
 

 
  

Wheaton Journal of  

Neurobiology Research  
 

Issue 13, Fall 2020: 
  

“Experiments using human mixed cortical neurons"  
 

R.L. Morris Ph.D., Editor.  Wheaton College, Norton, Massachusetts. 
 
 

Preliminary Study on Cell Count and Dendritic Growth 
in Mixed Cortical Neurons Treated with Cortisol  

 

Augustina L. Nguyen* and Sidney K. Sipes*   
 

BIO 324 / Neurobiology  
Final Research Paper 
11 December 2020 

 
*These authors contributed equally to this work. 

 



 1 

 

Preliminary study on cell count and dendritic growth in  
mixed cortical neurons treated with cortisol 

 
  

Augustina L. Nguyen* and Sidney K. Sipes* 
Final Research Paper written for 

Wheaton Journal of Neurobiology Research 
BIO 324 / Neurobiology 

Wheaton College, Norton Massachusetts 
11 December 2020 

 
 

* These authors contributed equally to this work. 
 
 



2

1.   INTRODUCTION

Stress affects every individual at some point in their lives (Mroczek & Almeida, 2004). Stress in

early childhood or adolescence has been shown to affect brain structure and can lead to

developing mental illness and reduced cognitive ability in adulthood (Martins et al., 2011; Carr

et al., 2013; Blair & Raver, 2016;). In some neurons, exposure to acute stress in adulthood has

been found to increase mature dendritic spine density while the volumes and lengths of dendritic

spines were reduced in other neurons as a response to corticosterone and acute stress (Barfield et

al., 2020). Grey matter volume, most heavily affected by stress, is made up mainly of neuronal

cell bodies and neuronal processes including dendrites (Blair & Raver, 2016). Repeated chronic

stress can halt neurogenesis in key brain regions (McEwen et al., 2016) and change dendritic

morphology and spine density (Luczynski et al., 2015). More specifically, dendrites will shrink

(McEwen et al., 2016) and synaptic plasticity has been found in response to both chronic

(Luczynski et al., 2015; Nasca et al., 2015) and acute (McEwen & Morrison, 2013) stress.

Dendrites are an integral part of neurons and are required for all cell signaling; shrinkage can

greatly reduce the ability to receive signals and send them to cell bodies (Qiang, 2004).

While it is known that stress can alter several characteristics of dendrites, this preliminary study

paid special attention to dendritic growth, or length, in relation to overall neuron count. We

hypothesized that mixed cortical neurons treated with cortisol acutely will have less dendritic

growth per cell compared to mixed cortical neurons treated without cortisol. To test this, NPCs

were differentiated into mixed cortical neurons and treated with cortisol. The dendrites and

nuclei of the cells were fluorescently labeled and imaged using fluorescent microscopes and

image analysis program Fiji.

2. MATERIALS & METHODS

2.1 Culturing Cells

NPCs were provided by EverCell Biology, Inc. Neurons were grown, passaged, treated with

mitomycin C, and fed according to Morris’s (2020) protocol. Layout of chamber slides and well

conditions are included in Table 1 and Table 2. Neurons were plated onto Matrigel chamber

slides and fed either L-15 medium or neuronal maturation medium (NMM) every other day

(Morris, 2020). L-15 chamber slide was kept in an air incubator and NMM chamber slide was

kept in a CO2 incubator.



3

L-15 medium
and air

incubation

(1) Not Studied (2) Negative
Control

L-15, No
Cortisol

Treatment

(3) Acute
Treatment

L-15 + 5μM
Cortisol

(4) Control
L-15, No
Cortisol

Treatment

(5) Not Studied (6) Chronic
Treatment

L-15 + 5μM
Cortisol

(7) Acute
Treatment

L-15 + 5μM
Cortisol

(8) Chronic
Treatment

L-15 +  5μM
Cortisol

Table 1: Cell chamber slide grown by students in L-15 medium in the air incubator.
Wells 2, 3, 4, 6, 7, and 8 have concentrations of cortisol and media type listed. Wells 1 and 2
were not studied.

NMM and CO2
Incubation

(1) Not Studied (2) Control
NMM

(3) Negative
Control
NMM

(4) Control
NMM

(5) Acute 5μM
Cortisol

Treatment
NMM

(6) Not Studied (7) Not Studied (8) Not Studied

Table 2: Cell chamber wells grown by Dr. Robert Morris as backup for students.
Wells 1, 6, 7, and 8 were not studied and given to other students and not used in this experiment.

2.2 Hydrocortisone Treatment

After the cells grew for 7 days, chamber wells were treated with cortisol using water-soluble

hydrocortisone (HC) (Sigma H0396) at a 5μM concentration. Using a stock solution of 10 mg of

HC mixed with 1 mL of water (molarity of 2.35mM), a 5μM HC solution was made by mixing

5.3 μL of stock solution with 1.25mL of L-15 medium. In a partial well medium change, 250 μL

of this HC and L-15 solution was added to each well. In a complete medium change, the amount

of stock HC solution added to 1.25mL L-15 was halved to 2.65 μL to make the concentration 5

μM. The same amounts were used for the chamber slide in NMM. Chronic cortisol wells were

treated with 5μM HC every feeding day and acute cortisol wells were treated once on day 7 with

5μM HC and washed clean of HC after approximately 13 hours of treatment.
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2.3 Fixing Cells

Cells were fixed on day 11. Cells were washed two times using phosphate-buffered saline (PBS)

made with potassium phosphate monobasic, sodium chloride, and sodium phosphate dibasic

(Thermo Fisher 2012). PBS was taken out of chambers via pipet and put into a waste container.

Each wash stayed on the cells for approximately 5 minutes. Then a 4% concentration of

paraformaldehyde (PFA) (product number unknown) in PBS was added via pipet to the chamber

wells and allowed to sit for 20 minutes under a fume hood. After 20 minutes, the PFA solution

was taken out of the chamber via pipet and put into a waste container. Cells were washed again

with PBS two times. Cells were then permeabilized using PBS-T which is PBS with Triton

X-100 detergent (Fisher BP151-100); the concentration of Triton X-100 needed for PBS-T in the

permeabilization step was 0.1%. After permeabilization, cells were washed with PBS-T with

triton X-100 concentration at 0.05%. Cells were then blocked using a blocking buffer that was

made with a 3% concentration of bovine serum albumin (Thermofisher 15260037) in PBS-t. The

PBS-T was pipetted out of the wells and put into a waste container. Chamber slides were cut into

individual chamber wells and submerged into a 12-well plate with the blocking buffer. To cut the

chamber slides into individual wells, well walls and separators were removed to create a flat

slide (Morris, 2020). A diamond knife was used to score between wells, and then the wells were

broken apart (Morris, 2020). The cells were incubated in the 12-well plate at 4°C until ready for

fluorescent antibody staining. Cells in the student chamber slide were all lost due to mold

contamination after fixation was completed; staining, imaging, and analysis were done using

chamber slide wells grown by Dr. Robert Morris.

2.4 Fluorescent Antibody Staining

Fluorescent antibody MAP2 produced in rabbits (Sigma Aldrich, product number unknown) was

added to cells. MAP2 was mixed with the blocking buffer to make a 2x solution; secondary

antibody Alexa Fluor 488 goat anti-chicken was mixed with the blocking buffer to make a 1x

solution. To treat the cells with MAP2 and secondary antibody Alexa Fluor 488 goat

anti-chicken (product number unknown), a humidity chamber was made. Cell chamber

fragments in the 12 well plate were taken from the incubator. A 12-well plate lid was taken and

coated in parafilm. The cap of an Eppendorf tube was removed and put into a circle of the

12-well plate lid. Excess block buffer of one well was removed via pipet and put into a waste
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container. The fragment in that well was then lifted carefully out of the well and the bottom of

the fragment was dried. The fragment was placed on the Eppendorf cap and 250 μL of primary

antibody MAP2 solution was added on the chamber fragment to make a dome of liquid. These

steps were repeated until all control fragments and the acute treatment fragment were in the lid of

the 12-well plate. After all, fragments were in the 12-plate lid, a damp Kimwipe was used to line

another 12-well plate lid. The Kimwipe plate lid was put onto the plate lid with the treated

fragments. This apparatus was left to incubate at room temperature overnight. After this time, the

fragments were washed two times with PBS-T for 5 minutes each. DAPI staining was also added

to the cells (antifade reagent used as a slide mountant). Secondary antibody solution was added

in the same manner as the primary solution. After incubation of the secondary antibody, cells

were washed two times with PBS-T for 5 minutes each. From here, the cells were imaged.

2.5 Cell Imaging

Cells were imaged using a Nikon 80i upright microscope with a Nikon Plan Fluor 40x/0.75

objective. Imaging was done with Spot RT3 imaging program with a slider camera with a DI

O.76x HRD076-NIK adapter driven by DI Spot software version 5.2.5 on an Apple iMac (21.5

inch, 2013) computer using OS X 10.13.6.

2.6 Image Analysis

With DAPI, DNA stained images were used to count the number of cells cultured in a given

plane (figure 1). Only in-focus cells were included in the cell count. FIJI programming assisted

in defining the cells in-focus by measuring the sharp changes in brightness over distance in

pixels starting from the edges of the nuclei. The cutoff for sharpness was determined by selecting

4 positive nuclei that were on the lower end of brightness. Using the “plot profile” in FIJI, graphs

of the change in brightness were generated, and the slopes were calculated. Cells that were not

clearly in-focused and were questioned required a slope greater than the averaged slope of the 4

positive nuclei to be considered in-focus.
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Dendrites were defined by thin lines stemming from cell bodies and only dendrites in-focus were

counted for. The method for determining if dendrites are in-focus was the same as the method

above for determining if cells are in-focus. Sharp changes in brightness were measured in pixels

across the dendrites’ caliber for dendrites that were not clearly in focus. Dendritic growth was

quantified by measuring the length of the in-focus dendrites as indicated by the corresponding

red lines in figure 1. If dendrites were not straight, small straight lines were drawn along the

curve to accurately measure the length. The sum of the length of the dendrites measured in pixels

constituted total dendritic length for each image.

A B
Figure 1: Measurements of cell and dendrites in acute treatment of cortisol.
A) Cells were treated with DAPI that stains DNA fluorescent blue and were counted by
indicating dots on the DNA clusters. B) MAP2 stained microtubules produced green images used
for identifying dendrites. Red lines were drawn on the images to mark in-focus dendrites.

3. RESULTS

To test our hypothesis that mixed cortical neurons treated with cortisol acutely will have less

dendritic growth per cell than neurons without acute cortisol treatment, NPCs were cultured into

mixed cortical neurons for 7 days. Cells were controlled or treated with acute dosage of cortisol

(figure 2).
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A B

C D
Figure 2: Overlaid images of MAP2 and DAPI fluorescence staining in mixed cortical neurons.
A & B) Images of neurons under controlled conditions. C & D) Images of neurons treated with
cortisol acutely.

After measuring the in-focus dendrite length and counting the in-focus cells (figure 1), dendrite

length to cell ratio was calculated for each control (n=5) and acute (n=2) sample. Total dendritic

length of each image was divided by the number of cells in the corresponding image. The ratios

were averaged for each condition, shown in figure 3. The quantitation of the cells showed a

general pattern in the bar graph of the acute treatment having less total dendritic length per cell

compared to the control condition—suggesting that dendritic growth was reduced in acute

conditions compared to control conditions. Two-tailed unpaired t-test with α ≤ 0.05 was

performed between acute and control averages. The P-value was 0.264 and the T-value was 1.23.



8

Figure 3: Averaged dendrite length to cell ratio among the control and acute samples.

Unexpectedly, some cells appeared to be mitotic (either just beginning to split or just after

splitting), despite being treated with mitomycin C to inhibit growth. Examples of these cells are

shown in Figure 4.

Figure 4: Potential mitotic
cells in acutely treated cells.
The circled DNA appears to be
mitotic based on their cellular
shape and relative distance
from each other. The spacing
between cells is suggestive that
it was cleaved post-mitosis.
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4. DISCUSSION

The current study addresses our hypothesis that mixed cortical neurons acutely treated with

cortisol will have less dendritic growth per cell than neurons without acute cortisol treatment.

The preliminary data generated from the images support our hypothesis but is not statistically

significant. Despite being statistically insignificant, these findings are supported by literature.

McEwen et al. (2016) observed that dendrites shrink and neurogenesis decreases when exposed

to stress. Moreover, decreases in dendritic length in cortical neurons, specifically in the

prefrontal cortex, can lead to mental illness (Radley et al., 2006). This is important to study

because the prefrontal cortex continues to develop throughout early life and is the center for

executive tasks and reasoning. Lower volume and function in the prefrontal cortex are a major

concern because they can lead to ADHD symptoms in children and adolescents (Weis, 2014).

Barfield and Gourley (2018) found adult rodents require exposure to stress twice as much as

adolescent rodents to result in the same long-term impairment. This is suggestive that the effects

of stress are more critical at an early age and can cause negative health outcomes into adulthood.

An unexpected observation during the analysis was the potential for the continuation of mitosis,

despite the mitomycin C treatment that inhibits cell growth. Other studies have explored different

stressors and their effects on mitosis. Replication stress has been found to have negative effects

on mitosis such as aneuploidy (Böhly, 2019), chromosome missegregation (Wilhelm, 2019),

genomic/epigenetic instability (Fragkos, 2017), under-replicated/unresolved DNA (Fragkos,

2017), tumorigenesis (Fragkos, 2017), and even mitotic death (Masamsetti, 2019). Most stressors

such as hypoxia/oxidative stress, thermal shock, and mechanical stress may inhibit mitosis by

induce premature mitotic exit and prevent apoptosis together (Burgess, 2014). Thus the findings

are not supported by the literature and may suggest that the mitomycin C treatment was not

optimal for inhibiting mitosis.

A limitation that was not easily controllable is the nature of how the cells grew. The growth of

the cell was not planar so the quality of the images is dependent on the direction of the cell

growth. In other words, the dendritic length to cell ratio may not accurately represent dendritic

growth without imaging every focal plane. Thus, it may be beneficial to grow these cells in lower

densities in the future to prevent them from growing on top of each other. Additionally, using the

diamond knife to separate the wells produced glass fragments scattered in the well. Therefore, to
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prevent future contamination and better imaging, either another method of cutting chamber slides

should be used or chamber slides must be imaged without cutting. Timing for acute cortisol

treatment was not well understood, 13 hours of exposure may not have been long enough to

affect the dendritic structure. Testing different time intervals of treatment other than the original

13 hours and testing more long term chronic conditions could be beneficial to further understand

the magnitude of change on the dendritic structure.
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