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Introduction: 

The nervous system is composed of two main classes of cells: neurons and glial cells. 

Glial cells are much more abundant than neurons given that there are between 2 and 10 times 

more glia than neurons (Kandel et al., 2013). There are four main types of glia: microglia, 

astrocytes, oligodendrocytes, and Schwann cells. In the central nervous system (CNS), microglia 

provide an immune function, astrocytes provide structure to neurons, nourish neurons, and 

regulate ion and neurotransmitters concentrations, and oligodendrocytes myelinate axons to help 

propagate action potentials down the axons (Kandel et al., 2013). In the peripheral nervous 

system (PNS) Schwann cells insulate axons to help propagate action potentials down the axons 

(Kandel et al., 2013). 

In this experiment I will investigate the endocytic activity of glial cells. Endocytosis is 

the process of internalizing components of a plasma membrane.  During endocytosis parts of a 

cell’s plasma membrane will be pinched off and internalized, forming a vesicle within the cell 

(Mellman, 1996). One way to measure endocytosis is by dying cell membranes using fluorescent 

dyes, such as FM1-43. When FM1-43 dye comes into contact with a cell membrane, it is inserted 

into the outer leaflet of the plasma membrane. Then, when the membrane is endocytosed into the 

cell, the dye is taken with the membrane into the cell. The dye remains in the outer leaflet of the 

membrane of the newly formed vesicle in the cell. FM1-43 is intensely fluorescent when it is 

located within a plasma membrane and this fluorescence can be shown using fluorescence 

microscopy (Molecular Probes, 2005).  

 Lithium is an ion commonly used in the treatment of bipolar disorder but the cause of its 

therapeutic effect is controversial because there are at least six competing hypotheses for its 

mechanism of action (as reviewed by Malhi, Tanious, Das, Coulston, & Berk, 2013). Studies on 

the effects of lithium have found that exposure to lithium increases grey matter in bipolar 

patients (Sassi et al., 2002), increases the number of collateral axon branches (Williams, Cheng, 

Mudge & Harwood, 2002), and induces axonal regeneration in peripheral nerves (Su et al., 

2014). Since research suggests that lithium induces growth in neurons of the CNS and PNS, I 

believe it will induce growth in glial cells as well. When cells are growing instead of maintaining 

their size, they experience less membrane turnover, which is the sum of all endocytic and 

exocytic activity (Warren & Glick, 1968). Therefore, when a cell is growing it experiences less 

endocytosis than when it is maintaining its size.  
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Since lithium produces increased grey matter (Sassi et al., 2002), increased axon 

branching (Williams et al., 2002), and increased axon regeneration (Su et al., 2014), it causes 

increased membrane deposition (cell growth), which would cause decreased endocytosis and less 

glowing in lithium perturbed cells than control cells. This experiment will test the hypothesis that 

lithium perturbed Gallus gallus embryonic glial cells will experience less endocytosis than glial 

cells unperturbed by lithium. To test this hypothesis, I treated Gallus gallus glial cells dissected 

from 10 day old embryos with a 10mM lithium solution, labeled the membrane of glial cells with 

FM1-43, and measured endocytosis using the brightness at which glial cells fluoresced. It is 

important to do research on the mechanism of action of lithium on glial cells because knowing 

this information could lead to successful treatments for other mental disorders or more effective 

lithium treatments for bipolar disorder. 

 

Materials and Methods: 

Embryo Dissection and Cell Culture 

For this experiment glial cells and neurons were dissected from 10 day old Gallus gallus 

eggs following the protocol, “Neurobiology Bio324 primary culture of chick embryonic 

peripheral neurons 1: DISSECTION” (Morris, 2015a). After dissection and plating of cells, 

coverslips were incubated at 37° Celsius in an incubator in F+ medium for 19 hours. The F+ 

medium was made by combining 100ml Leibovitz L-15, 1ml of 200mM glutamine stock, 2ml of 

30% glucose stock, 1ml of 10,000U,µg/ml pen/strep stock, 10ml undiluted fetal bovine serum, 

and 50µl of 0.1mg/ml nerve growth factor stock.  

Lithium Perturbation 

 A 1M lithium stock solution of sterile water and lithium chloride (LiCl) was made up. 

Then 10ml of 10mM lithium stock in serum-free growth medium was made up. The growth 

medium was the same as the growth medium used in the embryo dissection and cell culture but 

without the undiluted fetal bovine serum. The lithium stock in serum-free growth medium was 

the solution used to perturb the experimental glial cells with lithium. For the control glial cells a 

solution with a 1:100 ratio of sterile water to serum-free growth medium was made up.  

After all the solutions had been made up, the plated glial cells were removed from the 

incubator. The F+ growth medium was removed from both petri dishes containing the cover 

slips. Then about 2ml of the lithium stock in serum-free growth medium was added to the petri 

dish containing the experimental coverslip and about 2ml of the sterile water in serum-free 

growth medium was added to the petri dish containing the control coverslip. Both coverslips 

were then returned to the incubator and incubated at 37°C for four hours.  

Fluorescent Staining 

The procedure for labelling the glial cells with FM1-43 dye was laid out in “FM 

Lipophilic Styryl Dyes” but it was used with many modifications (Molecular Probes, 2005). 

Instead of the suggested concentration of 5µg/mL, a concentration of 25µg/mL FM1-43 dye in 
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hanks balanced salt solution without calcium and magnesium was used. Also instead of being 

immersed in the staining solution for 1 minute, the coverslips were immersed in the staining 

solution for 35 minutes. The 35 incubation in the staining solution was done at room temperature 

instead of on ice as the procedure suggests and it was done in the dark, which the procedure does 

not mention.  

Slide Mounting  

Two microscope slides were obtained during the FM1-43 dye solution incubation. Then, 

once the 35 minute FM1-43 dye solution incubation was complete, the coverslips were removed 

from the solution and mounted on the microscope slides following the procedure laid out in 

“Neurobiology Bio324 Primary Culture of Chick Embryonic Peripheral Neurons 2: 

OBSERVATION OF LIVE UNLABLED CELLS” steps 1-17 (Morris, 2015b). Some 

modifications were made to this procedure. Instead of using F+ growth medium in the chip 

chambers serum-free growth medium was used. The chip chambers were sealed with VALAP. 

The microscope slides were kept in the dark as much as possible once they were made to 

preserve the fluorescent dye.  

Imaging of Cells 

All imaging of cells was done in the imaging center for undergraduate collaboration 

(ICUC) in the Mars Center for Science and Technology at Wheaton College in Norton, 

Massachusetts. All images were taken on the Scorpio computer running OSX 10.10.4 running 

SPOT 5.2 using an Insight Firewire SPOT camera mounted by a 1.0x C camera mount on a 

Nikon Eclipse E200. All images were taken using a 40x objective with phase 2 DL. The 

transmitted light pictures were taken using a Tungsten bulb and the fluorescence pictures were 

taken with a 100 watt mercury bulb made by Chiu Technical Corporation. All fluorescent images 

were captured with a 2 second exposure.  The microscope was aligned for Kohler illumination 

before the images were taken.  

Data Analysis 

The collected images were analyzed on the Taurus computer running OSX 10.10.4 in the 

ICUC using ImageJ version 1.50a. On each fluorescent image the glial cells were outlined 

through ImageJ, using the transmitted light photos as a reference for the size and shape of the 

glial cells. The filopodia of the glial cells were not outlined because they did not fluoresce in any 

image. If a glial cell was in a ganglion or covered by a piece of dirt on the coverslip it was not 

outlined or included in the data analysis. The glial cells in a ganglion or under a piece of dirt 

were not included because there was too much fluorescent interference from the ganglion and the 

dirt. Ganglia and dirt fluoresce very brightly so they interfered with the results if glial cells 

touching them were included. Once all the glial cells in a single image were outlined, the image 

was converted to RGB stack and the average red brightness of all the glial cells in the image was 

calculated by ImageJ. This was done for every fluorescent picture so there was an average glial 

cell brightness for every image.  
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To account for the background fluorescence of the images, the average brightness of the 

background was measured on each image using Image J. After an image was converted to RGB 

stack, three 25 pixel by 25 pixel boxes were made on the image and the average brightness 

within each square was measured by ImageJ. The boxes were not placed randomly around the 

image; the first box was placed in the bottom left corner of the image, the second was placed in 

the middle of the image (or as close to it as possible without overlapping with a neuron or glial 

cell, and the third box was placed next to a fluorescing glial cell. The average brightness within 

all boxes on a single image were averaged to get one average background brightness for the each 

image. Next a ratio of glial cell fluorescent brightness to background brightness was calculated 

for each image by dividing the average glial cell brightness in the image by the average 

background brightness of that image. A ratio of glial cell brightness to background brightness 

was calculated for each image. Then all the ratios for the control images were averaged together 

and all the ratios for the lithium perturbed images were averaged together to get an average glial 

cell brightness to background brightness ratio for the control condition and an average glial cell 

brightness to background brightness ratio for the lithium-perturbed condition. Finally, an image 

of a micrometer was uploaded ImageJ and a scale bar was created and put on every fluorescent 

image.   

 

Results 

 Nicole Parsons and I collected all the data used in figures 1, 2, and 3. The data in the 

graph below is representative of the average brightness of 11 glial cells in the control condition 

and 7 glial cells in the experimental condition. The glial cells in the control condition had a 

higher average brightness to background brightness ratio than the glial cells in the lithium-

perturbation condition.  
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1A.  

1B.  

Figure 1. Images of glial cells in control condition at 40x. Part A shows glial cells stained with 

fM1-43 in fluorescent light and part B shows the same glial cells without FM1-43 staining in 

transmitted light. The glial cells are outlined in yellow in part A for brightness analysis. Notice 

the greater brightness in part A than in figure 2A.  
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2A.  

2B.  

Figure 2.  Images of glial cells in lithium perturbation condition at 40x. Part A shows glial cells 

stained with fM1-43 in fluorescent light and part B shows the same glial cells without FM1-43 

staining in transmitted light. The glial cells are outlined in yellow in part A for brightness 

analysis. Notice the lesser brightness in part A than in figure 1A.  
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Figure 3. Average ratio of red fluorescence brightness of glial cells to background brightness in 

control and lithium-perturbation conditions. The average ratio of brightness of all control glial 

cells to background brightness is compared to the average ratio of brightness of all lithium-

perturbed glial cells to background brightness to show the amount of endocytosis of the glial 

cells. Notice the greater ratio in the control condition than in the lithium-perturbed condition.  

 

Discussion and Conclusions 

In this experiment the brightness of the red fluorescent FM1-43 dye was used to measure 

the amount of endocytosis in glial cells. It was hypothesized that the lithium-perturbed glial cells 

would experience less endocytosis than the control cells so the lithium-perturbed cells should not 

fluoresce as brightly as control cells. The data supported this hypothesis because the control glial 

cells fluoresced more brightly than the lithium-perturbed glial cells after the background 

brightness of the images was taken into account. Since the sample size used in this experiment 

was small, I can only conclude that lithium-perturbation may cause decreased glial cell 

endocytosis. If there was enough data to confirm the significance of the effect of lithium on glial 

cell endocytosis, then I would conclude that lithium-perturbation causes decreased endocytosis in 

glial cells.  

This conclusion could be explained by heightened growth of the lithium-perturbed glial 

cells. Warren and Glick (1968) found that when a cell is growing, there is less membrane 

turnover than when a cell is maintaining its size because as the cell grows, more membrane is 

being added to the existing membrane but there is less endocytosis of the cell’s existing plasma 

membrane. Therefore, when a cell is maintaining its size there is more endocytosis because as 

new membrane is added to the existing membrane, other parts of the existing membrane are 

endocytosed and form vesicles within the cell (Warren & Glick, 1968).  
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If the observed difference in glial cell endocytosis is due to increased glial cell growth in 

the lithium-perturbation condition, then the results of this study are in agreement with the results 

of past research on neurons. Studies on the effects of lithium on neurons found that lithium 

causes increased number of collateral axon branches of neurons (Williams, Cheng, Mudge & 

Harwood, 2002) and that lithium causes axonal regeneration in peripheral nerves (Su et al., 

2014). Both of these studies conclude that lithium causes axonal growth, and my study concludes 

that lithium causes decreased glial cell endocytosis, which may be the result of lithium-perturbed 

glial cells experiencing greater growth than control glial cells do.  

There were some possible sources of error in my experiment. Since the sample size used 

in the experiment was small (one coverslip plated with glial cells for each condition) no concrete 

conclusions can be drawn from the data. The data could also have been skewed by differences in 

glial cell densities on the control and lithium-perturbation coverslips. The control coverslip 

contained a high density of glial cells while the lithium-perturbation coverslip contained a low 

glial cell density. To refine this experiment, I would include more data in both the control and 

lithium perturbation conditions and use coverslips with more comparable glial cell densities.  

A future experiment could attempt to confirm that a lithium-perturbation causes increased 

glial cell growth relative to controls. This research could initially measure the size of glial cells 

in control and experimental conditions before a lithium-perturbation. After exposing the 

experimental coverslips to lithium, time-lapse phase microscopy could be implemented to 

measure glial cell growth in the experimental and control conditions. Comparing the change in 

size of glial cells in the control condition with the change in size in the experimental condition 

would determine if lithium-perturbation causes an increase in glial cell growth. A future study 

could also compare the frequency of mitosis in glial cells perturbed by lithium and the frequency 

of mitosis in control glial cells. This would also help to confirm that the reduced endocytic 

activity found in this study is due to cell growth.  
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