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Abstract
	Electronic cigarettes, specifically vaporizers, are advertised to smokers as a healthier alternative for smoking the traditional cigarette.  Many other studies have found the presence of dangerous substances, like carbonyls and volatile organic compounds, in e-cigarette vapor, indicating that these machines may not be a healthy alternative to smoking. Little work has been completed in regards to the potential carcinogenic qualities vaporizer liquid possesses, as a result, no comparisons can be drawn that will enable a user to make an educated decision about vaporizer use and health.  To lessen this gap in knowledge, the objective of this study is to analyze the potential carcinogenic effects of electronic cigarettes through analyzing reverse mutation rate of exposed cells in conjunction with the build up on lactate dehydrogenase in exposed cells. Reverse mutation rate will be assessed through the completion of an Ames test utilizing S. typhimurim. Lactate dehydrogenase, level will be assessed through the use of a test kit which will analyze lactate dehydrogenase concentration through measuring and plotting cell absorbance levels through a spectrophotometer.  The results of this experiment will take the knowledge of the potential harm of electronic cigarette use one step further in order to allow users to make informed health decisions. 


Specific Aims

	 I hypothesize that electronic cigarette vapor will cause an increase in mutation rate and lactate dehydrogenase (LDH) content in exposed cells.  However, I do not expect these increases to be as extreme as the increases affiliated with traditional cigarette smoke.  My objective is to analyze the potential carcinogenic effects of electronic cigarettes through analyzing reverse mutilation rate and LDH build up in cells.  This study has two aims.  
Aim I
First, I aim to analyze the mutation rate of cell exposed to cigarette smoke condensate (CSC) and compare that to cells exposed vaporizer juices of varying flavors and nicotine content.  Cancerous cells, by definition are cells that form through rapid, unregulated growth.  This is often caused my mutations.  As a result, conducting an Ames test will provide insight to the mutagenic power of vaporizer liquid and will allow for conclusions to be made about the carcinogenic power of electronic cigarette vapor, by flavor and nicotine content, in comparison to negative control groups and groups exposed to CSC.
Aim II
	In addition, I aim to analyze the lactate dehydrogenase (LDH) content in cells treated under the same experimental conditions for Aim 1.  Lactate dehydrogenase is an enzyme that converts pyruvate to lactate in the glycolytic pathway.  According to Daniele and others (2015), it is also up regulated in human cancers. By analyzing the LDH concentration in cells exposed to different experimental groups of vaporizer and comparing them to a CSC exposed group and a control group, I hope to draw conclusions about means by which e-cigarette vapor may cause or promote cancer to its users through means other than inheritance and unprovoked mutation.   For both aims, the purpose of exposing additional cells to CSC is to be able to draw a direct comparison between the effects traditional cigarettes have on cells in comparison to the effects that vaporizer liquid of varying nicotine content and flavor have on the same type of cells.  This knowledge will put individuals a step closer to knowing the exact harmful effects electronic cigarette use has on the human body. 

Background	Comment by Jessica K  Nolan: In your background you are missing the link to cancer.  It would be good to tie in mutation and LDH with an introduction to the link between cancer and cigarettes.

Having said that, I would argue your background is a little lengthy, so I am going to propose a couple areas you could cut….
Within the past five years, electronic cigarettes have become a popular alternative to cigarettes in the smoking community; however they are not a new technology. There are many different types of electronic cigarettes on the market today, the most common being vaporizers. Most electronic cigarette vaporizers work in the same basic way. Vaporizer pens, the most popular form, work by heating up oil cartridges from a liquid to an aerosol that is right below the point of combustion, about 177-204 oC (vaporpen.net 2015).   Oil cartridges are available in a wide range of options that vary in nicotine content and flavor. 
The basic fact that smoking cigarettes will likely invoke cancer is common knowledge in America today, however not as many people are aware of the mechanism by which cancer occurs. Generally, cancer is defined as unregulated cell division (growth), of abnormal cells of the body.  While genetics play a role in the acquisition of cancer, risk of cancer is not determined completely through one’s family tree. Decisions like cigarette smoking, which affects the mutation rate of cells (Brennan et al. 1995), are also known to increase the risk of cancer.  In recent years, there has been a link between high lactate dehydrogenase, an enzyme that catalyzes the conversion of lactate to pyruvic acid, concentration and higher risks of cancer (Daniele 2015).  While there are many more known factors that contribute to the acquisition of cancer, the focus of this paper will be on cell mutation and lactate dehydrogenase concentration.
In regards to traditional cigarettes, there is no shortage of research on the negative health effects smoking has on an individual.  On the other hand, the scientific world has only a small insight to the effects vaping has on the body; the two common beliefs are that vaping is harmless to the body or that it is less toxic than smoking cigarettes. One common misconception about vaping is that the user is not in-taking unhealthy substances into the body because there is no combustion of organic material or toxic materials like tar. Where e-vapor lacks in organic materials, it makes up in artificially created chemical compounds. One study conducted in early 2015 assessed the toxicity of 42 different refill liquids available for vaporizers and found unfavorable chemical compounds (for example, formaldehyde) in the all samples tested (Varlet et al. 2015).   Formaldehyde is prohibited in food products, however it is found to occur naturally in some, as it is one of the simplest aldehydes with a chemical composition of CH2O (Varlet et al. 2015). Varlet et al. also discovered concentrations of acetone, cyclohexane, 1-propanol, and 1-butanol present in an amount higher than the FDA authorized maximum quantity allowed in food from most e-vapor sample tested.  These compounds are all known to have a well-established carcinogenicity (IRAC 2012), which leads scientists to question the safety of electronic cigarettes.  On the other hand, the same study also showed that most samples of e-vapor tested met the standards set for hydrocarbon content and diethylene glycol, which respectively affect the central nervous system (Agency for Toxic Substances and Disease Registry 1999) and kidney function (Gomes et al. 2002) to those exposed, which is a step in the positive direction from traditional cigarettes. 
Another study assessing the toxicity of a different form of electronic cigarettes found that vapors generated from e-cigarettes are potentially toxic, however they are toxic in quantities 9 to 450 times less than traditional cigarettes (Goniewucz et al. 2014), meaning that exposure to toxins from e-cigarettes in comparison to cigarettes is low. The finding of Goniewucz’s study was based on a chemical analysis looking into the carbonyl, volatile organic compound (VOC), tobacco-specific nitrosamines, and heavy metal contents of the vapors. Out of all products studied, few carbonyls, heavy metals, and VOC’s of interest were found; however, all but three vapors tested contained tobacco –specific nitrosamines (TSN’s) (Goniewucz et al. 2014). TSN’s are not compounds that are expected in e-cigarettes, a product lacking traditional tobacco. The presence of TSN’s in e-cigarette vapor leads to suspicions in regards to the similarity of health effects of non-organic methods of smoking to traditional smoking. Since non-traditional methods of smoking still contain compounds specific to tobacco combustion, there is reason to believe that the effects of non-traditional smoking methods are similar to that of traditional cigarettes
There are a multitude of challenges in regards to assessing the toxicant levels in aerosols produced by vaping and e-cigarette use compared to smoke produced from cigarette use. According to professionals from the office of science at the center for tobacco products, there has not yet been a standard research protocol created for comparing cigarettes to vaporizer liquid (Orr 2014). This leads to challenges in the ability to not only compare vapor to smoke, but also challenges in the ability of comparing one researcher’s data to another's. 
 As a result, scientists have looked to testing the compounds on biological compounds in addition to chemical analysis of vapor compared to smoke. Farsalinos et al. are a key example of research testing the effects of these compounds on cells.  They exposed cultured Myocardial cells to cigarette vapor extract and used a MTT (3-(4,5-dimethylthaizol-2-yl))-2,5-diphenyltetrazolium bromide assay to measure the mitochondrial function of the cells exposed to assess the toxicity of the compounds (Farsalinos et al. 2013).  They found that only 10% of electronic cigarette samples in question were cytotoxic on myocardial cells, where almost all tobacco cigarette produced samples were cytotoxic under the same testing. What this tells researchers is the probability that e-vapor is toxic is high, but when exposed to an individual’s body, it is most likely less dangerous than a traditional cigarette. 
Gaps in knowledge are due to toxicity and carcinogenic findings being limited to the effects on cultured cells and bacteria; no studies published today analyze the effects of vapor directly on the human body or are designed in a way that mimics how the internal chemistry of mammals can change compounds once they enter the body. While this is sound information, it is problematic because the human body is much more complex than cellular life and is likely to respond to the chemicals in different ways than simple cells.  In addition, genetics plays a role in predisposition to diseases like cancer. As a result, cellular studies provide answers that are limited to include statements like “probably” and “most likely”.  This study will also use a model to relate to the human body; one of the goals is to provide future researchers necessary information use humans as a study model rather than cell lines.
  The Ames test was a test developed to strongly mimic the way that the human body responds to substances, through the addition of what is typically rat liver extract. Results from this test will closely mimic the results that would be observed if mammals were exposed to test conditions.  As a result, the Aims test accurately helps us meet aim 1, analyzing the mutation rate of cell exposed to cigarette smoke condensate (CSC) and compare that to cells exposed vaporizer juices of varying flavors and nicotine content.  In order to meet Aim 2, a lactate dehydrogenase assay will be ran; this assay will add to the cellular research already published and will provide insight into a slightly more mechanistic way which vaporizers may cause harm to the body.  By pairing electronic cigarette results with traditional cigarette results, this study may help individuals decide whether a switch from traditional cigarettes to vaporizers is biologically worth it. 

Research Design
Procedures:
Test I: The Ames test
Methods for completion of the Ames test will follow protocol and guidelines established by the OECD with the exception of exposure techniques (OECD 1997).  The following five strains of bacteria will be grown to the early stationary phase of growth (growth time to be determined imperially) together in petri dishes at a temperature of 37 oC:  Salmonella typhumurium TA 1535 Bacterial plates will be placed in petri dishes with minimal agar (670 mL dH2O, 10 g MgsO4, 100g citric acid monohydrate, 500g K2HPO4 (anhydrous), and 175 g sodium ammonium phosphate) and an overlay agar (250 mL dH2O, 30.9 mg D-Biotin, and 24.0 mg L-Histidine) (Maron 1983).
Cells on agar plates will be exposed in triplicates to the potential mutagens (experimental vaporizer groups and reference cigarette group). In addition to triplicates, three additional petri dishes of cells with each group supplemented with a cofactor-supplemented post-mitochondrial fraction (S9) so that cells can be assessed in both the presence and absence of a metabolic activation system. All experimental plates will be tested in conjunction with control plates (lacking histidine) to ensure that the test is working. 
To begin the testing for cells without metabolic activation 0.1 mL of fresh bacterial culture and 0.5 m sterile buffer will be mixed over 2.0 mL of overlay agar. For the plates under analysis without the metabolic activation, steps for mixing without metabolic activation will be followed.  For plates with metabolic activation, add 0.5 mL of metabolic activation mixture to each plate.  All plates will be incubated at 37 oC for 48-72.  Note: the overlay agar needs to solidify before incubation. Analysis of mutation will be recorded as number of revertant colonies per plate. 

Test II: Lactate Dehydrogenase Analysis
3t3 cells (mamillian) will be assessed using the LDH analysis kits available for purchase from Thermo Fisher Scientific (Thermo Fisher 2016). All methodology associated with testing LDH presence is pulled from the user manual provided with purchase of the kit.  Information gathered from this assay will indicate higher cytotoxicity for higher LDH activity The LDH assay kit follows 3steps: reagent preparation, determination of optimum cell number for LDH assay, and chemical compound-mediated cytotoxicity assay. To prepare the reaction mixture, one vial of substrate mix (lyphilizate) will be dissolved in 11.4 mL ultra pure water in a 15 mL conical tube.  0.6 mL of assay buffer will be added to the conical tube and mixed through inversion. A LDH positive control will then be made by diluting 1 mL of provided LDH positive control with 10 mL of 1 % BSA in PBS. In addition, 3t3 cells will be treated with effector cells to induce cytotoxicity and allow for the harvesting of LDH.
After reagents are prepared, cultures will be used to determine the optimum cell number for the Assay kit.  The assay kit analyzes the LDH activity thorough spectrophotometric analysis in order to observe the absorbance values of cells exposed to different chemicals.  Two standards, 490 nm and 680 nm, will be used as absorbance value ranges based on stage of the cells tested. To determine the optimal cell number, a serial dilution of cells (0-20,000 cells/100 mL media) will be prepared in two sets of triplicate tells in the 96-well tissue culture plate. This will then be incubated over night at 37 oC , 5% CO2.  The following day, 10 ML of sterile, pure water will be added to one set of triplicate wells containing cells.  To another set of triplicate wells, 10 mL of lysis buffer (10X) will be added. The wells will then be incubated under the same conditions for 45 minutes. After incubation, 50 uL of each sample medium provided in the kit and 50 uL of reaction mixture will be transferred to a 96-well flat bottom plate in triplicate wells.  Under protection from light, this plate will be incubated at room temperature for 30 minutes and then 50 uL stop solution will be added to each sample well.  Absorbance will then be measured at 490 nm and 680 nm using a spectrophotomer.  Analysis will be completed through plotting maximum LDH release control absorbance values minus the spontaneous LDH release control absorbance values against cell number.  This allows for the determination of linear range of the assay and the optimal number of cells. 
Next a chemical compound-mediated cytotoxicity assay will be completed by adding the optimal number of cells/well in 100 mL of medium to triplicate wells in a 96-well plate and then incubating overnight at 35 oC, 5% CO2. Three samples (spontaneous LDH activity controls, Maximum LDH activity controls, and chemical compound will be tested using this plate.  To prepare the spontaneous LDH activity controls, 10 mL of sterile water will be added to one set of triplicate wells. To prepare the maximum LDH activity controls, one set of triplicate wells of cells will be left with nothing. To prepare the chemical compound, 10 mL of electronic cigarette liquid from each experimental group will be added to one set of triplicate wells per group (total 6 sets of wells).  To the set of maximum LDH activity controls, 10 mL of lysis buffer (10X) will be added. The plate will be incubated under the same conditions outlined earlier for 45 minutes then 50 uL of each sample medium and 50 uL of reaction mixture will be transferred to a 96-well flat bottom plate. The plate will then be incubated at room temperature for 30 minutes and then 50 uL of stop solution will be added to each well.  Absorbance will then be measured at 490 and 680 nm and LDH activity will be calculated based on absorbance values. 

Design:
	This will be a two-part experiment; however, both parts of the experiment will be tested under the same controls and utilizing the same variables. I will have 11 groups that will vary based on exposure to vapor or cigarette smoke.  They are as follows:

	Group #
	Exposure

	1
	Control

	2
	Cigarette Smoke Condensate 

	3
	Unflavored Vaporizer, 0% nicotine

	4
	Unflavored Vaporizer Liquid, 1.2% nicotine

	5
	Unflavored Vaporizer Liquid, 2.4% nicotine

	6
	Menthol Flavored Vaporizer Liquid, 0% nicotine

	7
	Menthol Flavored Vaporizer Liquid, 1.2% nicotine

	8
	Menthol Flavored Vaporizer Liquid, 2.4% nicotine

	9
	Cherry Flavored Vaporizer Liquid, 0% nicotine

	10
	Cherry Flavored Vaporizer Liquid, 1.2% nicotine

	11
	Cherry Flavored Vaporizer Liquid, 2.4% nicotine



Cells will all be directly exposed in triplicates (n=3) based on what group their plate belongs to.  Independent variable for both tests is the control conditions- No exposure, CSC exposure, or Vaporizer Exposure.  Groups exposed to vaporizer liquid will also have the additional independent variables of flavor and nicotine content.
Materials:
Materials needed are as followed: Cigarette Smoke Condensate (purchased through the university of Kentucky), e-vapor in 9 conditions outlined under design (Purchased through ivape.net), Ames Test kit (purchased from Ward Scientific), a Lactate Dehydrogenase Kit (Purchased through Thermo Fisher), 3t3 mammalian cells, petri dishes with agar, incubation chambers, and a spectrophotometer.

Subjects:
	For the Ames test, a purchased strand of S. typhimurim specific for the Ames test will be studied. Cells used for the LDH assay will be 3t3 mammalian cells. The optimal type of cells will be determined by running a series of pilot studies once the LDH assay kit arrives to the college.

Analysis:
Test I: The Ames Test
	The Ames test will be analyzed by number of revertant colonies (histidine prototrophes) per plate.  These histidine prototrophes arise due to mutation of the test bacterial strain increased number of revertant colonies indicated an increase in the mutation state. The higher the ratio, the more mutations occur, and the higher the chance cell mutation would occur in the human body. I plan on analyzing statistical differences between completing an ANOVA or an unparametric equivalent. 

Test II: Lactate Dehydrogenase Analysis
	To analyze the LDH activity in cells, the % cytotoxicity will be calculated.  In order to do so, the absorbance will be measured at 490nm and 680 nm.  To determine the LDH activity, the background value (absorbance at 680nm) will be subtracted from the absorbance value at 490 nm. To calculate percent cytotoxicity, the LDH activity of the spontaneous LDH release control (water-treated) will be subtracted from the chemical-treated sample and then divided by the total LDH activity.  The equation is as follows:



[bookmark: _GoBack]I plan on analyzing statistical differences through completing an ANOVA or the nonparametric equivalent.

Expected Results:
Test I: The Ames Test
	For the Ames test, I expect to see the highest number of reverent colonies per plate in the CDC group and the lowest number of revertant colonies per plate in the control group.  The control group should show little colony growth because there should be little mutation in healthy, untreated cells. On the other hand, the CDC group should display the most reverent colonies per plate, because of the known mutagenic effects of cigarettes to cells (Hecht 1999).  I expect the vaporizer liquid groups to fall in between the control and the CDC group and to have no variation in number of reverent colonies between varying nicotine concentrations of the same flavor.  Of the vaporizer flavor groups, I expect results to be similar with slight variations.  The unflavored liquid may have less reverent colony growth due to the lack of flavoring chemicals (Allen et al. 2015). These results will meet aim number one, assessing the mutation rate of cells exposed to my experimental conditions.  In addition, these results will help provide individuals with a more concrete ideal of how vaporizer liquid interacts with their body in comparison with cigarette smoke. 
Test II: Lactate Dehydrogenase Analysis
	For the LDH analysis, I expect to see the lowest percent toxicity for the control group and the highest percent cytotoxicity for the CSC group.  The control group should show low percent cytotoxicity because cytotoxicity should be virtually zero in healthy, untreated cells.  On the other hand the CSC group should display the highest percent cytotoxicity because of the known cancerous effects that cigarettes have on the human body (Hecht 1999).  I expect the vaporizer liquid groups to fall in between the control and the CSC group and to have no variation in percent cytotoxicity between varying nicotine concentrations of the same flavor.  Of the vaporizer flavor groups, I expect results to be similar with slight variations.  The unflavored liquid may be less cytotoxic due to having a more simple chemical composition than flavored groups (Allen et al. 2105). These results will meet aim number two, assessing the lactate dehydrogenase concentration of cells, and as a result, the percent cytotoxicity.  In addition, these results will help provide individuals with a more concrete knowledge of how vaporizer liquid alters their body chemistry and ultimately, their health. 
Impact
	To conclude, this study will provide first the general science community, then the larger population with more information about the potential dangers of electronic cigarette use.  It will allow for inferences to be drawn in regards to the relative safety of electronic cigarettes in comparison to traditional cigarettes. In addition, in order for certain tests to be completed on animals, significant research must be done in order to ensure no unjust pain or suffering to the organism being studied.  As a result, this research may provide necessary insight for researchers down the road who have the resources to take this study out of the cellular world and into the organismal world. 
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