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Introduction 
 Myelin is a material produced by oligodendrocytes in the central nervous system 
(Douglas and Dutta, 2019, Bhumika, Stitpragyan, and Veerle, 2014) and by Schwann cells in the 
peripheral nervous system (Scherer and Arroyo, 2009). Myelin provides insulation for action 
potentials carried by neurons, enabling faster transfer of information (Douglas and Dutta, 2019, 
Yu et al. 2014). Myelination is the process in which axons in the central nervous system are 
wrapped in multiple layers of oligodendrocytes cell membrane. As myelin is not electrically 
conductive this feature forces action potentials generated by nodes located on the axon to be 
conducted towards the next node (Douglas and Dutta, 2019). Evidence exists that structural 
quality and density of myelin and myelinated axons influence both higher cognitive functions 
such as intelligence and susceptibility to neurodegenerative diseases (Chiang et al. 2012, 
Bartzokis, 2009).  

 Intelligence as measured by performance on intelligence quotient (IQ) tests has been 
shown to have a positive correlation with higher structural integrity of white matter in the central 
nervous system (Chiang et al. 2012). In addition, evidence indicates that the genes which 
influence IQ are epistatic with genes which influence myelin (Chiang et al. 2012). In addition to 
relationships with intelligence, improper myelin function is known to be associated with several 
neurodegenerative diseases including Alzheimer's disease (Bartzokis, 2009), schizophrenia, and 
bipolar disorder (Yu et al. 2014). Furthermore evidence exists that myelinating Schwann cells 
are an important factor in the process of healing injured nerves (Gaudet et al. 2011, Bhumika, 
Stitpragyan, and Veerle, 2014).   

Cortisol is a stress hormone produced by the hypothalamus (Pulopulos et al. 2020) 
Within the existing literature there is conflicting evidence for the effects of cortisol on white 
matter development and intelligence, though it is known that glucocorticoids are used in normal 
brain development, (Moisiades and Matthew, 2014). At least one study has found correlations 
between in utero cortisol levels and the emergence of learning disabilities in H. sapiens 
(Weinstock, 2008). Likewise evidence exists for negative correlations between corticosteroid 
treatment and a number of neurodegenerative conditions including delayed CNS myelination in 
ovine embryos (Dunlop et al, 1997). Furthermore evidence exists that cortisol sensitivity has a 
causal relationship with mental illnesses such as social anxiety and depression (Pulopulos et al. 
2020). On the other hand, at least one study has indicated positive correlations between increased 
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in utero cortisol concentrations, and increased cognitive performance and cortex thickness later 
in life among H. sapiens, (Davis et al, 2017). Exact cortisol concentrations qualifying “increased 
levels” vary study to study. At least one study found concentrations of 12-15 ng/l in H. sapiens 
adult subject to chronic stress (Schulz et al, 1998). Given conflicting evidence from reputable 
studies, more inquiry is warranted. 
 This study compares the effects of the presence of cortisol on myelin cover in cell 
cultures of dorsal root ganglion derived G. gallus neuron to a control group. For the purposes of 
this study, myelin cover is defined as surface area of the cell culture covered by myelin. I 
hypothesized that cell cultures exposed to cortisol would have reduced myelin cover. This 
difference was measured by comparing the average number of fluorescent pixels per cell in 
images collected using fluorescent microscopy and put through moments-preserving threshold 
image analysis software.  
 
Methods 
Overview: 
 This study consisted of a control and experimental group. The experimental group 
consisted of a culture of dorsal root ganglion derived G. gallus neurons grown on poly-L lysine 
and laminin treated coverslips. Coverslips were submerged in F+ growth medium which was 
treated one day after dissection and plating with a cortisol/DMSO solution which produced a 
final concentration of 2uM. The control group was identical with the exception of being treated 
with a DMSO carrier control of identical volume to the cortisol/DMSO solution used to treat the 
experimental group. Both groups were stored in an incubator set to 37°. 
 Three days after plating cultures were dyed using Fluoromyelin which is a water-soluble 
dye with selectivity for myelin (Monsma and Brown, 2012). Next cultures were converted into 
chip chambers and imaged using fluorescence microscopy. Images were analyzed using ImageJ. 
Fluorescent pixels were quantified using ImageJ’s automatic moment-preserving thresholds 
software. Control and experimental groups were then compared based on average number of 
fluorescent pixels per cell. The methodology enables a comparison of myelin cover between 
groups as expressed by number of fluorescent pixels per cell. 
 
Dissection and Plating: 
 Dissection of 10 day old G. gallus eggs was done in accordance with IACUC approved 
methods described in Primary Culture Of Chick Embryonic Peripheral Neurons 1: DISSECTION 
(Morris, 2019). Both sympathetic nerve chains and dorsal root ganglia were removed from the 
embryo however neuron cultures used in this study were strictly derived from dorsal root 
ganglia. Post dissection DRG derived neurons were plated on poly-L lysine treated coverslips in 
accordance with procedure on Primary Culture Of Chick Embryonic Peripheral Neurons 1: 
DISSECTION (Morris, 2019). After plating cell cultures were treated with trypsin to disassociate 
ganglion and produce a high density distribution of neurons which enables better fluorescent 
images. High density cover slips were submerged in 35mm petri dishes containing 1.5ml of F+ 
growth medium and left in an incubator set to 37°.  
 
Cortisol Stock Solution Preparation: 

For this study a cortisol working solution with a concentration of 2uM was used. To 
produce such a small concentration several dilutions were required. To produce our stock 
solution a 100 mg tube of hydrocortisone 21- hemisuccinate sodium salt produced by Sigma-
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Aldrich was used. The hydrocortisone was then dissolved in 2ml DMSO to produce 2ml of a 
50g/ml solution with a molarity of 103.2 mM. Next 5µL of the 103.2 mM cortisol solution was 
again diluted into 495µL of DMSO producing 500mM of a 1µM cortisol/DMSO stock solution. 
 
Cell Culture Treatment:  
 Cell culture treatment occurred one day after dissection and plating. Aliquots of 0.5ml of 
F+ growth medium were provided by Professor Morris. For the experimental group, 4µL of 1µM 
cortisol working solution was added to 0.5 ml growth medium aliquot contained in an eppendorf 
tube. The tube was then gently shook for even cortisol distribution. The growth medium aliquot 
was then pipetted into target cell culture producing 2ml F+ growth medium and cortisol at a 
concentration of 2µM. The control group was treated identically with the exception of 4µL of 
DMSO being used rather than 4µL of cortisol/DMSO solution. This acted as a carrier control.  
 
Imaging Preparation: 
 After 2 days of treatment exposure cell cultures were imaged using fluorescence 
microscopy. The fluorescent compound used in this study was Fluoromyelin Red, a water 
soluble dye with selectivity for myelin  (Monsma and Brown, 2012). 1ml of a 300x fluoromyelin 
solution was obtained from ThermoFisher Scientific and stored at -4° in a cardboard box to 
protect fluorescent properties. When ready to use fluoromyelin solution was allowed to fully 
melt in order to ensure equal distribution of fluorescent molecules. 

Growth medium in both control and experimental dishes was removed and replaced 
with 0.5 ml Hanks Balanced Salt Solution (HBSS) for four minutes to wash out last of growth 
medium. Washing was done by using Pasteur pipette to remove media, tipping dish to the side to 
pool and remove the last drops of growth medium and replacing with HBSS. HBSS wash was 
allowed to sit for 4 minutes. Next 0.5 µL of fluoromyelin solution was then removed by pipette 
and added 0.5 ml aliquots of HBSS contained in eppendorf tubes to produce 0.5 ml of 
HBSS/fluoromyelin solution. At the end of the 4 minute washing period HBSS wash was 
replaced with 0.5ml of HBSS/fluoromyelin solution in both experimental and control dishes. 
Dishes treated with fluoromyelin dye were then set back in incubator for 20 minutes to enable 
full absorption of fluorescent molecules.  
 At the end of 20 minute dying cycle dishes were removed and again washed for four, 4 
minute cycles with HBSS to remove fluorescent molecules which had not been absorbed by glial 
cells. Cultures were then made into chip chambers in accordance with procedure from Primary 
Culture Of Chick Embryonic Peripheral Neurons 1: DISSECTION (Morris, 2019). 
 
Imaging Protocol:  
 Imaging was done in Wheaton College’s Imaging Center for Undergraduate 
Collaboration (ICUC) using a Nikon Eclipse E-200 epi-fluorescence microscope set to 40x 
magnification and phase 2 optics and a Spot Insight FireWire 2 camera. Slides were imaged in 
areas where a high density of glial cells were present relative to the rest of the slide. Areas 
chosen for imaging were imaged first using brightfield microscopy at 40x magnification then 
imaged again using fluorescence microscopy. Fluorescence was initially too dim to be seen with 
the naked eye so an exposure time of 10,000ms was implemented. For each slide being imaged 
three areas were selected for data collection and imaged. This resulted in 3 images for each test 
group available for data analysis resulting in a sample size of 3 for each group. Examples of 
fluorescence images can be found in figures 1 and 2.  
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Data Analysis: 
 Data analysis was done using ImageJ version 1.52. Brightfield images were used to 
during cell count determination. Cell count for each image was determined by counting nuclei. 
Nuclei were qualified as dark areas located in or close to the center of the cell with a surrounding 
area with an absence of organelles. Examples of brightfield images used to establish nuclei count 
can be found in figures 1 and 2.   
 Once cell count was determined fluorescence images of the same region of the culture 
was converted into 8-bit images. Next the 8-bit image was adjusted using ImageJ’s auto-
threshold plugin version 1.15 set to the moments preserving method. Moments preserving 
threshold methods have been shown to be a reliable means of removing background noise while 
quantifying fluorescent microglial cells (Healy et al., 2018).  The plugin was set “white objects 
on a black background” with no other settings active and applied. This produced an image in 
which fluorescent areas of the picture were white set against a black background. Next ImageJ’s 
measurements feature was set to “Area” and “Limit to Threshold” and applied. This process 
captures the area of fluorescence in the image as counted by total number of pixels. Examples of 
fluorescent images put processed with ImageJ’s moments preserving threshold plugin can be 
found in figures 1 and 2. 
 Comparing relative fluorescence of control and experimental groups was done by 
averaging the number of fluorescent pixels per cell in each group. Significance of results were 
determined using a two sample t-test.  
 
Results 
 The hypothesis of this study was that cell cultures exposed to cortisol would have 
reduced myelin cover. Again, myelin cover is defined as surface area of the cell culture covered 
in myelin. This was measured in average number of fluorescent pixels per cell in images 
collected using fluorescent microscopy. Cell cultures were dyed using Fluoromyelin Red, and 
cell count was determined by counting nuclei in brightfield images.  Analysis was done with 
ImageJ and a moments preserving threshold plugin which removed background noise and 
allowed quantification of fluorescence.  

This methodology resulted in an average number of fluorescent pixels per cell of in the 
experimental group. Figure 1 shows examples of a brightfield image taken of the control group 
used to establish cell count, a fluorescence image taken of the same area and a moments- 
preserving threshold image used for pixel count. Figure 2 shows the same series of images 
however originating from the experimental group. For both control and experimental group n=3 
as three images were taken of chip chambers made from cell cultures in each group. The results 
of this study as seen in Figure 3 return a P-value of 0.36 when analyzed for significance using a 
two sample t-test, indicating no significance difference of mean pixel count between the control 
and experimental groups.  
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Figure 1: Examples of brightfield (top left), fluorescent (top right), and moment preserving 
threshold images (bottom) of the control group. Note the arrows in brightfield image 
indicating nuclei use to establish cell count. Also note that the areas with brightest fluorescence 
are preserved in threshold image (bottom) while nearly all of background noise is removed.  
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Figure 2: Example of brightfield (top left), fluorescent (top right), and moment preserving 
threshold (bottom) images taken of the experimental group. Note that in the bottom image 
some background noise can be seen. It is unknown why this occurred, however this is controlled 
for as random background noise occurs in both control and experimental groups. 
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Figure 3: Shows average number of fluorescent pixels per car for each test group. As shown 
a difference in means exists (n=3) however error bars have substantial overlap. In the control 
group the standard deviation is 337.7 and in experimental group the standard deviation is 638.9 
 
 
 
Discussion and Conclusions 
  
 The hypothesis under determination was that cell cultures containing dorsal root ganglion 
derived G. gallus neurons would have reduced myelin cover as measured by surface area 
covered in myelin when exposed to cortisol. The hypothesis was not supported by the data 
collected in this study. While a difference in myelin cover as measured by fluorescent pixels per 
cell, statistical analysis did not indicate this difference was significant (P=0.36). This indicates 
that increased levels of cortisol may have no impact on myelin cover in the peripheral nervous 
system.  
 The results of this study are interesting as they conflict with some of the existing 
literature. At least one study has found evidence that elevations of in-utero cortisol levels 
correlate with greater cognitive performance as teenagers and young adults (Davis et al, 2017). 
One possible explanation for Davis’ results is that our ancestors living in the environment of 
evolutionary adaptation who were born into more stressful conditions may need to process 
information faster (be smarter) in order to survive, resulting in natural selection for rapid myelin 
production during maturation. This explanation seems plausible given that myelin density in the 
central nervous system positively correlates with performance on IQ tests in H. sapiens (Chiang 
et al. 2012). A possible explanation for the conflict between the findings of this study and that of  
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Chiang et al. (2012) and Davis et al, (2017), is that Chiang and Davis were focused on myelin in 
the CNS whereas this study was conducted on Schwann cells in the PNS. Evidence exists that 
Schwann cells in the PNS and oligodendrocytes in the CNS have different cell architecture 
which could result in different responses to hormones (Scherer and Arroyo, 2009). At least one 
study has found evidence that cells in the PNS react differently to certain thyroid hormones than 
cell in the CNS (Gaudet et al. 2011). Given that human intelligence is one of the most distinctive 
and valuable traits of our species more research into the physiology contributing to this property 
of our brains is warranted. 
 Another avenue of future research that directly builds upon this study is comparing the 
effects of cortisol on myelin cover across a dose curve. This study compared only one 
concentration of cortisol exposure to a control. This may have produced misleading results as 
glucocorticoids including cortisol are needed for normal brain development (Moisiades and 
Matthew, 2014). Given this, myelin growth may have been inhibited in the control dish as it 
lacked exposure to cortisol. A study involving dose a dose curve would eliminate this variable as 
it would allow comparison of differing concentrations of cortisol rather than presence of cortisol 
to absence of cortisol.  
 It should also be noted that this study only quantified myelin cover, not myelin quality. It 
is possible that the presence of cortisol increases overall myelin production, while reducing its 
structural integrity. Loss of structural integrity of myelin has been associated with lowered 
performance in IQ tests in humans (Chiang et al. 2012) as well as neurodegenerative diseases 
(Bartzokis, 2009, Yu et al. 2014). At least one study has found that elevations of in utero cortisol 
levels correlate with learning disabilities in children (Weinstock, 2008) which could be explained 
by reduced myelin quality. 
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