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Introduction 
 Alzheimer’s disease (AD) is the most common neurodegenerative disorder and it affects 
about 24 million people in the world (Piaceri, 2012). AD has a very complex origin because the 
factors involved in this disease are still under study. There are multiple factors within a cell that 
may play a role in cellular dysfunction of AD patients. Mitochondrial function, for example, is a 
key factor in the livelihood of cells, particularly a neuron cell, given that mitochondria regulate 
both energy metabolism an apoptotic pathways (Moreira, 2006). The amyloid precursor protein 
(APP) found overexpressed in mitochondria of AD patients, suggested that this protein is 
responsible for blocking imports of proteins into the mitochondria (Lin, 2006). This blockage 
can cause impairment in energy metabolism if the organelle cannot receive the necessary 
proteins used in the production of ATP. One risk factor in Alzheimer’s Disease is that cells are 
aging more quickly, which can mean that the mitochondria are losing their function to maintain 
cellular metabolism (Lin, 2006).  
 Mitochondria are essential organelles for the livelihood of neuron cells because they 
process cellular metabolism and regulate reactive oxygen species (ROS) (Piaceri, 2012). In AD 
pathology, a characteristic is that glucose metabolism can decrease which diminishes ATP 
production that may lead to cell death (Lin, 2006). Therefore, enhancing mitochondrial function 
could help resolve these impairments of neural toxicity in neurological disorders, and could 
improve mitochondrial life expectancy. Another characteristic of AD pathology is excessive 
ROS production that can result in cellular oxidative stress (Mohsenzadegan, 2012). Oxidative 
stress suggests that neurons are sensitive to a high rate of oxygen consumption. The 
mitochondrial permeability transition pore (mPTP) is a protein that is proposed to be a result of 
certain pathological conditions such as calcium overload when accompanied by oxidative stress 
(Halestrap, 2009). If the mitochondria cannot regulate ROS, ROS levels can increase and can 
result in the activation of the opening of the mPTP, which then can result in oxidative stress.  
 In modern pharmacopoeia, lithium (Li+) is a neuroprotectant that is shown to have 
therapeutic effects in mental diseases (Cox, 2017). It is implied that chronic treatment with 
lithium will increase oxygen consumption time in human neuroblastoma SH-SY5Y lines 
(Bachmann et al., 2009). However, the same study showed that this increase in oxygen 
consumption is only possible within a certain concentration of lithium. Lithium chloride at 
concentrations of 0.5 mM, 1.0 mM, and 2.0 mM were observed to have diversified effects on 
respiration rate within human neuroblastoma SH-SY5Y cell lines (Bachmann et al., 2009). 
Between the concentrations of 0.5 mM and 1.0 mM of lithium chloride respiration rates 
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increased, however, cells treated with 2.0 mM of lithium chloride showed to have a lower 
respiration rate than the cells treated with 1.0 mM (Bachmann et al., 2009). The hypothesis 
tested in this study is that if embryonic chick nerve cells are exposed to various concentrations of 
lithium for a period of 24 hours, the mitochondrial charge will increase. The increase in 
mitochondrial charge is predicted to occur if lithium chloride at a concentration of 10µM and 
20µM is applied to embryonic chick (Gallus gallus) neurons. As exhibited in Bachmann et al., 
lithium chloride can enhance fluorescence signals in the neurons of mice that have low levels of 
mitochondrial oxidation (Meth-induced mice). This will be tested on chick (Gallus gallus) nerve 
cells because they are frequently used to explore neuronal variation and are easily available 
(Cox, 2017).   
 Specific to this experiment, Rhodamine-123 was used to analyze mitochondrial charge by 
measuring the mean vibrancy of fluorescence images. Rhodamine-123 is a cationic fluorochrome 
that binds specifically to mitochondria of living cells (Darzynkiewicz et al., 1982). If cells 
treated with Rhodamine-123 can produce fluorescence images, it can be determined that the 
positive charge of the Rhodamine-123 was able transfer through the mitochondrial membrane 
and bind to the negative charge within the mitochondria. If the cells are no longer living, 
fluorescence images could show no vibrancy because the mitochondria could no longer have a 
negative charge for the cation to react with.  
 
Materials and Methods 
Materials 
 Following Professor Robert Morris’ Primary Culture of Chick Embryonic Peripheral 
Neurons 1: DISSECTION protocol, three coverslips were obtained, properly cleaned, and treated 
with poly-lysine and laminin (Morris, 2017). C medium containing Leibovitz L1 5medium plus 
0.5% methylcellulose, 10% fetal calf serum, 0.6% glucose, 2 mM L-glutamine, 100µg/ml 
streptomycin, 100U/ml penicillin, and 10-50 ng/ml NGF was placed in three 35mm petri dishes 
(Morris, 2017). Neurons from dissected chick (Gallus gallus) embryos were mounted densely on 
each coverslip in C medium and stored in an incubator at 37°C for 24 hours (Morris, 2017). For 
experimental treatments, a lithium chloride powder was purchased from Sigma Aldrich. For 
fluorescent staining, a Rhodamine-123 powder was purchased from Sigma Aldrich. 
 
Imaging Equipment 
 Images were collected and analyzed in the Wheaton College ICUC lab on the Scorpio 
and Virgo iMac computer. Both computers were connected to a Nikon E-200 microscope that 
was equipped with a Spot Insight Firewire 2 MegaPixel Camera, version 5.2. Coverslips were 
observed through a microscope at a 40x magnification using phase 2. Images were compared 
through transmitted and fluorescence imaging where each fluorescence image was captured at an 
exposure of 1500ms. The images were analyzed through the ImageJ software application in order 
to quantify the mean vibrancy of the cells selected within the fluorescence image.  
 
Dissection of Neurons 
 Ten-day-old chick (Gallus gallus) embryos were dissected for their sympathetic nerve 
chains and dorsal root ganglia following Professor Robert Morris’ Primary Culture of Chick 
Embryonic Peripheral Neurons 1: DISSECTION protocol (Morris, 2017). Neurons from 
sympathetic nerve chains and dorsal root ganglia were extracted and plated densely on the three 
coverslips that were prepared prior to dissection.  
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Methods and Concentrations 
 Specific to this experiment, two petri dishes containing the dense neurons in C medium 
were treated with a 10µM and a 20µM concentration of lithium chloride (LiCl), while a control 
dish was left untreated. 10ml of the LiCl stock solution was prepared by mixing 0.4239g of the 
LiCl powder into 10ml of water. The LiCl stock solution was sterilized through a 0.2µm filter 
using a sterile 10cc syringe. Using the sterilized solution, 0.08ml of the LiCl solution was diluted 
with 1.92ml of C medium to create 2ml of 40mM LiCl working solution. The 40mM LiCl 
working solution would later be applied to the cells with a 10µM and a 20µM concentration. 
 To treat the cells with a 10mM concentration of LiCl, 0.5 ml of C medium was carefully 
pipetted from the culture and immediately replaced by pipetting 0.5ml of the 40mM LiCl 
working solution into the culture, following protocol from Cox (2017). For the 20mM 
concentrations of LiCl, 1ml of the C medium was cautiously removed with a sterile pipette and 
replaced slowly with 1ml of the 40mM LiCl working solution as described from Cox (2017). The 
two experimental dishes were placed in the incubator with the control dish at 37°C for a period 
of 24 hours. After the incubation period was complete, the dishes were removed from the 
incubator and treated with a 1:1000 dilution of Rhodamine-123. Each coverslip was made into 
chip chambers following protocol described in Morris (2017), and was set for imaging.  
 
Rhodamine-123  
 A 1mg/ml working solution of Rhodamine-123 was created by mixing 1mg of the 
Rhodamine-123 powder into 1ml of dimethyl sulfoxide (DMSO). To create 3ml of the 1:1000 
dilution of Rhodamine-123, 3µl of the 1mg/ml of Rhodamine-123 solution was mixed with 1ml 
of C medium. The 1:1000 dilution was modified from the 1:11,200 dilution found in Black 
(2017) for a more concentrated staining. Each dish, control and experimental, were treated with 
the 1:1000 Rhodamine-123 solution. Application was done by carefully removing the entire C 
medium from the dish with a sterile pipette and carefully adding 1ml of the 1:1000 dilution to the 
dish. The dishes were covered entirely with aluminum foil and placed in an incubator at 37°C for 
10 minutes. Once the incubation period was complete, each dish was washed with HBSS by 
gently removing the entire medium from each dish with a sterile pipette, and quickly replacing it 
with fresh HBSS. Once the wash was complete, each coverslip was made into a chip chamber, as 
described by Morris (2017), to allow for successful imaging of live cells. 
 
Imaging 
 Once the cultures were made into chip chambers, they were observed under a Nikon E-
200 light phase microscope following the protocol described by Morris (2017). One slide was 
observed at a time while the other two slides remained in the incubator at 37°C. Two cells of 
interest were chosen from each slide at random, in order to further analyze and compare the 
vibrancy of the mitochondria. A transmitted and fluorescence image of the cell of interest was 
captured for each slide. The images were taken under 40.0x magnification on phase 2 on the 
Nikon E-400 microscope that is fit with a Spot Insight Firewire 2 MegaPixel Camera with the 
adapter C-mount 1.0x magnification. Exposure time for the Rhodamine-123 used was 1500ms.  
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Quantifying Images 
 Each image was quantified using ImageJ, using the polygon selection tool to select the 
cell area in the fluorescent images. To measure the brightness of the cell of interest, the polygon 
selection tool was used to select the area of the cell that is vibrantly green as described by Morris 
(2017). The selected particles were analyzed by pressing ‘analyze’-‘measure’ in the tool bar. The 
mean brightness for the cell would immediately pop up on the screen and would be collected and 
copied into an Excel sheet. To get rid of the noise in the background of the image, the black area 
around the same cell was selected using the polygon selection tool and analyzed using the same 
procedure. The differences between the two means were then taken to further calculate the final 
mean brightness of the cell of interest. This procedure was repeated for each cell of interest in 
both experimental and control cultures.  
 
 
Results 
 Once the three dishes were introduced to a 1:1000 dilution of Rhodamine-123, they were 
made into chip chambers as described by Morris (2017). The images were set for imaging under 
a Nikon E-200 fluorescence microscope using the SPOT software, version 5.2. Fluorescence 
images were exposed for a period of 1500ms. The vibrancy of the fluorescence images was 
measured through the ImageJ software as a way to quantify the amount of vibrancy the cell 
exhibits at the varying concentrations. Two images of the cells treated with the 10mM 
concentration of LiCl were gathered and compared to the image of the control dish. It was 
observed that the mean vibrancy of the cells treated with LiCl in Figure 3 displayed a higher 
average mean of brightness than that of the control cells. This can be visualized through Figure 1 
by looking at the cell’s vibrancy in the control group compared to the cell’s vibrancy in the 
experimental groups. Neurons were distinguished during transmitted imaging by identifying an 
axon, cell body, and dendrite. Control image was collected in collaboration with Matthew 
Morgan, Arianna Pesarik, and Daniel Southerland. 
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Figure 1: Fluorescent image of neurons in the control group (A) and LiCl treated cells (B). 
Exposure times for both images were 1500ms. These cells were treated with a 1:1000 
concentration of Rhodamine-123 and concentration was explained in the methods section of this 
paper. B is a result of cells treated with the 10mM concentration of LiCl. Identifying neurons 
was explained in the methods section of this paper. There is indication that there is mitochondrial 
activity occurring even after being treated with LiCl by observing the vibrancy of the cells. 
Control transmitted and fluorescence images (A) were taken in collaboration with Matthew 
Morgan, Arianna Pesarik, and Daniel Southerland.  
 
 
 
 
 

A 

B 
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Figure 2: Fluorescent (right) and transmitted (left) images of cells treated with the 10mM 
concentration of LiCl. Exposure time for the fluorescence image (right) was 1500ms. These cells 
were treated with the 1:1000 concentration of Rhodamie-123 as explain in the methods section of 
this paper. Neurons were identified following protocol described in the methods section of this 
manuscript. Mitochondrial activity present and can be observed by looking at the vibrancy of the 
fluorescence image on the right.  
 
 
 

 
 
Figure 3: This is a graph showing the average mean of brightness of mitochondria. Procedures 
for gathering these data are mentioned in the methods section of this paper. The mean of the cells 
treated with the 10mM of LiCl and the control were averaged together to get one set of data from 
each group. The error bars represent the standard deviation from the average of each group, 
where for the control group n=2 and for the experimental group n=3. As you can see the average 
mean of brightness for the experimental group is larger than the control group.  
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Discussion 
 After analyzing these data closely and comparing the control cells (not treated with LiCl) 
with the experimental cells (treated with varying concentrations of LiCl), it is acceptable to say 
that this experiment did support the hypothesis that embryonic chick nerve cells exposed to 
various concentrations of lithium for a period of 24 hours will have an increase in mitochondrial 
charge. Referring to Figures 1 and 2, it can be inferred that LiCl increased mitochondrial charge 
by observing the vibrancy of the cell of interest. Rhodamine-123 is a cationic fluorochrome that 
binds specifically to mitochondria of living cells (Darzynkiewicz et al., 1982). Therefore it can 
be suggested that the mitochondria of the neurons treated with LiCl were alive and actively 
charged, because the positive charge of the Rhodamine-123 was able to enter the mitochondrial 
membrane and bind to the negative charge of the mitochondria. If it was found that LiCl does 
decrease mitochondrial activity, the Rhodamine-123 would have not bonded to the positive 
charge of the mitochondria and the mean brightness of the experimental data would not be as 
high of a difference from the control data. Figure 3 includes error bars with standard deviation, 
where n=2 for the control data and n=3 for experimental data. Error bars with standard deviation 
shows that the data presented in this study are preliminary and only test the findings of lithium 
and its effects on mitochondrial function within neuronal cells of embryonic Gallus gallus. Data 
collected in this study are limited to findings and the experimental approach taken to test the 
hypothesis of this study.   
 This specific experiment tested that mitochondrial activity could be increased with a 
10mM dose of LiCl without resulting in cellular death. If an aging cell were to be treated with 
LiCl this could possibly increase the activity of the cell and inhibit the aging process and could 
potentially help avoid cell death that can occur in patients with Alzheimer’s Disease. While this 
experiment did not allow us to analyze what specific activity occurred by adding the lithium to 
the cells, we can suggest that from recent studies from Bachmann et al., that LiCl can increase 
oxygen consumption in this experiment which can create more cellular ATP rather than resulting 
in cellular death. Cellular oxidative stress is a characteristic of AD that is a suggested result of 
the increase in reactive oxygen species (ROS) (Mohsenzadegan, 2012). This oxidative stress 
suggests that mitochondria can be sensitive to a high rate of oxygen consumption. As explained 
previously, the mitochondrial permeability transition pore (mPTP) is a suggested result of 
oxidative stress (Halestrap, 2009). Therefore it can be anticipated that decreasing oxidative stress 
can close the mPTP and can possibly improve cellular existence. This study suggests that adding 
LiCl to cells in oxidative stress can increase oxygen consumption and can possibly improve cell 
survival by allowing the mitochondria to metabolize and generate cellular ATP. Although the 
10mM concentration was shown in this study to increase mitochondrial vibrancy, it is still 
unclear as to what maximum concentration would be best for enhancing mitochondrial activity. 
It is known that a 2mM of LiCl on human neuroblastoma SH-SY5Y cell lines can result in lower 
respiration rates than cells treated with only 1.0mM of LiCl (Bachmann et al., 2009). However, if 
the cells treated with a concentration greater than 10µM it can be tested what concentration is 
most effective in increasing mitochondrial activity.  
 For future replicated experiments, it could be more effective to look at cells treated with 
more variations of concentrations of the lithium chloride. That way there would be a more strong 
answer as to what concentration of LiCl can be added before it loses its effectiveness on the 
cells. Since this experiment only involved two concentrations of LiCl, it was only applicable to 
analyze a small amount of data to support the hypothesis tested in this preliminary study, 
however if there were more cells treated with varying concentrations than presented in this 
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experiment, it could be made possible to observe what concentration is best for maximum 
mitochondrial activity. 
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