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Introduction 
 Alzheimer’s disease is a neurodegenerative disease associated with degrading cognitive 
function and memory loss in the elderly. There are many proposed biochemical pathways that 
lead to the disease and other factors such as genes, lifestyle, and environmental influences. 
However one consensus around an identifier of Alzheimer’s, is the presence of amyloid β 
peptide plaques associated with damaged neurons (Mattson, 2004). Oxidative stress is also 
related to cellular aging and to the presence of amyloid β (Cheignon et al., 2018). Cellular 
oxidative stress comes in the form of reactive oxygen species (ROS) which are most commonly 
the byproduct of cellular respiration. Partial reduction of molecular oxygen leads to superoxide 
ion and peroxide which react with cellular components including lipids, nucleotide bases, and 
proteins. This oxidative stress is linked to cellular aging and disease (Tymoczko, Berg, & Stryer, 
2015). Contributing to cellular ROS production is the interaction of residues on the amyloid β 
peptide which increase lipid peroxidation and contribute to neuron death as shown by several 
studies (Allan Butterfield, Castegna, Lauderback, & Drake, 2002; Beckhauser, Francis-Oliveira, 
& De Pasquale, 2016; Goodman, Steiner, Steiner, & Mattson, 1994). 
 Popular consumer products often boast of antioxidant properties for general health. This 
study looks at how the native antioxidant defenses of neurons respond to ROS stimulation and 
antioxidant stimulation. Understanding the timing and use of supplemental antioxidants is 
important in maximizing their positive effects (Fusco, Colloca, Lo Monaco, & Cesari, 2007). 

Neuronal antioxidant genes are regulated in connection with synaptic activity (Baxter & 
Hardingham, 2016). This forms a convenient feedback loop where the increased cellular activity 
establishing a membrane potential and neurotransmitter transport also contributes to ROS 
production and at the same time regulates genes that control antioxidant levels. This makes sense 
in a healthy cell where the only sources of ROS are from the cell’s own respiration. However in 
diseased cells it is possible these natural antioxidant defenses can be overrun by non-
respirational ROS accumulation. 
 This experiment used sympathetic nerve chains from Gallus gallus embryos as a source 
of high quantity and quality nerve cultures for experimentation. This allowed for a study where 
nerve cultures were exposed to a known ROS generator and a known antioxidant. This study 
tested the hypothesis that neurons with a supplemental antioxidant would have less ROS present 
after exposure to an ROS generator. Since mature neurons may have a different level of genetic 
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regulation compared to young neurons it was also hypothesized that mature neurons would be 
less affected by the effects of an ROS generator compared to young neurons.  
 Tetrandrine was used in this study to induce ROS in neurons in culture. This drug had 
success in experiments on human liver cells where ROS was significantly increased after 
treatment (Gong et al., 2012). The antioxidant used was N-acetyl-L-cysteine, a common 
antioxidant thought to reduce oxidative damage in muscle cells in response to exercise 
(Zafarullah, Li, Sylvester, & Ahmad, 2003). To compare ROS levels between conditions the 
fluorescent probe 2’,7’, dichlorofluorescin diacetate (DCF) was used, which becomes fluorescent 
upon oxidation (LeBel, Ischiropoulos, & Bondy, 1992). 
  
Materials & Methods 

Culture preparation: 
Nitrile gloves sterilized with 75% ethanol were worn throughout work with cultures.  

 Prior to dissection F+ growth medium was prepared with the following measurements: 
100ml L-15 medium, 2mM glutamine, 0.6% glucose, 100U,μg/ml pen/strep, 10% fetal bovine 
serum, and 50ng/ml neuron growth factor. Trypsin solution was prepared using Ca/Mg free 
HBSS with 0.25% trypsin. 

Glass coverslips were prepared for neuron culture by cleaning in absolute ethanol. 
Primary culture of chick embryonic peripheral neurons was carried out under a Nikon SMZ645 
dissection scope paired with a Micro Video Instruments NCL 150 illuminator, in a sterile 
100mm petri dish with Hanks Balanced Salt Solution. Dissection steps followed the procedure 
Neurobiology Bio324 Primary Culture of Chick Embryonic Peripheral Neurons 1: Dissection 
(Morris, 2017). Ganglia were dissociated in 35mm petri dishes by removing HBSS and replacing 
with trypsin solution and incubated at 37℃ for 15-20 minutes. The trypsin solution was 
removed, ganglia resuspended in HBSS and triturated using a flame constricted Pasteur pipette. 
22x22mm coverslips treated first with poly-L-lysine for 20 minutes followed by laminin for 20 
minutes, then cells were plated on coverslips in 35mm petri dishes in 2 ml F+ medium. The 
number of drops of triturated cells added to culture plates was adjusted to produce low, medium, 
and high concentration cultures. 

Treatment preparation: 
A stock solution of N-acetyl-L-cysteine (NALC) was made up at 30.66mM in dH2O. The 

250mg NALC dissolved in 50ml of dH2O slowly in a 37℃ water bath. To apply NALC to 
cultures a 1:1022 dilution in 2 ml growth media was done. 

A stock solution of tetrandrine was made up at 1.61mM in DMSO this was done in 
collaboration with Jordan Bauer, James Marcucella, Hannah Woloschuk. A target concentration 
of 10μM was reached by a 1:161 dilution in 2ml of growth media. 

A stock solution of DCF was made up at 50mM in DMSO. The 50mg of DCF dissolved 
easily in 2.1ml of DMSO. To make a working stock a 1:25 dilution was done in DMSO to 
produce a 2mM stock. A target concentration of 50μM was reached by a 1:40 dilution made up 
in 1 ml growth media. 
 Treatment method: 

A young group of cells was defined as having grown in culture two days since dissection. 
A mature group of cells was defined as having grown in culture for six days since dissection. The 
young and mature groups each consisted of four cultures; both groups received the same 
treatment as follows. After each treatment the cultures were washed for one minute, four times 
with HBSS before the next treatment or imaging. 
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A 2 day and a 6 day old culture was treated with DCF and incubated at 37℃ for 20 
minutes and then imaged. 

A 1 day and 5 day old culture was treated with NALC and incubated at 37℃ for 
approximately 24 hours. These cultures, now 2 and 6 days old respectively were treated with 
DCF and incubated at 37℃ for 20 minutes and then imaged. 

A 2 day and 6 day old culture was treated with tetrandrine and incubated at 37℃ for 
approximately 2 hours. These cultures were treated with DCF and incubated at 37℃ for 20 
minutes and then imaged. 

A 1 day and 5 day old culture was treated with NALC and incubated at 37℃ for 
approximately 24 hours. These cultures, now 2 and 6 days old were treated with tetrandrine and 
incubated at 37℃ for approximately 2 hours. These cultures were treated with DCF and 
incubated at 37℃ for 20 minutes and then imaged. 
Chip chamber preparation: 
 Following the prescribed incubation period chip chambers were prepared to allow for 
time lapse and fluorescent microscopy. Coverslip fragments were arranged on a microscope slide 
at the four corners of where the coverslip would lay. Then one to three drops of growth media 
were placed in the center of the slide. Excess growth media was removed from the dish and the 
coverslip was removed with sharp forceps, inverted so the cell side would be down against the 
slide. Liquid under coverslip was either added with Pasteur pipette or removed with Kim Wipes. 
The chamber was then sealed with VasPar (Vaseline and paraffin) to keep chamber from drying 
out or being exposed to air. The top of the coverslip was rinsed with a drop of dH2O and wiped 
away in one direction, taking care not to smear VasPar from edge. Procedure according to Dr. 
Robert Morris, recorded laboratory notes (Allen, 2018, p.11). 

Imaging and data collection: 
 Fluorescent images and phase enhanced images were taken in the Wheaton College 
Imaging Center for Undergraduate Collaboration (ICUC). A Nikon Eclipse 400 microscope with 
a 40x/0.65 phase 2 Nikon objective was used. Images were collected with a Diagnostic 
Instruments Color Mosaic camera, model 18.2, connected to microscope with a 1x Nikon 
connecting mount. Spot imaging software version 5.2.5 on the iMac “TAURUS” (late 2013), 
running macOS High Sierra.  
 Fluorescent imaging used a Chiu Technical Corporation 100-watt mercury bulb along 
with a B-2/C FITC filter providing excitation wavelength of 465-495nm, dichromatic mirror 
wavelength of 505nm, and barrier filter wavelength of 515-555nm. Exposure time was manually 
set to 8000ms and gain set to 1. 
 Images were taken with cultures at 37℃, maintained by a Windmere heating unit on high 
approximately .5 meters from the microscope stage.  
 Quantification: 
 Two images of each cell of interest was captured. One phase enhanced image at 40x and 
one fluorescent image at 40x without moving the microscope stage between photos. This allowed 
for identification of neuronal cell bodies with the aid of phase contrast and size estimation. 
Neuronal cell bodies were thus defined as approximately 10μm in diameter, circular, and along 
an axon. The fluorescence from the cell body was used for quantification as described below. 

Cellular fluorescence was measured using ImageJ software, version 1.51. Measurements 
were analyzed in Microsoft Excel (Mac) version 16.18. Images with visible green fluorescence 
were analyzed by first using the channel split tool to separate out the 8-bit green channel. This 
allowed for quantification of only green light intensity being captured by the camera. Then using 
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the Freehand Selection Tool, cell bodies were outlined. Next, with the Measure function the 
average intensity inside the selection was recorded and transferred to Excel.  

To compare fluorescence between treatment conditions, values were simply kept as 
greyscale intensities. This is a scale of 0 to 255, the ROS levels are directly related to 
fluorescence intensity and are reported on this scale. For each treatment condition at least 3 
transmitted light images and fluorescent images capturing multiple cells were collected. 
 
Results 
 As seen in the panels below it appears that there is an appreciable difference in cells 
treated with the antioxidant NALC and tetrandrine versus the cells treated with just NALC. 
Figures 1-4 provide the reader with an understanding of the data collected and a general 
understanding of the differences in fluorescence being measured and compared. In Figures 5 and 
6 the reader finds the charts that show the compiled data from all measurements taken. 
  

 
Figure 1a & 1b – Two day old neurons treated with tetrandrine and NALC. Only this cell body 
showed faint fluorescence; the glial cells surrounding did not show fluorescence but in other 
treatments glial cells were seen with fluorescence. Figure 2a & 2b – Two day old neurons 
treated with tetrandrine. As seen here and other cases, the difference between cells close together 
is more easily seen with fluorescence due to the different amount of ROS and DCF uptake. 

 

1a 1b 

2a 2b 
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Figure 3a & 3b – Six day old neurons treated with tetrandrine and NALC. The neuronal cell 
bodies are easily identifiable, measurements were taken from the cells circled. The fluorescence 
intensity is lower in 3b than seen in 4b meaning there is greater less ROS present. Figure 4a & 
4b – Six day old neurons treated with tetrandrine. Note that not all cells pictured in the 
transmitted light image show fluorescence, in 4a many other cell bodies can be seen, though only 
one shows measurable fluorescence. 
 

3b 

4a 4b 

3a 
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Figure 5 – Comparison of ROS levels in the four treatment conditions. N values refer to the 
number of measurements captured for the treatment condition. The only significant change seen 
in the two day old cells was with the NALC treatment, where ROS was below each other 
treatment. 
 

 
Figure 6 – Comparison of ROS levels in the four treatment conditions. N values refer to the 
number of measurements captured for the treatment condition. The significant change seen in the 
six day old cells was the increase in ROS in response to tetrandrine. The condition which 
included tetrandrine and NALC showed a slight increase compared to the NALC condition but 
was significantly smaller than tetrandrine condition. 



 7 

 
Discussion 

The results from this experiment provide preliminary evidence for the support of the 
hypothesis that a supplemental antioxidant can reduce ROS in neurons. These results also 
provide preliminary evidence to support the hypothesis that a difference in cellular age may 
impact ROS levels in cells. 
 While the young and mature cells responded differently to treatments, they both showed 
some significant change in response to the antioxidant. In young cells, the antioxidant reduced 
the amount of fluorescence compared to the control state but not in response the tetrandrine. In 
the mature cells the antioxidant produced a significant change between the tetrandrine treatment 
and the antioxidant plus tetrandrine treatment. 

These resulting differences could be from the biochemical needs of neurons at different 
development stages. While ROS levels are regulated some level of ROS is needed as a chemical 
messenger in neurons and is seen to be far less regulated maturing neurons (Baxter & 
Hardingham, 2016). In this study it can be speculated that two day old neurons are less mature 
and have less antioxidant defenses, therefore the drop in ROS in the NALC treated culture 
compared to the control would be expected. This is also seen in the mature neurons where the 
NALC treatment did not cause a significant change in ROS compared to the control. 

The use of DCF in this study may not be entirely reliable due to the low uptake by cells 
noticed in data collection. However where it was expressed it worked well. Low n-values for 
fluorescence show that the frequency of measurable DCF fluorescence was low. The DCF 
concentration used was 5x more concentrated than the 10 μM used in literature sources 
(Reynolds & Hastings, 1995). However these sources did not report on uptake frequency and 
what was observed here may have been the expected result. There is also the possibility that a 
more sensitive cameras could have been used with different setting than used in this experiment, 
providing more fluorescence data. 

This experiment tested an antioxidant pretreatment at one concentration, which was 
shown to have an impact on neurons response to ROS. Further questions around antioxidants are 
inspired when thinking about how they might work on an already diseased cell. This question of 
determining potential antioxidant treatment window is important in the field of cellular aging and 
connection of ROS effects (Fusco et al., 2007). 

This study provides evidence that ROS levels can be increased by the presence of an 
ROS generator that would not occur in healthy cells. In this experiment tetrandrine was used, 
however future study of the ROS generation due to amyloid beta could provide more evidence to 
link Alzheimer’s Disease to ROS production. Furthermore studies on how ROS affects cellular 
movement and survival would be interesting.  
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