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Introduction 
Alzheimer’s disease is one of the most common types of neurodegenerative diseases, 

currently affecting an estimation of 40 million people worldwide (Scheltens et al., 2016). The 
disease is a progressive brain disorder that deteriorates memory, thinking skills and the ability to 
carry out simple tasks (Scheltens et al, 2016). Over the past century, awareness of the disease as 
a major public health issue has increased among researchers, physicians, policy makers and the 
general public (Evans, D.,1990). However, despite its prevalence there is currently an incomplete 
understanding of the disease and its treatment or cure. The potential for coexistent conditions and 
other neurodegenerative diseases to arise tandem to Alzheimer’s disease adds to the difficulty to 
understand the disease itself (Perl, 2010). Fortunately, it is now known and understood that the 
primary markers and the mechanisms that influence the cause and the progression of the disease 
are the development of the neurofibrillary tangles (NFTs) (Seeman, 2011). NFTs are composed 
of hyperphosphorylated tau, a microtubule stabilization protein, and the deposition of the protein 
fragment beta amyloid (Serrano-Pozo et al., 2011). These two markers negatively impact 
neuronal function by causing synaptic disruption. The beta amyloid precursor protein (APP) is a 
transmembrane protein present in neurons(Perl, 2010). Beta amyloid fragments are released from 
APP and begin the plaque formation that is distinguished amongst Alzheimer’s patients 
(Serrano-Pozo et al., 2011). Once beta amyloids are absorbed by glial and neuronal cells in their 
nanomolar concentration range, they are internalized and begin folding in either the beta-pleated 
or beta-folded shape (Friedrich, R. et al., 2010). At this point the shapes begin to stack on one 
another to form fibrils in multi-vesicular bodies (Seeman, 2011). As the fibrils continue to grow, 
they penetrate the vesicular membrane. At this point cells will undergo cell death and the 
internalized amyloid structures release into the extracellular space, This is known as plaque 
formation (Friedrich, R. et al., 2010).  

Throughout the growth and development of neurons and glial cells, growth cones play a 
vital role in not only axonal outgrowth, and synaptogenesis, but the convergence of regulatory 
signals of axons and inhibitory signals of the central nervous system as well (Hur, E. et al., 
2011). For the purpose of this study, growth cones will be defined as sensory-motile 
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protuberances at the growing tips of axons. Important features that are distinguishable in the 
advancement of growth cones are their actin filaments and microtubules. These primarily make 
up the three main components of a neuron growth cone: the central region composed of 
microtubules and mitochondria, extensions of actin fibers identified as filopodia, and flat 
membranous actin filled protrusions, devoid of organelles, clearly distinguishable by their 
transparent web like flat structure, known as lamellipodia (Kandel, et. al., 2013). Lamellipodia 
have increasingly shown the significant role they contribute in cell motility as well as axonal 
outreach. These structures form by filling in a membranous matrix of actin fibers around 
filopodia in the extracellular environment (Hur, E. et al., 2011).  

During the progression of Alzheimer’s disease, beta amyloid peptide accelerates the 
creation of neurofibrillary tau tangles by inducing tau phosphorylation. This is known to prompt 
cell loss by disrupting neuron and glial cytoskeleton (Zheng, Bastianetto, Mennicken, Ma, & 
Kar, 2002). This study will specifically examine and analyze the impact of beta-amyloid 25-35 
on lamellipodial growth cone dynamics of Gallus gallus embryonic neurons in culture. Growth 
cone dynamics are assessed by measuring the area of existing lamellipodia on neuron and glia 
cells. It is therefore hypothesized that the presence of beta amyloid 25-35, degrades existing 
lamellipodial growth cones among glia and neuronal cells.  

Materials and Methods 
Materials 

Materials used for the coverslip preparation, treatment and the dissection of chick embryo 
is detailed in Morris (2019), “Primary Culture of Chick Embryonic Peripheral Neurons 1: 
Dissection”. 

Materials used during preliminary data collection were purchased from Sigma Aldrich. 
Purchased materials included: Amyloid Beta Protein Fragment 25-35, Cat No. A4559-1 MG and 
Amyloid Beta Protein Fragment 35-25, Cat No. A2201- 250UG. Purchased materials were 
dissolved in DMSO to create stock solutions. High density neuronal culture on growth medium 
were used to create both control and experimental dishes. 

Materials used during data collection consisted of a Nikon Eclipse E200 upright 
microscope at 40X magnification, SPOT version 5.2 software on a Macintosh computer in the 
Wheaton College ICUC, a heater to keep neurons at their optimal functioning environment of 37 
degrees Celsius, a temperature probe and a Styrofoam board to place the heater on. Cells on chip 
chamber slides were placed on petri dishes for further incubation after imaging.  

At the time of data quantification Microsoft excel and Image J (version 1.8.0) on a 
MacBook laptop were used.  
 
Coverslip Preparation and Treatment, Dissection, and Preparation of Cell Culture 

In accordance with the published procedure of Dr. Morris, cover slips, cleaned in 70% 
ethanol, were prepared multiple days in advance. Following procedures laid out in Morris 
(2019), chick embryos were dissected on HBSS with the use of sterile surgical protocol and 
sympathetic nerve chains and dorsal Root Ganglia were retrieved, as approved by the IACUC at 
Wheaton College. Ganglia were minced and plated on 2ml dishes of growth medium and poly-
lysine and laminin treated coverslips. They were then placed in an incubation chamber set to 37 
degrees Celsius. (Morris, 2019). 
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Stock Solution Preparation and Working Solution Preparation  
Prior calculations and the creation of stock and working solutions were prepared in 

collaboration with Maddy Morrison, Olivia Rockvam, Grace Hart, Fiona Hart, Caitlyn Daley and 
Ashley Hill.  

The following formula was used to find the molarity of Amyloid Beta 25-35 stock 
solution: Molarity = (mass solid/ molecular weight of solid)/volume. The target molarities 
required for working solutions for Amyloid Beta 25-35 and 35-25 were derived from Yang et al. 
(1998). In collaboration with the aforementioned, a final target 2.5mM concentration of 2.5mM 
was created. This was done by diluting 377 µL of DMSO to 1 mg of Amyloid Beta 25-35 
fragment. A carrier control stock solution was made by adding 6ml of DMSO to growth medium. 
All stock solutions were stored in -20 degree Celsius fridge, under no light exposure (Yang et al. 
1998).The working solution for the carrier control was created by diluting 20 µl of DMSO into 2 
ml of growth medium. The treated cells were exposed to either Aβ or DMSO for 24 hours in a 37 
degrees Celsius incubator before lysotracker labeling and imaging. 

Experimental working solutions were created by removing all growth medium from dish 
containing high density neuronal culture and adding 1.5ml of growth medium back into the dish. 
20 µL of the amyloid beta 25-35 stock solution was then added to 0.5ml of growth medium in a 
micro-centrifuge tube to create 4 times the target concentration, this is thoroughly mixed and 
pipetted into the dish containing neuron culture (R. Morris, public presentation on 23.10.19). 
Carrier control working solution were created by diluting 20 µl of DMSO into 2 ml of growth 
medium. High density neuronal culture was then treated with the carrier control. The 
experimental and control dishes were then placed back into the incubation chamber for 24 hour 
experimental exposure. 
 
Experimental and Control Data Collection 

After the high density experimental and control cells incubated for 24 hours under 37 
degrees Celsius, the petri dishes were removed from the incubation chamber and cells on 
coverslip were placed into chip chambers. Chip chambers were prepared by arranging coverslips 
in a square on a microscope slide. A drop of growth medium was placed in the center of the 
square, the coverslip with the treated cells was then carefully transferred to the slide, cell-side 
down, and set on the coverslip chips. The slides were then sealed quickly but carefully with 
melted wax. Coverslips were then washed with reverse osmosis water, this allowed salts on the 
coverslip to dissolve and be removed. The water was carefully wiped away with the use of a 
KimWipe so as to not smear the wax, and the chip chamber was ready for imaging (R. Morris, 
public presentation on 23.9.19) 

With the use of a Nikon E200 upright microscope, quantifiable cells were imaged using 
Koehler illumination (Morris, 2019) under 40X magnification on phase 2. Once cells were 
located, a manual time-lapse was made using the SPOT software on a Macintosh in the ICUC. 
The time-lapses were taken manually, for the images to maintain clarity, using the function 
‘acquire single image’ every 5 minutes for 30 minutes total. A total of 4 time lapses were taken 
for the control and experimental cells using 2 different areas of each slide. Furthermore, a heater 
and a temperature probe were used for the cells to maintain a 37 degree Celsius environment. 
Steps were taken to ensure the maximum number of growth cones were visible in a single 
imaged viewfield. The slides were placed on petri dishes and returned to the incubation chamber.  
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Data Analysis 
Lamellipodial growth cones are distinguished by their transparent, flat, web like 

structure. Measurements were taken where an eveness in grey level and a distinct boundry 
around the cell periphery was identified (Kandel, et. al., 2013). Lamellipodia smaller than 0.6µ, 
or 4 pixels on Image J were excluded from measurements and data analysis. Lamellipodia not 
fully in the field of view when time-lapse began were also excluded from data analysis. All other 
Lamellipodia seen in the image during the time lapse were measured and quantified. 
Lamellipodia were measured using the free-hand tool in ImageJ, as well as the ‘analyze’ and 
‘measure’ tool to obtain surface area in µm. ImageJ was calibrated to measure lamellipodia 
directly in µm using the set measurements tool, a ruler placed on to a coverslip and an upright 
microscope. In all treatments, the surface area of lamellipodial growth cones were measured at 
each time interval. The average surface area of all lamellipodial growth cones was calculated at 
each time interval with the use of Microsoft Excel. These data points were then plotted in a line 
graph, illustrating a 30 minute time period of lamellipod activity.  

 
Results  

To test the hypothesis that the presence of beta amyloid 25-35 degrades existing 
lamellipodial growth cones within a neuronal cell culture; high density neuronal culture was 
exposed to beta amyloid 25-35 fragment and a carrier control. Control cells showed the expected 
lamellipodial growth measured in surface area, where there was an average increase in the 
surface area of the lamellipodia measured in µm2  over the measured timeframe (see figures 1 
and figure 3). Note, between 15 and 20 minutes there was a stricking increase in surface area of 
the cells. This is illustrated in figure 3 by a sharp incline in the line graph. However, cells treated 
with beta amyloid 25-35 showed did not show any increase in surface area of the lamellipodia, 
measured in µm2. It must be noted that the there was a visual difference in the lamellipodial 
behavior. It was complex behavior, changing the lamellipodia boundary over time.(see figures 
2). When the data was quantified, the experimental condition illustrated stagnant lamellipodia 
growth while the control showed a striking increase in lamellipodia growth over the allocated 
time-frame (see figure 3). Figure 3, illustrates continuous data, showing the change in average 
surface area over time of all lamellipodia on control (blue line) and experimental dishes (grey 
line).  
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Figure 1. Shows lamellipodia growing on carrier control dish at beginning of time-lapse and at the 
30 minute mark. The control dish were unexposed to Beta Amyloid 25-35 fragment. Image 1A and 
1B present a yellow highlighted regions indicating the lamellipodia outgrowths on a neuron and a glial 
cell. Reader should note that images 1C is the same image as 1A without the highlighted lamellar region. 
Similarly, 1D is the same image as 1B without the highlighted lamellar region. These highlighted regions 
were the specific points that were measured and quantified for the research. Glial cell lamellipodia are 
identified with an arrow head, while neuron lamellipodia are identified with an arrow. Visually, one can 
see the growth difference between the two figures, potentially showing a growth in the lamellar region. 
This was later measured in µm2. Reader should note scale bar = 100 micrometers (scale bar is applicable 
to all other images of cells shown). 
 
 
 
 
 
 
 
 
 

A B 

C D 
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Figure 2. Shows lamellipodia growing on amyloid beta 25-35 fragment. This is known as the 
experimental dish. Figures 2A and 2C were taken at the beginning of a 30 minute time lapse. Lamellar 
regions on a neuron and a glial cell are indicated with a yellow outline and an arrow pointing towards the 
region. Figures 2B and 2D were taken at the 30 minute mark. These images also highlight the lamellar 
region on a neuron and a glial cell with a yellow outline and an arrow pointing towards the region. Glial 
cell lamellipodia are identified with an arrow head, while neuron lamellipodia are identified with an 
arrow. Outlined lamellar regions were used to collect and quantify data. A visual difference can be seen 
from the figures. Visually it may appear that the area of the lamellipodia had reduced over the allocated 
time, however, when measured and quantified in µm2 there was stagnant growth. 
 
 
 
 
 
 
 
 
 
 

A 

C D 

B 
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Figure 3. Average surface area of lamellipodia growth measured in µm2 exposed to 
Amyloid Beta 25-35 fragment and carrier control. Average lamellipodial surface area of four 
cells was measured in the control dish. Two cells were on a separate location of the dish and an 
average surface area of three cells was measured in the experimental dish. One cell was located 
on a separate location of the dish. Notice the greater amount of growth in lamellipodia area of 
neuron and glial cell seen in the carrier control slide as compared to the average area of 
lamellipodia in the experimental slide. For each condition, data was derived from two separate 
areas of the slide. Time was measured in minutes. Standard deviation error bars were calculated 
at each quantified data point. 
 
Discussion and Conclusion  

Based on results retrieved from this study, the hypothesis, that the presence of beta 
amyloid 25-35 degrades existing lamellipodial growth cones in neuronal culture was refuted. 
From this data, it can be concluded that intracellular beta-amyloid fragment 25-35 does not 
degrade existing lamellipodial growth cones among neuronal culture but rather places it in a state 
of stagnation. Stagnant growth is defined as little or no growth that was measured during the 
allocated imaging time frame. Visually, lamellipodial growth cone dynamics can be seen, where 
the shape of the lamellipodia changes throughout the imaging time, as can be seen in both 
control and experimental dishes. However, as seen in figure 3, lamellipodial surface area of the 
neuronal culture remained the same when exposed to amyloid beta 25-35. This appears to 
contradict the results of other studies, which have found that intracellular beta-amyloid does 
cause degradation in growth cone dynamics in Alzheimer’s models. Studies have shown that beta 
amyloid is known to interrupt synaptic transmission and synaptogenesis (Murphy, LeVine, & III, 
2010). The current study, does support that beta amyloid 25-35 plays an inhibitory role in growth 
cone dynamics by preventing the lamellipodial growth cone to grow in surface area, and as a 
result inhibits regulatory signals and role it plays synaptogenesis (Hur, E. et al., 2011).  

          0                   5                  10                  15                 20                  25                 30 
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To refine this study, a larger sample size would have presented a more comprehensive 
data set. Furthermore, altering the hypothesis to measure and analyze all components of growth 
cone dynamics will allow for a more comprehensive study of the effects of amyloid beta on 
growth cone dynamics. This study should include the growth cone central region composed of 
microtubules and mitochondria and filopodia along with lamellipodia. For future experiments, 
one could also see the effects of multiple micromolar concentrations of beta amyloid. Studying 
what concentrations will cause cell death at a faster rate and what concentrations would have no 
effects. Furthermore, it would be interesting to examine and analyze the impact of N-acetyl-L-
cysteine amide on growth cone dynamics of beta-amyloid treated neuronal cuture. This allows 
the study of its neuroprotective effects for the treated cells. In the early stages of Alzheimer’s 
disease it is often seen that a decline in the endogenous antioxidant glutathione is associated with 
worsening cognitive functions (Y. Hara et al., 2017). Due to the fact that N-acetyl-L-cysteine 
amide is a precursor of L-cysteine which in turn is a component of glutathione; the drug is seen 
as providing neuroprotective effects to the affected neurons (Dean, O., Giorlando, F., & Berk, 
M., 2011). Treatment of the N-acetyl-L-cysteine drug stimulates glutathione levels, in turn, 
promoting redox-regulated cell signaling, improving immune responses, and reduces age 
associated oxidative stress implicated in the aetiology of Alzheimers disease (Y. Hara et al., 
2017).  

This preliminary study contained multiple limitations on the data collection and 
quantification, resulting in the hypothesis being refuted. Standard deviation bars in both control 
and experimental conditions showed variability in the data collected. This variability may have 
occurred due to the handelling of the cell culture and other human error. However, multiple trials 
along with a larger data set and a longer time frame may reduce this variability and present a 
significant statistical conclusions. However, despite the extended research required to determine 
the effects of amyloid beta on growth cone dynamics of neuronal culture, this study will 
contribute to the study of the effects of amyloid beta on lamellipodial dynamics and its 
implications on alzheimers desease.  
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