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Introduction
Alzheimer’s disease (AD) is a neurodegenerative disorder that causes a loss of cortical
volume. There have been many theories posited as to the cause AD, however the prominent
theory is that loss of neuronal cells is due to extracellular beta amyloid (Aβ) plaques and tau
protein neurofibrillary tangles. These plaques and tangles interrupt synaptic activity, neuronal
connections, and cause neuronal death (Murphy & LeVine, 2010). The disruption of normal cell
function leads to a reduction in cognitive functions such as memory due to the degradation of
limbic areas including the hippocampus and the neocortex. Cognitive decline is used as a
measure of diagnosis since the presence of Aβ plaques and tau tangles can only be confirmed
during post mortem analysis (Murphy & LeVine, 2010). Age is believed to be a factor in the
toxicity of Aβ in the brain as injections of Aβ into aged animals leads to plaques and
neurotoxicity while in young animals there is a minimal effect (Geula et al., 1998).
Aβ has been shown to induce apoptosis in neurons in in vitro cell culture (Loo et al.,
1993). There are a few factors that could cause Aβ to be neurotoxic at a cellular level.
Extracellular Aβ plaques bind to neurotrophin receptors, which are involved with the growth and
development of neuronal cells. The binding of Aβ to neurotrophin receptors inhibits their normal
functioning, causing cells to go through apoptosis (Yaar et al, 1997). Aβ plaques also bind to
insulin receptors, which inhibit the processing of glucose and is a pathology observed in AD (Xie
et al, 2002).
Diffusion tensor imaging (DTI), a specialized form of magnetic resonance imaging
(MRI), has been used to show that there is white matter damage in the pathology of AD. The
previous belief was that only the grey matter areas of the brain are affected by the disease.
Specific areas affected have been the splenium of the corpus callosum and the white matter areas
of the frontal and parietal lobes (Naggara et al., 2006; Duan et al., 2006). Subsequently these
findings of demyelination in AD have been confirmed using mouse models (Mitew et al., 2010)
and by doing post mortem analysis (Fernando et al., 2004). The amount of oligodendrocytes, a
type of glial cell, are greatly reduced in mouse brains that exhibit a loss of white matter tracks
further lending evidence to the theory that glial cells are negatively affected in AD (Desai et al.,
2010; Mitew et al., 2010; Fernando et al., 2004).
Since glial cells have been shown in previous studies to be a processing center for
amyloid precursor protein (APP), which later develops into Aβ plaques (Cras et al, 1990), and
demyelination in AD is an important component of the disease, the experimenters in the current
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study believed that testing whether Aβ had a negative effect on blebbing, a sign of apoptosis
(Norman, Brugés, Sengupta, Sens, & Aranda-Espinoza, 2010) in glial cells, was necessary. The
hypothesis tested in this study is that the presence of extracellular Aβ in a Gallus gallus
sympathetic neuron culture will cause an increase in glial cell apoptosis through examining the
number of blebs present on the glial cells.

Methods
Experimental Procedure
In this study, one trial using three experimental conditions was conducted. Ten-day old
Gallus gallus embryos were dissected as per the protocols outlined by (Morris, 2015a) in order to
collect the dorsal root ganglia and the sympathetic nerve chains. Single cell, high density cultures
were used in order to have an optimal number of cells for quantification. After plating, the cells
were grown for twenty-four hours in an incubator at 370C to ensure they were mature enough to
recognize structures and cells easily. Reagents were then applied using a concentration of 25mM
DMSO diluted in growth medium, Aβ 35-25 and Aβ 15-35 were diluted in DMSO for the stock
solution and growth medium for the working solution. The DMSO and Aβ 35-25 cultures acted
as controls and the Aβ 25-35 the manipulated experimental culture. The Aβ 35-25 and the Aβ
25-35 were diluted in DMSO, which is why DMSO was used as a control along with the reverse
chain Aβ. The Aβ 35-25 was used because the amino acid chain is reversed, thus rendering it
inactive. This is an ideal control because it contains the same amino acids as Aβ 25-25 providing
the same environment in the two cell cultures. The cells were grown for another twenty-four
hours in the incubator, after which chip chambers were made from the coverslips for each of the
three conditions. The reagent concentration and the timing of applications was based off of (Loo
et al., 1993).
Data Acquisition
The coverslips were observed under the microscope using the procedures from (Morris,
2015b). A SPOT Idea camera with model number 27.2 – 3.1 MP and the corresponding software
SPOT 5.2 was used to capture phase microscopy images of the cells. The microscope used was
the Nikon Eclipse E200 phase contrast compound microscope with a 40x/0.65 magnification. An
Apple Mac desktop computer with the operating software OS X Yosemite version 10.10.5 was
used to capture the images for quantification. Images from four quadrants were collected from
each condition, one from the upper left, upper right, lower left and lower right areas of the
coverslip.
Data Analysis
The images were analyzed using the software ImageJ32 to quantify the area of each glial
cell in the frame using the surface area measurement tool in the program, similar to (Norman et
al., 2010). Glial cells were identified using methods derived from (Raff, Fields, Hakomori,
Mirsky, Pruss, & Winter, 1979) and (Garcia-Cabezas, John, Barbas, & Zikopoulos, 2016). Blebs
on glial cells were quantified using the experimental techniques derived from (Norman et al.,
2010). An alteration made to the experimental procedure was that the blebs were quantified by
counting each bleb, while (Norman et al., 2010) quantified blebs through an algorithm used to
identify and count blebs. The blebs were defined as any circular protrusion on the sides the cell
body of a glia on a two dimensional plane. Therefore circular entities on the center of the cell
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were not considered as these can be confused with organelles (Norman et al., 2010). The data
was analyzed using Microsoft Excel and the bleb to cell surface area was calculated by dividing
the number of blebs by the surface area of the condition. A graph with these quantities was
created and corrected to one thousands of the original figures and three decimal places to
represent the findings easily.

Results
Fig. 1 shows a high density of cells and number of blebs, as is typical for the DMSO
condition. The blebs are clearly visible and the glial cells and neurons are easily recognizable. In
Fig. 2 as visible by the image, the Aβ reverse condition had fewer glial cells and blebs In Fig. 3
the glial cells and neurons are not easily detectable and there are noticeably fewer blebs present.
As shown in Fig. 4 the index of blebs per cell surface ratio steadily decreases across the
conditions DMSO, Aβ reverse and Aβ forward. This was an unexpected result as the hypothesis
indicated that the DMSO and Aβ reverse conditions would yield similar results, while the Aβ
forward condition would have the greatest number of blebs. The inverse result was found and the
Aβ forward condition had the least number of blebs index.

Figure 1. Control culture with glial cells exposed to DMSO. Bracket indicates glial cell and the
arrow a bleb.
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Figure 2. Control culture with glial cells exposed to Aβ reverse 35-25.

Figure 3. Experimental culture with glial cells exposed to Aβ forward 25-35.
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Figure 4. Comparison of blebs to the cell surface area, shown as an index. Data was compiled
from 33 cells in the DMSO control condition, 11 cells in the Aβ reverse condition and 27 cells in
the Aβ forward condition.

Discussion
The initial hypothesis was not supported in this experiment since the trend observed was
a decline in the cell surface to bleb ratio respectively across the conditions DMSO, Aβ reverse
and Aβ forward. If the Aβ 25-35 condition had the smallest cell surface area with the least
number of blebs, this would have been significant as a smaller number of blebs would be more
notable on a small surface area. This would lead to a greater index and thus show a greater
presence of apoptosis. The results obtained in this study are contradictory to the results of other
studies, as Aβ forward is in previous studies is indicated to cause greater blebbing after
application (Loo et al., 1993) The DMSO condition as the control had a previously predicted
result but the Aβ 35-25 result should have been comparable to the DMSO control as indicated by
the literature (Loo et al., 1993) but had a significantly lower bleb to surface area index. Though
the blebbing index did not support the hypothesis neuronal cell death was observed using
methods derived from (Cummings, Wills, & Schnellmann, 2004) which has been shown to occur
in the presence of Aβ plaques in the brain (Murphy & LeVine, 2010).
The cells in the Aβ 25-35 forward culture (Figure 3) are distinctly ailing in comparison to
the cells in the DMSO and Aβ 35-25 reverse control cultures. This destruction of the cell
structure and fragmentation of cells has previously been seen after the application of Aβ to
neuronal cultures (Roher, Ball, Bhave, & Wakade, 1991). Unlike the result of this study
increased blebbing has also been shown after application of Aβ (Loo et al., 1993). The result of
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this study could indicate that the application of extracellular proteins causes a stabilizing effect to
the cell membrane and therefore decreasing the amount of blebbing. This effect has been shown
after the application of proteins, leading to a decrease in cell membrane spreading (Myat,
Anderson, Allen, & Aderem, 1997) which is the cause of blebbing.
Another study examined the apoptosis of cells using an acute and chronic application of
Aβ and found that the chronic application was more effective in causing apoptosis in primary
hippocampal neurons (Forloni et al., 1993). A future study may show a similar result of
increased blebbing following the chronic application of Aβ. Lastly, this study was conducted
using peripheral neurons and glial cells of chick embryos, while the vast majority of cell culture
studies are conducted using mammalian central nervous system interneurons. The results
obtained in this experiment, though they do not match the results of the current literature could
be specific to the pathology of Aβ application for chick sympathetic neurons.
A limitation in the current study was that in the Aβ 25-35 condition it was difficult to
distinguish glial cells from neurons since there was so much cell fragmentation and overall
destruction. The complete ablation of the cells did not enable the proper quantification of blebs,
since the glial cells are not easily detectable from neuronal cells. For this condition the cell
surface area for all cells present in the frame was quantified and it is highly probable that
neurons were also included, which would raise the bleb to cell surface area ratio. To avoid this
limitation in the future, the investigators should image the cell cultures at twelve hours post
reagent application. This may prevent the pathogenesis of Aβ from progressing too far and allow
for proper identification of cells and bleb counting.
Another limitation experienced in this study was that the chip chamber for the Aβ 35-25
culture was made at twelve hours post application and was not imaged until twelve to sixteen
hours thereafter. Once cells have been placed in a chip chamber they have limited access to
oxygen and growth medium and cannot be sustained for an extended period. The cells remaining
in the chip chamber for such a long time as well as the difficulty detecting the glial cells in the
Aβ 25-35 condition, could contribute to the unexpected results obtained in this experiment.
Future studies should ensure that all chip chambers are made at the same time and that imaging
can occur soon afterwards.
Multiple trials were not conducted in this study due to time constraints and limited
reagents. Another alteration for future studies would be to conduct multiple trials of the
experiment so as to determine whether the results obtained are reliable and if Aβ has a similar
effect on all cell cultures twenty-four hours post application. Varying concentrations of all the
reagents such as 12.5mM and 50mM, should also be included in future studies as this will
indicate whether the effect of Aβ is more or less progressive depending on the concentration.
If the previously suggested corrections are made and the hypothesis is supported, a future
direction could be to incorporate resveratrol into the study. This natural substance, that can be
found in food and has been shown to have neuroprotective effects (Feng et al, 2013), may result
in decreased in blebbing and thereby apoptosis caused by Aβ application in glial cells. This
would be a significant finding because if resveratrol can decrease apoptosis of glial cells then it
can be used as a treatment for demyelination in AD.
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