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I. Introduction

         The developmental process that we will study is the cardiovascular system in chick embryos.  In particular, we
 will focus on the vascular area, formation, and abundance of blood islands in a developing chick embryo.  The
 development of the vascular area begins with the formation of blood islands by mesenchymal cells.  The formations of
 angioblasts, or vasoformative cells, are created from the differentiation of the mesoderm (Gray 1918).  These blood
 islands then create a network across the yolk of a developing embryo.  Within the mesoderm of the embryo endothelial
 tubes develop to connect the blood islands (Wilt 2004).  Most internal blood vessels are created by a process called
 vasculogenesis.  This means that the blood vessels are produces by in situ formation of endothelial tubes (Wilt 2004). 
 Angiogenesis is also another way of blood vessel formation; however, this type of formation happens by immigration
 of the tip of endothelium into the surrounding tissues (Wilt 2004).  This process is important because it is needed in the
 formation of new circulatory beds in embryo development as well as in adults after a trauma such as surgery. 

        The chick embryo has been used as a developmental model in research for years within developmental biology. 
 The chick embryo is a prime organism to study because it develops outside the mother and therefore is easy to observe. 
 This external development also means that there are no maternal hormones present when testing the effects of external
 stresses on a particular part of the embryo, such as the vascular area or heart rate (Ruijtenbeek et al. 2002).  The
 cardiovascular system of a chick embryo also resembles the cardiovascular system of a human much more closely than
 many other organism models used in developmental biology.  

        In this experiment we will be focusing on the cardiovascular effects of ethanol on a developing chick embryo.  In
 particular we will focus most of our attention on the rate of growth of the vascular area of the developing chick
 embryo.  In this study we believe that if the chick embryo is exposed to ethanol than the vascular area containing the
 blood islands will show adverse effects from this exposure.  I believe that the rate of development of the vascular area
 will decrease, which in turn with decrease the number of blood islands present across the yolk, when exposed to the
 ethanol.  

        This is an interesting hypothesis to investigate because there have been many studies using chick embryos as
 models to test the affects of fetal alcohol syndrome in mammalian embryonic development.  There were many studies
 done that related to heart development and heart rate because the heart is one organ that is known to show adverse
 affects with exposure to ethanol (Höchel, J. et al.).  We are investigating the other half of the cardiovascular system, the
 vascular area, when exposed to ethanol (2% and .2%) because there is not a lot that has been published about its
 development.  In a study by A. Cevik Tufan and N. Lale Satiroglu-Tufan in 2003 they used many different ethanol
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 concentrations at many different points during chick development and found that there was a general trend toward
 inhibition of vascular formation.  Chick embryos treated with 30% - 50% ethanol during the first two days of
 development did not survive or showed “retardation and inhibition of normal vascular development in a dose-
dependent manner” (Tufan 2003).  They also observed changes in the formation of blood vessels from blood islands. 
 They reported that the mesenchymal cells continued to form blood islands, but the formation of blood vessels from the
 blood islands were inhibited in a dose dependent manner as well.  

        In order to test our hypothesis, we will carry out the experiment using chick embryos.  We will use eight (the
 allotted number) chick embryos to measure the effects of ethanol.  We will use half of the embryos as controls to ensure
 that our experiment and technique is practical and use the other four to test the effects of 2% and .2% ethanol on the
 vascular system of the developing chick embryo. 

II. Materials and Method

Set Up: 
     Sterile technique and preparation of embryos:
         We cleaned the lab bench using at 70% ethanol and a paper towel and collected the necessary materials: paper
 plate, clean forceps, weigh boat in sterile square Petri dishes.  We then obtained the fertilized eggs from the 37 degree
 Celsius incubator and cleaned the outside of the egg thoroughly with ethanol and let them air dry and stood the egg
 wide end down in the tray, this oriented the embryo for easy removal.  To start the explanting process we cracked the
 wide end of the egg gently and did not to push the shell into the egg to prevent breakage of the yolk.  We used the tips
 of the clean forceps to chip away small parts of the shell away on the large end of the egg, this exposed the air space. 
 We made the edges smooth for an easy removal of the embryo.  Next we held the egg closely over the whey boat and
 carefully pierced the small end of the egg with the forceps, with the small end facing upwards.  We then pierced the egg
 membrane very carefully and as soon as we let air in the embryo fell carefully into the boat.  After the embryos were
 explanted we added 1ml of Pen/Strep (1:50 dilution, 1ml of 1/2 stock solution to 50 ml).  We repeated these methods
 for the 7 other eggs that were explanted.  Many of the yolks broke during the explanting process and so the number of
 control and experimental embryos was less than the original eight embryos we started with for both trials.  During the
 first trial we had only 5 embryos that survived the explanting process; 3 were used as control and 2 were used as
 experimental.  During the second trial we lost 3 embryos again leaving us with only 5 embryos.  Again we used 3
 embryos as control and 2 embryos as experimental.  Due to the fact that we only had 2 experimental embryos for each
 trial we decided to only use one concentration of ethanol (2%).  We added .5 ml of 2% ethanol in Tyrode’s for the
 experimental embryos for a final concentration of .02% and .5ml of the Tyrodes with no alcohol for the control
 embryos.  We put the dishes in the 37 degree incubator and made daily observations of the development of the
 embryos.  We recorded the diameter of the vascular area as well as the number of blood islands present by taking
 digital pictures of the blood islands and the vascular area (Armstrong et al. 1994).

        We repeated this procedure for two trials using 8 fertilized chick eggs and observe the vascular development of the
 vascular area, including blood islands (Page 2004).  Trial 1 survived until day 7 of development and trial 2 survived
 until day 6 of development.

Data collection and analysis:
         The collection of the number of blood islands was hard to determine.  I used Adobe Photoshop to change the color
 contrast so that the blood islands were more visible and easier to distinguish and count.  In order to contrast the pictures
 I went to the image menu and selected adjustments.  Once I was in the adjustments menu I selected levels and changed
 the input levels to the contrast that best suited the visibility of the blood islands (Morris 2004). These input numbers
 were 32:1.00:217 for the color contrast of red: green: blue.  The data collected was the number of blood islands found
 in a 1024 x 768 video screen of the BTVpro video program that was directly connected to the dissection microscope.  I
 tried to use the same general location to take all pictures.  This location was approximately the most posterior vascular
 area from the actual embryo on the edge of where the vascular area met the non-vascularized yolk. The data was
 analyzed graphically as seen in figures 1 and 2.

        The controls were subjected to the tyrode’s solution that was used within the ethanol solution in order to show that
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 the tyrodes had no effect of the development of the chick embryo.  The tyrodes solution present in the controls was
 necessary and used as a precaution to show that it had no effect on the development of the chick; therefore, the only
 reagent that could have an effect on the embryos was the ethanol concentration.  

III. Results

Observations:
         During the experiment the blood islands were most abundant during days three through five of embryonic chick
 development.  They were visible through the microscope for only day three.  In order to see the blood islands after day
 three of development the digital pictures taken with the microscope had to be color contrasted (Image 1).  This color
 contrast was done to all the pictures taken during the experiment with the same input levels and all pictures were taken
 using .8 magnification of the dissecting microscope.  The presence of blood islands was greater toward the beginning of
 the day three through five span of development and decreased significantly as the chick reached days five and six of
 development for both the control embryos and the experimental embryos exposed to 2% ethanol.  

        The area of vascular development, including the blood islands, tended to be significantly larger in the controls
 during days three, four, and five.  During day six of development the embryos exposed to 2% ethanol developed a large
 vascular area than that of the control embryos.  

Image 1: 
     This image shows blood island formation in a developing day 3 chick embryo.  

         Figure 1 shows that the blood islands of the experimental embryos exposed to the ethanol decrease slower over the
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 period of three days of development than the blood islands of the control embryos.  The graph also shows that the
 number of blood islands in the control embryos was greater than the embryos exposed to ethanol on day three;
 however, on day four and five the ethanol exposed embryos have a greater number of blood islands.  Figure 2 generally
 shows that the diameter of the developing vascular area increases slower in the embryos exposed to 2% ethanol than in
 the control embryos.  

 

Figure 1: This graph shows the number of blood islands present per view field on control chick embryos and
 experimental chick embryos exposed to 2% ethanol over a 3 day period of development.  There was a small difference
 between the two conditions and the blood island abundance of the ethanol exposed embryos decreased at a slower rate. 
 This data was collected with a sample size of 2 chick embryos on day 3, 4 chick embryos on day 4, and 2 chick
 embryos on day 5.
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Figure 2: This graph shows the average diameters of vascular area of control chick embryos and experimental embryos
 exposed to 2% ethanol over a developmental period of 4 days.  The data was collected with a sample size of 4 chick
 embryos for all four days.   

IV. Discussion and Conclusions

         The trends in the data represented in figures 1 and 2 suggest a few conclusions.  In figure 1 the data represents the
 number of blood islands per view field for the control and experimental embryos.  Figure 1 shows that the blood islands
 of the experimental embryos exposed to the ethanol decrease slower over the period of three days of development than
 the blood islands of the control embryos.  This trend could be because the 2% ethanol inhibited or delayed the
 formation of the blood vessels from the blood islands and the blood islands of the control embryos were developing
 into blood vessels at a faster rate.  This inhibition and/or delay of blood vessel formation were also seen in the
 published study by A. Cevik Tufan and N. Lale Satiroglu-Tufan (2003).  The results of this study were that the
 assembly of blood islands into primary blood vessels was inhibited in a dose dependent manner. This explanation
 would also explain the reason for the number of blood islands in the control embryos to be high than the embryos
 exposed to 2% ethanol in the beginning of development and decrease faster as development continued.  

            The trends of the rate of development of the vascular diameter in figure 2 also show that the control embryos’
 vascular diameter developed at a faster rate as well as being a larger diameter than the embryos exposed to 2% ethanol. 
 On day six of development, however, the embryos exposed to 2% ethanol had a steep increase in the rate of growth of
 vascular diameter that brought the experimental embryos to an overall larger diameter than the controls the day before
 they died.  This could be a result of the experimental embryos containing harmful amounts of toxin in the blood from
 the ethanol.  If the embryo increased the rate of growth of the vascular area it could produce enough blood vessels and
 blood to keep the embryo alive.  

            These conclusions do not support my original hypothesis completely.  The original hypothesis was that the rate
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 of development of the vascular area will decrease, which in turn with decrease the number of blood islands present
 across the yolk, when exposed to the ethanol.  The data collected and results do support the first part of the hypothesis
 because the general trend was that the rate of development of the vascular diameter was decrease when in the presence
 of embryos exposed to 2% ethanol as compared with the control embryos.  The number of blood islands, however, did
 not support my hypothesis.  The results show the exact opposite of the hypothesis because the number of blood islands
 in the embryos exposed to 2% ethanol was higher than the control embryos.  

            There were some sources of error that could not be avoided.  One small source of error was the positioning of
 the microscope over the same view field for each picture on each day of each embryo.  It was difficult to be certain that
 it was the exact same view field for each embryo.  Another source of error was human error when counting the blood
 islands.  It was difficult to figure out if blood islands were connected or just larger than others and it was also difficult
 to make sure all blood islands were counted and were not counted more than once.  To make this error as small as
 possible the image was split into a grid and was counted in smaller sections.

            To refine this experiment there would need to be several changes.  The first change would be to have a much
 bigger sample size of embryos to work with.  When collecting the data it would be helpful to find the area of the actual
 vascular area as well as the diameter.  This experiment is dependent upon the first five to six days of development to
 fully observe the blood island formation and fusion of blood islands to create blood vessels; for this reason it would be
 more helpful to observe the embryos several times during this critical point in development in order to collect as much
 data as possible to understand the effects of the 2% ethanol on the chick embryos formation, number, and fusion of
 blood islands in the vascular area.  

        Future experiments could include different concentration of ethanol.  The embryos could also be exposed to the
 ethanol at different points during development.  It would also be interesting to track the rate of development of blood
 islands into blood vessels among control embryos and embryos exposed to varying levels of ethanol.  One experiment
 that would prove interesting would be to exposed the chick embryos to the 2% ethanol after the first signs of blood
 island development and compare the abundance of blood islands in that study to the abundance of blood islands in this
 study.  Further studies could also possibly confirm that the abundance of blood isalnds is related to the rate of formation
 of blood vessels by dedicating experiments to the rate of blood vessel development in comparison with this study.  

 

V. Bibliography

Wilt, Fred H., and Sarah Hake. Principles of Developmental Biology. New York: W. W.     Norton & Company, 2004.
 Armstrong, P. et al. A Laboratory text for Developmental Biology. 2nd ed. Iowa:     Kendall/Hunt Publishing Co.,
 1994. 

Ehmke, H. “The Chicken Embryo in Developmental Physiology of the Cardiovascular     System: A Traditional Model
 with New Possibilities.” Am. J. Physiol. Regulatory     Integrative Comp. Physiol. Aug. 2002.    
 <http://ajpregu.physiology.org/cgi/content/full/283/2/R549>. 

Höchel, J. et al. “Development of heart rate irregularities in chick embryos.” Am. J.     Physiol. Heart Circ. Physiol.
 Aug. 1998.     <http://ajpheart.physiology.org/cgi/content/full/275/2/H527>. 

Tufan, A. Cevik. Satiroglu-Tufan, N. Lale. “The Effect of Ethanol Exposure on     Extraembryonic Vascular
 Development in the Chick Area Vasculosa.” Cells     Tissues Organs. Vol. 174. November 2003 <    
 http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowPDF&ProduktNr=2241   
 97&Ausgabe=229638&ArtikelNr=73752&filename=73752.pdf> 

Ruijtenbeek1, K., Kessels1, C.G.A., Villamor1, E., Blanco1, C.E., & De Mey , J.G.R.     (2002). Direct effects of acute
 hypoxia on the reactivity of peripheral arteries of     the chicken embryo. American Journal Physiol. Regul. Integr.
 Comparative     Physiology  283(2). R331-R338



Bio254 Student Webpage

http://icuc.wheatoncollege.edu/bio254/2004/aleslie/index.html[9/18/2015 1:36:13 PM]

Gray, Henry. Anatomy of the Human Body. Philadelphia: Lea & Febiger, 1918;     Bartleby.com, 2000.
 www.bartleby.com/107/. Visited November 25, 2004.

Morris, Professor Robert. 2004. He served as a resource for laboratory technique and data collection and analysis.

Page, Diana. 2004. The effects of 2% ethanol on a developing chicken embryo's vascular area: A study in fetal alcohol
 symdrome and blood vessel branching patterns. http://icuc.wheatonma.edu/~bio254/dpage/  (collaborator) 

Shelton, Natalie. 2004. Natalie shared data of developing embryos on day 6 when our control embryo died.
  

 

 


	wheatoncollege.edu
	Bio254 Student Webpage


