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The leading preventable cause of death in the United States of America is cigarette 

smoking. According to the Centers for Disease Control and Prevention, nearly 500,000 

individuals die because of the effects caused by smoking cigarettes. Effects such as 

cardiovascular, metabolic, pulmonary and coronary heart diseases or lung cancers through 

exposure to second hand smoke. Conditions that are related to birth and pregnancy are also some 

of the most common causes of smoking related deaths between 1965-2014.I 

 The general trend of smoking has declined significantly over the years. In 1965, 42.2% of 

adults in America were smoking actively, the percentage of smokers has declined to about 16% 

in 2014. The number of smoking students reached its highest in 1997 with 36.4% and declined 

now to 12%. Surely the increasing control of tobacco use is one of the greatest achievements of 

public health. However, this success and rate of progress is not enough. 16% represents an 

alarming high amount of 40 million people in the United States, the numbers are significantly 

higher in developing countries with less resources for education. It is of great importance to learn 

more about the carcinogenic effects of smoking and publicize this knowledge for the overall 

benefit of the world. I  

A variety of researches have been conducted to learn more about the effects of cigarette 

smoke to the body and the negative changes that prevent the body of functioning properly. One 

of these examples is the hindered regulation of cholesterol. This knowledge can be attributed the 

scientific research conducted at the Department of Chemistry & Biochemistry at the California 

State University Long Beach. The researchers studied the effects of acrolein modification of 



Apolipoprotein E. in rats. Acrolein is a simple aldehyde occurring in cigarette smoke and is 

carcinogenic to humans. Apolipoprotein E. (ApoE) is a protein that binds to lipids to form 

lipoproteins, which regulate plasma cholesterol levels. Lipoprotein metabolisms is crucial for 

homeostasis. The treatment of Apolipoprotein E. with a 10-fold molar excess in a test tube of 

acrolein has shown three main results; a significant decrease in the ability to regulate cholesterol 

metabolism, an impairment of low-density lipoprotein receptors and significant stability issues of 

the lipoproteins. 

These changes in the functional abilities of Apolipoprotein E. are directly or indirectly 

attributed to the modification by acrolein and were determined by Matrix-assisted laser 

desorption/ionization (MALDI) and Time-of-flight mass spectrometry(TOF-MS). The results of 

both analyses showed different modification on various peptide sites due to acrolein. In addition 

to that, the overall fold of the protein has been changed and disrupts the structural and functional 

integrity of ApoE. Conclusively, these results imply that people exposed to smoke and second 

hand smoke are at risk of heart diseases because of the oxidative damage of Apolipoprotein E. 

and other proteins. II 

Researchers have also contemplated the effects of second hand smoke. Scientists at the 

A. W. Spears Research Center and Lorillard Tobacco Company in North Carolina have 

conducted experiments to study the changes in lung proteins of Fisher #344 rats after exposure to 

cigarette smoke. Cigarette smoke is the leading cause for lung cancer and various other 

previously mentioned diseases, if given enough time and exposure. Long term studies of toxicity 

and carcinogenesis however are not always possible due to the length of these studies and the 

time it takes for cancer develop. This study uses a short term approach and analyzes cell 



proliferation, chronic inflammation and inhibition of cell apoptosis shortly after smoking. This 

proteomic, large scale study of proteins, might give insight to early markers of disease diagnosis. 

The Fisher #344 rats, which are bred for lab and research use, were exposed to cigarette 

smoke for 3 hours for 5 consecutive days. The doses used were 75, 200 and 400 mg of total 

particulate matter (TPM)/m3 of cigarette smoke. After exposure, the lungs of the rats were 

dissected and frozen with liquid nitrogen and samples were taken for proteomic analysis. The 

results were compared to rats that have not been exposed to cigarette smoke. The proteomic 

analysis of protein changes in human bodies has always been a challenge, the most efficient 

method is protein antibody microarray. After the protein antibody array, the lung samples were 

validated for smoke induced changes by Western blotting also called Immunoblotting. 

The results of this study show the most changes in proteins for female rats at a dosage of 

75 mg (TPM)/m3, and 200 mg (TPM)/m3 of diluted cigarette smoke for male rats. Conclusively, 

this suggested that female rats are more susceptible to carcinogens from cigarette smoke and 

parallels can be drawn to humans. Even though human and rat lungs show structural differences, 

the properties such as inhaled particle deposition and the physiological functions are the same. 

The toxins can induce transcription of genes and change and hinder or alter their functions. This 

study has also shown that smoke exposure decrease apoptosis, which can lead to the survival of 

mutant cells, which can possibly lead to cancer. III 

Considering the effects of active and passive smoking, the scientists of the Department of 

Environmental Sciences and Engineering of the University of North Carolina have conducted 

experiments to study genetic mutation caused by cigarette smoke. Specifically, the mutations of 

DNA due to isoprene. Isoprene is a 2-methyl analogue of 1,3-butadiene and is considered to be 

possibly carcinogenic to humans by the International Research Agency for Cancer (IRAC) and is 



present in cigarette smoke. Isoprene requires metabolic activation by cytochrome enzymes which 

turns it into reactive epoxides exhibiting carcinogenic effects. These epoxides are reactive 

alkylating agents at nucleophilic sites of DNA and have shown point mutations in rat’s DNA 

converting adenine to thymine. The authors analyzed the adducts formed of 2-desoxyadenosine 

(dAdo) after reaction with isoprene epoxides, 2-ethenyl-2-methyloxirane and propen-2-

yloxirane. The methods used to identify the adducts of interest were HPLC on reverse phase 

aquasil columns and LC/MS, the data was then characterized with HNMR. The results of this 

study have shown the formation of adduct monoepoxides of isoprene. The adducts formed are 

variations of N6-2-deoxyadenosine and N1-2-deoxyinosine. This research article is the first to 

study the effects of isoprene and its mutations and serves a first step to develop possible future 

biomarkers. IV 

The effects of cigarettes immediately after smoking are also of great interest. Scientists at 

the Masonic Cancer Center and Department of Pharmacology of the University of Minnesota 

have conducted a research studying the formation of polycyclic aromatic hydrocarbons (PAH) 

immediately after smoking. PAH are organic pollutants and foreign to the human body. They 

have carcinogenic effects and are among the most common precursors of lung cancer in smokers. 

For the carcinogenic effects of PAH to unfold, it needs a metabolic activation. PAH is xenobiotic 

and metabolized by endogenous enzymes. These enzymes are responsible for the excretion of the 

majority of foreign chemical substances after metabolism. One of which proceeds in a three step 

mechanism forming diol epoxides. These epoxides are very reactive towards DNA and produce 

DNA adducts that easily cause point mutations. In addition, most of them react readily with H2O 

producing tetraols, 4 alcohol substituents. 



This study uses phenanthrenetetraol (PheT), which has very similar structural features to 

PAH and is considered non carcinogenic, and added it to cigarettes which were smoked by 12 

volunteers. The advantage of PheT is, that it is synthesized and cannot be formed naturally. 

However, it possesses the same properties as many PAH diol epoxides and therefore is an 

excellent biomarker to monitor the pathway of PAH metabolism. A blood plasma sample was 

drawn from the volunteers before they smoked the prepared cigarettes, the smoking took about 5 

minutes. Afterwards, blood plasma of the volunteers was drawn again in 15 minute intervals and 

analyzed for PheT and the major end product of the diol epoxide pathway using gas 

chromatography and tandem mass spectroscopy. 

The results for both techniques graphed in “relative abundance” versus “time”. Both 

showed PheT concentrations in the first blood plasma analysis ranging from 44.9 fmol/mL to 

203.5 fmol/mL. The concentrations of PheT decreases after time and was completely excreted 

from the system 1440 minutes after smoking. This gives further insight and showed that 

participants displayed elevated levels of PheT almost immediately between 15-30 minutes after 

smoking. This further emphasizing the potential for immediate damage of DNA and 

susceptibility to develop cancer. V 

Considering the effects immediately after smoking, the effects after cessation of smoking 

is also of high interest. The researchers at the Masonic Cancer Center and the Transdisciplinary 

Tobacco Use Research Center of the University of Minnesota have studied the effects of 

smoking cessation and quantified eight urinary tobacco carcinogens and toxicant biomarkers. 

About 90% of lung cancer cases are due to smoking. However, only about 15% of smokers will 

develop lung cancer. This research hopes to aid in the prediction of a person’s susceptibility to 

lung cancer in the future. Quantitative measurements after exposure to tobacco smoke can give 



insight to the fate of carcinogens and toxicants in human bodies and contribute valuable 

information for further research. This can be used to develop risk algorithms for identification of 

susceptible smokers.  

 The eight carcinogen and toxicant biomarkers to be evaluated and quantified are 

Toxicant Biomarker Collectively Named 

1-hydroxy-2-(N-acetylcysteinyl)-3-butene 
MHBMA (monohydroxybutyl mercapturic acid) 

1-(N-acetylcysteinyl)-2-hydroxy-3- butene 

1,2-dihydroxy-4-(N-acetylcysteinyl)butane DHBMA  (dihydroxybutyl mercapturic acid) 

metabolites of 1,3-butadiene 
HPMA (3-hydroxypropyl mercapturic acid) 

1-(N-acetylcysteinyl)-propan-3-ol 

metabolite of acrolein; 2-(N-acetylcysteinyl)butan-4-ol HBMA (4-hydroxybut-2-yl mercapturic acid) 

metabolite of crotonaldehyde 
SPMA (S-phenyl mercapturic acid) 

(N-acetylcysteinyl)benzene 

metabolite of benzene HEMA (2-hydroxyethyl mercapturic acid) 

(N-acetylcysteinyl) ethanol  
 
 
 
 
 

metabolite of ethylene oxide 

1-hydroxypyrene 

glucuronides [1-HOP] 
 

All of these biomarkers are carcinogenic to humans, 1,3-Butadiene, acrolein, croton aldehyde, 

benzene, and ethylene oxide are found in cigarette smoke and are classified as carcinogenic to 

humans by the International Research Agency for Cancer (IRAC). 

The 8 biomarkers mentioned were quantified in the urine of 17 smokers at baseline and 

right after smoking. Quantifications proceed 3, 7, 14, 21, 28, 42, and 56 days after cessation. The 

experimental methods used to analyze the data were HPLC, electrospray ionization MS and 

Tandem MS. The results of this study show the levels of the 8 biomarkers at baseline, which is 

right after smoking, to be 1-3 nmol/24 h for NNAL, 1-HOP, and SPMA; 60-100 nmol/24 h for 



HEMA and MHBMA; and 1,000-10,000 nmol/24 h for DHBMA, HPMA, and HBMA. After 21 

days, the mean level of all carcinogens have shown a decrease of about 80%. Conclusively, this 

shows that these carcinogens and toxicant biomarkers and the exposure to them are primarily due 

to cigarette smoke. This study will contribute to further research in the field and be useful for the 

prediction of potential lung cancer patients.VI 

 Given these points it is evident that cigarette smoke has a shocking amount of negative 

effects and still poses threat to the health of the public. Even though the general trend of smoking 

is declining, the invention of new tobacco products such as vapes and electronic cigarettes and 

the rediscovery of hookah smoking in the past year has increased the amount of smokers 

noticeably. I, VII These new smoking options have especially gained popularity among young 

smokers and nearly tripled from 4.5% in 2013 to 13.4% in 2014.VII It is therefore of high interest 

to further conduct research to gain knowledge on the effects of especially these new smoking 

options and prevention or treatment of health diseases.  
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