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Introduction 
 Neurodegenerative diseases are debilitating conditions in which neurons progressively 
deteriorate leaving an affected person with decreased mental function (Gao & Hong, 2008). 
Dementias are the most represented forms of neurodegenerative disease, with Alzheimer’s 
accounting for 80% of all dementia diagnoses (Weller et al., 2018). Despite being the most 
prevalent neurodegenerative disease, and the sixth leading cause of death in the United States, 
the onset of Alzheimer’s disease is still not completely understood (Sam, 2011). The mechanism 
of onset of Alzheimer’s must be better understood in order for successful treatments to be 
developed. 
 The presence of Amyloid-beta proteins and tau tangles are clear indicators of 
Alzheimer’s disease (Nelson et al., 2013). The amyloid-beta protein involved in Alzheimer’s has 
several different molecular forms that collects between neurons and disrupt cell function (U.S. 
Department of Health & Human Services, 2017). Amyloid beta protein fragment 1-40 and 1-41 
is considered to be especially toxic (Millucci et al., 2009). The amyloid-beta 1-40 and 1-41 
protein fragments are derived from the cleavage of the larger Amyloid Precursor Protein (Nelson 
et al., 2013). The Amyloid Precursor Protein spans the membrane of a neuron and when it is 
activated, it is cleaved by other proteins into smaller fragments that remain inside and outside of 
neurons (U.S. Department of Health & Human Services, 2019). There are several ways that the 
Amyloid Precursor Protein can be cut; when the Amyloid Precursor Protein is sequentially 
cleaved by b-secretase and g-secretase enzymes, amyloid-beta fragments are produced (Chow et 
al., 2010). The resulting amyloid-beta cleavage products contribute to neurofibrillary tangles 
(Nelson et al., 2013). Neurofibrillary tangles are abnormal accumulations of the protein tau 
which collects inside neurons (Department of Health & Human Services, 2017). Amyloid-beta 
plaques can cause site specific phosphorylation of tau along its tubulin-binding domain by the 
activation of several kinases such as, mitogen-activated protein kinases and the glycogen 
synthase kinase 3b (Zheng et al., 2002).   

There is immunohistochemical evidence that suggests the pathological forms of tau that 
accumulate in neurofibrillary threads disrupts the critical cellular processes for axonal 
maintenance resulting in axonal degeneration (Kneynsber et al., 2017). This is due to the fact that 



 2 

axonal diameter is regulated by microfilaments and tau functions as a microtubule stabilizing 
protein (Costa et al., 2018) (Nelson et al., 2013). As microtubules lose tau they diminish in 
number as well as density and size (Jean et al., 2013). The loss of microtubules negatively affects 
axonal transport as well as synaptic conditions and results in symptoms characteristic to 
Alzheimer’s (Kanaan, 2013).  

While previous studies research is centered around the removal of amyloid-beta, it is 
unknown whether some extracellular matrices may have a protective effect against amyloid-beta 
and neurofibrillary tangles and therefore may be used as a possible treatment for Alzheimer’s 
disease. The extracellular matrix is the non-cellular component present within tissues and organs 
that provides biochemical and biomechanical cues necessary for differentiation and tissue 
morphogenesis (Frantz et al., 2010).  Some studies have found Matrigel provides protective 
effects on tissue culture cells (Casciari, 1995) (Ou et al., 2011). (Casciari, 1995) conducted a 
study on the effects of Matrigel on rat gliosarcoma cells exposed to radiation and found that cells 
that were coated with Matrigel were less radiosensitive (Casciari, 1995). Another study on rat 
myocardial infarction found that Matrigel improved cardiac function by inducing stem cell 
recruitment (Ou et al., 2011). While Matrigel will not have an effect on axon degeneration by the 
recruitment of stem cells, proteins in Matrigel may sustain axon width by providing structural 
support (Ou et al., 2011). There are also a variety of growth factors such as IGF-1, EGF, and 
bFGF that may sustain axon width by providing an amplitude of nutrients (Ou et al., 2011). This 
current study specifically addresses the effects of Matrigel on axon degeneration caused by 
amyloid beta 25-35. Based on previous studies, it is hypothesized that Gallus gallus cells grown 
on Matrigel will show less axonal degeneration than Gallus gallus cells grown on poly-lysine 
when treated with amyloid beta 25-35 as measured by axon width.  
 
 
 
Materials and Methods 
Materials 
Amyloid beta 25-35, Cat No. A4559-1 MG purchased from Sigma 
Amyloid beta 35-23, Cat No. A2201-250UG purchased from Sigma 
Poly-Lysine purchased from Sigma 
Matrigel was supplied by EverCell Bio, Natick MA. 
Nikon E200 at 40X magnification, SPOT Idea 3.0Mp on an iMac - “Gemini”  
SPOT program, version 5.3.5 
ImageJ on an iMac – “Gemini”  
 

Amyloid beta 25-35 protein fragment was selected for the use of this study because it 
produces homologous results to the Amyloid 1-40 and 1-41 protein fragments seen in 
Alzheimer’s disease while being more cost efficient (Millucci et al., 2009). Amyloid beta 35-25 
protein fragment was used as a control because it contains the same amino acids as the 
experimental condition in reverse which renders it inactive (Hedin et al., 2001). Working 
solutions of 25uM concentration were used as this dosage produces the neurotoxic effects similar 
to those seen in Alzheimer’s pathology (Lattanzio et al., 2016). Four primary cell culture dishes 
were used for each study group.    
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Coverslip Preparation and Treatment, Dissection and Cell Culture 
 Dissections and cell culture were done on 10-day old Gallus gallus embryos to prepare 
neurons and glial cells. The dissection and cell culture were done according to procedure in 
Preparation Day Steps: Primary Culture of Chick Embryonic Neurons 1 (Morris, 2019). 
Sympathetic nerve chains as well as Dorsal root ganglia were dissected for primary cell cultures 
of this study. Coverslips were treated with poly-lysine and laminin during the dissection 
according to procedure in Preparation Day Steps: Primary Culture of Chick Embryonic Neurons 
1 (Morris, 2019). Matrigel treatment was done by Dr. Morris when appropriate.  After dissection, 
cells were plated and incubated for at least 24 hours at 37 degrees Celsius before treatment. 
 
 
Stock Solutions and Treatment of Gallus gallus Cells 
Control AB 35-25 Stock and Working Solution for Poly-lysine Cells 
 A 2.5mM AB 35-25 stock solution was created prior to treatment of cells with a working 
solution. The stock solution was created using a p200 pipette to add 94 uL of dimethyl sulfoxide 
(DMSO) to 250ug of amyloid beta 35-25. When cells were ready for treatment a working 
solution was made by adding 20 uL of the stock solution to 2 ml of growth medium. This 
resulted in a working solution concentration of 25uM. After treatment cells were incubated 
overnight for at least twelve hours at 37° Celsius. 
Experimental AB 25-35 and Working Solution for Poly-lysine and Matrigel Cells 
 A 2.5mM AB 25-35 stock solution was created prior to treatment of cells with a working 
solution. The experimental stock solution was created using a p1000 pipette to add 377uL of 
DMSO to 1mg of AB 25-35. When cells were ready for treatment a working solution was made 
by adding 20uL of the stock solution to 2 ml of growth medium. This resulted in a working 
solution concentration of 25uM. Once cells were treated they incubated overnight for at least 
twelve hours at 37° Celsius. 
Carrier Control Stock and Working Solution for Matrigel Cells 
 A carrier control was used as the control treatment for cells on Matrigel. The petri-dish 
containing cells was calibrated to a 1.5ml volume. 20uL of DMSO was added to an aliquot with 
0.5 ml of growth medium to create a 4x concentration of 100uM. The DMSO and 0.5 ml of 
growth medium were then added to the 1.5ml of growth medium remaining in the petri dish. This 
created 25uM working solution. Cells were incubated for at least twelve hours at 37° Celsius. 
 
 
Data Collection and Analysis 
Chip Chamber Preparation 
 After cells had been exposed to amyloid-beta treatment for at least twelve hours, chip 
chambers were prepared by arranging coverslip chips in a square perimeter on a cover slide. The 
coverslip containing treated neurons, was removed from the cell culture dish by removing the 
growth medium with a Pasteur pipette. Growth medium was removed only till cells were slightly 
exposed. A couple of drops of this growth medium was added to the center of the cover slip 
chips arranged on the cover slide. The treated coverslip was then removed from the culture dish 
using sharp forceps. The side of the coverslip that did not have cell growth was quickly dried 
with a Kim wipe. The coverslip was then placed square on the coverslip chips and cover slide so 
that cells were face down. The coverslip was then sealed using heated VALAP. Salts from 
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growth medium were washed off using water. The top surface of the chip chamber was then 
carefully dried for use of imaging.  
Imaging 

Images of axons were taken using a Nikon Eclipse E200 at 40X magnification and the 
SPOT program on Macintosh computer in the Imaging Center for Undergraduate Collaboration 
at Wheaton College. Chip chambers were heated to 37° Celsius using a space heater to ensure 
normal neuron behavior. Temperatures were monitored using a temperature probe.  

Samples were first viewed at 10X magnification under phase 1 optics to achieve focus on 
cellular layer. Once cellular layer was found the microscope was aligned for Koehler 
illumination using the procedure in Microscopes & Scale: Lab 1 (Morris, 2019). The sample was 
then surveyed for axons. Axons were defined as prominent cellular projections with uniform 
caliber off of a neuronal cell body. Once axons were found the sample was viewed at 40X 
magnification under phase 2 optics. One image was taken of each condition after 12 hours of 
incubation. 

Images were captured in collaboration with Maddy Morrison, Grace Hart, and Rediet 
Mesfin Teklu. 
Quantification 
 Data was quantified using ImageJ. The image type for each picture was changed from 
“RGB” to “8-bit”. This was done to analyze and quantify images in terms of greyscale. Scale 
bars were first established by imaging a stage micrometer at 40X magnification. The line tool 
was used to determine how many pixels were in 100um. 646 pixels were determined to be within 
100um and 6.46 pixels per um. 

An axon was defined as a clear phase dark projection off of a cell body with a grey value 
that was 5% darker than the foreground. Axons that were less than 20.0um long were not 
counted. Measurements along an axon were taken every 20.0um and then averaged to find 
average axon width of that axon. For each measurement, the start of a line segment was placed 
where the grey value indicated an axon (5% darker than the foreground) and ended just before 
the grey value indicated the foreground. This line segment was extended across the axon to 
measure width. 
 
 
 
 Results 

 Figures 1 through 4 show the development of the observed neurons after at least 12 
hours of incubation on poly-lysine versus Matrigel. These figures show an average larger axon 
width in neurons treated with amyloid-beta 25-35 as well an average larger axon width in 
neurons plated on Matrigel. Figure 1 suggests axon widths increase in neurons treated with 
amyloid-beta 25-35 compared to neurons treated with amyloid-beta 35-25. Figure 2 suggests 
axon widths in neurons plated on Matrigel are larger compared to axon widths in neurons plated 
on poly-lysine. Figure 3 and 4 are graphs that were created to show average axon widths seen in 
each study group. Figure 3 shows average axon widths in control and experimental axons plated 
on poly-lysine. Figure 4 shows average axon width in control and experimental axons plated on 
Matrigel.   
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Figure 1. Increase of axon width in Gallus gallus neurons treated with amyloid beta 25-35 
plated on Matrigel. A pair of images comparing control (left) and experimental (right) axons on 
Matrigel after at least 12 hours of incubation at 40X magnification. White circles are used to 
indicate an axon in each image. The control axon (left) shows two axons that appear much 
thinner compared to the experimental axon (right). The same observation was seen in control and 
experimental neurons on poly-lysine. 
 
 
 

       
 Figure 2. Larger axon width seen in Gallus gallus neurons plated on Matrigel compared to 
Gallus gallus neurons plated on poly-lysine. A pair of images comparing neurons treated with 
amyloid-beta 25-35 plated on poly-lysine (left) and neurons treated with amyloid-beta 25-35 on 
Matrigel (right). White circles indicate an axon in the image. From the above images you can 
observe that the neuron plated on poly-lysine (left) appears to have a thinner axon compared to 
the axon on the Matrigel (right).  
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Figure 3. Average Axon width of Experimental and Control Neurons plated on poly-lysine. 
The graph shows the average axon width of cells treated with AB 25-35 and cells treated with 
AB 35-25. The blue bar represents experimental cells while orange bar represents control cells. 
The experimental cells show an average axon width that is larger compared to the control cells 
average axon width. Average experimental axon width on poly-lysine is 1.325 um. Average 
control axon width on poly-lysine is 1.226 um. Data for experimental AB 25-35 cells were 
derived from ten measurements of four axons on two neurons in one trial. Data for control AB 
35-25 cells were derived from nine measurements three axons on one neuron in one trial.  
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Figure 4. Average Axon width of Experimental and Control neurons plated on Matrigel. 
The graph shows the average axon width of cells treated with AB 25-35 and a control carrier. 
The blue bar represents experimental cells while the orange bar represents control cells. The 
experimental cells show on average to have a larger axon width compared to control neurons. 
Experimental Matrigel cells on average show to have a larger axon width on compared to the 
Experimental Poly-lysine cells in Figure 3. Data for experimental AB 25-35 cells were taken 
from fifteen measurements of two axons on two neurons in one trial. Data for carrier control 
cells were taken from 10 measurements of two axons on two neurons in one trail.  
 
 
 
Discussion 

Based on previous research (Kneynsber et al., 2017), it was hypothesized that amyloid-
beta 25-35 would cause axon degeneration as measured by axon width. This hypothesis was not 
supported by the data collected in this study. The average axon width of axons in experimental 
groups were larger compared to control groups. 

These results are interesting as previous studies have found when axons were measured 
by length, that amyloid beta contributes to hyperphosphorylation of the tau protein which 
promotes microtubule instability triggering axonal collapse and axon degeneration (Alobuia et 
al., 2013). Due to evidence from previous research that amyloid-beta causes axon degeneration, 
the results from this study may suggest that perhaps amyloid beta 25-35 is affecting axon growth 
but not axon transport. Axons require the polymerization of actin in order for growth to occur 
(Goldberg, 2003). The polymerization of actin filaments provides the protrusive forces necessary 
for the formation of filopodia and lamellipodia, which are clear indications of growth cone 
formation (Gomez, 2014). Actin polymerization requires G-actin monomers and free F-actin 
barbed ends, where G-actin monomers can be added via ATP hydrolysis (Gomez, 2014). The 
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availability of G-actin monomers at the terminal end of an axon must be maintained to enable 
polymerization (Gomez, 2014). A steady pool of actin monomers is aided by the actin binding 
protein profilin, which promotes ADP to ATP nucleotide exchange on G-actin (Gomez, 2014). It 
may be that amyloid-beta is affecting the actin binding protein profilin, which creates a lack of 
G-actin monomers in the cytosol, resulting in no actin polymerization, and therefore no axon 
growth. The inability for actin to be polymerized may create a road block causing microfilaments 
that have been synthesized in the cell body to build up within the axon during axon transport. 
This may cause the axon to appear thicker in width; however, axon degeneration may still be 
occurring.  

This study also aimed to test the hypothesis that Matrigel provides protective effects on 
neurons treated with amyloid-beta. The results from this study are inconclusive, and therefore 
whether the results support or refute the hypothesis is not known. The results show that axons on 
Matrigel were thicker compared to those on Poly-lysine. This may suggest that Matrigel provides 
a protective effect by allowing axon transport to work more efficiently. If Matrigel were to allow 
axon transport to work more efficiently in the presence of amyloid-beta, it may be that it was 
having a positive effect on kinesin motor proteins, as kinesin motor proteins regulate anterograde 
axonal transport (Gibbs et al., 2015) (Morris & Hollenbeck, 1993).  

However, the results may also suggest that Matrigel did not provide a protective effect, 
allowing amyloid-beta to have a greater negative affect on profilin and actin polymerization. 

While the results of this study are compelling, sample sizes were limiting. Additional 
data collection should be carried out to test the hypothesis. The study would also benefit from 
analysis of microtubule density within each axon using fluorescent microtubule stain. Axon 
growth and displacement should also be measured to determine whether there is a disparity 
between Matrigel and poly-lysine. This additional analysis would allow a better understanding of 
whether Matrigel was providing a protective effect against amyloid-beta or not.  

In order to expand results found from this study, future experiments should be done to 
test amyloid-beta and its potential effect on profilin in actin polymerization, as well as Matrigel’s 
potential effect on kinesin motor proteins in anterograde axonal transport. This information 
would effectively lend insight into the onset and mechanisms of Alzheimer’s disease.      
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