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Introduction 
 The property of glia studied in this report is the abundance of mitochondria, a property 
that is influenced by mitochondrial fission and fusion, along with mitochondrial death.  Since 
misfolded extracellular beta-amyloid (B-A) plaques are a leading cause of Alzheimer’s Disease 
(Chen & Yan, 2010; Zhao et al., 2016), it would be interesting to study if intracellular beta-
amyloid has any effect on the abundance of mitochondria in the cell.  Since mitochondria are 
vital to energy production, they would be easy targets to disrupt the normal function of the cell in 
a harmful way (Moreira, Zhu, et al., 2010).  Large plaques of misfolded beta-amyloid have been 
found to be culpable for the main pathology of Alzheimer’s Disease, but they are hard to 
reproduce in a laboratory setting.  A fragment of B-A composed of the 25th through 35th 
polypeptides of the protein will be used in this experiment, since this fragment exhibits 
neurotoxic effects similar to full B-A plaques.  Chicken embryos (Gallus gallus) are prime 
organisms for neuron dissection because of their well-recorded development cycle and ease of 
dissection, allowing for easy access to developing neurons and ganglia (Darnell & Schoenwolf, 
n.d.).   

The presence of intracellular B-A has been implicated in Alzheimer’s Disease in many 
different models (Chen & Yan, 2010), but the exact mechanism by which it causes the disease is 
unknown.  In general, it is accepted that synaptic damage is what causes neurological impairment 
in Alzheimer’s, and there are theories that B-A and dysfunctional mitochondria might contribute 
to synaptic damage (Reddy & Beal, 2008).  

Neurons and glia alike require a steady supply of ATP from mitochondria in order to 
function, as their cellular functions are linked to overall communication in the body as a whole 
through nervous responses.  If intracellular B-A can interfere with mitochondrial membrane 
proteins or other factors that influence the mitochondria’s function (Spuch, Ortolano, & Navarro, 
2012), that could explain how it causes Alzheimer’s symptoms.  Thus, if a glial cell’s 
mitochondria fail, it starts to lose its ability to support nerve cells (Von Bernhardi, 2007), which 
would lead to the slow nervous response times seen in Alzheimer’s patients.   

While	  much	  research	  has	  been	  done	  in	  reference	  to	  neuronal	  mitochondria	  in	  the	  
Alzheimer’s	  pathology	  (Chen	  &	  Yan,	  2010;	  Moreira,	  Carvalho,	  Zhu,	  Smith,	  &	  Perry,	  2010;	  
Picone,	  Nuzzo,	  Caruana,	  Scafidi,	  &	  Di	  Carlo,	  2014),	  not	  as	  much	  attention	  has	  been	  paid	  to	  
glial	  cells,	  although	  they	  remain	  a	  critical	  part	  of	  the	  nervous	  system.	  	  In	  this	  experiment,	  
we	  tested	  the	  hypothesis	  that	  the	  presence	  of	  beta	  amyloid	  fragment	  25-‐35	  in	  glial	  cells	  will	  
lead	  to	  decreased	  abundance	  of	  mitochondria	  in	  the	  cells.	  	  To	  do	  so,	  chicken	  embryo	  ganglia	  
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were	  triturated	  with	  beta	  amyloid	  protein	  fragment	  25-‐35	  and	  FITC	  Dextran	  solution,	  then	  
incubated	  with	  Rhodamine	  123	  before	  being	  fluorescence	  imaged	  and	  quantified.	  	  	  
 
Materials and Methods 
Materials 

Beta amyloid protein fragment 25-35 was used for our experimental conditions, along 
with Rhodamine 123 dye to label mitochondria, and FITC Dextran dye solution to verify that the 
beta amyloid was triturated into the cells properly.  All of these reagents were acquired from 
Sigma Aldrich, under catalog numbers FD4, R302, and A4559.  

  Dissection and culture of chick embryo neurons and glia was performed as described by 
Morris (2015a), by which procedure the glial cells were acquired.  The growth medium used was 
a C-medium, a modified F-plus medium containing Methyl Cellulose for added viscosity and 
penicillin/streptomycin to prevent contamination (Morris, 2015a).  Hank’s Balanced Salt 
Solution was also used as a wash buffer and as a solvent for the Rhodamine 123 dye solution.   

For	  imaging,	  a	  Nikon	  Eclipse	  E400	  phase	  microscope	  was	  used,	  with	  a	  Spot	  Insight	  
Firewire	  2	  MegaPixel	  camera	  attached	  by	  a	  1.0x	  Nikon	  camera	  mount.	  	  Imaging	  was	  carried	  
out	  using	  SPOT	  software	  version	  5.2.5	  on	  a	  2013	  iMac	  computer,	  with	  OSX	  10.10.5	  (labeled	  
Virgo),	  at	  40x	  microscope	  magnification	  and	  with	  the	  Phase	  2	  lens.	  	  Images	  were	  cropped	  
with	  Adobe	  Photoshop	  CC	  2015.0.1	  release,	  and	  quantified	  with	  ImageJ	  Version	  1.49.	  	  
ImageJ	  data	  was	  graphed	  in	  Microsoft	  Excel	  Version	  14.7.1.	  	  	  
 
Methods 

In order to triturate the cells, the volume of cell suspension was measured to be 171 uL 
by using a micropipette to portion the cells into another tube and keeping track of the volume of 
cells moved.  Next, an equal volume of 25mg/mL FITC Dextran solution in water was added to 
the cell tube and covered with foil to prevent FITC Dextran from photobleaching.  Next, a 
volume of 25 uM beta-amyloid solution equal to one one-hundredth the combined volume of the 
cell suspension and the FITC Dextran solution together was added to the tube containing the 
FITC Dextran solution and cell suspension. For our first experimental trituration, the volumes of 
cells and FITC Dextran solution together was 342 uL, so 3.42 uL of B-A solution was added to 
it.  The final concentration of FITC Dextran solution in solution with the cell suspension and B-
A was 12.4 mg/mL.  Next, this solution was triturated in an Eppendorf tube with a pipetteman 20 
times to permeabilize the cell membranes before being portioned equally into 3 petri dishes with 
coverslips for growth (Verburg & Hollenbeck, 2008).   

This process of trituration was repeated for a control, where only FITC Dextran solution 
was added to the cells.  For this control, the cell-FITC Dextran solution was triturated 20 times 
between each addition to the 4 dishes, differing from the experimental trituration.  This resulted 
in four dishes plated with cells that had undergone different numbers of trituration passes 
through a p20 pipette tip: one with 20 passes (20t), one with 40 passes (40t), one with 60 passes 
(60t) and one with 80 passes (80t).  By visual observation, it would be observed whether a higher 
number of trituration passes contributed to better dye loading.   

After trituration, the cells were incubated overnight at 37 degrees Celsius before the 60t 
and 80t dishes were washed with Rhodamine 123.  The 20t and 40t dishes were not washed with 
Rh, and instead were only washed with Hank’s Balanced Salt Solution (HBSS), to act as more 
controls.  A solution of Rhodamine 123 (Rh) in HBSS was prepared at a 1:11,200 dilution, for a 
concentration of 5 uM (micro molar).  To label with Rhodamine, the original growth medium 
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was pipetted out of the dish carefully, and replaced with warm HBSS, then removed and 
replaced with the Rh-HBSS solution and allowed to incubate for 10 minutes.  After incubation, 
the Rh-HBSS was removed, and the dish was washed 3 more times with HBSS, before adding 
new growth medium.   

To prepare a chip chamber, coverslip chips were arranged in a circle on a microscope 
slide and a drop of growth medium was placed in the center.  Then, the coverslip with treated 
cells was carefully transferred to the slide, cell-side down so that it rested on the coverslip chips.  
The slide was then sealed carefully but quickly with melted Valap wax, and water was dropped 
on the coverslip to remove salts.  The water was carefully wiped away with a KimWipe so as to 
not smear the Valap, and the chip chamber was ready for imaging (Morris, 2015b).   

Cells were observed with a Nikon Eclipse E400 phase microscope under transmitted light 
at 40x magnification and the Phase 2 lens to locate potentially quantifiable cells.  Once glial cells 
were located, a transmitted light image was taken with an exposure time between 200 and 500 
ms using the SPOT program on an iMac computer in the ICUC.  After the transmitted image was 
taken, a fluorescence image was taken.  Green fluorescence images of FITC Dextran were 
exposed for between 9 and 10 seconds, while red fluorescence images of Rhodamine were 
exposed for between 45 and 50 seconds.  These times were determined based on the quality and 
clarity of images produced after exposure, through some trial-and-error across multiple images 
taken.   

Once suitable control and experimental images were taken, they were cropped as 
necessary in Photoshop until the cell was the main focus of the image, and opened in ImageJ.  
Under Image>Adjust>Color Threshold, the color and intensity of red pixels to be counted was 
selected.  For control images, the Color Hue was set between 241 and 255, and Brightness was 
set between 52 and 151.  For the experimental image, Color Hue was set between 217 and 255, 
and Brightness was set between 50 and 243.  Next, under Analyze>Analyze Particles, the 
Display Results and Summarize boxes were checked off, and the image was analyzed.  The 
resulting Summary and Results tables containing information about the Total Area of counted 
pixels in the image, along with other data, were uploaded to Microsoft Excel.  For the control 
cells, the Total Area was averaged, then this value and the Total Area for the experimental image 
were used to make a bar graph (Fig. 6).   

 
Results 
 After letting all the cells incubate with their respective reagents and fluorescent dyes, 
they were imaged using a phase microscope.  Three control cells were quantified from the dish 
that was triturated 60 times with only FITC Dextran solution and washed with Rhodamine, and 
one cell was quantified from the experimental treatment that was triturated 20 times with beta-
amyloid 25-35 along with FITC Dextran solution, then incubated with Rh.  These cells were 
chosen from their groups because they had the clearest and most quantifiable images.   
 As you can see by comparing Figures 1 and 2, fluorescence imaging shows that both 
Rhodamine and FITC Dextran solution were loaded into the control cells successfully.  Since 
these cells were triturated 60 times, it is likely that they were loaded with FITC Dextran solution 
more thoroughly than the dishes with lower trituration pass numbers.  Since cells were incubated 
with FITC Dextran solution overnight, most of it resides in lysosomes in that image, but it is 
clearly still within the cell.  The experimental cell (Fig. 3) appears slightly larger than the control 
cells (Fig 1), but not by too large of a degree.  By comparing Figures 4 and 5, Rh and FITC 
Dextran fluorescence imaging shows that both dyes were successfully loaded into the 
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experimental cell, despite the high background fluorescence in the FITC Dextran image.  This 
also indicates that the B-A was likely loaded into the cell along with the FITC Dextran solution.   

Since Rhodamine 123 stains mitochondria exclusively (L V Johnson, Walsh, & Chen, 
1980), the groups of bright red pixels in the Rh images represent the cell’s mitochondria.  The 
three control cells (Fig. 1) were each individually quantified to get the average mitochondria 
count for the control.  Although the area of red pixels in the image does not tell exactly how 
many mitochondria are present, there is certainly a relationship between the two.  When a cell 
has a higher amount of red fluorescence, that means there are more mitochondria that were 
counted by ImageJ.  Given this, the experimental cell had a higher abundance of mitochondria 
than the control cells (Fig. 6).   
  

Figure 1: 60t control transmitted/fluorescence overlay created in ImageJ.  The 
image was taken at 40x magnification with a Phase 2 lens. Notice the red glow 
localized within cells, representing Rh-stained mitochondria.  Image generated in 
collaboration with J. Newberry, S. Black, C. Humure (2017).   
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Figure 2- 60t FITC Dextran fluorescence, taken at 40x magnification with 
Phase 2 lens.  This image shows that the FITC Dextran solution was 
successfully triturated into the control cells.  Image generated in collaboration 
with J. Newberry, S. Black, C. Humure (2017).   

Figure 3: Experimental fluorescence image as taken at microscope.  This 
image was captured at 40x magnification with the Phase 2 lens and Rh 
fluorescence light.  Image generated in collaboration with J. Newberry, S. 
Black, C. Humure (2017).   
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Figure  4: A zoomed-in overlay of the transmitted and fluorescence images 
of the experimental cell, created in Photoshop.  Mitochondrial distribution 
can be seen throughout the cell.  Image generated in collaboration with J. 
Newberry, S. Black, C. Humure (2017).   

Figure 5: Experimental cell FITC Dextran fluorescence image.  Although 
there is a high amount of background fluorescence, it can be observed that 
FITC Dextran solution was successfully triturated into the experimental cell, 
likely along with B-A.  Image generated in collaboration with J. Newberry, 
S. Black, C. Humure (2017).   
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Figure 6- Average area of red pixels in each image of cells.  The control cells were 
triturated 60 times, and the experimental cell was triturated 20 times. The n values 
for this graph were 4 cells total quantified from 4 total images across 2 trials, and 
experimental and a control.   
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Discussion and Conclusions 
From the data, it appears that the beta-amyloid treated cell had a considerably higher 

mitochondria count than the control cells did.  Thus, the hypothesis that the presence of 
intracellular beta-amyloid would cause a decreased abundance of mitochondria in glial cells was 
refuted.  From these data, it can be concluded that intracellular beta-amyloid fragment 25-35 
does not decrease the abundance of mitochondria in glial cells.  This appears to contradict the 
results of other studies, which have found that intracellular B-A does cause mitochondrial 
dysfunction in Alzheimer’s models (Lopategui Cabezas, Herrera Batista, & Pentón Rol, 2014; 
Park, Kim, Kang, & Rhim, 2009; Zhao et al., 2016).  However, despite this, only one 
experimental image was clear and defined enough to quantify, compared to the 3 individual cells 
used for the control quantifications.  This should be taken into consideration when judging the 
data, as this experimental cell might have represented an outlier response to the intracellular 
beta-amyloid.   

If I had a much larger sample size and got the same results from this experiment 1,000 
times, I would conclude that not only does intracellular B-A not decrease mitochondrial 
abundance, but it may increase it.  The result might be explained by the fact that beta-amyloid 
fragment 25-35 is, in fact, just a fragment instead of the actual B-A plaques present in 
Alzheimer’s patients.  While it is meant to simulate the effects of the plaque, it is not the same 
thing, and it would appear to not have the same effects.   

One of the potential sources of variance in this experiment is the low sample size, given 
overall picture quality.  Additionally, the experimental cell was slightly larger than the control 
cells, which would naturally contribute to a higher mitochondria count.  If this experiment were 
to be repeated and refined more, the researcher should make sure to have enough experimental 
and control images to quantify, along with cells of comparable sizes, so the results can be more 
definitive.  

This property is definitely worthy of further research, under altered conditions in order to 
better simulate and quantify the disease model.  There is a growing body of evidence to suggest 
that glial cells have a role in the pathology of Alzheimer’s Disease (Lopategui Cabezas et al., 
2014; Von Bernhardi, 2007), and understanding their role would be a significant step towards 
understanding the mechanism of Alzheimer’s Disease as a whole.   
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