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Introduction
            The substance that will be tested in this experiment is ephedrine. Ephedrine is an alkaloid derivative of an herb

 in the genus Ephedra (family Ephedraceae) (Woolerton et al 2005). The drug acts as a stimulant releasing

 norepinephrine synthesized from the hormone dopamine (Ramsey et al.1998). Dopamine acts on the sympathetic

 nervous system (S.N.S.) to increase heart rate, blood pressure and energy expenditure. These effects can be seen in

 studies with human adults (Shekelle et al 2003). Weight loss has also been associated with the use ephedrine in adults.

 Only limited research has been done with ephedrine and its effect on child development. Another important aspect to

 explore is the effect ephedrine will have on developing embryos. This experiment will be exploring the development

 and migration of neural crest movement in 72-hour old chick embryos.

Chick embryos were chosen for this experiment because they can be easily observed and measured. These

 embryos have been used in studies of teratogens specifically, fetal alcohol syndrome FAS because this has leas been a

 leading cause of abnormalities at birth (Zajac et al 1992). Observations can easily be seen and assessed without the use

 of a microscope. Measurements can be accurately measured under a microscope where the area of interest can be

 magnified to see small details that can only be seen though microscopes (Armstrong et al 1994). These are structures

 that can be easily seen in the developing chick embryo which may be effected by ephedrine.

Ephedrine has been linked to serious medical conditions in recent years (Wong 2003). Some conditions so

 serious they have resulted in death. In many of the reported cases, the individuals ingested more than the maximum

 amount recommended. The maximum amount of ephedrine an adult should ingest in 24 hours is 150mg and 75mg for

 children (Kapes 2007).

This process is significant to study because it models how developing embryos in pregnant women may react to

 the substance. In one study, females carrying children were given ephedrine at 25-50mg a day. The study found no

 serious effects of the drug but concluded that females that were given higher doses developed hypertension but were

 not discussed further in the study (Hughes et al 1985). This experiment can help determine if pregnant women should
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 be ingesting ephedrine or the amount that may be unsafe for the embryo.

The hypothesis that will be tested in this experiment will be ephedrine is capable of disrupting normal embryonic

 development and migration of neural crest cells in 72- hour chick embryos. Creating an artificial shell will make

 observing the embryo easier. To do this, an explant culture procedure will be performed to test this hypothesis (Zajac et

 al 1992). The chick embryo will be exposed in a clear Petri dish for observation and assessment. This procedure has

 been the most effective method in studying such processes in early embryonic development (Armstrong et al 1994).

Methods
            This experiment will take place in the Microbiology lab and the Imaging Center for Undergraduate

 Collaboration (ICUC) in the Science Center at Wheaton College. This procedure was conducted over a seven day

 period in which two embryos were exposed to double the maximum recommended amount (1.0µl ephedrine solution)

 while the remaining two embryos were exposed to the maximum recommended amount (0.5µl ephedrine solution).     

To conduct this experiment, eight artificial living chambers were created to hold the eight embryos. Paraffin,

 sterile whey boats, and clear Petri dishes were used to construct a stable viewing chamber. The living chambers were

 constructed by placing the paraffin in the beaker on the hot plate in the ICUC of the Science Center, turned up to 2,

 when the plate reached the temperature it was turned down to 1 (Grimaldi Lab Notebook 10/30/07-128.1-MJG). Four

 sterile Petri dishes and blue whey boats were placed in a row next to the hotplate. Once the paraffin was melted one

 drop about as big as a 50-cent piece in the center of each Petri dish was dropped and placed the blue whey boat

 immediately after. This was repeated again with four more dishes. To sterilize the living chambers across the hall in the

 Tissue culture room, the blue whey boat was sprayed with EtOH evenly, the excess EtOH was pored onto Kimwipes

 and dried. Four of the chambers were labeled control and the other 4 chambers will be split two being label as duration

 and two labeled as once.

            The next procedure was the explant culture. The eight eggs were placed on an egg tray and brought to the

 Microbiology room. A sterile environment was set up for this part of the experiment. This included: wiping down the

 lab bench, eggs and forceps with EtOH. Next by taking one egg at a time tip the egg so the narrow point is facing the

 lab bench, and with the other hand use the forceps to gently peel the top of the shell away. The hole created was as big

 as the empty space. Next, being very careful not to penetrate the yolk sac a small hole was poked into the yolk sac

 membrane and was gently tipped upside down over the sterile whey boat until the contents of the egg were completely

 explanted. If the contents did not come out, rotate the egg until they did. A more detailed description can be found in P.

 Armstrong’s, A Laboratory Text for Developmental Biology. (Grimaldi Lab Notebook 10/9/07-117-MJG).

Once the eggs were explanted one 75 ml graduated cylinder was used and filled with 50ml of distilled water.



Michael Grimaldi

http://icuc.wheatoncollege.edu/bio254/2007/mgrimaldi/index.htm[9/3/2015 2:57:43 PM]

 Next using the pipette 5.0 mg of ephedrine was placed into the same cylinder (Grimaldi Lab Notebook 11/14/07-146-

MJG). This made the concentration of the ephedrine solution ( 0.1mg/ml) the 72-hour chick embryos were exposed to.

 Only two of the four embryos would be exposed to this concentration, the remaining two embryos would be exposed to

 double 0.1 mg/ml. These embryos were exposed to 1.0 mg/ml of the ephedrine solution. Next, 0.5µl of the ephedrine

 solution was placed in each of the experimental chambers. Each exposure resulted in death for each of the four

 embryos. Immediately following death, neutral red was applied to the embryos. The dye consisted of unknown

 elements but was used in staining experiments for that week. Four drops of the neutral red dye was applied to all four

 embryos. The dye was applied with a plastic disposable pipette. The dye was not washed off with any solution and

 remained on the embryos until the last image was captured. Each of the embryos were placed into the incubator in the

 Microbiology room that was kept at 37°C.

Collecting the data was done under a Nikon SMZ660 dissection microscope in the Microbiology lab and the

 ICUC. The measurements were done using the ruler in the eyepiece of the microscope at the 1x objective in the

 Microbiology Lab. The digital images were captured in the ICUC on the same microscope model using the BTV Pro

 software program.

The data was quantified by using Adobe Photoshop. The image was taken from BTV Pro and opened in Adobe

 where a histogram was created to measure the amount of red pixels in the image. All four embryos had two images

 taken, one image at time zero and the other at time zero plus 1 hour. The mean and standard deviation of the red pixels

 captured in both pictures were calculated in a histogram in the Adobe Photoshop program. The mean was result of the

 average number or red pixels at a given shade of red. The histogram represented where the black area peaks is the

 amount pixels for that given shade of red. The standard deviation represented the spread of data from the mean. (B.

 Rossetti, 11/27/07). The whole image was included in the histogram and a 2-sample t-test was conducted in Minitab to

 test if the two pictures were different.

For observation, the embryos were carefully taken out of the incubator and placed directly onto the microscope

 where all measurements and images were captured. The images were copied into Adobe Photoshop where the

 histograms were calculated.

These measurements were recorded twice for each embryo. The first measurement was recorded immediately

 after the neutral red dye was exposed to the embryos. The next measurement was taken one hour after the first

 measurement. Each embryo had two images; each image had a histogram quantifying the number of red pixels in the

 image. (Grimaldi Lab Notebook 11/24/07-151-MJG to 11/24/07-165-MJG, and 11/27/07-177-MJG to11/27/07-179-

MJG). Next the 2-sample t-test compared both pictures in each embryo to tell if they were different. The test was
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 calculated on Minitab statistics program in the ICUC (Grimaldi Lab Notebook 11/27/07-169-MJG).

Materials:
-8 fertilized eggs
-Paraffin
-1 hot plate
-8 blue whey boats
-8 Petri dishes
-1 egg trey
-Rubber gloves
-1 pipette 50-200µl with sterile tips
-Nikon SMZ660 dissection microscope
-Forceps
-Black markers
-Ephedrine
-Tyrodes
-Distilled water
-1 75ml graduated cylinder
-Incubator at 37ºC
-Cartridge filters
-3 150 ml beakers
-Neutral Red dye
-Mettle AE 260 Delta Range balance
-Weighing papers
-Adobe Photoshop
-BTV Pro
 

Results
            After three weeks of experimentation only nine chick embryos were successfully explanted. Of the nine

 explanted embryos four were experimental specimens. Within minutes of applying the ephedrine solution, all four

 embryos died, leaving no experimental data to compare to the controls. Therefore, the deceased embryos were

 immediately stained with neutral red die used to stain living cells. Figure 1 is the picture taken at time zero immediately

 after the dye was added to the embryo and Figure 2 displays a histogram of the red dye intensity in the first

 experimental specimen (BC). This is a representation of the red pixels seen in Figure 1. A further statistical analysis

 was calculated using a 2-sample t-test (Table 1.) in which the picture at time zero and the picture at time plus one hour

 were compared to test if the pictures were different.
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Figure 1. Picture taken at time zero of chick embryo BC immediately after staining neutral red. The picture was taken in the BTV Pro program on a
 Nikon SMZ660 dissection microscope in the ICUC.

Figure 2. Subject BC histogram taken at time zero after staining and encompasses the entire image. The histogram represents the number of red
 pixels seen in the pictures taken of the embryos. The black represents the number of pixels in the picture for that particular shade of red. Color
 spectrum from black to red shown under the histogram equals 0 to 255 pixels, the mean is located at 236.13 pixels.

 

Figure 3. displays the picture taken of the specimen BC taken at time zero plus one hour. Figure 4. represents the

 histogram of the red pixels seen in Figure 3.

Figure 3. Picture taken one hour after initial picture was taken of specimen BC.

Figure 4. Histogram of specimen BC an hour after neutral red was applied. The histogram shows the shade of red that was most stained and it shows
 the mean which explains the average of the range of color of the red pixels in Figure 3 and encompasses the entire image.

           

For the first specimen, BC the table suggests that the picture taken at time zero and the picture taken at time zero

 plus one hour did not differ. The red pixels remained in the same area and did not gather to form darker areas of red. No

 other trends were observed from this specimen.

For specimen Duke the same analysis was performed which can be seen in table 1. The mean and standard

 deviation were taken from the histogram of both pictures at time zero and at time zero plus one hour. The P-value did
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 not exceed 0.05 so we can assume this specimen differed from time zero to time zero plus one hour, this can be seen in

 table 2. There are areas of darker red in time zero plus one-hour image than in time zero image.

For specimen F.S.U. the same analysis was performed which is displayed in table 1. The data show the P-value

 at 0.015, which is less than 0.05 which then suggests that the picture at time zero is different than the picture at time

 zero plus one hour, these values are displayed in table 2. Again darker red images are seen in these pictures. The data

 does not show other trends for this specimen.

For the final specimen, Maryland, the same analysis was applied which can be seen in table 4. This P-value for

 Maryland was 0.074, this did exceed 0.05 and in which test suggests that the two pictures are not different, table 2.

 After observation of this specimen no other visible trends can be observed.

The averages of the mean and the standard deviation are shown in Table 1. B.C. and Duke were exposed to the

 same concentration those embryos were averaged together. For the picture taken at time zero the average mean was

 calculated to be the 228.9 red pixel shade in a range from 0 to 255 red pixel shades seen in figure 5. For the picture

 taken at time zero plus one hour the average mean was calculated to be the 238.8 shade of red pixel in the histogram

 range seen on figure 5. The data on table 1 also show the standard deviation average at time zero, 34.1 pixels and at

 time zero plus one, 30,3.

 F.S.U. and Maryland were also exposed to the same concentration those embryos were averages together as

 well. For the image taken at time zero the average mean was calculated to be the 235.7 shade of red pixel in the

 histogram range and for the images taken at time zero plus one hour the average mean was calculated to be the 235.9

 shade of red pixel in the histogram range seen in figure 5. The standard deviation averages were for the image taken at

 time zero 28.2 pixels and for time image taken at time zero plus one hour, 28.5 pixels seen in figure 6.

After a statistical test two of the four specimens were found to be different from time zero to time zero plus one

 hour. These two specimens Duke and F.S.U. were exposed the maximum amount of ephedrine solution 0.5mg/ml. The

 remaining specimens, Maryland and B.C. were exposed to double the maximum amount of ephedrine solution

 1.0mg/ml. Maryland and B.C. pictures did not test to be different.
 Average Means Average Standard Deviations
 B.C./Duke F.S.U./Maryland B.C./Duke F.S.U./Maryland
Picture 1 228.9 235.7 34.1 28.2
Picture 2 238.8 235.9 30.3 28.5

Table 1 displays the averages of the 2-sample T-test calculated on Minitab. The 2-sample t-test describes if the two images, one from time zero and
 the other from time zero plus one hour is in fact different.
 

 B.C. Duke F.S.U. Maryland
P-Values 0.157 0 0.015 0.074

Table 2. displays the P-value calculated by Minitab in the 2-sample t-test. These values describe if the first picture taken from one embryo differ
 from the second picture taken an hour later. If the value is less than 0.05 then the pictures are different.
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Figure 5. This line graph represents the average means calculated Minitab.

Figure 6. This line graph represents the average standard deviations calculated from Minitab.
 
 
Discussion
 
            After three weeks of experimentation the initial hypothesis; ephedrine is capable of disrupting normal embryonic

 development cannot be supported. It cannot be supported because the experimental embryos died within an hour after

 the ephedrine solution was applied to the embryo. Therefore the dead embryos were exposed to neutral red, a dye that

 stains living cells, which was useful in that the dead embryos had living neural crest cells even though the embryo was

 deceased. Measurements of this process were taken immediately following death of each embryo.

The histograms measured the means and standard deviations of each embryo that were calculated into a 2-

sample t-test that investigated if the pictures differed from time zero to time zero plus one hour. The data does suggest

 that two embryos did differ from time zero to time zero plus one-hour Duke and F.S.U. The two embryos whose

 pictures differed were the embryos exposed to the maximum amount of ephedrine recommended. The averages of these

 two embryos can be seen in figure 5. The remaining two embryos (Maryland and B.C.) were exposed to double the

 maximum recommended daily amount of ephedrine figure 5 also displays data for these embryos as well. The data
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 suggests that more than the maximum amount of ephedrine taken in a 24-hour period is fatal to 72- hour old chick

 embryos. The data also suggests that the maximum amount of ephedrine taken in a 24-hour period is also fatal to 72-

hour old chick embryos. The embryos that were exposed to double the maximum amount of ephedrine, 1.0 mg/ml after

 the statistical analysis, did not suggest any changes in the pictures. The amount of red pixels in the picture did not move

 or vary to suggest any change. This may be caused by the increased amount of ephedrine interacting with the neural

 crest cells. If there was no difference in the two pictures from each embryo, then the data propose a link between

 ephedrine interacting with the living neural crest cell migration, thus disrupting the developmental process of the

 migrating neural crest cells. These observations and tests suggest that ephedrine at extremely high amounts; the

 maximum 0.5mg/ml and double the maximum 1.0mg/ml may be fatal to 72-hour old chick embryos, along with adding

 the distilled water in place of a saline solution caused the cells in the embryo to be hypotonic in which they burst

 resulting in death.

            This experiment had many sources of error. The major source of error was making the ephedrine solution. The

 ephedrine was dissolved in distilled water and not into Tyrodes. Distilled water creates a hypotonic reaction in which

 the living cells burst because the osmotic pressure is too great.. The ephedrine solution may have been high in

 concentrate resulting in embryo death. When calculating the histogram the blood vessels may have interfered with the

 red dye thus skew the data. The light intensity when each picture was taken may have differed from time zero to time

 zero plus one hour.

            In refining this experiment the first priority would be to gather all the materials needed to conduct the

 experiment prior to day one. All the calculations in finding the appropriate concentrations should be calculated and

 checked prior to the test day. The next priority would be to check if the concentration of the solution is proportional to

 the specimen. Using a saline solution instead of distilled water would have helped the survivability of the embryos.

 Finally planning out a schedule of what should be done on each day would make the experiment run more efficiently.

            Experiments in the future can head into new directions. Another experiment may look at the migration of

 different cells other than neural crest cells or test a drug other than ephedrine a known stimulant. Other structures on the

 specimen could be measured such as heart, limb buds and optic vesicle lengths. Another experiment may look at

 angiogenesis. This experiment can be a model for other experiments to build off from and head in new directions.
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