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Introduction  
 Alcohol exposure during fetal development is teratogenic. The exposure of alcohol 

targets the proliferating cells in the developing central nervous system (CNS) that interrupts the 

proliferative activities of glial and neural precursors. Cell proliferation in the developing CNS 

emulates the alcohol effects of positive mitogenic growth factors and negative anti-proliferated 

growth factor regulators. This evidence shows that the inhibitory effects of alcohol on cell 

proliferation directly interferes with growth factors to the developing embryo. Alcohol exposure 

also interferes with signal transduction (Lou & Miller, 1998). Thus, alcohol exposure during 

development directly effects Sonic hedgehog (Shh) signaling. Shh is important to neural 

development because it is a secreted protein necessary for embryogenesis. Shh also expresses the 

pattern in the developing head, and including the development of neural crest migration. Shh 

dramatically reduces neural crest from cell death by the exposure of alcohol (Ahlgren, Thakur & 

Fraser, 2002). During early neurulation, alcohol affects neural development directly. The 

exposure to alcohol alters the cell regulation including reduced proliferation and an increase in 

cell death that will disrupt DNA protein synthesis and apoptosis (Anthony, Zhou, Ogawa, 

Goodlett & Ruiz, 2007). A recent study has shown evidence of growth retardation based on 

reduction on the weights of alcohol treated specimens compared to the control groups. This study 

also showed that the exposure to post-neurlation stages causes a reduction of growth due to an 

increase of cell death, dislocation of neuroepithelial cells from the neural tube and the cell cycle 

of neuroepithelial cells (Giles, Boehm, Brogan, & Bannigan 2007)  

  This study, tested the effects of embryonic exposure to alcohol on chick embryos to test 

the hypothesis that chick embryos exposed to alcohol show a slower growth rate in body length.  

 

Materials and Methods   
Explanting Chick Embryo 

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 % (for control), or 0.002% (for low ethanol dose), or 0.02% 

(for high ethanol dose). Penicillin/streptomycin was also added to each embryo 

to achieve a final concentration on-the-cells of 100 U mg/ml.   



Experimental Controls of Chick Embryos  

 The experimental controls had a final concentration of 0.0% Ethyl alcohol solution. The 

final concentration of 0.002% of Ethyl alcohol served as the low dose of alcohol exposure and 

the 0.02% final concentration of Ethyl alcohol served as a high dose of alcohol exposure. The 

purpose of the experimental control was to compare the body length of the low and high dosed 

alcohol exposed embryos and determine if a low dose or high dose of alcohol exposure showed a 

slower growth rate in body length.    

 

Measurements of Chick Embryos Body Length  

 Measurements of the chick embryos body length from the control, low ethanol dose and 

high ethanol dose were obtained for ten days starting with a three day old embryo. The 

measurements were taken using the ruler inside the microscope. The midbrain to tail bud was 

identified as the body length of the embryo along the longest axis of the body. Body Length 

measurements include neural development of the brain. The microscope magnification was noted 

and depending on the magnification the measurements were converted to millimeters (mm).   

  

 Analysis of Chick Embryos Body length   

 Class data from the chick embryos body length measurements were collected and 

analyzed by the control and experimental groups of the high and low concentrations of alcohol 

exposure. All of the data for each of the ten days for the control and experimental groups were 

gathered and averaged based on the age of the embryo in days.  

 

Observations of Chick Embryos Body Length  

 Observations made of the embryos body length were the appearance in the overall size of 

the embryo, the appearance in size of the midbrain to tail bud, the coloration of the embryos skin 

and if the neck was visible. All observations were obtained for each of the ten days and were 

recorded in the Developmental Biology Lab Notebook.   

 

Results  
 Analysis of the chick embryos average body length were conducted in a line graph 

depicting the growth rate on body length over the period of ten days. Figure 1 takes notice to the 

appearance in the difference of body length and brain size between the control and experimental 

embryos. Images were taken at time of body length measurements.   



 1A.                                                                             1B.  

Figure 1.  Image of the 0.00% final concentration on-the cells solution (control) eight day 

embryo in Part A and an image of a 0.02% final concentration of Ethyl alcohol solution (high 

alcohol dose) nine day embryo in Part B. The control embryo in Part A has a brighter skin 

pigment than the high alcohol dosed embryo in Part B. There is also a significant difference 

between the size of the head. Part B has a much larger size of the head than Part A. Part A also 

had the neck visible than Part B.   

 

As depicted in Figure 2 the growth rate in body length on chick embryos from the control group 

is slightly higher than the average body length of the high alcohol dosed embryos.  This data 

shows the growth rate of the control and experimental group embryos in body length by the age 

of the embryos. The average body length for the control day 10 old embryos was 24.47mm and 

for the high alcohol dosed embryos was 22.68mm.   

  



 

 

  
Figure 2. Series 1 represents the average body length of the control group embryos, series 2 

represents the average body length of low alcohol dose embryos and series 3 represents the 

average body length of high alcohol dosed embryos. The age of chick embryos in days starts 

with a day 3 old embryo as represented by 1 on the X-axis, day 4 old embryo is represented with 

2 on the X-axis and so on until day 10 as represented by 8 on the X-axis. The average body 

length for the low alcohol dosed embryos is terminated at seven days due to lack of data.     

 

Discussion  
        In conclusion, the data from Figure 2 shows that alcohol does effect the growth rate in body 

length on chick embryos. Form these results, the hypothesis that chick embryos exposed to 

alcohol show a slower growth rate in body length is supported. These results were expected 

because of how alcohol exposure during development effects Shh signaling which is important to 

neural development. The impact of embryos exposure to alcohol on Shh signaling is an 

important period for the development of the neural crest. When exposed to alcohol, some cell 

signals that are important for neural development are lost (Ahlgren, Thakur & Fraser, 2002).  

       For future experiments it would be beneficial to stain the motor neurons induced by a 

particular concentration of Shh in the control group and in the experimental group to depict how 

much of a signal is lost when embryos are exposed to alcohol. If an experiment was conducted to 

test the amount of signal given in a control group verses an experimental group that was exposed 

to alcohol it would show where the signal was lost and what area of development was affected.  
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