
 
 

  

Wheaton Journal of  

Neurobiology Research  
 

Issue 9, Spring 2017: 
  

"Modeling disease using primary neuronal tissue culture"  
 

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

Inducing mitochondrial membrane 
potential dysfunction with 3-nitropropionic 

acid in Gallus gallus neurons 
 

Kelvin Kweku Ampem-Darko  
 

BIO 324 / Neurobiology  
Final Research Paper 

3 May 2017 
 



 1 

 

Inducing mitochondrial membrane potential 
dysfunction with 3-nitropropionic acid in Gallus 

gallus neurons 
 

Kelvin Kweku Ampem-Darko 
Final Research Paper written for 

Wheaton Journal of Neurobiology Research 
BIO 324 / Neurobiology 

Wheaton College, Norton Massachusetts 
3 May 2017 

 
 
Introduction 

One fundamental part of understanding the complexities of pathology is modeling the 
biological mechanisms of the disease in question. Huntington is one such disease and in this 
study, we tested the hypothesis that mitochondrial membrane potential is negatively influenced 
by 3-nitropropionic acid (3NP) as measured by Rhodamine 123 glow in mitochondria. What 
prompted the testing of this hypothesis was a recent publishing of Huntington disease therapy 
model in 2015 ( Mehrotra, Kanwal, Banerjee & Sandhir in 2015). In this model, 3NP was one of 
the fundamental causes of neuronal apoptosis and was strongly implicated in the overall 
mechanism of Huntington disease. Huntington’s disease (HD) is an autosomal dominant 
neurodegenerative disease, which has a prognosis of 15 to 20 years (Roos et al. 1993). It is 
characterized by gradual behavioral, motor and cognitive decline. The disease therapy created by 
Mehrotra et al. was based on a model originally proposed by Fiskum et al. in 2003. In it, 
mitochondrial dysfunction is pointed out as a primary cause of apoptosis of most neuron types in 
the brain.  

The specific implication for Huntington’s disease, however, is not explored in this 
specific model. Nevertheless, it is already known that Huntington disease is due to a mutation, 
which occurs on a gene called Huntingtin, and this mutation could be on either of the two copies 
that humans have (Roos, Hermans, Vegter-van der Vlis, van Ommen, & Bruyn, 1993). 
Specifically, 3-nitropropionic acid (3NP) was investigated because in the model proposed in 
2015, 3NP is implicated as one of the initiators of neuronal apoptosis. Apoptosis happened once 
the mitochondria in neurons significantly reduced how much adenosine triphosphate (ATP) they 
produced (Roberts, 2004). This was expected since 3NP is a known mitochondrial toxin 
(Calabrese, Lodi, Tonon, D’Agata, Sapienza, Scapagnini, et al., 2005). However, the specific 
functions of mitochondria that are affected are still not clearly known. As such, my hypothesis 
was designed to explore to what extent mitochondrial membrane potential could be affected by 
3NP. This was chosen since it narrowed down the affected function to a single measurable one.  

For this study, peripheral neurons were harvested Gallus gallus embryos. The embryos of 
the domestic chicken were chosen because extraction of DRGs from the spine is relatively 
straightforward and their maintenance is also manageable. For this short report, it was 
hypothesized that the aspect of mitochondrial function to be most directly affected would be 
membrane potential. Membrane potential is the difference in electric potential that exists across 
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any membrane of a living cell (Mummert, 1991). Given that 3NP was a known mitochondrial 
inhibitor, it was plausible that the mitochondrial electrical gradient would be lessened (Brouillet, 
Jacquard, Bizat, & Blum, 2005). This research question is significant because mitochondrial 
dysfunction is a known mechanism of Huntington’s disease (Brouillet, Jacquard, Bizat, & Blum, 
2005). Modeling this aspect of its pathogenesis could potentially offer insights into the sequence 
of the mechanism of Huntington’s disease. Currently, there are few options to manage 
Huntington’s disease and no treatments exist for the slow down or cure of it (Dayalu et al., 
2015). 

 
Materials & Methods 
Experimental Materials: 
The materials used for this study were: cover slips, 3mm petri dishes, Rhodamine 123, HBSS, a 
Nikon Eclipse E400 microscope found in the Wheaton College Image Center for Undergraduate 
Collaboration (ICUC), a Symphony 5.3A VWR incubator and 0 to 20µl pipettes. A Spot Insight 
2 camera was attached to the Nikon Eclipse E400 microscope and used to take sample images. 
The software that captured the images was Spot Microscopy Imaging Software (version 5.2) 
downloaded on an Apple iMac running OS X (version 10.12.4). Image analysis was conducted 
by ImageJ Software bundled with Java (1.8.0_101) on the same Apple iMac software version.  
 
Preparation of 3NP and Cell Sample: 

The procedure for primary cell culture as outlined by Morris (2015a) and was followed to 
harvest peripheral neuron dorsal root ganglia from 10-day Gallus gallus embryos. The neurons 
were allowed to grow and adhere to treated coverslips for 48 hours in a Symphony 5.3A VWR 
incubator at 37°C using the technique explained in Morris, 2015a. After incubation plates were 
moved from the incubator, they were examined with TS 100 Nikon inverted scope to check for 
the presence of growing neurons. A stock solution concentration of 10mg/ml 3NP was prepared 
by dissolving 10mg of 3NP (Catalog #164603) into 1ml 100% Ethanol. The dissolution was 
done by carefully pouring the already measured out 3NP into a test tube and covering it. Given 
that 3NP is toxic to humans, care must be taken to ensure none is inhaled. Next, 1ml of 100% 
ethanol is pipetted and quickly transferred into the test tube and covered. This must be done 
quickly to ensure accuracy since 100% ethanol is extremely volatile. Next, the covered test tube 
with the 3NP inside is shaken until the 3NP is completely dissolved. Once this is done, the 
sample was labeled and stored in a refrigerator as per instructions provided by Sigma Aldrich.  

 
Experimental Procedure: 
  Three 35mm petri dishes, which contained neurons that had been adhered to slides, were 
then procured for experimentation after a 36-hour growth period had elapsed. The 36-hour 
incubation took place in a incubator at 37°C. For the first sample, 15µl of 10mg/ml 3NP was 
added to 2ml of growth medium containing plated neurons. For the second sample 7.5µl of 
10mg/ml 3NP was added to 2ml of growth medium containing plated neurons. For the control, 
15µl of 100% ethanol was added and incubated for the same 36-hour period. After the 36-hour 
period, Rhodamine 123 was used to label the samples. To prepare the appropriate concentration, 
5µl Rhodamine 123 was added to 5ml Hank’s Balanced Salt Solution (HBSS). This was how the 
fluorescent solution was made. Now, it was ready to be used as a fluorescent dye for the sample. 

To begin the dyeing process, the plated neurons were washed with warm HBSS. After the 
wash, the slide was placed in a 3mm petri dish with HBSS. Next, about four drops of the 
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Rhodamine 123 solution were added to the sample and incubated at 37°C for 5 minutes. 
Afterward, the sample was retrieved and washed gently with HBSS 5 times. Finally, a chip 
chamber is made for the sample. This process was repeated for each sample to complete the 
fluorescence dye process. After the chip chamber was created, imaging was carried out. 

 
Fluorescence Imaging:  
 Once chip chambers were made, fluorescence microscopy was done using the Nikon 
Eclipse E400 microscope. First, a dark curtain in the imaging area was used to block most of the 
available light. Afterwards, the chip chamber was placed on the stage and a magnification of 
40X was used. Once cells were found, transmitted light was cut off. Next, blue light was used to 
illuminate the sample for exposures of 1500ms, 2000ms and 4000ms while pictures were taken 
at a Gain of 2. Only one image at exposure 1500ms was used. To ensure consistency in 
brightness measured, the brightness of the chosen mitochondria was subtracted from the adjacent 
background in all images. This ensured that a difference in brightness was measured and 
eliminated any chance of brightness inconsistencies. A Spot Insight 2 camera driven by Spot 
Microscopy Imaging Software (version 5.2) software was used to collect all images.  
 
Quantifying Images: 
 Using the ImageJ Software specified under Materials, image quantification was carried 
out on each sample. The polygon feature of ImageJ was used to circle 10 mitochondria on each 
sample. This was done after the sample had been magnified to approximately 500%. For each 
encircled mitochondrion, a shape of the same size was placed in the adjacent background and 
then subtracted to get a difference. This difference was then computed as the pixel intensity of 
the mitochondria. For this study, a mitochondrion in an image was defined as any area of 
concentrated fluorescence brightness that was 4X brighter than the background over a distance of 
4 pixels. The brightness values were put in an Excel 2013 Spreadsheet and the subtraction was 
carried out in Excel. Next, the values of the differences for each dosed sample of 3NP were 
averaged and placed into a separate table. A bar graph was then made based on this table to 
provide a visual representation of the data. To test the significance level of these data, a one 
sided, unpaired T-test was conducted on the individual values of these samples, using calculator 
provided by Social Science Statistics (2017).  
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Results 
 
 

 
 
 

Figure 1 – Enlarged fluorescence light image of neurons dosed with 7.5µl of 10mg/ml 3NP. 
Figure 1A depicts a mitochondrion, which fits the definition of this study being enclosed by a 
polygon. Figure 1B shows the adjacent background of the mitochondrion being measured. To get 
the values of the glow, the brightness of the mitochondria was subtracted from the adjacent 
background as illustrated. This image was taken at an exposure of 2000ms. 
 
 
 
 

Figure 1A Figure 1B 
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Figure 2 – Fluorescence microscope images at 40X magnification with an exposure of 2000ms. 
Figure 2A is a control whereas Figure 2B is a sample dosed with 7.5µl of 10mg/ml 3NP. From 
visual observation, there is no discernable difference between the brightness intensity of the 
control image and the experimental sample.  
        
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
             Figure 3 
 
Figure 3 – Figure 3 is a brightfield microscopic image of Figure 2A. Notice the bumps that can be seen 
along the axon of the neuron are the mitochondria. Also, the cell boundaries, which are absent in Figure 
2A can be observed in this image.  
 
 
 

Figure 2A Figure 2B 
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Figure 4 – Average mitochondrial glow as measured by pixel intensity for the Control and two 
experimental conditions (n=10 mitochondria for each condition). Mitochondria were selected 
sequentially from one end of the axon (left or bottom) to the other (right or top) to mitigate any 
possible selection bias. It can be noted that mitochondrial glow is lowest with the highest dose of 
3NP. 
 
 
A one-tailed unpaired t-test was conducted to test the significance level of these data. For the 
test, the null hypothesis stated that the average difference in mitochondrial glow would be the 
same. The alternative hypothesis stated that the difference in mitochondrial glow would be 
statistically significantly different. The one-tailed unpaired t-test at a significance level of 0.05 
for the brightness difference between the control and the 15µl dose yielded a p-value of .00432. 
This meant that the result was significant at p < .05.  
 
Discussion & Conclusions 
 The hypothesis that mitochondrial membrane potential is negatively influenced by 3-
nitropropionic acid (3NP) as measured by Rhodamine 123 glow in mitochondria is supported by 
these data. The mitochondria in cells treated with 3NP exhibited significantly lower glow 
intensities once image analysis was conducted. The t-test conducted confirmed that these 
observed differences were statistically significant; resulting in the conclusion that 3NP 
negatively affects mitochondrial membrane potential.  
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 This result is consistent with model, which implicated mitochondrial dysfunction in 
neuronal apoptosis (Fiskum et al. 2003). If the experiment had been repeated such that similar 
trends in results were observed with differences between the average mitochondrial glow 
intensities, the hypothesis would remain supported by the literature (Mehrotra et al., 2015, Roos 
et al., 1993, Nasr et al., 2007, & Schapira et al., 2008). Although mitochondrial dysfunction was 
known to be induced by 3NP, the specific function of mitochondria that was affected was not 
elucidated in the literature. Nevertheless numerous studies based their work on Roos et al.’s 1993 
model. Based on the results of this study, a possible explanation can be offered. The outer 
mitochondrial membrane, which is about 60 to 75 Angstroms thick, is embedded with ion 
channels that facilitate its vital role of Ca2+ cycling (Rourke, 2009). It is possible that 3NP 
induced an increase in the membrane permeability of the inner and outer mitochondrial 
membranes. It did so by compromising the selectivity of the ion channels imbedded primarily in 
the inner membrane. This plausibly resulted in a reduced membrane potential since the electrical 
gradient was no longer as steep as it needed to be controlled ion movement through the 
membrane.  
 A possible source of error for this study would be the exposure times of the samples. It 
possible that photo bleaching may might have impacted the glow of the mitochondria. This 
would in turn affect the accuracy of the mitochondrial brightness being observed. In the case of 
this study, the glow of the mitochondria was subtracted from the adjacent background. 
Nonetheless, it is possible that this adds another avenue for experimental error. To refine this 
experiment, a cut-off exposure time of 1500ms will be used to ensure that the added step of 
subtracting from the adjacent background is removed. For future experiments, it would be 
interesting to observe how daily physiological functioning of the neuron is affected by 3NP. 
Looking at how growth cones behave in 3NP samples as compared Control samples could offer 
some insights into how compromising the presence of 3NP is to other glial and neuronal 
organelles. This is because, growth cones are important to the growth of neurons in culture 
(Damiano, Galvan, Déglon, & Brouillet, 2010). If any impact is measured, it would imply that 
3NP’s toxic effects, affect more than just the mitochondria. 
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