Wheaton Journal of

Neurobiology Research
Issue 9, Spring 2017:
"Modeling disease using primary neuronal tissue culture"
R.L. Morris, Editor. Wheaton College, Norton, Massachusetts.

The effects of 3-nitropropionic acid on
mitochondrial abundance in glial cells
of Gallus gallus

Carly B. Tavares
BIO 324 / Neurobiology
Final Research Paper
3 May 2017

The effects of 3-nitropropionic acid exposure of
mitochondrial abundance in glial cells of
Gallus gallus
Carly B. Tavares
Final Research Paper written for
Wheaton Journal of Neurobiology Research
BIO 324 / Neurobiology
Wheaton College, Norton Massachusetts
3 May 2017

Introduction
Huntington’s disease (HD) is an inherited autosomal-dominant neurodegenerative
disorder that causes cognitive impairments and involuntary movements (Reddy et al., 2009). The
autosomal-dominant trait of this disease is due to an abnormal expansion of a CAG repeat
located in exon 1 of the gene encoding for the Huntingtin protein (Htt) (Damiano et al., 2009).
Huntington’s disease is a progressive condition in which nerve cells in the brain break down over
time. Patients with HD have selective medium spiny neuronal loss in the caudate and putamen of
the striatum, basal ganglia, and pyramidal neurons of the cerebral cortex (Reddy et al., 2009).
The progression of this disease impacts an individual's functional abilities and typically results in
movement disorders, and dementia disorders. Usually individuals develop this disease in early
30s or 40s, but onset of disease may be earlier in life (Damiano et al, 2009).
Mitochondrial defects may play an important role in Huntington’s disease because
mitochondria are important for a cell’s survival by controlling energy metabolism, apoptosis
pathways, and Ca2+ homeostasis (Damiano et al, 2009). Mitochondria can change their shape
and size to move through mitochondrial trafficking. Additionally, mitochondrial shape and
structure are maintained by mitochondrial fusion and mitochondrial fission. Mitochondrial fusion
and mitochondrial fission are controlled and by GTPase dynamin-related protein. In healthy
neurons, these mechanisms of fission and fusion balance equally. Mitochondrial fragmentation is
found to be involved in the decreased number of functionally active mitochondria which
imbalances mitochondrial fission and mitochondrial fusions in neurons of HD patients (Reddy et
al., 2009). Research further hypothesizes that mitochondria can be an important contributor to
neurodegenerative diseases based on the observation that mitochondrial defects and oxidative
stress can be detected from patients with neurodegenerative diseases (Damiano et al, 2009).
Other research suggests that the mitochondrial toxin 3- nitropropionic acid (3NP) plays a
role in the behavioral and anatomical functions in Huntington’s disease among rat models
(Brouillet et al., 2005). 3NP has been found to cause mitochondrial damage which suggest that
that mitochondrial damage is associated with neurodegeneration (Reddy et al., 2009). 3NP
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produces preferential degeneration of the caudate and putamen nucleus in humans with
neurological disorders (Brouillet et al., 2005).
No other research has been conducted on mitochondrial abundance changed by 3NP in
correlation with oxidative stress. Therefore, if mitochondrial dysfunction in chick sympathetic
neurons is caused by 3NP which increases oxidative stress, then I hypothesize that mitochondrial
abundance will decrease due to the exposure by 3NP as measured by mitochondrial counts in
chick sympathetic neurons. This experiment is conducted to understand the progression and
mechanism of Huntington’s disease by using live cell cultures for modeling neurodegenerative
diseases in humans. To observe mitochondria in glia Rhodamine 123 dye will be used.
Rhodamine 123 is most commonly used for localization of mitochondria in living cells.
Rhodamine 123 stains mitochondria directly and provides low-background high-resolution
fluorescent images (Johnson et al., 1980).
My collaborators for this project are Kewku Ampem-Darko, Rebecca Smith, and Yun
(Alex) Zhang.

Materials and Methods
Materials
Materials used were described in Morris (2015a) and procedures used for coverslip
cleaning, and dissection and coverslip treatment used to isolate Gallus gallus dorsal root ganglia
and sympathetic neuron chains. The reagents used in this experiment were 3-Nitroproponic Acid
and 100% ethanol. 3NP was purchased through Sigma Aldrich. 100% ethanol was provided by
Morris.
Dissection Methods
10-day chick embryos (Gallgus gallgus) was harvested to test hypothesis in this
experiment. Dissection methods were followed from the protocol “Primary Culture of Chick
Embryonic Perpherial Neurons 1: Dissection” (Morris, 2015). Dorsal root ganglia and
sympathetic neuron chains were harvested in dissection. Following the dissection method
coverslips were plated with ganglia and dissociated cells.
Ganglia and dissociated cells were treated as instructed by Morris (2015) in the protocol
“Primary Culture of Chick Embryonic Peripheral Neurons 1: Dissection.” Coverslips were
cleaned with 100% ethanol and then autoclaved to ensure sterility. Following this procedure
coverslips were then treated with poly-lysine for 20-30 minutes, then rinsed with sterile water.
Next, the coverslips were treated with laminin for 20-30 minutes and then rinsed with Hank’s
Balance Salt Solution (HBSS). Coverslips treated with poly-lysine and laminin were placed into
a 35mm petri dish with F plus growth medium, laminin side facing up. Ganglia and dissociated
cells were plated on the treated coverslips using a sterile pipette and incubated at 37˚C for 24
hours.

2

Fluorescent Dye Preparation Methods
A dilution 5 µg of Rhodamine 123 in 5 mL of HBSS was used to make a final
concentration of 1 µg/mL. A sterile vial was used to dissolve the Rhodamine 123 and then was
incubated at 37˚C for 5-10 minutes. Due to light sensitivity, the Rhodamine 123 vial was covered
with aluminum foil when in use. 2µl of Rhodamine 123 was applied directly onto the coverslips
containing glia and dissociated cells with 2 mL of HBSS using a sterile Pasteur pipette. Once
applied, the coverslip with Rhodamine 123 was placed back in the incubator at 37°C for five
minutes.
Experimental Preparation
To create stock solution, a dilution of 0.60g 3NP in 10mL ethanol was used to obtain a
final concentration of 10mg/mL of 3NP in growth medium. Experimental dose was 7.5 µg/ml
3NP. Experimental dose was applied directly onto the coverslip containing ganglia and
dissociated cells using a sterile Pasteur pipette.
1 µg/ml of Rhodamine 123 was then applied onto the coverslip first, then 3NP dose was
administered. All coverslips were then placed the 35mm petri dishes and incubated at 37˚C for
24 hours until observed for imaging.
Control Preparation
2 µg/ml of Rhodamine 123 was applied onto the coverslip containing glia and dissociated
cells. All control treated coverslips were placed the 35mm petri dishes and incubated at 37˚C for
24 hours until observed for imaging.
Microscopy and Imaging Procedures
Control and experimental coverslips were placed on slides using the chip chamber
technique from the protocol “Primary Culture of Chick Embryonic Peripheral Neurons 1:
Dissection” (Morris, 2015). Nikon Eclipse E80i Epi Fluorescence microscope with an objective
lens of 40X PH1 was used to capture images of the cells observed in Imaging Center for
Undergraduate Collaboration (ICUC) at Wheaton College in Norton, Massachusetts.
All images with glia treated with 7.5 ug/ml of 3NP were taken by using a SPOT RTS
Diagnostic Instruments camera on an Apple iMac computer with OS X Yosemite version
10.10.4. The slides were each kept at 37° while on the microscope from using a small space
heater. A thermometer was used to keep track of the temperature (Morris, 2017). Glia were
identified using a bright field view on the microscope. Transmitted light images were captured to
observe mitochondria in glia. Fluorescent images from the same view field with an exposure
time of 2000ms. All images taken for each slide was analyzed using ImageJ software.
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Data Analysis
I considered a glia to be a single, interacting cell in both the bright field and fluorescence
images.
In the bright field images, I determined the area of the glial cell by considering the shape
of the glial cell boundary and its mitochondria. I used the polygon feature on ImageJ to outline
the parameter of the glia cell that contained the brightest clusters of mitochondria in the
fluorescence image. Once I outlined the parameter I copied and pasted the exact location of the
glia cell from the bright field image onto the corresponding fluorescent image. This technique
ensured the perimeter of the glial cell was located accurately as it is hard to identify on the
fluorescent image. Next, I used image > 8-bit, then image > threshold, and set the upper
threshold to 255 grey levels and the lower threshold to 45 grey levels I used these parameters
because I wanted to get an accurate count of the area covered by mitochondria in the given area
of a glial cell. The higher the threshold the more selective it is on brightness. To keep the data
consistent, I used the same threshold for the control and experimental images. I also used the
same exposure time for the fluorescent images of 2000ms. I used this exposure time because it
had the best quality of brightness and it was clear to see the mitochondria presented by the
Rhodamine 123. Finally, I also used the same labeling time with Rhodamine 123 to be sure cells
were not brighter due to more Rhodamine 123 uptake rather than more mitochondria.
Once the threshold was set I analyzed the particles on ImageJ using the analyze, particles
feature. The mitochondrial count in the analyses was averaged for each of the experimental
images and control images.

Results
The mitochondria stained by the Rhodamine 123 fluoresced green. Mitochondria are
typically oval shaped and can be seen in clumps within a glial cell or neuron. As viewed in
fluorescent images mitochondria in glia appear as dark green spots in the cell. The threshold used
to calculate the particles was 45 out of 255 levels of gray. The results from the data analysis
show that there was a slight decrease in the number of particles analyzed in the experimental
group versus the control group.
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a)

b)

Figure 1: Image of glial cell and axons in control condition. a) Phase 2 at 40x transmitted
light image of a glia cell and axons with 0 µg/ml 3NP. b) 40x fluorescent images of the cells
shown in Figure 1a with threshold applied. This image serves as an example of how the control
group fluoresced with the threshold. All images were analyzed as described in the materials and
methods. Notice the size of the glial region that includes mitochondria in the transmitted image
and the fluorescence image. The fluorescence image of mitochondria in glia is circumscribed.
All control images were taken by Yun (Alex) Zhang.
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a)

b)

Figure 2: Image of glia cells treated with 7.5ug/ml 3NP. a) Phase 2 with 40x transmitted light
serves as an example of glia treated with 7.5ug/ml 3NP. b) Fluorescence image serves as an
example of how the experimental group fluoresced. All glia were outlined as described in the
methods. Notice the size of the glia in the transmitted light compared to the fluorescent image.
All experimental images were taken by Alex Zhang, Kweku Ampem-Darko and I.
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Figure 3: The average mitochondrial abundance measured in counts of the glial cells after
3NP treatment. Notice how the overall area of cell that includes mitochondria is slightly greater
in the control than that of the experimental group.
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Figure 4: The average mitochondrial size in glia after 3NP treatment. Notice how the overall
size of the cell that includes mitochondria is greater in 0 µg/mL than in 7.5 µg/mL 3NP.

Discussion and Conclusions
Based on the results, there was a slight decrease in mitochondrial counts in the
experimental group than the control group. Due to this result my hypothesis is inconclusive
because the size of mitochondrial clusters has been changed by exposure to 3NP compared to
glia that were not exposed to 3NP. The number of mitochondria in glia cells depends on the
brightness levels of the fluorescing glia cells. Therefore, although these are preliminary data, the
datum is inconclusive to the hypothesis that 3NP decreases the number of mitochondria in glia
cells.
It is still unclear whether the presence of glia cells plays a role in defining the threshold
of toxicity of 3NP to striatal cells. Few studies have addressed these concerns. Other evidence
suggests that astrocytes in glia cells play an important role in survival of neurons (Brouillet et al.,
2005). Astrocyte metabolism is believed to be modified by 3NP exposure and may be involved
in such events leading to cell death. Similar studies have also shown that astrocytes are quite
resistant to 3NP toxicity. Microglial cells are also said to play a role in 3NP toxicity. Microglia
has been observed to display reactivity once 3NP is removed from the cells. This suggests that
chronic 3NP exposure may alter microglia cell function (Brouillet et al., 2005).
To refine this experiment, more data is needed for analysis. Analyzing two samples of
glia cells for both the control and experimental group is a small sample size that leaves room for
too much variability. There could have been an abnormal sized mitochondrion that would have
skewed the data. To ensure that the results of this study are representative of the larger
population, the same study with a greater sample size to better represent the population of
mitochondria in glia cells should be performed and analyzed.
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The criteria explained in the data analysis on how to outline a fluorescing glial cell may
cause variability when others try to replicate the method. The perimeter of the glia cell is around
the area with the most mitochondria clustered as observed by the bright field image and is
therefore is an accurate way to test mitochondrial abundance. Defining the exact parameters of
where the boundary of the cell ends can vary from person to person.
For future experiments, it would be interesting to study the effects of 3NP and CoQ10
Mitochondrial abundance. CoQ10 has been known to act as a protective agent to maintain
mitochondrial membrane potential during oxidative stress. Due to this evidence, it would be
interesting to see if mitochondrial counts will be affected especially in individuals with
Huntington’s disease (Somayajulu, 2005).
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