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 The goal of my capstone experiment is to identify 
the trends, if any, regarding the effects of cigarette 
smoke on the formation of blood vessels from 
already existing blood vessels. The process of 
generating blood vessels from existent blood vessels 
is called angiogenesis. There are various proteins 
found in animalian blood. The protein most 
associated with the formation of blood vessels is 
called integrin.  The key to my experiment lies in the 
assumption of a connection between integrin and 
levels of angiogenesis.   
 There is a widely accepted correlation in the 
scientific community between the presence of 
integrin and levels of angiogenesis. With no integrin 
present, angiogenesis is unable to occur. Smoke 
decreases integrin levels, and the decrease of integrin 
content lessens angiogenesis. Integrins are the main 
adhesion receptors used by endothelial cells to 
interact with their environment. They also play an 
important role in cell growth migrations and survival. 
Since angiogenesis is required for cancer (i.e. tumors) 
to survive, a connection between cigarette smoke and 
integrin levels could help determine a link between 
nicotine and cancer. This in turn could set a base for 
further understandings of how cancer functions and 
possibly lead to more effective means of treatment.  
 The cigarette smoke extract being used in this 
experiment comes from research cigarettes that 
consist of pure tobacco, lacking the chemicals found 
in generic-consumer cigarettes. I will use avian and 
rodent blood to measure for integrin and levels of 
angiogenesis. The use of avian and rodent blood in 
these experiments is permitted because they manifest 
acceptable similarities to human blood, which is 
crucial if we are to develop our results into a 
predictable model for humans. As any given embryo 
develops (i.e. mammalian, reptilian, avian, etc.) there 
is relatively no difference between them until a set 
stage is reached in their development. The use of 
different embryos such as avian as a model for 
humans is acceptable as a base of prediction, so long 
as it is isolated prior to reaching the differentiating 
stage. Rodent blood is an acceptable model for 

humans because, like us, rodents belong to the 
mammalian family, and there is little difference in 
blood characteristics among mammalians as a group.  
 My first experiment will involve the use of avian 
embryos. I will employ the Chorioallantoic 
Membrane (CAM) procedure. In this process, 
fertilized chicken eggs are developed and various 
doses of cigarette smoke are introduced to them 
regularly for approximately five days. The first step 
is to place the egg yoke and white (no more than two 
days old) into a cup, using ‘cling wrap’ to suspend 
the contents. I have decided to run three separate 
samples from a total of sixty eggs. Twenty eggs not 
introduced to cigarette smoke will serve as my 
control group.  Two groups of twenty eggs are to be 
introduced to two millimeters of cigarette smoke 
daily over a five-day period.  
 The eggs will be ‘smoked’ by slightly lifting the 
lid off the cup, injecting the smoke into the air above 
the egg using a syringe, then closing the lid thereby 
capturing all of the smoke inside the cup along with 
the egg. The control eggs will be inspected and 
introduced into the environment over the same lapse 
of time as the smoked eggs, thereby giving consistent 
exposure between the samples. A syringe will be 
connected to a lit cigarette via a hose, and by closing 
the valve on the syringe and pulling the plunger. 
cigarette smoke will be drawn into the chamber of the 
syringe. By reversing the valve and depressing the 
plunger the smoke will be forced out through the 
needle of the syringe. The smoke in the environment 
surrounding the egg is then absorbed through the 
membrane, into the embryo, and throughout the 
vascular system.  
 The eggs must be immediately returned to the 
incubator, and must not be out of the incubator for 
any time over a two-minute period. In order for the 
eggs to survive, they must be maintained at thirty-
seven degrees celsius and approximately eighty five 
percent humidity. The smoked eggs and the control 
eggs are set up in seperate incubators to minimize 
possible contamination between samples. The 



embryos are developed until just before they form a 
beak and other distinguishing features. 
 On the fifth day of the experiment, the 
Chorioallantoic Membrane (CAM) -- a sac where all 
of the blood vessel growth is occurring -- is separated 
from the embryo and collected. The CAM grows 
above the embryo in the shape of a disc, which 
covers it from the air above. Below the embryo, and 
connected to the CAM at its outer edge, is the yoke 
white mixture that lies between the embryo and the 
‘cling wrap’. The CAM is collected by first cutting 
the edge of the CAM where it is connected to the 
yoke mixture. Then, using forceps, we must lift the 
CAM out of the cup and disconnect it from the 
embryo. The CAM is then further separated from any 
miscellaneous yoke using a saline solution. The 
CAM is cut in half, with one half placed in a 
formulin (formaldehyde) solution for preservation 
purposes and the other half placed in a freezing mold. 
The freezing mold has a colored freezing gel added to 
help protect the CAM during the freezing process, 
using three colors to differentiate the samples from 
one another. The samples stored in the freezing mold 
will later be microscopically sliced to test for integrin 
amounts using immunohisto chemistry. The CAM 
placed in the formulin solution must be transferred to 
another solution within thirty-eight hours or the 
sample will begin to deteriorate. This new solution is 
also saved for later testing.  
 Several issues will come into focus once the 
experiment is completed. One issue concerns the 
difference between our research cigarettes and 
consumer cigarettes (which contain additional 
additives). There is also a problem of justifying that 
the cigarette smoke was successfully absorbed by the 
membrane. This will plausibly lead to chemical 
testing for tar in the membranes and for nicotine 
content in the blood. When trying to establish a 
reliable correlation between smoking and 
angiogenesis, there is a problem to address involving 
any “outliers” that do not fall into the trend. These 
will have to be explained by reference to possible 
chemical glitches in the individual membrane or 
possible flaws in my procedure. The major issue to 
address relates to the use of other animalian embryos 
as the basis for framing a model applicable to human 
test subjects. Not only are the similarities between 
animals open to question but so is the use of embryos 

as a sample for drawing conclusions about mature 
adults.  
       



 
 

 


