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Introduction 
 

Alzheimer’s Disease (AD) is the most common neurodegenerative disorder among the 
aging population post 65 years old and contains characteristics such as regionalized neuronal loss 
and the presence of neurofibrillary tangles and plaques in the brain (Wang et al., 2008). Neuronal 
loss as well as gliosis is apparent in the presence of these characteristics which causes 
denaturation in the mitochondria, ultimately altering their function and abilities to formulate 
memory. In a similar research publication, somatic and neuritic mitochondrial distribution and 
mitochondrial volumes in neurons were investigated, which over-express a human mutant form 
of tau (P301L) known to lead to dementia (Kopeikina et al. 2011). Amyloid Beta (Aβ) is a major 
component of neuritic plaques or amyloid deposits found in AD patient brains and is created by 
amyloid precursor proteins (APP) that undergo a processing malfunction. Although the 
concentration of Aβ in circulation of a person with AD is unknown, the concentration of 25µM 
Aβ was previously found to have effects on cells of the nervous system (Allaman et al., 2010).  
Aβ is created in the amyloidogenic pathway where APP experiences protein denaturation by 
secretases (Reddy & Beal, 2008).  

Mitochondrial distribution among glial cells plays an important role in overall cell 
function as well as in the production of ATP, however, little is known about the changes of 
mitochondrial location and distribution in respect to exposure of Aβ. Mitochondrial distribution 
in AD cells is perinuclear with few metabolic organelles in the distal processes, where they are 
normally distributed in healthy cells and are needed for exocytosis, ion channel pumps, synaptic 
function and other activities (Bonda, Wang, Perry, Smith, & Zhu, 2010). Emerging evidence 
shows that mitochondria are dynamic organelles that undergo continuous fission and fusion, the 
balance of which not only controls mitochondrial morphology and number, but also regulates 
mitochondrial function and distribution (Wang et al., 2009). This relates to AD such that 
mitochondrial function may decrease altogether, hindering the production of ATP, an assistant in 
the process of formulating memory. 

Fluorescent microscopy and vital staining are crucial steps in visualizing mitochondria 
selectively without interfering with other organelles within the glial cells. Rhodamine 123 is used 
as a fluorescent probe for mitochondria in vivo, which stains mitochondria directly, omitting 
lysosomes and vesicles (Johnson, Walsh, Chen, & Buchanan, 1980). Fluorescein isothiocyanate–
dextran (FITC-Dextran) is a fluorescent membrane permeability marker that can confirm 
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whether the targeted reagent, Aβ, co-injected into the glial cell successfully (Tai, Holloway, 
Male, Loughlin, & Romero, 2010). In order to assist the reagents in properly entering the cell, 
trituration loading will be used which is the process of perforating the membrane by using 
micropipettes. This method controls for error within the experiment, ensuring Aβ was triturated 
into the cells properly, considering that FITC-Dextran does not mark mitochondria but rather 
inhabits the cytoplasm of glia.  

Ten-day old chick embryos (Gallus gallus) will be used as the model system for this 
experiment. Sympathetic nerve chains and dorsal root ganglia will be harvested by dissection 
from chicken embryos. The purpose of utilizing Gallus gallus is because they are frequently used 
as a good model system to investigate neuronal differentiation as well as the function of 
neurotransmitter receptors (Boehm et al. 1997). Intracellular Aβ is known to cause mitochondrial 
mediated toxicity within the neurons of AD patients where the mitochondria cease production of 
ATP and undergo apoptosis (Chen & Yan, 2010). Little is known about glial mitochondria in 
respect to the distribution functionality and exactly how Aβ effects it. Mitochondrial defects in 
glia may imply the disability to produce ATP, a source of energy critical for healthy brain 
function. Glial cells are appropriate for this study because glial cells are known to participate 
directly in plaque formation, growth and morphological evolution (Nagele et al. 2004). To 
further investigate, chick sympathetic neurons will be treated by trituration loading performed 
with Aβ and FITC-Dextran solution to observe changes in mitochondrial distribution within glia. 
In this study, the hypothesis being tested is if intracellular Aβ effects mitochondrial distribution 
which will be measured by fluorescent microscopy and vital staining. 
 
Materials and Methods 
 

Beta amyloid protein fragment 25-35 was used for our experimental conditions, along 
with Rhodamine 123 dye to label mitochondria, and FITC Dextran dye to track the beta amyloid 
movement.  The reagents used were acquired from Sigma Aldrich, catalog numbers FD4, R302, 
and A4559.  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 the iMac desktop computer running OSX 10.10.5 in the 
ICUC laboratory. The images were taken at 40x microscope magnification while using the Phase 
2 lens.  Images were cropped with Adobe Photoshop CC 2015.0.1 release.   

Sympathetic nerve chain and dorsal root ganglia were isolated and harvested from ten-
day old chick embryos. The dissection was carried out using a published dissection protocol 
(Morris, 2015a). Neurons and glia were grown in modified Leibovitz L-15, converted to F-plus 
medium containing neuron growth factor. It is important to note that pen/strep was also added to 
the medium to prevent contamination. Before the neurons and glia were plated, the cells were 
triturated to perforate the membranes open and allow the reagents FITC-Dextran solution and Aβ 
to enter the cytoplasm. FITC-Dextran was made in water to reach 25 mg/ml concentration. The 
trituration method followed the protocol of Hollenbeck (Verburg & Hollenbeck, 2009). Control 
and experimental cells were triturated with a volume of 25 mg/ml solution of FITC-Dextran 
equal to that of the cells and growth medium being triturated. Experimental cells were triturated 
with a mixed solution of FITC-Dextran and 25µM Aβ 25-35 added at one one-hundredth of the 
volume of cells and medium combined, in this case, 3.24µL. Both control and experimental cells 
were then plated and incubated at 37 degrees Celsius for twenty-four hours. After twenty-four 
hours, all experimental dishes were washed three times with HBSS and were administered a 
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1:11,200 dilution of Rhodamine 123 in HBSS, following Rhodamine protocol (Sapiente, 2017). 
Two control dishes were exposed to Rhodamine 123, while two were not. The cells that received 
Rhodamine 123 and control dishes were incubated for ten minutes at 37 degrees Celsius and then 
washed again three times. Coverslips from each dish were then made into chip chambers for 
control and experimental imaging.  

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 following the published protocol of 
Morris (2015b).  Then, the coverslip that had treated cells was carefully transferred to the slide, 
noting that the side with cells was placed downward on top of the chips.  Cells were located 
using transmitted light on 10x magnification using Phase 1 lens and imaged, then imaged with 
fluorescence using SPOT software on the 2013 iMac desktop using OSX 10.10.5.  All images 
were taken at 40x magnification with the Phase 2 lens. In order to capture the fluorescent images 
for each reagent used, the level of exposure varied. For FITC-Dextran, an exposure level 
between 9,000-10,000 milliseconds was applied with green fluorescent light directly onto the 
cells. For Rhodamine 123, an exposure level between 45,000-50,000 milliseconds was applied 
with blue fluorescent light directly onto the cells. Photobleaching was carefully accounted for, 
avoiding multiple images in the same area.  

Once fluorescent and transmitted images were acquired, the area coverage of red pixels in 
the cells, due to mitochondrial probe Rhodamine 123, was quantified using ImageJ. The center 
of the nucleus was determined in each cell by using the ROI manager in correlation with its 
Centroid plugin in ImageJ, creating an outline of the nucleus and averaging the distances around 
it, providing an absolute center. The line measurement tool was used to measure the distance 
from the center of the nucleus to each of the fluorescently labeled mitochondria. The red 
pixelated mitochondria were determined by spatial separation while carefully discerning 
individual distributions. The length data was entered into Microsoft Excel and converted into 
micron unit lengths by taking an image of the stage micrometer. This was repeated for all 
necessary control and experimental glial cells and interpreted into graphs.   
 
Results 
 
 This study demonstrates that mitochondrial distribution within glial cells in exposure to 
Aβ provides sufficient data to suggest a positive correlation. In the control trial, the distribution 
of mitochondria was more perinuclear, where the experimental Aβ trial showed more dispersed 
mitochondria (Figure 4). The control trials of FITC-Dextran show fluorescence inside the cell 
cytoplasm in Figure 1, demonstrating that the trituration method was successful and Aβ entered 
the cells successfully. The control trials of Rhodamine 123 show fluorescence inside the 
mitochondria in Figure 2, demonstrating that the reagent successfully targeted the mitochondria 
and stained them. Observations indicate mitochondrial distribution frequency congregates more 
along the edges of the glial cell in response to intracellular Aβ as shown in Figure 3.  

The fluorescence imaging shows that the FITC-Dextran is inside lysosomes which 
cleaned up the inner cellular debris, proteins, and molecules. Another control method to prevent 
error was the Rhodamine 123 control trial where Rhodamine 123 was exposed to cells without 
Aβ, to ensure that it actually labeled mitochondria in the cells. The experimental trial consisted 
of using all three reagents to determine the effects Aβ has on glial mitochondria. 
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Figure 1: One transmitted image of a single glial cell quantified under 40x magnification using a 
Phase 2 lens (left) and its respective fluorescent image (right) marked by FITC-Dextran as 
control. Notice the brighter fluorescence on the outer perimeter of the cell, indicating the 
trituration loading process by lysosomes. Images collected were used in collaboration with C. 
Lafen, S. Black, and C. Humure (2017).  
 

 
Figure 2: One transmitted image of a single glial cell under 40x magnification using a Phase 2 
lens (left) and its respective fluorescent image (right) marked by Rhodamine 123 as control. 
Notice the red pixelated mitochondrial clusters indicating the incubation process worked. Images 
collected were used in collaboration with C. Lafen, S. Black, and C. Humure (2017).  
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Figure 3: Transmitted image of a glial cell under 40x magnification using a Phase 2 lens (left) 
and its respective fluorescent images inhibited by intracellular beta amyloid, marked by 
Rhodamine 123 (middle) and marked by FITC-Dextran solution (right). Notice the perinuclear 
locations of mitochondria marked by Rhodamine 123. Also note the FITC-Dextran solution 
fluorescence showed entry of triturated loaded molecules, likely including beta amyloid. Images 
collected were used in collaboration with C. Lafen, S. Black, and C. Humure (2017).  
 

 
Figure 4: Comparison of mitochondrial distribution frequency in glial cells within two trials 
measured in microns; data are derived from 63 mitochondrial positions measured in one cell 
from one control trial as well as 121 mitochondrial positions measured in one cell from one 
experimental trial. Notice the overall experimental distribution of mitochondria (Blue) is shifted 
further right, away from the nucleus compared to the control distribution (Orange).  
 
Discussion 
 
 In this study, the data supports the original hypothesis that intracellular Aβ effects the 
distribution of mitochondria within glial cells. The change in mitochondrial distribution may 
suggest functional changes that could cause denaturation in the organelle altogether. Aβ is a 



 

 6 

contributing factor to mitochondrial dysfunction in AD and is present in mitochondrial 
membranes that interact with mitochondrial proteins, block mitochondrial import channels, 
impair mitochondrial transport, disrupt the electron transfer chain, increase ROS levels, and 
cause mitochondrial damage (Wang et al., 2008). Similar to the findings by Wang et al. (2008), a 
positive correlation was determined in the current study between Aβ and the percentage of cells 
with abnormal mitochondrial distribution as shown in Figure 4.   
 Considering the sample size is trivial, further research would be desired to confirm that 
mitochondrial distribution is directly associated with Aβ. If further evidence supported this 
study, mitochondrial distribution within glial cells could be investigated as a precursor sign for 
Alzheimer’s Disease in a sense that mitochondrial function and morphology may begin to vary. 
To advance this study, the overall function of the mitochondria post exposure of Aβ could be 
examined and show the exact behavior that corresponds along with it such as ATP production 
rates. This would highlight the functional characteristics of mitochondria in exposure to 
intracellular beta amyloid which can further the investigation of AD and how plaques affect the 
brain.  Varying doses of Aβ could also be exposed to the cells to determine the cytotoxicity and 
mitochondrial abundance as well. Understanding these features more in depth will help better 
understand the mechanism of the disease and possible threshold level of apoptosis.  
 Sources of error were carefully accounted for, ensuring that minimal miscalculation 
occurred. In the experimental trial, dishes were washed three times with HBSS, however we 
replaced the original medium the cells were incubated in containing FITC-Dextran and Aβ back 
into the dish after the washes causing all the liquid to be fluorescent. When imaging, the field of 
view was fluorescent green, indicating that the cells would be non-visual. To correct this, the 
chip chambers were broken open by scraping Valap off two edges with a razor blade and the 
liquid was chased out with regular medium by use of a pipette. Despite complications, a FITC-
Dextran image was obtained as shown in Figure 3.  
 Treatment for Alzheimer’s patients is limited while we try to further understand the 
mechanisms that encompass it. Alzheimer’s Disease is a very complicated neurodegenerative 
disorder that is currently affecting more than 5.4 million American lives (Alzheimer’s 
association 2012). With an ultimate goal of eliminating this disease altogether, scientific 
collaboration will lead to more discovery hopefully eradicating Alzheimer’s Disease from the 
human race.  
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