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Introduction
Huntington’s Disease is one of the major neurodegenerative diseases in humans. Out of
100,000 people, 10 – 15 will have Huntington’s Disease (Dayalu & Albin, 2015). As a
progressive disease, patients will typically die in 15 years after their symptoms appear (Dayalu &
Albin, 2015). The mechanism of Huntington’s Disease is the mutation of the Huntingtin protein
gene on chromosome 4, to have expanded CAG repeats. Huntington’s Disease will cause
protein-misfolding, post-synaptic signaling damage, and cytoskeleton damage on the cellular
level (Dayalu & Albin, 2015). Patients who have Huntington’s Disease are likely to suffer from
anxiety, sleep loss, memory loss, motor dysfunction and other symptoms (Dayalu & Albin,
2015).
Based on several studies in recent years, there are more and more evidence suggests that
mitochondrial dysfunction might be a cause of neurodegenerative diseases (Johri & Beal, 2012).
Mitochondria not only play an important role in ATP synthesis, but also can synthesize amino
acids and steroids, maintain calcium homeostasis and is related to apoptosis (Johri & Beal,
2012). Impaired mitochondria may influence neurons adversely because neurons have high
energy demands and has limited ability to regenerate (Johri & Beal, 2012). In Huntington’s
Disease, the mutant Huntington protein can influence mitochondrial fission and fusion and
regulate mitochondrial trafficking in neurons, which can direct the pathogenesis of Huntington’s
Disease (Johri & Beal, 2012).
Although there is no cure for Huntington’s Disease, several studies (Mestre, & Ferreira,
2012) have pointed out some potential methods to treat Huntington’s Disease as we move toward
a cure. One major category of molecules that are thought to have positive effect on Huntington’s
Disease patients are antioxidants. Antioxidants can attenuate oxidative stress caused by
accumulation of reactive oxygen species (Johri & Beal,2011). Coenzyme Q-10 (Ubiquinone) is
one of the antioxidants that have significant roles in cells (Spindler, Beal & Henchcliffe, 2009).
Coenzyme Q-10 (1,3 dimethoxy-5-methyl-6-decaprenyl benzoquinone) is a lipid-soluble
molecule which serves as an electron carrier in electron transport chain in eukaryotic cells. It can
accept electrons from complex I and complex II, and serve as a coenzyme for complex III
(Spindler et al., 2009). Coenzyme Q-10 can also stabilize membrane, regulate NADH and
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succinate dehydrogenase, inhibit lipid peroxidation, and so on (Hemat, 2011). In cells, the
synthesis of Coenzyme Q-10 starts from acetyl-CoA then through mevalonate and isopentenyl
pyrophosphate (Hemat, 2011). Coenzyme Q-10 was originally used as a nutritional supplement
to enhance heart function. Research suggests that 30 mg of CoQ-10 supplements can
significantly increase the concentration of CoQ-10 in blood to 1 µg/mL, which can last for an
average of 6 hours (Hemat, 2011). Recent research also suggests that Coenzyme Q-10 has a
neuroprotective effect, which may protect mitochondria from being damaged by toxins and may
prevent mitochondrial fragmentation (Kumari et al.,2016) and iron-induced apoptosis
(Kooncumchoo, Sharima, Porter, Govitrapong, and Ebadi, 2005). There is even evidence
suggests that Coenzyme Q-10 can inhibit formation of beta-amyloid fibrils (Spindler et al.,
2009). Therefore, Coenzyme Q-10 is a potential treatment of Huntington’s Disease and other
neurodegenerative diseases, including Alzheimer’s Disease (Spindler et al., 2009).
In the current study, the following hypothesis will be tested: mitochondrial dysfunction
can be reduced by pre-treatment with Coenzyme Q-10 as measured by mitochondrial membrane
potential. In this study, we treated chick (Gallus gallus) sympathetic neurons with different
concentrations of CoQ-10 and a certain concentration of 3-Nitropropionic acid, which was used
to induce mitochondrial dysfunction. And then Rhodamine-123 was used to stain mitochondria
to observe the brightness of mitochondria, which reflected the mitochondrial membrane potential
that could also reflect the proton gradient across the mitochondrial membrane (Baracca, Sgarbi,
Solaini, & Lenaz, 2003).

Materials and Methods
Materials:
Materials used in the cell culture are as previously described (Morris, 2015a).
Materials used in cell treatments include: stock solution of 300 µg/mL CoQ-10 in
ethanol, stock solution of 10 mg/mL 3-Nitropropionic acid (3-NP) in ethanol, Fibroblast medium
plus NGF, Hank’s Balanced Salt Solution, stock solution of 1 mg/mL Rhodamine 123.
Cells were imaged at 40x magnification on a Nikon Eclipse E400 microscope using an
Insight 2 camera with 1.0x magnification camera mount and SPOT software (version 5.2.5)
running on an iMac computer, which is running OS X Yosemite (OS 10.10.5) in the Imaging
Center for Undergraduate Collaboration (ICUC) at Wheaton College, Norton MA (Zhang, 2016).
Images were analyzed using imageJ (version 1.50i) on MacBook Air laptop, which is running
macOS Sierra (OS 10.12.4). For a complete list of equipment, see Morris (2015a) and Morris
(2015b).
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Methods:
Cell Culture:
Dissection and culture of chick embryo neurons and glia were performed as described by
Morris (2015a). Chick embryo neurons and glia were isolated from 10-day chick embryos and
were put in the incubator at 37 ºC for at least 24 hours.
Preparation of CoQ-10 and 3-NP stock solutions:
CoQ-10 (catalog number: C9538) was purchased from Sigma-Aldrich, which was light
orange powder and had a solubility of 0.3 mg/mL in ethanol (Cayman Chemical, 2015). In order
to obtain the stock solution with 300 µg/mL concentration, a measured amount of CoQ-10 power
was put in a tared 50mL vial, and the amount of ethanol added was determined by the mass of
CoQ-10 added. In this experiment, 9.8 mg of CoQ-10 powder was put in the vial, and 33 mL of
ethanol was added to achieve the desired final concentration of 300 µg/mL. Because CoQ-10 is
difficult to dissolve at room temperature, the vial was put in a water bath at 37 ºC for 10 minutes,
then stirred until all the visible particles were dissolved. The stock solution was stored in the
refrigerator at 6 ºC.
3-Nitropropionic acid (catalog number: N5636) was also purchased from Sigma-Aldrich,
which was white crystals. The stock solution of 3-Nitropropionic acid was made by Kweku
Ampem-Darko, Rebecca Smith and Carly Tavares. 10 mg 3-NP was dissolved in 1 mL ethanol
to achieve the desired final concentration of 10 mg/mL.
Pre-treatment of CoQ-10:
After 24 hours of cell growth after plating, cells were taken out from the incubator. CoQ10 stock solution was also taken out from the refrigerator. Because solute was precipitated from
the solution, the stock solution was returned to the water bath at 37 ºC for 10 minutes and then
was stirred until all solute was dissolved. Three different concentrations of CoQ-10 were used in
this experiment, which were 750 ng/mL, 1.5 µg/mL, and 3 µg/mL. The CoQ-10 stock solution
was diluted to final concentrations in 2 mL of fresh growth medium, then the growth medium in
the Petri dish was replaced by the growth medium that contained CoQ-10. Two control groups
were set up in this experiment, which were the carrier control group that treated with only 1%
ethanol and the control group for the final experiment that treated only with 3 µg/mL CoQ-10.
The carrier control group was made by dissolving 20 µL of ethanol in 2 mL fresh growth
medium, because the solvent of CoQ-10 stock solution and 3-NP stock solution was ethanol.
Cultured cells in Petri dishes were then incubated in the tissue culture incubator.
Treatment of 3-Nitropropionic acid:
After 24 hours of pre-treatment of CoQ-10, cells were taken out from the incubator and
observed under an inverted microscope to make sure cells were alive. 3-NP stock solution was
also removed from the refrigerator and put in the water bath at 37 ºC for 10 minutes. 3 µL of 33

NP stock solution was used to dilute to the final concentration, which was 15 µg/mL, in 2 mL of
fresh growth medium and the growth medium in the petri dish was replaced by the growth
medium that contained 3-NP. Cultured cells in Petri dishes were then incubated in the tissue
culture incubator. Because the solvent of both CoQ-10 and 3-NP stock solution was ethanol, in
both control groups, 20 µL of ethanol was dissolved in 2 mL of fresh growth medium, and the
growth medium in the petri dish was replaced by growth medium that contained ethanol.
Cultured cells in Petri dishes were then incubated in the tissue culture incubator.

Cell staining and observation:
Cells were removed from the incubator after 24 hours of 3-NP treatment and stained with
Rhodamine 123. The stock solution was obtained from Professor Morris and the working
solution was made to have a concentration of 1 µg/mL (Frasca, 2005) in Hank’s Balanced Salt
Solution (HBSS). The working solution was then wrapped with aluminum foil because
Rhodamine 123 is light sensitive. Cells were first washed with HBSS for 5 minutes, then the
solution was replaced by HBSS with Rhodamine 123. Cells were then returned to the incubator
for 4 minutes and were rinsed three times with HBSS and one time with growth medium. The
coverslip was made into a chip chamber and sealed with VALAP. The chip chamber was made
as described by Morris (2015b). The slides were observed under a Nikon Eclipse E400
microscope at 40x magnification. The images were first taken under bright field, then four
fluorescence images at the same spot were taken at the following order of exposure time: 750
ms, 1000 ms, 2000 ms, and 4000 ms for the first trial and 500 ms, 1000 ms, 2000 ms, and 4000
ms exposure time for the second trial. The number of exposures, the length and duration of
exposure time were kept consistent to minimize the difference in photo-bleaching.
Quantification:
The fluorescence images were analyzed using imageJ (version 1.50i) on a MacBook Air
laptop, which is running macOS Sierra (OS 10.12.4). In order to analyze consistent data, the
images with 2000 ms exposure time were chosen to compare average brightness of mitochondria
among different experimental groups and the control groups. Each image was zoomed in and a
distinct region which contained a mitochondrion or mitochondria that were overlapping was
selected using polygon selection along with its boundary. The boundary of mitochondria was
determined by the concentrated area that was 5x brighter than the background over a distance of
3 pixels. Brightness of the selected region was measured and brightness of the background with
the same area was also measured. The brightness of the distinct region of mitochondria was
determined by the difference of the two measurements. Every mitochondrion that met the
standard set above in axons in an image was measured. The number was then averaged to find
the average brightness of mitochondria in axons. 78, 58, and 99 distinct regions of mitochondria
were measured from the experimental groups with the CoQ-10 concentration of 750 ng/mL, 1.5
µg/mL, and 3 µg/mL respectively.
The control group for final experiment was treated with 3 µg/mL of CoQ-10, without the
treatment of 3-NP to indicate the effect of CoQ-10 on neurons. The carrier control group (control
group for CoQ-10) in this experiment was only treated with 1% ethanol to compare the
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brightness of mitochondria with the experimental groups. The control groups were analyzed the
same way as the experimental groups. 41 and 91 regions of mitochondria were measured from
the carrier control group images and the control group for final experiment images respectively.
For displaying purpose in this report, the brightness and contrast of images, which were
used in the Result section, were adjusted using Adobe Photoshop CC (2017.0.1 Release) on a
MacBook Air laptop, which is running macOS Sierra (OS 10.12.4). Brightness was adjusted
from 0 to 40. Contrast was also adjusted from 0 to 40.

Results
Experimental data were analyzed by finding the average brightness of mitochondria in
axons. Figure 1A, 1B, 2A, 2B, 2C are florescence images of neurons under the control groups,
experimental group with the CoQ-10 concentration of 750 ng/mL, 1.5 µg/mL, and 3 µg/mL
respectively.

Figure 1A. Fluorescence image of carrier control group. This image shows
mitochondria brightness of carrier control group treated with 1% ethanol under 2000 ms
exposure time. Notice the dimness of mitochondria in axon.
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Figure 1B. Fluorescence image of control group for final experiment. This image shows
mitochondria brightness of control group treated only with 3 µg/mL CoQ-10. Notice the
brightness of mitochondria in axon.
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Figure 2A. Fluorescence image of 750 ng/mL CoQ-10 and 3-NP treatment. This image
shows mitochondria brightness of experimental group treated with 750 ng/mL of CoQ10 and 15 µg/mL of 3-NP under 2000 ms exposure time. Notice the dimness of
mitochondria in this image.
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Figure 2B. Fluorescence image of 1.5 µg/mL CoQ-10 and 3-NP treatment. This image
shows mitochondria brightness of experimental group treated with 1.5 µg/mL of CoQ10 and 15 µg/mL of 3-NP under 2000 ms exposure time. Notice the brightness of
mitochondria in axon.
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Figure 2C. Fluorescence image of 3 µg/mL CoQ-10 and 3-NP treatment. This image
shows mitochondria brightness of experimental group treated with 3 µg/mL of CoQ-10
treatment and 15 µg/mL of 3-NP under 2000 ms exposure time. Notice the brightness of
mitochondria in axon.
Comparing the experimental group with 750 ng/mL CoQ-10 treatment and the
experimental group with 1.5 µg/mL CoQ-10 treatment, the difference of brightness is not
noticeable. Comparing the experimental group with 1.5 µg/mL CoQ-10 treatment and the
experimental group with 3 µg/mL CoQ-10 treatment, the brightness difference is noticeable.
Overall, fluorescence images indicate increased brightness in increased concentrations of CoQ10 pre-treatment.
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Figure 3. Average brightness of Mitochondrion in axons. This figure shows the
average brightness of mitochondria in axons in different experimental conditions.
Carrier control group without any treatment has n value equal to 41; Control group of
3 µg/mL CoQ-10 has n value equal to 91; Experimental group of 0.75 µg/mL CoQ-10
and 15 µg/mL 3-NP has n value equal to 78; Experimental group of 1.5 µg/mL CoQ10 and 15 µg/mL 3-NP has n value equal to 58; Experimental group of 3 µg/mL CoQ10 and 15 µg/mL 3-NP has n value equal to 99. N-value stands for distinct regions of
mitochondria quantified in six cells from six images in one trial. Notice there is
population of mitochondria that are very bright and very dim relative to the average
brightness in each experimental condition, quantifying is beyond the scope in this
study.

Discussion and Conclusion
The hypothesis is supported by the data, which suggests that mitochondrial dysfunction
induced by 3-NP may be reduced by pre-treatment with CoQ-10. Based on the result from Figure
3, mitochondrial membrane potential might be influenced by different concentrations of CoQ-10
and the treatment of 3-NP. Treatment of 750 ng/mL and 1.5 µg/mL CoQ-10 have similar average
brightness, indicating mitochondria in axons may be less sensitive to low doses of CoQ-10.
However, the overall trend suggests that mitochondrial membrane potential is higher when
treated with higher a concentration of CoQ-10. The carrier control group that treated only with 1
% ethanol has similar average brightness of mitochondria with experimental group treated with
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750 ng/mL of CoQ-10 and 15 µg/mL of 3-NP, which suggests that CoQ-10 may reduce
mitochondrial dysfunction to a level similar to normal cells. The control group treated with only
3 µg/mL CoQ-10 suggests that CoQ-10 may increase mitochondrial activity compared to the
carrier control group. Therefore, the experiment result suggests that CoQ-10 may act as an active
reagent in maintaining mitochondrial function when cells are exposed to toxins that might cause
mitochondrial dysfunction.
Although hypothesis was supported by the experimental data, those data were still
preliminary. Therefore, future experiment with larger scale is still required to test the hypothesis.
If the future experiment has the same result, hypothesis will again be supported showing that
mitochondrial dysfunction may be reduced by pre-treatment of CoQ-10. But the low dose of
CoQ-10 treatment will be focused, because the error bar in Figure 3 suggests that 0.75 µg/mL of
CoQ-10 and 1.5 µg/mL of CoQ-10 treatment might have similar degrees of uncertainty. On a
cellular level, 3-NP acts as a toxic that could decrease mitochondrial membrane potential,
stimulate calcium cation leaking from mitochondria, cause mitochondria swelling, and also cause
ATP level to decline rapidly (Galindo, Saez-Atienzar, Bonet-Ponce, & Jordan, 2015). CoQ-10,
however, might act as a reagent to reduce mitochondrial dysfunction caused by 3-NP. At
concentrations of 0.75 µg/mL of CoQ-10 and 1.5 µg/mL of CoQ-10 and 3-NP treatment,
mitochondrial membrane potential measured by Rhodamine-123 suggests that CoQ-10 may
stabilize the membrane potential to an extent similar to normal neurons, which might help to
maintain the proton gradient across mitochondrial membrane that may assist to ensure ATP
synthesis.
The potential source of error in this experiment may include: the amount of CoQ-10
added to the cells might be slightly different from the indicated value, because CoQ-10 is a
hydrophobic molecule and has low solubility even in ethanol, which might be difficult to
transport CoQ-10 into the cell and therefore may lower its concentration in cytoplasm. Another
potential source of error in this experiment might be the value of average brightness of
mitochondria because images with shorter exposure time were taken prior to the images with
2000 ms exposure time, which might be bleached relative to each other. Therefore, the
experimental value might be lower than the actual value. Nevertheless, all of the images were
taken in an order of increasing exposure time, so the measured brightness could be used to
compare the brightness among all of the experimental groups and control groups.
To refine this experiment, the low solubility of CoQ-10 needs to be addressed. Potential
solutions include: using a solvent with better CoQ-10 solubility which will not influence the cell
behavior, modifying CoQ-10 molecule to make it water-soluble (Somayajulu et al., 2004), using
a hydrophobic carrier molecule to help to transport CoQ-10 into cytoplasm. Another way to
refine this experiment is to increase the n value in the experiment to generate less variable results
and to capture images only at 2000 ms exposure time to avoid photo-bleaching.
Although in this experiment the focus is on mitochondria in axons, based on the
fluorescence images taken in this experiment, mitochondria in glia cells and cell bodies may
have different responses to CoQ-10 than mitochondria in axons. Therefore, in future
experiments, the responses due to CoQ-10 in different cells will be tested and the solubility and
bioavailability of CoQ-10 will be improved.
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