
 

 
  

Wheaton Journal of  

Neurobiology Research  
 

Issue 9, Spring 2017: 
  

"Modeling disease using primary neuronal tissue culture"  
 

R.L. Morris, Editor.  Wheaton College, Norton, Massachusetts. 
 

Bleb formation in response to the presence of 
lipopolysaccharide in Gallus gallus embryonic sympathetic 

neuronal and glial cells as a measure of cytotoxicity 
 

Georgia Michalovic  
 

BIO 324 / Neurobiology  
Final Research Paper 

3 May 2017 
 



 1 

 

Bleb Formation in Response to the Presence of 
Lipopolysaccharide in Gallus gallus Embryonic 

Sympathetic Neuronal and Glial Cells as a 
Measure of Cytotoxicity  

  
Georgia Michaloivc 

Final Research Paper written for 
Wheaton Journal of Neurobiology Research 

BIO 324 / Neurobiology 
Wheaton College, Norton Massachusetts 

3 May 2017 
 
 
Introduction 
 Amyotrophic	Lateral	Sclerosis	(ALS)	is	a	progressive,	adult-onset	
neurodegenerative	disease	that	affects	both	upper	and	lower	motor	neurons	(Henkel	et	al.,	
2009).	Patients	with	ALS	suffer	atrophy	of	limb	musculature,	spasticity,	slurred	speech,	
difficulty	swallowing	(Sommer,	Kress,	2004)	and	in	some	instances	pain	of	the	joints	and	
muscles	(Hecht,	et	al,	2002).	ALS	is	a	complex	and	multifaceted	disease	for	which	there	is	
no	cure.	Studies have shown that some individuals are genetically inclined towards higher levels 
of expression for a mutant gene SOD1, superoxide dismutase, which is responsible for selective 
motor neuron injury leading to ALS (Henkel et al., 2009). The build up of mis-folded SOD1, 
trauma and increased levels of inflammation are cofactors in the progression of 
neurodegenerative diseases, and neuroinflammation acts as an underlying theme in each of these 
cofactors (Henkel et al., 2009). Neuroinflammation occurs in neurodegenerative diseases such as 
ALS when innate and adaptive immune mechanisms cannot counteract inflammation-causing 
stimuli. The inability to resolve the triggering event creates a state of chronic inflammation 
because the presence of cytotoxic cells maintains the activity of macrophage microglial cells 
(Olmos and Lladó, 2014). To address the unknowns of pro-inflammatory cytokines in 
neurodegenerative diseases we have created a model system that may test the effects of tumor 
necrosis factor alpha (TNF alpha) on chick sympathetic neurons.  

 In order to study the effects that TNF alpha may have on neurons, chick embryonic glial 
cells were also harvested in the cell cultures because they have been shown to produce TNF 
alpha in the presence of certain reagents (Lieberman et al., 1989; Shnyra, et al., 1998). 
Furthermore, it has been shown that microglia, a subset of glial cells that act as primary 
macrophages in the Central Nervous System (CNS), can be activated to release TNF during early 
asymptomatic stages of ALS. Production of TNF is induced by microglia’s ability to sense 
neuronal stress (Olmos and Llado, 2014). Other studies have shown that treatment of neurons 
and glial cells together in the presence Lipopolysaccharide results in the release of TNF alpha 
(Lieberman et al., 1989; Shnyra, et al., 1998) (Fraser, et al., 2010). Through the scope of our 
study we aim to address the unknown effects that both LPS and potentially TNF alpha have on 
neurons. Blebbing has been shown to be an indicator of cytotoxicity in neurons and occurs when 
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the cytoskeleton of the cell decouples from the plasma membrane (Charras, 2008). In the current 
study, bleb formation is used to indicate cytotoxicity of neurons in the presence of LPS. We 
hypothesize that both new bleb formation and bleb formation rate of chick sympathetic neurons 
will increase as the concentration of LPS increases. By understanding the mechanism through 
which pro-inflammatory molecules, such as LPS potentially acting through TNF alpha, induce 
neuronal injury we hope to better understand disease onset and progression in ALS patients. 

Chick sympathetic neuronal and glial cells of Gallus gallus embryos were used in this 
study because the neuronal development for chick embryos is widely tested and well understood 
(Leah, 1983). It is established that early sympathetic ganglia contain cells with a high proportion 
of neuronal phenotypes and that the number of these cells increases until day 9 of embryonic 
development (Leah, 1983). For the current experiment dorsal root ganglia and sympathetic nerve 
chains were harvested from 10-day-old embryos so that sympathetic ganglia could be gathered at 
the peak of neuronal cell development. This developmental pattern is representative of both in 
vivo and in vitro growth which is important because it allows us to infer that results seen in vitro 
are more likely to reflect the outcomes of in vivo experiments. 

Materials and Methods  
Dissection and Incubation 

Dissection and culture of chick embryo neurons and glia was performed as describe by 
Morris (2015a). Four 35 mm petri dishes with one slide per dish were prepared. Each slide had ½ 
to 2/3 DRG per coverslip to ensure a network of cellular growth (Morris, 2015a). These 
coverslips were incubated at 37 degrees Celsius for 48 hours in 2 ml of growth medium. During 
this incubation period, the stock and working solutions of LPS were created using sterile 
procedure. One trial was conducted for this experiment. 
 
Treatment 

The stock solution of LPS was made by adding 1 ml of Hanks Balanced Salt Solution 
(HBSS) to the powdered form of LPS using sterile procedure (Sigma-Aldrich, 2017). Previous 
studies have established that 10 µg/ml LPS is an upper limit for cellular growth in the presence 
of LPS (Lieberman et al., 1989). From this study, we established the four concentrations of 0 
µg/ml, 2.5 µg/ml, 5 µg/ml and 10 µg/ml LPS in HBSS. To prepare the control, 1 ml of growth 
medium was extracted from the first petri dish and 1 ml of pure HBSS was added back in.  To 
create the various working solutions applied to the three experimental petri dishes we removed 
1ml of growth medium from each of the respective dishes. For the first experimental petri dish 
we added 20 µl of 100x stock to 1 ml of HBSS in a 1.5 ml Eppendorf centrifuge tube. Once the 
two substances were added, the solution was drawn into the micropipette tip and then gently 
expelled into the centrifuge tube to ensure mixing. This entire amount was then added to the 
existing 1ml of growth medium already in experimental dish 1 to achieve a final working 
concentration of 10 µg/ml. For the second experimental petri dish we added 10 µl of 100x stock 
solution to 1 ml of HBSS in another 1.5 ml Eppendorf centrifuge tube. The solution was mixed 
and then added to the existing 1ml of growth medium in experimental dish 2, resulting in a final 
working solution of 5 µg/ml. Then for experimental dish number 3, 5 µl of 100x stock was added 
to 1ml of HBSS in a third 1.5 ml Eppendorf centrifuge tube. Again, the solution was mixed and 
then the entirety of this solution was added to the 1 ml growth medium in dish 3 to achieve a 
final working solution of 2.5 µg/ml. All four dishes were labeled with group initials and the date 
and were then incubated at 37 degrees Celsius for twenty hours.  
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Time Lapse Microscopy 

The following day, the dishes were removed from incubation and chip chambers were 
created following protocol for live unlabeled cells (Morris, 2015a). Imaging of the cells took 
place immediately following the construction of the chip chambers. Time-lapse microscopies 
were taken using SPOT “Idea” Camera (model 27.2-3.2 MP color serial number 257278) for 
imaging. The magnification was set to 40x for every image. LASKO Ceramic Air Heating fans 
were used to maintain the temperature of the coverslip mount to 37 degrees Celsius. A 
thermometer was taped to the coverslip mount of the microscope in order to monitor temperature 
changes. Images of the slides were taken every ten minutes over a period of forty minutes. This 
produced five images for the control, 2.5 µg/ml, 5 µg/ml and 10 µg/ml experimental slides 
respectively.  
 
Data Analysis   
 To analyze our images I used the program software ImageJ, version 10.2. Utilizing the 
Multipoint tool, each in-focus, neuronal cell was marked with a number in the first picture for a 
set of 5 images. The number of quantifiable cells varied among the control and three 
experimental groups but remained constant within the five images for each group. To be 
consistent in cell selection, a neuron was defined as having a uniform, circular cell soma so as to 
account for the formation of blebs around the exterior. Neurons had to have a diameter larger 
than 12 pixels but smaller than 28 pixels in an image with a width of 1,025 pixels. Additionally, 
each neuron quantified had to be in contact with an axon. Blebs were defined as any protrusion 
from the cell body with a diameter larger than 3 pixels. For each cell body, the number of initial 
blebs was counted for the first image at zero minutes. For each consecutive image at 10, 20, 30 
and 40 minutes, the number of new blebs formed was recorded. To find the “Total Blebs 
Formed” I calculated the mean number of blebs formed over the entire observation window. For 
example, while calculating this value for the control I added the number of blebs present for one 
image and divided by the total number of cells quantified in that image. I repeated the process for 
each image. Then I added this average from time 0 minutes to each of the other four time points: 
10, 20, 30 and 40 minutes. This process was repeated for each the control, 2.5 µg/ml, 5 µg/ml 
and 10 µg/ml experimental groups. 
 To calculate the “Bleb Formation Rate” The averages for 10, 20, 30 and 40 minutes were 
used in the control, 2.5 µg/ml, 5 µg/ml, and 10 µg/ml experimental groups. The 0 minute mark 
was excluded from each group because the initial blebs observed were representative of blebs 
that had the opportunity to form over the twenty-hour incubation period. Therefore there was no 
way of knowing how quickly they had developed. Instead, the blebs observed at zero minutes 
were used as the baseline for the rest of the data collection. 
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Results 
 The light microscopy imaging seen in Figures 1A-D illustrates the variation in 
quantifiable neurons amongst slides treated at various concentrations. All n-values given in 
Figures 1A-D were studied over a series of five images during one trial.  
 
 

 
Figure 1A: Cell cultures treated with only HBSS at minute 20 of time-lapse. In this light 
microscopy image, red labels indicate the 34 neurons quantified for their formation of blebs. 
Notice the high cell density and smooth cellular exterior of almost all neurons; this indicates the 
lack of blebbing.  
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Figure 1B: Cell cultures treated with 2.5 µg LPS/1ml HBSS at minute 20 of time-lapse. In this 
light microscopy image, red labels indicate the 14 neurons quantified for their formation of 
blebs. As compared to the control, there are far fewer neurons and visibly more bleb formations 
on both neuronal and glial cells. 
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Figure 1C: Cell cultures treated with 5.0 µg LPS/1ml HBSS at minute 20 of time-lapse. In this 
light microscopy image, red labels indicate the 20 neurons quantified for their formation of 
blebs. As compared to the control there are far fewer neurons present and the less uniform shapes 
of these neurons indicate bleb formations.  
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Figure 1D: Cell cultures treated with 10 µg LPS/1ml HBSS at minute 20 of time-lapse. In this 
light microscopy image, red labels indicate the 6 neurons quantified for their formation of blebs. 
There are significantly fewer neurons present in this image as compared to the two other 
experimental slides and the control. Neurons display similar bleb shapes as seen in Figures 1B 
and 1C.  
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While the data does not display a linear trend between increasing LPS concentration and 
new bleb formation, each of the experimental groups had an increased bleb formation 3.5x that 
of the control as seen in Figure 2A. Compared to the control, each of the three experimental cell 
cultures that underwent treatment with LPS experienced significant increases in bleb formation.  
 
 

 
Figure 2A: Experiment 1, the average number of new blebs formed per neuron. Cell cultures 
were treated with concentrations of 0 µg/ml, 2.5 µg/ml, 5 µg/ml and 10 µg/ml LPS in HBSS 20 
hours after incubation. All data points come from 1 trial. Standard deviations for cells treated 
with of 0 µg/ml, 2 µg/ml, 5 µg/ml and 10 µg/ml of LPS were 0.1761, 1.0760, 0.6565, and 0.5425 
respectively. 
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The raw data for bleb formation rate does not illustrate clear patterns between the varying 

concentrations of LPS and bleb formation rate (Figure 2B). However, as seen in Figure 2C, when 
lines of best fit for these data points are applied, a clear increase in bleb formation rate for those 
cells treated with a concentration of 10 µg/ml is visible. 

 
 

  
Figure 2B: Experiment 1, the average bleb formation rate of cells treated with the following 
concentrations of LPS: 0 µg/ml, 2.5 µg/ml, 5 µg/ml and 10 µg/ml. The multiple data points of 
each group make trends difficult to decipher.  
 
 

 
Figure 2C: Experiment 1, lines of best fit for the average bleb formation rate. Notice that the 
control shows no change in formation rate whereas experimental groups treated with 2.5 µg/ml 
and 5 µg/ml have decreasing formation rates. The 10 µg/ml experimental group shows an 
increasing bleb formation rate.  
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Discussion 
 Data collected from this experiment supports the primary hypothesis that in the presence 
of LPS and glial cells, chick sympathetic neurons will experience increased blebbing as a 
measure of cytotoxicity. Furthermore, the data show a decrease in the n-values as LPS 
concentrations increase. Combined with overall increased blebbing, the decrease in n-values 
supports the idea that LPS may increase the presence of pro-inflammatory cytokine TNF-alpha, 
causing cytotoxicity in neuronal cells. A decrease in n-values means there were fewer viable 
neurons alive to measure, and therefore higher levels of cell death by the twenty-hour mark at 
which cells were quantified. Our secondary hypothesis, stating that an increased bleb rate would 
correlate with increases in LPS concentration was also supported by our data although not in the 
expected linear trend. The control illustrates a best-fit line of neither a decrease nor increase in 
bleb formation rate. The absence of change supports the behavior we expected to see in the 
control. Both the experimental groups treated with 2.5 µg/ml and 5 µg/ml exhibit decreasing 
rates of bleb formation. This does not support the linear trend we had expected to see between 
increasing LPS concentration and formation rate. However, the highest concentration dose of 10 
µg/ml has an increasing best-fit line for formation rate. When compared to the other three 
groups, this 10 µg/ml treatment may indicate a threshold at which bleb formation over time 
begins to increase. While the data does support our hypotheses, the low n-values, especially for 
experimental Dish 3, which produced 6 quantifiable cells, does not provide sufficient evidence 
that the trends we saw in this experiment are applicable on a larger scale. However, if our data 
were representative of many trials with higher n-values, then we could conclude that LPS causes 
cytotoxicity in neurons and at a threshold of 10 µg/ml, produces an increased bleb formation 
rate. 
 In vitro studies of LPS-dependent activated macrophages have been shown to release pro-
inflammatory cytokines such as TNF alpha (Shnyra, et al., 1998). The glial cells of our current 
study may be LPS dependent in their activation causing the release of TNF alpha through 
classical activation. Microglia cells can be activated alternatively, blocking pro-inflammatory 
responses and producing anti-inflammatory cytokines such as IL-4 and IL-6. They can also be 
activated via the classical pathway, resulting in the secretion of pro-inflammatory cytokines, 
such as TNF alpha (Henkel, et al., 2009). TNF has been suggested to act as a cytokine that 
causes inflammatory response by mediating demyelination (Lieberman et al., 1989). If this is the 
case then TNF-alpha could aid in demyelinating the axons of neurons, which in turn could 
prevent effective cell signaling. Hampered cell signaling could prevent the neurons from reacting 
to their environments and alter the cells ability to maintain homeostasis. Modifications to 
homeostasis would cause cytotoxic behaviors such as bleb and varicosity formation to occur, 
eventually leading to cell death.  

To improve upon our study we could capture more consistent slide images. As a team, we 
were having difficulty focusing our images on the computers and therefore we were not as 
selective as we could have been with our shots. In future trials we should be more patient and 
more concerned with getting images equal in quality, zoom and the number of neurons.  
To build upon the work of this study, future experiments should examine bleb formation 
differences between neurons and glial cells. This would aid us in understanding how the two 
cells interact with both each other and cytokine factors in the environment. To deepen 
understanding of how neurons respond to TNF-alpha, other cytotoxic behaviors such as 
varicosity formation should be examined in the presence of LPS. Finally, to understand the how 
TNF-alpha production might be controlled in the treatment of patients who are suffering from 
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neurodegenerative diseases, a study could be conducted which investigates how LPS interacts 
with the alternative and classical pathways for the production of pro-inflammatory and anti-
inflammatory cytokines (Henkel, et al., 2009). 
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