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Introduction 
 Neuronal structure and function depends on the efficiency of axonal transport of 
materials and organelles. Mitochondrial transport along the axon is an area of great interest as it 
pertains to neuronal growth and health (Saxton and Hollenbeck, 2012). Malfunction of 
transporting mechanisms along the axon can be linked to many neurodegenerative diseases such 
as spastic paraplegia, Charcot–Marie–Tooth, amyotrophic lateral sclerosis and Alzheimer's, 
Huntington's and Parkinson's disease (Saxton and Hollenbeck, 2012). Depending on the size of 
the axon, the mitochondria can travel along the microtubule structure of the axon and the 
direction that the organelle is travelling is dependent on stimuli telling the neuron to either retract 
or extend its axon (Saxton and Hollenbeck, 2012).  
 Reactive oxygen species (ROS) are volatile molecules containing oxygen that are a 
natural byproduct of mitochondria metabolizing oxygen. Under particular circumstances where 
the cell undergoes extreme oxidative stress, ROS are produced at a rate higher than normal 
causing the concentration of the ROS within the cell to increase. ROS reacts with other 
compounds producing free radicals which damage intracellular structures and even cause cellular 
death (Boldyrev et al., 2000). There have been links drawn between production of ROS due to 
oxidative stress and neurodegenerative diseases (Boldyrev et al., 2000). There are many 
conditions in which oxidative stress can be applied to a neuron, but particular focus will be put 
on the induction of tetrandrine. 

Tetrandrine is a drug derived from Stephaniae tetrandra, an herbaceous perennial vine, 
and has been used to reduce tumors in rats (Liu, et. al., 2015) The drug has this affect because it 
induces ROS activation in tumorous cells. The ROS then causes cellular damage and eventually 
apoptosis in cells effected. In a non-tumorous cell, tetrandrine is likely to have the same effect, 
inducing ROS production (Xiao, et. al., 2014). This, in turn, degrades intracellular structures and 
protein functions.  
 By studying the mitochondrial activity in axons before ROS induction and after ROS 
induction,  on the effects of ROS on axonal health and function and if the application of 
antioxidants will help the neuron fix any axonal damage and resume its original function. 

We hypothesized that if tetrandrine is applied at a 10 µM concentration to a 2 day old 
neuron, then ROS will be produced at higher than normal amounts, then the mechanism 
involving mitochondrial transport along the axon will in turn be damaged decreasing the velocity 
of the mitochondrion. The experiment was conducted in collaboration with Noah Allen, Jordan 
Bauer, Hannah Woloschuk, and Anik Mutsuddy. 
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Materials and Methods 
Primary culture dissection and ganglia dissociation 
 Neuronal cells and ganglia were prepared according to Morris (2017a). Tetrandrine was 
purchased from Sigma-Aldrich in a 50 mg amount, catalog number T2695, to be used in 
experimental conditions on the cells (Tetrandrine, T2695). 25 mg of Rhodamine 123 (Rh 123) 
was purchased from Sigma-Aldrich, catalog number R8004, to be used in both control and 
experimental cultures (Rhodamine 123, R8004). Dichlorofluorescein (DCF) was purchased form 
Sigma-Aldrich in a 1 g amount, catalog number 35845, to be used in both control and 
experimental conditions (2′,7′-Dichlorofluorescein diacetate, 35845). 
 
Preparing growth medium 
 Chick neurons and glial cells require F-plus medium to grow in, the ingredients for the 
medium were Nerve Growth Factor (NGF), glutamine, pen/strep, Fetal Bovine Serum (FBS), 
glucose, and Leibovitz L-15 (Morris, 2017a-b).  
 
Introducing DCF and cell washing 
 To determine presence of ROS in cells, cells required a DCF treatment. 50 mg of DCF 
were dissolved in 2.1 mL of DMSO to create a 50 mM solution. A 1:25 dilution was performed 
to create 2 mM stock solution from which working solutions would be made. To create a 50uM 
working solution to treat both control and experimental cultures of 2 day old cells, a 1:40 
dilution was performed into 1 mL of growth medium (LeBel, 1992). Growth medium containing 
DCF was introduced onto cultures, covered with tin foil, and incubated for 20 minutes at 37°C. 
Growth medium containing DCF was removed and cells were washed 4 times with HBSS. Each 
HBSS wash was left on cells for a minute before being removed and washed again. Once washes 
were completed, 2 mL of fresh growth medium were introduced onto cultures. This protocol was 
made in collaboration with Noah Allen.  
 
Introducing tetrandrine and cell washing 
 11 mg of the tetrandrine powder was mixed with 11 mL of dimethyl sulfoxide (DMSO) 
to make a solution at a concentration of 1.61 mM stock (Bauer, 2018). 12.5 µL of stock solution 
was added to 2 mL of growth medium which was introduced to all the experimental petri dishes 
of 2 day old cells after removing original growth medium. Cultures were incubated for 2 hours at 
37°C. After incubation, affected growth medium was removed. Cultures were washed 4 times 
with HBSS, waiting one minute with each HBSS wash on the cells. 2mL of fresh growth 
medium were placed on the cells after HBSS washes. It is important that sterile conditions were 
maintained during treatment and washes. This protocol was made and performed in collaboration 
with Jordan Bauer and Hannah Woloschuk. 
  
Introducing Rh123 and cell washing 
 25 mg of Rh 123 were added to 2.5 mL of DMSO creating a stock solution of 10 mg/mL. 
A 1:10,000 dilution of the stock solution was performed into 1 mL of growth medium to treat 
both control and experimental cultures of 2 day old cells. Growth medium containing Rh123 was 
introduced onto cultures, covered with tinfoil, and incubated for 10 minutes at 37°C (Morgan, 
2017). Growth medium containing Rh 123 was removed and cells were washed 4 times with 
HBSS. Each HBSS wash was left on cells for a minute before being removed and washed again. 
Once washes were completed, 2 mL of fresh growth medium was introduced onto cultures. This 
protocol was made in collaboration with Anik Mutsuddy.  
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Making a chip chamber 
 Preparing chip chambers for viewing cells were done in accordance to Morris lab 
procedures (2017). 
 
Fluorescence imaging 
 Fluorescent and transmitted light images of cells were taken using an upright Nikon 
Eclipse 2000 microscope with a Spot Insight FireWire 2 camera mounted on it. Spot software, 
version 5.2, was used on an Apple Macintosh computer with OS X Yosemite software, version 
10.14, to take images. The Rh123 labeled cells were imaged at 40x magnification using a phase 
2 lens. For the control group, 6 sets of time lapse images were taken which could be used for 
data collection. For the experimental group, 6 sets of images were taken which could be used to 
collect data. Each set contained 3 images, one taken at time point zero, and a second taken 15 
seconds after the first exposure time ended. The third image was a transmitted light image taken 
before the time lapse. The first photo in the time lapse sequence had a manual exposure time of 2 
seconds and the second had a manual exposure time of 3.5 seconds.  
 DCF fluorescence images were taken under 40x magnification using a phase 2 lens. For 
each control and experimental images, a transmitted light image was taken first then a 
fluorescence image was taken. Fluorescence images had a manual exposure time of 2 seconds.  
 
Data analysis-DCF control and experimental 
 The image analysis software FIJI version 2.0.0 was used for all DCF image analysis. 
Fluorescence images were transformed into a RGB image stack. The green (G) image was 
selected and the rectangle tool was used to make a rectangle around the fluorescing neuron. The 
neuron was first found on the transmitted image, its location in the fluorescence image would be 
the same. Using the measure tool the maximum green light intensity would be measured and 
recorded. Each control and experimental data sets were averaged. 
 
Data analysis-Rh 123 control and experimental 
 The image analysis software FIJI version 2.0.0 was used for all Rh 123 image analysis. 
For each image set, both fluorescence images were taken and turned into an image stack. This 
allowed for mitochondrial movement to be easily seen. Each individual fluorescent image was 
then taken and turned into and RGB image stack, where only the green (G) image was used. 
Once mitochondrial movement in the axon was found using the fluorescence stack, the 
mitochondrion was identified on G image and mitochondrion was identified. In order to be 
included in the study, a mitochondrion had to be in the axon and show either retrograde or 
anterograde movement. To identify a mitochondrion to be used in the study based off of 
fluorescent intensity, the lowest background intensity of a pixel in the image was found and the 
highest fluorescent intensity of a pixel on the image of the mitochondrion was found. These two 
numbers were averaged to create the threshold number which defined the beginning of 
mitochondrion. Any pixel with a green intensity lower than the threshold was not considered a 
part of a mitochondrion and any number higher was considered part of a mitochondrion. A 
mitochondrion located in an axon that had to be differentiated from the cytoplasm by the 
fluorescent criteria mentioned previously. These mitochondria were included in this study. An 
axon was identified in the transmitted image. 
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   A       B 
 
Figure 1: The product of defining a mitochondrion and outlining according to green 
fluorescence intensity. Image A is the fluorescence image taken at time point zero at 2 seconds 
of exposure. The yellow line outlines all pixels above a threshold of 50 green light intensity. 
Image B is the fluorescence image taken at time point 15 seconds after exposure time of image A 
at 3.5 seconds of exposure. The yellow line outlines all pixels above a threshold of 100 green 
light intensity. The color intensity and x and y coordinates of the pixel in the top left edge of 
each mitochondrion was recorded. 
 

A pixel at the edge of the mitochondrion was selected in the image taken at time point 
zero, and the x and y coordinates of that pixel were recorded. The same process was done for the 
image taken at time point 15 seconds. A pixel in the same area on the same edge of the 
mitochondrion in the previous image had its coordinates recorded. 
 The amount the mitochondrion had moved, in pixels, was found using the Pythagorean 
theorem. Pixels were then converted to microns. A transmitted light photo of a stage micrometer 
was taken. This image was then uploaded to FIJI were a line was drawn connecting two lines on 
the stage micrometer measuring 10 microns. The line spanned from the middle of each line on 
the stage micrometer. The FIJI software then measured the drawn line in pixels. 10 microns were 
measured to be 56.286 pixels (1 micron=5.63 microns). Using this conversion factor, the 
distance mitochondria traveled were able to be converted from pixels to microns. Each distance 
was then divided by 15 seconds to find the velocity of the mitochondrion.  
 Once all useable data from each set of photos was measured and converted to 
microns/second, each data set from each time lapse was averaged. All control and experiment 
averages were then averaged a second time to get a singular experimental average and control 
average.  
 
Statistical Analysis 
 Two sample t tests were run on both averages from DCF fluorescence measurements and 
both averages from mitochondrial speed measurements. Standard error was calculated using the 
standard deviation in order to create error bars to be used on graphs. 
  

T=0 Seconds T=15 Seconds 
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Results   

   
   A       B 

 
Figure 1: DCF control images treated with tetrandrine show one neuron in the same region 
under transmitted and fluorescent light. Red arrow indicates the fluorescing neuron. Image A is 
the transmitted light image of the neuron. Image B is a fluorescence image of the neuron le at an 
exposure time of two seconds. The green glow indicates the presence of ROS in cells in Image 
B. When compared to Figure 2B the fluorescence in Image B is dimmer. In the bottom left 
corner of Image A there is a scale bar for reference measuring 50 microns. These images were 
taken in collaboration with Noah Allen. 
 

   
   A       B 
 
Figure 2: DCF experimental images treated with tetrandrine show two neurons in the same 
region under transmitted and fluorescent light. Red arrow indicates the fluorescing neuron. 
Image A is the transmitted light image of two neurons. Image B is a fluorescence image of the 
two neurons but only one is visible at an exposure time of two seconds. The green glow indicates 
the presence of ROS in cells. The increased fluorescence in Image B indicates a higher 
concentration of ROS than Figure 1B.  In the bottom left corner of Image A there is a scale bar 
for reference measuring 50 microns. These images were taken in collaboration with Noah Allen. 
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Figure 3: Average green light intensity for DCF treated control and tetrandrine experimental 
groups. Standard error bars are shown for each control and tetrandrine treated averages. Data for 
the control group was derived from 5 neurons in 5 images from one trial. Data from the 
experimental group was derived from 3 neurons in 3 images from one trial.  
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    A     B 
 
Figure 4: Rh 123 control images with the same glia, neurons, and axons in the same region 
under transmitted and fluorescent light. Image A is the transmitted light image of two glial cells, 
two neurons, and multiple axons. Image B is a fluorescence image of the same glial cells, 
neurons, and axons at two seconds time exposure. Red arrow in Image B marks an individual 
mitochondrion marked with Rh123. Green coloration shows the presence of mitochondria. 
Mitochondria present in the axons were used for data collection. In the bottom left corner of 
Image A there is a scale bar for reference measuring 50 microns. 
 

     
    A     B 

 
Figure 5 Experimental images of a glial cell with several axons in the same region under 
transmitted and fluorescent light. Image A is the transmitted light image of a glial cell with 
several axons. Image B is a fluorescence image of the same glial cell and axons at two seconds 
time exposure. Red arrow in Image B marks an individual mitochondrion marked with Rh123. 
Green coloration shows the presence of mitochondria. Mitochondria present in the axons were 
used for data collection. In the bottom left corner of Image A there is a scale bar for reference 
measuring 50 microns. 
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Figure 6: Rh123 control image zoomed into a singular axon in the same region under 
transmitted and fluorescent light. Image A is the transmitted image of an axon treated with 
Rh123. Image B is a fluorescence image of the same axon at two seconds time exposure at time 
point zero seconds. Image C is a fluorescence image of the same axon at 3.5 seconds time 
exposure at time point 15 seconds. The green objects shown in Images B and C are mitochondria 
labeled with Rh123 located within the axon. The open arrow head indicated a mitochondrion that 
did not make any retrograde or anterograde movement during the 15 seconds. The solid arrow 
head indicates a mitochondrion moving anterograde (to the left) within the axon. Brightness in 
Images B and C was adjusted for equivalent display in this figure. 
  

A

B

C
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Figure 7: Average velocities of mitochondria for Rh123 control and tetrandrine experimental 
groups. Standard error bars are shown for each control and tetrandrine treated averages. Data for 
the control groups was derived from 31 mitochondria located in axons from 6 image sets in one 
trial. Data for the experimental group was derived from 30 mitochondria located in axons from  6 
image sets in one trial.  
 

In the DCF control group, a normal amount of ROS present in cells was observed based 
off of the fluorescent intensity of the inner cellular matrix, seen in Figure 1B. Fluorescence of 
neurons increased when treated with tetrandrine shown by increased intensity of green light in 
Figure 2B when compared to Figure 1B. The difference between control and experimental 
intensities is quantified by Figure 3. A two sample t test was run on the two averages the 
averages were found to be very statistically significant at a level of P=0.0055. 

Control neurons with mitochondria labeled with Rh123 are presented in Figure 4B. 
Experimental neurons treated with tetrandrine and labeled with Rh123 are shown in Figure 5B. 
Figure 6 demonstrates the movement of a singular mitochondrion within an axon over a fifteen 
second time period. The type of movement under both control and experimental conditions is the 
same. This movement is quantified in Figure 7. In Figure 7, the average mitochondrial speed for 
both control and experimental data sets are quantified along with standard error. Control 
mitochondria averaged a faster velocity than mitochondria under experimental conditions. A two 
sample t test was run on the averages and the averages were found to be statistically significant 
at the level of P=0.0280. 



 10 

Discussion and Conclusions 
 The results from the experimental conditions in both DCF and Rh123 labeled neurons 
suggest that the mitochondrial transport in axons is affected by the presence of ROS (Figure 7). 
Control neurons labeled with DCF, showed a lower green light fluorescence that experimental 
neurons treated with tetrandrine and labeled with DCF. DCF labels ROS present inside of the 
neuron and the higher the fluorescence, the higher the concentration of ROS present in the 
neuron is (LeBel et al., 1992). Experimental neurons also treated with tetrandrine and labeled 
with Rh123 showed a decreased in mitochondrial velocity when compared with Rh123 labeled 
control neurons. When experimental velocities of mitochondria in axons are compared to control 
data, the velocity of the control is almost triple that of the experimental. Since both sets of 
experimental images were treated with tetrandrine than a conclusion can be drawn that increased 
levels of ROS caused by tetrandrine decrease the velocity of mitochondria in axons. Statistical 
tests further support the findings, therefore, the hypothesis stating that an increased presence of 
ROS will decrease the ratee of axonal mitochondrial transport. 
 Decrease in mitochondrial velocity in axons points towards malfunction of the 
mitochondrial transport mechanism along the axon. Motor proteins facilitate anterograde or 
retrograde mitochondrial transport on microtubules that run the length of the axon (Saxton and 
Hollenbeck, 2012). Deterioration of the transport mechanism is linked to the development of 
Alzheimer’s, ALS, Huntington’s, and Parkinson’s diseases (Sheng and Cai, 2012). Knowing that 
an increased presence of ROS is culpable of weakening the mitochondrial transport mechanism, 
sources of ROS production can be related causing neurodegenerative diseases.  
 Limitations of the experiment include the definition of a mitochondrion. At the 
fluorescent levels, it was difficult to define mitochondria due to the fact that the background 
fluorescence from the axon interior was above the threshold intensity used to define a 
mitochondria. Perhaps a less concentrated dose of Rh 123 could be used. A more efficient way of 
defining mitochondria would lead to a larger data set and more accurate ways of measuring 
movement. 
 Future experiments could examine different causes of ROS production. ROS production 
was triggered by tetrandrine, a drug synthesized to treat cancerous cells, not a molecule normal 
cells frequently encounter (Liu, et. al., 2015). Neurons could be treated by other substances and 
ROS production and mitochondrial axonal velocity could be examined. That data could be used 
to determine if substances lead to neurodegenerative diseases through the decline of 
mitochondrial transport. 
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