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Introduction
Alzheimer’s disease is a neurodegenerative disease characterized by memory loss and
loss of various cognitive abilities. Alzheimer’s was declared the sixth leading cause of death in
the United States in 2017 (alz.org,2017). Alzheimer’s is believed to correlate with an abnormal
accumulation of β-Amyloid peptide in the CNS, due to reduced clearance of the peptide
(Mawvenyega et al., 2010). The Beta Amyloid peptide is a fragment of 40 amino acids from the
integral membrane protein, beta-APP (beta- Amyloid precursor protein) (Haass,1993).
Intracellular β-Amyloid specifically has been found to effect neurons by disrupting and
inhibiting fast axonal transport, a disruption which has been linked to neurological disease and is
associated with synaptic dysfunction (Wang, 2008). Mitochondria are organelles that are
transported throughout the cell as sources of energy, the failure of mitochondria to be transported
to the synapse is largely implicated in synaptic dysfunction and degeneration in AD cells
(Verberg & Hollenbeck, 2008). The overproduction of β-Amyloid has also been found to effect
the distribution and morphology of mitochondria in primary hippocampal neurons. A study in
2008 found that cells exposed to β-Amyloid expressed mitochondrial fragmentation and an
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imbalance of mitochondrial fission/fusion (Wang, 2008). Fission and fusion of mitochondria are
important for growth, redistribution, and maintenance of a healthy mitochondrial network.
Decreased fusion and increased fission often occur when high levels of stress are present in the
cell (van der Bliek, 2013). Mitochondria index reflects the total mass of mitochondria per unit
length of a neurite, and can be indicative of the fusion fission events of the mitochondria. A
study on mouse hippocampal neurons found that the length of mitochondria, mass of
mitochondria, and percent of neurite occupied by mitochondria was decreased when treated with
the active β Amyloid peptide 25-35. (Calkins, 2011). The percent of mitochondria per cell area was
particularly interesting for our experiment as glial cells often internalize debris material,
resulting in a range of detrimental effects on their cytoplasmic contents (Nagele, 2004).
We chose specifically to study glial cells because they have been found to participate in
β-Amyloid degradation and clearance in AD (Alzheimer’s Disease) brains. Activated astrocytes
(glial cells) in AD brains can accumulate substantial amounts of β-amyloid intracellularly,
sometimes to the point that the peptide dominates the cytoplasm (Nagele, 2004). Based on the
evidence of the effects of intracellular β-Amyloid on neurons, the evidence of AB25-35 on the
index of mitochondria in hippocampal mouse neurons, and what is known about glial cells, we
chose to test the effects of intracellular β-Amyloid on mitochondrial coverage in glial cells of
Gallus gallus (domestic chicken). A concentration of 25µM was used to treat our experimental
groups, as it was found in previous literature to have effects in CNS cells (Allaman et. al, 2010).
The domestic chick, Gallus gallus was used as a model as their development is well known,
allowing us to easily obtain the cells of the dorsal root because we know when the dorsal column
has developed. We hypothesized that glial cells exposed to intracellular Aβ25-35 will have reduced
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mitochondrial coverage as measured by percent area of mitochondria staining by Rhodamine 123
florescence, using ImageJ analysis.

Materials and Methods
Dissection
The experiment was performed on harvested sympathetic nerve chain and dorsal root
ganglion cells from 10 day old chick eggs. The dissection followed the protocol of R.L.Morris,
adapted from Peter J Hollenbeck, provided by R.L. Morris (Morris, 2015a). Neurons and glia
were grown in modified Leibovitz L-15, containing F-plus medium, as F-plus contains neuron
growth factor. It is important to note that pen/strep was also added to the medium in order to
prevent contamination.
Trituration
Before the neurons and glia were plated, we triturated the cells in order to rip the
membranes and allow our reagents, FITC Dextran solution and Beta Amyloid, to enter into the
cytoplasm. The trituration method used followed the protocol of Hollenbeck (Verberg &
Hollenbeck, 2008). Control and Experimental cells were triturated with a 25mg/ml solution of
FITC Dextran, of a volume equal to that of the cells and growth medium. In addition to being
triturated with FITC Dextran, experimental cells were triturated along with a 25µM solution of
Beta Amyloid25-35 one one-hundredth of the volume of cells and medium; 3.24µL. Both control
and experimental cells were then plated and incubated at 37degrees Celsius for twenty four
hours.
Rhodamine 123 and Florescence Imaging
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After 24 hours, all experimental dishes and control were washed with HBSS and were
administered a 1:11,200 dilution of Rhodamine-123 in HBSS, following Rhodamine dilution
protocol (Sapiente, 2017). Two control dishes were exposed to RH-123, while two were not. The
cells that received Rhodamine-123 and control dishes were incubated for ten minutes at 37
degrees C and then washed again with HBSS. Each dish received new growth medium after the
wash. Coverslips from each dish were then transferred to slides, using chip chamber protocol, for
imaging (Morris, 2015a). Images were obtained using a fluorescent microscope and the SPOT
software (Spot Insight Firewire 2 MegaPixel Camera). The microscope used was a Nikon Eclipse
E400, using 40x mag, on phase 2. The exposure time for Rhodamine 123 used was 45,00050,000ms.
Quantification
Images were quantified using ImageJ Version 1.49, selecting the cell area in the
florescence images using the free selection tool. We compared florescence images to their
respective transmitted images and adjusted the threshold to 49-255 under the adjust menu, to see
only the brightest staining within the selected cell. Each image was converted to an 8-bit image
rather than an RGB image. The particles were then analyzed by ImageJ (command: analyze
particles 1-Infinity) and the percent area of brightness within each cell was collected from the
ImageJ summary, and copied into an Excel notebook. The threshold, 49-255, was held constant
for all images analyzed. Only cells stained with Rh123 were used for data analysis in this
experiment.

Results
After the triturated control with FITC Dextran solution, and experimental cells with FITC
Dextran solution and β- Amyloid25-35, were incubated for 24 hours and stained with Rhodamine
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123, they were taken to the ICUC for imaging. In the current study, FITC Dextran was first
successfully loaded into the cytoplasm of glial cells in culture using trituration loading (Vergerb
&Hollenbeck, 2008)) (Figure 1). The trituration loading technique was then used to deliver Beta
Amyloid 25-35

into the cytoplasm of experimental cells (Fig 2). The percent area of staining within

the cell was used as a way to quantify the amount of space mitochondria took up in each cell.
Three experimental images were adjusted to threshold and analyzed, while four control images
were adjusted and analyzed. It was observed that the control cells appeared to have a greater area
of the cell stained with Rhodamine-123 than the experimental cells, as the control cells had more
densely stained areas, see Figure 2 and 3. The average percent area of red pixels within the cell
area was slightly higher in the control images than the experimental images, see Figure 4.

Figure 1: Transmitted image of glial cell (left) and florescence image displaying FITC Dextran
loaded by trituration in cytoplasm

Figure 2: Transmitted image and Fluorescent image, adjusted to threshold (49-255), of
experimental glial cell treated with FitC Dextran, Rhodamine 123 and Beta Amyloid25-35. Notice
the pattern of florescence coverage in the experimental image, representing mitochondria.
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Figure 3: Florescent Image adjusted to threshold (49-255) (left) and transmitted image (right) of
glial cell treated with FitC Dextran and Rhodamine 123. Notice the pattern of florescence
coverage in the control image (left), representing mitochondria.
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Figure 4: The average percent area of brightness corresponding to stained mitochondria within
selected cells from control and experimental groups. The error bars represent the standard
deviation from the average of each group; 10.5 for experimental and 14.3 for control.
(Experimental group n=3, Control group n=4)

6

Discussion and Conclusion
The data collected does not support the hypothesis that intracellular β Amyloid25-35 would
decrease the percent area of the cell occupied by mitochondria. Although the average percent
area of cell occupied by mitochondria was greater in the control group than in the experimental
group, the standard deviation of the two group averages overlap (Figure 4), meaning that the
difference in averages is not significant. The differences we found in our results can only be
considered to be due to chance.
If this experiment were to be replicated n values would need to be increased , providing a
better opportunity for finding significant differences between the groups. A significant difference
between groups would lead us to believe that β-Amyloid negatively impacted the health of the
mitochondria network; fragmenting mitochondria and reducing the amount of cytoplasm
occupied by the organelle, which may lead to reduced supply of ATP and contribute to cell
dysfunction (Calkins, 2011). If results were found significant we may gain a better understanding
of how intracellular β-Amyloid may have a detrimental effect on the fusion and fission of the
mitochondria and the maintenance of a healthy network.
Another area of improvement for a replication of this experiment may involve a slight
alteration to the washing procedure. As a precautionary measure, we would wash the cells in
HBSS once more, making it four washes rather than three. Rhodamine 123 is very effective at
staining mitochondria due to its specificity, staining mitochondria directly, without passage
through endocytic vesicles and lysosomes (Lincoln, 1979). One source of error however could
come from Rhodamine-123 not being fully removed from our HBSS washes, effecting the
quality of our images, as there is the possibility of free floating stain.
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Future experiments should be done in order to get more conclusive results and to better
understand the mechanism by which accumulation of β-Amyloid effects the occupancy of
mitochondria in glial cells. One possible way to extend our results to future experiments would
be to follow this procedure on neuronal synaptic terminals of Gallus gallus, rather than glial
cells, as neuron terminals are also very dependent on mitochondria, having high demands of ATP
(Verberg & Hollenbeck, 2008). Damage to neurons is also largely implicated as a pathology for
Alzheimer’s disease (alz.org, 2107). The goal of future research is to find an early therapeutic
target for the degenerative disease that effects so many people.
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