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Introduction: 

The complexities of the nervous system have perplexed neuroscientists for 

centuries. The nineteenth century inaccurately presumed the role of neuroglial cells in the 

nervous system was to serve as a glue, resulting in the naming of these cells after the 

Greek word for glue, “glia” (Purves et al., 2001). Neuroglial cells, commonly known as 

glial cells or glia, perform many different functions that are necessary for neuronal cells 

to function properly. These functions include but are not limited to, modulating synaptic 

action by controlling the uptake of neurotransmitters, maintaining the ionic environment 

of nerve cells and regulating the rate of nerve signal propagation (Purves et al., 2001). 

Within the central nervous system, three types of glial cells exist; oligodendrocytes, 

microglial cells, astrocytes. Oligodendrocytes wrap axons in a lipid rich sheet called 

myelin, which affects action potential conduction in the wrapped cells. These cells are 

called Schwann cells when located in the peripheral nervous system. Microglial cells 

appear in abundance at the site of injury and remove cellular debris. Lastly, astrocytes 

function in the nervous system is to maintain an appropriate chemical environment for 

neuronal signaling (Purves et al., 2001). 
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At the cellular level, endocytosis is the process by which cells take in fluid and 

molecules across the plasma membrane. This is an important phenomenon cells undergo 

to bring in nutrients from the extracellular fluid. However, in neuronal cells, this process 

is important for the recycling of membrane following neurotransmitter release and has a 

large effect on early development of organisms (Parton, Dotti 1993). Topics of interests 

regarding endocytosis in neuronal cells are endocytic recycling of myelin and the 

regulation of actin in endocytosis. The manner in which actin structures in cell along the 

plasma membrane are organized allows for the movement of vesicles into the cell 

(Smythe & Ayscough, 2006). The vesicles released and retaken up by cells contain 

neurotransmitters, which have effects on the environment of the neurons.  

Since the Industrial Revolution, the upper ocean’s mercury level has tripled 

(Casselman 2014). The rise in mercury is attributed to pollution caused by humans and 

affects marine life as well as threatens terrestrial life. Methyl-Mercury is a neurotoxin 

and, according to the United States Environmental Protection Agency (EPA), effects fetal 

nervous systems more severely than adult nervous systems (U.S. Environmental 

Protection Agency, 2009). Once introduced in the nervous system, the distribution of 

methyl mercury is uneven, with larger deposits found in glial cells (Ni et al. 2012). 

Methyl-Mercury has higher lipid solubility than inorganic mercury and is known to 

induce serious membrane damage such as leakage and solidification (U.S. Environmental 

Protection Agency, 2009). The resulting damage to the cellular membrane can lead to 

adverse effects on endocytosis and in the development of neuronal interaction. Methyl-

Mercury has a high affinity for amino acids and protein complexes such as cysteine and 

glutathione. The complex formed when methyl-mercury binds to cysteine is similar to the 
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amino acid methionine, and compared to the complex formed when methyl-mercury 

binds to glutathione cause adverse effects on transport of molecules though the plasma  

membrane (Bellatori, 2002). In this study the hypothesis tested was that the increase of 

methyl-mercury will cause adverse effects including a decrease in the velocity of 

endocytosis between glial cells due to lipid solubility of this neurotoxin. 

Sympathetic nerve chains of the peripheral nervous system, isolated from Gallus 

gallus, were treated with two different methyl-mercury concentrations. The cultures were 

than stained with FM1-43 dye to identify plasma membranes and to quantify the velocity 

of endocytosis occurring between glial cells. Some reasons to believe why increased 

concentrations of methyl-mercury will cause a decrease in the velocity of endocytosis 

amongst interacting glial cells are the neurotoxins high lipid solubility and detrimental 

affects to the plasma membrane of these cells (Mercury Compounds, 2009). The use of 

Gallus gallus allows for examination of this neurotoxin on the nervous system of a 

mammal. The data gathered can be used to examine the pollutants affect on human 

development. The pollutant, which has seen a dramatic rise in the last century, can be 

absorbed through the lungs, gastrointestinal tract, and skin. Once the chemical is in the 

body, it is transported through cells throughout the organism including the nervous 

system (Ni, 2011). The results of this experiment can shed light on the pollutants effect 

on neuronal health and the ability for glial cells to successfully perform endocytosis. 
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Materials and Methods:  

Cell Culture: 

The sympathetic nerve chains were dissected and isolated from Gallus gallus 

following the procedure of R.L. Morris of Wheaton College (Morris, 2015a). A set of 

methyl-mercury (MeHg) solution was created the following way. A low concentration 

was made by adding 4 microliters of MeHg in dilute HCl acid to 4 milliliters of Hank’s 

Balanced Salt Solution (HBSS) to create a 4 nanomolar solution. A high concentration 

was made by adding 40 microliters of MeHg in dilute HCl acid in to 4 milliliters of 

HBSS yielding a 40 nanomolar solution. Lastly, a control solution was made by adding 

40 microliters of dilute HCl acid to 4 milliliters of HBSS. Solution concentrations were 

chosen based off of research done by Rutgers University and UMDNJ- Robert Wood 

Johnson Medical School (Falluel-Morel, et al., 2012).  

 Five hours after the dissection was completed and the neuronal cells were given a 

chance to settle onto the cover slip, the growth medium containing nerve growth factor 

and fetal bovine serum was extracted slowly and carefully using an autoclaved pasteur 

pipette and sealed into another test tube. Using a new pasteur pipette I immediately added 

enough of the appropriate Methyl-Mercury solution to submerge the coverslip by adding 

the liquid around the coverslip. Two cultures were perturbed using each solution to 

acquire more glial cell interactions. Each culture was incubated at 37.3O C for 15 

minutes, in each respective MeHg solution, allowing the cells to experience acute 

exposure to MeHg.  

The cultures were than removed from the incubator and using autoclaved pasteur 

pipettes the MeHg and control solutions were removed carefully. A series of three washes 
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were done using HBSS to remove as much MeHg from the coverslip. HBSS was used for 

the wash process due to the fact that mercury is 2.35 times more soluble in HBSS than 

water (Clever, 2013). On the last wash a clean Pasteur pipette was used to remove the 

HBSS with MeHg present in the solution. Finally, the medium containing nerve growth 

factor and fetal bovine serum was reintroduced to the cultures by slowly and carefully 

dropping single drops around the cover slip. Once Nerve Growth Factor was back in petri 

dish, the cultures were returned to the incubator to grow for 18 hours after being in 

contact with MeHg. 

Staining of Cultures: 

 In order to stain the culture, a lipophilic styryl dye named FM1-43 was purchased 

from Molecular Probes, Inc. The solution was diluted to 5 micrograms/milliliter and was 

kept on ice and wrapped in aluminum foil to protect from light. For each culture, the 

nerve growth media was carefully extracted from the petri dish leaving the coverslip dry. 

The FM1-43 stain was then added immediately to the cultures by adding the liquid 

around the coverslip carefully so not to disperse the cells too aggressively. Enough stain 

was added to submerge the coverslip. The culture was immediately hidden under a sheet 

of aluminum foil to protect from the light and was left at room temperature for 25 

minutes. This staining process was done for each culture in this manner. 

Preparation of Observation Chamber: 

 Following the 25-minute duration for the FM1-43 solution to properly stain the 

cell cultures, the cultures were liberated from the aluminum one at a time and were 

prepared to be placed on an observation chamber. The stain was gently extracted from the 

culture in order to prevent aggressive disruption of neuronal cells on coverslip. 
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Observation chambers were created using the protocol found on Wheaton College’s 

ICUC webpage composed by Professor R.L. Morris. (Morris, 2015b) 

Observation of Cultures Using Fluorescent Microscopy: 

The observation chambers were viewed in the Imaging Center for Undergraduate 

Collaboration (ICUC) at Wheaton College on an upright Nikon Eclipse E400 

Microscope. The camera used was Insight Spot Fireware 2, which was connected to the 

down tube with a Diagnostics 1.0x magnification C-mount. Imaging was run on an iMac 

with OS X Yosemite, Version 10.10.4, on SPOT software program 5.2. 

Observation Chambers were placed on the stage of the microscope and the 

microscope was aligned for Koehler. All images were taken at 40x magnification on 

phase 2-condenser setting. A Lasko air heater was placed 2 feet away from the stage in 

order to maintain an air temperature of about 35O C.  

In order to acquire a single image, interacting glia were identified and magnified 

to 40x. The iris diaphragm was blocked and fluorescent light bulb was illuminated and 

the frame was shifted to 4. When ready to take picture, the shutter was opened and a 

picture was acquired using the SPOT software. Once image was taken, the shutter was 

closed. Images were taken at intervals of 15 seconds for the control samples and intervals 

of 30 seconds for the low and high dose samples. The exposure was set to 8000ms and 

the gain was set to 0 for images taken of low and high dose while the exposure was set at 

1500ms. The differences in protocol between the control and high dose is the result of 

trial and error which saw longer exposure would yield clearer images but would also 

photo-bleach the cells resulting in less samples of data. (Morris, 2015c) 
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Upon evaluation of image sets, a sequence of images that most clearly depicted 

interacting glial cells were chosen. These images contained two glial cells interacting in 

the absences of axons in order to study the interactions between two glial cells. Data was 

then opened in ImageJ software and images acquired from each set were combined into 

one large image using ImageJ function “combine.” The “lasso” tool was used to free 

draw an area around the interacting glia on the bright field image. The line isolates the 

interacting glial cells allowing for an observer to view the one on one interaction between 

glial cells without including a third glial cell.  This area was then copied and dragged 

onto the following images in order of capture time. The data for mean grey value, a 

computer generated value accounting for the brightness within a specified area, was 

acquired, using ImageJ, after each guide was aligned with the fluorescent images. The 

process was repeated three times on unique interacting glial cells from each sample 

totaling for nine sets of data. 

For quantitative data analysis the mean grey value was used in the equation for 

velocity, velocity is equal to the change in mean grey value divided by the change in 

time. The multiple velocities for each set of image were averaged to garner the net 

velocity of each sample of interacting glia. Finally, an average of final net velocity was 

calculated by averaging the net velocity of each of the three interacting glial cell 

interactions. 

Results: 
 The following data is a representation of a series of images of interacting glial 

cells. A total of three series were taken for each set of sample solution. These data were 

calculated from three interacting glial cells from each sample. The change in mean grey 
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value for each interacting glial cells was calculated and averaged to become a net value 

and the net values for averaged to become a final net value. 

Other sequences of images follow the same patterns and are omitted in order to 

condense the length of this article. 

 
Figure 1: Interacting glial cells exposed to control conditions. Viewed with 40x 
magnification, phase 2. From left to right, brightfield image of interacting glial cells 
encircled in yellow. Remaining four images labeled with FM1-43 stain and images taken 
with fluorescent microscopy exposure set at 8000ms on the SPOT software. Time-lapse 
microscopy was done at 15-second intervals. Images taken in collaboration with Faye 
Haley.  
 

 
Figure 2: Interacting glial cells exposed to low MeHg conditions. Viewed with 40x 
magnification, phase 2. From left to right, brightfield image of interacting glial cells 
encircled in yellow. Remaining four images labeled with FM1-43 stain and images taken 
with fluorescent microscopy exposure set at 8000ms on the SPOT software. Time-lapse 
microscopy was done at 30-second intervals. Images taken in collaboration with Faye 
Haley. 
 

 
Figure 3: Interacting glial cells exposed to high MeHg conditions. Viewed with 40x 
magnification, phase 2. From left to right, brightfield image of interacting glial cells 
encircled in yellow. Remaining four images labeled with FM1-43 stain and images taken 
with fluorescent microscopy exposure set at 1500ms on the SPOT software. Time-lapse 
microscopy was done at 30-second intervals. Images taken in collaboration with Faye 
Haley. 
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Figure 4: Final net velocity of endocytic activity amongst interacting glia following acute 
exposure to different concentrations of Methyl-Mercury. The above data shows the net 
velocity garnered from image sets of each sample series of interacting glial cells (n=9). 
The final net velocity of each series is present in the bar and is measured in mean grey 
value/seconds.  
 
Discussion: 

My hypothesis, which states that the velocity of endocytosis would decrease in 

relation to an increase in Methyl-Mercury, is supported by the data gathered from this 

experiment. As the concentration of methyl-mercury increases the net rate of endocytosis 

decreases as seen in Figure 4. The data received from this experiment are strong enough 

to support the hypothesis, however; more data would be useful in reaffirming the actual 

effect of Methyl-Mercury on the velocity of endocytosis amongst interacting glial cells.  

If the study had been repeated multiple times and the results derived were such that all 

data was statistically sound, then the limiting effect that methyl-mercury has on 

endocytosis on interacting glial cells can be supported strongly.  

 If given a chance to recreate this experiment with more cultures accessible, 

varying amounts of concentrations of methyl-mercury including one in between 4 nM 
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and 40 nM and at least one other concentration above 40 nM would be included. This 

would allow me to analyze a larger amount of data and try to find a specific correlation 

between concentration of Methyl-Mercury and the velocity of endocytosis amongst 

interacting glial cells. In order to acquire the strongest results, imaging practices would 

need to be fine-tuned. In order to garner better images, it is recommended to use phase or 

differential interference contrast (DIC) microscopy because the use of a halogen light will 

not bleach fluorophores (Waters, 2009). The use of this technology would allow for data 

to be garnered without having altering images to account for dimming due to the 

fluorescent light. The strength of this experiment derives from the quality of the images 

and the understanding of exposure time would be helpful. It is encouraged that scientists 

new to fluorescent microscopy and the FM1-43 dye take the time to practice how to best 

take images of the samples. Sources of error that did not cause significant alarm or 

disruption of experiment include cell perturbation with MeHg, staining of cells with 

FM1-43 or contamination due to non-sterile practices.  

 The full extent of Methyl mercury’s neurotoxicity is still a question that is being 

investigated by scientists around the world. Researchers like Ni of Vanderbilt University 

have concluded that microglia and glia serve as the first line of defense against 

neurotoxicity form methyl mercury for the nervous system (Ni et al., 2012).  Glial cells 

are also relevant in terms of disease knowledge. In diseases like Alzheimer’s and HIV, 

glial cells release neurotoxic proteases and mediators, respectively.  A closer look into 

the functions of glia and the effect a toxin, like methyl mercury, has on these diseases 

may be a field of interest for scientists. This kind of research would continue the pursuit 

of neurotoxin impact on development of the nervous system and may shed light onto how 
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the rise in mercury pollution may affect humans. Research concluded in this experiment 

support the notion that MeHg causes adverse effects on endocytic recycling amongst 

interacting glial cells. A look at the effect on the whole nervous system may present 

interesting finds. 
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