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Introduction
Mercury and all its forms, including methylmercury, elemental mercury, and other organic and inorganic compounds, is
 toxic to humans.  The degree of gravity of health effects from mercury exposure depend upon the chemical form of
 mercury, the dose, the age of the person exposed, the duration of exposure, the route of exposure, and the health of the
 person exposed (Environmental Protection Agency, 2006).  Methylmercury, in particular, is a potent neurotoxicant
 (Leong et. al., 2001).  In infants and children it impairs neurological development (Environmental Protection Agency,
 2006).  Mercury chloride, the type of mercury used in this experiment, is poisonous white soluble crystalline sublimate
 of mercury.  It is one of the most toxic forms of mercury.  If absorbed in the bloodstream, it interacts with plasma or
 read blood cells.  It is mainly metabolized in the liver and can cause severe kidney damage, as this is where it
 accumulates.  Poisoning can occur through inhalation, ingestion, or absorption through the skin.  Chronic exposure due
 to inhalation can damage the nervous system and produce such symptoms as fatigue, tremors, and gingivitis.  At higher
 levels of exposure, changes in personality and behavior are often observed (Wikimedia, 2006). 

The manner in which mercury ions interact with a specific site has not yet been fully discovered.  Researchers Leong
 and others discovered in their study of the effects of mercury on Lymnaea stagnalis, the fresh water snail, that mercury
 can cause neurodegeneration in the brain central ring ganglia (Leong et. al., 2001).  Mercury is neurotoxic due to its
 reactivity with biological ligands.  Ligand and voltage-gated ion channels of the central nervous system (CNS) are
 prominently effected by mercury due to their existence in large numbers on the plasma membrane. Mercury ions are
 approximately the same size as the ions that normally pass through the membrane, and mercury has a high affinity for
 sulfyhydryl groups on cysteines of critical areas of the membrane.  This also contributes to the ease with which mercury
 interacts with ligand and voltage-gated ion channels (Sirois and Atchison, 1996).  In this way, mercury inhibits ion
 channel function.  This could lead to potentially dangerous effects on cell function.

Mercury has been observed to have a detrimental effect on cell morphology of growth cones in fresh water snail
 neurons.   Growth cones  are the structures  at the end of neuronal  axonal  outgrowths  which  allow neuron extension 
 and outgrowth  as well  as target  cell selection in the nervous  system to occur.  The cytoskeleton  of growth cones  is
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 comprised of actin and tubulin.  Previous experimentation involving growth cones  in Lamnaea stagnalis has shown that
 the actin and tubulin of the growth cone cytokeleton are sensitive to the effects of methylmercury (MeHg) and retract
 when in exposure (Leong et. al., 2001). 

Rather than using snail neurons, the peripheral neurons of 11-day old chick embryos were used for this experiment.  At
 11 days, the ganglia of the chick embryos are fairly easy to dissociate as opposed to snail neurons, which are harder to
 dissect.  The chick embryo is also closer in phlogeny to humans than snails.  This makes it a better specimen in that it is
 easier and more beneficial to relate to humans (Morris, 2006).

This experiment included studying the effect of mercury chloride on peripheral embryonic chick neuron growth cones in
 culture.  The objective  was to show that the growth cones of chick embryonic neurons on laminin coated coverslips
 should retract.  Axoplasmic transport is dependent upon intact cytoskeletal structure.  Degeneration of growth cones
 would imply that the cytoskeletal structure is damaged and would at least in part account for the neurotoxic effects of
 mercury of the CNS. 

In this experiment, Ru-Huey Yen was a collaborator.  Her observation and results concerning the effects of mercury
 chloride on peripheral chick embroyonic neuron growth cones on poly-lysine (polyK) substrata, directly correlate with
 this experiment.  Differences between the effect of mercury on neuron growth cones on laminin and polyK substrata
 may be found in comparing these two experiments.
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Materials and Methods

Materials
Tissue culture media was acquired from (?).  Hanks Balanced Salt Solution (HBSS) was obtained from (?).  Mercury
 chloride was obtained from (?).  F+ medium was previously obtained by Wheaton College science department from (?).

Cell culture
Sympathetic peripheral neurons were dissected from 9-day old chicken embryos, dissociated, and cultured.
 
Dissection: The dissection was performed using asceptic technique, sterilizing the work space and utensils with 95%
 ethanol (EtOH) solution.   A 110 mm petri dish qith approximately 5mls warm HBSS in it was set up.  Sterile,dry, dull
 forceps were used to tap through the chicken shell approximately 1 cm down from the apex.  The top of the shell was
 cut off and lifted away.  The embryo was removed from the egg and shaken gently as to leave the head in the shell. 
 The embryo was placed in HBSS and the legs, wings, and viscera, were removed from the body.  The embryo was
 placed ventral side up and tissue surrounding the spinal cord was gently removed.
 
Dorsal root ganglia (DRGs) were removed by cutting away tissue and teased out by gently but firmly applying pressure
 to their attachment to the spinal cord.  The sympathetic chains were teased off and lifted away.   The dissected ganglia
 were then placed in 25 mm petri dishes in HBSS.
 
Dissociation of Ganglia:  The ganglia were cleaned of debris and washed three times with HBSS.  The HBSS was then
 removed and replaced with trypsin solution (Ca/Mg-free HBSS containing 0.25% trypsin).  They were then incubated
 in the trypsin solution for 20 minutes at 37¡ C.  The trypsin was removed gently and the ganglia were placed in a small
 volume of HBSS (about 1 drop per ganglion).  They were titrated gently with a drawn pastuer pipette until they were
 dissociated into single cells.
 
Preparation of substrata:  The laminin substratum was made by coating the surface of a coverslip with 1 mg/ml poly-L-
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lysine.  Drops of 1 mg/ml poly-lysine were put on the inside lid of a 110mm petri dish, and the coverslip was cleaned on
 the drop for 20 to 30 seconds.  It was then rinsed with sterile water and then allowed to dry.
 
Preparation of poly-lysine solution:  12ml of sterile water was carefully obtained using sterile instruments.  25mg poly-
lysine was mixed with 12ml sterile water.  The poly-lysine solution was alloquated.  2.1ml of this poly-lysine solution
 was pipetted up and 0.7ml was put into three 1.5ml test tubes along with 0.7ml sterile water in each.  Three drops of
 this poly-lysine solution was placed on each coverslip.
 
Preparation for incubation:  The poly-lysine was rinsed off of the coverslips and dried.  4mls of F+ growth medium was
 placed in 35mm petri dishes.  The DRGs were submerged in the growth medium.  They were then incubated at 37¡ C
 for 24 hours.

Imaging

To view the neurons while the growth cones were retracting we added the respective solution for the control and
 experimental set while the neurons were under an inverted microscope. A hot water bath of 37¡C was run and all
 solutions (HBSS, 2x control HBSS, F+ medium, and 2x Hg) were kept in 37¡ C water.  A heater was set up facing the
 inverted microscope.  The 25 mm petri dish containing the laminin-coated coverslip was placed on the inverted
 microscope.  A 25mm petri dish was placed upstream of the former petri dish.  One ml HBSS was pipetted up with a
 1ml pipetteman.  The F+ medium was pipetted up from the laminin-coated coverslip and disposed into a 110 mm petri
 dish.  One ml of HBSS was immediately added to the laminin-coated coverslip.  A neuron was found and focused on. 
 A two minute time lapse video was began as 1ml 2x control HBSS was added to it.  Pictures were taken over a period
 of one hour after every 10 minute interval.  This was the manner in which neuron growth cones in the control were
 imaged.  The experimental neurons were imaged in the same way except with the addition of 2x Hg instead of 2x
 control HBSS.

Measurements of Growth Cone Retraction

A growth cone was defined as the axonal outgrowth on a neuron.  
 Axonal outgrowth was measured from the point at which it grew out from the soma to the first point at which there was
 still contrast relative to the background of solution.  This contrast appeared as a dark outgrowth against the gray
 background.  If the contrast of the outgrowth faded in comparison to the start of the outgrowth and was not
 distinguishable from the background, it was not measured.  Axonal outgrowth (called secondary outgrowth for the
 purpose of this research) which branched off of the axonal outgrowth (called primary outgrowth for the purpose of this
 research) from the soma was also measured.  Length was measured starting from the point at which the secondary
 outgrowth stemmed from the primary outgrowth to the point at which there was no more significant contrast between
 the black axonal outgrowth and the gray solution background.  Again, if the contrast faded, it was not measured.

A picture was taken of a stage micrometer with the inverted microscope at 20x magnification.  The number of pixels in
 a micrometer was found using the segment tool in the Image J program.  This was measured three times and the
 average was used as a conversion factor from pixels to micrometers.  The lines of the stage micrometer had to appear
 completely horizontal in Image J in order to accurately measure the number of pixels in a micrometer.

The length of a growth cone was found in pixels using the segment tool in Image J.  This length was found three times
 and then averaged.  The averages of all the growth cones in each image were averaged to find one average growth cone
 length.  This manner of measuring the growth cone length was found for each image of both the control and the
 experimental neurons.  These measured lengths were converted into micrometers.

The growth rate between each 10 minute interval was found by subtracting the measured lengths and dividing by 10
 minutes. 
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Results
To test if there were immediate or chronic effects of mercury chloride on growth cone growth rate when in laminin
 substratum, growth cone lengths of a non-mercury treated neuron and a mercury-treated neuron were measured over a
 period of one hour in ten minute intervals.  The growth cones of the non-mercury treated neuron retracted at a faster
 rate than those on the mercury-treated neuron.
 
Growth cones retraction in non-mercury treated neuron and mercury-treated neuron on laminin substrata.
 
Non-mercury Treated Neuron on Laminin Substrata
 
A. Neuron on Laminin (t0)                      B. Neuron on Laminin (t60)

   
Fig. 1. Images taken of non-mercury treated (control) neuron on laminin with BTV Pro at initial time (t0) and final time
 (t40).
 
 
Mercury-treated Neuron on Laminin Substrata
 
A.Neuron on Laminin (t0)                         B.  Neuron on Laminin (t60)

        
Fig. 2. Images taken of mercury-treated (experimental) neuron on laminin with BTV Pro at initial time (t0) and final
 time (t40).
 
As visible in Figure 1 and Figure 2, neuron growth cones exhibited significant primary outgrowth retraction in both the
 control and the experimental.  Figure 2 specifically shows complete retraction in the secondary outgrowth on the far left
 of the soma of the control neuron on laminin at final time. 
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Fig. 3. Control and experimental neuron growth cone lengths on laminin were averaged at t0, t10, t20, t30, and t40.  The
 slope of control and experimental neuron growth cones on laminin were plotted from these averages.  The trendline for
 the control shows a more negative growth rate than the trendline for the experimental. n= number of growth cones.  For
 control, n= 7.  For experimental, n=3.
 

 
Fig. 4. The retraction rate of the control neuron growth cones on laminin was 0.7334 µm/min as compared to the
 experimental neuron growth cone retraction rate of 0.4578 µm/min.  n= number of growth cones.  For control, n=7.  For
 experimental, n= 7.
 
As evident in Figure 3 and Figure 4, the non-mercury treated neuron exhibited faster growth cone retraction rate than
 the growth cones of the mercury-treated neuron.
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Growth cones retraction in non-mercury treated neuron and mercury-treated neuron on polyK substrata
 
Non-mercury Treated Neuron on PolyK Substrata
 
A. Neuron on PolyK (t0)                      B. Neuron on PolyK (t40)

  
Fig. 5. Images taken of non-mercury treated (control) neuron on polyK with BTV Pro at initial time (t0) and final time
 (t40).
 
 
Mercury-treated Neuron on PolyK Substrata
 
A. Neuron on PolyK (t0)                      B. Neuron on PolyK (t40)

  
Fig. 6. Images taken of mercury treated (control) neuron on polyK with BTV Pro at initial time (t0) and final time (t40).
 
As visible in Figure 5 and Figure 6, growth cones showed significant retraction in both non-mercury treated and
 mercury-treated neurons on polyK substrata.  Specifically in Figure 5, the secondary outgrowth retracted completely at
 the very end of the primary axonal outgrowth.
 
Growth cones retraction on polyK substrata versus on laminin after mercury treatment
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Fig. 7.  Growth cones of neurons on laminin and growth cones on polyK showed opposite effects in response to mercury
 treatment.  Growth cones of the neuron on polyK showed greater retraction rate in response to mercury treatment
 versus non-mercury treatment. Growth cones of the neuron on laminin, showed slower retraction rate when treated with
 mercury versus when not treated with mercury.
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Discussion and Conclusions
 
Growth cones retracted in both non-mercury treated neuron and mercury-treated neuron on polyK substrata
 and on laminin substrata. 
 
Given this, it is possible that neuronal growth cones retracted in both the HBSS solution and mercury chloride solution
 due to the fact that they were not receiving enough nutrients, if any at all.  Unlike in the F+ medium like the growth
 cones were likely not taking in enough nutrients to ensure survival and growth.  It is possible that the HBSS solution
 and mercury chloride solution acted as a hostile environment for the growth cones and activities which act to maintain
 their structure and function.  As shown by the retracted growth cones and shrunken soma in Figure 1, even without
 adding the mercury solution, the HBSS solution was detrimental to the neuron.
Mercury chloride ions could have interacted with ligand- and voltage-gated ion channels and inhibited their activity
 leading to growth cone degeneration.   However, since the mercury-treated neuronal growth cones retracted at a slower
 rate than non-mercury treated growth cones on laminin substrata, it is difficult to make this conclusion.  Data from this
 experiment do not further support the findings of Leong et. al. that growth cones show significant retraction when
 exposed to mercury.  For this data to support the observations of Leong et. al., the mercury-treated growth cones would
 have had to retract at a faster rate than the non-mercury treated growth cones. 
It is slightly possible that the growth cones adhered well to the laminin substrata and for this reason the mercury
 chloride did not inhibit growth cone growth as much as expected.  Since it is possible that the neurons and their growth
 cones were stable on the laminin substrata, this could have impeded the ability of mercury chloride to interact with the
 plasma membrane and the growth cones.   If the surrounding environment of the neuron was not maintained at 37¼C,
 this would have caused the cells to lyse or dry out, depending on if the temperature fell or rose beyond 37¼C.
 Experimental error could also account for the slower retraction rate of the growth cones on laminin substrata.  The
 method in which the growth cones were measured in Image J with line segments could have proven to be inefficient
 and allow for a lot of error.  Using a cursor to measure the axonal outgrowth as well as lining it up exactly at the
 beginning and end of an outgrowth provided for difficulty in demonstrating exactness in measurements.
 
 
Mercury-treated axons growing on poly-lysine retracted at a faster rate than non-mercury-treated axons. 
 Mercury-treated axons growing on laminin retracted at a slower rate than non-mercury treated axons. 
 
This result suggests that axons were more sensitive to mercury treatment on poly-lysine than on laminin.  It is possible
 that neurons adhere less well to polyK than to laminin substrata.  The polyK could have contributed to the already
 hostile environment provided with the HBSS solution or mercury chloride solution and the removal of the F+ medium.
 
If this experiment were performed again, it would be helpful to take more averages of growth cone retraction by
 observing more mercury-treated and non-mercury treated cells.  This would provide for less possible error.  The
 number of neurons observed was not enough to truly gather credible data.  In order to find a better average of growth
 cone retraction, it would be necessary to measure the retraction of more growth cones. 
Instead of measuring both primary outgrowth and secondary outgrowth, a more reliable average could be found by just
 considering all outgrowth as primary outgrowth.  All axonal outgrowth could be measured from the soma to the final
 point at which contrast is no longer visible between the growth cone and the solution background.  This would
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 minimize large differences in growth cone length between different axonal outgrowths on the same neuron, especially
 since what was considered secondary outgrowth for the purpose of this research was often considerably shorter in
 length than primary outgrowth.
 
Future experimentation could include increasing the concentration of mercury chloride in order to possibly observe
 greater growth cone retraction in mercury-treated neurons.  In adding the mercury chloride to the neurons, a method of
 adding the mercury chloride more slowly and in a more continuous fashion might help to preserve the neurons better so
 that they would not be damaged by the sudden influx of mercury and chlorine ions.  This would allow for observation
 of the growth cones and the way in which their effected by mercury over a longer period of time.  It would be
 interesting to observe the growth cones at a closer magnification than 20x and note more closely how much the growth
 cones retract both in just the HBSS solution and in the mercury chloride solution.
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