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Introduction: 

Ethyl alcohol is a teratogen, or an external agent that causes birth defects (Gilbert, 2014). 
In humans, physical malformations or poor neural development caused by embryonic alcohol 
exposure are encompassed under the term fetal alcohol syndrome, or FAS (Gilbert, 2014). Fetal 
alcohol syndrome is relatively common; an estimated 0.02–0.15% of infants born in the U.S. are 
born with fetal alcohol spectrum disorders (CDC, 2002).  

In vertebrates, embryonic exposure to alcohol results in misregulation of genes, issues 
with cell proliferation, and cell death (Gilbert, 2014). Studies indicate that alcohol reduces the 
expression of Sonic hedgehog (Shh), a morphogen that plays a crucial role in many 
developmental processes (Ahlgren, Thakur, & Bronner-Fraser, 2002). Additionally, blocking 
Shh signaling produces conditions that are phenotypically similar to FAS (Ahlgren et al., 2002). 
This indicates that Sonic hedgehog, or lack thereof, is likely responsible for some of the 
characteristics of FAS. Among the many roles Shh fulfills, it is involved in limb development 
(Dillon, Gadgil, & Othmer, 2003). In this study, we measured the effects of alcohol exposure on 
chicken embryos to test the hypothesis that embryos exposed to alcohol will display slower limb 
bud growth than those not exposed to alcohol, with proportionally greater effects seen at higher 
concentrations of alcohol. 
 
Materials and Methods: 
Explanting Embryos: 

The procedure for this experiment was adapted from A Laboratory Text for 
Developmental Biology by P.B Armstrong et al. (1994). The changes to the protocol as directed 
by Robert L. Morris in 2015 are as follows. Betadine solution was not used. Rather than 
explanting the embryos into plastic wrap hammocks, they were instead deposited in sterile weigh 
boats contained in clear plastic dishes with lids. After the egg was inverted over the weigh boat, 
a hole was not made in the small end to release the vacuum. Instead, the tips of the forceps were 
used to carefully tear the chorion close to the shell and drop the embryo gently into the boat. The 
procedure for treating the embryos with penicillin and ethanol solution of three different 
concentrations (0.02%, 0.002%, and 0% final on-the-cell) was followed as directed by P.B. 
Armstrong et al., but also with streptomycin added with the penicillin. The dishes and lids were 
labeled with their concentrations and their researcher’s initials, and placed in a humidified 
incubator at 37°C.  
Measurements: 

On the day of treatment and over the course of the following seven days, embryos were 
removed from the incubator and several measurements were recorded for each. Immediately 



	  

upon removal from the incubator, the heart rate was recorded in beats per minute. The width of 
the area vasculosa and length of the body were measured in millimeters along their respective 
longest axes. Wing bud length, leg bud length, and allantois width were measured in ocular units 
of a reticle in the microscope lens, then converted to millimeters according to the zoom at which 
they were viewed.  
Data Analysis: 
 To analyze limb bud growth, the average wing bud length of the control embryos was 
calculated for each of the seven days following explantation and initial treatment. The process 
was then repeated for the embryos treated with the "high" concentration ethanol (recall, for a 
final on-the-cell concentration of 0.02%), and then repeated again for both concentrations with 
leg bud length instead. These averages were then plotted out on two graphs, one for each limb 
bud’s growth.  
 Although this experiment tested three different concentrations of alcohol, the data 
gathered for the embryos treated with 0.2% alcohol were insufficient for this analysis. 
Additionally, only embryos with at least 3 days’ worth of limb bud measurements were included 
in the calculations to produce these figures. Otherwise, those embryos’ measurements only 
affected the averages for one or two of the observation days, which could lead to the graphs 
being less accurate indicators of average growth over the experimental period.   
 
Results: 
Figure 1 shows a recently explanted chicken embryo in a weigh boat, approximately 72 hours 
after incubation began. Due to the small size of embryos at this stage, only a few embryos had 
limb bud measurements recorded within the first two days following treatment. 

 
Figure 1. A chick embryo after explantation into a weigh boat. Photo Credit: Robert Morris.  
 
Figures 2 and 3 show the average rates of limb bud growth in both the control chicken embryos 
and in the chicken embryos that were treated with 2% ethanol.  



	  

  
Figure 2. This graph shows changes in the average wing bud lengths on control embryos and on 
embryos that have been treated with 2% ethanol solution.  
 

 
Figure 3. This graph shows changes in the average leg bud lengths on control embryos and on 
embryos that have been treated with 2% ethanol solution.  
 

In Figure 2, the lines for both concentrations are close together and virtually parallel. The 
same is true of Figure 3 for the first five days of measurements, but the average leg bud length 
for embryos treated with ethanol shows a sudden increase in growth rate a day before the average 
for controls does.  
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Discussion: 
 My hypothesis is not supported by these findings, which indicate that the limb buds of 
chick embryos treated with 2% alcohol grow at about the same rate—or even slightly faster—
than those left untreated. However, additional research with a larger sample size and a more 
specific and standardized procedure for taking limb measurements is required before any 
conclusions to such an end may be drawn. In the future, to better explore this hypothesis, more 
concentrations of alcohol should be tested, with enough embryos to ensure adequate results for 
analysis.  
 Given that Shh is believed to aid in patterning the anterior-posterior limb axes during 
chick development, measuring the length of limb buds is not the best way to investigate how 
alcohol interferes with this development (Dillon et al., 2003). Designing an experiment with a 
means of measuring other limb qualities, such as the developing digits on leg buds, may yield 
more accurate results.  
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