Effects of Lead on Gallus Gallus Embryonic Neurite Projections
Tyler Tan, Alison Salinas, Robert S. Pijewski, PhD, Nicole Castro-Saab, Lauren Werner, Jeff Finch,
Chris Cowie, Yifei Hu, *Yingcui Li, PhD
200 Bloomfield Avenue, West Hartford, Connecticut
University of Hartford
*Correspondent Author yinli@harrford.edu

Summary

5 Day Comparison of Dorsal Root Ganglion Cultures

The Centers for Disease Control and Prevention (CDC) states that levels of lead
under 5 ug/dL are considered safe. However, recent studies suggest that even
lower levels of lead could lead to deficits in behavior, cognitive function, and brain
development. Up to date, the mechanisms by which lead affects the nervous
system are relatively unknown. In this study, I worked with a research team led by
Professor Li at the University of Hartford where we used Gallus gallus embryonic
chicken dorsal root ganglions (DRGs), which are critical structures that give rise to
sensory nerves in the peripheral nervous system. We cultured embryonic DRGs
from E11 embryos and examined the effects of lead and neural growth factor
(NGF) on neurite outgrowth over the course of 5 days. We performed qualitative
and quantitative analyses of neurite quantity and length of these DRG protrusions
and found that lead-treated ganglions with NGF showed significantly larger
ganglion size and shorter relative axonal growth versus control ganglions that
were treated with NGF, or in culture media with no lead or NGF. Axons
differentiated from lead-treated cultures with NGF had significantly shorter relative
length as opposed to ganglions that were only treated with nerve growth factor
(p<0.05). The overall data showed that lead concentrations well below safe limits
were still detrimental to the nervous system for both its growth and development.
More evidence underscoring the harmful effects of lead could lead to an increase
in public awareness, harm reduction awareness, and further mechanistic
understanding.

Methods
Chicken eggs from UCONN poultry farm were immediately placed in an egg
incubator upon arrival. The incubator was set to 70% humidity and 37 degrees
Celsius, and the eggs were checked daily for developmental progress. On day 11,
the dorsal root ganglions were dissected. The eggs were cleaned with 70%
ethanol and the embryo was transferred to a petri dish with Hank's solution. Under
a dissecting microscope, the chicken embryo head was decapitated using forceps
and the spine was transferred to another petri dish with Hank's solution to be
studied under higher magnification. Ganglia were extracted and placed in a
culture medium consisting of DMEM and F-12 in a 1:1 ratio, 10% Fetal Bovine
Serum, and 1:100 Penicillin/Streptomycin. The cultures were grown in a tissue
culture incubator for five days. Images from each day were taken on Q-Capture
and Zen with a phase-contrast microscope. After, lead stock solution (1ug/dL) and
NGF stock solution (200ng/ml) were prepared (Figure 1a). On day 1, DRGs were
placed in 2.5ml of culture medium and imaged without treatment. On day 2,
treatments were added to the cultures, and old media were washed using PBS
and replaced. Day 3 ganglions were imaged while day 4 ganglions were washed
with PBS and new culture medium was added. Day 5 ganglions were imaged and
fixed (Figure 1b). The treatment groups consisted of lead only, nerve growth factor
only, lead and nerve growth factor, and a negative control with tissue culture
media only (Figure 2). Four repeated trials were conducted. Measurements of
length/width analysis for all treatments on day 5 were calculated through ImageJ
and the ratio was recorded. Axon length measurements were also measured by
ImageJ Neurite Tracer.

Experimental Design
Figure 1a. Culture Medium Treatments

Figure 1b. Timeline of Procedure
Table 1: Experimental Setup for the controls and experiment cultures
Tissue Culture Dish

DMEM/F-12 Media

Nerve Growth Factor

Lead

Negative Control

+

-

-

Positive Control

+

200 ng/ml

-

Lead Control

+

-

1 uM

Experimental Group

+

200 ng/ml

1 uM

For the experiment, ganglions were tested between four treatment groups,
negative control (DRGs with no lead or NGF), positive control (DRGs with NGF),
Lead control (DRGs with lead but no NGF), and the Experimental Group (Lead a
1µM and NGF at 200ng/ml) (Table 1). With all treatments, the DRG responded
and showed significant differences (p<0.05). On day 2 ganglions were treated with
nerve growth factor, and any lead treatment as needed, to make sure that
ganglions were attached and culturing before treatment. Neurite growth could be
observed and axon extensions were growing into day 4. By day 5 axon extensions
were noticeably longer in positive control ganglions than lead treated experimental
ganglions (Figure 2a and 2b).
Figure 2a. Five day phase contrast comparison of Dorsal Root Ganglion growth
and proliferation among different treatment groups

Figure 2b. Axonal Proliferation is observed in a day 5 positive control and day 5
experimental lead group

Length/Width (LW) Ratio of Dorsal Root Ganglions

Axonal Length of Dorsal Root Ganglions

To investigate if DRG treated with lead exhibited morphological differences, Length/Width (LW) ratio, DRG relative
axonal growth and differentiation were studied. The LW ratio between each ganglion was measured from confocal
images. There was a quantitative significant difference found between lead control and negative control (p=0.025,
n=14); this indicates that lead treated ganglions and negative control ganglions, both not treated with nerve growth
factor, had different morphological presentations of the length/width ratio usually expected in a day 5 dorsal root
ganglion. There was also a significant difference between positive control and experimental (p=0.035, n=18), where the
positive control ganglion has a much closer ratio to one, indicating a more circular shape, while the lead treated
experimental ganglion had a significantly dipropionate length/width ratio. This indicates, the size and shape of the
ganglions is not affected by nerve growth factor, but is affected by lead (Figure 3).

Axon length and branch were also tested through using Image J software. Using a Neurite
tracer, the axons for each ganglion were measured and averaged. Lead treated ganglions at
1µM had significantly shorter axons than positive control ganglions (p=0.035, n[avg]=14)
(Figure 4a). There were no significant differences between lead treated ganglions and
negative control ganglions. The positive control ganglions show longer axonal extensions with
distinct branching patterns (Figure 4b). There was a difference between the neurite lengths of
positive control ganglions and other treatment groups (p=0.010, n[avg]=25) (Figure 4a).

Figure 3. LW Ratio comparison between different treatment groups

Dorsal Root Ganglion Extraction

1) Decapitate Chicken
Embryo and place under
microscope so organs
and soft tissue can be
seen

2) Eviscerate organs,
removing any excess
tissue so only the spine
and dorsal root
ganglions can be seen

3) Isolate spine by
removing limbs and
individually dissect
dorsal root ganglion
cells to place in culture

Figure 4a. Axon length comparison between different treatment groups

Figure 4b. Axonal proliferation observed in a day 5 positive control
and day 5 experimental lead group

Conclusion

Future Goals

This study investigated the effect of lead on nerve growth
factor in sensory embryonic neurons. The results showed
significant differences for the effect of lead, seeming to stunt
the axonal growth and enhance the growth of the DRG itself.
When distinct shapes are expected from certain structures,
such as dorsal root ganglions, investigating change in shape
and size can be an indicator that more mechanistic factors of
the tissue might be affected. Dorsal root ganglions are
categorized by their round shape, and baseline measures
were performed on untreated ganglions to establish a control
for the treated groups. NGF is known to promote neurite
outgrowth. However, ganglions treated with both lead and
nerve growth factor had significantly higher ratios than
ganglions treated with NGF alone, indicating that lead had
negative effects to the NGF mediated outgrowth. Ganglions
treated with just lead also showed a significant difference from
their regular circular shape. From this we can infer that nerve
growth factor does not have an impact on ganglion shape or
size, but lead treatments are causing these differences. Axon
growth was also stunted in lead treated ganglions versus
untreated ganglions in experimental groups, which means that
NGF promotes healthy axon development while lead treated
environment hinders axon growth.

● Investigating cell death differences between lead treated
ganglions and positive control from staining
● Testing gene expression for different treatments
● Cellular analysis to further analyze the effect of lead on cell
death
● Continuing to explore the molecular mechanisms in which
lead affects DRG growth and differentiation
● Examining the level of calcium present in DRGs treated
with lead
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