSS and placed
laminin-side down onto a single droplet of one of the three concentrations of mercuric chloride
working solution mentioned above, in three small 35 mm petri dishes. This laminin substrate
exposure lasted one hour and thirty minutes. These coverslips were placed into the incubator at
37 degrees Celsius. After a one hour and thirty-minute incubation period, dorsal root ganglia
were plated onto each of three contaminated coverslips. These dorsal root ganglia were exposed
to each of the specific mercuric chloride concentrations for 4 days until subsequent data
collection occurred.

Control Data Collection Procedure Under the Inverted Microscope
After the dense cells incubated for the 4 days allotted under 37 degrees Celsius, the petri
dish was removed and placed under the inverted microscope for imaging to take place. Then, the
IMac computer connected to the microscope itself was turned on (containing SPOT software).
20x magnification was used to orient the cells into view, and was switched to 40x to image
specific regions. A heater and probe were utilized to hold cultures at 37 degrees Celsius while
being observed. Steps were taken to ensure the maximum number of growth cones were visible
in a single imaged viewfield.
The display of axons and glial cells were traced off the computer using a Sharpie marker,
clear tape, and a laminated sheet under 20x, and two specific growth cones were chosen. Then,
the two specified growth cones (A and B) located within the display, were imaged for 5 minute
intervals for thirty minutes in total duration, under 40x magnification, including an initial image
at time zero. The complete set of 7 images for the control dense cells were saved onto the ICUC
server. The petri dish was placed back into the incubator after imaging was completed. The
control dense cells petri dish was discarded after images were taken within the waste basket.

Experimental Data Collection Procedure Under the Inverted Microscope
The aforementioned procedure was executed using the 2500 nM ganglia and the 500 nM
ganglia as well. The 100 nM ganglia were unable to be imaged due to mold that had accrued on
the surface of the substratum while the petri dish incubated over the 4-day period. Thus, the 100
nM petri dish was discarded from data collection, according to the proper mercury disposal
protocol. The images of each experimental condition (2500 nM ganglia and 500 nM ganglia) that
were taken were then to be utilized for subsequent data analysis. The petri dishes were discarded
according to the proper mercury disposal protocol carried out by Professor Morris.
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Data Analysis of the Control Condition and Experimental Conditions
As a result of data collection, there were a total of 7 images for the control dense cells, 8
images for the 2500 nM ganglia, and 7 images for the 500 nM ganglia that were stored onto the
ICUC server (a total of 22 images).
To change the brightness and contrast of the original images for each condition, the
images were inputted into the ImageJ software located on the S. Gemini computer in the ICUC.
The brightness and contrast were adjusted so the growth cones and axons could be viewed more
easily. This was completed by first changing each image within ImageJ to 8-bit images to rid
color. The maximum value within the histogram generated by the adjustment of the brightness
and contrast was moved until the bars were centered, portraying a more disseminated gray value
distribution than in the original images. These adjustments then provided for a more accurate
definition of what a growth cone was when analyzing data, as well as a lamellipod.
All contrast enhanced images were then made into a stack. A growth cone was defined as
falling within the range of 39.0 gray values and 57.0 gray values. This range was figured by
noticing a trend of gray values within control dense cell’s growth cones using the line tool in
ImageJ, as compared to the background. Most of the growth cones seen within data analysis fell
within this range. Furthermore, the end of the plasma membrane of the lamellipod was defined to
fall within the range of 75.0 gray values to 115.0 gray values within control dense cells
compared to the background, using the line tool in ImageJ as well. By utilizing Plot Profile, the
distribution of gray values within any image was able to be viewed.
Thus, growth cones to lamellipodia were traced using the polygon tool with the centroid
function applied. This centroid function enables one to follow the center of mass of the defined
growth cone as the image sequence progressed using x and y coordinates. Once these values
were obtained, a distance between two points equation was utilized to determine the distance
traveled by a growth cone, or its displacement. These resultant values were in pixels. A scale bar
within the ICUC was used to determine how many pixels are equal to a single micrometer under
the inverted microscope at 40x magnification. It was determined that a single micrometer was
6.586 pixels upon averaging four different scale bar measurements under the inverted
microscope. Thus, all pixel values for each of the two points analyzed within control dense cells
and each of the experimental conditions (2500 nM ganglia and 500 nM ganglia) were divided by
this value to obtain resultant micrometer values. Once these micrometer values were obtained,
they were summated to generate total axonal outgrowth of each condition over a 30-minute time
period. Then, average amount of axonal outgrowth was calculated for the growth cones within
each condition, and inculcated into a clustered column bar graph in Microsoft Excel. This type of
bar graph was chosen due to the fact that it represented obtained results in the most relevant
manner.

Results
To test the hypothesis that mercury treatment of substrates changes axonal outgrowth,
cells were cultured on laminin and on mercury-exposed laminin. Control cells showed normal
growth patterns (see figure 1). Normal growth pattern shows a high amount of pixel increase
over time, as opposed to abnormal growth. When the laminin substratum was treated with a low
dose of mercury (500 nM), axons still grew, but the behavior was apparently different (see figure
2). This behavior elicited a short amount of pixel increase over time, as was also seen in the 2500
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nM experimental condition (see figure 3). When the growth cone behaviors were quantified,
differences in patterns of growth between the conditions became apparent (see figure 4). The
control condition showed more axonal outgrowth overall than did the mercury-treated substrates.
Qualitative observations made as a result of data analysis are as follows. First, within the
2500 nM and 500 nM conditions, the axon was not adhered to the coverslip as well as the control
condition axon was. Also, within the 500 nM condition, it appeared as if the glial cells were
adhering to the axons present, and some subsequently clung onto them (see figure 2).

Figure 1. Axons growing on control substratum unexposed to mercury. Within this phase
contrast image, the arrows indicate specific points measured. Growth cones that were clearly
identifiable were quantified. Scale bar = 50 micrometers. The scale bar is applicable to all image
figures shown.
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Figure 2. Axons growing on 500 nM mercuric chloride substratum. Within this phase
contrast image, the arrows indicate specific points measured. Growth cones that were clearly
identifiable were quantified.
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Figure 3. Axons growing on 2500 nM mercuric chloride substratum. Within this phase
contrast image, the arrows indicate specific points measured. Growth cones that were clearly
identifiable were quantified.
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Figure 4. Average axonal outgrowth on substrates exposed to different mercury
concentrations. Notice the greater amount of average axonal outgrowth seen within the control
as compared to the 500 nM and the 2500 nM experimental conditions. For each condition, data
are derived from measurements of 12-14 growth cone displacements from 2 growth cones in one
view field.

Discussion and Conclusions
Based on the results, my hypothesis is supported, that axonal outgrowth is shortened
when the laminin substratum is contaminated by mercuric chloride.
Variability of axonal outgrowth may exist between the experimental and control
conditions. This is due to the fact, throughout analysis of image progression over time, axons
within experimental conditions appeared to be less adhered to the coverslip than the control
dense axons were, with axons moving about the substratum more freely.
A preliminary conclusion that can be drawn from the results is that mercuric chloride
disrupts the laminin substratum in a mechanism that shortens axonal outgrowth. Previous
research has found that laminin is important for the support of cells (Schwenk et al. 2009). Based
off the results, it is shown that mercuric chloride affected laminin’s ability to provide for cell
adhesion or support, culminating in lesser axonal outgrowth. In a study utilizing methylmercury
in embryonic carcinoma cells, Wilson et al. (2005) stated that specific receptor-ligand signaling
pairs (Eph and Ephrin) were changed as a result of exposure, and in-turn disrupted axonal
guidance. It is possible that these receptor-ligand signaling pairs are involved in the results
elicited in the present study.
To refine this experiment, more data is needed for statistical power. If the same effect
was seen multiple times, then it would be established that mercuric chloride does shorten axonal
outgrowth to a significant degree when introduced into the laminin substratum. The disruption of
axonal outgrowth may be attributed to the binding of mercury to laminin receptors where ligands
were supposed to bind to initiate the growth process. Laminin was found to increase receptor
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aggregation in muscle cells perhaps because laminin has a role in organizing receptors in
neuromuscular junctions (Vogel et al. 1982). Therefore, laminin may promote normal
organization of cells on the muscle’s surface (Vogel et al. 1982). It is interesting to raise the
question that laminin’s ability to organize receptors within axons may become compromised
when exposed to mercuric chloride. However, the mechanism by which laminin may specifically
carry out this process is not well understood.
Future experiments that would be of particular interest to carry out would involve the use
of collagen in the substratum rather than laminin. For example, within a study concerning nerve
fiber growth in various substrata, Carbonetto et al. (1983) found that collagen type IV proved a
sufficient substrate for growth. As a result, it would be of significance to see the effects that
mercuric chloride has on collagen’s ability to provide for axonal outgrowth and pathfinding. This
would be important because collagen plays structural and mechanical roles, as well as providing
for organization, and shape of tissues (Ricard-Blum 2011). It also has similar properties to
laminin, concerning the fact that they both constitute basement membranes, and provide for
sufficient cell-adhesion (Vercellotti et al. 1985). Thus, if one could look deeper into the specific
way in which collagen is affected by mercuric chloride, then possible treatment methods of
exposure to mercury could be developed.
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I have abided by the Wheaton College Honor Code in this work.
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