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Introduction
Approximately 5.3 million people in the United States have been diagnosed with
Alzheimer’s disease, this figure is expected to double by 2050, (Philip A. DeFina, et al., 2016).
The disease usually appears around the age of 60 and the risk increase with age, (Philip A.
DeFina, et al., 2016). There are many factors that contribute to the development of Alzheimer’s
disease (Solomon, 2014). One of the vital factors that contribute to this development is
dysfunctional mitochondria, (Moreira, et al., 2010). Mitochondria are essential for aerobic cells,
as mitochondria are the primary site of adenosine triphosphate (ATP) synthesis, (Sherratt HS,
1991). Oxidative damage has been shown to be the precursor to Amyloid beta (Aβ) plaque
formation and consequently leads to mitochondrial dysfunction by oxidative stress in
Alzheimer’s disease development, (Nunomura, et al., 2001).
Mercury exposure inhibits the mitochondrial respiratory chain. In swine heart
mitochondria, mercury negatively acts on Complex I in the electron transport chain, directly
inhibiting Reduced Nicotinamide adenine dinucleotide (NADH) function, (Nesci, et al., 2016). It
is likely that this phenomenon also occurs in the mitochondria in axons in neurons, which leads
to mitochondrial death, therefore, causing cell death and axon degradation. As Alzheimer’s
disease typically affects the neurons of the elderly, it is reasonable to predict that increased
mitochondrial dysfunction or death in the elderly can contribute to the higher cases of
Alzheimer’s recorded in the group.
Mitochondrial-lysosomal theory of aging states that mitochondrial turnover progressively
declines with age, leading to increased oxidative damage. This results in damaged organelle
accumulation, decreased ATP production, lipofuscin, the release of apoptotic factors and
eventually cell death, (Terman and Brunk, 2006).
Neurons are responsible for trafficking important information, such chemical and
electrical signals along the axons. According to a study by Vicario-Orri E (2015), the proper
function of axons is reliant on the transport of functional proteins, organelles, vesicles from the
neuronal soma. Along with this, neurotrophins and other components must travel from nerve
terminals to the cell body for proper response. Failure of axonal transport has been suggested as
a factor that contributes to the progression and development of Alzheimer’s Disease (VicarioOrri E, et al., 2015). If HgCl2 can disturb mitochondrial function within the axons then it can
lead to Alzheimer’s based on the findings of Moreira, Nesci, Terman, Brunk and Vicario-Orri E.
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The purpose of this study is to determine if there is a link between inorganic mercury
(HgCl2) exposure to mitochondrial dysfunction or death and if so does it affect older post-mitotic
neurons more compared to younger post-mitotic neurons. The study was conducted on the
neurons of Gallus gallus, specifically looking into the mitochondria present in the axons. The
study looked in to neurons of two different age groups: young and old. Young neurons were
defined to be neurons that were tested one day after extraction. Old neurons were defined to be
neurons that were tested four days after extraction. I hypothesize that the axons of old neurons
exposed to mercury will show lower levels of mitochondrial function compared to the axons of
young neurons with the same exposure. To quantify the mitochondrial activity in axons, the
neurons were stained with Rhodamine 123 and net average brightness values were calculated.
Net average brightness was determined by subtracting the average background brightness from
the average axon brightness. With this metric, it was expected that mercury treated old neurons
will have a lower net average brightness compared to mercury treated young neurons. If the
hypothesis is supported that it will suggest that mercury has a greater negative effect on older
neurons, if it is not supported it can suggest that mercury exposure does not negatively affect the
older neurons with a larger degree.

Materials and Methods
Materials
The materials used in the study were provided by Dr. Robert Morris along with the
procedures for coverslip preparation, Gallus Gallus dorsal root ganglia and sympathetic neuron
chain extraction. The primary reagent used in the study were HgCL2 provided by Professor Jani
Benoit, at a stock concertation of 13.6mg/L. Neuron Growth Medium (GM), Hanks Balanced
Salt Solution (HBSS) and Rhodamine 123 (R123), were provided by Dr. Robert Morris.
Dissection
Dorsal root ganglia and sympathetic neurons were harvested from 10 day old Gallus
gallus embryos following the protocol: “Primary Culture of Chick Embryonic Peripheral
Neurons 1: DISSECTION” (Morris 2017). This protocol was also used for coverslip preparation,
pasture pipette preparation and coverslip treatment (Morris 2017).
Rhodamine 123 staining preparation
Rhodamine-123 (R123) working concertation of 1µg/ml in growth medium (GM) was
used in the staining of the neurons in the study. 10µl of 100mg/ml Rhodamine 123 was added to
1 ml of growth medium to make 100µl/ml solution. The 100µl/ml Rhodamine 123 solution was
further diluted by taking 10µl of the 100µl/ml Rhodamine 123 solution and adding it to 1ml of
growth medium. The final concentration after the dilution was 1µl/ml; this was the working
concentration used in the study.
Rhodamine-123 working solution was prepared in collaboration with James Marcucella.
Mercuric Chloride (HgCl2) preparation
The working solution of mercuric chloride used in this study had a working concentration
of 100nM. Starting with a stock solution with the concentration of 13.6mg/ml, .25ml of stock
was added to 4.75mls of HBSS to make a 5ml solution at 2500nM. 1ml of the 2500nM stock
solution was added to 4mls of HBSS to make another stock solution at 500nM. 1ml of the
500nM stock solution was added to 4mls of HBSS to get make 5mls of working solution at
100nM.
HgCl2 working solution was prepared in collaboration with Meggin Costa, Justin
Gallagher, and Sydney Littlejohn.
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Control preparation
Control 1: Only Rhodamine-123 stain
Growth medium was taken out of the 35mm petri dish that held the coverslip with the
Neurons. 1ml of working Rhodamine 123 solution was added. The dish was incubated for 10
minutes at 37°C. After incubation, the Rhodamine-123 solution was removed, and the dish was
washed with HBSS four times (2ml each wash) and 1ml of growth medium was added to the
dish. The coverslip was used to make a chip chamber and was imaged.
This was repeated for the control 1 group for both the young and old neuron coverslips
The purpose of this control group is to determine the mitochondrial brightness in the
axons that did not receive any treatment. The data collected from this group was used to compare
to the two treated groups.
Control 2: Rhodamine 123 stain and HBSS wash
Growth medium was taken out of the 35mm petri dish that held the coverslip with the
neurons. The coverslip was washed with HBSS three times (2ml each wash). After the wash 1ml
of HBSS was added to the dish and coverslip were placed in the incubator for 15 minutes at
37°C. After incubation, the HBSS was removed and 1ml of growth medium was added and left
for 1 minute. After 1 minute the growth medium was removed and 1ml of the working
Rhodamine 123 solution was added. The dish was placed back into the incubator for 10 minutes
at 37°C. After incubation, the Rhodamine-123 solution was removed, and the dish was washed
with HBSS four times (2ml each wash) and 1ml of growth medium was added to the dish. The
coverslip was used to make a chip chamber and was imaged.
This was repeated for the control 2 group for both the young and old neuron coverslips
The purpose of this control group was to determine if the multiple washes that the
experimental group would receive would affect the mitochondrial function or abundance. The
data collected were compared to the control 1 and experimental group, but primarily to the
experimental group.
Experimental Preparation
Growth medium was taken out of the 35mm petri dish that held the coverslip with the
neurons. The coverslip was washed with HBSS three times. After the wash, the HBSS was
replaced by 1ml of the HgCl2 working solution. The dish and coverslip were placed in the
incubator for 15 minutes at 37°C. After incubation, the HgCl2 solution was removed and 1ml of
growth medium was added and left for 1 minute. After 1 minute the growth medium was
removed and 1ml of the working Rhodamine 123 solution was added. The dish was placed back
into the incubator for 10 minutes at 37°C. After incubation, the Rhodamine-123 solution was
removed, and the dish was washed with HBSS four times (2ml each wash) and 1ml of growth
medium was added to the dish. The coverslip was used to make a chip chamber and was imaged.
This was repeated for the experimental group for both the young and old neuron
coverslips
The purpose of this experimental group was to determine if 1ml of 100nM HgCl2 exposure to
neurons would affect its mitochondrial abundance or function in the axons. The data was
compared to the control groups to determine if there was a change in mitochondrial abundance or
function.
Chip chamber preparation
Obtained the coverslip to be prepared. A microscope slide was prepared by placing 6
coverslip fragments around the center of the slide spaced out so it takes the shape of a coverslip
but slightly smaller. One drop of growth medium was added to the slide. The coverslip was
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removed from the 35mm dish, and the back was wiped dry with a piece of kimwipe. The
coverslip was placed cell side down on the microscope slide so that the chips were holding the
coverslip from fully touching the microscope slide. The edges were sealed with VALAP. The
coverslip was lightly washed with distilled water and wiped with a kimwipe. The prepared
microscope side was then imaged.
Imaging
Imaging the neurons were completed in the Imaging Center for Undergraduate
Collaboration (ICUC) at Wheaton College, Norton, Massachusetts. The following equipment and
software was used: Apple iMac Computer (Taurus) running Mac OS High Sierra Version
10.13.6, Nikon Eclipse E400 Epi-Fluorescence Microscope at 40x objective magnification at
phase 2 optics, Chiu Technical Corporation Mercury-100W lamp, SPOT Insight FireWire 2
mega sample camera, Spot Software 5.2.5, and ImageJ software version 1.52a. The neurons were
observed under the microscope and sites where there were many visible axons through
transmitted light setting were captured by SPOT. All fluorescence images were taken with the
same view field and with an 8000ms exposure time.
Image editing procedure
The fluorescence images were too dim to be easily seen by the naked eye. The
fluorescence images were edited on Adobe Photoshop CC version 19.1.5 to increase contrast and
reduce noise by adjusting the following settings: Brightness: 75, contrast: -20, Strength: 5,
Preserved details: 100%, Reduce color noise: 40%, Sharpen details: 60%, channel: green,
strength: 10, preserve details: 100%. This was repeated with all the fluorescence Images,
including all the control groups and experimental groups.
Data Analysis procedure
Axons were identified in the transmitted light images. An axon was defined by being a
uniform caliber with a minimum caliber of 8 pixels and maximum of 20 pixels and gray value
threshold value of 180-165 at the edges, and in within the axon the gray value must stay within
the threshold values and must reach a minimum gray value of 80. Axons that had its caliber
increase beyond the set threshold were no longer considered solo axons, as they were
intersecting a glial cell which gives a false count of mitochondria in the fluorescence image.
Refer to figures 1 and 2. Mitochondria were defined as oval shaped green dots suspended in the
background present in the cell bodies of glia and in axons. Mitochondria present in glial cells
were excluded. Mitochondria must have a maximum gray value of 57.7 and minimum gray value
of 35.9 and the immediate background must have an average gray value of 8.2. Refer to figure 3.
Every single potential mitochondrion was not tested to fit the criteria, but rather samples were
taken in the axons, if the axons contained mitochondria then they would be measured.
Both the transmitted light image and the edited fluorescence image pairs were opened in
the ImageJ software version 1.46r. All identifiable axons in the transmitted light image were
selected with the polygon selection tool. This region was copied and pasted in the exact
coordinate location of the fluorescence image to confirm that the region contained both the axon
and identifiable mitochondria, see figure 1. After the selection was made in the fluorescence
image, the region was analyzed (analyze>measure). The mean brightness (gray value) of the
region was determined and transferred to an excel file. The mean brightness takes the brightness
all the mitochondria present along with the brightness of the cytoplasm of the axon and
calculates an average brightness for the entire axon, which was later used to compare against
other axons and their average brightness. This was repeated for each axon. The average
background brightness was determined making a selecting a region of the background (region
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without any visible cells or axons) of approximately the same area, adjacent to the measured
axon. Average brightness was determined by using analyze>measure on ImageJ. Refer to figure
1. These values were also exported to an excel file. There were approximately 3 sets of image
pairs per group (Young: 3 pairs for Control 1, 3 pairs for Control 2, 3 pairs for experimental),
this was the same for the old neurons. Each image pair contained 1-12 identifiable axons.
The mean brightness values were averaged to get an average brightness for each test
condition in both groups. The average background value was calculated for each test condition in
both groups as well. The net average brightness was calculated by calculating the difference
between the average brightness of the axons in each condition from the corresponding average
background brightness (average axon brightness – average background brightness). The net
average brightness quantifies the brightness of only the mitochondria while excluding the
brightness of the cytoplasm of the axon and the brightness of the coverslip.

Results
To test the hypothesis that older neurons show lower mitochondrial activity after mercury
exposure, images were gathered in pairs of transmitted light and fluorescence of Rhodamine 123
to examine mitochondrial activity (figure 1). Mitochondria were vividly stained by Rhodamine
123 showing that they were highly metabolically active (figure 1 & 2). Individual axons were
measured from fluorescence images as seen in Figure 2. Note the low background noise of the
fluorescence images in figure 2. This demonstrates the successful staining procedure of
Rhodamine 123, as it is highly specific to the negative charge of the mitochondrial matrix
(figure3). While Rhodamine 123 will be dispersed throughout the entire coverslip through nonspecific interactions, the multiple washes allowed for images with high contrast to be taken. It
may appear as Figure 2B had high amounts of dispersed Rhodamine in coverslip, it is not due to
non-specific interactions, rather it stains the mitochondria of the glial cells. This gives the image
the appearance of a high background noise. The addition of mercury did show any visible
alteration of the neurons (figure 2), (non-treated neuron images are not shown). The fluorescence
images of the control and experimental appeared to look the same to the naked eye. The
difference in mitochondrial brightness was only distinguishable once the brightness values were
determined from ImageJ image analysis (figure4). The analyzed data suggested net average
brightness values increases with mercury exposure in both young and old axons. It is very
surprising to see that both the experimental groups in young and old axons have very similar net
average gray value, being 1.89 and 1.88 respectively (figure 4). This value was higher than that
of the average net average gray value of control 1 and 2 in both old and young axons, which are
1.34 and 1.14 respectively (figure 4).
N-values
For young control 1 data, the fluorescence of 11 complete axons was measured in 5
images in one trial. For young control 2 data, the fluorescence of 11 complete axons was
measured in 7 images in one trial. For young experimental data, the fluorescence of 28 complete
axons was measured in 6 images in one trial.
For old control 1 data, the fluorescence of 6 complete axons was measured in 5 images in
one trial. For old control 2 data, the fluorescence of 6 complete axons was measured in 4 images
in one trial. For old experimental data, the fluorescence of 4 complete axons was measured in 4
images in one trial.
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(A)

(B)

(C)

(D)

(E)
Figure 1: Example of a quantified solo axon from young neuron control group 1. This group
received no treatment of HgCl2. Control group 1 was only treated with 1ml of 1µg/ml
Rhodamine 123. A) Transmitted light image of an axon. B) The same transmitted light image of
an axon with a selected perimeter using ImageJ. C) The corresponding florescence image, note
the small green, oval shaped dots. These are mitochondria. D) The perimeter from the
transmitted light image is overlaid on to the fluorescence image. The average brightness value is
measured in ImageJ. This is the average brightness of mitochondria in the axon. E) A perimeter
of approximately the same area is created and the average brightness value is calculated. This is
6

the average background brightness. Note that this is not the full solo axon that was analyzed, the
image was cropped to improve visibility. Scale bar is equal to 50µm.

(A)

(B)

(C)
(D)
Figure 2: Example of transmitted light and corresponding fluorescence images of old
experimental neurons (A, B) and young experimental neurons (C, D). Both experimental
groups were treated with 100nM of HgCl2 solution and were treated with 1ml of 1µg/ml
Rhodamine 123. Notice the abundance of Glial cells in the old experimental neurons image. This
significantly increased the difficulty of identifying solo axons in the culture. As a result, fewer
axons were identified in the old experimental images. Axons appeared to be healthier and more
abundant in the young neuron cultures, however, this was not quantified in the study.
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Figure 3: An example of a quantifiable mitochondrion. The fluorescence image is from the
young experimental group. The green color is the Rhodamine 123 localized in the mitochondrial
matrix. This specific affinity allows for the approximate shape and size of the mitochondria to be
determined. Note: the image was digitally zoomed in and cropped, from its original image
dimension.
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Figure 4: The net Average Brightness of young and old axons under three different
treatments. Both the young and old neuron groups demonstrate an overall higher net average
brightness with the treatment of 100nM mercuric chloride compared to their respective control 1
& 2 average. The experimental net average values were 1.89 (young) and 1.88 (old). On average
the young group showed a lower net average brightness compared to the old group (control 1 &
2 average).

Discussions and Conclusions
The data collected does not support the hypothesis, stating that the net average brightness
will be lower in older axons compared to younger axons after mercuric chloride exposure.
However, data suggest that net average brightness increases with mercury exposure in both
young and old axons. The young and old axons exposed to mercury, show a net brightness of
1.89 and 1.88 respectively (figure 4). Compared to the averaged net brightness value of both
control 1 & 2 in young and old axon being 1.14 and 1.34 respectively (figure 4). The increase of
the brightness was .75, .54 respectively. Though, this was not expected, it was more surprising to
determine that the net average brightness of mercury treated young and old axons were very
similar (figure 4). The data suggests that old axons had slightly more metabolically active
mitochondria, determined by Rhodamine 123 florescence staining.
To indicate mitochondrial function, Rhodamine-123 was used due to its fluorescent
properties and its ability to identify mitochondria. Rhodamine-123 is a cationic lipophilic
fluorochrome that can easily enter the mitochondrial matrix due to Rhodamine-123’s affinity to
the highly negative charge present in the matrix (Darzynkiewicz et al., 1982). Based on the
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preliminary evidence generated here, it can be plausibly concluded that there is an increased
uptake of Rhodamine-123 into the mitochondrial matrix. This would mean that the introduction
of mercury led to an increase in mitochondrial function, which conflicts with the conclusion
determined by Nesci, et al., (2016).
Yet my results are similar to a study that observed the role of lithium in mitochondrial
function, and the research found that lithium exposure (in the form of Lithium Chloride)
increased mitochondrial metabolic activity and protected against mitochondrially induced
toxicity, (Bachmann et al., 2009). The study suggested that the LiCl increased oxygen
consumption resulting in greater quantities of ATP production, therefore, leading to improved
cell viability. It has been established by decades of studies that mitochondrial dysfunction can
contribute to Alzheimer’s, (Piaceri et al., 2012).
A major characteristic of Alzheimer’s is that cellular cxidative stress plays a role in it,
due to Reactive Oxygen Species, ( G. Benard et al., 2007). The oxidative stress can dramatically
affect mitochondrial function as it can lead to the formation of mitochondrial permeability pore,
(Bernardi, 2015). My data suggests that mitochondrial activity is increased by mercury exposure.
It is possible that mercury exposure leads to an increased oxygen consumption resulting in
greater ATP production; similar to how LiCl exposure led to an increased ATP production,
(Bachmann et al., 2009).
The greater oxygen consumption and high ATP production can close the mitochondrial
permeability pore, allowing for better mitochondrial health and an overall increase in neuronal
viability. However, I do not have any direct studies that can support or refute my inference;
further research is required. There is however there is a study that suggests that with mercury
exposure, the mitochondrial respiration was inhibited by 50%, and mitochondrial effectors were
not able to protect against mercury induced cell damage, (Belyaeva, 2011).
I still cannot sufficiently explain why the old axons and young axons show similar
mitochondrial activity with the mercury exposure, it is likely that the four-day age difference is
not sufficient enough to evoke a discernable difference in mitochondrial activity. Future studies
should use older neurons with higher n-values to understand if there is a significant difference in
mitochondrial activity. Also, a dose curve of mercuric chloride should be tested to determine its
effect on mitochondria- whether if it truly increases the mitochondrial activity or not and if so up
to what concentration does it result in a unique mitochondrial behavior.
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