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Introduction 

Lithium has long history of being used to treat mental illness, specifically bipolar 

disorder, and now it is being investigated for its possible neuroprotective effects in Alzheimer’s 

and other neurodegenerative diseases (Forlenza et al, 2014).  Alzheimer’s disease is a chronic, 

debilitating neurodegenerative disorder that is characterized by loss of memory and cognitive 

function (Maqbool et al., 2015).  It affects roughly 35%-40% of people over the age of 85 and 

has only a nine year life expectancy after diagnosis (Hampel et al. 2009; Maqbool et al., 2015).  

Many of the mechanisms behind Alzheimer’s and other neurodegenerative diseases are unknown 

and they remain with no cure (Maqbool et al., 2015).   

Lithium has been shown to have neuroprotective effects by acting through mechanisms of 

neuronal homeostasis such as those involved in the activation of neurotrophic responses, 

modulation of oxidative stress, inflammatory cascades, and up-regulation of mitochondrial 

function (Forlenza et al., 2014).  Much of lithium’s interactions occur through neurotransmission 

and signal transduction, particularly with the inhibition of glycogen synthase kinase-3 (GSK-3).  

The inhibition of GSK-3 has been reported to reduce the amount of amyloid-beta and tau tangles 

in neuronal cells, and enhance adult hippocampal neurogenesis (Maqbool et al., 2015).  Another 

study has found that along this same pathway treatment with lithium in transgenic AD models 

showed an increase in microtubules-associated proteins (Yu et al., 2012).  These neuroprotective 

effects of lithium have prompted further study. 

However, lithium has made slow progress as disease modification therapy due to the 

controversy over the effectiveness of the treatment and its possible negative side-effects.  There 

has been the incidence of Alzheimer’s disease patients not showing the inhibitory effects of 

lithium on GSK-3 as they were observed in animal models (Hampel et al., 2009).  Additionally, 

therapeutic level for treatment with lithium is relatively small and above that window lithium 

becomes very toxic especially with frail elderly people, of which are a large percentage of 

Alzheimer’s patients.  While most adverse effects are mild and reversible, there still remains the 

potential for greater problems (Macdonald et al., 2007).  This current study is intended to shed 

more light on the mechanisms behind lithium and its neuroprotective functions by taking a closer 

look into its connection with fast axonal transport.  Axons are dependent on the transport of 

essential molecules and organelles due to their general inability to synthesize proteins.   
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Without that continuous transport, the neurons will not be able to maintain proper function or 

survival (Pigino et al. 2009). 

This current study will test the hypothesis that axonal transport will be inhibited by high 

lithium doses as measured by microscopic observation of the rate of movement of autophagic 

vacuoles within the axon.   This inhibition is based off of a previous study that revealed the 

detrimental effects of lithium at doses above its therapeutic level (MacDonald et al. 2008).  In 

this experiment, neurons from 10 day chick embryos of the domestic chicken, Gallus gallus, was 

used as the organism to test this hypothesis.  Chick embryos were chosen for their similar 

development of the nervous system as compared to that of humans, and therefore serve as a 

model organism for the human nervous system (Davey and Tickle, 2007). 

 

Materials and Methods 

Dissection and Cell Cultures 

 

 Dorsal root ganglia were obtained from ten day Gallus gallus embryos and cultured as 

described by Morris (2015a). 

 

Lithium Treatment 

 

 Cells were treated with lithium chloride 24 hours after plating to allow time for cells to 

settle and axons to develop.  Our experimental plates were treated with dosages of 20mM LiCl, 

10mM LiCL, and 5mM LiCl.  A working solution of 40mM LiCl was created in C medium by 

doing a 1:25 dilution of the 1M stock solution.  The working solution was added to the cells to 

by removing 1mL of growth medium and adding 1mL 40mM LiCl to create a 20mM dosage, by 

removing 0.5mL growth medium and adding 0.5mL 40mM LiCl to create a 10mM dosage, and 

by removing 0.25mL of growth medium and adding 0.25mM LiCl to create a 5mM dosage.  For 

our control plates we had a 0mM LiCl treated plate and a 20mM NaCl treated plate in which the 

dilution was done in the same manner as the 20mM LiCl.  The cells were then placed back into 

incubation at 37o Celsius for 24 hours. 

 

Creation of Chip Chambers and Observation of Cells 

 

 After the incubation period the cells were placed into chip chambers and observed as 

described by Morris (2015b). 

 

Microscopy and Imaging 

 

All microscopy and imaging was done in the Imaging Center for Undergraduate 

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

Norton, MA.  A Nikon Eclipse E200 microscope was used for observation.  10x objective and 

phase 1 (Ph1) were used in order to locate axons for images. Once found, 40x objective and 

phase 2 (Ph2) were used to image the axons.  Once the view of the axon was established a timer 

would be started and time lapse images were taken every 5 seconds for a total of 90 seconds. 
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Data Analysis 

 

 At the completion of all the trials, a photo was taken of a micrometer slide which had 

increments of 0.01mm.  ImageJ was used to analyze the data.  The ruler photo was first used to 

establish a conversion between pixels and microns.  Using the line tool in ImageJ, a 100 micron 

section was selected on the ruler and then measure was selected to give a readout of how many 

pixels it was.  These numbers were then used in Excel to create a conversion from pixels to 

microns at 0.1524 microns per pixel.   

 The images were then analyzed for vesicles that were clear enough to track over a period 

of time, in that they were visible and trackable through a series of images, in the time lapse and 

measure their distance traveled.  A fixed point was then established in the frame, often times the 

edge of the screen, and the initial and final distances were measured, converted to microns, then 

represented as a rate per second based on the time elapsed.  This process was repeated using all 

quantifiable images for each level of treatment.  The mean and standard deviation of each 

treatment level were calculated using Excel. 

 

Results 

 The images and graphs below illustrate the rate of axonal transport in sympathetic nerves 

of embryonic chicks.  An average rate was found for each level of treatment based on images 

such as those depicted in Figure 1 and Figure 2.  The time interval under which each rate was 

calculated varied in order have clear images by which distances could be measured.  Three trials 

were run at each level of treatment in order to achieve enough viable images to quantify rates at 

all dosages.  The final rates are based off of the mean where n=5 across all levels of treatment. 

 

 

Figure 1. Control treatment level at a 10 second interval.  These images together show 

the movement of a vesicle along the axon under normal conditions.  The arrows indicate 

the initial placement of a vesicle and its where it moved to after 10 seconds. 
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Figure 2. Experimental trial at 20mM LiCl with a 10 second interval.  The arrows in this 

image sequence show the initial placement of a vesicle and how far it has moved after 10 

seconds.  Notice the decrease in distance in the high dosage experimental trial when 

compared to the control treatment shown in Figure 1. 

 

 

The rates of transportation across the levels of treatment are depicted on Figure 3.  In the 

0mM control, 5mM LiCl low dose, and the 10mM target dose, the rates of transport are all 

within a similar range and their standard deviations cause them to be in an overlapping grey zone 

around 2µm/sec.  The rate of transportation in the 20mM LiCl high dose treatment was found to 

be much lower than the other three levels of treatment at 0.47µm/sec.  The rate at the 20mM 

LiCl dose was also the most consistent and had the lowest standard deviation. 
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Figure 3. Mean rate of transport in microns per seconds for each treatment level of LiCl.  

The rates of transport were averaged from multiple series of clear images over 3 trials 

where 5 rates could be calculated from the images gathered.  Notice the decrease seen in 

the average rate of transport in the high dose (20mM LiCl) when compared to the 

generally even rates of the control, low, and medium doses of LiCl. 

 

 

 The rates of the control treatments shown in Figure 4 show little deviation from rates of 

transportation in cells that had no treatment and cells that were treated with a high dose of a 

NaCl salt.   
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Figure 4. Comparison of the rates of transport between two control treatments.  Along 

with the 0mM LiCl control there was also a high dose control salt which was used as a 

positive control.  Notice the similar rates and overlapping error bars which show that 

there is no significant difference seen in the two controls. 

 

Discussion and Conclusion 

 The data in the present study supports the hypothesis that neurons treated with LiCl will 

inhibit the rate of fast axonal transport.  It was found that at the highest dose of 20mM LiCl, 

lithium treated cells had a significantly lower rate of fast axonal transport.   This experiment is in 

accordance with other studies that have indicated that at high doses lithium has had negative 

effects, suggesting that lithium has a dose dependent effect on the rate of axonal transport.  In 

2007, Macdonald et al. reported of the small treatment window for lithium that when over shot 

can have negative and sometimes irreversible effects.  

 Fast axonal transport plays a key role in proper neuronal function and survival, it is 

possible that any side effects of lithium treatment may stem from this an interruption of this 

mechanism.  A previous study has shown that lithium causes inhibition of glycogen synthase 

kinase which changes protein activity and as a result effects the stability of microtubules during 

axon genesis (Owen & Gordon-Weeks, 2003).  A systematic review and meta-analysis also 

linked lithium treatment to increased risk of reduced urinary concentrating ability, 

hypothyroidism, hyperparathyroidism, and weight gain (McKnight et al. 2012).  However further 

study is required to establish a connection between these mechanisms. 

There are possible sources of error that may have effect the results.  Chick embryos need 

to maintain a temperature of thirty-seven degrees Celsius.  To replicate this environment for the 
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neurons, a portable heater was used to heat the slides in order to observe dynamic behavior.  

However, it was difficult to maintain a consistent temperature and any deviation from the range 

of thirty-six to thirty-eight caused a decrease in neuronal activity.  This could be avoided by 

finding a more controlled heating method such as establishing a way to image cells while 

keeping them in incubation.  Another area of difficulty in imaging was the instability of the 

tables on which the microscopes were sitting.  Any slight movement was magnified to a violent 

shake under the microscope and often caused the axons to come out of focus. This problem 

would be avoided by simply finding a more stable working station. 

Going forward with this experiment, an increased number of trials would strengthen the 

results and provide a clearer indication to the magnitude of the effect of lithium.  It would also be 

helpful to establish the threshold at which lithium begins to have negative effects.  Treatments 

with lithium range anywhere from 0.2mM LiCl (Forlenza et al, 2014) to 10mM LiCl (D’Mello et 

al, 1994). While this experiment showed no decrease in the rate of transportation at 10mM, it 

would be good to know how far that dosage is from the point where the negative effects are 

shown, especially if lithium is going to be continued to be used as a treatment of neuronal related 

disorders. 
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Imaging was done in collaboration with Allison Cox. 
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