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I. Introduction

Fetal Alcohol Syndrome (FAS) is the diagnostic term for physical and mental birth defects resulting from maternal
 consumption of alcohol during pregnancy.  FAS is characterized by facial deformities, brain damage, growth defects
 such as a smaller head and abnormal joints and limbs, poor coordination, and learning and memory problems (Hanson
 2002).  Although it was not until 1973 that the patterns of deformities resulting from prenatal exposure to alcohol were
 classified and designated the title of FAS (Armstrong et al. 1994), since that time there have been thousands of studies
 examining the effects of prenatal exposure in animals and humans (Zajac 1992).  
 FAS occurs because alcohol is a teratogen, an agent that causes malformation of a developing embryo or fetus.
 Research in teratology, the study of abnormal development, is important because it investigates the mechanisms that
 cause the defects (Armstrong et al. 1994).  It was not until recently that the fundamental developmental changes from
 alcohol exposure were understood (Armstrong et al. 1994).  This is due to the use of animal and in vitro models that
 have been used for experimental research of the effect of alcohol on the developing embryo and fetus at a molecular
 level.                
     The developmental process that was examined in this study was the necrotic cells that occur in the development of
 the limb buds in chick embryos.  The experiment that was performed was the staining of chick embryos on day five of
 development to determine if there was a quantifiable difference in the necrotic cells of the embryos exposed to ethanol
 (EtOH) as compared to chick embryos unexposed to alcohol.  This study was done by explanting chick embryos on day
 two of development and then allowing them to further develop in weigh boats until day five when the embryos were
 then removed from the yokes and stained.  To observe the necrotic cells, a stain, Nile Blue, was used that would dye
 dead cells but wash off of the living cells.  The hypotheses that were tested were that Nile Blue dye would successfully
 stain necrotic cells, and that the chick embryos exposed to alcohol would show a quantifiable difference of necrotic
 cells from the chicks not exposed to alcohol.
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     Programmed cell death is an important process in development.  There are two processes that exist, necrosis and
 apoptosis.  Each have different patterns of biochemical and morphological changes that occur throughout the death of
 cells (Goodlett 2001).  Described as cell suicide, apoptosis is a process that only affects the individual cells fated for
 this death and not surrounding cells.  The cell body shrinks and eventually breaks up into smaller bodies that are later
 engulfed by scavenging cells (Goodlett 2001).  Necrosis occurs when the cells are damaged by trauma or metabolic
 injury (Goodlett 2001).  Because these cells swell and eventually rupture, inflammation results which then causes the
 death of adjacent cells (Goodlett 2001).  Specifically, these processes are what must occur so that animals including
 humans have individual digits and not paddles at the ends of their limbs.
 The system that was chosen to study these hypotheses were chick embryos.  This was the organism of choice because
 alcohol has similar effects on chick embryos as mice embryos.  Mice embryos have been used in experiments testing
 the effects of alcohol because on day seven or eight of pregnancy, it is equivalent to week three of a human pregnancy
 (Armstrong et al. 1994).  Because experimental research cannot be done on human embryos, it is necessary to use other
 systems that are similar on which to conduct research to gain knowledge of the mechanisms, which may cause the
 harmful effects of alcohol on developing fetuses. 
  

 

II. Materials and Methods

 
 This study was conducted using developing chick embryos.  Because early chick development occurs fairly rapidly
 over the span of about a week, timing is crucial.  Thus, the fertilized chicken eggs were kept in stasis in a cool room
 until they were ready to be used.  Once ready, the eggs were brought to a large humid incubator kept at 37 degrees
 Celsius.  Upon placing them in this warm environment, development then began.  This occurrence was designated as
 day zero.  The eggs were then allowed to proceed through development in their shells until day two.  

Preparation and Explantation of the Embryos
     On day two, the explantation of the chick embryos took place.  This procedure of explanting embryos was taken
 from a laboratory manual by P. Armstrong et al. (1994).  At this stage in their developmental process, the embryos were
 transparent and blood vessels had not yet appeared.  To explant chick embryos, sterile procedure is crucial.  To achieve
 this, the work area and all tools used were sterilized with 70% ethanol (EtOH).  The lab bench, forceps, and collection
 plate were all sprayed with this alcohol solution.  At this time, the weigh boats that the explanted embryos would be put
 into were also sterilized.  The boats were sprayed with the 70% EtOH under the sterile hood and allowed to air dry. 
 This was necessary so that particles from the air could not land in the boats and desterilize them after they were
 disinfected.  Once dry, the corners of the weigh boats were bent up so that the tops of the Petri dishes would not create
 a closed seal on the boats.  This was necessary because the embryos need moisture to remain viable and by creating a
 sealed environment, they would not receive the moisture needed to survive.  The sterile weigh boats were then placed
 in the Petri dishes, covered, and brought to the lab bench ready to hold the explanted embryos.  
     Once the work area was ready, the eight eggs at day two of development were brought into the lab and placed into
 the lab incubator until they were explanted.  This was to keep them in a controlled 37 degree Celsius environment for as
 long as possible.  One egg was then removed from the incubator and sprayed with the 70% EtOH.  Once it had air-
dried, it was then ready to be explanted.  To explant a chick embryo, the broad end was held up.  Using one arm of the
 forceps, a small hole was poked into the shell where the air space is located.   After this small hole was made, the
 forceps were then used to remove very small bits of the shell with the end goal of exposing the air space.  The edges of
 the hole were made as smooth as possible so that the egg would not be ripped upon its removal. Once the hole was
 created, the egg was then flipped so that the narrow side was facing up with the hole over the weigh boat. After this was
 done, the shell membrane was pierced with the forceps.  The vacuum in the shell kept the embryo from falling into the
 boat.  To break this vacuum, one arm of the forceps was used to firmly but gently create a tiny hole in the narrow end. 
 With this small hole, the contents of the egg fell into the weigh boat.  The top to the Petri dish was then replaced to the
 top of the weigh boat.  The successfully explanted embryo was then placed back into the incubator while the other
 embryos were explanted.  This same procedure was followed for the explanting of all eight embryos. 
     Once the embryos were in the weigh boats, 0.5ml of Penicillin-Streptomycin, an antibiotic was added to each
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 embryo.  This was to protect against the possibility of exposure to any bacteria that could be harmful to the developing
 embryos.  At this point, embryos were also divided into a control group and an experimental group.  The designation
 was labeled on the cover of the Petri dish as to keep the two groups separate.  To the control, 0.5ml of Tyrode’s was
 added.  To the experimental group, 0.5ml of 2% EtOH was added.  Because 0.5ml of EtOH was added to the egg
 volume of 50ml, the actual final concentration of the EtOH changed from 2% to 0.02%.  With the antibiotic and the
 Tyrode’s or alcohol solution added, the embryos were then recovered and placed back into the larger incubator kept at
 the constant temperature of 37 degrees Celsius.  

Observations 
     On days three and four, the embryos were viewed under the Nikon SMZ660 stereoscope.  The heartbeats per minute
 were recorded along with measurements of vacularization area, body length, wing bud growth, and leg bud growth with
 a millimeter ruler.  Using the DAGE-MTI DC200 cameras on the stereoscopes, pictures with video size 1049x779 were
 taken as so to document the developmental progress over each twenty-four hour period. 

The Staining of the Embryos
     Day five was the experimental day.  On this day the embryos were removed from the yoke and stained with Nile
 Blue, a solution that would stain necrotic cells but wash off of living cells.  The procedure for this method was taken
 from a laboratory manual by R. Grey et al. (1982).  To remove the embryo from the yoke, a hole about the size of the
 embryo was cut into filter paper.  The paper was placed upon the yoke so that the embryo was seen through the hole. 
 The filter paper stuck to the blastoderm, which was then lifted with forceps once the embryo was attached.  The embryo
 then got placed in a dish of Tyrode’s to wash off any remaining yoke.  The purpose of this procedure was to only stain
 the naturally occurring necrotic cells.  Therefore, it was vital to keep the embryo alive for the extent of the experiment,
 which was achieved through care and gentleness.  The amnion was still intact after the transfer, so it was then torn open
 and removed from the embryo.  
 The staining solution used was a 1:1000 dilution of Nile Blue, which was obtained graciously from Liv Carlson and
 John Lee.  To make this solution, first a saturated solution of Nile Blue in distilled water was prepared.  This was done
 by adding Nile Blue powder in small quantities to 20ml of distilled water in a plastic 50ml centrifuge tube with a screw
 cap.  The powder was added until the solution was dark blue.  The tube was then closed and rigorously shaken for
 several seconds.  More powder was added until a deep blue color was apparent.  The tube was again recapped and
 shaken.  When small clumps of dark blue powder appeared on the sides of the tube after being thoroughly mixed, it was
 assumed that the solution was saturated.  The undissolved powder was then allowed to settle to the bottom of the tube
 and collected.
 From this saturated solution, it was then possible to make the 1:1000 dilution to use for staining the chick embryos. 
 20µl of the saturated Nile Blue solution was then mixed with 20ml of Tyrode’s in a separate centrifuge tube and was
 put in a separate small Petri dish.  The clean embryos were added to the Nile Blue staining solution.  The embryos were
 easy to tell apart, but had this not possible, than the control embryos would have been stained separately from the
 experimental embryos.  The embryos were soaked in the stain for twenty minutes before they were removed and placed
 in a different Petri dish of clean Tyrode’s.  The embryos were then left in the Tyrode’s solution for another 20 minutes
 as to allow the dye to be washed from the living cells.  Once this process was completed, the embryos were viewed
 under the Nikon SMZ200 stereoscope and photographs with the DAGE-MTI DC200 camera, video size 1049x779 were
 taken to document what had been stained.  

Quantification and Analysis of the Data
     After the experiment was completed, the photographs of the stained embryos were used to determine the differences
 between stained and non-stained regions of the embryo.  This was done by using the Adobe Photoshop program and
 creating histograms of the color brightness of the pixels in different regions of the photographed embryo.  The saved
 pictures of the stained embryos were opened in the Adobe program.  Using the curser, a small box was made on the
 region chosen for examination.  In this case, six areas on the limb bud tip and six regions on the trunk were chosen.  On
 the top menu, the option “Image” was selected which then opened a list of options including “Histogram.”  The
 “Histogram” option was then chosen.  This opened a window which showed the luminosity of the selected area on the
 picture.  From there the histograms of each color, blue, green, and red were all observed.  The mean number of pixels
 for each color were used to determine the representation of each color and therefore what the actual color of the
 selected area of the image was.  A further step was performed to find the proportions between the blue luminosity and
 the green.  Using these calculated proportions, the determination of whether the region was white or blue was made.      
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III. Results

     The staining process that was used in this experiment was taken from Grey et al. (1982).  A Nile Blue solution was
 made which successfully stained the chick embryos.  Figure one is of two photographs that illustrate the stained
 embryos.  The top picture is of the embryo exposed to alcohol and the bottom picture is the control embryo.  From
 observation, they embryos do appear to have been effectively stained.   
 To determine that the stained areas were actually blue and therefore successfully stained, the photographs were further
 examined.  Figure two is an example of the three histograms showing the luminosity of a selected region, one for green,
 red, and blue.  The x-axis represents luminosity and the y-axis represents number of pixels.  These histograms were
 created by the pixels in box one of figure one.  The distributions of the histograms for all three colors are nearly the
 same and as bright as the scale goes.  This determines a white area, in this case, an unstained area of the chick embryo. 
 Five more regions from the trunk were analyzed and the means for each color recorded.  Figure three is another set of
 three histograms also of green, red, and blue.  However, these histograms were created from box two on figure one, the
 tip of the limb bud.  These histograms show that the pixels are less bright, therefore darker, but more blue than red or
 green.  This indicates that the region examined is a darker blue area.  Thus, the limb bud was successfully stained by
 the Nile Blue dye.  Histograms for each color were also examined for five more regions of the limb bud.  All of the
 histograms for these regions in the limb looked similar to the examples shown in figure three.  
     Figure four is a graph which shows the mean number of pixels for each of the six regions of the dyed limb selected. 
 The blue line represents the blue pixels, the green line represents the green pixels, and the red line represents the red
 pixels.  From this graph, it is seen that there are consistently more blue pixels than any other color for all six areas
 examined on the chick limb bud.  Figure five is a graph is a graph showing the mean number of pixels of each color,
 red, blue, and green, from each of the six regions of the trunk as identified in figure one.  The means for the colors were
 all nearly the same, ranging from about 220 to 255, suggesting that these were all areas that were white.
     Figure six is a bar graph representing the proportion differences between the luminosity between the green and blue
 for each region of the limb and trunk.  In the limb region depicted by the blue bars, there was consistently a greater
 proportion difference ranging from about 17 per cent to 42 per cent.  However, in the trunk region as depicted by the
 white bars, there was only two per cent or less difference between the mean green pixels and the mean blue pixels.       

Figure 1: Photograph of the two stained embryos.  The top is the experimental embryo and the bottom is the control.
  Six regions of the limb and six regions of the trunk were futher analysed from the bottom image.  The six regions from
 the limb were all around the edge, and the six regions from the trunk were in the middle, just before the small cut where
 the white looks the brightest. 
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Figure 2: Histograns created from the program Photoshop representing the color brightness from an area not stained on
 the embryo.  These histograms are from an area of the middle of the trunk region.  The color brightness of green, red,
 and blue yield the same histogram which confirm that the area examined is indeed white, as the trunk is and therefore
 did not stain.  
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Figure 3: Histograms created from the program Photoshop representing the color brightness from a stained area of the
 chick embryo. The area that these histograms represent was selected from the middle of the top side of the limb bud at
 the edge (from the bottom image).  The color brightness of green, red, and blue yield different histograms.  The blue
 histogram shows that blue is the more bright and prevolent color, and therefore is blue and not any other color or white.
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Figure 4: This is a graph of the mean number of pixels of red, blue, and green for each of the six boxes on the chick
 limb in figure 1.  This graph shows that the mean number of pixels for  blue is greater than red and green.  Therefore it
 can be said that these areas are indeed blue and not another color or white. 
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Figure 5: This graph illustrates the mean number of pixels of red, blue, and green at the six sites of the trunk from
 figure 1 (the bottom photo).  The mean number of pixels for each is in the range of 227-255.  The luminosity was also
 high, which indicates taht all three colors are extremely bright in that region.  High huminosity and equal representation
 of all colors indicates white, which is what is expected for the unstained region of the embryo.
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Figure 6: Graph illustrating the differences between mean blue pixels and mean green pixels for the six regions of the
 limb bud and trunk.  The limb bud is represented by the blue bars  which show a greater difference than the regions of
 the trunk represented by the white bars.  

 

IV. Discussion and Conclusions

    The results from the experiment were collected from the second batch of eggs.  On the day that the embryos were
 explanted five embryos were successfully explanted to the weigh boats.  The other three embryos did not make it out of
 their shell because they became stuck to the shell membrane.  Two of the five embryos were designated as controls and
 the other three were designated as the experimental embryos that received the treatment of 2% EtOH.  
 Over the course of the next two days, the standard measurements were recorded.  This included heart rate, body length,
 vascularization area, and wing and leg bud growth.  Over these two days, one yoke broke, one embryo died, and one
 egg lacked an embryo.  This resulted in one control embryo and one experimental embryo on which to perform the
 experiment on day five.  Observations and measurements showed that the experimental embryo had more growth
 because it was larger in measurements of body length, wing bud and limb bud lengths.  However, because there were
 only two viable embryos, no patterns were seen from the data collected and thus no conclusions could be made about
 the growth experienced by the control or the embryo exposed to alcohol. Also due to a low number of specimens that
 actually reached day five of development, no conclusive results were determined to either support or refute our
 hypothesis about the difference of necrotic cells between embryos exposed to alcohol and those that were not.    
     The experiment that was performed on the two viable embryos however, did support our first hypothesis that a Nile
 Blue stain would actually work and stain cells of the developing embryo.  This experiment was supposed to been run
 twice, each with eight specimens.  However, the first batch of eggs yielded no intact yokes, thus were disposed of
 thereby leaving only a second round of eight eggs to conduct our experiment on.  The second round was slightly more
 successful but still only yielded two viable embryos on which to conduct the experiment on day five.  A much larger
 sample size would be needed to observe any developmental pattern between the chick development of embryos
 exposed to alcohol and those not.  With a lack of numbers, the method of our experiment became the focus because
 reliable quantifiable data could not be collected from only two embryos.
     Using the Adobe Photoshop we were able to further examine the stain and quantify the success of it.  It is clear from
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 the graphs presented that in the limb and especially around the edges, the color is blue indicating the success of the
 staining process.  By comparing the analysis of the stained region with the unstained region of the trunk, the conclusion
 that the stain works on necrotic cells is supported.  Because the process was accomplished with success, it is hoped that
 if these methods were used in the future, more quantifiable results would be obtained to examine the question of more
 interest, the difference of necrotic cells between embryos exposed to alcohol and those not.   
     From this experiment, it was learned how difficult it is to work with complex animal specimens.  It takes a great deal
 skill and practice to be successful in the methods used.  Whereas there were only a total of sixteen chick embryos for
 use in this experiment, there was no room for error.  Because the first batch of chick eggs were not successfully
 explanted, that reduced what was available to perform the experiment on by half.  Another factor was although much
 care could be taken, not all explanted embryos survive, as seen in the second batch of eggs.  Although five were
 explanted successfully, only two embryos actually made it to day five of development.  Important conclusions drawn
 from this is that the more complex the system, the fewer specimens there are to work which thus necessitates a high
 success rate in procedure to yield quantifiable results.
     In this experiment, a new method was employed, the removal of chick embryos from the yoke and then the staining
 of the embryos.  Because these procedures had not been performed prior to this experiment, there was a high possibility
 for error simply from a lack of experience.  For example, the chick embryos needed to remain alive and unbattered
 through the experiment so that only naturally occurring necrotic cells would be stained and not ones that had died due
 to injury by the researcher.  One of the chick embryos was very difficult to remove from the yoke because it would not
 attach to the filter paper.  Taking several tries to remove the embryo to the Tyrode’s solution caused the yoke to break
 and roughness on the embryo, which could have resulted in cell death and causing more of the embryo to be stained
 then should have been.  Another source of error was the oversight of the amnion.  It was not realized until after the
 embryos had been in the stain for twenty minutes that there was a membrane, which was not allowing the penetration of
 the dye.  The embryos were then stained a second time, after the removal of the amnion.  Another possible error was
 that warm Ringer solution was not used.  This could have helped to keep our embryos alive and well for the duration of
 the experiment.  Had the procedure been more meticulous, clear results may have been observed. 
     To refine this experiment, the skills required for the methods need to be perfected.  This could be accomplished by
 running a trial run so that problems encountered could be fixed for the real experiment.  Also, a greater number of
 specimens would yield more results, which could then be quantifiable.  If this same experiment could be performed
 again, it would surely be more successful because by performing it once, the experience has been achieved and the
 errors that were made would be corrected.  
 Because necrotic cells play an important role in development, further experiments that could examine the difference of
 cell death between embryos exposed to alcohol and those not could give some insight on why deformities occur with
 prenatal alcohol exposure.  With a much greater amount of specimens, a further study could perform the staining
 process on chick embryos on each day of development and create a map of necrotic cells that occur over time.  Doing
 this for both embryos exposed to alcohol and not would then yield comparable results.  
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