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Introduction: 

 

With the continued rise in popularity of e-cigarettes, vaping and JUULing, more research 

is needed in order to better understand the long-term effects of these habits and their potential 

effects on human health and development. A study done by the National Institute of Health 

reported that 37.3% of 12th graders interviewed had vaped in the last 12 months (National 

Institute of Health, 2018). This increased usage by younger clients could be due to the marketing 

directed on this audience for these products with their fruit flavored campaigns. Along with its 

new found popularity a rising number of cases involving illness and 7 deaths have involved 

vaping products. As a result, across the United States, states are beginning to take measures on 

restricting these types of products. Michigan, New York, Massachusetts, Rhode Island, Montana, 

Washington, and Oregon have all taken steps to ban at least fruit flavored vaping products with 

limited success (Ducharme 2019). With such popularity in younger generations, the impact on 

their long-term health is currently in question. Within the next few years new concerns will also 

arise with the impact of vaping on the next generation to come. The main active ingredient of 

vaping is nicotine and it has been shown that nicotine readily crosses the placental barrier to the 

developing fetus, along with getting into the amniotic fluid (Luck et al. 1985). This can cause a 

variety of problems for the developing fetus and has been shown in animal models that neuronal 

pathfinding problems, abnormalities of cell proliferation, and in particular the development of 

the cholinergic and catecholinergic systems are all impacted by differing amounts of nicotine in 

utero (Ernst, 2001).   

Neural nicotinic acetylcholine receptors can impact neurite growth when in the presence 

of nicotine (Lauder and Schambra, 1999). These receptors have also been shown to impact 

neurite retraction.  The main receptor responsible for neurite retraction is created from a7-mRNA 

and was previously looked at in chick embryo models (Pugh, 1994). The impact nicotine has on 

these receptors suggests that nicotine exposure on developing fetuses could slow development of 

neuronal pathways.  

 With the rising use of human induced pluripotent stem cells for cellular studies and stem 

cell therapies, culture surface studies for those cell cultures have been taking place. One of the 
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more promising culture surfaces in these studies was Matrigel, which showed increased cell 

growth and cell attachment when compared to poly-L-lysine, Laminin, Fibronectin and 

polystyrene (Lam and Longaker, 2012). Matrigel also was shown to have a greater rate of cell 

expansion when growing mesenchymal stem cells compared to poly-D-lysine, poly-L-lysine, 

fibronectin, laminin and collagen (Qian and Saltzman 2004). With these promising results 

Matrigel could be used with other cell lines to deliver accurate results when conducting research 

in regards to vaping. It could also be used to better grow neurons to be used for stem cell 

therapies to counteract the neuronal deficits created by nicotine in utero. Stem cell therapies are 

already being researched for neuro degenerative diseases like Parkinson’s with promising results 

(Vuono, 2015). 

 This study delves further into this research on the effects of nicotine exposure to 

developing neurites by measuring neurite retraction in sympathetic chick neurons on Matrigel. It 

was done in collaboration to the study A Preliminary Study of the effects of (-)- Nicotine on 

Axonal Outgrowth in Gallus gallus sympathetic neurons conducted by Julia Roth. Due to the 

success of Matrigel as a substrate in regards to cell growth and attachment along with its 

promising rate of cell expansion (Lam and Longaker, 2012; Qian and Saltzman 2004). The 

current study tested the hypothesis that, if the Gallus gallus sympathetic neurites on Matrigel are 

exposed to nicotine then their neurites will undergo stronger retraction to those on poly-L-

lysine.  

 

Materials and Methods: 
 

Dorsal Root Ganglia Harvest and Culture Allocation- 

Dissection of dorsal root ganglia was conducted to 10-day old Gallus gallus embryos 

following Primary Culture of Chick Embryonic Peripheral Neurons 1: DISSECTION (Morris, 

2019). They were then plated in 1.5 ml of F+ stock solution on Matrigel and allowed 24 hours to 

grow before the addition of nicotine solution in an incubator set to 37°C. 

 

Creation of Nicotine Stock Solution and Working Solutions 

0.05ml of nicotine stock solution was created using 200 proof ethyl alcohol and (-)-

nicotine. 500μl of 200 proof ethyl alcohol was added to a 1.5ml using a precoated pipette tip to 

ensure accurate measurement. Then 24.5μl of ≥99% (GC) (-)-nicotine was added to the tube with 

the pipette tip carefully rinsed in the solution to ensure all of the nicotine was added to the 

solution.  

To achieve 0.25mM of nicotine in the solution, 1.7μl of nicotine stock solution was 

added to the 1.5ml tube, 6.8μl was added to achieve the 1.0mM of nicotine in the solution and 

6.8μl was added of just 200 proof ethyl alcohol as a carrier control.  The amount of nicotine used 

was taken from the experiment Effects of Nicotine on Cell Growth, Migration, and Production of 

Inflammatory Cytokines and Reactive Oxygen species by Cementoblasts (Chen et al. 2014). This 

was done in collaboration with Julia Roth and Caylee Hapworth. 

 

Addition of Nicotine  

After 24 hours had elapsed with the cells incubating at 37°C they were removed from the 

incubator and placed on an inverted microscope. The dish was placed onto two microscope slides 

taped in place onto the stage with a gap large enough for the objective lens to see through. This 

was to ensure that the bottom of the culture dish was adequately far away from the objective lens 
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to create a clear picture while not coming in contact to the bottom of the culture dish. The lid of 

the culture dish was also removed to enable a better picture. A temperature probe was then taped 

next to the culture dish to ensure a consistent temperature between 35-39°C throughout the 

experiment. A small portable space heater was placed roughly 18 inches away from the culture 

dish and moved accordingly to ensure a consistent temperature within this range. A 1.5ml tube 

was then filled with 0.5ml of F+ growth medium. To this the correct dose of nicotine solution 

was added for each experimental condition and trial.  

 

Imaging of Growth Cones 

For each experimental condition a suitable location was found with in the culture dish 

containing at least two clear and separated growth cones at 40x magnification. To the Nikon 

Eclipse TS 100 microscope a SPOT Idea camera was connected to a Macintosh desktop 

computer with the Spot Idea program running. The 0.5ml of F+ nicotine solution was taken out 

of the 1.5ml tube with a pipette and slowly pipetted into the culture dish. Using the Spot Idea 

program pictures were taken every 5 minutes for 30 minutes starting when the solution was 

added. This resulted in 7 images for each experimental condition and control with 2-5 suitable 

growth cones with in the frame. This was done in collaboration with Julia Roth. 

 

Image Analysis 

 Images were taken and put one at a time into FIJI starting at time 0 and going to 30 

minutes. These images were then taken and stacked together for each experimental condition. 

Each stack of images was then converted to 8 bit and auto balanced for brightness and contrast. 

These setting created a clear contrast in grey values to better identify the growth cones filopodia 

and lamellipodia and track their movement. The filopodia and lamellipodia were identified as a 

middle gray value that was darker than the background color and lighter than the axon. They 

needed to be found at the end of the axon and maintain a consistent gray color throughout. These 

regions were then individually traced along their perimeter using the polygon tool and then had 

their centroid calculated from this region by FIJI. The X and Y pixel coordinates of the centroid 

were then tracked and a positive or negative distance value was determined between frames. The 

distance was deemed to be positive if the growth cone moved away from the axon of the 

previous image and determined to be negative/retracting if it moved toward the axon of the 

previous image. This was then converted from pixels to μm by using a picture of a stage 

micrometer and calculating the number of pixels between its farthest points on the same 40x 

magnification.  

 

Results: 
 

Filopodia and lamellipodia movements were recorded in each experimental condition for 

both Matrigel and poly-L-lysine. The control data is derived from tracking the measurements of 

growth cone centroids from separate neurites over 7 images captured every 5 minutes from 1 

trial of the control condition for both Matrigel and poly-L-lysine. The Matrigel data is derived 

from tracking this value from a total of 4 separate growth cones over the period of 30 minutes. 

The poly-L-lysine data is derived from tracking this value from a total of 2 separate growth 

cones over the 30-minute duration. 

The 0.25 mM data is derived from tracking the measurements of growth cone centroids 

from separate neurites over 7 images captured every 5 minutes from 1 trial of the 0.25mM 
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nicotine concentration for both Matrigel and poly-L-lysine. The Matrigel data is derived from 

tracking this value from a total of 5 separate growth cones over the period of 30 minutes. The 

poly-L-lysine data is derived from tracking this value from a total of 3 separate growth cones 

over the 30-minute duration. 

The 1.0 mM data is derived from tracking the measurements of growth cone centroids 

from separate neurites over 7 images captured every 5 minutes from 1 trial of the 1.0 mM 

nicotine concentration for both Matrigel and poly-L-lysine. The Matrigel data is derived from 

tracking this value from a total of 3 separate growth cones over the period of 30 minutes. The 

poly-L-lysine data is derived from tracking this value from a total of 5 separate growth cones 

over the 30-minute duration. 

   The effects of the nicotine and overall net movement of the growth cones can be seen to 

be reduced for the cells growing on the Matrigel. The nicotine solution could also be seen to 

impact neurite dynamics much greater than that of the poly-L-lysine. As shown in figure 1 two 

pairs of growth cones can be seen to be moving in opposite directions right next to each other 

with one pair retracting while the other continues to grow. This pattern of growth and retraction 

was shown in all trials involving Matrigel and created lower net values over the 30-minute 

duration as a result. 
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Figure 1: Growth cone movement during the .25mM trial on Matrigel. The three pictures are 

of times 0, 15 and 30 minutes with the black arrow indicating a pair of growth cones retracting 

while next to it a pair of growth cones continue to grow indicated by the white arrow. 

 

 

 
 

Figure 2: The Average Distance a growth cone moved during the three treatments on 

Matrigel. The neurites experienced differing amounts of growth based on the experimental 

condition. The control growth was seen to be generally positive except for time 10. The 0.25mM 

condition had an overall negative growth over the 30 minutes except during the first 5 minutes. 

Finally, the 1.0mM condition had the greatest variance with positive growth for all but between 

times 15-20 minutes.  
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Figure 3: The Average Net Growth of the axon after the thirty-minute period for each of 

the three treatments on Matrigel and poly-L-lysine. Neurites treated with nicotine 

experienced reduced neurite net outgrowth or slight retraction on average compared to when not 

treated with nicotine. The 0.25mM dose showed the greatest overall effect with a slight retraction 

on average for the neurites. Poly-L-lysine showed much greater positive and negative net 

outgrowth when compared to Matrigel. The poly-L-lysine data was made in collaboration with 

Julia Roth. 

 

Discussion and Conclusion: 

Based on the existing literature and it was hypothesized that the Matrigel would be a 

more suitable substrate for the Gallus gallus neurons and would show a larger impact when in 

contact with nicotine (Lam and Longaker, 2012; Qian and Saltzman 2004). The average net 

growth data refutes this hypothesis. The average net growth on the Matrigel was lower in the 

control and experienced very little net retraction in the 0.25mM dose and showed slight growth 

instead of retraction in the 1.0mM when compared to the poly-L-lysine. This disparity in net 

growth between Matrigel and poly-L-lysine comes from the increased axon growth dynamics 

that were seen for all trials of Matrigel. As shown in figure 1 axons in the Matrigel would 

experience either retraction or growth when in the presence of nicotine. This is unlike the more 

consistent data gathered from the poly-L-lysine in which the axons could be shown to exhibit 

similar behavior to each other through each trial. During the control all the axons were shown to 

have net growth while during the doses of nicotine they experienced net retraction. 

This data suggests that one of Matrigel’s ingredients could have stimulated the increased 

axon growth dynamics. Matrigel is composed of laminin, collagen IV, heperan sulfate 

proteoglycans, entactin/nidogen and several growth factors (Matrigel Matrix). Additional 

research needs to be made isolating these individual factors to determine which are causing the 

axon growth dynamics shown during this study. The increased dynamics could serve as a 
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promising insight into potential stem cell therapy enhancements to counteract the negative 

impacts of nicotine on neuronal development in utero (Ernst, 2001). In conclusion although the 

study did show neurons on nicotine to have less net retraction compared to poly-L-lysine, 

increased axon growth dynamics suggest this area of study may be a valuable tool for continued 

nicotine research. 
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