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Introduction: 

 Although neurons vary structurally to some degree throughout the nervous system to 

serve different functions, they consist of several fundamental structures including a cell body, 

dendritic branches, and an axon that terminates in one or several growth cones. Axons are 

dynamic and vital components for synapse formation and communication between neurons, and 

therefore are paramount to the functioning of the nervous system as a whole. The structure of an 

axon is reinforced by the cell cytoskeleton that consists of a combination of three filaments: 

microtubules, microfilaments, and actin. Meanwhile, an axon’s dynamic nature is the result of 

continuous polymerization and depolymerization of the underlying filaments, which is directed 

by a myriad of binding proteins. (Kandel et al., 2014).  

Tubulin-associated unit (tau) is a protein that functions to stabilize the microtubules 

within neurons. Hyperphosphorylation of tau proteins that results from several mutations in the 

tau gene changes the protein structure and negatively affects the protein’s ability to associate 

with microtubules. This results in symptoms indicative of Alzheimer’s disease, including 

neurofibrillary tangles and protein plaque accumulation, as well as a decrease in microtubule 

stability and axon growth. (Martin et al., 2011)  
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Several studies have shown that hyperphosphorylated tau proteins can be coupled with 

chaperone molecules to discourage the accumulation of neurofibrillary tangles and therefore 

could serve as a method for delaying the progression of Alzheimer’s disease (Dou et al., 2003; 

Sahara et al., 2007). A similarly effective treatment for Alzheimer’s disease as well as a number 

of other neurodegenerative and psychological disorders is lithium. The efficacy of lithium 

treatment on the affective disorders is widely accepted by the scientific and medical 

communities. It has been clinically shown to have mood stabilizing effects in patients with 

bipolar disorder and depression, although the pharmacokinetic mechanism remains largely 

unclear. Similarly, several experiments have found that lithium has neuroprotective effects and 

reduces the development of neurodegenerative diseases such as Alzheimer’s disease and 

Amyotrophic Lateral Sclerosis (ALS) (Forlenza et al., 2012). Perturbation with a lithium salt 

such as lithium chloride (LiCl) has been experimentally shown to dephosphorylate the 

hyperphosphorylated tau proteins and thus indirectly promote microtubule stability and axon 

growth, slowing the progression of protein plaque build-up (Hong et al., 1997; Lovestone et al., 

1999). In addition, studies have found that lithium treatment is consistent with a reduction in 

astrogliosis, a common symptom of ALS that is the consequence of neural damage, and an 

increased amount of mitochondria in motor neurons, effectively delaying the progression of the 

disease in animal and human models. (Forlenza et al., 2012) In Lovestone et al. (1999), cells 

were incubated in serum-free growth medium for four hours and tau protein function was 

observed using multiple tests including Western Blot. They found that the addition of LiCl was 

effective in reducing the phosphorylation of tau proteins, allowing tau to associate properly with 

microtubules within the axons. The application of serum-free growth medium was intended to 
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reduce the number of non-tau proteins in the medium that would otherwise hinder the efficacy of 

Li+ to dephosphorylate tau.  

The focus of this experiment was the effect of LiCl on axonal growth in embryonic 

Gallus gallus peripheral neurons. In this study, I incubated peripheral neurons in serum-free 

medium containing either LiCl or sterile water for four hours and measured the axonal areas of 

cells from both conditions. Due to lithium’s microtubule stabilizing effects described in 

Lovestone et al. (1999), a high concentration perturbation of LiCl is expected to promote axon 

growth and increase the average axonal area in in vitro peripheral neurons.  

 

Materials and Methods: 

Embryo Explanting 

 In order to perform this experiment, it was necessary to isolate peripheral neurons from a 

developing organism. Dorsal root ganglia and sympathetic nerve chains were extracted from the 

spinal cords of ten-day-old embryonic Gallus gallus specimens and incubated on poly-lysine and 

laminin treated coverslips for 24 hours, in accordance with the procedure originally written by 

Peter J. Hollenbeck and modified by Dr. Robert L. Morris. (Morris, 2015a)  

 

Cell Treatment and Observation Chip Chamber Construction 

 After the peripheral neurons were allowed to incubate in F+ medium for 24 hours, the 

coverslips were used to form observation chip chambers and sealed with VALAP by following 

the guidelines described by Dr. Robert L. Morris. (Morris, 2015b) However, certain changes to 

the chip chamber construction and cell observation procedure were implemented. First, a 10mM 

solution of lithium chloride diluted in serum-free growth medium was pipetted onto the 
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experimental slide surrounded by coverslip chips in step B6 rather F+ growth medium (which 

included fetal bovine serum). Serum-free growth medium was utilized to avoid potential 

electrostatic interactions between the lithium ion and the array of negatively charged proteins 

present in the serum. For the control slide, a 1:100 solution of sterile water diluted in serum-free 

growth medium was added instead of F+ growth medium.  Similarly, 10mM lithium chloride 

diluted in serum-free growth medium was added to remove air bubbles from underneath the 

experimental coverslip and serum-free growth medium diluted with 1:100 solution of sterile 

water diluted in serum-free growth medium was used to remove air bubbles from underneath the 

control coverslip rather than F+ growth medium. Lastly, rather than imaging the cells 

immediately after sealing the observation chip chamber with VALAP, the cells were allowed to 

incubate at 37ºC for four hours before imaging commenced.  

 

Axon Imaging   

 Every neuron photographed for inclusion in this experiment was imaged in the Imaging 

Center for Undergraduate Collaboration (ICUC) at Wheaton College in Norton, Massachusetts. 

The particular microscope implemented in this experiment was the Nikon Eclipse E200, aligned 

for proper Koehler Illumination, with a Sony DFW-X700 digital camera installed upon the 

microscope via a 1.0X camera mount. Both the 10X and 40X objective lenses were utilized in 

the collection of transmitted light microscopy images. The camera was connected via a FireWire 

cable to an Apple iMac running OS X Yosemite 10.10.4. The imaging software, BTV version 

6.0b1, was utilized to capture photographs of the samples, as per the imaging protocol outlined 

by Dr. Robert L. Morris (Morris, 2015b) However, a couple of modifications to the imaging 

procedure were made. First, no heat was applied to the observation chip chambers while 
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photographing the axons to discourage growth after the termination of the four-hour incubation 

period. Second, the growth of single cells was not imaged using time-lapse phase microscopy; 

rather a single transmitted light phase microscopy image was taken at 10X magnification of each 

axon of interest to capture entire axonal structures. Furthermore, photographs using the 40X 

objective lens were taken to confirm the boundaries for axons of interest as precisely as possible.  

 

Data Collection and Analysis 

 ImageJ version 1.50a was used to manually trace the axons, excluding the corresponding 

growth cones. A 0.01 objective micrometer was imaged with the 10X objective lens and the 

photo was imported into ImageJ in order to set the scale for other images taken at the same 

magnification. The “Straight” tool was selected and used to connect the distance between 

complimentary edges of two adjacent 100 micrometer marks. Then, “Set Scale…” from the 

“Analyze” menu was selected, the known distance was set to 100, the unit of length was set to 

micrometers, and the “Global” option was selected. This procedure was repeated using a photo 

of the 0.01 objective micrometer captured with the 40X objective lens to set the correct scale for 

photos taken with that objective lens. After setting the scale appropriately, the “Freehand 

selections” tool was used to trace the area of the region of interest, namely the imaged axon. A 

process was considered an axon if it was considerably thick as it initially protruded from the cell 

body and, additionally, if it had a growth cone at its terminal end. Growth cones were defined as 

areas at the terminal end of an axon that feature walls that diverge from a parallel configuration 

and were lower contrast relative to the background than that of the process from which they 

extend. 
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The area of the region of interest was measured by first tracing the circumference of the 

cell body that directly touched the axon in the image. Then, the outline of the axon was traced in 

its entirety, excluding the growth cone, ending at the original starting point (the circumference of 

the cell body). The area of the traced region of interest was measured by selecting the “Measure” 

option under the “Analyze” menu. After the area of six control axons and five experimental 

axons were measured, they were averaged to determine the average axonal area for both the 

control and experimental groups. 

 

Results: 

Peripheral neurons isolated from Gallus gallus were allowed to incubate for four hours in 

a 1:100 solution of either 10mM LiCl (experimental) or sterile water (control) diluted in serum-

free growth medium. Afterwards six cells from the control and five cells from the experimental 

condition were imaged and the corresponding axonal areas were measured using ImageJ. 

Generally, the cells that were treated with LiCl had greater axonal areas than cells in the control 

group, a difference that can be observed by comparing Figure 1 and Figure 2. The control and 

experimental axon areas were averaged to calculate the average axonal area for each condition, 

as is shown in Figure 3. From these two values, the percent change in axonal growth generated 

by the lithium perturbation was calculated to be 55.56%. However, after calculating the standard 

deviation for each data set, the increase was determined to not be statistically significant.  



Portelli, B.V. (2015). Axon growth in lithium perturbed neurons. Wheaton Journal of Neurobiology Research.  

 
Figure 1: Axons Representative of Control Condition. In the transmitted light image shown in 
panel A, the axon of interest measured originates from the cell body in the bottom left quadrant, 
extending upwards, and terminating at a point indicated by the orange arrow. The process 
marked by the green arrow was not measured because it may not be part of the same axon, but 
rather a process extending from the cell body indicated by the red arrow in panel B. The section 
that connects the two processes is a lighter color and is less bold compared to both the axon of 
interest and the other process, indicating that the light segment may be a growth cone forming a 
connection between the two processes. Both photos were captured with the 10X objective lens. 
Notice that the axon of interest is relatively short compared to that shown in Figure 2. 
 

Figure 2: Axons Representative of Group Exposed to LiCl. In the transmitted light image in 
panel A (captured with the 10X objective lens), an axon is shown originating from a cell body in 
the top right corner, indicated by the green arrow, and terminating at two points, marked by the 
orange and red arrows. The smaller axon branch (indicated by the orange arrow in panel A) was 
imaged with the 40X objective lens for enhanced clarity, shown in panel B. Notice that the total 
size of the experimental axon is greater than that of the control axon in Figure 1.  
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Figure 3: Average Axonal Area in Control Neurons and Neurons Treated with LiCl. Six axons 
were averaged in the control condition while five axons were used to calculate the average 
axonal area for the experimental group. Notice that the cells treated with LiCl (experimental) had 
a greater average axonal area than did neurons in the control condition, although this increase is 
not statistically significant.   
 
 
Discussion: 

 In this experiment, the effect of LiCl perturbation on axon growth was measured in terms 

of axonal area. Based on the data gathered, the hypothesis that LiCl treatment would cause an 

increase in axon growth is supported. This finding is consistent with the conclusions of several 

other studies that used various animal models to demonstrate that lithium effectively increases 

axonal regeneration in the central nervous system (Huang et al., 2003; Yick et al., 2004). These 

results are also in accordance with the findings described in Lovestone et al. (1999), in which 

lithium treatment was found to effectively restore hyperphosphorylated tau proteins and 
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encourage tau-microtubule associations. As a result, the microtubules supporting the cells and 

corresponding axons in the experimental group may have been strengthened.   

However, there are several reasons why these results should be considered with 

reservation. First, the average axonal area for the experimental group was based upon only five 

cells while the control was averaged from the axonal areas of six cells. With such a small sample 

size, the few axons measured may not accurately represent the group as a whole. Second, 

because only one coverslip was allocated to each condition, data within the same condition are 

not independent of one another and thus are subject to the same potential for error. To overcome 

these experimental concerns in future research, additional coverslips would be utilized for both 

conditions and more axons from each coverslip would be photographed and measured to 

generate more reliable and independent samples. Axons could also be imaged at a higher 

magnification and measured with an automated tracing program to enhance the reliability of the 

axonal area measurements and reduce the effect of human error in the data collection process.   

 In the case that this experiment was replicated with a larger sample and resulted in a 

significant increase in axonal growth in experimental groups, such findings may suggest that 

LiCl stabilizes microtubules in developing axons. In addition to revisiting the results found in 

this study through repeated experimentation, subsequent research could investigate the effect of 

varying concentrations of LiCl on axonal growth rather than simply applying a high 

concentration of LiCl to the growth solution. Such research may lead to a detailed explanation 

and a defined lithium concentration range that efficiently promotes axonal growth and structural 

vitality.  Furthermore, the effect of high concentration LiCl incubation can be tracked over a 

period of time by implementing similar methods and collecting measurements via time-lapse 

phase microscopy. This could allow researchers to study the effect of lithium perturbation on 
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average axon growth velocity and how axon development is affected in short and long-term 

intervals. Investigating the effect of varying LiCl perturbation concentration and incubation 

duration can lead to a better understanding of the interactions and mechanisms by which lithium 

produces positive psychotropic and neurotrophic effects. Further knowledge and discoveries 

regarding the effects of lithium exposure to developing neurons may lead to the advancement of 

more effective treatments (and potentially cures) for the affective disorders and 

neurodegenerative diseases.   
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