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Introduction 

Anxiety disorders are one of the most common types of mental illness in the United 
States today. It affects more 18.1% of the adult population each year (Anxiety and Depression 
Association of America, 2018). Chronic psychosocial stress is a significant factor in a wide range 
of public health problems in today’s world (Cohen et al., 2007). Cortisol is well known 
glucocorticoid hormone that is secreted from the adrenal glands in response to the release of 
adrenocorticotropic hormone (ACTH) from the pituitary gland. ACTH is released due to the 
secretion of the corticotropic releasing hormone (CRH) from the hypothalamus. This systematic 
release of hormones is a part of the hypothalamus-pituitary-adrenal (HPA) axis, which induces a 
physiological response to stress. Chronic psychosocial stress mitigates this mechanism by 
continuously activating the HPA axis causing elevated cortisol levels (Jung et al., 2015). 

Hei et al. (2019) has looked at the effects of chronic mild stress induced depression and 
the result it has on synaptic plasticity. The study concluded that chronic mild stress increased the 
synaptic density in hippocampal neurons (Hei et al., 2019). Endosomes play an important role in 
these processes as they carry material within a neuron. Endocytosis is the process of surrounding 
material by an area of the plasma membrane in which a vesicle forms containing the ingested 
material (Cooper, 2000). Previous research has found that when exocytosis, or the release of 
material from a vesicle, occurs proteins are retrieved from the axon terminal in another vesicle, 
or endosome (Harris, Schuske, & Jorgenson, 2001). This research suggests that endosome 
reuptake is an indication of exocytosis and synaptic transfer of material from a cell.  

A previous neurobiology study looked at the effects of lithium on synapse formation is 
Gallus gallus neurons. Because lithium is a common treatment for bipolar disorder (BP), the 
researcher intended to understand its use in the underlying mechanism during synapse formation 
in patients with BP. They found that neurons treated with lithium had a lower amount of synapse 
formation than the control group (Murphy, 2015). The present study also aims to look at the 
effects on synapse formation, but with the use of cortisol. 

The purpose of this study is to begin to test whether there is a connection between 
prolonged cortisol exposure and synapse formation by looking at endosomal activity in 
peripheral nervous system neurons. This study was completed using Gallus gallus neurons, 
specifically looking at endosomes within axons. This particular study looked at high-density 
peripheral neurons that were 17 days old and had been exposed to the cortisol solution for 1 
week. It was hypothesized that cortisol would decrease the amount of endosomal activity as 
measured by the amount of endosomal fluorescence which is an indication if synapse formation 
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between axons. If the data supports the proposed hypothesis, there will be preliminary evidence 
that cortisol has an effect of decreased endosomal activity in peripheral Gallus gallus neurons. 
 
Materials and Methods 
Materials 

The materials for this experiment were provided by Dr. Robert Morris, along with the 
procedures for the coverslip preparation and the dissection of dorsal root ganglia and 
sympathetic nerve chains from Gallus gallus embryos. The primary reagent of this experiment 
was cortisol (hydrocortisone), at a stock powder of 1 gram, and the staining reagent was 
Fluoromyelin, at a stock concentration of 1ml. Both were provided by Dr. Robert Morris, along 
with Nerve growth medium (GM) and Hanks Balanced Salt Solution (HBSS).  
 
Dissection 

Dorsal root ganglia and sympathetic neurons were harvested from 10 day old Gallus 
gallus embryos executed base on the procedure protocol: “Primary Culture of Chick Embryonic 
Peripheral Neurons 1: DISSECTION” (Morris, 2019). This protocol was use for coverslip 
preparation and treatment as well as for the use of sterilized Pasteur pipettes (Morris, 2019).  
 
Cortisol (Hydrocortisone) preparation 

The working solution of cortisol used in this research had a concentration of 2µM. The 
starting stock solution concentration was 1mM and was prepared by mixing 100mg of 
Hydrocortisone 21-hemisuccinate sodium salt (H4881, Sigma Aldrich) with 2ml of DMSO to 
make 1mM of stock solution. The working solution was prepared by taking 8µl of the 1mM 
stock solution in 4mL of growth medium. 2ml of the 2µM working solution was applied to each 
experimental dish.  
 The cortisol working solution was prepared in collaboration with Jocelyn Mora, Trevor 
Ragas, Sophia Stoch, Evan Lichter, Erika Fitzpatrick, and Michael Parrella. 
 
Control preparation 

Control 1 and 2: Growth medium and DMSO 
 The cells were plated 24 hours prior to treatment. Both control dishes were prepared in 
the same way. The growth medium was removed from the 35 mm petri dish containing the 
coverslip with high-density peripheral neurons. 1ml of growth medium was mixed with an 
equivalent amount of DMSO as cortisol to create the control carrier solution and added to the 
petri dish containing the neurons (Hartig, Zhu, King, & Coffman, 2016). The cells were placed in 
the incubator, set at 37oC, for 1 week.  
 The purpose of these controls were to establish a baseline amount of endosomal activity 
on high-density peripheral neurons without any form of treatment. 
 The control dishes were prepared in collaboration with Jocelyn Mora, Trevor Ragas, 
Sophia Stoch, Evan Lichter, Erika Fitzpatrick, and Michael Parrella. 
 
Experimental preparation 
 The cells were plated 24 hours prior to treatment. Both experimental dished were 
prepared the same way. The growth medium was removed from two 35mm petri dishes that 
contained coverslips with high-density peripheral neurons. 2ml of the cortisol working solution 
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was added to each petri dish. The cells were placed in the incubator, set at 37oC, for 1 week. The 
nerve growth medium was not replaced throughout the week. 
 The purpose of the experimental dishes was to determine if 2ml of cortisol at a 
concentration of 2µM had an effect on the amount of endosomal activity of high-density 
peripheral neurons. 
 The experimental dishes were prepared in collaboration with Jocelyn Mora, Trevor 
Ragas, Sophia Stoch, Evan Lichter, Erika Fitzpatrick, and Michael Parrella. 
 
Fluoromyelin red staining preparation 
 The Fluoromyelin red stock solution was 1ml. The working solution was prepared by 
9.98µl of the Fluoromyelin red stock solution to 0.5ml of Hanks Balance Salt Solution for a 
working concentration of 6x. This was repeated four times for each of the four dishes (2 control, 
2 experimental).  
 Both control dishes and experimental dishes were stained with Fluoromyelin red by 
removing the present growth medium. The working solution was pipetted into each of the dishes. 
The four dishes were incubated for 20 minutes at 37oC. 
 After 20 minutes, the dishes were removed from the incubator. The Fluoromyelin red was 
removed from each dish and the coverslips were washed with fresh HBSS, which was left in the 
dish for 3 minutes. This was repeated 5 times. After the 5th wash, a chip chamber was made for 
each coverslip.  
 The Fluoromyelin staining preparation was conducted in collaboration with Caylee 
Hapworth (Hapworth, 2019). 
 
Chip chamber preparation 

A coverslip that is to be prepared was obtained. The coverslip was prepared by placing 
coverslip chip fragments around the center of a slide. The chips were placed in a square in order 
to take shape of a coverslip, but a bit smaller. A drop of growth medium was placed in the center 
of the coverslip chips. The liquid in the 35mm petri dish was drained and the coverslip was 
removed. The back was wiped dry with a kimwipe. The coverslip was placed topside down, so 
that the cells were face down on the slide. The edges of the coverslip were sealed using VALAP 
and the coverslip was washed with distilled water and a kimwipe. The slide was then imaged. 

3 chip chamber slides were made (1 control, 2 experimental) due to one coverslip being 
dropped.              
 
Imaging  

Imaging of Gallus gallus neurons was conducted in the Imaging Center for 
Undergraduate Collaboration (ICUC) at Wheaton College, Norton, Massachusetts. The following 
imaging equipment was used: Apple iMac Computer (Taurus) using Mac OS High Serra Version 
10.13.6 Nikon Eclipse E400 Microscope at a magnification of 40x using Phase 2 optics; SPOT 
Insight FireWire 2 camera; ImageJ software bundled with Java version 1.8.0_172. The neurons 
were imaged at various locations under the microscope where many axons were identifiable 
through the transmitted light setting, as captured by SPOT imaging. Fluorescent images were 
captured in the same locations and under the same magnification with an exposure time of 
15,000ms. 
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Image editing 
 Because the fluorescence images were too dim to see, they were edited using ImageJ 
1.52q to increase the brightness and contrast levels. The following settings were adjusted: 
Brightness/Contrast: Max: 48-147, Min: 0. This was repeated for both the control group and the 
experimental groups.  
 
Data analysis 

Endosomes were defined as oval shaped red dots suspended along axons with a net 
brightness value of at least 2.5. Every potential endosome suspended along the axons were 
tested. Transmitted light images and edited fluorescence image pairs were opened in ImageJ 
version1.52q.). Endosomes were identified on the fluorescence image. The mean brightness of 
the background was determined by selecting a region near the identifiable endosome. The region 
was analyzed (analyze à measure). The mean brightness of the region was determined and then 
transferred to an Excel spreadsheet. The mean brightness of the identifiable endosome was 
determined by selecting the region using oval selection tool. The region was analyzed (analyze 
à measure). The mean brightness was transferred to an Excel spreadsheet. The net mean 
brightness of the identified endosome was calculated by subtracting the mean brightness of the 
background from the mean brightness of the identified endosome. This procedure was conducted 
for each identified endosome. All net brightness means were also put into the Excel spreadsheet 
to create a graph of the brightness values.  

All data collected from the control group was averaged. Due to loss of one of two control 
groups, there was only one dish to collect data from. All data from experimental group 1 was 
average. All data from experimental group 2 was averaged. From this data, a graph comparing 
the mean brightness of endosomes between the control group and the experimental groups was 
made.  

Results 
 To test the hypothesis that cortisol would decrease the amount of endosomal activity as 
measure by the amount of fluorescence present, images were obtained in pairs of transmitted 
light and fluorescence of Fluoromyelin red (Figure 1 & 2). Endosomes that were stained brightly 
indicated high concentrations of lipids within the vesicles (Figure 2). Note the dimness of 
endosomes present in Figure 1 as compared to the brightness of endosomes in Figure 2. Also, 
note the low background brightness in the fluorescence image of Figure 2, indicating a 
successful staining procedure of Fluoromyelin red. Fluoromyelin red was dispersed throughout 
the entire coverslip for both the control and experimental groups. Multiple washes with HBSS 
allowed for well contrasted images to be taken. In Figure 1B, it may appear that the background 
brightness value may be higher due to incomplete washing of the sample before mounting on the 
microscope. The background brightness value was subtracted from the endosomal brightness 
value to determine the net brightness value of the quantified endosome. The amount of 
fluorescence in Figure 1B and Figure 2B was not distinguishable to the naked eye until the 
brightness values were determined using ImageJ. The net mean brightness values were 
calculated and averaged between the control group and the experimental group. The net mean 
brightness value of the control group was 4.4805; the net mean brightness value of the 
experimental group was 37.4122 (Figure 3). The data suggests that endosomal activity as 
measured by the amount of fluorescence increases with prolonged exposure to cortisol.  
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N-values 
 For the control group data, the fluorescence of 6 identifiable endosomes was measured 
from 3 images in one trial.  
 For the experimental data, the fluorescence of 74 identifiable endosomes was measured 
from 5 images in one trial. 
 
(A)                                                                 (B) 

 
Figure 1: Example of a quantified single endosome from a Gallus gallus neuron in the 
control group. (A) is a transmitted light image of the control group treated with DMSO. (B) is a 
fluorescence image, an arrow is indicating a quantified single endosome that has been stained 
with Fluoromyelin. Notice the dimness of the endosome within the control group as compared to 
the experimental group, even though the images were collected and analyzed in the same way. 
 
(A)                                                                      (B) 

 
Figure 2. Example of a quantified single endosome from a Gallus gallus neuron in the 
experimental group. (A) is a transmitted image of the experimental group treat with cortisol. 
(B) is a fluorescence image, an arrow is indicating a quantified endosome that has been stained 
with Fluoromyelin. Notice the brightness of the endosome in the experimental group in 
comparison to the control group, even though the images were collected and analyzed in the 
same way. 
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Figure 3. The net mean brightness of the control group and the experimental group. The 
experimental group had an overall higher net mean brightness with the treatment of 2µM 
solution of cortisol compared to the respective control group that was treated with DMSO. On 
average, the control group showed a lower net mean brightness value in comparison to the 
experimental group. 
 
Discussion and Conclusion 
 The data collected in this experiment do not support the hypothesis previously stated. It 
was hypothesized that prolonged exposure to cortisol would decrease endosomal activity as 
measured by amount of fluorescence present. The data showed the opposite of this hypothesis, 
suggesting that prolonged exposure to cortisol results in an increase in endosomal activity when 
measured using fluorescence imaging. The control group that was treated with DMSO had a net 
mean brightness value that was lower in comparison to the experimental group treated with 
cortisol, as seen in Figure 3. The experimental group’s net brightness value was 8.35 times the 
net brightness value of the control group. These results were not expected, however it is 
interesting to see the differences in endosomal activity between the control group and the 
experimental group when both were stained with Fluoromyelin red. To show the presence of 
endosomes along an axon, Fluoromyelin red was used for its ability to highlight lipids that are 
trapped within vesicles, or endosomes. Based on the preliminary data gathered, it is a plausible 
conclusion that Fluoromyelin red has an affinity for lipids passing along myelinated axons, and 
more so along axons of neurons treated with prolonged exposure to cortisol. Further research on 
this area should be considered for more concrete conclusions. Multiple trials with more analysis 
was beyond the scope of this preliminary study. 

Although the data presented is this paper does not support the hypothesis, it is important 
to note how the current data could be used to suggest something about else about the original 
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intent. Research has found that when there is exocytosis of material between the synapses of two 
neurons, endosomes reuptake what has been left in the axon terminals (Harris, Schuske, & 
Jorgenson, 2001). This evidence suggests that the endosomes present in the current experiment 
are an indication that a synapse has been formed with two neurons. Other preliminary research 
has done similar work with synapse formation and the effects of lithium (Murphy, 2015). The 
research that has been conducted has not found significant results of the effect of lithium on 
synapse formation (Lueke & Kaiser, 2014). Perhaps, the current study is a preliminary look at 
the effects of hormones and other drugs on synapse formation and the connectivity and 
communication between neurons. If cortisol has an effect on synapse formation, then it may be 
possible that other drugs can have similar effects in regards to particular psychological disorders, 
like anxiety. This information can be used in larger scale to look at how anxiety and other mood 
disorders are affected by such hormones and drugs.  
 The results of the current experiment suggest further testing must be done to identify any 
extreme effects of cortisol on neurons and the relation to the broader topic of anxiety. 
Furthermore, there are sources of error in the current experiment. One main source of variability 
would be the staining and washing methods portion of the experiment. There was incomplete 
washing during the post-staining period of the control group which is a possible reason for the 
variability. The background brightness values may have been decreased due to this and therefore, 
the net mean brightness value of the endosomes may have been skewed. Another source of error 
was that there was not as much control group data due to the drop of a coverslip during the chip 
chamber preparation. This may have affected the data in some way. If this experiment was to be 
conducted again, these sources of error must be remedied to yield more accurate results. The data 
do suggest that cortisol does have an effect on endosomal activity and therefore, a possible 
connection to an effect on synapse function. Further research must be done to determine this 
definitively, however the results of this research provide a preliminary conclusion. 
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