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Introduction: 
 
        Autophagy has proven dysfunctional in neurodegenerative diseases such as Huntington’s 
and Alzheimer’s. This cellular process consists of a degradation pathway that is responsible for 
eliminating damaged organelles or the buildup of abnormal or toxic cytoplasmic “waste”. There 
are multiple steps involved with the autophagic process (Dunn, 1990;110:1935–1945). The 
phagophore, an isolation membrane, forms during the nucleation process and elongates to create 
autophagosomes-vacuoles responsible for holding cytoplasmic material. The very last step of the 
autophagic process consists of the fusion between the lysosome and the autophagosome, two 
cellular components that are responsible for creating the autolysosome (Dunn, 1990;110:1935–
1945) Bulk cellular material is engulfed and degraded by the autolysosome. Through the removal 
of damaged organelles and bulk material, autophagy plays a crucial role in the maintenance of 
homeostasis in neuronal cells, yet there are few studies that reflect the exact role of autophagy in 
neurons (Dunn, 1990;110:1935–1945). In a study conducted by Komatsu et al., mice developed 
behavioral defects, abnormal reflexes, and reduced coordination, eventually leading to death as a 
result of deficient autophagic neurons. (Komatsu et al., 2006). These data suggests that 
autophagic activity is essential for intracellular maintenance, physiological homeostasis, and 
protein-quality control (Komatsu et al., 2006).  
        Many studies have demonstrated the induction of autophagy by cell stress or serum 
starvation. Autophagy induced by starvation is regulated by reactive oxygen species 5' adenosine 
monophosphate-activated protein kinase (AMPK) (L. Li, Y. Chen, and SB. Gibson, 2013). 
AMPK senses changes in energy and stress levels though an increase in intracellular adenosine 
monophosphate- better known as AMP. Once AMPK is activated, catabolic pathways are 
signaled to create ATP and inhibit cell processes that consume ATP (Wang et al., 2012). If 
AMPK senses low cellular energy levels, AMKP phosphorylation occurs to induce 
mitochondrial fission, a process that is responsible for creating a tubular network between 
mitochondria, ultimately providing greater cell viability due to abundant ATP (Youle and van 
der Bliek, 2012). Production of energy is dependent on the mitochondria. Serum starvation 
creates stress levels that activate multiple proteins to change the morphology of the 
mitochondria, thus inducing mitochondrial fission and enough energy to maintain neuronal and 
synaptic activity (Zhang et al., 2016). With abundant ATP production, mitochondria will 
generate energy to execute the autophagic process and maintain homeostasis (Toyama et al., 
2016). Though primary literary research, one can infer that cells exposed in the highest stress 
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conditions, such as serum starvation and the application of beta-amyloid, will produce greater 
levels of ATP, thus generating higher levels of autophagy. 
        In this study, sympathetic neurons from Gallus gallus embryos will be used to test the 
hypothesis that serum starvation creates high levels of autophagy in neuronal cells as measured 
by lysosomal activity. Three different doses of fetal bovine serum were distributed to petri dishes 
containing neurons (2% FBS, 5% FBS and 10% FBS growth mediums). Furthermore, an 
additional experiment was utilized to test the effects of serum starvation on autophagy in the 
presence of beta-amyloid. Both experiments are vital to this study because they will further our 
understanding of the underlying mechanisms involved with neurodegenerative diseases, and 
most importantly, provide further insight on the effects of serum starvation on autophagy in the 
presence of a protein fragment (Aβ) that accumulates to form the plaques found in the brain of 
Alzheimer patients.  
 
Methods: 
 
Dissection of Sympathetic Gallus gallus and Serum Starvation 
 
        Primary tissue culture on Gallus sympathetic cells was performed as described by Morris 
(2015a). Sympathetic Gallus gallus cells were placed in growth medium (GM) and incubated at 
optimal humidity and temperature (37ºC) for 24 hours. Coverslips were created and cleaned with 
ethanol and treated with polylysine and laminin (Morris, 2017). Chip chambers were utilized to 
observe live cells with a Nikon Eclipse E200 at 40x magnification (Morris, 2015b). A working 
solution for serum starvation was made. The final concentrations for the serum included 10% 
FBS (control group), 5% FBS growth medium, and 2% growth medium. 10% GM was made 
using 100ml serum free GM. 300µl of 10% FBS stock solution was added to 6ml serum free GM 
to make 5% FBS GM. 120µl of 10% FBS stock solution was added to 6ml of serum free GM. 
Cells were incubated for 48 hours at 37ºC after placement in their respective growth medium 
environments (10% GM, 5% FBS GM, 2% FBS GM).  
 
Lysotracker and Fluorescence Microscopy   
        A working solution for lysotracker® Green DND-26 was utilized to measure lysosome 
activity in the serum starved cells. 1 µl of 1 mM stock solution was diluted into 17 ml HBSS to 
get 60 nM working lysotracker solution. 15 high-quality images of 48-hour serum-starved 
incubated neurons + lysotracker were obtained with SPOT Imaging Microscopy Software (used 
in conjunction with SPOT InSight Firewire 2 Megasample camera, on a Macintosh computer). 
Brightfield-transmitted light setting was shifted between overexposure or underexposure cell 
brightness for 15 neurons in their respective image area. Fluorescence microscopy was utilized 
with a 20s exposure and 32-threshold limit to capture images for 15 neurons with fluorescing 
green lysosomes. Neurons were imaged with a Nikon Eclipse E200 at 40x magnification.  
 
Serum Starvation and Aβ Application 
        In a separate experiment, cells were serum starved in conjunction with beta-amyloid 
application. 20µl of 25µM Aβ 25-35 fragment was used for the Aβ treatment experiment. SPOT 
Imaging Microscopy Software was used to obtain 15 of 48-hour serum-starved + beta-amyloid 
incubated neurons with lysotracker. Brightfield-transmitted light setting was used to overexpose 
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or underexpose cell brightness in their respective image area.  15 images of neurons were 
obtained using bright transmitted lighting. Fluorescence was used at a 20s exposure with a 32-
threshold limit to capture images for 15 neurons containing fluorescing green lysosomes.  
Neurons were imaged with a Nikon Eclipse E200 at 40x magnification. 
 
Data Quantification  
        15 transmittance and 15 fluorescence images of single neurons were obtained and analyzed 
with Image J32 program. The boundary of a single neuron viewed in transmitted light was 
outlined with the freehand trace tool and transferred to the corresponding fluorescence neuron 
image. Threshold of image was adjusted with the intensity command between 32 and 255 with 
the 8-bit grey image type setting. Pixels with a brightness above 32 appeared bright red in color. 
The fluorescence image was then adjusted to 8-bit grey image type. Thus, any pixel with 
threshold higher than 32 was covered by red dots. Analyze Particles command was utilized to 
retrieve the % area value of measured area (red pixels). The % area of pixels corresponds to 
lysosomes with a greater threshold than then overall selected area of the neuron. Fifteen 
fluorescent images of neurons were overlaid on corresponding transmitted images with Adobe 
Photoshop 2017 to provide visual indication of autophagic activity in the neuron as shown in the 
results section. (These results were achieved in collaboration with Keran Yang.) 
 
Results: 
 
        High levels of autophagy were observed in the control group containing only 10% FBS 
growth medium (Figure 4). The control group indicates that 10% FBS generated the highest 
amount of lysosomal activity. The experimental groups, 2% FBS and 5% FBS were observed to 
have lower lysosomal activity than the control group. In the second experiment, the highest 
amounts of lysosomal activity were observed in the 2% FBS growth medium (Figure 5).  The 
10% FBS was observed to have the second highest amount of lysosomal activity at 10.93 % 
average area. The 5% experimental group has the lowest % average area at 6.07%, indicating the 
lowest levels of autophagic activity. As represented by the graphs in figure 4 and figure 5, 
lysosomal activity varies in the presence of serum starvation and serum starvation with beta-
amyloid. Figures 3 through 5 contain images of neurons obtained through fluorescence 
microscopy. The bright green fluorescence within the neuron represents lysosomal activity. 
(These data were collected in collaboration with Keran Yang, 2017) 
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Figure 1: Neurons in 2% FBS growth medium- This image contains multiple neurons with 
lysosomal activity in 2% FBS growth medium. Fluorescence image was overlaid on 
corresponding image to show the highest levels of autophagy within the cells parameters. 
Brightest areas appear to be in the cell soma.   
 
 
 

 
Figure 2: Neuron in 5% FBS growth medium-The soma of the neuron reveals lysosomal 
activity as indicated by the bright green fluorescent light (Lysotracker). Fluorescent image of 
neuron was overlaid on corresponding transmitted image to provide visual indication of 
autophagic activity in the neuron.  
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Figure 3: Neurons in 10% FBS growth medium (Experimental Control for beta-amyloid 
experiment)- The bright green fluorescent light is representative of lysosomal activity in 
neurons and their respective axons. Notice the high levels of autophagy in the cell soma, as 
indicated by the bright green fluorescent light. 
 
 
 
 

 
Figure 4: 48-hour starvation without Beta-amyloid- (n=15) Levels of lysosomal activity in 
the 2%, 5%, and 10% starvation conditions are represented by the bars above in correspondence 
with their average % area. An upward trend of lysosomal activity from 2% FBS to 10% FBS is 
indicated by the graph. Data was generated in collaboration with Yang, 2017.   
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Figure 5: 17-hour starvation in the presence of beta-amyloid – (n=15) Data signifies 
autophagy represented by lysosomal activity (average % area) in neurons. Trend reveals a 
decrease in lysosomal activity for neurons exposed to FBS concentrations higher than 2%.  
 
Discussion: 
 
        Data obtained from the 17-hour starvation with Aβ and 48-hour starvation experiments does 
not support the hypothesis on autophagic activity induced by serum starvation. The data in figure 
4 indicates a reverse outcome of what was initially expected. The neurons in the 2% FBS growth 
medium had the lowest levels of autophagic activity as measured by the average % area. 5 % 
FBS growth medium and 10% FBS growth medium were slightly higher, indicating that the 
highest environmental stress (2% FBS growth medium) did not create higher levels of 
autophagic activity in the neurons. In contrast, the data gathered from the second experiment 
provides promising evidence to support the effects of serum starvation on autophagy. However, 
the data reveals an unexpected pattern as represented by the 5% FBS in figure 5. The neurons in 
the 2% FBS growth medium had the highest lysosomal activity and the neurons in the 10% FBS 
growth medium had the lowest lysosomal activity as expected.  
       Since the outcomes of both experiments are substantially dissimilar, the data is different 
from the expected outcome of the hypothesis. There may be multiple cellular components 
playing a role in the induced autophagic process that were not observed in this study. In regard to 
the 17-hour serum starvation and Aβ experiment, Aβ may have hindered 5' adenosine 
monophosphate-activated protein kinase in the 5% FBS growth medium neurons to detect and 
induce mitochondrial fission, resulting in less ATP and lower lysosomal activity (L. Li, Y. Chen, 
and SB. Gibson, 2013). Aβ may also have severely affected another cellular component of the 
5% FBS growth medium that hindered autophagic activity. However, in the 48-hour serum 
starvation experiment, 5' adenosine monophosphate-activated protein kinase may have detected 
stress from the starvation, yet data from similar studies may provide insight on why autophagic 
activity in the 2% and 5% FBS growth medium were lower than 10% FBS growth medium (L. 
Li, Y. Chen, and SB. Gibson, 2013). Despite the unexpected trend, the data suggests that serum 
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starvation affects the normal function of the autophagic process in neuronal cells. The effect of 
beta-amyloid on the neurons in the 5% FBS may have generated fewer toxic content, thus 
inducing less autophagy than the 2% FBS and 10% FBS group. Furthermore, autophagy is a 
complicated process that involves many cellular factors such as second messengers, adrenergic 
agonists, growth factors and purines (Larsen & Salzer, 2002). The interaction between a wide 
variety of factors was not observed in this particular study. However, they may have affected the 
outcome of steps involved in the autophagic regulation of neurons. Due to the complex nature of 
autophagy, there may be multiple factors at play, ultimately effecting how the autophagic 
pathway is mediated in neuronal cells exposed to different levels of stress (Larsen & Salzer, 
2002). 
        To refine this experiment for future trials, different dosages of fetal bovine serum will be 
utilized to conduct serum starvation on neuronal cells. For example, lower the 2% dosage to 
0.5% FBS growth medium and the 10% dosage to 15% FBS growth medium. By creating new 
doses of FBS growth medium, this will provide more room to speculate whether autophagy is 
efficient at extremely high and low concentrations of FBS. This will allow the construction of a 
concentration gradient that shows how different doses of FBS growth medium affect the 
autophagic process. Furthermore, the concentration gradient of FBS growth medium doses may 
be closely tied with AMPK stress sensory, thus generating different effects of autophagic activity 
on the respective stress environments of neurons (Larsen & Salzer, 2002; Wang et al., 2012). 
Through continuous research, investigation, and developments of this study, one can provide 
future implications and a stronger understanding of the neuroprotective effects of autophagy in 
neurodegenerative diseases. 
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