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ABSTRACT 

  

Nicotine is the principal alkaloid found in tobacco and 70%-80% is 

converted to cotinine. Like nicotine, cotinine can rapidly pass through the placenta 

from mother to child by transplacental transfer which occurs throughout pregnancy. 

Epidemiological research has found a statistically significant association between 

maternal smoking and the occurrence of oral clefts in newborns. In this study, the 

PMEF cell line (E13) was selected to represent mesenchymal cells at embryonic day 

13 (E13) in mice, which coincides with the elevation of the palatal shelves marking a 

critical time in palatogenesis. This study aims to investigate the effects of nicotine, 

cotinine, and their combination on ROS generation, cell viability, cell apoptosis, and 

apoptosis-related gene expression in PMEF cells in vitro. Results showed that nicotine 

and cotinine had an adverse effect on PMEF cells through decreased cell viability and 

increased apoptotic cell death in a dose-dependent manner. Nicotine, cotinine, and the 

combination of them significantly increased the generation of ROS. Overproduction 

of ROS was closely associated with the number of viable cells, apoptotic cells, and 

the expression of apoptosis- related PMEF genes, such as CAS3 and P53, which 

induce apoptosis. Interestingly, this study also found that cotinine enhanced the 

cytotoxic effect of nicotine treatments by decreasing cell viability, activating cell 

apoptosis by increasing ROS production and expression of CAS3 and P53. 

 
 

 

  



 D 

ACKNOWLEDGEMENT S 
 

ACKNOWLEDGEMENTS 

  

The author is grateful to thank Associate Professor Piyamas 

Sumrejkanchanakij, Assistant Professor Dr. Suttipalin Suwannakul, Assistant Professor 

Dr. Suwimon Jettanacheawchankit  and  Assistant Professor  Dr. Jadesada Palasuk for 

their invaluable discuss and encouragement. 

The author would especially like to thank my advisor Associate Professor Dr. 

Rungarun Kriangkrai for her guidance and attendant throughout the study. The author 

thanks lecturers in Oral Biology Department, Faculty of Dentistry, Naresuan University 

for their instruction and good recommendation. 

The finally the author would like to thank my family and my colleague for 

supporting me throughout the work. 

The research was supported by This research and innovation activity is funded 

by National Research Council of Thailand (NRCT) and Faculty of Dentistry, Naresuan 

University is gratefully acknowledged. 

  

  

Hathairat  Lekatana 
 

 

 



TABLE OF CONTENTS 

 Page 

ABSTRACT .................................................................................................................. C 

ACKNOWLEDGEMENTS .......................................................................................... D 

TABLE OF CONTENTS .............................................................................................. E 

LIST OF FIGURES ...................................................................................................... G 

ABBREVATION ........................................................................................................... I 

CHAPTER I  INTRODUCTION ................................................................................... 1 

Research Objectives ................................................................................................... 3 

Research Significances .............................................................................................. 4 

Research Scope .......................................................................................................... 4 

Keywords ................................................................................................................... 4 

Research Hypothesis .................................................................................................. 4 

CHAPTER II  REVIEW OF LITERATURE ................................................................ 5 

Nicotine and cotinine ................................................................................................. 5 

Effects of nicotine and cotinine to embryonic development and cell ........................ 7 

Apoptosis ................................................................................................................. 11 

Bcl2 family proteins (pro-apoptotic or anti-apoptotic members) ............................ 13 

Reactive oxygen species (ROS) ............................................................................... 14 

Effect of reactive oxygen species on regulators of cell apoptosis ........................... 15 

Effect of cigarette on reactive oxygen species related to cell apoptosis .................. 17 

CHAPTER III  RESEARCH  METHODOLOGY ...................................................... 20 

Population and Samples ........................................................................................... 20 

Research Variables .................................................................................................. 20 

Research Instrument ................................................................................................ 20 

Research materials and chemical agents .................................................................. 20 

   



 F 

Research methods .................................................................................................... 21 

Data Analysis ........................................................................................................... 26 

CHAPTER IV  RESULTS ........................................................................................... 27 

Effect of nicotine and cotinine on cell viability ....................................................... 27 

Effect of nicotine and cotinine on cell morphology ................................................ 31 

Effect of nicotine and cotinine on cell apoptosis ..................................................... 35 

Effect of nicotine and cotinine on the generation of ROS ....................................... 37 

Gene expression assay by real-time quantitative reverse transcription polymerase 

chain reaction (RT-qPCR) ................................................................................. 40 

CHAPTER V  DISCUSSION AND CONCLUSION ................................................. 44 

Conclusions .............................................................................................................. 53 

REFERENCES ............................................................................................................ 55 

APPENDIX .................................................................................................................. 72 

BIOGRAPHY ............................................................................................................ 135 

 



LIST OF FIGURES 

 Page 

Figure  1 Major pathways of nicotine metabolism ........................................................ 6 

Figure  2 The extrinsic pathway of apoptosis activated through Fas death receptor ... 12 

Figure  3 The intrinsic pathway of apoptosis ............................................................... 13 

Figure  4 Cell viability (mean ± SD) of PMEF cells cultured in nicotine (0, 1, 3, 4 and 

5 mM) at 24 hours determined using MTT assay ........................................................ 28 

Figure  5 Cell viability (mean ± SD) of PMEF cells cultured in cotinine (0, 0.1, 0.5, 1, 

5 and 10 mM) at 24 hours determined using MTT assay ............................................ 29 

Figure  6 Cell viability (mean ± SD) of PMEF cells cultured in 5 mM nicotine combined with 

cotinine (0, 0.1, 0.5, 1, 5 and 10 mM) at 24 hours determined using MTT assay ................. 30 

Figure  7 Cell viability (mean ± SD) of PMEF cells cultured in cotinine (0.1, 0.5, 1, 5 

and 10 mM) compared with 5 mM nicotine combined with cotinine (0.1, 0.5, 1, 5 and 

10 mM) at 24 hours determined using MTT assay ...................................................... 31 

Figure  8 Morphological with the treatment of nicotine at 3 mM, the cells showed a 

large amount of cell exhibiting irregular form and in closed contact with neighbouring 

cells. Treatment with nicotine at 4 and 5 mM showed the cell shrinkage and loose 

contact to neighbouring cells. Its chromatin condensed followed by blebbing or 

budding of the plasma membrane (green arrowhead), and   fragmentation of the cell 

into compact membrane-enclosed structures called 'apoptotic bodies' (red arrowhead) 

(×400 magnification, Fluorescence microscope BX60, Olympus®, Tokyo, Japan). ... 32 

Figure  9 Treatment with cotinine in all groups showed cell close contact with 

neighbouring cells, changed in cell shape through shrinking, and an increased  degree 

of condensation in a dose-dependent manner. At 5 mM cotinine cells  showed 

deformation and loosened contact to its neighbouring cells  (×400 magnification, 

Fluorescence microscope BX60, Olympus®, Tokyo, Japan) ....................................... 33 

Figure  10 At 6 h of nicotine at 5 mM, cells exhibited swelling, polymorphic vacuole 

formation and condensed nuclei. At 5 mM nicotine combined with cotinine at 0.5, 1 

and 5 mM, cells displayed an irregular form, close contact with neighbouring cells, 

and increased the degree of condensation in a dose-dependent manner. At 24 h, all of 

cell treated groups showed the characterised morphologically of apoptosis, green and 

red arrowhead indicated plasma membrane blebbing and apoptotic bodies, 

respectively (×400 magnification, Fluorescence microscope BX60, Olympus®, Tokyo, 

Japan) ........................................................................................................................... 34 

   



 H 

Figure  11 Cell apoptosis (mean ± SD) of PMEF cells cultured in nicotine (untreated, 

3 and 5 mM) at 24 hours determined using HT Titer TACSTM. .................................. 36 

Figure  12 Cell apoptosis (mean ± SD) of PMEF cells cultured in cotinine  (untreated, 

0.5, 1 and 5 mM) at 24 hours determined using HT Titer TACSTM. ........................... 36 

Figure  13 Cell apoptosis (mean ± SD) of PMEF cells cultured in 5 mM nicotine 

combined with cotinine (0, 0.1, 0.5, 1 and 5 mM) at 24 hours determined using HT 

Titer TACSTM............................................................................................................... 37 

Figure  14 ROS generation (mean ± SD) of PMEF cells cultured in nicotine (0, 3, 4 

and 5 mM) at 6 hours determined using ROS-Glo H2O2 assay ................................... 38 

Figure  15 ROS generation (mean ± SD) of PMEF cells cultured in cotinine (0, 0.1, 

0.5, 1 and 5 mM) at 6 hours determined using ROS-Glo H2O2 assay ......................... 39 

Figure  16 ROS generation (mean ± SD) of PMEF cells cultured in 5 mM nicotine 

combined with cotinine concentration (0, 0.1, 0.5, 1 and 5 mM) at 6 hours determined 

using ROS-Glo H2O2 assay .......................................................................................... 39 

Figure 17 ROS generation (mean ± SD) of PMEF cells cultured in cotinine (0.1, 0.5, 1 

and 5 mM) compared with 5 mM nicotine combined with cotinine (0.1, 0.5, 1 and 5 

mM) at 6 hours determined using ROS-Glo H2O2 assay ............................................. 40 

Figure  18 The relative mRNA expression level of BAX (mean ± SD) in PMEF cells 

cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM combined 

with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR ........................ 41 

Figure  19 The relative mRNA expression level of BCL2 (mean ± SD) of PMEF cells 

cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM combined 

with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR ........................ 42 

Figure  20 The relative mRNA expression level of Caspase 3 (mean ± SD) of PMEF cells 

cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM combined with 

cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR .................................... 42 

Figure  21 The relative mRNA expression level of P53 (mean ± SD) of PMEF cells 

cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM combined 

with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR ........................ 43 

Figure  22 The propose mechanisms of nicotine and cotinine induced apoptosis on 

PMEF. Nicotine combined with cotinine increased the ROS generation which resulted 

in the decreased cell viability, increased cell apopotosis and upregulated expression of 

BAX and P53. Consequently, the mitochondrial outer membrane permeability was 

increased and then accelerated the release of cytochrome C into cytoplasm leading to 

the caspase dependent apoptosis via expression of CAS3 ........................................... 54 

 

 



 

ABBREVATION 

 

Apaf-1  = Activates factor 1  

Bax  = Bcl2-associated X protein  

Bcl2  = B‑cell lymphoma‑2  

BclB  = Bcl2-like protein 10  

BclW = Bcl2-like protein 2  

BclXL  = Bcl-X large  

Bfl1  = Bcl2-related protein A1  

BH  = Bcl2 homology  

CAS3 = Caspase3 

CAT  = Catalase  

CNCCs  = Cranial neural crest cells  

CSC  = Cigarette smoke condensate   

CSE  = Cigarette smoke extraction  

DISC  = Death‑inducing signalling complex  

DMEM  = Dulbecco’s modified Eagle medium  

DMSO  = Dimethyl sulfoxide  

GAPDH  = Glyceraldehyde 3-phosphate dehydrogenase 

GPXs  = glutathione peroxidase  

hOMF  = human Oral mucous fibroblasts  

H2O2  = Hydrogen peroxide  

hPDLCs  = human Periodontal ligament cells  

OH•  = Hydroxyl radical  

O2•−  = Superoxide anion  

Mc11  = Myeloid cell leukemia 1  

mESCs  = Mouse Embryonic stem cell  

MOMP  = Mitochondrial outer membrane permeabilization 

MPT  = Mitochondrial permeability transition 



 

 

J 

MRC-5  = Pulmonary fibroblast cell line  

MSCs  = Mesenchymal stem cells  

MTT  = 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium  

nAChRs  = Nicotinic acetylcholine receptors  

NSCLC  = Non-small cell lung cancer cells 

PBS  = Phosphate Buffered Saline  

PMEF  = Primary mouse embryonic fibroblast  

RLU  = Relative luminescence units  

ROS  = Reactive oxygen species  

STE  = Smokeless tobacco extracts 

TNF  = Tumor necrosis factor  

UCB  = Umbilical cord blood  

 



 

CHAPTER I 

 

INTRODUCTION 

 

 Smoking, alcohol consumption, and vitamin deficiency during pregnancy are 

environmental risk factors that have been widely investigated on their adverse effects 

on fetal development (1-3). It should be noted that at the beginning of pregnancy, the 

embryo is highly sensitive to its surroundings. Nutrients, chemicals or drugs that are 

able to pass the placental barrier can have direct impacts on growth and development.  

 For example, active maternal cigarette smoking impacts in every trimester of 

pregnancy ranging from increased miscarriages in the first trimester (4) to increased 

premature delivery and decreased fetal growth in the third trimester (5). Cigarette 

smoke contains thousands of compounds and some of them are known to impair 

human reproduction and development resulting in disability (6). Studies in mouse 

experiment reported that components in tobaccos directly affected the craniofacial 

development and obviously interrupted morphological process formation (7, 8). 

Nicotine is the principal alkaloid in tobacco and it comprises approximately 95% of 

the total alkaloid (9). Adverse effects of nicotine on fetal growth and development 

have been reported elsewhere.    

 Also, nicotine is considered as the main teratogenic substance that alters and 

delays embryonic development (10). Several authors stated that there is an evidence 

supported the nicotine accumulation in fetal serum and amnionic fluid because 

slightly higher concentrations of nicotine were found in fetal serum and amnionic 

fluid than that found in maternal serum (11, 12). Another interesting finding was a 

dose effect relationship between nicotine intake and smoking-related outcomes of 

pregnancy (13, 14).  

 Nicotine is extensively metabolized in liver and approximately 70%-80% of 

nicotine is converted to cotinine. The cotinine levels are of particular interest as 

qualitative markers of tobacco use and quantitative indicators of nicotine intake (15). 

Like nicotine, cotinine can rapidly pass the placenta from mother to child through 

transplacental transfer occurring throughout pregnancy (16-18).  
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 Cigarette smoke or tobacco alkaloids are not only absorbed locally but may 

also enter the systemic circulation. Interestingly, evidences have demonstrated the 

effects of cigarette smoke in biological processes, including inflammation, antioxidant 

defence and cell apoptosis (19-21). The cytotoxic effects of cigarette smoke are 

associated with its action to augment the intracellular reactive oxygen species (ROS) 

level (22)  and to diminish protective antioxidant enzymes (23). Effects of ROS 

depend on the quantity and duration of exposure. At low concentrations, ROS 

activates cell cycle progression by stimulating signalling cascades and in the case of 

continued exposure, cell cycles may be arrested. At high concentrations, cell 

cycle/growth is terminated and cell damage is increased leading to cell apoptosis or 

necrosis (24). 

 Moreover, ROS overproduction induces severe mitochondrial dysfunction 

(25) and leads to mitochondrial structural oxidation, opening of the mitochondrial 

permeability transition (MPT) pores (26-28). Previous studies revealed that increased 

ROS generation such as H2O2 and O2 
•− resulted in the release of cytochrome C and 

induction of apoptosis through the mitochondrial pathway (29, 30).  

 ROS can alter pro- and anti-apoptotic Bcl2 family proteins and activate pro-

apoptotic Bcl2 family proteins which are then translocated into the outer 

mitochondrial membrane. This process facilitates MOMP by formation of large 

channels and leakage of pro-apoptotic factors (i.e cytochrome C) into the cytosol and 

eventually results in apoptotic cell death (31, 32).  The roles of ROS in apoptosis is 

supported by Wang’s study. The results showed teroxirone induced cytotoxicity in 

human non-small cell lung cancer cells (NSCLC) which could involve in P53-

associated intrinsic apoptosis pathway and ROS production. In their study, teroxirone 

induced ROS mediated cytotoxicity and the inhibition of teroxirone using antioxidant 

pretreatment with N-acetylcysteine diminished ROS and inverted the expression of 

Bax, Bcl-2 and cytochrome C. These results suggest the roles of ROS as an effective 

initial mediator in the P53-dependent intrinsic apoptotic pathway (33).  

 The effects of intracellular ROS induced by tobacco on cell apoptosis have 

been widely investigated (34). For example, nicotine at a concentration of 6 mM 

induced ROS level and embryonic apoptosis. The nicotine negatively causes 

embryonic malformations (35). Moreover, a study in human oral mucous fibroblasts 
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(hOMF) showed that smokeless tobacco extracts (STE) induced ROS production. 

STE also induced cell apoptosis by regulating the apoptosis associated proteins of 

which Bax expression were increased and Bcl2 expression were decreased in a 

dose‑dependent manner (36).          

 In addition, studies investigated the effects of cigarette smoke extraction 

(CSE) on cell viability and cell death in mouse embryonic stem cell (mESCs) and the 

ROS induced by CSE. CSE increased oxidative stress by promoting ROS formation, 

which resulted in apoptosis of mESCs (37).  

 Previous studies have been reported the negative effects of cigarette smoke 

or tobacco alkaloids on mouse embryonic development and various types of cells. 

However, effects of ROS induced by nicotine (the main teratogenic substance that 

alters and delays embryonic development), cotinine (the major metabolized form of 

nicotine) and their combination on cell apoptosis, and the expression of apoptosis-

related genes in primary mouse embryonic fibroblast (PMEF) cell line have never 

been investigated.  PMEF is mesenchymal cells that is going to differentiate into 

various morphological structures and organs of mammalian embryo, especially 

craniofacial formation.  Evidence-based information of the association between 

nicotine and cotinine, and palatal development can be obtained. This study aims to 

investigate the effect of nicotine, cotinine and their combination on ROS generation, 

cell viability, cell apoptosis and apoptosis-related genes expression of PMEF cell in 

vitro. 

 

Research Objectives   

 1. To investigate the effects nicotine, cotinine and their combination on ROS 

generation  

 2. To investigate the effects of ROS induced by nicotine, cotinine and their 

combination on cell apoptosis of PMEF  

     3. To investigate the effects of ROS induced by nicotine, cotinine and their 

combination on expression of apoptosis-related genes of PMEF   
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Research Significances  

 1. Whether or not the effects nicotine, cotinine and their combination on 

ROS generation can be clarified. 

 2. Whether or not the effects of ROS induced by nicotine, cotinine and their 

combination on cell apoptosis of PMEF can be clarified. 

 3. Whether or not the effects of ROS induced by nicotine, cotinine and their 

combination on expression of apoptosis-related genes of PMEF can be clarified. 

 4. Evidence-based information of the association between nicotine, cotinine 

and their combination, and palatal development can be obtained. 

 

Research Scope 

 This is an in vitro study aimed to investigate the effect of ROS generation 

induced by nicotine, cotinine and their combination on cell apoptosis and apoptosis-

related genes expression in primary mouse embryonic fibroblast (PMEF) cell line at 

E13 stage.  

 

Keywords 

 Apoptosis, Cotinine, Embryonic fibroblast cell, Nicotine, Reactive oxygen 

species.  

  

Research Hypothesis  

 1. Nicotine, cotinine and their combination alter ROS generation and cell 

apoptosis, of PMEF. 

 2. ROS induced by nicotine, cotinine and their combination affects cell 

apoptosis and apoptosis-related genes expression of PMEF.  



 

CHAPTER II 

 

REVIEW OF LITERATURE 

 

Nicotine and cotinine  

 Nicotine is the principal alkaloid in tobacco and it comprises approximately 

95% of the total alkaloid. One cigarette contains an average of 10 to 14 mg of nicotine 

(9). Other than nicotine, numerous alkaloids have been identified at different 

concentration including nornicotine (27-88 μg), cotinine (9-50 μg), anabasine (3-12 

μg), anatabine (4-14 μg), myosmine (9 μg), and 2,3' dipyridyl (7-27 μg), N'-

methylanabasine, nicotyrine, nornicotyrine, and nicotine-N'-oxide (38). 

 Nicotine (3-[1-methyl-2-pyrrolidinyl] pyridine) is a tertiary amine composed 

of a pyridine and a pyrrolidine ring (Figure 1). It can exist in two different three 

dimensionally structured shapes, called stereoisomers (R- and S- forms). It must be 

noted that tobacco contains only (S)-nicotine which is the most pharmacologically 

active form (39). During smoking, 1 to 1.5 mg of nicotine is absorbed systemically 

(40) through biological membranes (41), small airways and alveoli of the lung which 

is rapidly absorbed pathway (42). 

 Blood or plasma nicotine concentrations during daily smoking range 10-37 

ng/ml, and typically peak at the completion of smoking range 19-50 ng/ml (43). 

Plasma half-life of nicotine after cigarette smoking is approximately 2 h and nicotine 

may be last 6 to 8 h after cessation of smoking. The longer half-life of nicotine at 

lower concentrations is most likely due to a slow release of nicotine from tissues such 

as liver, kidney, spleen, and lung whereas the highest affinity (44).  

 Nicotine is extensively metabolized in liver. This transformation involves 

two steps. The first step is mediated primarily by a cytochrome P450 system to 

produce nicotine-1(5)-iminium ion and 5-hydroxynicotine (45, 46) (Figure 1). The 

second step is catalysed by a cytoplasmic aldehyde oxidase to produce cotinine; the 

primary metabolite of nicotine. In humans, approximately 70%-80% of nicotine is 

converted to cotinine (15). 
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 Cotinine ( [ 5S] -1-methyl-5-[ 3- pyridyl] -pyrrolidin-2-one)  is further 

metabolized and only 17 percent is excreted unchanged in urine (47).  The highest 

concentrations of cotinine are found in liver. Cotinine is also present in the blood of 

smokers approximately at 250-300 ng/ ml (48, 49).  These concentrations are much 

higher than those of nicotine. The average half-life of cotinine is 16 h which is longer 

than that of nicotine (50).   

 The cotinine levels are of particular interest as qualitative markers of tobacco 

use and quantitative indicators of nicotine intake. Because of the long half-life of 

cotinine, it has been used as a biomarker for daily intake, both in cigarette smokers 

and in those exposed to environmental tobacco smoke (15). Since a high correlation 

among cotinine concentrations measured in plasma, saliva, and urine have been 

found, measurements of cotinine in any one of these fluids can be used as a marker of 

nicotine intake (51). 

 

 

 

Figure  1 Major pathways of nicotine metabolism 
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Effects of nicotine and cotinine to embryonic development and cell 

 Exposure to tobacco constituents is a risk factor for negative birth outcomes. 

Adverse effects of nicotine and cotinine on fetal growth/development have been 

reported elsewhere. Active maternal cigarette smoking has an impact in every 

trimester of pregnancy, from increased miscarriages in the first trimester (4) to 

increased premature delivery  and decreased fetal growth in the third trimester (5).  

 In addition, the research of epidemiology found high risk of orofacial cleft of 

newborns in maternal smokers during pregnancy. In previous studies, meta-analyses 

found a statistically significant association between maternal smoking and oral clefts 

(52-54). The evidence associated specifically with orofacial clefts, and smoking tends 

to support 1.5-fold increased risk of orofacial cleft for maternal smoking compared to 

non-smoking mother in early pregnancy. This evidence also indicates an exposure-

response relationship (55). Moreover, in animal model, it was clear that mouse 

craniofacial development can be disrupted by exposure to tobacco smoke (8, 10, 56).  

 According to several studies, nicotine is able to cross the placenta and has 

been found in amniotic fluid and the umbilical cord blood of neonates (57-59). It was 

reported that more than 15% of nicotine that mother absorbed during smoking was 

detected in the fetal circulation within 15–30 minutes. This finding suggested that 

maternal smoking may directly affect the fetus (11 ). Previous study demonstrated a 

direct relationship between nicotine concentration and the decreased fetal weight, 

number of resorptions and malformations, embryotoxicity and intrauterine growth 

retardation (60 ).           

 Nicotine is a low molecular weight and has high lipid solubility. As a result, 

it is absorbed by the mother quickly and easily crosses the placenta into the fetal 

bloodstream (38, 61). Also, several authors stated that there are evidences for the 

accumulation of nicotine in fetal serum and amnionic fluid due to slightly higher 

concentrations of nicotine were found than that found in maternal serum (11, 12). 

Another interesting finding was a dose effect relationship existed between nicotine 

intake and smoking-related outcomes of pregnancy (13, 14).  

 Animal studies confirmed nicotine’s teratogenic effects by disrupting organ 

development including brain and lungs. This leads to adverse cognitive, emotional, 

and behavioural outcomes (62). In addition, nicotine is considered as the main 
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teratogenic substance that alters and delays embryonic development. Consistent 

nicotine exposure during pregnancy interferes with normal growth and development 

and palate formation of the fetus in the BALB/c mouse model. Studying the patterns 

of differential gene expression in response to nicotine exposure throughout pregnancy 

may provide the key to understanding the impact of nicotine in the genetic and 

morphological make-up of the developing fetus (10).   

 Exposure to nicotine in the fetus can be indirectly evaluated by measuring 

the concentrations of its metabolite (i.e. cotinine) in maternal urine, serum or saliva 

(63, 64). Due to the specificity and ease of measurement, cotinine offers advantages 

over other metabolites/toxins in quantifying fetal exposure to cigarette smoking.          

 Like nicotine, cotinine can rapidly pass-through placenta from mother to 

child and transplacental transfer occurs throughout pregnancy (16-18). Previous 

studies investigating third-trimester samples (65, 66) showed a positive linear 

correlation between maternal and fetal serum cotinine concentration, and the number 

of cigarettes smoked per day. The fetal cotinine has a great impact on fetal growth and 

development in a dose-dependent manner. In addition, exposure to smoking during 

pregnancy is significantly associated with higher cord blood cotinine level.       

 Abdullah compared the pregnancy outcomes and umbilical cord blood 

(UCB) cotinine levels between maternal smokers and maternal non-smokers.  It was 

shown that UCB cotinine levels in newborns of maternal smokers were 16.35 (+/-

12.84) ng/mL and 0.56 (+/-0.22) ng/mL for the newborns of maternal non-smokers 

(67). 

 Many researchers demonstrated that the constituents of cigarette smoke or 

smokeless tobacco have been shown to cause damage at the cellular level. Also, 

cigarette smoke or smokeless tobacco are not only absorbed locally but may also enter 

the systemic circulation. Interestingly, evidence has demonstrated the effects of 

cigarette smoke or smokeless tobacco in biological processes, including 

inflammation, antioxidant defence and cell apoptosis. A previous study reported that 

cigarette smoke condensate (CSC) exposure induced telomere shortening or loss, 

leading to chromosomal uncertainty, apoptosis, and compromised embryo cleavage in 

mouse embryonic stem cell (mESCs), which was provoked in telomeres with anomaly 

(68).  
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 For example, recent study showed that the potential roles of smokeless 

tobacco extract (STE) that serve in proliferation, cell cycle and apoptosis of human 

oral mucosa fibroblasts (hOMF) cells. The results indicated that STE increased the 

rate of cell cycle progression and apoptosis via cell cycle and apoptosis associated 

proteins (36). Moreover, a study investigated the effects of cigarette smoke extract 

(CSE) on cell viability and cell death of mouse embryonic stem cells (mESCs) and 

correlated the oxidative stress induced by CSE with the cell cycle and apoptosis.  

 Results suggested that cigarette smoke may adversely affect embryonic 

growth or function. CSEs inhibited cell proliferation by regulating cell cycle-related 

protein expression and increased oxidative stress by promoting ROS formation, which 

resulted in apoptosis of mESCs (37).  It should be noted that at the beginning of 

pregnancy, the embryo is highly sensitive to its surroundings, and chemicals that can 

pass through the placental barrier, such as cigarette smoke, and can cause 

developmental disability.  

 As been recognized as the main alkaloid in tobacco, several studies have 

investigated nicotine and cotinine on cellular and molecular effects. It showed that 

cotinine is not only the main metabolite of nicotine, but studies also reported the 

causative effect of cotinine on smoking related disease, such as cancer (2, 42, 69). 

Furthermore, previous studies investigated the possible direct action of nicotine and 

cotinine at the level of the embryo. Nicotine concentrations ranged between 0.5 -5 

mM and marked inhibition of blastulation was observed at the nicotine concentration 

of 5 mM. On the other hand, the sensitivity of the embryo to cotinine was low. 

Studies reported the minimum concentration of cotinine that can disrupt fetal 

development was 8 mM. However, in the laboratory study, by adding of 0.5 mM 

nicotine to the media containing 0.8 mM of cotinine, embryos blastulation was 

inhibited (70).   

 Moreover, cotinine causes abnormal cell proliferation as demonstrated by 

increased cell numbers and reactivation of telomerase in a dose dependent manner. 

Studies demonstrated cotinine's stimulatory effect on vascular smooth muscle cells in 

vitro at low doses while high doses of cotinine caused a toxic effect (71).  High 

concentration of cotinine may induce malformed at the cranial part of the thoracic 

neural tube in a chick embryo model (72). In addition, cotinine concentrations (2 mM) 
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induced marked cell death in pulmonary fibroblast cell line (MRC-5) and showed 

lower toxicity than nicotine on the MRC-5 cells (73). 

 Nicotine also affects in cell proliferation of various types of cell especially 

on mesenchymal derived cells.  For example, at concentrations between 1.8 and 3.7 

µM, nicotine leads to multiple adverse effects to human embryonic stem cells such as 

increased cell death (74). The survival and proliferation of human alveolar bone 

marrow-derived mesenchymal stem cells decreased when the cells were exposed to 5 

mM of nicotine (75).          

 Nicotine in doses ranging from 3.112 µM to 31.125 µM exerted a significant 

cytotoxicity on human mesenchymal stem cells (MSCs) derived from the human 

periodontal tissues after 24 h and 48 h (76). In human Wharton’s jelly mesenchymal 

stem cell culture, 5 µM nicotine treatment impaired cell proliferation (77). At the 

lower concentrations of nicotine, cell proliferation was increased. On the other hand, 

high concentrations of nicotine at 1 or 10 mM suppressed mESCs (line D3) 

proliferation and significantly decreased the levels of PCNA, cyclin A,  cyclin B and 

the levels of proteins involved in cell cycle progression (78).  

 Interestingly, nicotine has special apoptotic effects both in vitro and in vivo. 

Some studies have reported that nicotine triggers apoptosis (79-81). Therefore, 

nicotine can be pro-apoptotic effect depending on the concentration of the substance 

used, species-related variations in the metabolism of nicotine and the target cells. 

Previous studies provided an insight into the molecular mechanisms of nicotine pro- 

apoptotic effects on the liver and kidney. Results showed a significant increase in 

Bax/Bcl-2 ratio in the nicotine treated mice (82).   

 Nicotine promoted early apoptosis of osteoblasts was only significantly 

promoted by treatment with nicotine concentrations of 1x104 and 1x103 mol/l. 

Nicotine also inhibited mineralized nodule formation in a dose-dependent manner by 

regulating alkaline phosphatase activity and the expression of osteoblast metabolism-

associated genes and proteins (83).    

 Yu et al. reported the reduced  cell viability of human  periodontal ligament 

cells (hPDLCs) after nicotine treatment in a dose dependent manner (84). In addition, 

study in pulmonary fibroblast cell line (MRC-5) showed the similar results as high 

nicotine concentrations (2 mM) induced approximately 50% cell death after 24 h (73). 
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These finding was an evidence that nicotine significantly affected the cell growth rate 

and apoptosis.   

Apoptosis         
 Apoptosis or programmed cell death is an essential role in development, 

immune response, and normal physiological conditions. It is often found during 

normal cell turnover, tissue homeostasis, and embryogenesis (85). Apoptosis occurs 

through an active cellular signalling process triggered by varieties of stimuli such as 

deprivation of growth/survival factors, exposure to cytotoxic drugs, reactive oxygen 

species (ROS) or DNA damaging agents, activation of death receptors, and action of 

cytotoxic cells (86).          

 Apoptotic cell death is characterised by various morphological and 

biochemical changes. Morphologically, it is characterized by cell shrinkage followed 

by the plasma membrane blebbing, nuclear and cytoplasmic condensation, chromatin 

aggregation, degradation of DNA, partition of cytoplasm and nucleus into membrane 

bound-vesicles, and formation of apoptotic bodies. In vitro observation revealed that 

the apoptotic bodies as well as the remaining cell fragments ultimately swell and 

finally lyse (87). These apoptotic bodies are rapidly recognized and phagocytized by 

either macrophages or adjacent epithelial cells as observed in vivo (88).  

 Apoptosis involves several biochemical features. Induction of apoptosis can 

occur through two signalling pathways: the extrinsic and intrinsic pathways. Both 

pathways induce caspase 3 causing fragmentation of DNA at the last step of apoptosis 

(89). The extrinsic pathway, also called “the death receptor pathway”, is initiated 

when certain members of the tumor necrosis factor (TNF) receptor family such as Fas 

death receptor bind to their cognate receptors or ligand, leading to the formation of an 

intracellular death‑inducing signalling complex (DISC) or initiate procaspase 8, 

procaspase 10. Once activated in the DISC, the initiator caspase activated downstream 

executioner procaspases to induce apoptosis (90-92) (Figure 2). 
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Figure  2 The extrinsic pathway of apoptosis activated through Fas death 

receptor  

 

 The intrinsic pathway or “the mitochondrial pathway”, is controlled by 

members of the B‑cell lymphoma‑2 (Bcl2) family proteins, which regulate 

mitochondrial outer membrane permeabilization (MOMP). Bcl-2 family proteins have 

both pro-apoptotic and anti-apoptotic members and the ratio between these two 

subsets helps determine, in part, the susceptibility of cells to death signals (93).  

 Once MOMP occurs, mitochondrial intermembrane space proteins such as 

cytochrome Care detached causing the release of other apoptogenic proteins, 

including apoptosis inducing factor (94), Smac/Diablo, HtrA2/Omi (serine protease), 

and endonuclease G. These proteins play crucial roles in the downstream apoptosis-

signalling pathway. For example, cytosolic cytochrome C interacts with apoptotic 

protease and activates factor 1 (Apaf-1) and procaspase 9 to form a complex called 

apoptosome. This complex facilitates caspase 9 activation and sequentially cleaves 

and activates the effector caspases 3, 6, and 7 (31, 90, 95, 96) (Figure 3).  
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Figure  3 The intrinsic pathway of apoptosis  

 

Bcl2 family proteins (pro-apoptotic or anti-apoptotic members) 
 B-cell lymphoma-2 (Bcl2) family proteins are the major mediators of the 

intrinsic apoptotic pathway by changing the process of MOMP through protein-

protein interactions. The Bcl2 family proteins can be partitioned into three groups 

according to their configuration and intracellular functions as follows: (1) pro-

apoptotic Bcl2 family proteins, (2) anti-apoptotic or pro-survival Bcl2 family 

members and (2) BH3-only proteins.  First group, pro‑apoptotic Bcl2 family proteins, 

consists of Bcl2 antagonist/killer and Bcl2-associated X protein (Bax), which are 

recognized as apoptosis effectors. Bax and Bak comprise of Bcl2 homology (BH) 

domain 1-3 and can directly MOMP when activated (97).  Bak and Bax prevent 

spontaneous induction of MOMP by binding to anti‑apoptotic Bcl2 family proteins 

(98). In addition, Bax widely expresses in normal tissues whereas Bak expresses in a 

substantial fraction of cancer such as (99) Hodgkin’s disease and aggressive non–

Hodgkin’s lymphomas (100). Second group of Bcl2 family proteins is anti-apoptotic 

or pro-survival Bcl2 family members. These proteins are composed of Bcl2, Bcl-X 

large (BclXL), Bcl2-like protein 2 (BclW), Bcl2-like protein 10 (BclB), myeloid cell 

leukemia 1 (Mcl1), and Bcl2-related protein A1 (Bfl1) (A1 in mouse). The 

mechanisms of inhibition are characterized by binding of anti-apoptotic Bcl2 family 

proteins to BH3-only proteins or Bak/Bax impeding MOMP (101).  
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 Third group is BH3-only proteins such as Bim, Puma, Bid, Bad, Noxa, Bik, 

Bmf, and Hrk. These polypeptides share 15-25 residue BH3 domain in common with 

other Bcl2 family proteins (102).      

 Under normal mitochondria metabolic conditions, electron-transporting 

complexes also called complex V, FoF1-ATP synthase, coenzyme Q, and cytochrome 

C carry out oxidative phosphorylation. The a-and b-type cytochromes are inaccessible 

components of large complexes but cytochrome C is monomeric, freely diffusible in 

the inner membrane, and in equilibrium between the inner membrane, intermembrane 

space and cristae (103).           

 The intrinsic pathway of apoptosis is dependent on Bak and Bax activation 

by BH3-only proteins. BH3 only proteins such as Bid may promote apoptosis by 

modifying the structure of Bax leading to its insertion into mitochondrial membranes 

(104). Bid interaction with Bax, was able to trigger this conformational change in Bax 

(105). The conformational change leads to the oligomerization of Bax and activation 

of Bax proteins at specific sites of the mitochondrial outer membrane (106, 107). This 

circumstance leads to perturbing the permeability of the mitochondrial outer 

membrane or MOMP which results in the release of cytochrome C into the cytosol 

and eventually resulting in apoptotic cell death (108).  

 Moreover, Bax and Bak are directly responsible for breaching the 

mitochondrial outer membrane, interacting with the mitochondria permeability 

transition to induce a permeability transition, production of ROS, and in certain 

settings, releasing of cytochrome C, which sequentially activates a downstream 

caspase program (109-112). 

 

Reactive oxygen species (ROS)  

 Reactive oxygen species ( ROS)  can be either oxygen-derived free radicals 

( i. e.  superoxide anion ( O2• − )  and the hydroxyl radical ( OH• ) ) , or non-radical 

molecules (i.e. hydrogen peroxide (H2O2)). ROS can be produced in cells following 

exogenous and endogenous stimuli. The exogenous agents include chemicals found in 

tobacco smoke, environmental toxins, medications, UV and radiation (25, 113).  The 

endogenous mechanisms such as immune response, inflammation and any 

physiological / pathological processes that produce NADPH oxidase complex in cell 
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membranes, peroxisomes, mitochondria, endoplasmic reticulum and other organelles 

(114, 115).   

 Maintaining a balance between oxidants and antioxidants is challenging for 

any living system in virulent environmental conditions, and a shift in balance could 

result in accumulation of ROS that further generates “oxidative stress.” The oxidative 

stress following the imbalance between oxidative and antioxidative defences led to 

increased ROS levels such as O2 
•− and OH• or H2O2, cause severe cell damage and 

initiate cell death processes such as apoptosis and/or necrosis (116).  

 The generation of ROS in cells exists in equilibrium with a variety of 

antioxidative defences such as superoxide dismutases (117), catalase (CAT), 

glutathione peroxidase (GPXs) and peroxiredoxins (PRXs) (118). Various antioxidant 

compounds and enzymes play their roles at respective site and constitute a total 

defence network system in vivo (119).  The effects of antioxidants have been assessed 

also in human studies and model animals under normal conditions and oxidative 

stress. The studies confirmed the positive effects of antioxidants and antioxidant rich 

diets to reduce the level of oxidative stress status in vivo, while others did not show 

any significant effects of the increase in the antioxidants (120).    

 However, in the cultured cells respond well to the added antioxidants, the 

beneficial effect of antioxidants is difficult to observe in normal healthy subjects with 

sufficient amount of antioxidants (121, 122). Thus, inadequate study design such as 

choice of antioxidant, its dosage, starting time, duration, and methods of analysis. The 

choice of subjects may also be critically important. The response may depend on 

genotype (123, 124). 

 

Effect of reactive oxygen species on regulators of cell apoptosis       
 Effects of ROS on cell is dependent on the quantity and duration of exposure. 

At low levels, ROS activates cell cycle progression by stimulating signalling cascades 

and in the case of continued exposure, cell cycles may be arrested. At high 

concentrations, cell cycle/growth is terminated and cell damage is increased leading to 

cell apoptosis or necrosis (24). 

 Normally, mitochondrial outer membrane permeabilization (MOMP) is 

controlled by the Bcl2 family proteins. The pro‑apoptotic Bcl2 family proteins found 
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in the cytosol (i.e. Bax, Bim, Bak and Bad) form heterodimers with the anti-apoptotic 

Bcl2 family proteins found in the outer mitochondrial membrane inhibiting their pro-

apoptotic properties (32, 125).   

 ROS can induce changes in pro- and anti-apoptotic Bcl2 family proteins. For 

example, BH3-only proteins are activated by ROS and then promote cellular expression 

of pro-apoptotic. Then, activated pro-apoptotic Bcl2 family proteins are translocated to 

the outer mitochondrial membrane. This process facilitates MOMP by formation of lager 

channels followed by leakage of pro-apoptotic factors (i.e cytochrome C) into the cytosol 

and eventually resulting in apoptotic cell death (31, 32).     

 Furthermore, ROS overproduction induces severe mitochondrial dysfunction 

(25) and leads to mitochondrial structural oxidation, opening of the mitochondrial 

permeability transition (MPT) pores (26-28). The increased inner mitochondria 

membrane permeability allows free passage of molecules (i.e. protons) into the 

mitochondrial matrix. This results in osmotic swelling of the mitochondrial matrix 

and compression of vesicles created by infolding of the intercristal space. Increased 

MOMP accelerates transportation of cytochrome C into cytosol (126, 127).    

 Afterwards, cytochrome C interacts with Apaf-1 and procaspase 9 and forms 

a complex called “apoptosome” which sequentially facilitates and activates caspase 3, 

6, 7 and 9 (31, 95, 96).      

 Moreover, excessive cellular levels of ROS also cause damage to 

mitochondrial membranes by electron mistakenly leaking from the electron transport 

chain and reacting with O2 to form O2 
•−. This O2 

•−peroxide is then converted to H2O2 

and OH•, respectively, thus motivating nearby mitochondria to produce more ROS 

(28, 118, 127).               

 Structures and functions of membrane permeation channels, exchanger, and 

pores are under way to confirm ROS roles in an intrinsic apoptotic pathway whether 

they act together or act separately to promote the mitochondrial events.  

 Previous studies revealed that increased ROS generation such as H2O2  and  

O2
•− resulted in the release of cytochrome C and induction of apoptosis through the 

mitochondrial pathway (29, 30). A study conducted in HeLa cells also reported that 

H2O2 induced apoptosis through the mitochondrial pathway was mediated by p53 

(128). H2O2 also caused initial mitochondrial membrane hyperpolarisation leading to 
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failure of mitochondrial membrane potential, mitochondrial translocation of Bax and 

Bad, and cytochrome C release (129).       

 Moreover, ROS contributes to the endoplasmic reticular stress and DNA 

damage that changes p53, p21 protein expression. p53 is a key protein mediating cell 

response to stresses. It was reported that p53 is associated with genes in cell cycle 

arrest and apoptosis (130). p53 also regulates p21 expression which takes part in cell 

cycle checkpoints. A previous study publicized that ROS was decisive in initiating 

apoptotic cell death by activating intrinsic apoptotic pathway and mitochondria signal 

transducer which contributes to p53-dependent apoptosis (131).    

 A study conducted in human breast carcinoma MDA-MB-435 cells found 

elevated ROS level in the ziyuglycoside II treated cells in a dose dependent manner, 

up-regulated expression of p53, p21 and Bax but down-regulated Bcl-2 expression. 

This study indicated that ziyuglycoside II induced apoptosis by decreased 

mitochondrial membrane potential (MMP) as well as increased Bax/Bcl-2 ratio, 

cytochrome C release and the activity of caspase 3 and caspase 9 (132).  

 The roles of ROS in apoptosis is also supported by Wang’s study. They 

showed that the teroxirone could induce cytotoxicity in human non-small cell lung 

cancer cells (NSCLC) which could involve in p53-associated intrinsic apoptosis 

pathway and ROS production. In their study, teroxirone induced ROS mediated 

cytotoxicity and the inhibition of teroxirone using antioxidant N-acetylcysteine 

pretreatment diminished ROS and inverted the expression of Bax, Bcl-2 and 

cytochrome C. These results suggest the roles of ROS as an effective initial mediator 

in the p53-dependent intrinsic apoptotic pathway (33).  

 

Effect of cigarette on reactive oxygen species related to cell apoptosis   
 Roles of cigarette on the ROS levels has been widely investigated.  

The cytotoxic effects of cigarette smoke are associated with its action to augment the 

intracellular ROS level and diminish protective antioxidants such as superoxide 

dismutases (117), glutathione peroxidase (GPXs)  and catalase (CAT) (22, 23).   
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 In recent years, several studies investigated the role of smokeless tobacco 

(ST); a tobacco consumed orally or nasally without burning product, on cellular 

response(133). ST generates free radicals and results in increased oxidative stress, 

which leads to imbalance between pro- and antioxidants (134, 135).  

 Moreover, smokeless tobacco extracts (STE) can enter the systemic 

circulation (136, 137) affecting numerous biological processes, antioxidant protective 

mechanism and cell apoptosis (138, 139). A recent studies in human oral mucous 

fibroblasts (hOMF) showed that STE at concentration 200, 400 and 800 μg/ml 

induced ROS production and that ROS was closely associated with superoxide 

dismutases (117) and catalase (CAT). These findings indicated that STE inhibited cell 

proliferation and also induced cell apoptosis by regulating the apoptosis associated 

proteins; Bax expression levels were increased and Bcl2 expression levels were 

decreased in a dose‑dependent manner (36).       

 In addition, studies investigated the effects of CSE on cell viability and cell 

death of mouse embryonic stem cell mESCs and correlated the ROS induced by CSE 

with the cell cycle and apoptosis. Results suggested that cigarette smoke may 

adversely affect embryonic cell growth and function. CSEs increased oxidative stress 

by promoting ROS formation, which resulted in apoptosis of mESCs (37).   

 Nicotine is a major component of cigarette smoke and patho physiological 

effects of nicotine are believed to be mediated by nicotinic acetylcholine receptors 

(nAChRs) in target cell (140, 141). The interaction of nicotine with nAChR has been 

associated with increased oxidative stress and multiple signaling pathways that 

regulate the progression, growth, and metastasis of tumors (35, 142).   

 Several studies have investigated the effects of nicotine related to cell 

apoptosis. For example, studies reported that nicotine blocks antioxidant enzymes, 

thereby increasing lipid peroxidation, followed by formation of ROS. ROS in the 

tissues are able to trigger cytoplasmic membrane damage and DNA fragmentation 

(143). Elevated ROS is a distinguished cause of the mitochondrial apoptotic pathway 

and that directly oxidizes DNA and triggers genotoxicity (144, 145).  

 Moreover, the nicotine negatively causes embryonic malformations. Murine 

embryos were treated with nicotine at concentration of 0.6- 6 mM. Results showed 

that nicotine at a concentration of 6mM induced embryonic apoptosis and ROS level. 



 

 

19 

ROS detection in the developing embryos indicates that nicotine caused oxidative 

stress and activated apoptosis by increasing intracellular calcium. The study also 

suggested the role of calcium in apoptosis that inducing of nicotine to nAChRs leads 

to increased levels of intracellular Ca++, which in turn causes Ca++ flux into 

mitochondria (35, 141). This is attended by osmotic swelling and rupture of the 

mitochondrial membrane and following release of pro-apoptotic proteins into the 

cytosol eventually causing apoptosis (35, 81, 142). Hence, calcium plays a key role in 

the initial cell apoptosis or death (146).  

  

 

 



 

CHAPTER III 

 

RESEARCH  METHODOLOGY 

 

Population and Samples 

 Primary Mouse Embryonic Fibroblast cell line (PMEF) 

 

Research Variables 

 Independent variables: nicotine and cotinine concentration  

 Dependent variables: viabilities, reactive oxygen species, cell apoptosis and 

gene alteration   

 

Research Instrument 

 SpectraMax® M3 microplate reader (Molecular Devices, LLC, CA, USA. 

 Inverted microscope (IX70, Olympus®, Japan)  

 Nanodrop spectrophotometer (Nanodrop, Thermo Scientific®, USA) 

 Thermocycler (Veriti™ Thermal Cycler, Foster City, CA, USA) 

 Roche Light Cycler 480 real time PCR system machine (Roche®, Germany) 

 Laminar airflow cabinet (ESCO®, USA) 

 Fluorescence microscope (BX60, Olympus®, Tokyo, Japan) 

 Pipette (Gilson®, USA) 

 Culture plates 

 Pipette tip  

 

Research materials and chemical agents 

 Primary mouse embryonic fibroblast cell line (E13) (Merck®, Kenilworth, 

NJ, USA)   

 Cotinine (Sigma®, Saint Louis, MO, USA) 

 Nicotine (Sigma®, Saint Louis, MO, USA) 

 Dimethyl sulfoxide (DMSO) (Sigma®, Saint Louis, MO, USA) 

 Phosphate Buffered Saline (PBS) 
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 Special Dulbecco’s modified Eagle medium (DMEM) (Merck®, Kenilworth, 

NJ, USA)   

 10% ES cell qualified FBS (Merck®, Kenilworth, NJ, USA)   

 1% penicillin-streptomycin (Merck®, Kenilworth, NJ, USA)   

 1% L-glutamine (Merck®, Kenilworth, NJ, USA)   

 Gelatin solution (Merck®, Kenilworth, NJ, USA)  

 0.25% trypsin/EDTA solution (Merck®, Kenilworth, NJ, USA)   

 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) (Sigma®, Saint 

Louis, MO, USA) 

 Dulbecco’s modified Eagle medium (DMEM without phenol red) (Merck®, 

Kenilworth, NJ, USA)   

 HT TiterTACSTM Apoptosis Detection Kit (R&D®, USA) 

 NucleoSpin® RNA Plus (Machery-Nagel GmbH & Co KG) 

 iScriptTM RT Supermix for RT-qPCR (Bio-Rad®, USA) 

 LightCycler® 480 SYBR Green I Master (Roche®, Germany) 

 ROS-Glo H2O2 Assay (Promega®, Madison, WI, USA) 

 

Research methods 

 Chemicals          

 Nicotine ((-)-Nicotine 36733, Sigma®, Saint Louis, MO, USA) was dissolved 

in Special Dulbecco’s modified Eagle medium (DMEM, Merck®, Kenilworth, NJ, 

USA) and cotinine ((-)-Cotinine 74003, Sigma®, Saint Louis, MO, USA) was 

dissolved in dimethyl sulfoxide (DMSO, Sigma®, Saint Louis, MO, USA) for 100 

mM stock solution followed by dilution in DMEM to a desired concentration prior to 

use. 

 Primary mouse embryonic fibroblast (PMEF) cell line culture and 

nicotine, cotinine treatments        

 Primary mouse embryonic fibroblast (PMEF) cells isolated from CF-1 mouse 

embryos at day 13 (E13, Merck®, Kenilworth, NJ, USA) were cultured a humidifier 

incubator (5% CO2 /95% air) at 37°C in Special DMEM supplemented with 10% 

embryonic stem (ES) cell qualified FBS, 1% penicillin-streptomycin and 1% L-

glutamine (Merck®, Kenilworth, NJ, USA). Prior to cell plating, cell culture plates 
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were coated with gelatin solution (Merck®, Kenilworth, NJ, USA) by adding 

approximately 3 ml per 25 cm2 of gelatin solution and leaving undisturbed with the 

lids on in the laminar flow hood at room temperature. After 30 min, the excess gelatin 

solution was removed. The PMEF cells were subcultured at the exponential growth 

stage (80%confluence) using 0.25% trypsin/EDTA solution (Merck®, Kenilworth, NJ, 

USA) and cells at the third -forth passages were used for the experiments.  

 PMEF cells were treated with 0, 1, 3, 4, 5 mM nicotine, 0, 0.1, 0.5, 1, 5, 10 

mM cotinine and 5mM nicotine combined with 0, 0.1, 0.5, 1, 5, 10 mM cotinine. This 

study in order to test the effect of DMSO on PMEF cell viability, we designed a range 

of DMSO concentrations (0, 0.001, 0.005, 0.01, 0.05 and 0.1%) were performed as 

vehicle controls for cotinine treatments, respectively. Previously study suggested that 

DMSO concentrations should not increase 0.1% are used to study embryotoxic 

parameters in vitro (147, 148). In this study, the result indicated that DMSO are not 

toxicity to cell after 24 h incubation.  

 Cell viability assay        

 Optimal concentrations of nicotine and cotinine on cell survival were 

determined using the 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium (MTT) 

assay. The 5 x 104 PMEF cells/well were seeded in to 48 well cell culture plate. 

 PMEF cells were cultured in 300 µl of supplemented Special DMEM. After 

18 h, the serum free medium was replaced and cultured for 5 h. PMEF cells were 

treated with 200 µl the indicated concentrations of nicotine and cotinine.   

 At 24 h, 300 µl of MTT solution (5 mg/ml, Sigma®, Saint Louis, MO, USA) 

dissolved in DMEM without phenol red was added to each well and incubated for 

additional 1 h at 37°C. After that, the MTT solution was removed, and the formazan 

crystal was solubilized by adding 300 µl DMSO into each well. The absorbance was 

read at 530 nm on a SpectraMax® M3 microplate reader (Molecular Devices, LLC, 

CA, USA) and DMSO solution was served as a blank. 

 Observation of cell morphology under microscopy      

 To assess the effects of nicotine and cotinine on PMEF cell morphology, 

PMEF cells were observed under an Inverted microscope (IX70, Olympus®, Tokyo, 

Japan) at 6 and 24 h after nicotine and cotinine treatment. Images were taken using 

Fluorescence microscope (BX60, Olympus®, Tokyo, Japan). 
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 Cell apoptosis assay 

 To assess the effects of nicotine and cotinine on PMEF cell apoptosis, cells 

were seeded at 2.5 x 104 cells/well in to 96 well cell culture plate. PMEF cell were 

cultured in 200 µl of supplemented Special DMEM. After 18 h, the serum free 

medium was replaced and cultured for 5 h. PMEF cells were treated with 100 µl the 

indicated concentrations of nicotine and cotinine. At 24 h, apoptotic analysis was 

performed using a HT Titer TACSTM Apoptosis Detection Kit (R&D®, Minneapolis, 

MN, USA).  

 The nicotine and cotinine treated cells were centrifuged at 1000 x g for 3 min 

and the medium was removed and washed once with 200 µl/well of PBS. Cells were 

fixed with 200 µl/well of 3.7% buffered formaldehyde for 7 min, centrifuged at 1000 

x g for 3 min and the solution was removed and washed twice with 200 µl/well of 

PBS.  

 Then, cells were permeabilized with 200 µl/well of 100% methanol for 20 

min at room temperature and washed twice with PBS. 50 µl/well of cytoninTM was 

added and incubated for 15 min at room temperature. Cells were centrifuged at 1000 x 

g for 3 min and the solution was removed and washed with 200 µl/well of distilled 

water and centrifuged between each wash. The solution was removed, and cells were 

covered with 200 µl/well of PBS. 

 Positive control was treated with 50 µl/well of TAC nuclease and incubated 

30 min at 37 ˚C. After incubation, all samples were washed with 200 µl/well of PBS 

for 2 min and centrifuged between each wash. The cells were quenched with 50 

µl/well of 3% hydrogen peroxide and incubated for 5 min at room temperature. 

 After incubation, the cells were washed with distilled water 200 µl/well and 

150 µl/well of TdT labelling buffer were added and incubated 5 min. Then, plates 

were centrifuged at 1000 g x for 3 min and buffer was removed. Cells were incubated 

with 50 µl/well of labelling reaction mix (deoxynucleotidyl transferase) at 37°C for 

60 min in humidity chamber. After incubation, 150 µl/well of stop buffer were added 

for stop labelling reaction for 5 min. Cells were centrifuged at 1000 x g for 3 min., 

and the solution was removed and washed twice with PBS 200 µl/well for 2 min per 

wash.           
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 The cells were incubated with 50 µl/well of Strep-HRP solution for 10 min at 

room temperature. After incubation, the cells were washed 4 times with 200 µl/well of 

PBS 0.1% Tween 20 and centrifuged between each wash. Then, 100 µl/well of 

TACS-Sapphire substrate were added and incubated for 30 min in the dark at room 

temperature. The reaction was ceased with 100 µl/well of 0.2 M HCl. The absorbance 

was read at 450 nm on a SpectraMax® M3 microplate reader (Molecular Devices, 

LLC, CA, USA). 

 Reactive Oxygen Species (ROS) detection      

 ROS-Glo H2O2 Assay (Promega®, Madison, WI, USA) were used to assess 

the effects of nicotine and cotinine on ROS generation in PMEF. The 2.5 x 104 PMEF 

cells/well were seeded in to 96 white well cell culture plate. PMEF cell were cultured 

in 200 µl of supplemented Special DMEM. After 18 h, the serum free medium was 

replaced and cultured for 5 h. PMEF cells were treated with 20 µl H2O2 substrate 

solution and 80 µl the indicated concentrations of nicotine and cotinine. 

 At 6 h, ROS-Glo H2O2 assay was performed according to the manufacturer's 

protocol. ROS-Glo™ detection solution 100 µl was added and incubated at room 

temperature for 20 min.      

 For the positive control, at the last 30 min of each treatment, 0.03% hydrogen 

peroxide (H2O2, positive control) were incubated for 30 min at 37º C. Subsequently, 

the positive control wells were washed twice with PBS. The produce generating a 

luminescent signal that is proportional to H2O2 concentration and relative 

luminescence units (RLU) was read at 450 nm on a SpectraMax® M3 microplate 

reader (Molecular Devices, LLC, CA, USA). 

 Gene expression assay by real-time quantitative reverse transcription 

polymerase chain reaction (RT-qPCR)     

 The cells were seeded at density of 1 x 106 cells/well in to 6 well cell culture 

plate. PMEF were cultured in 2500 µl of supplemented Special DMEM. After 18 h, 

the serum free medium was replaced and cultured for 5 h. PMEF cells were treated 

with 2000 µl the indicated concentrations of nicotine and cotinine.   

 At 6 h, the total RNA was extracted using the NucleoSpin® RNA Plus 

(Macherey-Nagel GmbH & Co KG, Duren, Germany) in accordance with the 

manufacturer's protocols. The quality and quantity of total RNA extraction was 
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assessed using the Nanodrop (Thermo Scientific®, Waltham, MA, USA) by 

calculating the ratio of the absorbance at 260 and 280 nm. 

 The total RNA was reverse transcribed into the first strand cDNA via a 

iScriptTM reverse transcription Supermix for RT-qPCR (Bio-Rad®, Hercules, CA, 

USA) according to the manufacturer's protocol. Reverse transcription reactions were 

performed using the Thermocycler (Veriti™ Thermal Cycler, Foster City, CA, USA) 

at 25°C for 5 min, 46 °C for 20 min and 95 °C for 1 min. 

 The relative mRNA expression levels were normalized to Glyceraldehyde 3-

phosphate dehydrogenase (GAPDH) and evaluated with a LightCycler® 480 SYBR 

Green I Master (Roche®, Grenzach-Wyhlen, Germany) in accordance with the 

manufacturer's protocols.   

 A real time PCR was detected with Roche LightCycler 480 real time PCR 

system machine (Roche®, Grenzach-Wyhlen, Germany). The cycle conditions were 

set as pre-incubation at 95˚C for 5 min, denaturation at 95˚C for 10 sec, annealing at 

55˚C for 5 sec and elongation 72˚C for 30 sec for a total of 45 cycles. The reactions 

were run in triplicate. The results were analysed using the 2‑ΔΔCq or t method. The 

forward and reverse primers for the target genes and GAPDH are listed below: (82) 

  BAX 

  Forward primer: 5’-CTCAAGGCCCTGTGCACTAA-3’ 

  Reverse primer: 5’-GAGGCCTTCCCAGCCAC-3’ 

  BCL2 

  Forward primer: 5’-CTCGTCGCTACCGTCGTGACTTCG-3’ 

  Reverse primer: 5’-ACCCCATCCCTGAAGAGTTCC-3’ 

   Caspase3 

  Forward primer: 5’-TCTGACTGGAAAGCCGAAACTC-3’ 

  Reverse primer: 5’TCCCACTGTCTGTCTCAATGCCAC-3’ 

  P53 

  Forward primer: 5’-GTACCTTATGAGCCACCCGA-3’ 

  Reverse primer: 5’-AGAAGGTTCCCACTGGAGTC-3’ 

  GAPDH 

  Forward primer: 5’-AGAACATCATCCCTGCATCCAC-3’ 

  Reverse primer: 5’-GTCAGATCCACGACGGACAC 
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Data Analysis   

 All experiments were performed in triplicate. Data were analysed using a 

standard statistical package (SPSS Inc., Chicago, IL, USA) and presented as the 

means and standard deviation of three identical experiments made in triplicate.  

  The effects of nicotine, cotinine and their combination on cell viability, 

ROS generation and cell apoptosis were analysed using one-way ANOVA followed 

by Tukey’s test for multiple comparison. The effects of nicotine, cotinine and their 

combination on apoptosis-related gene expression were analysed using Kruskal-

Wallis followed by Mann-Whitney U test for comparison between group. The level of 

statistically significant difference was set at p < 0.05. 



 

CHAPTER IV 

 

RESULTS 

 

Effect of nicotine and cotinine on cell viability 

 Cell viability was determined by MTT assay. Twenty-four hours after 

nicotine /cotinine treatment was chosen as the time-point for the subsequent 

experiments. As shown in Figure 4, 5 and 6, the cell viability of PMEF cells was 

decreased by nicotine, cotinine and 5mM nicotine combined with cotinine in a dose-

dependent manner. The effect of nicotine on cell viability of PMEF cells at 

concentrations of 1, 3, 4 and 5 mM was 106.18%, 60.60 %, 41.46% and 31.41%, 

respectively (Figure 4). The results indicated that cell viability of PMEF cells was not 

significantly increased with the treatment of nicotine at 1 mM. 

 On the other hand, the results indicated that cell viability was significantly 

decreased with the treatment of nicotine at 3, 4 and 5 mM in comparison to that of the 

control. Treatment of nicotine at 4 mM and 5 mM was significantly decreased cell 

viability compared to the 3 mM nicotine concentration. However, no significant 

difference was found between 4 mM and 5 mM of nicotine. 

 The PMEF cell viability at cotinine concentrations of 0.1, 0.5, 1, 5 and 10 

mM was 55.30%, 42.94%, 41.85%, 35.33% and 35.00%, respectively (Figure 5). In 

this study, the cell viability was significantly decreased in all cotinine treated groups 

compared the control.  In addition, cell viability of 0.1 mM cotinine treated group was 

significant higher than the remaining cotinine treated groups. No other significant 

difference was found.   

 Cell viability after a combined treatment of 5 mM nicotine and cotinine 

concentrations at 0, 0.1, 0.5, 1, 5 and 10 mM was 31.36%, 24.64%, 22.13%, 18.71%, 

13.03 % and 7.26 %, respectively (Figure 6). The results clearly showed a significant 

decreasing of cell viability in a concentration dependent relationship compared to the 

control (5 mM nicotine). In addition, the cell viability was significantly decreased 

with the combined treatment of 5 mM nicotine and 5 and 10 mM cotinine 

concentrations in comparison to the 5 mM nicotine combined with 0.1, 0.5, 1 mM 
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cotinine concentration. In Figure 7, the results indicated that the cell viability was 

significantly decreased with the combined treatment of 5mM nicotine and cotinine 

compared to the cotinine treated group (control). This suggested that 5mM nicotine 

combined with cotinine decreased the cell viability in a dose-dependent manner. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  4 Cell viability (mean ± SD) of PMEF cells cultured in nicotine (0, 1, 3, 4 

and 5 mM) at 24 hours determined using MTT assay 

 

Note:  *, ** indicates statistically significant difference compared with the 0 mM 

(control) and 3 mM of nicotine, respectively (p < 0.05) 
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Figure  5 Cell viability (mean ± SD) of PMEF cells cultured in cotinine (0, 0.1, 

0.5, 1, 5 and 10 mM) at 24 hours determined using MTT assay 

 

Note:  *, ** indicates statistically significant difference compared with the 0mM 

(control) and 0.1 mM of cotinine, respectively (p < 0.05) 
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Figure  6 Cell viability (mean ± SD) of PMEF cells cultured in 5 mM nicotine combined 

with cotinine (0, 0.1, 0.5, 1, 5 and 10 mM) at 24 hours determined using MTT assay 

 

Note:  *, ** indicates statistically significant difference compared with the 5 mM of 

nicotine (control) and 5 mM nicotine combined with cotinine (0.1, 0.5 and 1 

mM), respectively (p < 0.05) 
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Figure  7 Cell viability (mean ± SD) of PMEF cells cultured in cotinine (0.1, 0.5, 

1, 5 and 10 mM) compared with 5 mM nicotine combined with cotinine (0.1, 0.5, 

1, 5 and 10 mM) at 24 hours determined using MTT assay 

 

Note:  *indicates statistically significant difference compared with the cotinine (0.1, 

0.5, 1, 5 and 10 mM), respectively (p < 0.05) 

 

Effect of nicotine and cotinine on cell morphology  

 Morphological changes of cells were determined using Inverted microscope 

(IX70, Olympus®, Tokyo, Japan) and images were taken using Fluorescence 

microscope at ×400 magnification (BX60, Olympus®, Tokyo, Japan).  

 Figure 8 showed PMEF cell morphology at 24 h after nicotine treatment at 

concentrations of 0, 3, 4 and 5 mM.      

 Figure 9 showed PMEF cell morphology at 24 h of the control (no treatment) 

and cotinine treatment at 0.5, 1and 5 mM.     

 Figure 10 showed PMEF cell morphology at 6 and 24 h of the control 

(5 mM nicotine) and 5 mM nicotine combined with cotinine at 0.5, 1 and 5 mM. 
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Figure  8 Morphological with the treatment of nicotine at 3 mM, the cells showed 

a large amount of cell exhibiting irregular form and in closed contact with 

neighbouring cells. Treatment with nicotine at 4 and 5 mM showed the cell 

shrinkage and loose contact to neighbouring cells. Its chromatin condensed 

followed by blebbing or budding of the plasma membrane (green arrowhead), 

and   fragmentation of the cell into compact membrane-enclosed structures 

called 'apoptotic bodies' (red arrowhead) (×400 magnification, Fluorescence 

microscope BX60, Olympus®, Tokyo, Japan). 
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Figure  9 Treatment with cotinine in all groups showed cell close contact with 

neighbouring cells, changed in cell shape through shrinking, and an increased  

degree of condensation in a dose-dependent manner. At 5 mM cotinine cells  

showed deformation and loosened contact to its neighbouring cells  

(×400 magnification, Fluorescence microscope BX60, Olympus®, Tokyo, Japan) 
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Figure  10 At 6 h of nicotine at 5 mM, cells exhibited swelling, polymorphic 

vacuole formation and condensed nuclei. At 5 mM nicotine combined with 

cotinine at 0.5, 1 and 5 mM, cells displayed an irregular form, close contact with 

neighbouring cells, and increased the degree of condensation in a dose-dependent 

manner. At 24 h, all of cell treated groups showed the characterised 

morphologically of apoptosis, green and red arrowhead indicated plasma 

membrane blebbing and apoptotic bodies, respectively (×400 magnification, 

Fluorescence microscope BX60, Olympus®, Tokyo, Japan) 
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Effect of nicotine and cotinine on cell apoptosis  

 Cell apoptosis was determined by Cell apoptosis assay. Twenty-four hours 

after nicotine/cotinine treatment was chosen as the time-point for the subsequent 

experiments. As shown in Figure 11, 12 and 13, the cell apoptosis of PMEF cells was 

increased by nicotine, cotinine and 5mM nicotine combined with cotinine in a dose-

dependent manner.     

 The effect of nicotine on cell apoptosis of PMEF cells at concentrations of 

untreated (0), 3 and 5 mM was 40.17 %, 52.62% and 90.03%, respectively (Figure 

11). This result indicated that cell apoptosis was significantly increased with the 

treatment of nicotine at 3 and 5 mM in comparison to that of the untreated control. 

Nicotine at 5 mM was also significantly induce cell apoptosis compared to the 3 mM 

of nicotine. The PMEF cell apoptosis at cotinine concentrations of untreated (0), 0.5, 1 

and 5 mM was, 25.64%, 30.44%, 30.53% and 32.54%, respectively. In this study, cell 

apoptosis was significantly enhanced by cotinine in all cotinine treated groups 

compared the untreated control. No significant difference was found among cotinine 

treated groups.  

 Figure 13 revealed the cell apoptosis of 5 mM nicotine combined with 

cotinine treatment groups compared to the untreated control. Cell apoptosis of 

untreated cell and after a combined treatment of 5 mM nicotine and cotinine 

concentrations of 0, 0.5, 1 and 5 mM was 25.64%, 65.44%, 70.75%, 71.38%, and 

75.32%, respectively. The results clearly showed a significant increasing of cell 

apoptosis in a concentration dependent relationship. This result suggested that 5mM 

nicotine combined with cotinine increased the cell apoptosis in a dose-dependent 

manner. 

 In addition, a combined treatment of 5 mM nicotine and 5 mM cotinine 

significantly increased cell apoptosis in comparison to the 5 mM nicotine. No other 

significant differences were found. 
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Figure  11 Cell apoptosis (mean ± SD) of PMEF cells cultured in nicotine 

(untreated, 3 and 5 mM) at 24 hours determined using HT Titer TACSTM.    

  

Note:  *, ** indicates statistically significant difference compared with the untreated 

(control) and 3 mM of nicotine, respectively (p < 0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  12 Cell apoptosis (mean ± SD) of PMEF cells cultured in cotinine  

(untreated, 0.5, 1 and 5 mM) at 24 hours determined using HT Titer TACSTM. 

 

Note:  * indicates statistically significant difference compared with the untreated 

(control) (p < 0.05) 
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Figure  13 Cell apoptosis (mean ± SD) of PMEF cells cultured in 5 mM nicotine 

combined with cotinine (0, 0.1, 0.5, 1 and 5 mM) at 24 hours determined using 

HT Titer TACSTM 

 

Note:  *, ** indicates statistically significant difference compared with the untreated 

(control) and 5 mM of nicotine, respectively (p < 0.05) 

 

Effect of nicotine and cotinine on the generation of ROS  

 To determine causative effect of nicotine and cotinine on oxidative stress and 

ROS generation in PMEF cells, 6 hours after nicotine/cotinine treatment was chosen 

as the time-point for the subsequent experiments. ROS-Glo H2O2 assay was used to 

measure the ROS generation (H2O2). The luminescence (RLU) was proportional to 

H2O2 concentration. High luminescence (RLU) indicates high H2O2 production in 

PMEF cells. Positive control was H2O2.  

 In this study, the ROS generation in PMEF cells was induced by nicotine, 

cotinine and 5mM nicotine combined with cotinine in a dose-dependent manner as 

shown in Figure 14, 15 and 16. ROS generation at nicotine concentrations of 0 

(control), 3, 4 and 5 mM was 3156.50, 4311.90, 4789.60 and 5222.86, respectively 

(Figure 14). The average luminescence (RLU) was gradually increased with the 

treatment of nicotine. However, the significant difference was found only the 

concentration of 5 mM compared to the control. 
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 Cotinine induced ROS generation in PMEF cell at concentrations of 0, 0.1, 

0.5, 1 and 5 mM was 2065.13, 3298.86, 3499.93, 3661.16 and 3380.10, respectively 

(Figure 15). Average luminescence (RLU) was significantly increased in all cotinine 

treated groups compared the control. In addition, average luminescence (RLU) was 

not significant different among cotinine treated group. 

 The generation of ROS in PMEF cell after a combined treatment of 5 mM 

nicotine and cotinine concentrations of 0, 0.1, 0.5, 1 and 5 mM was 4913.46, 5248.6, 

5529.03, 4942.83 and 5014.70, respectively and the untreated (control) was 2065.13 

(Figure 16). The results clearly showed a significant higher average luminescence 

(RLU) of the combined treatment compared to the control.   

 Figure 17 revealed the average luminescence (RLU) of cotinine treated 

groups (control) in comparison to 5 mM nicotine combined with cotinine treated 

groups. Results indicated that the average luminescence (RLU) was significantly 

increased in all combined treatment of 5mM nicotine and cotinine compared to the 

cotinine treatment alone.  

  

 

 

 

 

 

 

 

 

 

 

Figure  14 ROS generation (mean ± SD) of PMEF cells cultured in nicotine (0, 3, 

4 and 5 mM) at 6 hours determined using ROS-Glo H2O2 assay 

 

Note: * indicates statistically significant difference compared with the 0 mM (control) 

(p < 0.05) 
 



 

 

39 

 

 

 

 

 

 

 

 

 

 

Figure  15 ROS generation (mean ± SD) of PMEF cells cultured in cotinine 

(0, 0.1, 0.5, 1 and 5 mM) at 6 hours determined using ROS-Glo H2O2 assay 

 

Note:  * indicates statistically significant difference compared with the 0 mM 

(control) 
(p < 0.05) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  16 ROS generation (mean ± SD) of PMEF cells cultured in 5 mM nicotine 

combined with cotinine concentration (0, 0.1, 0.5, 1 and 5 mM) at 6 hours 

determined using ROS-Glo H2O2 assay 

 

Note:  * indicates statistically significant difference compared with the untreated 

(control) (p < 0.05) 
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Figure 17 ROS generation (mean ± SD) of PMEF cells cultured in cotinine (0.1, 

0.5, 1 and 5 mM) compared with 5 mM nicotine combined with cotinine (0.1, 0.5, 

1 and 5 mM) at 6 hours determined using ROS-Glo H2O2 assay  

 

Note:  * indicates statistically significant difference compared with the cotinine 

concentration (0.1, 0.5, 1 and 5 mM), respectively (p < 0.05) 

 

Gene expression assay by real-time quantitative reverse transcription polymerase 

chain reaction (RT-qPCR)    

 This study also determined the effects of nicotine and cotinine on expression 

of apoptosis-related genes. To verify expression of apoptosis-related genes, reverse 

transcription‑quantitative polymerase chain reaction was performed on 4 different 

expressed genes (BAX, BCL2, Caspase3, P53). The results were analysed using the 

2‑ΔΔCq or t method. The relative mRNA expression levels were normalized to 

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH).    

 Six hours after nicotine/cotinine treatment was chosen as the time-point for 

the subsequent experiments. Data are reported as mean ± standard deviation of 3 

independent experiments Figure 18 showed mRNA expression level of BAX gene. 

Treatment of 0.5 mM cotinine, 5 mM nicotine and 5mM nicotine combined with 0.5 

and 1 mM cotinine increased expression of BAX by 1.47, 1.61, 2.92 and 5.21, 

respectively, compared to the control. In addition, 5 mM nicotine combined with 0.5 
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and 1 mM of cotinine significantly increased gene expression compared to the 5 mM 

nicotine concentration. The mRNA expression level of BCL2 (Figure 19) was 

increased significantly in comparison to that of the control with the treatment of 0.5 

mM, 1 mM cotinine, 5 mM nicotine and 5mM nicotine combined with 0.5 and 1 mM 

cotinine (3.41, 2.32, 3.51, 5.15 and 10.31, respectively). In comparison to the 5 mM 

nicotine treatment. 

 Moreover, mRNA expression levels of Caspase 3 at 0.5, 1 mM cotinine, 5 

mM nicotine and 5mM nicotine combined with 0.5, 1 mM cotinine (Figure 20) were 

1.04, 1.01, 2.17, 2.67 and 4.33, respectively. The expression of P53 (Figure 21) was 

1.09, 1.06, 2.05, 2.79 and 3.15, respectively. Both Caspase 3 and P53 were 

significantly enhanced in comparison to that of the control with the treatment of 5 

mM nicotine and 5mM nicotine combined with 0.5 and 1 mM cotinine.   

 Furthermore, treatment with 5 mM nicotine combined with 1 mM cotinine 

were significantly induced Caspase 3 and P53 gene expression compared to the 5 mM 

nicotine concentration. 

 

 

 

 

 

 

 

 

 

 

 

Figure  18 The relative mRNA expression level of BAX (mean ± SD) in PMEF 

cells cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM 

combined with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR 

 

Note:  *, ** indicates statistically significant difference compared with the control 

and 5 mM of nicotine, respectively (p < 0.05) 
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Figure  19 The relative mRNA expression level of BCL2 (mean ± SD) of PMEF 

cells cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM 

combined with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR 

 

Note:  *, ** indicates statistically significant difference compared with the control 

and 5 mM of nicotine, respectively (p < 0.05) 

 

 

 

 

 

 

 

 

 

 

 

Figure  20 The relative mRNA expression level of Caspase 3 (mean ± SD) of PMEF 

cells cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM 

combined with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR 

 

Note:  *, ** indicates statistically significant difference compared with the control 

and 5 mM of nicotine, respectively (p < 0.05) 
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Figure  21 The relative mRNA expression level of P53 (mean ± SD) of PMEF 

cells cultured in cotinine (0.5 and 1 mM), nicotine (5 mM) and nicotine 5 mM 

combined with cotinine (0.5 and 1 mM) at 6 hours determined using RT-qPCR 

 

Note:  *, ** indicates statistically significant difference compared with the control 

and 5 mM of nicotine, respectively (p < 0.05) 



 

CHAPTER V 

 

DISCUSSION AND CONCLUSION 

 

 This study aims to investigate the effect of nicotine, cotinine and their 

combination on ROS generation, cell viability, cell apoptosis and apoptosis-related 

genes expression of PMEF cell in vitro. PMEF is mesenchymal cells that is going to 

differentiate into various morphological structures and organs of mammalian embryo, 

especially craniofacial formation. Previous studies have shown the teratogenic effects 

of nicotine on maternal smoking. The evidence specifically supported the 1.5-fold 

increased risk of orofacial cleft from maternal smoking compared to non-smoking 

mothers in early pregnancy (55).   

 Nicotine is the substance at which we are interested in this study.  Nicotine is 

the majority, accounting for approximately 95% of tobacco alkaloid content (9). 

Cigarette smoke or tobacco alkaloids are not only absorbed locally but may also enter 

through systemic circulation. Interestingly, cigarette smoke can alter biological 

processes, including inflammation, antioxidant defence, and cell apoptosis (19-21). 

The cytotoxic effects of cigarette smoke are associated with its action to augment the 

intracellular ROS level (22) and diminish protective antioxidant enzymes (23). The 

generation of ROS may induce apoptosis in various cell types.  

 Therefore, this study further investigated whether nicotine, cotinine and their 

combination could stimulate ROS generation in PMEF cells. Hydrogen peroxide 

(H2O2), a non-radical oxidant of ROS was detected in the study.  H2O2 is  stable, long 

half-life and concentrate as the principal ROS members (149). High concentration of 

H2O2  results in cell injury by damaging key cellular molecules such as DNA and 

lipids (150).  

 The study was shown, treatment of PMEF cell with nicotine, cotinine and 

their combination induced the ROS generation. ROS production was gradually 

increased with the higher concentration of nicotine. However, the significant ROS 

production was observed only at 5 mM of nicotine treatment compared to the no 

treatment (Figure 14). All cotinine treated groups significantly induced ROS 

formation compared to the untreated control (Figure 15). Interestingly, In Figured 16, 
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a combined treatment of 5 mM nicotine and cotinine clearly evidenced high ROS 

generation in all doses of their combination. This study also prove that the combined 

treatment of nicotine and cotinine remarkably promoted ROS production than the 

cotinine treatment alone (Figure 17). This result is consistent with previous study, 

ROS can be produced in cells following exposure to exogenous and endogenous 

stimuli. The exogenous agents include chemicals found in tobacco smoke, 

environmental toxins, medications, UV, and radiation (25, 113). In recent years, 

several studies investigated the role of smokeless tobacco (ST), a tobacco product that 

is either chewed or inhaled without burning, on cellular response (133). ST generates 

free radicals and increases oxidative stress, which leads to an imbalance between 

prooxidants and antioxidants (134, 135). For example, a study involving the effects of 

ST on human oral mucous fibroblasts (hOMF) demonstrated that ST induced reactive 

oxygen species (ROS) production (117). These findings indicate that ST induces cell 

apoptosis by regulating apoptosis-associated proteins, including an increase in Bax 

expression  and a decrease in Bcl2 expression in a dose-dependent manner (36). In 

addition, a study suggested that cigarette smoke may adversely affect embryonic cell 

growth and function. CSEs increase oxidative stress by promoting ROS formation 

resulting in apoptosis of mESCs (37). Imbalanced between ROS formation and 

antioxidants promotes cell apoptosis and death (151).    

 The nicotine negatively causes embryonic malformations. Murine embryos 

were treated with nicotine at concentration of 0.6- 6 mM. Results showed that 

nicotine at a concentration of 6 mM induced embryonic apoptosis and ROS level. 

ROS detection in the developing embryos indicates that nicotine caused oxidative 

stress and activated apoptosis by increasing intracellular calcium (152). The result in 

this study is consistent with previous study. As a result, ROS affect to cell viability 

and induce cell apoptosis. The nicotine at concentrations (3, 4, and 5 mM) was shown 

whether cell viability was decreased influenced by nicotine (Figure 4). Nicotine 

concentration of 4 and 5 mM also significantly reduced cell viability compared to the 

3 mM of nicotine.  

 Apoptotic cells were examined through a light microscope. Regarding 

morphology in Figure 8, at 3 mM of nicotine treatment showed a large amount of 

cells exhibiting irregular form and in close contact with neighbouring cells, as well as 
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an increased degree of condensation. With the higher concentration of nicotine 

treatment at 4 and 5 mM revealed significant changes in cell shape such as cell 

shrinkage, deformation and loose contact to neighbouring cells. During this process, 

cell chromatin condenses and marginates at the nuclear membrane, followed by 

blebbing or budding of the plasma membrane, and finally fragmentation of the cell 

into compact membrane-enclosed structures called 'apoptotic bodies', which contain 

cytosol, the condensed chromatin, and organelles (153-155). The cell morphology is 

closely related to the amount of cell apoptosis in a dose-dependent manner 

(Figure11). The results indicated that 5 mM of nicotine may have a strong effect on 

PMEF cells creating the highest apoptosis among the concentration of treated 

nicotine. This result close related with previous study which found that the inhibition 

of blastulation occurred at a nicotine concentration of 5 mM (70). In addition, the 

survival and proliferation of human alveolar bone marrow-derived mesenchymal stem 

cells decreased when the cells were exposed to 5 mM of nicotine (75).  

 In cotinine treated group (Figure 5), cell viability was significantly less than 

half of the control group in 0.5, 1, 5 and 10 mM of cotinine treatment. This result is 

consistent with previous study which the minimum concentration of cotinine that can 

disrupt fetal development was 8 mM (70). Furthermore, 2 mM of cotinine induced 

marked cell death in pulmonary fibroblast cell line (MRC-5) and showed lower 

toxicity than nicotine on the MRC-5 cells (73). Therefore, significant doses of 

cotinine at 0.5, 1, and 5 mM were chosen for cell apoptosis assay. Figure 9 showed 

PMEF cell morphology at 24 h of the control (no treatment) and cotinine treatment at 

0.5, 1 and 5 mM. Treatment with cotinine in all groups showed cells exhibiting close 

contact with neighbouring cells, change in cell shape through shrinking, and an 

increased degree of condensation in a dose-dependent manner. However, at 5 mM 

cotinine cells showed deformation and loosened contact to neighbouring cells. 

Depicts how cell morphology is closely related to the amount of cell apoptosis (Figure 

12) in a dose-dependent manner.  

 Nicotine and cotinine can rapidly pass the placenta through a child 

throughout pregnancy (16-18). Among smoke products, nicotine is considered as the 

main teratogenic substance that alters and delays embryonic development. Previous 

epidemiological research found a statistically significant association between maternal 
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smoking and the presence of oral clefts in newborns (156).  This study used both 5 

mM nicotine combined with cotinine at 0.1, 0.5, 1, 5 and 10 mM to simulate 

conditions concise maternal smoking. The effect of nicotine combined with cotinine 

induced apoptosis has never been investigated. The cell viability significantly reduced 

after a combined treatment. In Figure 6 and Figure 7, the results suggested that a 

combined treatment decreased the cell viability in a dose-dependent manner. Figure 

10 shows cell morphology at 6 h and 24 h after cells exposed to 5 mM nicotine 

combined with cotinine at 0, 0.5, 1 and 5 mM. At 6 h, cells treated with nicotine at 5 

mM (no cotinine) exhibited swelling, polymorphic vacuole formation and condensed 

nuclei. Cells that exposed to the 5 mM nicotine combined with cotinine at 0.5, 1 and 5 

mM displayed an irregular form, close contact with neighbouring cells, and increased 

the degree of condensation in a dose-dependent manner (153-155). This results 

showed adverse effect of their combination promoting an apoptotic cell death 

progression compared to nicotine treated cells.  At 24 h, all treated groups exhibited 

significant changes to cell shape including cell shrinkage, deformation, and loose 

contact to neighbouring cells. These morphological changes indicated death of cells. 

During this process, cell chromatin condenses and marginates at the nuclear 

membrane, followed by blebbing or budding of the plasma membrane, and finally 

fragmentation into compact membrane-enclosed structures called 'apoptotic bodies', 

which contain cytosol, the condensed chromatin, and organelles (153-155). Figure 13 

quantified cell apoptosis after combined treatment of 5 mM nicotine and cotinine. The 

results clearly show a significant increase of cell apoptosis in a concentration 

dependent relationship. Moreover, combined dose on cell apoptosis is dependent on 

concentration and time which may affect synergistically on PMEF cells. Furthermore, 

previous studies have investigated the possible direct action of nicotine and cotinine at 

the embryonic level. The sensitivity of the embryo to cotinine was low. Although 

studies reported the minimum concentration of cotinine that can disrupt fetal 

development was 8 mM, in a laboratory study, adding of 0.5 mM nicotine to the 

media containing 0.8 mM of cotinine inhibited embryonic blastulation (70).  

 In this study, nicotine and cotinine induced substantial ROS generation. 

Nicotine and cotinine may have caused the imbalance of ROS content in cells and 

mediated cell apoptosis because the results of this study showed a positive correlation 
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between generation of ROS and cell apoptosis. Thus, this study also evaluated 

nicotine, cotinine and their combination induced ROS effect on expression of 

apoptosis-related genes. Excess cellular levels of ROS can cause damage to proteins, 

nucleic acids, lipids, membranes and organelles such as mitochondria (157). 
Mitochondria also have an important role in triggering and regulating apoptosis. 

Mitochondrial dependent apoptosis appears to involve the mitochondrial permeability 

transition pore (MPT) complex (127). Increasing of mitochondrial outer membrane 

permeabilisation (MOMP) leads to release of  pro-apoptotic proteins into the cytosol 

such as cytochrome C, apoptosis inducing factor (AIF), endonuclease G (endoG) 

(127, 158). This leads ultimately to apoptotic cell death by both caspase-dependent 

and -independent mechanisms (146). Previous studies revealed that increased ROS 

generation such as H2O2 and O2 
•− resulted in the release of cytochrome C and 

induction of apoptosis through the mitochondrial pathway (29, 159). 

 ROS was decisive in initiating apoptotic cell death by activating intrinsic 

apoptotic pathway and mitochondria signal transducer which contributes to p53-

dependent apoptosis (131). First, activating intrinsic apoptotic pathway, MOMP is 

regulated by proteins belonging to the B-cell-lymphoma protein 2 (Bcl-2) family. 
Under conditions of stress, relative expression of pro- and antiapoptotic Bcl-2 proteins 

is modified (160). BH3-only Bcl-2 proteins are activated either transcriptionally or 

post-transcriptionally by ROS and further promote cellular expression of pro-

apoptotic proteins. Activated pro-apoptotic proteins are then translocated to the outer 

mitochondrial membrane. This process facilitates MOMP by formation of lager 

channels followed by leakage of pro-apoptotic factors (i.e cytochrome C) into the 

cytosol (31, 32). Afterwards, cytochrome C interacts with Apaf-1 and procaspase 9 

and forms a complex called “apoptosome” which sequentially facilitates and activates 

caspase 3, 6, 7, and 9 (31, 95, 96). 

 This study showed that nicotine, cotinine and their combination produced a 

large number of ROS, which caused the imbalance of ROS and induced apoptosis 

related gene alteration. The RT-qPCR showed that ROS altered the apoptosis-related 

genes expression such as BAX. The mRNA expression level of BAX, with the 

treatment of 5 mM nicotine and 5mM nicotine combined with cotinine significantly 

upregulated in a dose-dependent manner comparison to the control (Figure 18). It has 
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also been reported that ROS can induce changes in pro-apoptotic Bcl2 family proteins 

(BAX, BAK).  Bax (pro-apoptotic) is directly responsible for breaching the 

mitochondrial outer membrane, interacting with the mitochondria to induce a 

permeability transition, producing ROS, and in certain settings, releasing cytochrome 

C, which sequentially activates a downstream caspase program (109-112). Closely 

related to CAS3 expression in 5 mM nicotine and a combined 5mM nicotine with 

cotinine treatments was significantly increased, indicating that PMEF treated cells has 

been damaged and become in late apoptosis induction. This leads ultimately to 

apoptotic cell death by caspase-dependent mechanisms (146).  

 In additions, the mRNA expression level of BCL2 (Figure 19) was increased 

significantly in all of the treatment groups in comparison to the control. Bcl-2 serves 

an anti-apoptotic role, inhibiting apoptosis by binding with the BH3 only sensitizers 

proteins to regulate MOMP (107, 161). In contrast, BH3 only activator proteins 

directly bind BAX causing a BAX conformational change that leads to the 

oligomerization of BAX and subsequent activation of apoptosis (162). In this study, 

treatments of 5 mM nicotine and a combined 5mM nicotine with cotinine increased 

expression of BAX. This may increase BCL2 expression by restraining the MOMP. 

The results showed an association of increased expression between BAX and BCL2. 

Previous studies provided an insight into the molecular mechanisms of nicotine pro- 

apoptotic effects on the liver and kidney (82). Results showed a significant increase in 

Bax/Bcl-2 ratio in the nicotine treated mice. However, the result showed contrast with 

a previous study in hOMF found that ST induced ROS and cell apoptosis by 

regulating the apoptosis associated proteins. Bax expression was increased and Bcl2 

expression was decreased in a dose‑dependent manner (36). Therefore, nicotine can 

have pro-apoptotic effect depending on the concentration of the substance used, 

species-related variations in the metabolism of nicotine and the target cells (82). 

However, anti-apoptotic Bcl-2 proteins also contain other genes besides BCL2. This 

genes such as Bcl-X large (BclXL), Bcl2-like protein 2 (BclW) and Bcl2-like protein 

10 (BclB) (101) may reduce  expression and  result in increased BAX expression.  An 

interesting further study is to determine the effect of nicotine and cotinine on other 

anti-apoptotic Bcl-2 proteins.  
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 Interestingly, ROS was decisive in initiating apoptotic cell death by 

activating mitochondria signal transducer which contributes to P53-dependent 

apoptosis (131).  

 Closely related to P53 mRNA expression in this study, the mRNA expression 

level of PMEF treated cells at 5 mM nicotine and combined 5mM nicotine with 

cotinine was significantly greater than the control. P53 is a key protein mediating cell 

response to stresses. It has been reported that P53 is associated with genes in cell 

cycle arrest and apoptosis (130). Previous studies that investigated the effects of 

nicotine on cell apoptosis via ROS production reported that ROS are able to trigger 

cytoplasmic membrane damage and DNA fragmentation (143). Elevated ROS is a 

distinguished cause of the mitochondrial apoptotic pathway which  directly oxidizes 

DNA and triggers genotoxicity (144, 145). In consistent with this study, apoptotic 

stimuli (ROS) causes DNA damage by induction the expression of P53 and P53 

mediated apoptotic signalling which will further affect the mitochondria membrane 

transition pore complex. When the membrane transition pore complex undergoes 

apoptotic stimuli, inner mitochondria membrane permeability is increased allowing 

free passage of molecules (i.e. protons) into the mitochondrial matrix. This cause 

osmotic swelling of the mitochondrial matrix and compression of vesicles created by 

infolding of the intercristal space. Then, increased MOMP accelerates transportation 

of cytochrome C, apoptosis inducing factor (AIF) and endonuclease G (endo) into 

cytosol to induce apoptosis (126, 127, 158). This leads ultimately to apoptotic cell 

death by both caspase-dependent and -independent mechanisms (146). This study 

finding, CAS3 expression in 5 mM nicotine and a combined 5mM nicotine with 

cotinine treatments was significantly increased closely related to P53 mRNA 

expression. The result suggested, ROS inducing by nicotine and cotinine was decisive 

in initiating apoptotic cell death by activating mitochondria signal transducer which 

contributes to P53-dependent apoptosis (160). This leads ultimately to apoptotic cell 

death by caspase-dependent mechanisms (146).  

 Moreover, excessive cellular levels of ROS also cause direct damage to 

mitochondrial membranes due to electrons leaking from the electron transport chain 

and reacting with O2 to form O2 
•−. This O2 

•−peroxide is then converted to H2O2 and 

OH• respectively, thus motivating nearby mitochondria to produce more ROS (28, 
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118, 127). On the other hand, ROS overproduction can directly contribute to 

endoplasmic reticular stress and DNA damage that changes P53 expression. The result 

in this study is consistent with previous study. ROS induced by 5 mM nicotine and a 

combined 5mM nicotine  with cotinine might direct induces severe mitochondrial 

dysfunction (25) and leads to mitochondrial structural oxidation which opens the 

MPT pores (26-28). Then, initiating apoptotic cell death by activating mitochondria 

signal transducer which contributes to P53-dependent apoptosis (131). Adverse effect 

of ROS production in 5 mM nicotine and 5mM nicotine combined with cotinine 

treatments in PMEF cells in our study was interesting. The mechanism supported 

these effect by severe mitochondrial dysfunction, accelerating MOMP thought the 

opening of the MPT pores and or directly triggers genotoxicity resulting in DNA 

damage, since we found the associated ROS overproduction and high levels of CAS3 

and P53 mRNA expression, and increased expression of BAX and BCL2.  

 However, the underlying mechanisms of the reported adverse effects of 

nicotine, cotinine, and their combination on PMEF cells need to be explored in further 

studies. An interesting future study is to test the incidence occurring in the 

mitochondria membrane transition pore complex by verifying the mitochondria 

membrane potential (ΔΨm) change.  ΔΨm is implicated in many functions such as 

adding further complexity and diversity to the role of mitochondria in cellular 

homeostasis, including the ROS generation, MPT pore stabilization (163). The 

instabilities of ΔΨm have been described (164, 165), and they are occasionally 

attributed to the oscillations of the MPT (166).  Furthermore, at high ΔΨm the 

mitochondrial respiratory chain becomes a significant producer of ROS (167-169). 

Given that excessive production of ROS could directly cause apoptosis closely related 

with this study. In this study, ROS induced ΔΨm change is associated with release of 

cytochrome C, AIF and other factors, apparently, then induced the cells apoptosis 

(170). This mechanism is the study of preferable futures. 

 P21 is a very principal checkpoint gene in the cell cycle. Expression of P21 

is induced by DNA damage, which is also regulated by the transcription of P53. In 

addition, P21 mediates damaged cell repair by stopping DNA synthesis and it is also 

able to stabilize interactions between cyclin D and Cdk4 (171, 172). Thus, P53 

increased expression found in this study may induce expression P21 in early stage 
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even before initiation of cell apoptosis and may be explore in the future study. In 

addition, the mRNA expression shown in this study indicates the level of 

transcriptome. In the future, at the level of the translation of important genes such as 

P53 should be carried out to prove the function of the protein. If the P53 protein is 

expressed, it confirms the activity of the expressed gene. 

 Cells treated with 5 mM nicotine combined with cotinine at 0.5, 1 and 5 mM 

were chosen for subsequent experiments because the cotinine concentration was low 

and closely related to UCB cotinine levels in newborns of maternal smokers (67). 

Although the levels of nicotine used in our study were higher than plasma nicotine, 

our in vitro study was a single dose. The concentration used in this study can serve as 

the preliminary data to adjust the exposure to be similar to the actual condition. In 

cigarette smokers, nicotine has high affinity to the organ, resulting in slow release into 

plasma (43, 44). People who smoke have low levels of nicotine and cotinine in their 

blood all the time. In the future, we can use the data to design an experiment with a 

cell test represented in vivo condition. The concentration of nicotine and cotinine can 

be designed similar to those obtained while smoking and the duration of exposure is 

more frequent instead of giving the test substance only once.     

 In addition, the relationship between nicotine and cotinine induced ROS and 

its effect on the antioxidant enzyme within PMEF is interesting. The balance between 

oxidants and antioxidants is crucial. Imbalance could result in accumulation of ROS 

and induce cell apoptosis (116). Future studies may be conducted to determine 

whether antioxidants can reduce ROS levels induced by nicotine and cotinine, 

possibly providing antioxidants such as vitamin E, vitamin C and carotenoids to 

reduce the risk of birth defects (173). The effects of antioxidants have been assessed 

in human studies and model animals under normal conditions and oxidative stress. 

The studies confirmed the positive effects of antioxidants and antioxidant rich diets to 

reduce the level of oxidative stress status in vivo, and the cultured cells respond well 

to the added antioxidants (120). PMEF cell line (E13) is mesenchymal cells that is 

going to differentiate into various morphological structures and organs of mammalian 

embryo, especially craniofacial formation. At embryonic day 13 (E13) in mouse and 

the 7th week in humans allowing the palatal shelves to be elevated above the dorsum 

of the tongue, showing the critical time in palatogenesis (174, 175). Elevation of the 
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palatal processes or shelves to the horizontal position is caused by cell proliferation 

which increases volume before palatal processes swing upward. The role of 

mesenchymal cells is important during that stage (176). Disturbances at any stage of 

palate development, e.g., defective palatal shelf growth, failed or delayed elevation, 

and blocked fusion, can result in cleft palate (174, 177). Several environmental factors 

(e.g., alcohol consumption, tobacco and anticonvulsants) increase the risk of cleft 

palate (156, 178). However, origin of mesenchymal cells at craniofacial are derived 

from the neural crest and mesoderm during development. Cranial neural crest cells 

(CNCCs) give rise to mesenchymal structures, such as neural tissues, cartilage, bone, 

palate and teeth in the craniofacial region (179). PMEF represents all mesenchyme 

cells derived from neural crest cells and mesoderm origin at embryonic day 13, 

thereby it might not be the best representative for palate formation that requires the 

cells majority derived from CNCCs. Nevertheless, the conditions provide evidence-

based information of the association between nicotine and cotinine, and palatal 

development. It should be noted that at the beginning of pregnancy, the embryo is 

highly sensitive to its surroundings, and chemicals that can pass through the placental 

barrier, such as cigarette smoke, and can cause developmental disability.  

 

Conclusions 

 Our study demonstrated that nicotine and cotinine have an adverse effect on 

PMEF cells as evidenced by decreased cell viability, increased apoptotic cell death in 

a dose-dependent manner. Overproduction of ROS was found in treatments of 

nicotine, cotinine, and their combination, suggesting their deleterious effects on 

PMEF cells. It is possible that ROS overproduction induced by nicotine, cotinine, and 

their combination could lead to mitochondria dysfunction and DNA damage, resulting 

in apoptosis through elevated expression of CAS3 and P53 (two apoptosis-related 

genes), a presumed mechanism of these action is shown in the Figure 22. Our study 

also found that cotinine enhanced the cytotoxic effect of nicotine treatment by 

decreasing cell viability, activating cell apoptosis by increasing ROS production and 

expression of BAX, BCL2, CAS3 and P53.  
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Figure  22 The propose mechanisms of nicotine and cotinine induced apoptosis 

on PMEF. Nicotine combined with cotinine increased the ROS generation which 

resulted in the decreased cell viability, increased cell apopotosis and upregulated 

expression of BAX and P53. Consequently, the mitochondrial outer membrane 

permeability was increased and then accelerated the release of cytochrome C 

into cytoplasm leading to the caspase dependent apoptosis via expression of 

CAS3 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
REFE REN CES 
 

REFERENCES 
 

 

 

 



 

REFERENCES 

 

1. Leite IC, Paumgartten FJ, Koifman S. Chemical exposure during pregnancy 

and oral clefts in newborns. Cadernos de Saude Publica. 2002;18(1):17-31. 

2. Benowitz NL, Hukkanen J, Jacob P, 3rd. Nicotine chemistry, metabolism, 

kinetics and biomarkers. Handbook Of Experimental Pharmacology. 2009;(192):29-

60. 

3. Wehby GL, Murray JC. Folic acid and orofacial clefts: a review of the 

evidence. Oral Diseases. 2010;16(1):11-9. 

4. Armstrong BG. Cigarette, Alcohol, and Coffee Consumption and Spontaneous 

Abortion. American Journal of Public Health. 1992;82(1):85-8. 

5. Jauniaux E, Gulbis B. Placental transfer of cotinine at 12–17 weeks of 

gestation and at term in heavy smokers. Reproductive BioMedicine Online. 

2001;3(1):30-3.  

6. United States. Public Health Service. Office of the Surgeon G, United States. 

Office of the Assistant Secretary for H, Surgeon G, United States. Department of H, 

Human S, United States. Office of Public H, et al. How tobacco smoke causes disease 

: the biology and behavioral basis for smoking-attributable disease - a report of the 

surgeon general. [electronic resource]. Rockville, MD : Washington, DC: Rockville, 

MD : U.S. Dept. of Health and Human Services, Public Health Service, Office of the 

Surgeon General Washington, DC : For sale by the Supt. of Docs., U.S. G.P.O.; 2010. 

7. Seller MJ, Bnait KS. Original contribution: Effects of tobacco smoke 

inhalation on the developing mouse embryo and fetus. Reproductive Toxicology. 

1995;9:449-59.  

8. Guerrero-Preston R. Global epigenetic screening technologies: a novel tool to 

address cancer health disparities in high-risk population groups. Puerto Rico health 

sciences journal. 2008;27(4):350-6. 

9. Kozlowski LT, Mehta NY, Sweeney CT, Schwartz SS, Vogler GP, Jarvis MJ, 

et al. Filter ventilation and nicotine content of tobacco in cigarettes from Canada, the 

United Kingdom, and the United States. Tobacco Control. 1998;7(4):369-75. 

 



 

 

57 

10. Ozturk F, Sheldon E, Sharma J, Canturk KM, Otu HH, Nawshad A. Nicotine 

Exposure During Pregnancy Results in Persistent Midline Epithelial Seam With 

Improper Palatal Fusion. Nicotine Tob Res. 2016;18(5):604-12. 

11. Pastrakuljic A, Schwartz R, Simone C, Derewlany LO, Knie B, Koren G. 

Transplacental transfer and biotransformation studies of nicotine in the human 

placental cotyledon perfused in vitro. Life Sciences. 1998;63(26):2333-42. 

12. dempsey DA, Benowitz NL. Risks and benefits of nicotine to aid smoking 

cessation in pregnancy. Drug Safety. 2001;24(4):277-322. 

13. Mbah AK, Salihu HM, Dagne G, Wilson RE, Bruder K. Exposure to 

environmental tobacco smoke and risk of antenatal depression: application of latent 

variable modeling. Archives of Women's Mental Health. 2013;16(4):293-302. 

14. Murphy DJ, Dunney C, Mullally A, Adnan N, Deane R. Population-Based 

Study of Smoking Behaviour throughout Pregnancy and Adverse Perinatal Outcomes. 

2013;10(9):3855-67. 

15. Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke 

exposure. Epidemiologic Reviews. 1996;18(2):188-204. 

16. Guerrero-Preston R, Goldman LR, Brebi-Mieville P, Ili-Gangas C, LeBron C, 

Witter FR, et al. Global DNA hypomethylation is associated with in utero exposure to 

cotinine and perfluorinated alkyl compounds. Epigenetics. 2010;5(6):539-46. 

17. Berlin I, Heilbronner C, Georgieu S, Meier C, Spreux-Varoquaux O. 

Newborns' cord blood plasma cotinine concentrations are similar to that of their 

delivering smoking mothers. Drug and Alcohol Dependence. 2010;107(2-3):250-2. 

18. Ivorra C, García-Vicent C, Ponce F, Ortega-Evangelio G, Fernández-Formoso 

JA, Lurbe E. High cotinine levels are persistent during the first days of life in 

newborn second hand smokers. Drug and Alcohol Dependence. 2014;134(1):275-9. 

19. Burke A, FitzGerald GA. Oxidative stress and smoking-induced vascular 

injury. Progress in Cardiovascular Diseases. 2003;46(1):79-90. 

20. Foronjy R, D'Armiento J. The Effect of Cigarette Smoke-derived Oxidants on 

the Inflammatory Response of the Lung. Clin Appl Immunol Rev. 2006;6(1):53-72. 

21. Milnerowicz H, Ściskalska M, Dul M. Molecular mechanisms of the impact of 

smoke-oxidants. Experimental and Toxicologic Pathology. 2015;67(7):377-82. 

 



 

 

58 

22. Block G, Dietrich M, Norkus EP, Morrow JD, Hudes M, Caan B, et al. Factors 

Associated with Oxidative Stress in Human Populations. American Journal of 

Epidemiology. 2002;156(3):274-85. 

23. Ermis B, Ors R, Yildirim A, Tastekin A, Kardas F, Akcay F. Influence of 

smoking on maternal and neonatal serum malondialdehyde, superoxide dismutase, 

and glutathione peroxidase levels. 2004;34(4):405-9. 

24. Boonstra J, Post JA. Molecular events associated with reactive oxygen species 

and cell cycle progression in mammalian cells. Gene. 2004;337:1-13. 

25. Orrenius S, Nicotera P, Zhivotovsky B. Cell Death Mechanisms and Their 

Implications in Toxicology. Toxicological Sciences. 2011;119(1):3-19. 

26. Scorrano L, Ashiya M, Buttle K, Weiler S, Oakes SA, Mannella CA, et al. A 

Distinct Pathway Remodels Mitochondrial Cristae and Mobilizes Cytochrome c 

during Apoptosis. Developmental Cell. 2002;2(1):55-67. 

27. Ott M, Robertson JD, Gogvadze V, Zhivotovsky B, Orrenius S. Cytochrome c 

release from mitochondria proceeds by a two-step process. Proceedings of the 

National Academy of Sciences of the United States of America. 2002;99(3):1259-63. 

28. Belizário JE, Alves J, Occhiucci JM, Garay-Malpartida M, Sesso A. A 

mechanistic view of mitochondrial death decision pores. Brazilian Journal of Medical 

and Biological Research. 2007;40:1011-24. 

29. Chandra J, Samali A, Orrenius S. Triggering and modulation of apoptosis by 

oxidative stress. Free Radical Biology and Medicine. 2000;29(3):323-33. 

30. Madesh M, Hajnóczky G. VDAC-dependent permeabilization of the outer 

mitochondrial membrane by superoxide induces rapid and massive cytochrome c 

release. The Journal of cell biology. 2001;155(6):1003-15. 

31. Martinou J-C, Youle RichardÂ j. Mitochondria in Apoptosis: Bcl-2 Family 

Members and Mitochondrial Dynamics. Developmental Cell. 2011;21(1):92-101. 

32. Kaufmann T, Strasser A, Jost PJ. Fas death receptor signalling: roles of Bid 

and XIAP. 2012;19(1):42-50. 

33. Wang J-P, Hsieh C-H, Liu C-Y, Lin K-H, Wu P-T, Chen K-M, et al. Reactive 

oxygen species-driven mitochondrial injury induces apoptosis by teroxirone in human 

non-small cell lung cancer cells. Oncology letters. 2017;(3):3503. 

 



 

 

59 

34. Block G, Dietrich M, Norkus EP, Morrow JD, Hudes M, Caan B, et al. Factors 

Associated with Oxidative Stress in Human Populations. American Journal of 

Epidemiology. 2002;156(3):274-85. 

35. Yildiz D. Nicotine, its metabolism and an overview of its biological effects. 

Toxicon. 2004;43(6):619-32. 

36. Lei LI, Xiaoqing Z, Yanran W. Smokeless tobacco extract inhibits 

proliferation and promotes apoptosis in oral mucous fibroblasts. Oncology letters. 

2018;16(4):5066-74. 

37. Kim CW. Apoptotic effects of cigarette smoke extracts on mouse embryonic 

stem cells via oxidative stress. Environmental Toxicology. 2019;.34(6):689-99. 

38. Hukkanen J, Jacob P, Benowitz NL. Metabolism and Disposition Kinetics of 

Nicotine. Pharmacological Reviews. 2005;57(1):79. 

39. Mousa S, van Loon GR, Houdi AA, Crooks PA. High-performance liquid 

chromatography with electrochemical detection for the determination of nicotine and 

N-methylnicotinium ion. Journal of Chromatography A. 1985;347:405-10. 

40. Jacob Iii P, Elias-Baker JBBARTNL. Determination of cocaine in plasma by 

automated gas chromatography. Journal of Chromatography B: Biomedical Sciences 

and Applications. 1984;306:173-81. 

41. Gori GB, Benowitz NL, Lynch CJ. Mouth versus deep airways absorption of 

nicotine in cigarette smokers. Pharmacology, Biochemistry and Behavior. 

1986;25:1181-4. 

42. Benowitz NL, Hukkanen J, Jacob Iii P. Metabolism and disposition kinetics of 

nicotine. Pharmacological Reviews. 2005;57(1):79-115. 

43. Schneider NG, Olmstead RE, Franzon MA, Lunell E. The Nicotine Inhaler. 

Clinical Pharmacokinetics. 2001;40(9):661-84. 

44. Siegel D, Benowitz N, Ernster VL, Grady DG, Hauck WW. Smokeless 

tobacco, cardiovascular risk factors, and nicotine and cotinine levels in professional 

baseball players. American journal of public health. 1992;82(3):417-21. 

45. Peterson LA, Trevor A, Castagnoli N. Stereochemical studies on the 

cytochrome P-450 catalyzed oxidation of (S)-nicotine to the (S)-nicotine 

.DELTA.1'(5')-iminium species. Journal of Medicinal Chemistry. 1987;30(2):249-54. 

 



 

 

60 

46. Bao Z, He X-Y, Ding X, Prabhu S, Hong J-Y. Metabolism of nicotine and 

cotinine by human cytochrome P450 2A13. Drug metabolism and disposition. 

2005;33(2):258-61. 

47. Benowitz NL, Kuyt F, Jacob P, Jones RT, Osman A-L. Cotinine disposition 

and effects. Clinical Pharmacology & Therapeutics. 1983;34(5):604. 

48. Herning RI, Jones RT, Benowitz NL, Mines AH. How a cigarette is smoked 

determines blood nicotine levels. Clinical Pharmacology & Therapeutics. 

1983;33(1):84. 

49. Gori GB, Lynch CJ. Analytical cigarette yields as predictors of smoke 

bioavailability. Regulatory Toxicology and Pharmacology. 1985;5(3):314-26. 

50. Zevin S, Jacob P, Benowitz N. The effect of cotinine on nicotine metabolism. 

Addiction. 1997;92(5):649-54. 

51. Rauschert S, Melton PE, Burdge G, Craig JM, Godfrey KM, Holbrook JD, et 

al. Maternal Smoking During Pregnancy Induces Persistent Epigenetic Changes Into 

Adolescence, Independent of Postnatal Smoke Exposure and Is Associated With 

Cardiometabolic Risk. Frontiers in genetics. 2019;10:770. 

52. Chung KC, Kowalski CP, Kim HM, Buchman SR. Maternal cigarette smoking 

during pregnancy and the risk of having a child with cleft lip/palate. Plastic and 

Reconstructive Surgery. 2000;105(2):485-91. 

53. Lorente C, Cordier S, Goujard J, Ayme S, Bianchi F, Calzolari E, et al. 

Tobacco and Alcohol Use During Pregnancy and Risk of Oral Clefts. 2000;90(3):415-

19. 

54. Julian L, Amanda C, Ronald G M. Tobacco smoking and oral clefts: a meta-

analysis / Méta-analyse du lien entre le tabagisme et les fentes faciales / Tabaquismo 

y hendiduras bucales: metanálisis. Bulletin of the World Health Organization. 

2004;82(3):213-8. 

55. Little J, Cardy A, Munger RG. Tobacco smoking and oral clefts: a meta-

analysis. Bulletin of the World Health Organization. 2004;82:213-8. 

56. Seller MJ, Bnait KS. Effects of tobacco smoke inhalation on the developing 

mouse embryo and fetus. Reproductive Toxicology. 1995;9(5):449-59. 

 



 

 

61 

57. Van Vunakis H, Langone JJ, Milunsky A. Nicotine and cotinine in the 

amniotic fluid of smokers in the second trimester of pregnancy. American Journal of 

Obstetrics and Gynecology. 1974;120(1):64-6. 

58. Hibberd AR, Gorrod JW. Metabolism of nicotine, cotinine and nicotine Δ 

1'(5') iminium ion by human foetal liver, in vitro. Acta Pharmaceutica Fennica. 

1980;89(3):173. 

59. Luck W, Hansen R, Steldinger R, Nau H. Nicotine and Cotinine - two 

pharmacologically active substances as parameters for the strain on fetuses and babies 

of mothers who smoke. Journal of Perinatal Medicine. 1982;10(s2):107-8. 

60. Paulson R, Shanfeld J, Price T, Paulson J, Sachs L. Effect of smokeless 

tobacco on the development of the CD‐1 mouse fetus. Teratology. 1989;40(5):483-94. 

61. Slotkin TA. Developmental Cholinotoxicants: Nicotine and Chlorpyrifos. 

Environmental Health Perspectives. 1999;107:71-80. 

62. James R Pauly,Theodore A Slotkon. Material tobacco smoking, nicotine 

replacement and neurobehavioural development.Acta Paediatric. 2008;97:1331–7. 

63. Koren G. Fetal toxicology of environmental tobacco smoke. Current opinion 

in pediatrics. 1995;7(2):128-31. 

64. Lambers DS, Clark KE, editors. The maternal and fetal physiologic effects of 

nicotine. Seminars in perinatology. 1996;20(2):115-26. 

65. Nafstad P, Kongerud J, Botten G, Urdal P, Silsand T, Pedersen BS, et al. Fetal 

exposure to tobacco smoke products: a comparison between self-reported maternal 

smoking and concentrations of cotinine and thiocyanate in cord serum. Acta 

obstetricia et gynecologica Scandinavica. 1996;75(10):902-7. 

66. Hayde M, Bernaschek G, Stevenson D, Knight G, Haddow J, Widness J. 

Antepartum fetal and maternal carboxyhemoglobin and cotinine levels among 

cigarette smokers. Acta Paediatrica. 1999;88(3):327-31. 

67. Abdullah B, Muadz B, Norizal MN, Ismail N, Kornain NK, Kutty M. 

Pregnancy outcome and cord blood cotinine level: A cross-sectional comparative 

study between secondhand smokers and non-secondhand smokers. European Journal 

of Obstetrics & Gynecology and Reproductive Biology. 2017;214:86-90. 

 



 

 

62 

68. Huang J, Okuka M, McLean M, Keefe DL, Liu L. Telomere susceptibility to 

cigarette smoke-induced oxidative damage and chromosomal instability of mouse 

embryos in vitro. Free Radical Biology and Medicine. 2010;48(12):1663-76. 

69. Bramer SL, Kallungal BA. Clinical considerations in study designs that use 

cotinine as a biomarker. Biomarkers. 2003;8(4/3):187-203. 

70. Baldwin KV, Racowsky C. Nicotine and cotinine effects on development of 

two-cell mouse embryos in vitro. Reproductive Toxicology. 1987;1(3):173-8. 

71. Jacob T, Clouden N, Hingorani A, Ascher E. The effect of cotinine on 

telomerase activity in human vascular smooth muscle cells. J Cardiovasc Surg 

(Torino). 2009;50(3):345-9. 

72. Dalgic A, Armagan E, Helvacioglu F, Okay O, Daglioglu E, Take G, et al. 

High dose cotinine may induce neural tube defects in a chick embryo model. Turk 

Neurosurg. 2009;19(3):224-9. 

73. Vlasceanu A-M, Baconi DL, Galateanu B, Stan M, Balalau C. Comparative 

cytotoxicity study of nicotine and cotinine on MRC-5 cell line. Journal of Mind and 

Medical Sciences. 2018;(1):17. 

74. Zdravkovic T, Genbacev O, LaRocque N, McMaster M, Fisher S. Human 

embryonic stem cells as a model system for studying the effects of smoke exposure on 

the embryo. Reproductive Toxicology. 2008;26(2):86-93. 

75. Kim B-S, Kim S-J, Kim H-J, Lee S-J, Park Y-J, Lee J, et al. Effects of 

nicotine on proliferation and osteoblast differentiation in human alveolar bone 

marrow-derived mesenchymal stem cells. Life Sciences. 2012;90(3):109-15. 

76. Moga M, Boşca AB, Băciuţ M, Lucaciu O, Ilea A, Câmpian RS, et al. 

Nicotine cytotoxicity on the mesenchymal stem cells derived from human 

periodontium. Romanian Biotechnological Letters. 2016;21(4):11632-41. 

77. Xu Y, Yongjian Q, Avercenc-Leger L, Vincourt J-B, Hupont S, Huselstein C, 

et al. Effect of nicotine on the proliferation and chondrogenic differentiation of the 

human Wharton's jelly mesenchymal stem cells. Bio-Medical Materials & 

Engineering. 2017;28:217-228. 

 



 

 

63 

78. Zhang H, Liu X, Gao Z, Li Z, Yu Z, Yin J, et al. Excessive retinoic acid 

inhibit mouse embryonic palate mesenchymal cell growth through involvement of 

Smad signaling. Animal Cells & Systems. 2017;21(1):31-6. 

79. Yu J, Huang NF, Wilson KD, Velotta JB, Huang M, Li Z, et al. nAChRs 

mediate human embryonic stem cell-derived endothelial cells: proliferation, 

apoptosis, and angiogenesis. PLoS One. 2009;4(9):e7040. 

80. Galitovsky V, Chowdhury P, Zharov VP. Photothermal detection of nicotine-

induced apoptotic effects in pancreatic cancer cells. Life Sciences. 2004;75(22):2677-

87. 

81. Zhao Z, Reece EA. Nicotine-induced embryonic malformations mediated by 

apoptosis from increasing intracellular calcium and oxidative stress. Birth Defects 

Research Part B - Developmental and Reproductive Toxicology. 2005;74(5):383-91. 

82. Jalili C, Salahshoor MR, Moradi MT, Ahookhash M, Taghadosi M, Sohrabi 

M. Expression Changes of Apoptotic Genes in Tissues from Mice Exposed to 

Nicotine. Asian Pacific journal of cancer prevention : APJCP. 2017;18(1):239-44. 

83. Liang D, Wang KJ, Tang ZQ, Liu RH, Zeng F, Cheng MY, et al. Effects of 

Nicotine on the metabolism and gene expression profile of Sprague-Dawley rat 

primary osteoblasts. Molecular Medicine Reports. 2018;17(6):8269-81. 

84. Yu W, Hu B, Shi X, Cao Z, Ren M, He Z, et al. Nicotine inhibits osteogenic 

differentiation of human periodontal ligament cells under cyclic tensile stress through 

canonical Wnt pathway and [alpha]7 nicotinic acetylcholine receptor. Journal of 

Periodontal Research. 2018;53(4):555-64. 

85. Dai H, Meng X, Kaufmann S. BCL2 Family, Mitochondrial Apoptosis, and 

Beyond. Cancer Translational Medicine. 2016;2(1):7-20. 

86. Wiederschain G. Apoptosis, Methods and Protocols (Brady, H. (ed.) in 

Methods in Molecular Biology. 2005;70(5:) 609-736. 

87. Kerr JFR, Wyllie AH, Currie AR. Apoptosis: A basic biological phenomenon 

with wide-ranging implications in tissue kinetics. British Journal of Cancer. 

1972;26(4):239-57. 

88. Meng XW, Lee S-H, Kaufmann SH. Apoptosis in the treatment of cancer: a 

promise kept? Current Opinion in Cell Biology. 2006;18(6):668-76. 

 



 

 

64 

89. Yazici P, Alizadehshargh S, Guner-Akdogan G. Apoptosis: Regulatory 

Molecules, Its Relationship with Diseases and Apoptosis Detection Methods: Review. 

2009;29(6):1677-86.  

90. Russell PJ. Biology : the dynamic science / Russell, Hertz, McMillan. In: 

Hertz PE, McMillan B, editors. Biology : the dynamic science. 2nd ed., International  

Pacific Grove, Calif ;2011. 

91. Avi A. Targeting death and decoy receptors of the tumour-necrosis factor 

superfamily. Nature Reviews Cancer. 2002;2(6):420. 

92. Nieng Y, Yigong S. Mechanisms of Apoptosis Through Structural Biology. 

Annual Review of Cell & Developmental Biology. 2005;21(1):35-56. 

93. Oltvai ZT, Milliman CL. Bcl-2 heterodimerizes in vivo with a conserved 

homolog, bax, that accelerates programmed cell death. Cell. 1993;74(4):609-19. 

94. Alberts B., et al. Molecular biology of the cell. 5th ed. New York, N.Y. : 

Garland Science; 2008. 

95. Jiang X, Wang X. CYTOCHROME C -MEDIATED APOPTOSIS. Annu Rev 

Biochem. 2004;73(1):87-106. 

96. Bradley TH, Junying Y. Apoptotic and non-apoptotic roles of caspases in 

neuronal physiology and pathophysiology. Nature Reviews Neuroscience. 

2012;13(6):395-406. 

97. Echeverry N, Bachmann D, Ke F, Strasser A, Simon HU, Kaufmann T. 

Intracellular localization of the BCL-2 family member BOK and functional 

implications. Cell Death and Differentiation. 2013;20(6):785-99. 

98. McKenzie M, Carrington E, Kaufmann T, Strasser A, Huang D, Kay T, et al. 

Proapoptotic BH3-Only Protein Bid Is Essential For Death Receptor-Induced 

Apoptosis of Pancreatic [beta]-Cells. Diabetes. 2008;57(5):1284-92. 

99. Schoelch ML, Le QT, Silverman Jr S, McMillan A, Dekker NP, Fu KK, et al. 

Apoptosis-associated proteins and the development of oral squamous cell carcinoma. 

Oral Oncology. 1999;35(1):77-85. 

100. Brousset P, Krajewski S, Schlaifer D, Reed JC, Delsol G. Detection of the cell 

death-inducing protein BAK in Reed-Sternberg cells of Hodgkin's disease. Leukemia 

& lymphoma. 1999;34(5-6):581-4. 

 



 

 

65 

101. Hinds MG, Lackmann M, Skea GL, Harrison PJ, Huang DCS, Day CL. The 

structure of Bcl-w reveals a role for the C-terminal residues in modulating biological 

activity. 2003;22(7):1497-507. 

102. Puthalakath H, Huang DCS, O’Reilly LA, King SM, Strasser A. The 

Proapoptotic Activity of the Bcl-2 Family Member Bim Is Regulated by Interaction 

with the Dynein Motor Complex. Molecular Cell. 1999;3(3):287-96. 

103. Kowaltowski AJ, de Souza-Pinto NC, Castilho RF, Vercesi AE. Mitochondria 

and reactive oxygen species. Free Radical Biology and Medicine. 2009;47(4):333-43. 

104. Desagher S, Osen-Sand A, Nichols A, Eskes R, Montessuit S, Lauper S, et al. 

Bid-induced conformational change of Bax is responsible for mitochondrial 

cytochrome c release during apoptosis. The Journal of cell biology. 1999;144(5):891-

901. 

105. Eskes R, Desagher S, Antonsson B, Martinou JC. Bid induces the 

oligomerization and insertion of Bax into the outer mitochondrial membrane. 

Molecular and Cellular Biology. 2000;20(3):929-35. 

106. Wang K, Yin XM, Chao DT, Milliman CL, Korsmeyer SJ. BID: a novel BH3 

domain-only death agonist. Genes & development. 1996;10(22):2859. 

107. Kuwana T, Bouchier-Hayes L, Chipuk JE, Bonzon C, Sullivan BA, Green DR, 

et al. BH3 Domains of BH3-Only Proteins Differentially Regulate Bax-Mediated 

Mitochondrial Membrane Permeabilization Both Directly and Indirectly. Molecular 

Cell. 2005;17(4):525-35. 

108. Bender T, Martinou J-C. Where killers meet--permeabilization of the outer 

mitochondrial membrane during apoptosis. Cold Spring Harbor perspectives in 

biology. 2013;5(1):a011106. 

109. Eskes R, Antonsson B, Osen-Sand A, Montessuit S. Bax-induced cytochrome 

C release from mitochondria is independent of the permeability transition pore but 

highly dependent on Mg2+ ions. The Journal of Cell Biology. 1998;143(1):217-24. 

110. Gross A, Jockel J, Wei MC, Korsmeyer SJ. Enforced dimerization of BAX 

results in its translocation, mitochondrial dysfunction and apoptosis. EMBO Journal. 

1998;17(14):3878-85. 

 



 

 

66 

111. Narita M, Shimizu S, Ito T, Chittenden T, Lutz RJ, Matsuda H, et al. Bax 

interacts with the permeability transition pore to induce permeability transition and 

cytochrome c release in isolated mitochondria. Proceedings of the National Academy 

of Sciences of the United States of America. 1998;95(25):14681-6. 

112. Hardwick JM, Chen Y-B, Jonas EA. Multipolar functions of BCL-2 proteins 

link energetics to apoptosis. Trends in Cell Biology. 2012;22(6):318-28. 

113. Kehrer JP, Klotz L-O. Free radicals and related reactive species as mediators 

of tissue injury and disease: implications for Health. 2015;45(5):765-982. 

114. Inoue M, Sato E, Nishikawa M, Park A-M, Kira Y, Imada I, et al. 

Mitochondrial Generation of Reactive Oxygen Species and its Role in Aerobic Life. 

Current Medicinal Chemistry. 2003;10(23):2495-505. 

115. Salman KA, Ashraf S. Reactive oxygen species: A link between chronic 

inflammation and cancer. Asia-Pacific Journal of Molecular Biology and 

Biotechnology. 2015;22(2):42-9. 

116. Redza-Dutordoir M, Averill-Bates DA. Activation of apoptosis signalling 

pathways by reactive oxygen species. Biochimica et Biophysica Acta (BBA) - 

Molecular Cell Research. 2016;1863(12):2977-92. 

117. Prasodjo A, Pfeiffer CM, Fazili Z, Xu Y, Liddy S, Yolton K, et al. Serum 

cotinine and whole blood folate concentrations in pregnancy. Annals of 

Epidemiology. 2014;24(7):498-503. 

118. Halliwell B. Free radicals and antioxidants â€ “  quo vadis? Trends in 

Pharmacological Sciences. 2011;32(3):125-30. 

119. Sies H. Total antioxidant capacity: appraisal of a concept. J Nutr. 

2007;137(6):1493-5. 

120. Niki E. Assessment of Antioxidant Capacity in vitro and in vivo. Free Radical 

Biology and Medicine. 2010;49(4):503-15. 

121. Li L, Chen CYO, Aldini G, Johnson EJ, Rasmussen H, Yoshida Y, et al. 

Supplementation with lutein or lutein plus green tea extracts does not change 

oxidative stress in adequately nourished older adults. J Nutr Biochem. 

2010;21(6):544-9. 

 



 

 

67 

122. Polidori MC, Carrillo J-C, Verde PE, Sies H, Siegrist J, Stahl W. Plasma 

micronutrient status is improved after a 3-month dietary intervention with 5 daily 

portions of fruits and vegetables: implications for optimal antioxidant levels. Nutr J. 

2009;8(10):1-14. 

123. Milman U, Blum S, Shapira C, Aronson D, Miller-Lotan R, Anbinder Y, et al. 

Vitamin E Supplementation Reduces Cardiovascular Events in a Subgroup of Middle-

Aged Individuals With Both Type 2 Diabetes Mellitus and the Haptoglobin 2-2 

Genotype. Arteriosclerosis, Thrombosis, and Vascular Biology. 2008;28(2):341-7. 

124. Zingg JM, Azzi A, Meydani M. Genetic polymorphisms as determinants for 

disease-preventive effects of vitamin E. Nutrition reviews. 2008;66(7):406-14. 

125. Luna-Vargas MPA, Chipuk JE. Physiological and Pharmacological Control of 

BAK, BAX, and Beyond. Trends in Cell Biology. 2016;26(12):906-17. 

126. Liu X, Kim CN, Yang J, Jemmerson R, Wang X. Induction of Apoptotic 

Program in Cell-Free Extracts: Requirement for dATP and Cytochrome c. Cell. 

1996;86(1):147-57. 

127. Halestrap AP. What is the mitochondrial permeability transition pore? Journal 

of Molecular and Cellular Cardiology. 2009;46(6):821-31. 

128. Pallepati P, Averill-Bates D. Mild thermotolerance induced at 40°C increases 

antioxidants and protects HeLa cells against mitochondrial apoptosis induced by 

hydrogen peroxide: Role of p53. Archives of Biochemistry and Biophysics. 

2010;495(2):97-111. 

129. Circu ML, Aw TY. Reactive oxygen species, cellular redox systems, and 

apoptosis. Free Radical Biology and Medicine. 2010;48(6):749-62. 

130. Lacroix M, Toillon R-A, Leclercq G. p53 and breast cancer, an update. 

Endocrine-Related Cancer. 2006;13(2):293-325. 

131. Brodská B, Holoubek A. Generation of reactive oxygen species during 

apoptosis induced by DNA-damaging agents and/or histone deacetylase inhibitors. 

Oxid Med Cell Longev. 2011;2011:1-7. 

132. Zhu X, Wang K, Zhang K, Huang B, Zhang J, Zhang Y, et al. Ziyuglycoside II 

Inhibits the Growth of Human Breast Carcinoma MDA-MB-435 Cells via Cell Cycle 

Arrest and Induction of Apoptosis through the Mitochondria Dependent Pathway. 

International Journal of Molecular Sciences. 2013;14(9):18041-55. 



 

 

68 

 

133. Boffetta P, Hecht S, Gray N, Gupta P, Straif K. Smokeless tobacco and 

cancer. The Lancet Oncology. 2008;9(7):667-75. 

134. Patel BP, Rawal RM, Patel PS, Shah PM, Prajapati JA, Dave TK, et al. Study 

of tobacco habits and alterations in enzymatic antioxidant system in oral cancer. 

Oncology. 2005;68(4-6):511-9. 

135. Naga Sirisha C, Manohar R. Study of antioxidant enzymes superoxide 

dismutase and glutathione peroxidase levels in tobacco chewers and smokers: A pilot 

study. Journal of Cancer Research and Therapeutics. 2013;9(2):210-4. 

136. Harris AC, Tally L, Schmidt CE, Muelken P, Stepanov I, Saha S, et al. Animal 

models to assess the abuse liability of tobacco products: Effects of smokeless tobacco 

extracts on intracranial self-stimulation. Drug and Alcohol Dependence. 2015;147:60-

7. 

137. Yu C, Zhang Z, Liu Y, Zong Y, Chen Y, Du X, et al. Toxicity of Smokeless 

Tobacco Extract after 184-Day Repeated Oral Administration in Rats. 

2016;13(3):281. 

138. Avti PK, Kumar S, Pathak CM, Vaiphei K, Khanduja KL. Smokeless tobacco 

impairs the antioxidant defense in liver, lung and kidney of rats. Toxicol Sci. 

2006;89(2):547-53.  

139. Avti PK, Vaiphei K, Pathak CM, Khanduja KL. Involvement of Various 

Molecular Events in Cellular Injury Induced by Smokeless Tobacco. Chemical 

Research in Toxicology. 2010;23(7):1163-74. 

140. Thunnissen FB. Acetylcholine Receptor Pathway and Lung Cancer. Journal of 

Thoracic Oncology. 2009;4(8):943-6. 

141. Egleton RD, Brown KC, Dasgupta P. Nicotinic acetylcholine receptors in 

cancer: multiple roles in proliferation and inhibition of apoptosis. Trends in 

Pharmacological Sciences. 2008;29(3):151-8. 

142. Crowley-Weber CL, Dvorakova K, Crowley C, Bernstein H, Bernstein C, 

Garewal H, et al. Nicotine increases oxidative stress, activates NF-κB and GRP78, 

induces apoptosis and sensitizes cells to genotoxic/xenobiotic stresses by a multiple 

stress inducer, deoxycholate: relevance to colon carcinogenesis. Chemico-Biological 

Interactions. 2003;145(1):53-66. 



 

 

69 

143. Yang HW, Hwang KJ, Kwon HC, Kim HS, Choi KW, Oh KS. Detection of 

reactive oxygen species (ROS) and apoptosis in human fragmented embryos. Human 

reproduction (Oxford, England). 1998;13(4):998-1002. 

144. Richter C. Oxidative stress, mitochondria, and apoptosis. Restorative 

neurology and neuroscience. 1998;12(2, 3):59-62. 

145. Sastre J, Pallardó FV, García de la Asunción J, Viña J. Mitochondria, 

oxidative stress and aging. Free radical research. 2000;32(3):189-98. 

146. Orrenius S, Gogvadze V, Zhivotovsky B. Calcium and mitochondria in the 

regulation of cell death. Biochemical and Biophysical Research Communications. 

2015;460(1):72-81. 

147. Kitchin KT, Ebron MT. Further development of rodent whole embryo culture: 

Solvent toxicity and water insoluble compound delivery system. Toxicology. 

1984;30(1):45-57. 

148. Adler S, Pellizzer C, Paparella M, Hartung T, Bremer S. The effects of 

solvents on embryonic stem cell differentiation. Toxicology in Vitro. 2006;20(3):265-

71. 

149. Jeffree GM. Hydrogen peroxide and cancer. Nature. 1958;182(4639):892. 

150. Gough DR, Cotter TG. Hydrogen peroxide: a Jekyll and Hyde signalling 

molecule. Cell Death & Disease. 2011;2(10):e213. 

151. Turrens JF. Mitochondrial formation of reactive oxygen species. The Journal 

of physiology. 2003;552(2):335-44. 

152. Zhao Z, Reece EA. Nicotine-induced embryonic malformations mediated by 

apoptosis from increasing intracellular calcium and oxidative stress. Birth Defects 

Research Part B: Developmental and Reproductive Toxicology. 2005;74(5):383-91. 

153. Saraste A, Pulkki K. Morphologic and biochemical hallmarks of apoptosis. 

Cardiovascular research. 2000;45(3):528-37. 

154. Van Cruchten S, Van Den Broeck W. Morphological and biochemical aspects 

of apoptosis, oncosis and necrosis. Anatomia, histologia, embryologia. 

2002;31(4):214-23. 

155. Mikadze E, Mamatsashvili T. Early Contact Stage of Apoptosis: Its 

Morphological Features and Function. TheScientificWorldJournal. 2006;6:1783-804. 



 

 

70 

156. Wyszynski DF, Duffy DL, Beaty TH. Maternal cigarette smoking and oral 

clefts: A meta-analysis. Cleft Palate-Craniofacial Journal. 1997;34(3):206-10. 

157. Dickinson BC, Chang CJ. Chemistry and biology of reactive oxygen species 

in signaling or stress responses. Nature Chemical Biology. 2011;7(8):504-11. 

158. Bernardi P, editor The mitochondrial permeability transition pore: a mystery 

solved? Front. Physiol. 2013;4(95):1-12.   

159. Madesh M, Hajnóczky G. VDAC-dependent permeabilization of the outer 

mitochondrial membrane by superoxide induces rapid and massive cytochrome c 

release. The Journal of cell biology. 2001;155(6):1003-15. 

160. Leibowitz B, Yu J. Mitochondrial signaling in cell death via the Bcl-2 family. 

Cancer Biology & Therapy. 2010;9(6):417-22. 

161. Dai H, Meng X, Kaufmann S. BCL2 Family, Mitochondrial Apoptosis, and 

Beyond. Cancer Translational Medicine. 2016;2(1):7-20. 

162. Letai A, Bassik MC, Walensky LD, Sorcinelli MD, Weiler S, Korsmeyer SJ. 

Distinct BH3 domains either sensitize or activate mitochondrial apoptosis, serving as 

prototype cancer therapeutics. Cancer Cell. 2002;2(3):183-92. 

163. Zullo S, Sieu LC, Slightom JL, Hadler HI, Eisenstadt JM. Mitochondrial D-

loop sequences are integrated in the rat nuclear genome. Journal of molecular biology. 

1991;221(4):1223-35. 

164. Hüser J, Rechenmacher CE, Blatter LA. Imaging the permeability pore 

transition in single mitochondria. Biophys J. 1998;74(4):2129-37. 

165. Slodzinski MK, Aon MA, O'Rourke B. Glutathione oxidation as a trigger of 

mitochondrial depolarization and oscillation in intact hearts. Journal of molecular and 

cellular cardiology. 2008;45(5):650-60. 

166. Zorov DB, Juhaszova M, Sollott SJ. Mitochondrial reactive oxygen species 

(ROS) and ROS-induced ROS release. Physiological reviews. 2014;94(3):909-50. 

167. Liu SS. Cooperation of a "reactive oxygen cycle" with the Q cycle and the 

proton cycle in the respiratory chain--superoxide generating and cycling mechanisms 

in mitochondria. Journal of bioenergetics and biomembranes. 1999;31(4):367-76. 

 



 

 

71 

168. Korshunov SS, Skulachev VP, Starkov AA. High protonic potential actuates a 

mechanism of production of reactive oxygen species in mitochondria. FEBS letters. 

1997;416(1):15-8. 

169. Starkov AA, Fiskum G. Regulation of brain mitochondrial H2O2 production 

by membrane potential and NAD(P)H redox state. Journal of neurochemistry. 

2003;86(5):1101-7. 

170. Zorova LD, Popkov VA, Plotnikov EY, Silachev DN, Pevzner IB, Jankauskas 

SS, et al. Mitochondrial membrane potential. Analytical biochemistry. 2018;552:50-9.  

171. Reed SI, Bailly E, Dulic V, Hengst L, Resnitzky D, Slingerland J. G1 control 

in mammalian cells. Journal of Cell Science. 2003;86(5):1101-7. 

172. He G, Siddik ZH, Huang Z, Wang R, Koomen J, Kobayashi R, et al. Induction 

of p21 by p53 following DNA damage inhibits both Cdk4 and Cdk2 activities. 

Oncogene. 2005;24(18):2929-43. 

173. Kurutas EB. The importance of antioxidants which play the role in cellular 

response against oxidative/nitrosative stress: current state. Nutr J. 2016;15(1):1-22. 

174. Ferguson MW. Palate development. Development. 1988;41-60. 

175. Meng L, Bian Z, Torensma R, Hoff JWVd. Biological Mechanisms in 

Palatogenesis and Cleft Palate. Journal of Dental Research. 2009;88(1):22-33. 

176. Moss-Salentijn L. Craniofacial development. American Journal of 

Orthodontics and Dentofacial Orthopedics. 2001;120:567. 

177. Christensen K, Juel K, Herskind AM, Murray JC. Long term follow up study 

of survival associated with cleft lip and palate at birth. BMJ (Clinical research ed). 

2004;328(7453):1405. 

178. Shaw GM, Lammer EJ, Zhu H, Baker MW, Neri E, Finnell RH. Shaw GM, 

Lammer EJ, Huiping Z, Wang Baker M, Neri E, Finnell RH. Maternal preconceptual 

vitamin use, genetic variation of infant reduced folate carrier (A80G), and risk of 

spina bifida. Am J Med Genet 108:1–6. American Journal of Medical Genetics. 

2002;108(1):1-6. 

179. Chai Y, Maxson RE. Recent advances in craniofacial morphogenesis. 

Developmental Dynamics. 2006;235(9):2353-75. 



 

APPENDIX 



 

Oneway 

Descriptives 

Viability 

  95% Confidence Interval for Mean 

Nicotine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 99.56033 7.413497 4.280185 81.14418 117.97648 

1.00 3 106.18340 6.615304 3.819347 89.75008 122.61673 

3.00 3 60.60133 3.744706 2.162007 51.29897 69.90370 

4.00 3 41.46367 6.143540 3.546974 26.20227 56.72507 

5.00 3 31.41733 .426925 .246486 30.35679 32.47787 

Total 15 67.84521 31.571561 8.151742 50.36147 85.32896 

 

Test of Homogeneity of Variances 

Viability 

Levene Statistic df1 df2 Sig. 

1.897 4 10 .188 

 

ANOVA 

Viability 

 Sum of Squares df Mean Square F Sig. 

Between Groups 13653.347 4 3413.337 113.272 .000 

Within Groups 301.341 10 30.134   

Total 13954.688 14    
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Post Hoc Tests 

Multiple Comparisons 

Viability 

Tukey HSD 

(I) 

Conc. 

(J) 

Conc. 

 95% Confidence Interval 

Mean Difference  Std. Error Sig. Lower Bound Upper Bound 

0 1.00 -6.623069 4.482118 .597 -21.37409 8.12795 

3.00 38.959000* 4.482118 .000 24.20798 53.71002 

4.00 58.096667* 4.482118 .000 43.34565 72.84768 

5.00 68.143000* 4.482118 .000 53.39198 82.89402 

1.00 0 6.623069 4.482118 .597 -8.12795 21.37409 

3.00 45.582069* 4.482118 .000 30.83105 60.33309 

4.00 64.719735* 4.482118 .000 49.96872 79.47075 

5.00 74.766069* 4.482118 .000 60.01505 89.51709 

3.00 0 -38.959000* 4.482118 .000 -53.71002 -24.20798 

1.00 -45.582069* 4.482118 .000 -60.33309 -30.83105 

4.00 19.137667* 4.482118 .011 4.38665 33.88868 

5.00 29.184000* 4.482118 .001 14.43298 43.93502 

4.00 0 -58.096667* 4.482118 .000 -72.84768 -43.34565 

1.00 -64.719735* 4.482118 .000 -79.47075 -49.96872 

3.00 -19.137667* 4.482118 .011 -33.88868 -4.38665 

5.00 10.046333 4.482118 .240 -4.70468 24.79735 

5.00 0 -68.143000* 4.482118 .000 -82.89402 -53.39198 

1.00 -74.766069* 4.482118 .000 -89.51709 -60.01505 

3.00 -29.184000* 4.482118 .001 -43.93502 -14.43298 

4.00 -10.046333 4.482118 .240 -24.79735 4.70468 

*. The mean difference is significant at the 0.05 level. 
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Homogeneous Subsets 

Viability 

Tukey HSDa 

Nicotine 

concentrations  

(mM) 

 Subset for alpha = 0.05 

N 1 2 3 

5.00 3 31.41733   

4.00 3 41.46367   

3.00 3  60.60133  

0 3   99.56033 

1.00 3   106.18340 

Sig.  .240 1.000 .597 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Oneway 

Descriptives 

Viability 

  95% Confidence Interval for Mean 

Cotinine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 99.56033 7.413497 4.280185 81.14418 117.97648 

0.1 3 55.30500 3.917398 2.261711 45.57364 65.03636 

0.5 3 42.94067 2.408275 1.390418 36.95818 48.92315 

1.0 3 41.85467 1.957492 1.130158 36.99199 46.71735 

5.0 3 35.33833 .903468 .521617 33.09399 37.58267 

10.0 3 35.00433 1.129826 .652305 32.19769 37.81098 

Total 18 51.66722 23.307638 5.493663 40.07661 63.25784 
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Test of Homogeneity of Variances 

Viability 

Levene Statistic df1 df2 Sig. 

2.359 5 12 .104 

 

ANOVA 

Viability 

 Sum of Squares df Mean Square F Sig. 

Between Groups 9071.121 5 1814.224 132.699 .000 

Within Groups 164.061 12 13.672   

Total 9235.182 17    

 

Post Hoc Tests 

Multiple Comparisons 

Viability 

Tukey HSD 

(I) 

Conc. 

(J) 

Conc. 

 95% Confidence Interval 

Mean Difference  Std. Error Sig. Lower Bound Upper Bound 

0 0.1 44.255333* 3.019019 .000 34.11469 54.39598 

0.5 56.619667* 3.019019 .000 46.47902 66.76031 

1.0 57.705667* 3.019019 .000 47.56502 67.84631 

5.0 64.222000* 3.019019 .000 54.08135 74.36265 

10.0 64.556000* 3.019019 .000 54.41535 74.69665 

0.1 0 -44.255333* 3.019019 .000 -54.39598 -34.11469 

0.5 12.364333* 3.019019 .014 2.22369 22.50498 

1.0 13.450333* 3.019019 .008 3.30969 23.59098 

5.0 19.966667* 3.019019 .000 9.82602 30.10731 

10.0 20.300667* 3.019019 .000 10.16002 30.44131 
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0.5 0 -56.619667* 3.019019 .000 -66.76031 -46.47902 

0.1 -12.364333* 3.019019 .014 -22.50498 -2.22369 

1.0 1.086000 3.019019 .999 -9.05465 11.22665 

5.0 7.602333 3.019019 .193 -2.53831 17.74298 

10.0 7.936333 3.019019 .163 -2.20431 18.07698 

1.0 0 -57.705667* 3.019019 .000 -67.84631 -47.56502 

0.1 -13.450333* 3.019019 .008 -23.59098 -3.30969 

0.5 -1.086000 3.019019 .999 -11.22665 9.05465 

5.0 6.516333 3.019019 .322 -3.62431 16.65698 

10.0 6.850333 3.019019 .277 -3.29031 16.99098 

5.0 0 -64.222000* 3.019019 .000 -74.36265 -54.08135 

0.1 -19.966667* 3.019019 .000 -30.10731 -9.82602 

0.5 -7.602333 3.019019 .193 -17.74298 2.53831 

1.0 -6.516333 3.019019 .322 -16.65698 3.62431 

10.0 .334000 3.019019 1.000 -9.80665 10.47465 

10.0 0 -64.556000* 3.019019 .000 -74.69665 -54.41535 

0.1 -20.300667* 3.019019 .000 -30.44131 -10.16002 

0.5 -7.936333 3.019019 .163 -18.07698 2.20431 

1.0 -6.850333 3.019019 .277 -16.99098 3.29031 

5.0 -.334000 3.019019 1.000 -10.47465 9.80665 

*. The mean difference is significant at the 0.05 level. 
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Homogeneous Subsets 

Viability 

Tukey HSDa 

Cotinine 

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 3 

10.0 3 35.00433   

5.0 3 35.33833   

1.0 3 41.85467   

0.5 3 42.94067   

0.1 3  55.30500  

0 3   99.56033 

Sig.  .163 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Oneway 

Descriptives 

Viability 

 

 95% Confidence Interval for Mean 

Nicotine 5mM + 

Cotinine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

0 3 31.36467 .406592 .234746 30.35464 32.37470 

1.0 3 18.71367 4.270327 2.465475 8.10559 29.32175 

5.0 3 13.03267 .751500 .433879 11.16584 14.89950 

0.1 3 24.64467 1.705877 .984889 20.40703 28.88230 

0.5 3 22.13867 3.232579 1.866331 14.10849 30.16884 

10.0 3 7.26833 .903468 .521617 5.02399 9.51267 
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Descriptives 

Viability 

 

 95% Confidence Interval for Mean 

Nicotine 5mM + 

Cotinine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

0 3 31.36467 .406592 .234746 30.35464 32.37470 

1.0 3 18.71367 4.270327 2.465475 8.10559 29.32175 

5.0 3 13.03267 .751500 .433879 11.16584 14.89950 

0.1 3 24.64467 1.705877 .984889 20.40703 28.88230 

0.5 3 22.13867 3.232579 1.866331 14.10849 30.16884 

10.0 3 7.26833 .903468 .521617 5.02399 9.51267 

Total 18 19.52711 8.278415 1.951241 15.41035 23.64387 

 

Test of Homogeneity of Variances 

Viability 

Levene Statistic df1 df2 Sig. 

2.731 5 12 .071 

 

ANOVA 

Viability 

 Sum of Squares df Mean Square F Sig. 

Between Groups 1098.763 5 219.753 39.784 .000 

Within Groups 66.283 12 5.524   

Total 1165.047 17    
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Multiple Comparisons 

Viability 

Tukey HSD 

(I) Conc. (J) Conc. 

 95% Confidence Interval 

Mean Difference  Std. Error Sig. Lower Bound Upper Bound 

0 1.0 12.651000* 1.918958 .000 6.20537 19.09663 

5.0 18.332000* 1.918958 .000 11.88637 24.77763 

0.1 6.720000* 1.918958 .039 .27437 13.16563 

0.5 9.226000* 1.918958 .004 2.78037 15.67163 

10 24.096333* 1.918958 .000 17.65070 30.54196 

1.0 0 -12.651000* 1.918958 .000 -19.09663 -6.20537 

5.0 5.681000 1.918958 .097 -.76463 12.12663 

0.1 -5.931000 1.918958 .078 -12.37663 .51463 

0.5 -3.425000 1.918958 .508 -9.87063 3.02063 

10.0 11.445333* 1.918958 .001 4.99970 17.89096 

5.0 0 -18.332000* 1.918958 .000 -24.77763 -11.88637 

1.0 -5.681000 1.918958 .097 -12.12663 .76463 

0.1 -11.612000* 1.918958 .001 -18.05763 -5.16637 

0.5 -9.106000* 1.918958 .005 -15.55163 -2.66037 

10.0 5.764333 1.918958 .090 -.68130 12.20996 

0.1 0 -6.720000* 1.918958 .039 -13.16563 -.27437 

1.0 5.931000 1.918958 .078 -.51463 12.37663 

5.0 11.612000* 1.918958 .001 5.16637 18.05763 

0.5 2.506000 1.918958 .777 -3.93963 8.95163 

10.0 17.376333* 1.918958 .000 10.93070 23.82196 

0.5 0 -9.226000* 1.918958 .004 -15.67163 -2.78037 

1.0 3.425000 1.918958 .508 -3.02063 9.87063 

5.0 9.106000* 1.918958 .005 2.66037 15.55163 

0.1 -2.506000 1.918958 .777 -8.95163 3.93963 

10.0 14.870333* 1.918958 .000 8.42470 21.31596 
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10.0 0 -24.096333* 1.918958 .000 -30.54196 -17.65070 

1.0 -11.445333* 1.918958 .001 -17.89096 -4.99970 

5.0 -5.764333 1.918958 .090 -12.20996 .68130 

0.1 -17.376333* 1.918958 .000 -23.82196 -10.93070 

0.5 -14.870333* 1.918958 .000 -21.31596 -8.42470 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

Viability 

Tukey HSDa 

Nicotine 5mM + 

Cotinine   

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 3 4 

10.0 3 7.26833    

5.0 3 13.03267 13.03267   

1.0 3  18.71367 18.71367  

0.5 3   22.13867  

0.1 3   24.64467  

0 3    31.36467 

Sig.  .090 .097 .078 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

T-Test 

Group Statistics 

 

Group N Mean 

Std. 

Deviation Std. Error Mean 

Viability Cotinine 0.1mM 3 55.30500 3.917398 2.261711 

Nicotine5mM+C

otinine 0.1mM 

3 24.64467 1.705877 .984889 
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Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Viability Equal variances assumed 1.629 .271 12.429 4 

Equal variances not assumed   12.429 2.732 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Viability Equal variances assumed .000 30.660333 2.466849 

Equal variances not assumed .002 30.660333 2.466849 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Viability Equal variances assumed 23.811264 37.509403 

Equal variances not assumed 22.355893 38.964774 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Viability Cotinine 0.5mM 3 42.94067 2.408275 1.390418 

Nicotine5mM+ 

Cotinine 0.5mM 

3 22.13867 3.232579 1.866331 
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Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Viability Equal variances assumed .423 .551 8.938 4 

Equal variances not assumed   8.938 3.697 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Viability Equal variances assumed .001 20.802000 2.327327 

Equal variances not assumed .001 20.802000 2.327327 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Viability Equal variances assumed 14.340304 27.263696 

Equal variances not assumed 14.126191 27.477809 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Viability Cotinine 1mM 3 41.85467 1.957492 1.130158 

Nicotine5mM+ 

Cotinine 1mM 

3 18.71367 4.270327 2.465475 
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Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Viability Equal variances assumed 1.122 .349 8.532 4 

Equal variances not assumed   8.532 2.805 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Viability Equal variances assumed .001 23.141000 2.712162 

Equal variances not assumed .004 23.141000 2.712162 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Viability Equal variances assumed 15.610831 30.671169 

Equal variances not assumed 14.160023 32.121977 

 

T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Viability Cotinine 5mM 3 35.33833 .903468 .521617 

Nicotine5mM+ 

Cotinine 5mM 

3 13.03267 .751500 .433879 
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Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Viability Equal variances assumed .250 .643 32.876 4 

Equal variances not assumed   32.876 3.872 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Viability Equal variances assumed .000 22.305667 .678480 

Equal variances not assumed .000 22.305667 .678480 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of 

the Difference 

  Lower Upper 

Viabilit

y 

Equal variances 

assumed 

20.421903 24.189430 

Equal variances not 

assumed 

20.397006 24.214327 
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T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Viability Cotinine 10mM 3 35.00433 1.129826 .652305 

Nicotine5mM+ 

Cotinine 10mM 

3 7.26833 .903468 .521617 

 

Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Viability Equal variances assumed .073 .801 33.208 4 

Equal variances not assumed   33.208 3.815 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Viability Equal variances assumed .000 27.736000 .835217 

Equal variances not assumed .000 27.736000 .835217 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Viability Equal variances assumed 25.417067 30.054933 

Equal variances not assumed 25.372156 30.099844 
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Oneway 

Descriptives 

Cell apoptosis 

  95% Confidence Interval for Mean 

Nicotine 

concentrations 

(mm) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 40.17941 .757272 .437211 38.29825 42.06058 

Unlabeled  3 15.14400 .923626 .533256 12.84959 17.43842 

3.00 3 52.62040 .106232 .061333 52.35650 52.88429 

5.00 3 90.03777 3.029915 1.749322 82.51105 97.56450 

Positive control 3 100.00000 3.656579 2.111127 90.91655 109.08345 

Total 15 59.59632 32.656721 8.431929 41.51163 77.68101 

 

Test of Homogeneity of Variances 

Cell apoptosis 

Levene Statistic df1 df2 Sig. 

4.958 4 10 .018 

 

ANOVA 

Cell apoptosis 

 Sum of Squares df Mean Square F Sig. 

Between Groups 14882.482 4 3720.621 775.492 .000 

Within Groups 47.978 10 4.798   

Total 14930.460 14    
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Post Hoc Tests 

Multiple Comparisons 

Cell apoptosis 

Tukey HSD 

(I) Conc. (J) Conc. 

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

0 unlabeled 25.035411* 1.788436 .000 19.14952 30.92130 

3.00 -12.440982* 1.788436 .000 -18.32687 -6.55509 

5.00 -49.858357* 1.788436 .000 -55.74425 -43.97247 

Positive 

control 

-59.820585* 1.788436 .000 -65.70648 -53.93469 

unlabeled   0 -25.035411* 1.788436 .000 -30.92130 -19.14952 

3.00 -37.476393* 1.788436 .000 -43.36228 -31.59050 

5.00 -74.893768* 1.788436 .000 -80.77966 -69.00788 

Positive 

control  

-84.855996* 1.788436 .000 -90.74189 -78.97010 

3.00 0 12.440982* 1.788436 .000 6.55509 18.32687 

Unlabeled 37.476393* 1.788436 .000 31.59050 43.36228 

5.00 -37.417375* 1.788436 .000 -43.30327 -31.53148 

Positive 

control 

-47.379603* 1.788436 .000 -53.26549 -41.49371 

 

5.00 0 49.858357* 1.788436 .000 43.97247 55.74425 

Unlabeled 74.893768* 1.788436 .000 69.00788 80.77966 

3.00 37.417375* 1.788436 .000 31.53148 43.30327 

Positive 

control 

-9.962229* 1.788436 .002 -15.84812 -4.07634 

Positive 

control 

.00 59.820585* 1.788436 .000 53.93469 65.70648 

Unlabeled 84.855996* 1.788436 .000 78.97010 90.74189 

3.00 47.379603* 1.788436 .000 41.49371 53.26549 

5.00 9.962229* 1.788436 .002 4.07634 15.84812 

*. The mean difference is significant at the 0.05 level. 
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Homogeneous Subsets 

Cell apoptosis 

Tukey HSDa 

Nicotine 

concentrations 

(mm) 

 Subset for alpha = 0.05 

N 1 2 3 4 5 

Unlabeled  3 15.14400     

Control (0) 3  40.17941    

3.00 3   52.62040   

5.00 3    90.03777  

Positive control 3     100.00000 

Sig.  1.000 1.000 1.000 1.000 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Oneway 

Descriptives 

Cell apoptosis  

 

Cotinine 

concentrations 

(mm)  95% Confidence Interval for Mean 

 N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 25.64966 .096246 .055568 25.41057 25.88875 

Unlabeled  3 10.20212 .288739 .166704 9.48485 10.91939 

0.50 3 30.44594 .799965 .461860 28.45872 32.43317 

1.00 3 30.53417 1.034649 .597355 27.96396 33.10438 

5.00 3 32.54732 .842270 .486285 30.45501 34.63964 

Positive control 3 100.00000 3.224254 1.861524 91.99051 108.00949 

Total 18 38.22987 29.466060 6.945217 23.57674 52.88300 
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Test of Homogeneity of Variances 

Cell apoptosis  

Levene Statistic df1 df2 Sig. 

2.377 5 12 .102 

 

ANOVA 

Cell apoptosis 

 Sum of Squares df Mean Square F Sig. 

Between Groups 14734.411 5 2946.882 1369.760 .000 

Within Groups 25.817 12 2.151   

Total 14760.227 17    

 

Post Hoc Tests 

Multiple Comparisons 

Cell apoptosis 

Tukey HSD 

(I) Conc (J) Conc 

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

0 Unlabeled 15.447546* 1.197605 .000 11.42489 19.47020 

0.50 -4.796278* 1.197605 .017 -8.81894 -.77362 

1.00 -4.884504* 1.197605 .015 -8.90716 -.86185 

5.00 -6.897658* 1.197605 .001 -10.92032 -2.87500 

Positive 

control 

-74.350337* 1.197605 .000 -78.37300 -70.32768 

Unlabeled  0 -15.447546* 1.197605 .000 -19.47020 -11.42489 

0.50 -20.243824* 1.197605 .000 -24.26648 -16.22117 

1.00 -20.332050* 1.197605 .000 -24.35471 -16.30939 

5.00 -22.345204* 1.197605 .000 -26.36786 -18.32254 

Positive 

control 

-89.797883* 1.197605 .000 -93.82054 -85.77522 
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0.50 0 4.796278* 1.197605 .017 .77362 8.81894 

Unlabeled 20.243824* 1.197605 .000 16.22117 24.26648 

1.00 -.088226 1.197605 1.000 -4.11088 3.93443 

5.00 -2.101380 1.197605 .525 -6.12404 1.92128 

Positive 

control 

-69.554058* 1.197605 .000 -73.57672 -65.53140 

1.00  0 4.884504* 1.197605 .015 .86185 8.90716 

Unlabeled 20.332050* 1.197605 .000 16.30939 24.35471 

0.50 .088226 1.197605 1.000 -3.93443 4.11088 

5.00 -2.013154 1.197605 .567 -6.03581 2.00951 

Positive 

control 

-69.465833* 1.197605 .000 -73.48849 -65.44317 

5.00 0 6.897658* 1.197605 .001 2.87500 10.92032 

Unlabeled 22.345204* 1.197605 .000 18.32254 26.36786 

0.50 2.101380 1.197605 .525 -1.92128 6.12404 

1.00 2.013154 1.197605 .567 -2.00951 6.03581 

Positive 

control 

-67.452679* 1.197605 .000 -71.47534 -63.43002 

Positive 

control 

0 74.350337* 1.197605 .000 70.32768 78.37300 

Unlabeled 89.797883* 1.197605 .000 85.77522 93.82054 

0.50 69.554058* 1.197605 .000 65.53140 73.57672 

1.00 69.465833* 1.197605 .000 65.44317 73.48849 

5.00 67.452679* 1.197605 .000 63.43002 71.47534 

*. The mean difference is significant at the 0.05 level. 
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Homogeneous Subsets 

Cell apoptosis  

Tukey HSDa 

Cotinine 

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 3 4 

Unlabeled 3 10.20212    

0 3  25.64966   

0.50 3   30.44594  

1.00 3   30.53417  

5.00 3   32.54732  

Positive control 3    100.00000 

Sig.  1.000 1.000 .525 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mea Sample Size = 3.000. 

 

Oneway 

Descriptives 

Cell apoptosis 

  95% Confidence Interval for Mean 

Nicotine 

5mM+Cotinine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Untreated cell 3 25.64966 .096246 .055568 25.41057 25.88875 

unlabele 3 10.20212 .288739 .166704 9.48485 10.91939 

0 3 65.44755 3.560141 2.055448 56.60367 74.29143 

0.5 3 70.75714 4.280621 2.471417 60.12349 81.39079 

1.0 3 71.38274 5.606369 3.236839 57.45575 85.30973 

5.0 3 75.32884 3.873942 2.236622 65.70544 84.95225 

Positive control 3 100.00000 3.224254 1.861524 91.99051 108.00949 

Total 21 59.82401 29.567145 6.452080 46.36520 73.28281 
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Test of Homogeneity of Variances 

Cell apoptosis  

Levene Statistic df1 df2 Sig. 

1.793 6 14 .173 

 

ANOVA 

Cell apoptosis  

 Sum of Squares df Mean Square F Sig. 

Between Groups 17308.470 6 2884.745 229.663 .000 

Within Groups 175.851 14 12.561   

Total 17484.321 20    

 

Post Hoc Tests 

Multiple Comparisons 

Cell apoptosis 

Tukey HSD 

(I) Conc (J) Conc 

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

Untreated  unlabeled 15.447546* 2.893763 .002 5.56654 25.32855 

0 -39.797883* 2.893763 .000 -49.67889 -29.91688 

0.50 -45.107475* 2.893763 .000 -54.98848 -35.22647 

0.10 -45.733077* 2.893763 .000 -55.61408 -35.85207 

5.00 -49.679179* 2.893763 .000 -59.56018 -39.79818 

Positive 

control 

-74.350337* 2.893763 .000 -84.23134 -64.46933 
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unlabeled Untreated -15.447546* 2.893763 .002 -25.32855 -5.56654 

0 -55.245428* 2.893763 .000 -65.12643 -45.36442 

0.50 -60.555021* 2.893763 .000 -70.43602 -50.67402 

1.00 -61.180622* 2.893763 .000 -71.06163 -51.29962 

5.00 -65.126724* 2.893763 .000 -75.00773 -55.24572 

Positive 

control 

-89.797883* 2.893763 .000 -99.67889 -79.91688 

0 Untreated 39.797883* 2.893763 .000 29.91688 49.67889 

unlabeled 55.245428* 2.893763 .000 45.36442 65.12643 

0.50 -5.309593 2.893763 .548 -15.19060 4.57141 

1.00 -5.935194 2.893763 .428 -15.81620 3.94581 

5.00 -9.881296* 2.893763 .050 -19.76230 -.00029 

Positive 

control 

-34.552454* 2.893763 .000 -44.43346 -24.67145 

0.50 Untreated 45.107475* 2.893763 .000 35.22647 54.98848 

unlabeled 60.555021* 2.893763 .000 50.67402 70.43602 

0 5.309593 2.893763 .548 -4.57141 15.19060 

1.00 -.625602 2.893763 1.000 -10.50661 9.25540 

5.00 -4.571704 2.893763 .696 -14.45271 5.30930 

Positive 

control 

-29.242862* 2.893763 .000 -39.12387 -19.36186 

1.00 Untreated 45.733077* 2.893763 .000 35.85207 55.61408 

unlabeled 61.180622* 2.893763 .000 51.29962 71.06163 

0 5.935194 2.893763 .428 -3.94581 15.81620 

0.50 .625602 2.893763 1.000 -9.25540 10.50661 

5.00 -3.946102 2.893763 .811 -13.82711 5.93490 

Positive 

control 

-28.617260* 2.893763 .000 -38.49826 -18.73626 

5.00 Untreated 49.679179* 2.893763 .000 39.79818 59.56018 

unlabeled 65.126724* 2.893763 .000 55.24572 75.00773 

0 9.881296* 2.893763 .050 .00029 19.76230 
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0.50 4.571704 2.893763 .696 -5.30930 14.45271 

1.00 3.946102 2.893763 .811 -5.93490 13.82711 

Positive 

control 

-24.671158* 2.893763 .000 -34.55216 -14.79015 

Positive 

control 

Untreated  

 

74.350337* 2.893763 .000 64.46933 84.23134 

unlabeled 89.797883* 2.893763 .000 79.91688 99.67889 

0 34.552454* 2.893763 .000 24.67145 44.43346 

0.50 29.242862* 2.893763 .000 19.36186 39.12387 

1.00 28.617260* 2.893763 .000 18.73626 38.49826 

5.00 24.671158* 2.893763 .000 14.79015 34.55216 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

Cell apoptosis  

Tukey HSDa 

Nicotine 

5mM+cotinine 

concentration 

(mM) 

 Subset for alpha = 0.05 

N 1 2 3 4 5 

unlabeled 3 10.20212     

untreated 3  25.64966    

0 3   65.44755   

0.50 3   70.75714 70.75714  

1.00 3   71.38274 71.38274  

5.00 3    75.32884  

Positive control 3     100.00000 

Sig.  1.000 1.000 .428 .696 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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Oneway 

Descriptives 

Luminescence intensity  

 

 

95% Confidence Interval for 

Mean 

Cotinine 

concentrations 

(mM)  N Mean 

Std. 

Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 2065.13333 81.695614 47.166985 1862.19018 2268.07649 

0.1 3 3298.86667 120.607518 69.632783 2999.26098 3598.47235 

0.5 3 3499.93333 235.604782 136.026484 2914.65861 4085.20806 

1.0 3 3661.16667 230.460720 133.056559 3088.67050 4233.66283 

5.0 3 3380.10000 301.795046 174.241451 2630.39954 4129.80046 

Total 15 3181.04000 617.295687 159.385061 2839.19304 3522.88696 

 

Test of Homogeneity of Variances 

Luminescence intensity  

Levene Statistic df1 df2 Sig. 

.868 4 10 .516 

 

ANOVA 

Luminescence intensity  

 Sum of Squares df Mean Square F Sig. 

Between Groups 4892910.809 4 1223227.702 27.685 .000 

Within Groups 441844.707 10 44184.471   

Total 5334755.516 14    
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Post Hoc Tests 

Multiple Comparisons 

Luminescence intensity 

Tukey HSD 

(I) 

Conc.  

(J) 

Conc 

 95% Confidence Interval 

Mean Difference  Std. Error Sig. Lower Bound Upper Bound 

0 0.1 -1.233733E3 171.628418 .000 -1798.57655 -668.89011 

0.5 -1.434800E3 171.628418 .000 -1999.64322 -869.95678 

1.0 -1.596033E3 171.628418 .000 -2160.87655 -1031.19011 

5.0 -1.314967E3 171.628418 .000 -1879.80989 -750.12345 

0.1 0 1233.733333* 171.628418 .000 668.89011 1798.57655 

0.5 -201.066667 171.628418 .767 -765.90989 363.77655 

1.0 -362.300000 171.628418 .287 -927.14322 202.54322 

5.0 -81.233333 171.628418 .988 -646.07655 483.60989 

0.5 0 1434.800000* 171.628418 .000 869.95678 1999.64322 

0.1 201.066667 171.628418 .767 -363.77655 765.90989 

1.0 -161.233333 171.628418 .875 -726.07655 403.60989 

5.0 119.833333 171.628418 .952 -445.00989 684.67655 

1.0 0 1596.033333* 171.628418 .000 1031.19011 2160.87655 

0.1 362.300000 171.628418 .287 -202.54322 927.14322 

0.5 161.233333 171.628418 .875 -403.60989 726.07655 

5.0 281.066667 171.628418 .508 -283.77655 845.90989 

5.0 0 1314.966667* 171.628418 .000 750.12345 1879.80989 

0.1 81.233333 171.628418 .988 -483.60989 646.07655 

0.5 -119.833333 171.628418 .952 -684.67655 445.00989 

1.0 -281.066667 171.628418 .508 -845.90989 283.77655 
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Homogeneous Subsets 

Luminescence intensity  

Tukey HSDa 

Cotinine 

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 

0 3 2065.13333  

0.1 3  3298.86667 

5.0 3  3380.10000 

0.5 3  3499.93333 

1.0 3  3661.16667 

Sig.  1.000 .287 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Oneway 

Descriptives 

Luminescence intensity 

 

 

95% Confidence Interval for 

Mean 

Nicotine 

concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 3156.50000 395.466851 228.322893 2174.10588 4138.89412 

3.0 3 4311.90000 1021.038574 589.496896 1775.49957 6848.30043 

4.0 3 4789.60667 793.609315 458.190551 2818.17184 6761.04149 

5.0 3 5222.86667 611.776244 353.209179 3703.13023 6742.60311 

Total 12 4370.21833 1024.438931 295.730046 3719.32089 5021.11578 

 

Test of Homogeneity of Variances 

Luminescence intensity 

Levene Statistic df1 df2 Sig. 
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Test of Homogeneity of Variances 

Luminescence intensity 

Levene Statistic df1 df2 Sig. 

.624 3 8 .620 

 

ANOVA 

Luminescence intensity 

 Sum of Squares df Mean Square F Sig. 

Between Groups 7138226.925 3 2379408.975 4.320 .043 

Within Groups 4405999.435 8 550749.929   

Total 1.154E7 11    

 

Post Hoc Tests 

Multiple Comparisons 

Luminescence intensity 

Tukey HSD 

(I) 

Conc. (J) Conc.  

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

0 3.00 -1155.400000 605.942753 .297 -3095.84199 785.04199 

4.00 -1633.106667 605.942753 .102 -3573.54866 307.33532 

5.00 -2.066367E3 605.942753 .037 -4006.80866 -125.92468 

3.00 .00 1155.400000 605.942753 .297 -785.04199 3095.84199 

4.00 -477.706667 605.942753 .858 -2418.14866 1462.73532 

5.00 -910.966667 605.942753 .478 -2851.40866 1029.47532 

4.00 .00 1633.106667 605.942753 .102 -307.33532 3573.54866 

3.00 477.706667 605.942753 .858 -1462.73532 2418.14866 

5.00 -433.260000 605.942753 .888 -2373.70199 1507.18199 

5.00 .00 2066.366667* 605.942753 .037 125.92468 4006.80866 

3.00 910.966667 605.942753 .478 -1029.47532 2851.40866 

4.00 433.260000 605.942753 .888 -1507.18199 2373.70199 
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Multiple Comparisons 

Luminescence intensity 

Tukey HSD 

(I) 

Conc. (J) Conc.  

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

0 3.00 -1155.400000 605.942753 .297 -3095.84199 785.04199 

4.00 -1633.106667 605.942753 .102 -3573.54866 307.33532 

5.00 -2.066367E3 605.942753 .037 -4006.80866 -125.92468 

3.00 .00 1155.400000 605.942753 .297 -785.04199 3095.84199 

4.00 -477.706667 605.942753 .858 -2418.14866 1462.73532 

5.00 -910.966667 605.942753 .478 -2851.40866 1029.47532 

4.00 .00 1633.106667 605.942753 .102 -307.33532 3573.54866 

3.00 477.706667 605.942753 .858 -1462.73532 2418.14866 

5.00 -433.260000 605.942753 .888 -2373.70199 1507.18199 

5.00 .00 2066.366667* 605.942753 .037 125.92468 4006.80866 

3.00 910.966667 605.942753 .478 -1029.47532 2851.40866 

4.00 433.260000 605.942753 .888 -1507.18199 2373.70199 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

Luminescence intensity 

Tukey HSDa 

Nicotine 

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 

.00 3 3156.50000  

3.00 3 4311.90000 4311.90000 

4.00 3 4789.60667 4789.60667 

5.00 3  5222.86667 

Sig.  .102 .478 
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Means for groups in homogeneous subsets are 

displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

 

Oneway 

 

Descriptives 

Luminescence intensity 

 

 

95% Confidence Interval 

for Mean 

Nicotine 5mM  

+Cotinine 

concentrations 

(mM) N Mean Std. Deviation Std. Error 

Lower 

Bound 

Upper 

Bound 

Untreated  3 2065.13333 81.695614 47.166985 1862.19018 2268.07649 

0 3 4913.46667 770.007697 444.564151 3000.66151 6826.27182 

0.1 3 5248.60000 212.655872 122.776925 4720.33353 5776.86647 

0.5 3 5529.03333 182.917368 105.607391 5074.64140 5983.42526 

1.0 3 4942.83333 251.907847 145.439063 4317.05955 5568.60712 

5.0 3 5014.70000 286.001311 165.122934 4304.23336 5725.16664 

Total 18 4618.96111 1235.072991 291.109496 4004.77376 5233.14846 

 

ANOVA 

Luminescence intensity 

 Sum of Squares df Mean Square F Sig. 

Between Groups 2.428E7 5 4856969.343 35.387 .000 

Within Groups 1647043.247 12 137253.604   

Total 2.593E7 17    
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Post Hoc Tests 

Multiple Comparisons 

Luminescence intensity 

Tukey HSD 

(I) Conc (J) Conc 

 95% Confidence Interval 

Mean 

Difference  Std. Error Sig. Lower Bound Upper Bound 

Untreated 0 -2.848333E3 302.493641 .000 -3864.38554 -1832.28113 

0.1 -3.183467E3 302.493641 .000 -4199.51887 -2167.41446 

0.5 -3.463900E3 302.493641 .000 -4479.95220 -2447.84780 

1.0 -2.877700E3 302.493641 .000 -3893.75220 -1861.64780 

5.0 -2.949567E3 302.493641 .000 -3965.61887 -1933.51446 

0 Untreated 2848.333333* 302.493641 .000 1832.28113 3864.38554 

0.1 -335.133333 302.493641 .869 -1351.18554 680.91887 

0.5 -615.566667 302.493641 .379 -1631.61887 400.48554 

1.0 -29.366667 302.493641 1.000 -1045.41887 986.68554 

5.0 -101.233333 302.493641 .999 -1117.28554 914.81887 

0.1 Untreated 3183.466667* 302.493641 .000 2167.41446 4199.51887 

0 335.133333 302.493641 .869 -680.91887 1351.18554 

0.5 -280.433333 302.493641 .932 -1296.48554 735.61887 

1.0 305.766667 302.493641 .906 -710.28554 1321.81887 

5.0 233.900000 302.493641 .967 -782.15220 1249.95220 

0.5 Untreated 3463.900000* 302.493641 .000 2447.84780 4479.95220 

0 615.566667 302.493641 .379 -400.48554 1631.61887 

0.1 280.433333 302.493641 .932 -735.61887 1296.48554 

1.0 586.200000 302.493641 .427 -429.85220 1602.25220 

5.0 514.333333 302.493641 .556 -501.71887 1530.38554 

1.0 Untreated 2877.700000* 302.493641 .000 1861.64780 3893.75220 

0 29.366667 302.493641 1.000 -986.68554 1045.41887 

0.1 -305.766667 302.493641 .906 -1321.81887 710.28554 

0.5 -586.200000 302.493641 .427 -1602.25220 429.85220 
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5.0 -71.866667 302.493641 1.000 -1087.91887 944.18554 

5.0 Untreated 2949.566667* 302.493641 .000 1933.51446 3965.61887 

0 101.233333 302.493641 .999 -914.81887 1117.28554 

0.1 -233.900000 302.493641 .967 -1249.95220 782.15220 

0.5 -514.333333 302.493641 .556 -1530.38554 501.71887 

1.0 71.866667 302.493641 1.000 -944.18554 1087.91887 

*. The mean difference is significant at the 0.05 level. 

 

Homogeneous Subsets 

Luminescence intensity  

Tukey HSDa 

Nicotine 5mM  

+Cotinine 

concentrations 

(mM) 

 Subset for alpha = 0.05 

N 1 2 

Untreated 3 2065.13333  

0 3  4913.46667 

1.0 3  4942.83333 

5.0 3  5014.70000 

0.1 3  5248.60000 

0.5 3  5529.03333 

Sig.  1.000 .379 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 
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T-Test 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Luminescence 

intensity 

Cotinine 0.1mM 3 5248.60000 212.655872 122.776925 

Nicotine 5mM 

+Cotinine 0.1mM 

3 3298.86667 120.607518 69.632783 

 

Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality 

of Means 

    

  F Sig. t df 

Luminescence 

intensity  

Equal variances assumed .586 .487 13.813 4 

Equal variances not assumed   13.813 3.166 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Luminescence 

intensity  

Equal variances assumed .000 1949.733333 141.148495 

Equal variances not assumed .001 1949.733333 141.148495 

 

ndependent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Luminescence 

intensity 

Equal variances assumed 1557.842284 2341.624383 

Equal variances not assumed 1513.569857 2385.896809 
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T-Test 

 

Group Statistics 

 Group N Mean Std. Deviation Std. Error Mean 

Luminescence 

intensity 

Cotinine 0.5 mM 3 5529.03333 182.917368 105.607391 

Nicotine 5mM 

+Cotinine 0.5mM 

3 3499.93333 235.604782 136.026484 

 

Independent Samples Test 

  Levene's Test for Equality of 

Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Luminescence 

intensity 

Equal variances assumed .048 .837 11.783 4 

Equal variances not assumed   11.783 3.769 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Luminescence 

intensity 

Equal variances assumed .000 2029.100000 172.209540 

Equal variances not assumed .000 2029.100000 172.209540 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Luminescence 

intensity 

Equal variances assumed 1550.969666 2507.230334 

Equal variances not assumed 1539.160372 2519.039628 
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T-Test 

 

Group Statistics 

 

Group N Mean Std. Deviation 

Std. Error 

Mean 

Luminescence 

intensity 

Cotinine 1mM 

 

3 4942.83333 251.907847 145.439063 

Nicotine 5mM  

+Cotinine 1mM 

3 3661.16667 230.460720 133.056559 

 

Independent Samples Test 

  Levene's Test for Equality 

of Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Luminescence 

intensity 

Equal variances assumed .019 .896 6.502 4 

Equal variances not assumed   6.502 3.969 

 

Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Luminescence 

intensity 

Equal variances assumed .003 1281.666667 197.120696 

Equal variances not assumed .003 1281.666667 197.120696 
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Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Luminescence 

intensity 

Equal variances assumed 734.371874 1828.961459 

Equal variances not assumed 732.667628 1830.665706 

 

T-Test 

Group Statistics 

 

Group N Mean Std. Deviation 

Std. Error 

Mean 

Luminescence 

intensity 

Cotinine 5 mM 

 

3 5014.70000 286.001311 165.122934 

Nicotine 5mM 

+Cotinine 5mM 

3 3380.10000 301.795046 174.241451 

 

Independent Samples Test 

  Levene's Test for Equality 

of Variances 

t-test for Equality of 

Means 

    

  F Sig. t df 

Luminescence 

intensity  

Equal variances assumed .000 .995 6.809 4 

Equal variances not assumed   6.809 3.988 
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Independent Samples Test 

  t-test for Equality of Means 

   

  

Sig. (2-tailed) Mean Difference 

Std. Error 

Difference 

Luminescence 

intensity  

Equal variances assumed .002 1634.600000 240.053466 

Equal variances not assumed .002 1634.600000 240.053466 

 

Independent Samples Test 

  t-test for Equality of Means 

  95% Confidence Interval of the 

Difference 

  Lower Upper 

Luminescence 

intensity  

Equal variances assumed 968.104729 2301.095271 

Equal variances not assumed 967.346058 2301.853942 

 

Descriptives 

mRNA expression (BAX) 

  95% Confidence Interval for Mean 

Concentrations 

(mM) N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 1.00000 .000000 .000000 1.00000 1.00000 

Cotinine 0.5 3 1.47733 .147276 .085030 1.11148 1.84319 

Cotinine 1.0 3 .85357 .451868 .260886 -.26893 1.97607 

Nicotine 5.0 3 1.61733 .043879 .025333 1.50833 1.72633 

Nicotine 

5.0+cotinine 1.0 

3 5.21500 1.727222 .997212 .92434 9.50566 

Nicotine 

5.0+cotinine 0.5 

3 2.92233 1.752215 1.011642 -1.43041 7.27508 

Total 18 2.18093 1.777904 .419056 1.29680 3.06506 
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Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

mRNA 

expression 

18 2.18093 1.777904 .537 7.151 

Group 18 2.5000 1.75734 .00 5.00 

 

Kruskal-Wallis Test 

 

Ranks 

 Group N Mean Rank 

mRNA 

expression  

Control (0) 3 4.00 

Nicotine 5.0 3 10.33 

Cotinine 0.5 3 8.33 

Cotinine 1.0 3 3.33 

Nicotine 5 +  cotinine 

0.5 

3 14.67 

Nicotine 5 +  cotinine 

1.0 

3 16.33 

Total 18  

 

Test Statisticsa,b 

 Absorbance 

Chi-Square 15.207 

df 5 

Asymp. Sig. .010 

a. Kruskal Wallis Test 

b. Grouping Variable: Group 
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Mann-Whitney Test 

mRNA expression (BAX) 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.121 

Asymp. Sig. (2-tailed) .034 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Cotinine 

0.5mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 4.00 12.00 

Cotinine 1mM 3 3.00 9.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.696 

Asymp. Sig. (2-tailed) .487 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 2.00 6.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -1.993 

Asymp. Sig. (2-tailed) .046 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Nicotine 5mM 

Nicotine 5mM 

+cotinine 1mM 

3 2.00 6.00 

 3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -1.993 

Asymp. Sig. (2-tailed) .046 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Descriptives 

mRNA expression (BCL2) 

Concentrations 

(mM)  95% Confidence Interval for Mean 

 N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 1.00000 .000000 .000000 1.00000 1.00000 

Cotinine 0.5 3 3.41033 1.716270 .990889 -.85312 7.67378 

Cotinine 1.0 3 2.32433 1.278764 .738295 -.85229 5.50096 

Nicotine 5.0 3 3.51167 .276551 .159667 2.82468 4.19866 

Nicotine 5.0      + 

cotinine 1.0 

3 10.31533 6.992058 4.036866 -7.05390 27.68457 

Nicotine 5.0      + 

cotinine 0.5 

3 5.15100 3.352198 1.935393 -3.17632 13.47832 
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Descriptives 

mRNA expression (BCL2) 

Concentrations 

(mM)  95% Confidence Interval for Mean 

 N Mean Std. Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 1.00000 .000000 .000000 1.00000 1.00000 

Cotinine 0.5 3 3.41033 1.716270 .990889 -.85312 7.67378 

Cotinine 1.0 3 2.32433 1.278764 .738295 -.85229 5.50096 

Nicotine 5.0 3 3.51167 .276551 .159667 2.82468 4.19866 

Nicotine 5.0      + 

cotinine 1.0 

3 10.31533 6.992058 4.036866 -7.05390 27.68457 

Nicotine 5.0      + 

cotinine 0.5 

3 5.15100 3.352198 1.935393 -3.17632 13.47832 

Total 18 4.28544 4.122442 .971669 2.23540 6.33549 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

mRNA 

expression 

18 4.28544 4.122442 1.000 18.350 

Group 18 2.5000 1.75734 .00 5.00 
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Kruskal-Wallis Test 

 

Ranks 

 Group N Mean Rank 

mRNA 

expression 

Control (0) 3 2.00 

Nicotine 5.0 3 10.67 

Cotinine 0.5 3 9.00 

Cotinine 1.0 3 7.00 

Nicotine 5 +  

cotinine 0.5 

3 12.00 

Nicotine 5 +  

cotinine 1.0 

3 16.33 

Total 18  

 

Test Statisticsa,b 

 Absorbance 

Chi-Square 12.386 

df 5 

Asymp. Sig. .030 

a. Kruskal Wallis Test 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

mRNA expression (BCL2) 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.121 

Asymp. Sig. (2-tailed) .034 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Cotinine 

0.5mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Cotinine 1mM 3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 

Group N 

Mean 

Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 3.33 10.00 

Nicotine 5mM  

+cotinine 0.5mM 

3 3.67 11.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 4.000 

Wilcoxon W 10.000 

Z -.221 

Asymp. Sig. (2-tailed) .825 

Exact Sig. [2*(1-tailed Sig.)] 1.000a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -1.993 

Asymp. Sig. (2-tailed) .046 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Descriptives 

mRNA expression (CAS3) 

  95% Confidence Interval for Mean 

Concentrations 

(mM) N Mean 

Std. 

Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 1.00000 .000000 .000000 1.00000 1.00000 

Cotinine 0.5 3 1.04983 .292792 .169043 .32250 1.77717 

Cotinine 1.0 3 1.01147 .989459 .571265 -1.44649 3.46942 

Nicotine 5.0 3 2.17300 .196977 .113725 1.68368 2.66232 

Nicotine5.0 

+cotinine 1 

3 4.33833 2.649942 1.529945 -2.24449 10.92115 

Nicotine5.0 

+cotinine 0.5 

3 2.67633 1.695978 .979173 -1.53671 6.88938 

Total 18 2.04149 1.688694 .398029 1.20173 2.88126 
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Kruskal-Wallis Test 

 

Ranks 

 Group N Mean Rank 

mRNA 

expression 

Control (0) 3 6.00 

Nicotine 5.0 3 12.67 

Cotinine 0.5 3 5.00 

Cotinine 1.0 3 5.00 

Nicotine 5 +  

cotinine 0.5 

3 12.00 

Nicotine 5 +  

cotinine 1.0 

3 16.33 

Total 18  

 

Test Statisticsa,b 

 Absorbance 

Chi-Square 12.232 

df 5 

Asymp. Sig. .032 

a. Kruskal Wallis Test 

b. Grouping Variable: Group 

 

 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

mRNA 

expression 

18 2.04149 1.688694 .399 7.383 

Group 18 2.5000 1.75734 .00 5.00 
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mRNA expression (CAS3) 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 4.00 12.00 

Cotinine 

0.5mM 

3 3.00 9.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.696 

Asymp. Sig. (2-tailed) .487 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 4.00 12.00 

Cotinine 1mM 3 3.00 9.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.696 

Asymp. Sig. (2-tailed) .487 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

 

Ranks 

 

Group N 

Mean 

Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Nicotine 5mM 3 4.00 12.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 3.00 9.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.655 

Asymp. Sig. (2-tailed) .513 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -1.964 

Asymp. Sig. (2-tailed) .050 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Descriptives 

mRNA expression (P53) 

  95% Confidence Interval for Mean 

Concentrations (mM) 

N Mean 

Std. 

Deviation Std. Error Lower Bound Upper Bound 

Control (0) 3 1.00000 .000000 .000000 1.00000 1.00000 

Cotinine 0.5 3 1.09240 .346996 .200338 .23042 1.95438 

Cotinine 1.0 3 1.06523 1.180527 .681577 -1.86736 3.99782 

Nicotine 5.0 3 2.05900 .743050 .429000 .21316 3.90484 

Nicotine 5.0 

+cotinine 1.0 

3 3.15600 2.488066 1.436485 -3.02470 9.33670 

Nicotine 5.0 

+cotinine 0.5 

3 2.79800 2.160363 1.247286 -2.56864 8.16464 

Total 18 1.86177 1.524817 .359403 1.10350 2.62005 
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Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

mRNA 

expression 

18 1.86177 1.524817 .315 6.006 

Group 18 2.5000 1.75734 .00 5.00 

 

Kruskal-Wallis Test 

Ranks 

 Group N Mean Rank 

mRNA 

expression 

Control (0) 3 5.00 

Nicotine 5.0 3 13.00 

Cotinine 0.5 3 7.00 

Cotinine 1.0 3 5.67 

Nicotine 5 +  

cotinine 0.5 

3 12.67 

Nicotine 5 +  

cotinine 1.0 

3 13.67 

Total 18  

 

Test Statisticsa,b 

 Absorbance 

Chi-Square 8.553 

df 5 

Asymp. Sig. .038 

a. Kruskal Wallis Test 

b. Grouping Variable: Group 
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Mann-Whitney Test 

mRNA expression (P53) 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.121 

Asymp. Sig. (2-tailed) .034 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 3.00 9.00 

Cotinine 

0.5mM 

3 4.00 12.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.696 

Asymp. Sig. (2-tailed) .487 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 Group N Mean Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 4.00 12.00 

Cotinine 1mM 3 3.00 9.00 

Total 6   

 

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 3.000 

Wilcoxon W 9.000 

Z -.696 

Asymp. Sig. (2-tailed) .487 

Exact Sig. [2*(1-tailed Sig.)] .700a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

 

Ranks 

 

Group N 

Mean 

Rank Sum of Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 5.00 15.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Control (0) 3 2.00 6.00 

Nicotine 5mM 

+cotinine 1mM 

3 5.00 15.00 

Total 6   
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Test Statisticsb 

 Absorbance 

Mann-Whitney U .000 

Wilcoxon W 6.000 

Z -2.087 

Asymp. Sig. (2-tailed) .037 

Exact Sig. [2*(1-tailed Sig.)] .100a 

a. Not corrected for ties. 

b. Grouping Variable: Group 

 

Mann-Whitney Test 

 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 3.33 10.00 

Nicotine 5mM 

+cotinine 0.5mM 

3 3.67 11.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 4.000 

Wilcoxon W 10.000 

Z -.221 

Asymp. Sig. (2-tailed) .825 

Exact Sig. [2*(1-tailed Sig.)] 1.000a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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Mann-Whitney Test 

Ranks 

 

Group N Mean Rank 

Sum of 

Ranks 

mRNA 

expression 

Nicotine 5mM 3 3.33 10.00 

Nicotine 5mM 

+cotinine 1mM 

3 3.67 11.00 

Total 6   

 

Test Statisticsb 

 Absorbance 

Mann-Whitney U 4.000 

Wilcoxon W 10.000 

Z -.221 

Asymp. Sig. (2-tailed) .825 

Exact Sig. [2*(1-tailed Sig.)] 1.000a 

a. Not corrected for ties. 

b. Grouping Variable: Group 
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