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I. Introduction
 
            The developmental process that was studied was the migration of neural crest cells in a developing chick

 embryo. This was seen with the addition of the dye called neutral red. In this study, we tested the hypothesis that states

 that when neutral red is administered to a developing chick embryo, the migration of neural crest cells will be able to be

 located. This study was significant because it would allow for future scientist to analyze the neural crest cells with any

 teratogen present. If a teratogen is present, then we would be able to see the negative effects, if any, of the teratogen on

 neural crest cells in particular.

            In order to carry out this experiment, chick embryos were used. These embryos were used because their

 developmental path is very similar to that of human embryos. This is a very important aspect because this would allow

 for more accuracy in what would occur in a human embryo if the same experiment were performed.

            Many experiments have been performed testing the path of the neural crest cells, as well as with the addition of a

 teratogen. The same organism was used, which were chick embryos. Take for example an experiment that was done in

 a developmental biology program. These individuals looked at the origin and migration of neural crest cells in the

 hindbrain region of chick embryos. “ …intensified video inflorescence microscopy, revealed the pathways of crest cells

 migrating from mesencephalic and rhombencephalic levels of the neuraxis into the subjacent bronchial region”

 (Lumsden, Sparwson, Graham, 1281). Although these individuals did not use neutral red dye to stain their cells, it was

 a different way in which to analyze the migration of chick embryos cells.

            Not only has students been able to identify where cells migrate to and from where, but studies also show that

 with the addition of a teratogen many effects can arise. Take for example an experiment that was done my students at
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 Franklin and Marshall College, “ …responses of Fetal Alcohol Syndrome at different treatment doses and times in the

 chick model…apoptosis in response to ethanol treatment is visualized using neutral red staining techniques” (DB Lab,

 2). This was an example of how both techniques of cell staining and the addition of a teratogen can help find solutions

 to issues that are present. By using both techniques, further studies will be able to be identified.
II. Materials and Methods
           
            To begin the experiment, the protocol for 33-hr chick embryo by Peter Armstrong, Carol Erickson, Robert Grey,

 and Jeaneen Metzler, in “A Laboratory Text for Developmental Biology” (1994) was followed. Along with that, a

 solution of Neutral Red Dye[1] had to be made. 52.1mg of the powered dye was diluted in 10ml of liquid 100% ethyl

 alcohol (EtOH). Eight chick eggs were placed in an incubator of 37o C to develop over a course of three days, still in its

 shell. 70% EtOH was used to sterilize the work area, which included the bench tops, forceps (tweezers) being used, and

 the gloved hands of each of the scientists. The outside shell of each egg was also sterilized before beginning the

 experiment. Each of the different areas/things being sterilized were left alone to allow the EtOH to evaporate. This

 indicated that germs were killed. After three days, these eggs were then explanted into sterile weigh boats using

 tweezers as forceps to break the outer shell. Since one chick lived out of the eight available eggs, a deceased embryo

 was still used in order to see cell migration, since cells does not dye right away. When the chicks were in the weigh

 boats, pictures were taken to show the difference between a normal developing chick and a chick that was stained with

 neutral red dye. After the first set of pictures of the non-stained embryo, thyroids were added drop wise to the yolk sack

 of the embryo. This allowed the chick to have a better chance at living, since the dye was considered a toxic solution.

 Two embryos survived the explantation, however, one died shortly after. The neutral red solution was then added to

 both embryos because although one chick was dead, the cells were still living, allowing us to test for migration of

 neural crest cells. About seven drops was added the first time. Since the chick did not look stained, a couple more drops

 was added. The weigh boat was left to sit for about 10 minutes, shortly there after, pictures were taken to show how

 much cell tissues were stained. The thyroids were used to wash the dye after the embryo was stained. Any sign of

 stained tissue indicated neural crest cells. The chick was placed back into the incubator to develop further. A day later,

 observations were made about whether or not neural crest cells had migrated. Pictures were taken to show any changes

 or any difference between the one-day time span, for a total of 5 days or until the egg was deceased. Although the

 pictures taken were part of the data collected, the quantitative data was seen through the redness of a selected stained

 area on the embryo and a mean of brightness was taken. The mean was an average of redness of the particular areas

 being looked at.

III. Results
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            Pictures were taken both digitally and under the microscope to show results of migrating neural crest cells. The

 redness of particular spots analyzed, was the quantitative data collected, by comparing one embryo that was stained at

 3:30pm and then comparing that same spot at 5:30 pm. By analyzing the same spot at different times allow for the

 conclusion to be made of whether or not neural crest cells have traveled. When the dye was first administered to the

 embryo, the veins nearest the embryo itself were the most red. When being compared to that of veins a couple of hours

 later, the redness was lighter, according to the data.

            When eight eggs were explanted, only two survived the stressful event. By the end of the next day, only one egg

 was still alive. This was the egg that was going to be the experimental embryo, which would show whether cells

 migrated and where exactly it did so. Figures 1 and 2 below show pictures through a microscope[2] of the experimental

 embryo that was stained. It shows the bulk of what this entire experiment was based upon. How and where does neural

 cells migrate was seen on these pictures.
 
 
 
 
 
 
Figure 1: This is a picture of a chick embryo stained with neutral red dye. This picture was taken at 3:30pm. The veins
 were the area of interest in particular. As seen in the picture the pinkish color is the staining of the dye of the migrated
 neural crest cells, which is the “redness” that was analyzed.
 

Figure 1.1: This is a chart that shows the mean of how red a particular spot is on a photo. This was the first time the

 embryo was stained at 3:30pm.
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Figure 2: This is a picture of the same chick embryo whose veins were two hours later. As shown here, the cells
 migrated from around the embryo to the outer veins. The contrast of redness was a bit litter here. The pinkish color is
 the “redness” that was analyzed

.
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Figure 2.1: This was the graph that measured the amount of redness the second time around of the veins of a chick
 embryo at 5:30pm.
 

 
 
 
            The mean from figure one was 251.73 and the mean from figure two was 247.09. This shows that the first

 picture that was taken was a bit darker than that of the second picture. This means that the cells moved/migrated from

 that area, thus making it a bit lighter, as expected.

 
IV. Discussion
 

The migrations of neural crest cells could be identified when neutral red dye was administered to the developing

 chick embryo. When analyzing the data, some conclusions that can be made is that when an embryo is stained with

 neutral red dye, the neural crest cells are the first cells to automatically take up the dye. This will be the darker spot

 when the entire embryo is looked at. As the cells migrate, the brightness of the “redness” may appear lighter. This is an

 indication that other cells are now being labeled, as well as neural crest cells migrating from its original area. However,

 the dye shows where the cells move in order to see it with the naked eye. When the chick embryo was looked at two

 hours later, the cells had migrated away from the center of embryo. It moved towards the veins of the chick embryo. As

 the data was collected, the hypothesis was supported because the cells did not stay in one area as the chick continued to

 develop, but rather progress along with development.

            Although there was very few data that was able to be collected, a source of error that occurred was not being

 able to have more chick embryos to test the hypothesis. This would have allowed for a more grounded stands on the

 position taken when arguing that neural crest cells migrate after time. Because of the lack of embryos being tested, the

 time-span was cut very short. The experiment lasted for about two or three days, thus, not allowing enough time to test

 more eggs. The eggs alone had to be prepped three days in advance before the actual experiment was performed. In
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 addition to this, because of the minimum amount of live eggs retrieved by the end of explantation, there were no extra

 embryos to test before hand. If embryos had been tested before the actual experiment had begun, it would show

 whether or not the concentration of dye used is the correct amount to actually dye neural cells. It will also allow for

 minor errors to be flushed out in order to run a smooth experiment.

            To refine this experiment, starting early is key! To make up the solution of neutral red dye, it is a very long and

 tedious process. Starting early would allow for mistakes and then correction of those mistakes for the dye solution. For

 example, the dye may not be strong enough with the concentration originally made up. Thus, there need to be another

 ration used in order to strengthen the dye. This would allow for proper staining of the migrating cells.

            In order to extend the results seen in this experiment and work towards new goals, a teratogen should be added.

 Teratogens are chemicals that lead to birth defects, particularly morphogenic movement or morphogenesis (lecture

 class, 9/27/07). This would allow scientist to see the effects that particular teratogen has on the migration of neural crest

 cells from the stained cells. The controls in the new experiment would show what a typical migration of cells would

 look like and show exactly where on the embryo they migrate. When the experimental embryos are being compared,

 there can be a comparison of the migration of cells with the addition of the teratogen and if the cells do not migrate to

 where the controls say they would, then it is inevitable that that particular teratogen has an effect on cell migration.
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[1] Neutral Red Dye- 25mg. 87-6830, Neutral Red Biological Stain, Cabisco, Chemical Division
[2] Microscope Type: Nikon, SMZ 2660, Magnification 1- this was used for figures 1 and 2
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