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Introduction
Huntington’s Disease is autosomal-dominant and an inherited neurodegenerative disorder
that is caused by an abnormal expansion of a polymorphic trinucleotide (CAG) repeat. CAG is
located in exon 1 of the Huntingtin gene (Htt) (Damiano, Galvin, Degion and Brouillet, 2009).
Huntington’s disease has a midlife onset and the disease is fatal after 15-20 years. Huntington’s
disease is characterized by involuntary, abnormal movements of the legs, torso and face and
speech disturbances are often seen (Domiano et al, 2009). Other symptoms include mood,
psychiatric disturbances and cognitive defects that are often characterized by impaired strategy
and planning (Domiano et al, 2009). Patients with Huntington’s disease show widespread brain
degeneration and the disease affects the GABAergic medium size neurons of the striatum
(Domiano et al, 2009). Htt plays an important role in cell survival by controlling the axonal
pathways, regulating intracellular transport, vesicle trafficking and secretion (Domiano et al,
2009). Within Huntington’s disease axonal transport dysfunction and alteration of the vesicles
have been shown. Impaired axonal transport might also affect organelles, including mitochondria
localization (Domiano et al, 2009).
The potential for mitochondrial dysfunction in neurodegenerative diseases, in particular
Huntington’s disease, is gaining more acceptance. Primary genetic mitochondrial defects can
lead to striatum degeneration and is associated with motor and cognitive symptoms (Domiano et
al, 2009). Mitochondrial dysfunction leads to impaired calcium buffering, generation of free
radicals, activation of mitochondrial permeability transition and secondary excitotoxicity (Beal,
1997). These pathways can lead to apoptotic or necrotic cell death depending on the severity of
the dysfunction (Beal, 1997). Evidence suggests that implicating mitochondrial dysfunction in
the pathogenesis of Huntington’s disease comes from studying mitochondrial toxins (Beal,
1997).
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In this study, I will test how mitochondrial abundance was influenced by 3-nitroproponic
acid (3NP) as measured by the number of mitochondria in the axon. Utilizing 3-nitroproponic
acid, an irreversible inhibitor of succinate dehydrogenase, was in attempt to model Huntington’s
disease in neurons in culture. Earlier studies have hypothesized that the presence of 3NP in rats
resulted in compromised mitochondrial function (Mehrotra, Kanwal, Banerjee and Sandhir,
2014). The compromised mitochondrial function is in terms of impaired activity of
mitochondrial respiratory chain enzymes, enhanced mitochondrial oxidative stress,
mitochondrial structural changes, altered expression of apoptotic proteins and impaired cognitive
functions assessed using Morris water maze (Mehrotra et al, 2014).
This experiment will test whether 3NP has an effect on mitochondrial abundance in
individual neurons using Rhodamine 123 fluorescent dye to localize actively respiring
mitochondria. Rhodamine 123 distributes according to the negative membrane potential across
the inner mitochondrial membrane (Chazotte, 2010). The loss of potential results in less uptake
of dye and lower fluorescence intensity (Chazotte, 2010). This experiment was conducted using
the sympathetic neurons of 10 day chick embryos (Gallus gallus). Chick embryos were chosen
for this experiment as the development of the nervous system is comparable to that of humans,
and therefore serves as a model of human neural development. This experiment was conducted
in collaboration with Kweku Ampem-Darko, Carly Tavares and Yun (Alex) Zhang.

Materials and Methods
Dissection
This experiment was administered using 10 day chick embryos (Gallus gallus) which
were harvested and dissected as per the protocol “Primary Culture of Chick Embryonic
Peripheral Neurons 1: Dissection” (Morris, 2015). Dorsal root ganglia and sympathetic chains
were collected by dissection of chick embryos For this experiment, the coverslips were plated
with ganglia pieces and dissociated cells.
The ganglia pieces and dissociated cells were grown on coverslips that had been treated
as per the protocol “Primary Culture of Chick Embryonic Peripheral Neurons 1: Dissection”
(Morris, 2015). First, the coverslips were cleaned with absolute ethanol and then autoclaved for
sterility. Next, the coverslips were treated with poly-lysine for 20-30 minutes and then rinsed
with sterile water. The coverslips were then treated with laminin for 20-30 minutes and then
rinsed with Hank’s Balanced Salt Solution (HBSS). The treated coverslips were placed into a
35mm petri dish, containing F plus growth medium, laminin side facing up.
The ganglia pieces and dissociated cells were plated using a sterile pipette onto the
treated coverslips in an F plus growth medium solution. They were incubated at 37˚C for 24
hours until further experimental treatment.
Fluorescent Dye Preparation
A dilution 5 µg of Rhodamine 123 in 5 mL of HBSS, to make a final concentration of 1
µg/mL was created. We used a sterile vial to dissolve the Rhodamine 123 and let it sit in the
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incubator at 37˚C for 5-10 minutes. Rhodamine 123 is light sensitive, so the vial was covered
with tin foil when working with it on the lab bench. The coverslip has 2 mL of HBSS, so a sterile
Pasteur pipette was used to apply 2µl of Rhodamine 123 directly onto the coverslips.
Experimental Preparation
A dilution of 0.60 g 3NP in 10 mL ethanol was created for a final concentration of 10
mg/mL of 3NP in growth medium. The medium dose consisted of 7.5 µg/ml 3NP and was
applied directly onto the coverslip of ganglia pieces and dissociated cells with a sterile Pasteur
pipette.
1 µg/ml of Rhodamine 123 was applied onto the coverslip first, then 7.5 µg/ml 3NP.
After the 3NP dose was applied to the coverslips, the 35mm petri dishes were placed back into
the incubator at 37˚C for 24 hours until fluorescence microscopy.
Control Preparation
2 µg/ml of Rhodamine 123 was applied onto the coverslip and the 35mm petri dishes
were placed back into the incubator at 37˚C for 24 hours until fluorescence microscopy.
Microscopy and Imaging
Both the control and experimental coverslips were prepared and placed on slides using
the chip chamber technique as per the protocol “Primary Culture of Chick Embryonic Peripheral
Neurons 1: Dissection” (Morris, 2015). A Nikon Eclipse E80i Epi Fluorescence microscope with
an objective lens of 40X PH1 was used to take photos of the cells.
Neurons were imaged individually using a SPOT RTS Diagnostic Instruments camera on
an Apple iMac computer with OS X Yosemite version 10.10.4. The software used to image the
cells was SPOT Software 5.2. Neurons were identified using the bright field view on the
microscope. A transmitted light image was captured for a clear photo of the axon’s length. A
fluorescent image with the same field of view was captured with an exposure time of 4000ms.
For the control, 4 neurons with clear axons were imaged and for the experimental 3 neurons with
clear axons were imaged.
Data Analysis
The program ImageJ 1.05a was used to analyze the data for the abundance of
mitochondria in the axon. The fluorescent dye, Rhodamine 123, labeled the mitochondria within
the cell. The perimeter of the neuron in the fluorescent image looks smaller than the perimeter of
the neuron in the transmitted image. This decrease in perimeter from the transmitter image to the
fluorescent image indicates that the mitochondria are mainly present in the axon of the neuron.
Therefore, quantifying the region of axon from the soma to the growth cone in the transmitted
image and copying the size onto all fluorescent images was determined to be a sufficient data
collection technique.
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The free-hand polygon tool was used to trace the distance of the axon from the soma to
the growth cone in the transmitted image. The distance of the axon was copied onto all
fluorescent images. The images were set to 8-bit and adjusted the threshold to 255, with a default
of red. Lastly, the particles were analyzed on the axon and recorded the percent area values. The
percent area value was measured and recorded for each neuron with a clear axon. This method
was performed for 4 control images and 3 experimental images. The control percent area values
were averaged and the experimental percent area values were averaged.

Results
Figures 1 and 2b show mitochondria labeled by Rhodamine 123 as bright green. The
mitochondria are typically oval shaped and are shown clumped in the axon of the pictured
neurons. Figure 1 appears to show less mitochondria labeled by Rhodamine 123 than Figure 2b.
The results show that there is a difference in the average mean mitochondrial abundance values
between the control group of the neurons not treated with 3NP compared to the experimental
dose of 7.5 µg/ml of 3NP (Figure 3).

Figure 1: Fluorescent image of control neuron at 4oooms. Control neurons were treated with 2 µg/ml of Rhodamine
123 for fluorescence microscopy. The axon of interest is highlighted using the polygon tool in ImageJ and is copied
from the transmitted light image (Figure 1a). Image was taken in collaboration with Kweku Ampem-Darko, Carly
Tavares and Yun (Alex) Zhang.
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Figure 2a: Transmitted light image of experimental neuron treated with 7.5 µg/ml 3NP, at 40X magnification PH1.
This image shows how the axon outline was determined. The axon of interest is highlighted using the polygon tool
in ImageJ and is copied for the fluorescent images. Image was taken in collaboration with Kweku Ampem-Darko,
Carly Tavares and Yun (Alex) Zhang.

Figure 2b: Fluorescent image of experimental neuron at Dose 2, 7.5 µl 3NP, at 4ooo ms. The axon of interest is
highlighted using the polygon tool in ImageJ and is copied from the transmitted light image (Figure 2a). Image was
taken in collaboration with Kweku Ampem-Darko, Carly Tavares and Yun (Alex) Zhang.
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Figure 3: Average mean of mitochondrial abundance for experimental group treated with 7.5 µg/ml of 3NP (n= 3
experimental axons, n= 4 control axons). Notice, that the experimental neurons treated with 3NP had a decreased
mitochondrial percent area value compared to the control neurons that were not treated with 3NP.

Discussion
The hypothesis that the experimental group of neuronal axons treated with 3NP would
have less mitochondrial abundance compared to the control group not treated with 3NP was
supported. The control group of neuronal axons had a greater mean average of mitochondria as
measured by percent coverage of cell area than the experimental group treated with7.5 µg/ml
3NP. Due to the fact that Rhodamine 123 specifically labels mitochondria, the loss of potential
results in the loss of dye, therefore our data support the idea that the mitochondria of neuronal
axons treated with 3NP had a reduced abundance. As shown in Figure 1, the control axon
appears to have less mitochondria than Figure 2b, this could be due to the 3NP changing the
conformational shape of the mitochondria. In Figure 2b the mitochondria may be smaller, thus
having less percent area in the axon than the control (Figure 1).
Various studies have been conducted by treating animals that have Huntington’s disease
with 3NP to observe mitochondrial abundance and dysfunction. One study tested neuroprotective
potential of supplementation of mitochondrial modulators ALA and ALCAR individually or in
combination with 3NP induced Huntington’s disease rats (Domiano et al, 2009). The study
concluded that enzymatic activities of the mitochondria were reduced in 3NP treated animals.
The reduced enzymatic activities of the mitochondria suggests that there may have been a
reduced generation of ATP and increased number of free radicals, which is a consequence of
induced 3NP mitochondrial dysfunctions (Domiano et al, 2009). This study concluded that due
to the reduced abundance of mitochondria from comparatively less densely stained tissue
sections, dysfunction was present in 3NP treated animals (Domiano et al, 2009).
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While significant areas of error were minimal in the current study, possible sources of
error in this experiment may include the imaging process. Future experiments could include
treating a larger range of samples for a more comprehensive comparison. Other future
experiments could include testing other neurotoxic substances and their effects of neuronal axons
in relation to Huntington’s disease. This could be especially interesting, as an increase or
decrease of mitochondrial abundance in the axon could increase or decrease mitochondrial
function. This could have implications on how doses are administered to Huntington’s disease
animals and future research for curing Huntington’s disease.
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