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Introduction 

Bipolar disorder is one of the most severe psychoactive illnesses (Machado-Vieira 

et al., 2009). Various treatments, such as lithium, are available but do not treat all of the 

aspects of bipolar disorder  (Stork and Renshaw, 2005). One aspect in particular is 

mitochondrial dysfunction. Those with bipolar disorder have an altered brain energy 

metabolism. Individuals with mitochondrial dysfunction suffer from lactate acidosis, 

oxidative phosphorylation, and a modified glutamate/glutamine cycle (Stork and 

Renshaw, 2005). In a normal glutamate/glutamine cycle, glutamate is taken up by glial 

cells and converted to glutamine. Glia distribute glutamine to neurons that turn it back 

into glutamate, and release it into the synaptic cleft (Stork and Renshaw, 2005). The 

glutamate/glutamine cycle is impaired in those with bipolar disorder due to an 

abnormally high level of the excitatory neurotransmitter glutamate. The excess release of 

glutamate demands more energy from the mitochondria in glia and neurons, and 

therefore, causes there to be an abundance of mitochondria within those cells (Stork and 

Renshaw, 2005). There are data that link lithium as treatments towards mitochondrial 

dysfunction (Verburg et al., 2015). 
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Lithium is a widely used mood stabilizer for bipolar disorder (Kim and Thayer 

2009), and has possible therapeutic effects for Parkinson’s disease, Alzheimer’s disease, 

Huntington’s disease, and ischemic injury (Huanxing et al., 2014). Although the effects 

of lithium are still poorly understood, it is known that lithium works by inhibiting 

glutamate excitotoxicity and reducing oxidative stress. Lithium acts to stabilize the 

glutamate/glutamine cycle by preventing excess glutamate from being released 

(Machado-Vieira et al., 2009). Neurons and glia interact through the glutamate/glutamine 

cycle, so they should be directly affected by lithium (Stork and Renshaw, 2005). 

Neurons and glia that behave normally and are not affected by mitochondrial 

dysfunction are directly affected by lithium as lithium affects the redistribution of their 

mitochondria. Neurons and glia will redistribute their mitochondria to areas where 

activity is high. When the activity of an area in the neuron or glial cell changes, the 

mitochondrial density changes in concert (Verburg et al., 2015). If lithium is used as a 

treatment for individuals with bipolar disorder, and people with bipolar disorder have 

highly active mitochondria in abundance (Machado-Vieira et al., 2009), then lithium may 

have a mechanism for lowering the activity and abundance of mitochondria. Because the 

therapeutic effects of lithium are still poorly understood (Kim and Thayer, 2009) no study 

has attempted to show if lithium affects mitochondrial abundance.  

In understanding how lithium affects mitochondrial abundance, further studies on 

mitochondrial dysfunction, and lithium’s mechanism and effects as a therapeutic agent 

can be achieved. Therefore, I hypothesize that when a glial cell is treated with lithium, 

there is a decrease in its number of mitochondria per single glial cell. 
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My collaborators, Kaitlyn Solano, Madeline Parker, Shiqi Liu, Kara Coraccio, 

and Ellen Fossett, and I treated embryonic Gallus gallus or chick embryos with lithium to 

study its effects on mitochondria. Embryonic Gallus gallus are model organisms for 

studying developmental biology because they develop similarly to humans (Stern, 2004). 

The development of the chick embryos can be tracked without difficulty and they are 

easily available for use (Fisher and Fedoroff, 1977).  

 

Methods and Materials 

Materials 

 Refer to the materials for the dissection of 10-day primary chick peripheral 

neurons in “Primary Culture Of Chick Embryonic Peripheral Neurons 1:DISSECTION” 

for the materials and skills used in isolating Gallus gallus dorsal root ganglia and 

sympathetic nerve chains (Morris, 2015a).   

 Refer to the materials in “Primary Culture Of Chick Embryonic Peripheral 

Neurons 2: OBSERVATION of LIVE UNLABELED CELLS” for the procedure and 

materials on making chip chambers in unlabeled cells (Morris, 2015b). 

 Refer to the materials in “Primary Culture Of Chick Embryonic Peripheral 

Neurons 3, 2015:  STAINING and OBSERVATION of LIVE CELLS” for the procedure 

and materials on making flow chambers and analyzing those slides for live stained and 

unlabeled cells (Morris, 2015c).  
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Solutions  

 For this study, treatment with the highest concentration of lithium that has already 

been studied on neurons and glia was used to get the greatest effect. This concentration of 

LiCl is 10mM (Machado-Vieira et al., 2009). A 1:100 dilution of the 1M LiCl in H2O 

stock with serum free medium was used to make 6 ml of 10mM LiCl working solution. 

0mM LiCl for the control was created through a 1:100 dilution of 1µl of H2O in 99µl of 

free serum medium. 100µM MitoTracker stock, a 1:100 dilution of MitoTracker in 

DMSO, or dimethyl sulfoxide, was diluted to 6ml of 100nM of working solution. 

MitoTracker is an efficient dye used to stain mitochondria because it binds to 

mitochondria with its thiol groups because of its highly reactive nature, and become 

permanently attached (Chazotte 2011). HBSS or Hanks was prepared by Dr. Bob Morris 

and was available in plentiful amounts for washes.     

Procedure 

 The dissection and culturing of Gallus gallus was performed by Dr. Bob Morris. 

He performed his dissection on a dissection scope in order to remove and isolate ganglia 

and sympathetic nerve chains for his student’s experiments (Morris, R.L. 2015a). More 

information on materials and methods of the dissection can be found in “Primary Culture 

Of Chick Embryonic Peripheral Neurons 1:DISSECTION” (Morris, 2015a). Six 

coverslips of neurons and glia were collected for experimentation. The growth medium 

was removed and set aside for later use. 1.5 ml of 10mM LiCl was pipetted to each of the 

three experimental coverslips. 1.5ml of 0mM LiCl was pipetted to each of the 3 control 

coverslips. Each incubated were at 37°C for 4 hours. 
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 Washes with hanks began immediately after the 4hr treatment of each coverslip. 

The 10mM LiCl solutions were discarded into a toxic waste container. Washed with 

Hanks 2x 5 minutes each. Added 1.5ml of 100nM MitoTracker to each slide after wash. 

Dishes were incubated at 37°C. Waited 10 minutes for staining to complete. Dishes were 

covered with tin foil to prevent further bleaching and the foils were labeled. The 

MitoTracker solution was removed and the coverslips were washed with Hanks 3x for 5 

minutes each. A chip chamber was created for each coverslip. For more information on 

the procedure in making the chip chambers for the experimental coverslips, refer to: 

“Primary Culture Of Chick Embryonic Peripheral Neurons 2: OBSERVATION of LIVE 

UNLABELED CELLS” (Morris, 2015b). For more information on the procedure in 

making the chip chambers for the control coverslips, refer to “Primary Culture Of Chick 

Embryonic Peripheral Neurons 3, 2015:  STAINING and OBSERVATION of LIVE 

CELLS” (Morris, 2015c).  

Equipment for Analysis  

Cells were analyzed in the ICUC of Wheaton College in Norton, Massachusetts. 

All images of glia treated with 0mM LiCl were captured using Nikon Eclipse E400 

microscope connected to a spot camera insight firewire model 18.2 color mosaic. Images 

were captured in Spot 5.2 on an iMac (Virgo) with OS X Yosemite software version 

10.10.4. All images of glia treated with 10mM LiCl were captured using Nikon Eclipse 

E200 microscope connected to a spot camera insight firewire model 18.2 color mosaic. 

All images were captured using Spot 5.2 on an iMac (Scorpio) with OS X Yosemite 

software version 10.10.4. The slides were each kept at 37°C whilst on the microscope 

with a small Holmes heater and a thermometer to monitor the temperature (Morris, 
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2015c). Quality brightfield and fluorescent images were taken for each slide and analyzed 

in ImageJ version 14.9V.   

Data Analysis  

 I considered a glial cell in both the brightfield images and the fluorescent images 

to be a single, non-interacting glial cell if I saw neither visible axons contacting the cell 

body and a clear edge of the plasma membrane circumscribing the entire cell boundary.  

 In the fluorescent images, I considered different shades of red concentrated in an 

area at the exact location of a glial cell in its corresponding brightfield image to be the 

fluorescence within that cell. The areas of the fluorescent images that I found to be glial 

cells were outlined in ImageJ using the freehand selections tool. An average value, or 

measure of the brightness of the pixel of an area (Rasband 1997), for the brightness of 

that glial cell was determined on ImageJ by going to AnalyzeàMeasure.  

 If the outlining of a glial cell in the fluorescent image does not completely 

superimpose its corresponding glial cell in the brightfield image, it can be concluded that 

the fluorescence was not strong enough to accurately depict an image of the glial cell. 

Therefore, if the accuracy for the depiction of the glial cell is questionable, its accuracy in 

identifying all mitochondria can also be considered questionable. Solely outlining what 

can be considered a glial cell in the fluorescent images should then only provide the 

brightness values of the mitochondria in the glial cell that can be identified. If 

mitochondria are not fluorescing in a specific area, mitochondria were considered to be 

absent in that region, and similarly if the cytoplasm of the glial cell has not expanded to a 

specific region where it is expected to be, those regions were not considered to be regions 

of interest for analysis.  
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All experimental images were taken using an exposure time of 2.5 seconds. All 

control images were taken using an exposure time of 700ms. Because the experimental 

images were taken at an exposure time of 700ms and the control images were taken at an 

exposure time of 2.5 seconds, the data could not be directly compared without 

normalizing the exposure time of the data. The average brightness for each glial cell was 

divided by its exposure time. The brightness/exposure time data in units of brightness/ms 

were gathered for each group, control and experimental, to get the average 

brightness/exposure time value of both conditions. 

Statistical Analysis  

 As a way of understanding how significant the true difference between the mean 

brightness/exposure time of the experimental and control groups are, a t-statistic was 

calculated to find a p-value to conclude the significance of the data, where α = 0.05. The 

standard deviation and means were calculated through MinitabExpress Version 1.3.0 

(419068). The standard deviation of the difference between the means (SE(ȳ1- ȳ2)), where 

ȳ1 = the average bright/exposure time value of all fluorescent control data (n1=3) and ȳ2 = 

the average bright/exposure time value of all fluorescent experimental data (n2=3) was 

found through equation:(s2
1/n1 + s2

2/n2). The equation used to find the t-statistic was: (ȳ1- 

ȳ2 – 0)/ SE(ȳ1- ȳ2). A p-value was found using a probabilities chart. The null hypothesis 

(H0):  ȳ1- ȳ2 = 0 and the alternative hypothesis (HA):  ȳ1- ȳ2 > 0 were tested. All equations 

were given to me directly by Rachel DeCoste, Professor at Wheaton College and of the 

Introductory Statistics class at Wheaton College, Norton Massachusetts (DeCoste, 2015). 
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Results  

 The mitochondria tagged by MitoTracker fluoresced red. Mitochondria are 

usually viewed as either spheres or clumps of spheres within a glial cell or neuron. In a 

transmitted image, the mitochondria of a glial cell appear as dark speckles in the cell. The 

mean normalized brightness of the experimental group is 1/40th the normalized brightness 

value of the control group. The results from the statistical analysis show the difference to 

be statistically significant: (twosample t-test, p<0.0001). Based on these results, the mean 

normalized brightness of the single glia in the control condition was 40x the mean of the 

normalized brightness of the experimental condition. 
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a)   

b)  
Figure 1: Image of a specific single glial cell and two neurons. All control images 
were taken by Madeline Parker and I. a) Phase 2 at 40x transmitted light image of a 
single glial cell and two neurons treated with 0mM LiCl. The transmitted images of the 
experimental glia were projected the same way. b) 40x fluorescent image of the cells 
shown in Figure 1a. This image serves as an example of how the cells in the control 
group fluoresced. All images were outlined as described in the materials and methods. 
Notice the size of the glia in the transmitted light image in comparison to the same glia 
outlined in the fluorescent image; the glia cells in the transmitted light image are 
considerably larger. 
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a)  

b)  
Figure 2: Image of two single glial cells treated with 10mM LiCl. All experimental 
images were taken by Ellen Fosset and Kaitlyn Solano. a) Fluorescent image serves as an 
example of how the cells in the experimental group fluoresced. All glia were outlined 
according to the criteria explained in the procedure. b) Phase 2 with 40x transmitted light 
image of the same two glia treated with 10mM LiCl. Notice the size of the glia in the 
transmitted light image in comparison to the same glia outlined in the fluorescent image; 
the glia cells in the transmitted light image are considerably larger.  
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Figure 3: The mean normalized brightness measured in brightness/exposure time(ms) of 
the glial cells in the experimental and control conditions; ncontrol=3, nexperimental=3. Notice 
how the mean normalized brightness of the control group are much greater than the mean 
brightness of the experimental group.   
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Discussion 

 Because the results showed a statistically significant difference between the two 

conditions, we succeeded in rejecting the null hypothesis and accepting the alternative 

hypothesis. This means that there is a significant difference in brightness of the 

fluorescing mitochondria in glial cells treated with lithium compared to glia without 

lithium treatment. The brightness levels of the fluorescing glial cells depend on the 

number of mitochondria. The brighter the image is, the more mitochondria are available 

to bind to MitoTracker (Chazotte 2011). Therefore, the data supports the hypothesis that 

lithium causes a decrease in the number of mitochondria in glial cells.  

 It is known already that lithium is used a therapeutic agent for those with bipolar 

disorder. Those with bipolar disorder are found to have an impaired glutamate/glutamine 

cycle, which causes there to be a higher number of mitochondria in glial than normal due 

to excess glutamate (Stork and Renshaw 2005). We also know that other work has 

confirmed that lithium is used to treat this problem by inhibiting the excitotoxicity of 

glutamate (Machado-Vieira et al., 2009). Based on this study, it is possible that lithium 

has a mechanism of action for decreasing the level of mitochondria in the cell, which is a 

prevalent problem in the impairment of the glutamate/glutamine cycle and can conclude 

as to why lithium may be a possible treatment for disorders involving glutamate 

impairment and mitochondrial dysfunction.  

 To refine this experiment, more data is needed for analysis. Testing three glial 

cells for each of the control and experimental conditions is a small enough sample size 

that if there is one abnormal cell in the mix, it could throw the data off. To be sure the 

results of this study did not happen by chance, the same study but with a greater sample 
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size that better depicts the population of glial cells in an organism should be analyzed. If 

those results agree with the results of this experiment, it would confirm that the results of 

this study did not happen by chance. 

 The criteria that explain how to outline a fluorescing glial cell may cause some 

variability in how other scientists may try to replicate it. The boundary of the cytoplasm 

is the boundary around the region of interests: this gets traced. Defining where exactly 

the boundary ends can vary from person to person. How much the outlines could vary is 

not significant enough to dismiss the criteria; the results from different scientists may 

vary slightly. Bias is not a source of error in this experiment because the criteria do not 

introduce any bias because all fluorescent images of clearly visible glial cells are outlined 

and considered for analysis. 

 For future experiments, it would be interesting to analyze how 10mM LiCl could 

affect the abundance of mitochondria of glial cells taken from individuals with a bipolar 

disorder. Because of the evidence towards the presence of excess mitochondria in 

neurons and glia of individuals with this illness (Stork and Renshaw 2005), it would be 

interesting to see if using 10mM LiCl would decrease the number of mitochondria in 

those cells to normal levels. Further experimentation could conclude what concentration 

of LiCl would effectively decrease the number of mitochondria to more stable levels in 

individuals with bipolar disorder.   
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