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Introduction 

As technological and medical advances are prolonging the human lifespan, our society is 
also being impacted by an increasing number of patients suffering of neurodegenerative 
disorders. Reports are showing that 0.5% of the world’s total population is currently affected by 
dementia, and, within the next decade, a 63% increase in patients has been predicted in North 
America (Wimo et al., 2013). Such epidemic will not only be devastating socially, but also 
economically: as there is already an estimated annual cost to society of US$604 billion on patient 
care (Prince et al., 2013). Focusing on Alzheimer’s (AD), the disease affects more than 18 
million people worldwide and is characterized by progressive cognitive impairments, memory 
deficits, personality changes, severe neuron atrophy and brain volume reduction (Farfara et al., 
2008). Even though the cause of the disease is still unknown, the neuro-degeneration attributed 
to the behavioral deficits has been connected to an increase in production and accumulation of 
Amyloid ß (AB) neurofibrillary tangle formations in the human brain (2008).  

Research remains unclear about whether glial cells accelerate or slow down the 
accumulation of such Amyloid ß fibrils. Because glial cells have shown to normally provide 
support and protection to neurons, some assume glia are key in breaking down Amyloid ß-
neurotoxins and slowing down the degeneration of neurons (Farfara et al., 2008). Such protective 
effect is supported by studies showing an activation of glial cells in the CNS as a first defense 
mechanism against injuries and pathological abnormalities (2008). If glial cells play a neuro-
protective role, Alzheimer’s treatments may benefit from a focus on triggering glia development 
to slow down or stop the disease.  

However, studies have also shown that a dysfunction in glial cell receptors can lead to a 
cascade of glia production that further advances neuro-degeneration (Farfara et al., 2008). Glia’s 
harmful role has been supported by theories suggesting that astrocytes are activated after a 
sufficient accumulation of Amyloid ß-Protein within neurons (Nagele et al., 2004). Glial cells 
have been shown to accumulate amounts of neuronal debris as a consequence of their cleaning 
role in response to local neuro-degeneration, leading to the overburdened of the cells and 
eventually causing them to undergo lysis and radial dispersal of their contents (2004). Such 
spillage causes the deposition of residue and the development of telltale AD symptoms (2004). 
This lack of consensus and the diversity amongst the glia family draws great attention to the 
individual role of glia in Alzheimer’s disease onset. Because AB is known to be a peptide 
involved in Alzheimer’s disease, understanding the role of glial cells when exposed to AB may 
potentially help find a more accurate target for AD treatments and therapies (Walsh, 2005).  
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Building upon previous studies, this research assumes that exposure to extracellular 
Amyloid ß-Protein Fragment 25-35 decreases the rate of axonal growth and inhibits growth cone 
dynamics (Zinsli, 2017). Because of such research, this preliminary study hypothesizes that 
higher abundance of glial cells will reduce the formation of Amyloid ß-Protein fibrils. To test 
this hypothesis, it is also hypothesized that glia to neuron ratios can be reduced by mechanically 
agitating a neuron culture during cell planting and attachment to the substrate.  
 
Materials and Methods 
Coverslip preparation and dissection 

Coverslips were prepared with poly-K-lysine and laminin following Dr. Morris’ 
procedure (Morris, 2015a). Dorsal root ganglia and sympathetic chains were dissected from 9-
day-old Gallus gallus chick embryos to be used as primary neuron cultures for this study. Cells 
were then treated with trypsin and triturated in HBSS following Dr. Morris’ procedure (Morris, 
2015a). A mixture of neurons and glial cells were then plated into petri dishes containing the 
treated coverslips in a 1-to-1 drop ratio between experimental and control cultures.  

 
Dissociation  
Control Condition 

Treated cells were plated into the control petri dish and 1mL of growth medium was 
added, the petri dish was then kept still and placed in the incubator at 37ºC for 24h.  
Experimental Condition  

The experimental condition aimed to achieve a neuron culture with less glial cell 
abundance than the control. To accomplish this, two separate petri dishes were used: 
hypothetically glial cells remained in the first petri dish, and neurons were carried to the second 
petri dish due to their less adherent qualities and greater sensitivity to movement (Jana et al., 
2007).  

Growth medium was removed from the first experimental petri dish and the dissected 
cells were pipetted onto the treated coverslip in this first petri dish. 1mL of growth medium was 
then added on top of the cells and the petri dish was left still for 5 minutes at room temperature. 
This petri dish was then placed under an inverted microscope and mechanically agitated for 4 
minutes. Mechanically agitation was conducted by gently and constantly shacking the cell 
culture by hand for the stated time. Finally, cells were left still at room temperature for 1 minute 
(Jana et al., 2007).  

The growth medium was then removed from the second experimental petri dish and the 
1mL of growth medium with the non-adherent cells from the first experimental petri dish was 
pipetted onto the treated coverslip in the second petri dish. 1mL of growth medium was then 
added to the first experimental petri dish and both experimental petri dishes were kept still and 
placed in the incubator at 37ºC for 24h.  

 
Data Collection and Analysis 1 

Because the experiment is looking at glia-to-neuron ratios, the imaging and 
quantifications were done on the second experimental petri dish, as that is where neurons were 
found (Jana et al., 2007).  

After 24h, glia-to-neuron ratios were counted in both control and second experimental 
culture. Neuron cells were considered to be spheres of 10µm with long thin processes of equal to 
or longer than 30µm. Glial cells were considered to be polygons of 10µm or greater. During 
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analysis, cells fragments were described as any type of particle smaller than 10µm of diameter 
without a clear lamellipodium, and growth cones were described as lamellipodia at the end of 
long thin process equal to or longer than 30µm. Both cell fragments and growth cones were 
excluded from the count. Neurons were only counted when the cell soma was visible and 
counting frames were consecutive and non-overlapping to avoid counting cells more than once.  

 
Stock Solutions 

The stock solution was made by adding 335µL of DMSO to the 1mg Amyloid ß-Protein 
Fragment 25-35 container (Mercedes, 2017). The container was then closed and shaken. This 
created a concentration of 2.5mM. The working solution was then made by adding 1mL of the 
stock solution to the 1mL of growth medium present in the petri dishes. The petri dishes were 
carefully shaken to mix the solutions and ensure all cells were exposed to Amyloid ß. This 
created a working solution with a concentration of 25µM at a 1:100 dilution.  

A concentration of 25µM was made because previous research showed that a lower 
concentration did not create AB aggregations and a higher concentration saturated the cells, thus 
killing the cells too fast to obtain measurements or results (Zheng et al., 2002). 

After collecting glia to neuron rations, the stock solution was added to both the control 
and experimental cultures. The cultures where then returned to the incubator at 37ºC for another 
24h and kept still. The same working solution and concentration was added to both the control 
and experimental culture.  

 
Data Collection and Analysis 2 

After 24h of adding the stock solutions, chip chambers were made following Dr. Morris’ 
procedure with the control and the second experimental coverslips (Morris, 2015b). These were 
then placed under an upright microscope. Results were observed at the Wheaton College ICUC 
lab in Norton MA, using the Macintouch computer S. Gemini with SPOT and bTV software 
under a 10x magnification and phase 2. A SONY DFW x700 camera with a 1.0x mount was used 
at room temperature to take single still phase microscopy images of living cultures.   

Two types of Amyloid ß aggregated structures were considered. Firstly, non-fibrous 
aggregations were defined as floating, dense, non-fibrous three-dimensional formations. These 
structures, however, were not quantified. Secondly, fibrous aggregations were defined as 
continuous fibrous nets made up of visible individual filaments, separated by up to 24 pixels 
between filaments, and with no visible soma. Filaments were considered structural biological 
materials raging from 10-100 nanometers and were found on the same plane as neurons and glia.  

Images were taken of the most dense and complex fibrous structures present in the 
control and second experimental culture. These images were then analyzed in ImageJ, where the 
polygon tool was used to measure the surface area of each protein structure calculated in 
pixels^2. Analyzed pictures were directly retrieved from bTV without being cropped, and at a 
100% enlargement. Only the main and largest continuous fibrous structure within the AB fibrils 
was measured.  

 
 
 
 
 

 



 4 

Results 
Results showed that glia-to-neuron ratios could be reduced by mechanically agitating a 

neuron culture during cell planting and attachment to the substrate, and that Amyloid ß fibrils 
were less developed in neuron cultures with higher glia abundance. 

During the final imaging after a 24h exposure to Amyloid ß, it was not possible to find 
individual neurons in the experimental condition, however, as shown in the Figure 2 Image C, 
neurons and glia were visible and healthy in the control. It is possible that the more developed 
Amyloid ß structures in the experimental culture has wrapped themselves around the neurons 
and hid them from observation. Such obstruction may not be visible in the control culture 
because the higher presence of glia may have broken down some of the AB fibrous aggregation.   

Fibrous protein structures were found in all cultures. Based on their net and fibrous 
structure, their appearance after the addition of AB, and their larger size and complexity in the 
experimental condition, observations suggest that these structures may be AB aggregations. 
Because of these reasons, the structures have been considered to be Amyloid ß fibrils while 
analyzing the results, and this study will refer to these structures as AB fibril complexes made up 
of individual filaments. However, because no control was conducted to test the creation of these 
fibril structures, a conclusive definition cannot be drawn and their identity must be demonstrated 
in future studies.  

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 1: Average glia-to-neuron ratios after dissociation. This graph shows that, with an 
equal number of neurons, the experimental condition experienced a reduction of 0.7 glial cells 
per neuron. Such reduction shows the success of the dissociation methodology, and sets the 
experiment to test the effects of glial cell abundance on the formation of Amyloid ß fibrils. Only 
the second experimental petri dish is shown in the graph because that is where the neurons were 
found and the first petri dish only contained glia and cells fragments.  
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Figure 2: Control culture exposed to Amyloid ß-Protein Fragment 25-35 with high glial 
cells abundance. Images A and B show Amyloid ß fibrils, and image C shows a developed and 
non-affected by AB neuron. When comparing Figure 2 to Figure 3, it is visibly noticeable that 
the control AB structures are formed by a smaller number of visible individual filaments and are 
less compact, thus suggesting that the control structures are less complex and developed than the 
experimental structures.  
  

Figure 3: Experimental culture exposed to Amyloid ß-Protein Fragment 25-35 with low 
glial cells abundance. Images A, B and C show developed and complex Amyloid ß fibril 
structures composed of a higher number of visible individual filaments than the control AB 
structures. The structures are more compact and may be wrapped around neuron or glial cells. In 
this condition, no individual neurons or glia could be found after a 24h exposure to AB.  
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Figure 4: Average Amyloid ß structure complexes’ surface area after a 24h exposure to AB 
working solution. This graph shows that with an equal exposure to AB Protein Fragment 25-35, 
cultures with lower glial cell abundance experienced a faster growth of AB fibril structures, 
showing a 17,726 pixel^2 surface area increase. A larger AB fibril surface area suggests a more 
developed and complex structure. Such difference suggests that glia may have a protective effect 
when interacting with AB.  
 
Discussion 

The results of the experiment supported both the primary and secondary hypothesis. 
Firstly, glia-to-neuron ratios were reduced by mechanically agitating a neuron culture during cell 
planting and attachment to the substrate. Imagining was conducted on the second experimental 
culture because glia were more adhesive and stayed in the first experimental petri dish. Further 
supporting Jana et al. results and suggesting neuron’s higher sensitivity to movement when 
compared to glia, the neurons were carried to the second petri dish in the experimental condition 
(2007). Because the experiment focuses on the isolation of neurons, quantifying the second 
experimental culture sets the experiment for the primary hypothesis. 

And secondly, after neurons and glia were successfully separated, results suggested that a 
higher abundance of glia might have caused less developed Amyloid ß fibrils to form in the 
control culture when compared to the experimental culture. Such primary results support the 
hypothesis that glial cells might play a neuro-protective role in the development of AB fibrils, 
and therefore Alzheimer’s disease. Either by breaking down Amyloid ß fibrils or by preventing 
their development, glial cells may slowdown the development of the AD peptides surrounding 
neurons. When comparing Figures 2 and 3, it appears that the experimental culture AB fibrils are 
made of a higher quantity of visible individual filaments and have a larger surface area, leading 
to suggest that the structures in the experimental condition are more developed. Furthermore, 
because isolated neurons and glia were not visible in the experimental culture, this leads one to 
believe that AB fibrils might have wrapped themselves around the cells obstructing their growth 
or communication with other structures. Such obstruction not being visible in the control 
condition suggests that the control neurons may have been healthier and more protected than the 
experimental neurons.  
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Research has shown that AB peptides are deposited in plaques near the hippocampus and 
cerebral cortex in human brains (Cabezas, Batista and Rol, 2014). However, the present 
experiment only produced complex fibril structures. Such difference is potentially due to the 
methodology of the experiment as neurons were grown in lab cultures. Even though neurons 
grew and developed perfectly in a petri dish, research has shown that plaques can only form in 
the brain, thus potentially limiting the generalizability of the current results (2014). However, 
research on human brains has also suggested glial cells to be a key support to neurons (Streit, 
2015). Oligodendrocytes have been shown to create myelination of axons that facilitates nerve 
impulse conduction, and astrocytes have been found to be responsible for glutamate uptake to 
protect neurons from excitotoxicity (2015). The neuro-protective role of glia possibly suggested 
in this study is therefore in agreement with Streit’s findings of glial rapid response after acute 
CNS injury (2015). Streit’s study suggests that microglia activation commences prior to and 
persists during moto-neuron regeneration, and that within the first days after injury, microglia 
gather around the affected neurons and form perineuronal glial sheaths (2015). In agreement with 
the this study’s results, these findings can be extrapolated to Alzheimer’s therapies, in which 
creating treatments targeted to glial cells secretion could help reduce neuron atrophy in AD 
patients.  

In future experiments, it would be interesting to conduct dissociations and AB exposures 
on animals closer evolutionarily to the human beings. Conducting the experiments on rats or 
bigger mammals could lead to more relatable results, as creating a reliable animal model for AD 
would help the testing and development of therapeutic treatments. Furthermore, the neuron-glia 
dissociation was only partially successful in the current experiment. If reducing the ratio caused 
a difference in the development of AB fibrils, it would be interesting to create a culture 
completely absent of glial cells. Exposing cultures absent of glia to AB for a longer period of 
time could also show a different development of AB peptides. Are AB plaques the sum of AB 
fibrils? Or do AB plaques only develop in human brain? Growing neurons completely absent of 
glia could further help understand the neuro-protective role of glia.  

During the dissociation, the aggressive treatment of mechanical agitation only given to 
the experimental culture could have also potentially damaged the experimental neurons. Dealing 
with the cultures differently prior to the AB exposure adds an uncertainty when comparing the 
AB fibrils. Finding a methodology that removes glia without affecting the neurons could present 
more reliable results about the neuro-protective role of glia. Furthermore, even though the results 
supported the initial hypothesis, its significance cannot be established without further replication. 
The current experiment serves as a primary study that should be further developed. Future 
hypothesis could look at how AB fibrils affect neuron growth and growth cone dynamics.  

Future research should also focus on how glia help slow down the development of AD 
symptoms (Farfara et al, 2008). Do glia help break down AB fibrils? Or do they help prevent the 
creation of such AB fibrils? Where in the development of AB neurotoxins do glial cells 
intervene? Finally, glial cells are a huge family of cells. Deeper research into the different types 
of glia must be done in order to fully understand their role in AD. It is possible that the 
controversy found in the literature is due to different studies looking at different types of glia 
(Walsh, 2005).  

In conclusion, learning that glia may play a neuro-protective role in the development of 
AD could lead to the potential development of AD treatments targeted to glia production. Until 
the main cause of the processing the Amyloid ß precursor protein is found, developing protective 
pharmaceutical substances can help slow down the disease and reduce behavioral symptoms. 
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Finally, glia could potentially not only be neuro-protective towards AB neurotoxins, but also be 
protective towards other protein structures that endanger neurons. These conclusions suggest that 
possible therapeutic treatments targeting glia development could potentially help treat other 
types of neurodegenerative disorders, as they are becoming an increasingly dangerous and 
rapidly growing epidemic.  
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