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Introduction
Bipolar disorder, also known as manic-depressive illness, is a genetic disorder that causes
alterations in mood that can range from extreme happiness (mania), to severe depression that
generally occurs with difficulties thinking and overall behavior (Craddock and Jones, 1999). It
has been found that those suffering from bipolar disorder have decreased amounts of white and
grey matter within the central nervous system (CNS). White matter includes glial cells and
myelin while grey matter includes the cell bodies of the neurons. It has been found that
increasing grey matter volume in patients with bipolar disorder, implicates emotional processing
and cognitive control (Machado‐Vieira et al., 2009).
A common treatment for bipolar disorder is the use of lithium. To compensate for the
decreased amount of white matter, researchers have found that lithium helps to increase the
amount of grey matter within the CNS. Therefore, there will be an increase in the nsumber of
neuronal cell bodies being created (Sassi et al., 2002). Lithium affects several different cellular
pathways. However, the exact pathway in which lithium has therapeutic affects on is not known
(Sassi et al., 2002).
Glial cells are important for the mammalian nervous system as they provide support to
neurons, provide a framework for neurons to grow, and regulate synaptic activity (Purves et al.,
2001). Another function of glial cells is the release of nerve growth factor, which is a protein that
assists neuron survival and differentiation (Florencia Iulita, and Claudio Cuello, 2014). This
suggests that as a neuron is developing, glial cells, with the release of nerve growth factor, may
provide part of the necessities to insure neuronal growth and maturation.
The primary purpose of this study was to determine the effect that lithium chloride has on
the interactions between neurons and glial cells. Despite the long-term use of lithium as
treatment for bipolar disorder, the effects of how lithium treats the bipolar patient are largely
unknown (Shaltiel et al., 2007). In order to perform this experiment, peripheral neurons from tenday-old embryonic chicks (Gallus gallus) were incubated in serum free solution containing
lithium chloride or a control medium. The chick embryos were utilized in this experiment
because they are similar to human embryos at the tissue, cellular and molecular level, have a fast
rate of development and are fairly large. For these reasons, they should be easy to manipulate
and visualize during the analysis (Vergara & Canto-Soler, 2012).
The number of connections formed between neurons and glial cells in the lithium
chloride medium were then compared to the number of connections formed in the control
medium. It has been found that lithium induces synapse formation (Kim & Thayer, 2009). The
hypothesis for this study was that there would be an increase in the number of connections
between neurons and glial cells in the lithium chloride solution compared to the number of
connections in the control medium.
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Materials and Methods
Primary Culture
For this experiment, initially, coverslips were cleaned according to Preparation Day steps
in Primary Culture of Chick Embryonic Peripheral Neurons 1: Dissection (Morris, 2014a).
Dorsal root ganglia and sympathetic nerve chains were then dissected from ten-day-old Gallus
gallus embryos using the protocol from Primary Culture of Chick Embryonic Peripheral
Neurons 1: Dissection (Morris, 2014a). Professor Morris collected forty dorsal root ganglia and
six sympathetic nerve chains from three Gallus gallus embryos. Each person was allowed two
treated coverslips. Serum-free growth medium was made to be used with lithium-chloride or
sterile water. Serum-free growth medium was used because it has been seen that there can be
potential electrostatic interactions between the lithium ion and the negatively charged proteins
that are present in the F+ serum. The Serum-free growth medium consisted of Leibovitz Ll 5
medium plus 0.5% methylcellulose, 0.6% glucose, 2 mM L-glutamine, 100ug/ml streptomycin,
10OU/ml penicillin, and 10-50 ng/ml NGF.

To make Lithium Chloride solution
A 1 M stock of Lithium Chloride was used. This 1 M stock solution was then diluted
down 100-fold into serum-free growth medium in order to create a 10 mM solution. 100 µL of
the 1M stock was added to 1 mL of serum-free growth medium. A 100-fold dilution of sterile
water into serum free growth medium was then carried out to create a 0 mM lithium chloride
control solution where 40 µL of sterile water was added to 40 mL serum free growth medium.

Experimental Conditions and Control Condition Preparation
Four experimental coverslips and two control coverslips were used for this experiment.
The coverslips were in F+ solution but this solution was taken out and replaced with a 10 mM
LiCl serum free medium solution. The F+ solution that the coverslips were originally placed in
was removed and replaced with two milliliters of the 10mM LiCl in serum free medium or for
the control, 0 mM sterile water in serum-free growth medium solution. Four experimental
coverslips received the lithium chloride treatment while two-control coverslip received two
milliliters of serum free medium with sterile water. The coverslips then incubated for four hours.
It should be noted that one control and two experimental coverslips were used one week and the
following week another control and two experimental coverslips were used. It should also be
noted that the two experimental coverslips received the same treatment.

Mounting Coverslips onto Slides
Both weeks, after four hours, three chip chambers were created according to the protocol
from Primary Culture of Chick Embryonic peripheral Neurons 2: Observation of live unlabeled
cells (Morris, 2015b). The lithium chloride in serum free solution was removed from the petri
dishes containing coverslips and the coverslips were then placed on six different slides each with
a chip chamber and then sealed with valap.
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Microscopy and Imaging
Once each slide with a coverslip was sealed and labeled, experiment one, experiment
two, or control, the slides were brought to the ICUC and examined under a Nikon E200 with a
Nikon microscope 1.0x C-Mount at 40x magnification with the image being adjusted for Kohler
illumination. The program BTV Pro was used to capture still images of cell interactions on an
Apple iMac Macintosh computer using OSX Yosemite Version 10.10.4. The program BTV pro
was not able to capture the still images so instead screenshots were taken.

Image Analysis
Once the slide was placed onto the microscope, the slide was scanned and interactions
were accounted for. During this process, the slide was slowly scanned from the left side of the
coverslip, over to the right side of the coverslip. This process was repeated until the entire slide
had been looked at. While observing the slide, interactions were accounted for and photos of an
interaction were taken using command-shift-4 to take a screenshot. For this experiment an
interaction was defined as a connection with two extensions, one from a neuronal cell body and
one from a glial cell body, coming together, and forming a single channel between the two cells.
If a neuronal cell body overlapped and appeared to be on top of a glial cell, this was also counted
as an interaction. If in the photo taken, there was not a neuronal cell body visible, then the photo
was not analyzed and no interactions were accounted for because the axon visible in the photo
cannot be traced back to its source therefore, the axon could be from a neuron or another glial
cell.
Three photos were uploaded onto the program imageJ for analysis. Images that had clear
axons that could be traced back to their neuronal cell body, and/or the neuronal cell body was
overlapping with a glial cell were selected. The rectangular selection tool was used to highlight
the areas where the connection between neuron and glial cell was occurring. The average number
of connections between the two experimental coverslips was found. The control did not have an
average because only one coverslip was analyzed.

Results:
In order to test the effects lithium chloride may have on the number of connections
between neurons and glial cells, neurons and glial cells were exposed to a 10mM lithium
chloride in serum-free medium. Control neurons were exposed to serum-free medium with sterile
water. Both the control and experimental groups incubated for four hours. As depicted in the
figures below, images were taken of the connections formed between neurons and glial cells. The
numbers of connections were compared between the one control group and the average from the
two experimental groups.
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Figure 1: Image from the control taken at 40x magnification under transmitted light. Sample
coverslip was treated with a 0 mM concentration of sterile water in serum-free growth medium.
Yellow boxes (n=7) were used to demonstrate the connections accounted for in the image.
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Figure 2: Image taken at 40x magnification from coverslip treated with 10mM lithium chloride
in serum-free growth medium solution under transmitted light. The yellow box (n=1) shows the
connection formed between the glial cell and the neuron.
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Figure 3: Image taken at 40x magnification from coverslip treated with 10mM lithium chloride
in serum-free growth medium solution under transmitted light. Yellow boxes (n=3) demonstrate
connections counted in the image.
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Figure 4: The number of connections between neurons and glial cells in the control and lithium
chloride treatments. The control had more connections (n=20) than the lithium chloride treated
(n=6.5). Standard deviation bars are shown.

Discussion:
The results of this experiment indicate that lithium does have an effect on the interactions
made between neurons. However, opposite to the hypothesis of this experiment, fewer
connections had formed after the lithium chloride treatment compared to the control group. From
the data obtained, the hypothesis was not supported as fewer connections were made in the
lithium chloride treated experimental condition compared to the control condition. This was only
one trial of the experiment though. More trials should be conducted in future experiments to
obtain more data.
If this study was repeated over and over again and the same results were concluded, it
may be seen that a concentration of 10mM lithium chloride was too strong. Another study used 2
mM as the highest concentration of lithium chloride (Shaltiel et al., 2007). The difference in the
concentration levels could therefore be an explanation. Another reason for the results could be
the exposure time to the lithium chloride. A longer exposure time may be required in order for
the lithium chloride treatment to have an affect on neuron-glial cell interaction.
Within the cellular system, the main difference between the control and the experiment
could be that the lithium causes an increase in the number of cell bodies but not necessarily more
connections between the neurons and glial cells. It has been seen that lithium treatment causes an
increase in grey matter, therefore a potential increase in the number of cell bodies (Sassi et al.,
2002). An increase in neuronal cells bodies does not necessarily mean an increase in the number
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of axons or glial cells coming into contact with one another and forming a connection between
them. It has been seen by Sassi et al., (2002) that lithium treatment increases the grey matter
within the patient with bipolar disorder. This supports the idea that there may have been an
increase in the number of neuronal cell bodies but not necessarily the number of connections
between neurons and glial cells. It would be interesting to be able to repeat this experiment again
but instead of counting the number of connections, count the number of neuronal cell bodies in
the control group and compare to the number of neuronal cell bodies in the lithium treated group.
There were several sources of error in this study. The first being that while counting the
number of connections formed, a photo of each connection should have been taken to ensure that
a connection was not accounted for more than once. It was also noticed that there were many
connections made between neurons and glial cells, but as a result of the overwhelming number of
axons appearing on the slides it is likely that not all connections were accounted for, or the same
axon coming from the same neuron could have been accounted for twice.
Another source of error was during the first week of obtaining data; a definition of an
interaction was not made until after already beginning to count interactions on the slide. The data
from this week could therefore not be used because a consistent definition was not in place. The
second week, before observing the slides, a definition was made so observations would be
consistent. However, this definition was still not specific enough. The concluding data seen in
the results section is therefore obtained from the photos taken during the second week of
experimentation.
If this study were to be repeated, a time-lapse video, utilizing a flow chamber should be
used. A time-lapse video can potentially show if there were any interesting components to the
interactions such as, if the lithium caused an interaction to form more slowly or an axon to pull
away from a formed connection. This would provide evidence as to why there were fewer
connections in the lithium treated experiment conditions compared to the control.
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