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Introduction 

Alzheimer's disease (AD) is the most common progressive neurodegenerative disorder in 
humans responsible for the vast majority of the 24 million dementia cases worldwide (Piaceri et 
al., 2012). AD affects the brain’s neurons or nerve cells and is characterized by memory loss, 
cognitive dysfunction and distribution of overall intellectual abilities leading to the inability to 
perform daily life tasks (Alzheimer’s Association, 2017). The two primary features of 
Alzheimer's disease pathology are the intracellular neurofibrillary tangle and the senile plaque 
(Perl, 2010). The neurofibrillary tangle is made up of abnormally phosphorylated tau that 
accumulates irregularly within the cytoplasm of the neuron (Perl, 2010). The senile plaque is 
composed of extracellular amyloid beta (AB) peptide that also accumulate anomalously (Perl, 
2010). The amyloid precursor protein (APP) is the source of amyloid beta (AB) insoluble peptide 
(Ford et al., 2017). Multiple AB isoforms are prdouced from APP through beta and ɣ�secretases 
 to produce a range of AB isofroms (Ford et al., 2017). AB fragment 25-35 has been shown to be 
toxic for neuronal cells (Ford et al., 2017). AB fragment 25-35 and is used in experimental settings 
due to its low cost in comparison with AB 1-42 (Ford et al., 2017). Therefore, those features lead 
to variety of symptoms in the neuronal cell such as oxidative stress or mitochondrial dysfunction 
and synaptic damage (Piaceri et al., 2012).  
 The generation of cellular energy in the form of adenosine triphosphate (ATP) is carried 
out by the mitochondria to maintain cellular energy homeostasis (Piaceri et al., 2012). Since 
neuronal activity is highly energy dependent, any alteration to the function of mitochondria has a 
direct impact on neuronal function (Piaceri et al., 2012). Beta Amyloid fragments have been 
shown to alter mitochondrial function (Casley et al., 2002). Dysfunction in the mitochondria 
results in depleted energy metabolism which in turns promotes a decrease in generation of ATP 
and defective calcium buffering (Piaceri et al., 2012). Thus, the consequences of dysfunctional 
mitochondria could ultimately result in apoptosis due to the insufficient energy metabolism 
(Moreira et al., 2010). A considerable number of studies have suggested defective energy 
metabolism in Alzheimer's disease (AD), thus concluding that the deterioration of brain 
metabolism is a major characteristic abnormality in AD (Castellani et al., 2002). 
 Damaged mitochondria must be removed from the cell through mitophagy, a selective 
autophagic process for mitochondria that maintains cellular energy homeostasis (Ding & Yin, 
2012). Autophagy is a genetically programmed intercellular degradation catabolic process that is 
responsible for degrading any damaged cellular organelles (Ding & Yin, 2012). The mechanism 
by which autophagy takes place is through constructing the autophagosome, a double-membrane 
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structure that eventually fuses with lysosomes to form autolysosomes where the enclosed 
cytoplasmic constituents are degraded (Ding & Yin, 2012). Unlike non-selective type autophagy 
which is activated merely to provide cells with necessary amino acids and nutrients to survive 
(Ding & Yin, 2012), the selective autophagy also known as mitophagy specifically removes 
damaged organelles or protein aggregates even regardless of nutrient conditions (Ding & Yin, 
2012). Since mitochondrial dysfunction has been shown to have an effect in AD, the mitophagy 
process would provide further knowledge of the progression of AD (Moreira et al., 2012). 
However, an issue arises when attempting to quantitatively document mithophagy in mammalian 
cells, since no dependable method has yet been developed to measure it (Ding & Yin, 2012).  
 Mitochondrial dynamics is defined as the movement, distribution, and disposal 
of mitochondria (Ding & Yin, 2012). In addition, mitochondrial dynamics is used to refer to the 
dynamic nature of mitochondria as they constantly undergo fission or division into two daughter 
mitochondria, and a reverse process called fusion (Ding & Yin, 2012). The two daughter 
mitochondria of fission tend to have increased or decreased membrane potential (MP), where 
only the increased MP one is able to undergo fusion as the decreased MP mitochondria is 
degraded by mitophagy (Ding & Yin, 2012). Dysfunctional mitochondria with depolarized MP 
due to pro-apoptotic signal are disposed of via mitophagy (Wang et al., 2011). The movement of 
the depolarized mitochondria in axons of dorsal root ganglion (DRG) is dependent upon the MP 
level (Wang et al., 2011). Whereas about 90% of the depolarized mitochondria containing high 
MP are transported towards the synaptic end of the axon, and about 80% of the depolarized 
mitochondria possessing low MP are transported towards the neuronal cell body (Wang et al., 
2011). Furthermore, mitochondrial abundance in cells is dependent upon the rate of 
mitochondrial dynamics and or mitophagy level within the cell (Ding & Yin, 2012). Axonal 
mitophagy in DRG neurons has been observed through the movement of autophagosomes 
containing dysfunctional mitochondria fragments along axons heading towards the neuronal cell 
(Wang et al., 2011). Since Beta Amyloid fragments have been shown to alter mitochondrial 
dysfunction in AD (Casley et al., 2002). In this preliminary study we hypothesized that Axonal 
mitophagy level will increase due to the presence of extracellular AB fragment 25-35 as 
measured by the fluorescence microscopy of Rhodamine 123 for mitochondrial abundance.  

Materials and Methods 
 
Materials 
 Dissection of 10 day old chick eggs was performed to harvest sympathetic nerve chain 
and dorsal root ganglion cells following the primary tissue culture protocol by R.L. Morris 
(Morris, 2015a). Multiple treatments such as poly-lysine, laminin, and F plus growth medium 
were utulized to prepare the coverslips for plating of dorsal root ganglion cells. In addition, Beta 
amyloid protein fragment 25-35 stock solution was used in for the experimental conditions, Beta 
amyloid protein fragment 35-25 stock solution was used in for the controlled conditions, and 
rhodamine 123 dye stock solution was utilized for mitochondria labeling. The previous stock 
solutions were obtained from Sigma Aldrich, with catalog numbers R302, A4559. The stock 
solutions were made into working solution and used as treatment to test the proposed hypothesis 
along with the growth medium made according to Morris (2015a).  
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Methods 
 A total of four petri dishes were used in this experiment, two controls and two 
experimental petri dishes. The coverslips were treated with poly-lysine for 20-30 minutes then 
rinsed with sterile water. Then coverslip were treated with laminin for 20-30 minutes and then 
rinsed with Hank’s Balance Salt Solution (HBSS). The poly-lysine and laminin treated 
coverslips were treated with F plus growth medium. The dorsal root ganglion were dissociated 
using a protease called trypsin and plated on the pre-treated coverslips to be incubated at 37˚C 
for at least 24 hours. Next, The cells were plated and incubated for an additional 48 hours prior 
to any further treatment. A micro-pipet was used for addition of treatment solutions.  
 The following protocols were conducted in collaboration with Ryan McKeon (2017). The 
working solution of 25 uM AB fragment 25-35 was prepared from a 2.5 mM stock solution as 
follows. 10µl of the stock solution was added to 1ml of growth medium to achieve a dilution of 
1:100. The same protocol was utilized to achieve a final concentration of 25µM for 1ml of AB 
35-25 working solution. 1ml of AB fragment 35-25 working solution was applied onto the 
control group coverslips using the full exchange method by removing the 2ml of growth medium 
present in the dish. The AB fragment 35-25 was utilized in the control group as a carrier for the 
AB fragment 25-35 treatment in the experimental group. 1ml of AB fragment 25-35 working 
solution was applied onto the experimental  group coverslips using the full exchange method as 
well. The cells were incubated for 24 hours. All dishes were treated with 1ml of rhodamine 123 
(1:1000 dilution) using the full exchange method by replacing the growth medium with 
rhodamine 123 working solution. The dishes were then incubated for 10 minutes in a dark 
environment to avoid bleaching. After incubation the cells were washed four times with 4 ml of 
HBSS while in the dish to remove the excess rhodamine 123. The cover slips were then placed 
into a chip chamber prepared according to Morris (2015b) for imagining and observation. The 
rhodamine 123 was prepared in collaboration with Arianna Persarik, Omar Raouf, Ryan 
McKeon, Matt Morgan, Stephanie Martin, and Daniel Southerland.  
 
Data Collection 
 The following data were collected in collaboration with Ryan McKeon (2017). 
Fluorescence imaging was carried out using Nikon Eclipse E80i Epi Fluorescence microscope 
with the lens of 40X/0.65 PH2, as well as SPOT software version 5.2.5 Diagnostic Instruments 
camera on an Apple iMac computer with OS X Yosemite version 10.10.4. to capture the images 
of Rhodamine 123 treated cells. The chip chambers were placed on the microscope along with a 
small heater to provide an optimum temperature of 37°C , and a thermometer to detect any 
fluctuation from the desired temperature. The neuronal cells and their axons were identified 
through the transmitted microscope by considering the round and somewhat oval shape of the 
neuron cell body and the thin extending axons, and transmitted light images were captured. Next, 
fluorescence images of the same view field as the transmitted images were captured.  
 
Quantification 
 Quantification process was carried out with no collaboration. Quantification of the 
collected images was done by using an open source image processing software known as ImageJ. 
The following quantification process was used for both the control and experimental condition. 
The quantified mitochondria was defined as any discrete focus of fluorescence with clear borders 
all around it; which is also distinguishable from any other discrete focus of fluorescence by its 
uniform and intensity. Moreover, any discrete focus of fluorescence with no uniform and 
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intensity was counted as a single mitochondria. The straight line feature of imageJ was used to 
draw a line with a length of 150 pixels adjacent to the axon with the fluorescent mitochondria 
and starting from the cell body. The multi-point feature of ImageJ was utilized to label and count 
the axonal mitochondria within the defined 150 pixels distance. Starting the line adjacent to the 
neuronal cell body ensured consistency in the selected region in which fluorescent mitochondria 
were counted. Furthermore, The exact exposure time of 7 seconds was used for the experimental 
and the control fluorescence images, since it yielded the highest quality images and to prevent 
variation. In addition the first captured fluorescence image of a specific view field was used to 
ensure consistency and no bleaching due to fluorescent light exposure. Also the 10 minutes 
incubation of the cells upon addition of Rhodamine 123 is another constant in this procedure.  

Results   
The observations made on the axonal mitochondria treated with Rhodamine 123 showed 

a green fluorescence (figure 1&2). Mitochondria tend to have a round and slightly oval shape, as 
they are present in axons individually or in closer dimensions to other mitochondria (figure1&2). 
The experimental group treated with the Beta Amyloid 25-35 and Rhodamine 123 show an 
increase in axonal mitophagy. The presence of abnormal mitochondria in the axons decreased as 
shown in (figure 3). the mitochondrial abundance is significantly lower in the experimental 
group than in the control (figure 3). The green fluorescence axonal mitochondria in Figure 1 is 
relatively brighter than that in (figure 2) which serves as an indicator of higher and lower axonal 
mitochondrial abundance respectively. However, the controlled group treated with the AB 35-25 
and Rhodamine 123 show a decrease in axonal mitophagy. The presence of normal axonal 
mitochondria in high abundance ensures the decline in axonal mitophagy (figure3).  
   

   (a)       (b)    
Figure 1: a) Rhodamine 123 fluorescence image, taken at 40x magnification with 
Phase 2 lens and 7000 millisecond exposure. b) Light transmitted image, taken at 40x 
magnification with Phase 2 lens. The transmitted light image on the right has the same shape of 
the fluorescence image. The two images shows that the Rhodamine 123 has successfully stained 
the axonal mitochondria in the control group. The relative abundance of fluorescent 
mitochondria for the control group is illustrated in image (I). Image captured in collaboration 
with Ryan McKeon (2017).    
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                                   (a)                         (b)  
Figure 2: a) Rhodamine 123 fluorescence image, taken at 40x magnification with 
Phase 2 lens and 7000 millisecond exposure. b) Light transmitted image, taken at 40x 
magnification with Phase 2 lens. The transmitted light image on the right has the same shape of 
the fluorescence image. The two images shows that the Rhodamine 123 has successfully stained 
the axonal mitochondria in the experimental group. The relative abundance of fluorescent 
mitochondria for the experimental group is illustrated in image (I). Image captured 
incollaboration with Ryan McKeon (2017) 

Figure 3: The average axonal mitochondrial abundance in the Amyloid Bera treated DRG 
neurons. The experimental group treated with AB 25-35 resulted in a relatively higher abundance 
of axonal mitochondria than the control. The data for this graph were derived from measurement 
of 8 axons in 4 cells from 4 images across 2 trials, for the experimental and the control.  
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Discussion and Conclusions 
 The collected data supports the hypothesize that axonal mitophagy level will increase due 
to the presence of extracellular AB fragment 25-35 as measured by the fluorescence microscopy 
of Rhodamine 123 for dysfunctional mitochondria. There was a higher abundance of axonal 
mitochondria in the experimental group in comparison with the control as measured by number 
of mitochondria ± standard deviation (Figure 3). The images for both groups were collected 
using 7 seconds exposure of the first captured image in one specific view field for consistency 
(Figure 1-2). The n values for this study were derived from analysis of 8 axons in 4 cells from 4 
images across 2 trials, for the experimental and the control. The transmitted image was used to 
ensure the staining of the axonal mitochondria in the fluorescence image (Figure 1-2). The 
fluorescence images of the experimental group contained more mitochondria than the 
fluorescence image of the control group, suggesting a higher abundance of mitochondria in the 
experimental (Figure 1-2). Since there was an increase in the abundance of axonal mitochondria 
in the close to cell body region of the experimental group, the data is in agreement with the 
literature (Figure 3). The depolarized mitochondria with low MP are moved towards the cell 
body (Wang et al., 2011). There is evidence to suggest that the counted mitochondria may have 
been dysfunctional mitochondria that are undergoing mitophagy. Therefore, the addition of AB 
may have caused the mitochondria to become dysfunctional and in turn increase mitophagy 
level. To conclude, the presence of fluorescent mitochondria in the experimental group may 
perhaps suggest the mitochondria are dysfunctional and perhaps cause an increase in axonal 
mitophagy level.  
  Although a significant difference in axonal mitochondrial abundance averages was 
found, the low n value used in this experiment is likely to be a limiting factor for the significance 
of the results. Moreover, the collected data is considered preliminary evidence, and additional 
studies are required for significant results. Replication of this study would demand a significant 
increase in the n value for a more reliable significant difference in averages. Further 
investigation with more compelling significant difference could result in the conclusion that the 
presence of the axonal mitophagy is positively impacted by AB fragment 25-35 as mitochondrial 
abundance diminishes.  

Studies have shown that axonal mitophagy is imperative for axonal homeostasis and 
neuronal functions (Wang et al., 2011). Since there is an increase in axonal mitophagy shown in 
the depletion of axonal mitochondria, the few remaining present mitochondria could appear to be 
swollen and dysfunctional due to alteration from the intracellular Beta amyloid (Castellani et al., 
2002). However, even with the available evidence, the role of axonal mitophagy in altering 
mitochondrial dynamics is yet to be fully understood (Wang et al., 2011).  
 Cells maintain their homeostatic energy level to escape oxidative stress by adjusting 
mitochondrial dynamics (Wang et al., 2011). The alteration of mitophagic activity and its 
presence in multiple distinct pathophysiological mechanisms is poorly understood (Wang et al., 
2011). For future studies the mitochondrial transport along the axon could be studied by altering 
mitochondrial dynamics through treatment of extracellular or intracellular AB fragment 25-35 
and collection of multiple images at different time intervals. The mitochondrial transport along 
the axon would provide further understanding of the axonal mitophagy as altered by exogenous 
AB fragments. Although autophagic activity have been thought to serve for protection of axons 
and dendrites; it has been shown that exaggerated autophagic activity could lead to degeneration 
of the axons and dendrites observed through  axonal swelling and dendritic retraction 
respectively (Wang et al., 2011). Accordingly, further research both in vitro and in vivo is 
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essential for investigating the pathological processes of AD and its possible treatment (Perl, 
2010).  
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