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 Introduction: 
 

The purpose of this experiment is to test & observe the effects of teratogenic alcohol on 
embryonic development. Exposure to alcohol during embryonic development is believed to 
affect the mental ability and physical appearance of at least one in 750 infants in the U.S.A. 
(Morris, R.L. (2015) VI. Explant Culture of Chicken Embryo) Measurements were taken for 
embryo body length, wing bud length and leg bud length over a course of seven days on a 
sample of 72-hour embryos that were exposed to three selected ethanol concentrations; control 
(0.00 %), low (0.002 %) & high (0.02 %).  

The exposure of ethanol in developing embryos causes physical malformations in what is 
known as “fetal alcohol syndrome”. Ethanol exposure increases the death of cells within the 
cranial neural crest area and during embryogenesis, has been shown to result in a dramatic loss 
of the Shh gene (Sonic hedgehog) as well as transcripts involved in Shh signaling pathways. 
("SHH Gene." Genetics Home Reference. N.p., n.d. Web. 28 Apr. 2015.) The Shh gene is 
responsible making the Sonic Hedgehog protein which is an essential morphogen that plays a 
role in cell growth, cell specialization and the patterning of the body. (Ahlgren, Sara C., Vijaya 
Thakur, and Marianne Bronner-Fraser. "Sonic Hedgehog Rescues Cranial Neural Crest from Cell 
Death Induced by Ethanol Exposure.") In this study we tested the effects of embryonic exposure 
of ethanol on Gallus gallus domesticus to test the hypothesis that as embryonic alcohol 
concentration increases the rate & degree of growth will decrease.   
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 Materials and Methods: 

Embryo Explanting 
Ten-day chick embryos (Gallus gallus) were explanted from their shells as per the 

method of Morris (2015) and Armstrong, et al., (1994) except that a sterile weigh boat was used 
instead of a sterile hammock described by Armstrong. Ethyl alcohol was administered to each 
embryo to achieve a final concentration on-the-cells of 0.0 % (control), or 0.002% (low ethanol 
dose), or 0.02% (high ethanol dose). (Morris, R.L. (2015) “Chick in a Boat” model of Fetal 
Alcohol Syndrome) The embryo concentrations were made using a 1:100 dilution of ethanol and 
the corresponding egg volume. The experimental controls are necessary to observe the effects 
that alcohol would have on developing chick embryos. Penicillin/streptomycin was also added to 
each embryo to achieve a final concentration on-the-cells of 100 U mg/ml. The penicillin and 
streptomycin act as anti-biotics and kill bacteria. Measurements were taken daily over a course 
of seven days on 72 hour embryos and recorded on a data sheet such as the one seen in figure 1 
below. 

 

 

Embryo Age 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 

Time of Measurement         

Microscope Magnification         

Body Length         

Wing Bud Length         

Leg Bud Length         

Figure 1 Chick-in-a-Boat Data Sheet 
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Figure 2 Chick‐in‐Boat Sample With Measurement 
Guidelines 

In figure 2 (a.) represents body length, (b.) 
represents leg bud length & (c.) represents the 

wing bud length. 

Measurements & Data Analysis 
The measurements for body length were taken in millimeters over the longest visible 

axis. The measurements for wing and leg bud which are from the base to tip, were made in 
ocular units and later converted to millimeters based on the microscope magnification used. It is 
preferred that the measurements be taken as close to 24 hour intervals as possible to ensure a 
more accurate calculated rate of growth. The embryos remained in the incubator at 37°C and 
were terminated at 10 days post-injection once the final set of data was collected. 

 Results: 
 

Discrepancies were noted upon initial qualitative analysis among the three control 
groups. The data collected from surviving embryos were pooled and averaged for further 
quantitative analysis. The chick-in-boat model with measurement guidelines can be seen in 
figure 2 below.  

 The data of the chicken embryos for 
the three concentrations of alcohol is shown 
in figures 1-3 with their corresponding tables 
indicating how many samples were used for 
the data points. The sample size did not 
change but some factors made it difficult to 
collect measurements from a number of 
embryos such as an obscured field of view 
due to the position of the embryo or because 
the embryo is dead.   
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Figure 3 Embryo Body Length Graph: The embryo body length graph displays the average body length of 
measured embryos for the three different concentrations over the course of the experiment. It is worth 
noting that the data points represent the averages for different number of measurements. Refer to Table 1 
for indication as to how many samples were measured for certain days and concentrations. The R2 values 
in the graphs represent how well the data correlate to the mean. A higher value indicates that the linear 
model explains more of the variability of the response data around the mean as well as there being a 
higher correlation between the x and y axes or in this case length vs time. 

Table 1 Table of Used Measurements for Body Length e.g. Day 3 value for high ethanol concentration 
represents the average of 12 measurements out of 13 samples. 

Day 3 4 5 6 7 8 9 10 
Control 11/13 13/13 13/13 9/13 8/13 7/13 5/13 5/13 
Low 3/3 2/3 1/3 1/3 1/3 0/3 0/3 0/3 
High 12/13 12/13 11/13 11/13 10/13 10/13 9/13 9/13 
 

From the linear equations in figure 3 we can see that the body length of embryos with 
high and low concentration have a higher rate of growth than the control. The low ethanol treated 
embryos have the highest rate of growth at 2.3167 mm/day and the control had the lowest rate of 
growth at 1.9665 mm/day. However the linear models for the control and the high concentration 
are more accurate seeing as how the regression values are above 95%. 

y = 1.9665x + 3.4543 
R² = 0.97004 

y = 2.3167x + 2.6833 
R² = 0.87473 

y = 2.0275x + 3.803 
R² = 0.97953 

0 

5 

10 

15 

20 

25 

Day 3  Day 4  Day 5  Day 6  Day 7  Day 8  Day 9  Day 10 

Le
ng
th
 

(m
m
) 

Time 

Body Length vs Time 

Control  Low Ethanol  High Ethanol 

Linear (Control)  Linear (Low Ethanol)  Linear (High Ethanol) 



Malik Zaza    4/24/2015 

Page | 4  
 

 

Figure 4 Embryo Wing Bud Length Graph: The measurements used to calculate the averages in this 
graph were taken from select samples. Refer to table 2 for an indication as to how many samples were 
used for each day. From the linear equations in figure 4 we can see that the wing bud length of embryos 
with high concentration and control have a higher rate of growth than the low concentration. The high 
ethanol treated embryos have the highest rate of growth at 0.862 mm/day and the low concentration had 
the lowest rate of growth at 0.45 mm/day. The linear models for the control and the high concentration 
are more accurate seeing as how the regression values are above 95%. 

Table 2 Table of Used Measurements for Wing Bud Length e.g. Day 86 value for low ethanol 
concentration represents the average of 1 measurement out of 3 samples. 

Day 3 4 5 6 7 8 9 10 
Control 2/13 5/13 11/13 8/13 7/13 7/13 5/13 5/13 
Low 1/3 1/3 1/3 1/3 1/3 0/3 0/3 0/3 
High 3/13 3/13 11/13 11/13 11/13 10/13 9/13 9/13 
 

 

  

y 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0.753x 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0.2643 
R² 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0.95272 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0.45x 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Figure 5 Embryo Wing Leg Length Graph: The measurements used to calculate the averages in this 
graph were taken from select samples. Refer to table 3 for an indication as to how many samples were 
used for each day. The high ethanol treated embryos have the highest rate of growth at 0.9706 mm/day 
and the low concentration had the lowest rate of growth at 0.6643 mm/day. However all three of the 
linear models have the lowest regression values for their corresponding concentration. 

Table 3 Table of Used Measurements for Wing Bud Length e.g. Day 5 value for control represents the 
average of 11 wing bud measurements in mmm out of 13 samples. 

Day 3 4 5 6 7 8 9 10 
Control 2/13 5/13 11/13 8/13 7/13 7/13 5/13 5/13 
Low 1/3 0/3 1/3 1/3 1/3 0/3 0/3 0/3 
High 3/13 4/13 11/13 10/13 9/13 9/13 8/13 9/13 
 

From the linear equations in figure 5 we can see that the wing bud length of embryos with high 
concentration and control have a higher rate of growth than the low concentration.  
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 Discussion: 
 

Surprisingly, the regression graphs illustrate that embryos exposed to a high 
concentration ethanol had a higher growth rate than the control group. (Figures 3-5) In figures 4 
& 5 the rate of growth for the low ethanol group was lower than the control group which 
supports my hypothesis regarding the rate of growth but the analysis of the data is inconclusive 
as the regression values for the low ethanol group were the lowest. (Figures 3-5) This can 
account to the fact that the low ethanol group had the smallest sample size with only three 
embryos of which all perished before the 7th day and that measurements were taken from only 
one embryo for the majority of the days. (Tables 1-3) The data illustrates that the degree of 
growth is not affected by the increase in ethanol concentration. (Figures 3-5) The data in the 
tables also illustrates that embryos exposed to higher concentrations of alcohol had a lower death 
rate than the control group.  

The overall analysis of the data does not support my initial hypothesis. There is no 
significant relationship between increasing ethanol concentration and the rate & degree of 
growth. This can possibly be explained by how not all cells are derived from the neural cranial 
crest, which is shown to be affected by ethanol. (Ahlgren, Sara C., Vijaya Thakur, and Marianne 
Bronner-Fraser. "Sonic Hedgehog Rescues Cranial Neural Crest from Cell Death Induced by 
Ethanol Exposure.") Future research should include a larger sample where ethanol doses are 
applied to embryos at different times and in more varied concentrations to investigate the degree 
at which growth is affected in different stages of embryogenesis.   
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