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Introduction
Amyotrophic lateral sclerosis (ALS), commonly referred to as Lou Gehrig’s Disease, is a
fatal neurodegenerative disease that affects an individual at the neuromuscular level. The cause is
largely unknown; 2% of cases are thought to come from a SOD1 gene mutation and the other
98% is still being explored (Guadagno, Xu, karajgikar, Brown & Cregan, 2013).
Nueroinflammation is one potential cause of Lou Gehrig’s that many scientists are researching.
Inflammation of the nervous system is found in many neurodegenerative conditions such as
Parkinson’s disease, Alzheimer’s disease, and amyotrophic lateral sclerosis (Guadagno, et al.,
2013).
One factor that has been found to accelerate the onset of ALS is neuroinflammation
(Boillee, Velde & Clevland, 2006). Research in ALS has indicated that over-activation of proinflammatory glial cells may lead to the exacerbation of neurotoxic factors and cell death (Xiao,
Zhao, Beers, Yen, Xie, et. al, 2007). ALS may be directly affected by the overproduction of proinflammatory cytokines causing excess glutamate and oxidative reactions within neurons, which
can cause cell death (Henkle, Beers, Zhao, Appel 2009).
Glial cells regulate neuroinflammatory responses within the central nervous system
(Whitney, Eidem, Peng, Haung & Zheng, 2009). These cells release both pro- and antiinflammatory cytokines and chemokines. Acute exposure to inflammation has been known to
stimulate neurogenesis yet in uncontrolled high concentrations pro-inflammatory cytokines
promote cell death (Whitney, et al., 2009). In one study where Tumor Necrosis Factor (TNFα) ,
released by glial cells, was stimulated using the compound lipoplysaccharide (LPS), the amount
of TNF α, a pro-inflammatory cytokine, correlated with decreased survivability in hippocampus
progenitors and neural precursor cells. TNFα at high levels triggered apoptosis in mouse neural
precursor cells in vitro (Guadagno, Xu, karajgikar, Brown & Cregan, 2013). These findings
suggest that in an isolated cell culture exposure to TNF α is likely to produce toxic and
inhospitable environments for cells. This could help show correlations of pro-inflammatory
cytokines and cell survivability rates.
In this experiment LPS was used to stimulate the production of TNFα in Gallus gallus
sympathetic cells from a 10 day old chick embryos. The research on glial cells suggests that in
acute doses LPS, which stimulates the release of TNFα, may promote cell health. In high doses
LPS, which leads to high levels TNFα, cell death occurred. Due to the high resting motility of
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gila found in a healthy adult brain, it is thought that injury-induced neuroinflammation causes
immediate activation/movement of microglia (Nimmerjhan, Kirchkoff & Helmchen, 2005). In
this paper, it is predicted that glial cells will move more at the onset of LPS in small doses than
the control. As LPS increases and as more TNFα is released, glial cells will be less motile due to
the toxic environment. Therefore this experiment hypothesizes that glial cell motility will
decrease with high doses of LPS and increase with small doses of LPS.

Materials and Methods
Primary Culture
In this experiment, preparatory measures such as coverslip cleaning and flame
constriction of pasture pipettes, were conducted using Preparation Day Steps in the Primary
Culture of Chick Embryonic Peripheral Neurons 1:Dissection protocol (Morris, 2015a). The
addition of polylysine and laminin was ongoing during the dissection of Sympathetic nerve
chains and Dorsal root ganglia from 10-day-old chick embryos. The dissection followed the
guidelines of Preparation Day Steps in the Primary Culture of Chick Embryonic Peripheral
Neurons 1:Dissection protocol (Morris, 2015a). Hanks Balanced Salt Solution (HBSS) was
used for dissection medium and washing agent.
Lipopolysaccharides Concentrations
For this experiment three different doses of lipopolyscharide were prepared. LPS was
made into a 1mg/ml solution by adding 1ml HBSS to 1mg of powdered LPS. HBSS and LPS
were swirled gently to help mixture dissolve. Measurements used in this experiment were based
from previous experiments performed by Liebermen et. al, 1989, which suggested a maximum
dose of LPS at 10µg/ml (Liebermen et. al, 1989). Using the maximum dose as a basis for the
other two measurements, each sample differed by an increment of 5µg. The doses used
were10µg/ml, 5µg/ml and 2.5µ,g/ml. Using the LPS stock solution of 1mg/ml, each dose was
prepped as a 2x stock to allow for proper mixing of LPS in cultured Petri dishes. 1 ml of Growth
Medium was added in 20µg/ml LPS, 10µg/ml LPS, and 5 µg/ml LPS and kept in chilled storage.
Experimental and Control
After 48 hours of incubation, LPS in it’s three different 2x stock doses of 20µg/ml LPS,
10µg/ml LPS, and 5 µg/ml LPS were applied with a sterile pipette to the three experimental
dishes (each dish already had 1 ml growth medium for incubated cells, which mixed LPS to 100x
stock ensuring proper mixture would occur) and 1ml Growth Medium without LPS was applied
to the control dish. After 20 hours of incubation, a recommended time by Lieberman et. al
(1989), cells were observed.
Preparing Slides
Four chip chambers were created using the protocol of Primary Culture of Chick
Embryonic Peripheral Neurons 2:Observation of live unlabeled cells (Morris, 2015b). Growth
medium was removed allowing for the removal of treated coverslips, which were placed on
slides and sealed with VALAP (1:1:1 mix of Vaseline, Lanolin, Paraffin).
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Microscopy and Imaging
A Nikon Eclipse E200 microscope was used to view each slide labeled as control or LPS
dosage. These slides were observed by a Sony digital input Camera (DFW−X700) with Nikon
diagnostics at a 1. 0 C mount. BTV 6.0 b1 software was used to capture still frames. To ensure
cell movement slides were kept at 37°C an electrical space heater was placed adjacent to the
microscope with a digital thermometer taped to the microscope stage.
All slides were first scanned at a 10x objective at phase one light looking for ganglia surrounded
by glial cells. Glial cells were identified by their ruffled leeward edges, oblong shape and
misshaped movement. Neurons were identified by static cell bodies with long extensions
growing outward. When ganglion, a mass of cell bodies and glial, which surrounded the ganglia
were found in the same frame, it was imaged at 40x objective with phase 2 light. The BTV
software was used for time−lapse microscopy, capturing still frames every ten minutes for 30
minutes, focusing on one ganglion.
After all four slides were complete each still frame was uploaded into ImageJ 1.50i, on a
Mac OS X 10.6.8 laptop. Images were taken with collaborator Georgia Michalovic in the ICUC
lab at Wheaton College, Ma.
Image Analysis
For purpose of quantification, the cell’s position was considered to be the center of the
darkest nucleolus continuously visible for the entire image series. Cells that did not show
movement of nucleolus or whose nucleus was not seen in each frame were excluded from
quantification. It should be noted that cells with dramatically dynamic nucleoli might produce
different results than cells with static nuclei even if cells are similar. Each experimental group
averaged the movement of two dark nucleoli. Using the multi−point tool, frame1 was marked at
the previously defined, darkest visible nucleolus within the nucleus. The XY coordinates,
measured in pixels, were recorded for the starting nucleus position and tracked in each frame.
The difference of pixels in XY coordinates was calculated from picture to picture in order to
obtain net movement. XY coordinates measured movement of both forward backward and up
and down motion. Frame 1 of each experiment was marked with the multi−point tool from the
Image J main tool bar, to show visible movement. To save each photo a screen shot was taken by
holding command, shift 4. This process was repeated for all frames. XY coordinates from each
cell were averaged per experimental group and compiled into two categories: average net
movement and average glial motility/frame

Results
Strong patterns were found in the experimental doses, at 2.5 µg/ml dose of LPS glial cell
motility spiked higher than the control, around 5 µg/ml the same trend was observed, there was
higher glial motility than the control, but less movement than the first dose. At the highest dose
of LPS 10 µg/ml motility was lower than the control. Patterns seen within average motility per
frame showed that 30 minutes of imaging both control and experimental motility increased from
0 to 30 minutes.
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A)
B)

C)

Figure 1.
Control cell image A, were viewed at a 40x magnification under transmitted light microscope. In
image B, points 1−4 show net movement of control glial cell 1 recorded over 30 minutes. I
image C, Points 5−8 show net movement of control glial cell 2 recorded in 30 minutes. The
control net movement averaged was 34.5 pixels/frame. A and B show a close up of data points
recoded. Notice how the motility in the control images shows a forward and long distance
trajectory.
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A)

B)

C)

Figure 2.
Image A of 5µg/ml LPS-treated cells imaged at a 40x magnification by transmitted light
microscope. Two glial cells were marked at the center of the darkest nucleolus every 10 minutes
for 30 minutes. In image B, points 1−4 represent net motility of cell 1. In image C, points 5−8
represent net motility of cell 2. The averaged movement was recorded at 38.5 pixels in 30
minutes. Note the back and forth movement along with long distance span represented by each
point.
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Figure 3.
Two glial cells from each experimental group were averaged. Averages were recorded in each
group every 10 minutes measured in pixel/frame for 30 minutes. The control average and and all
three experimental groups at 10 minutes showed increase in motility at 30 minutes.

Figure 4.
Net movements of two glial cells per frame were averaged, this includes back/forth and up/down
movements as recorded in XY coordinate pixels. Movement between beginning and end of trial
were averaged between two glail cells to get a net total for each experimental group. Notice the
highest dose of 10µg/ml LPS had the lowest net travel (n=22 pixels), while at a dose of 2.5µg/ml
LPS had the highest net movement overall (n=47pixels). The 2.5µg/ml LPS dose traveled 12.5
more pixels than the control and the 5µg/ml LPS traveled 4 pixels more. The 10µg/ml LPS
traveled 12.5 pixels less than the control.
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Discussion & Conclusion
These results support the proposed hypothesis that high levels of LPS treatment slow
glail cell motility, whereas a smaller dose of LPS promoted cell motility. The slowed movement
may be a result of overexposure to pro inflammatory TNFα. Glial cells promote neurogenesis,
structural support and synaptic activity in neurons. When inflammation is present glia cells are
immediately activated (Nimmerjhan et al., 2005). The data presented supports Nimmerjhan’s
study, as the control shows a high resting motility and the LPS activated glial cells which may
have been producing TNFα showed greater activity through out a 30 minute trail (Nimmerjhan
et al., 2005). The 2.5µg/ml LPS dose traveled a 1.362 fold change from the control, whereas the
5µg/ml LPS dose traveled a 1.116 fold change from the control. The 10µg/ml LPS traveled a
0.638 fold change from the control. These changes seen affirm the research from Whitney et. al
and Guadagno et al., that suggest small amounts of TNFα produced from LPS may cause a
neuroprotective response seen in high motility rate of glial cells, whereas overexposure to TNFα
produced from LPS may cause cell death or toxicity represented by decreased motility (Whitney,
et al. 2009) (Guadagno, et al. 2013).
However it is important to note that not all studies agree with this hypothesis. In one
study in vitro microglia cells that were exposed to LPS for 72 hours were found to have more
neuroprotective qualities than LPS treated glia with a 24-hour exposure. TNFα was released at
smaller quantities during long-term exposure causing higher cell mortality than acutely exposed
cells (Cacci, Ajmone−Cat, Anelli, Biagoni, 2008). This study adds a time component that was
not considered in the experiment shown above. The glial cells tested were exposed to LPS for a
20 hour period, this doesn’t meet the criteria for chronic or acute exposure according to Caccui
et, al. Using time of exposure to LPS as another factor to study the effects of neuroinflammation
would be a logical follow up to this experiment. It would be beneficial to test motility at
exposure times longer than 20 hours and to test effects of LPS after 20, 24, 42 and 84 hours. This
type of experiment may lead to a different conclusion about what does and how much LPS
exposure is needed to see neuroprotective properties in glial cells.
If this experiment were repeated it could be strengthened by a longer time-lapse period
for imaging. The current study was also limited by a small sample size, if it were repeated, more
than two glial cells should be measured to create a more representative average. Having a larger
set of data/ multiple sets of data would show stronger correlations of dosage and glail cell
motility to support the hypothesis. To ensure results of this experiment were reliable and not a
result of experimental bias, the experiment should be repeated following exact methods to
choose quantifiable glial cells. Exposure time to LPS should also be explored at different
exposure periods to further explore results of Cuccie et, al.
Most neurodegenerative diseases show early signs of neuroinflammation (Guadagno, et
al. 2013). Using different doses of LPS to find optimal exposure, would allow scientist to
discover optimal levels of proinflammatory cytokines and lethal levels. This information could
be essential to finding ways to prevent neurotoxicity and neural degeneration from occurring in
ALS, Alzheimer’s and Parkinson’s patients. Identifying main factors of inflammation and
neurotoxicity, such as glial cells would be an extraordinary step forward in finding a way to
prevent these life consuming diseases.
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