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Introduction

The oral consumption habit of smokeless or chewing 
tobacco is alarming a global threat and toxicity in the form 
of negative health consequences to human health (Biswas 
et al., 2015). The smokeless tobacco has been classified 
as a group 1 carcinogen to humans was reported by the 
working group of International Agency for Research on 
Cancer (Warnakulasuriya and Straif, 2018). The increasing 
awareness, pictorial warning labels, and anti-tobacco 
campaigns about smokeless tobacco products results in 
the decrease of 34.1% of consumers was revealed by 
Global Adult Tobacco Survey-2016-17 in the India (Shah 
et al., 2018). The total 356 million people are the habitual 
users of smokeless tobacco across the globe (Mehrotra 
et al., 2019). The greater satisfaction and psychological 
reward was highly observed in regular snus users 
compared to occasional users (Zandonai et al., 2018). 
The state wide tobacco control and prevention efforts that 
address the different types of smokeless tobacco products 
consumption among adults (Hu et al., 2019).
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There is correlation between smokeless tobacco usage 
and oral mucosal disorders (Hallikeri et al., 2018). The 
association was stronger between tobacco use and young 
adults with lower educational attainment and below the 
poverty level (Lienemann et al., 2019). The chronic 
consumption of smokeless tobacco is associated with the 
development of oral potentially malignant disorders and 
cancers of oral cavity, oesophagus and pancreas have 
been reported (Gupta et al., 2018). The use of smokeless 
tobacco (chewing tobacco, snus, snuff, and dissolvable 
tobacco) is higher among adults under age of 18 and 
older (Wang et al., 2018). The consumption of smokeless 
tobacco extract (STE) is growing rapidly, and it has been 
implicated in several human diseases including diabetes, 
inflammation and a number of types of cancer (Li et al., 
2018). The factors of educational inequalities in SLT use 
were higher in urban areas of India and in rural areas 
of Bangladesh, whereas the wealth inequalities in SLT 
use were higher in urban areas of both the countries 
(Bandyopadhyay and Irfan, 2019). 

It is a misleading advertising by tobacco companies 
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may be responsible for the increase in the SLT prevalence, 
which is as harmful as smoking (Suliankatchi et al., 2019). 
Use of smokeless tobacco leads to potentially preventable, 
global morbidity and mortality diseases. The World Health 
Organization needs to consider incorporating regulation 
of the smokeless tobacco into its Framework Convention 
for Tobacco Control (Siddiqui et al., 2015). The purpose 
of the present study is to explore the levels of nicotine 
and cotinine in plasma, saliva, and urine and biochemical 
alterations in plasma of chewing tobacco users.

Materials and Methods

Study subjects and Data collection
Sixty human male volunteers were selected and each 

group consisted of thirty volunteers, aged between 18-30 
years residing in Ananthapuramu town, Andhra Pradesh 
taking local diet. The baseline information for the category 
of SLT users was that individuals used SLT products 
(Blue bull, and raja brands of tobacco) habitually, at 
least > 4 times per day consists of 30 g during the last 3 
years. Socio-demographic information was collected by 
an interviewer with the information on age, educational 
qualification, marital status, income, and occupational 
status. The inclusion criteria are the habitual use of only 
SLT packets by the users, and choose the unmarried 
and low economic status people. In the present study all 
volunteers were free from any chronic disease, with no 
smoking habit or alcohol drinking. All experiments were 
performed in accordance with the approved guidelines 
and regulations of the Ethical Committee (No.25/1/2019-
AWD).

Group I- Controls
Group II-Chewing tobacco users
Collection of blood and Sample analysis

Blood samples from overnight fasted subjects were 
used for the study. Blood samples, drawn from human 
male volunteers by vein puncture between 7 and 10 AM 
into heparinized test tubes, were used immediately for 
plasma analysis. Most of the plasma clinical parameters 
were estimated by auto analyzer kit methods. Plasma lipid 
peroxidation was analyzed by the method of Buege and 
Aust, (1978), iron by Ramsay (1958), total amino acids 
by Moore and Stein, (1948), glycolipids by Roughan 
and Batt (1968), total phospholipids by Connerty et al., 
(1961), peroxynitrites by Beckman et al., (1992), protein 
carbonyls by Levine et al., (1990), nitric oxide (NO2 and 
NO3) by the method of Sastry et al., (2002). 

Saliva-urine collection and Analysis
Five millilitres of unstimulated whole salivary samples 

were obtained by expectoration, in the absence of chewing 
movements, in dry plastic vials with the test subject sitting 
in a relaxed position. The collected saliva samples were 
centrifuged at 3,000 rpm for 10 min. The supernatants 
were stored at -70°C until further analysis. Two millilitres 
of urine samples in the morning were collected in a sterile 
flask covered with aluminium foil to keep out stray light 
and processed within 2 h of the collection. The collected 
samples were centrifuged at 3,000 rpm for 10 min for 

further analysis.

HPLC
HPLC system (Shimadzu, Japan) is equipped with a 

binary gradient system with variable UV/VIS detector 
(SPD-20A) and Rheodyne injector with a 20 µL loop 
and LC-20AD pumps and integrator. Reversed phase 
chromatographic analysis was performed in isocratic 
condition using C18 reverse phase column (5 µ) at 37°C. 

HPLC operating conditions
Resolution of peaks was performed with the mobile 

phase consisting of a mixture of 0.272 g of KH2PO4, 
0.184 g of sodium n-heptane sulfonate, 820 mL of water 
(HPLC-grade), and 180 mL of methanol (HPLC grade). 
The pH of the mobile phase was adjusted by drop wise 
addition of ortho phosphoric acid (pH=3.2). The flow rate 
used was 1.0 mL/min, and the wavelength was fixed at 256 
nm for nicotine and 262 nm for cotinine as per the modified 
method (Massadeh et al., 2009). Nicotine and cotinine at 
the concentration of 20µM/mL were used as standards.

Sample analysis for HPLC
Plasma sample analysis was processed by the modified 

method (Massadeh et al., 2009). An aliquot of 0.1 mL 
plasma was placed into a glass test tube was alkalinized 
with 20 µl of 5.0M NaOH, and vortex mixed at 2800 rpm 
for 30s. An equal amount of dichloromethane-diethyl 
ether (1:1 v/v) was used for one-step single extraction, 
and then vortex mixed at 2800 rpm for 2 min. The organic 
layer, after being centrifuged at 3500 rpm for 3 min, was 
transferred to a new glass tube containing 4 µL of 0.25M 
HCl. The organic layer, centrifuged at 3,500 rpm for 3 min, 
was transferred to a new glass tube containing 4 µL of 
0.25M HCl. The organic phase was then evaporated under 
a stream of nitrogen at 35ºC until dryness and reconstituted 
in 50 µL of mobile phase. An aliquot of 20µL was injected 
into HPLC for analysis.

Statistical data analysis
All the quantitative data are expressed as mean ± SEM 

and Students t-test was used to determine the significance 
of the parameters between the groups. The Pearson 
correlation coefficient analyzed using Graph Pad Prism 
version 6.01 for Windows. A P value less than 0.05 was 
considered statistically significant.

Results

HPLC chromatograms of nicotine and cotinine in plasma, 
saliva, and urine

The photographs of various different chewing tobacco 
products like Raja, Hans chhap, SVS madras snuff, 
Swagat gold, Hindusthan khaini, Manglam gold, Zara 
snus, Badshaha, Miraj, Cool lip filter tabaq, Blue bull, and 
Madhu chhap chewing tobacco are presented. The pictorial 
health warning labels are in the form of Tobacco Kills or 
Tobacco causes Mouth Cancer (Figure 1). 

Data (Figure 2a) indicated the range of retention 
time of standard nicotine is 5.1-6.5 min and appeared a 
chromatogram peak at 6.38 min. The range of retention 
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group had no nicotine intake and tobacco exposure. 
Minimal concentrations of nicotine and cotinine levels 

time of standard cotinine is 3.6-4.2 min and manifest that 
a chromatogram peak at 4.01 min. The normal control 

Figure 1. Images of Raja, Hans Chhap, SVS Madras Snuff, and Swagat Gold Tobacco Brands

Figure 2a. HPLC Chromatograms of Nicotine, Cotinine 
Standards, and Healthy Controls

Figure 2b. HPLC Chromatograms of Smokeless Tobacco 
Users

Figure 3a. Lipid Profile in Plasma of Chewing Tobacco Users. Note: VLDL-C-Very low density lipoprotein cholesterol; 
LDL-C-Low density lipoprotein cholesterol; HDL-C-High density lipoprotein cholesterol.
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are noticed in control group due to environmental 
tobacco exposure and some food constituents. There are 
no peaks declared in chromatograms of plasma, saliva, 
and urine in normal healthy controls at the retention of 
4.01 and 6.38 min of nicotine and cotinine respectively. 
Chewing tobacco consumers reported that narrow nicotine 
chromatogram peak at retention time of 5.84 min and 
cotinine peak at 3.68 min in the plasma. In this group 

II, large amount of nicotine is metabolized into cotinine. 
In the saliva sample, nicotine disclosed a chromatogram 
peak at 6.23 min retention time and cotinine exhibited that 
chromatogram peak at 3.86 min in group II consumers. 
The chromatograms of nicotine and cotinine at 5.12 
min and 3.84 min respectively in the urine of smokeless 
tobacco consumers (Figure 2b). Biochemical profile in 
plasma

The decreased levels of HDL-C, and increased 
concentrations of lipoproteins (VLDL-C, LDL-C), 
kidney markers (Creatinine, urea, and uric acid), liver 
marker enzymes (SGOT, SGPT, and ALP), cardiovascular 

Figure 3b. Concentrations of Liver Marker Enzymes and Kidney Markers in Plasma. Note: SGOT-Serum glutamate 
oxaloacetate transminase; SGPT-Serum glutamate pyruvate transminase; ALP-Alkaline phosphatase.

Figure 3c. Levels of Nitroxidative Stress Markers in Chewing Tobacco Users. Note: NO-Nitric oxide; NO2-Nitrites; 
NO3-Nitrates.  

Parameter Controls Chewing 
tobacco users

P value

Glucose (mg/dl) 86.38±3.08 92.08±3.64NS 0.24

Albumins (g/dl) 3.97±0.15 3.64±0.16 NS 0.15

Globulins (mg/dl) 2.78±0.15 2.25±0.24 NS 0.078

Total proteins (mg/dl) 6.40±0.20 6.78±0.25 NS 0.25

Iron (mg/dl) 121.40±2.30 109.45±4.06* 0.01

Hemoglobin (g/dl) 14.26±0.92 9.96±0.45* 0.0004

Glycolipids (mg/dl) 269.42±7.13 218.85±6.01* ≤ 0.005

Amino acids (mg/dl) 5.03±0.32 3.74±0.13* 0.001

Table 1. Plasma Biochemical Profile in Chewing 
Tobacco Users

Saliva 
nicotine

Saliva 
cotinine

Urine 
nicotine

Urine
cotinine

r P r P r P r P

Plasma 
nicotine

-0.42 0.16 0.38 0.22

Plasma 
cotinine

-0.041 0.89 0.046 0.88

NS, Not significant r, Correlation coefficient; P ≤0.05.

Table 2. Correlation of Nicotine and Cotinine in Plasma, 
Saliva, and Urine of SLT Users
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markers (Cholesterol and triglycerides), and phospholipids 
are perceived in the plasma of chewing tobacco users. The 
mean values of HDL-C and total cholesterol have been 
visible a statistically significant difference. The levels 
of reactive oxygen nitrogen species include nitric oxide 
(NO2 and NO3), protein carbonyls, peroxynitrites, and 
malondialdehyde are significantly higher in smokeless 
tobacco users compared to normal subjects (Figure 3a, 
3b, and 3c). 

Concentrations of nicotine and cotinine in plasma, saliva, 
and urine

Smokeless tobacco users evinced that significantly 
increased levels of nicotine and cotinine concentrations 
in plasma, saliva, and urine compared to group I controls. 
The correlation plots of plasma nicotine and cotinine 
with salivary and urine nicotine and cotinine (Figure 4). 
The distribution of nicotine and cotinine concentrations 
in urine, plasma, and saliva are presented (Figure 5a, 5b, 
and 5c).

Figure 4. Concentrations of Nicotine and Cotinine in Plasma, Saliva, and Urine

Figure 5a. Quantile Comparison Plots of Cotinine and 
Nicotine in Urine

Figure 5b. Quantile comparison plots of cotinine and 
Nicotine in Plasma

Figure 5c. Quantile Comparison Plots of Cotinine and 
Nicotine in Saliva
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Discussion

Our study demonstrated that the significant increase 
in the levels of nicotine and its metabolite cotinine in 
plasma, saliva, and urine of chewing tobacco users. 
Previous reports stated that salivary concentrations of 
nicotine and cotinine observed in gutkha and khaini users 
(Begum et al., 2018). During the 2-year study, increase 
in the plasma nicotine and cotinine levels was detected 
in male and female Wistar Han rats exposed to similar 
concentrations as same as human exposure (Theophilus 
et al., 2015). Nicotine is able to cause an increased risk 
of cardiovascular, respiratory, gastrointestinal disorders, 
decreased immune response and disturbances on the 
reproductive health. It affects the cell proliferation, 
oxidative stress, apoptosis, and DNA mutation by various 
mechanisms which lead to cancer (Mishra et al., 2015). 
Nicotine is the major component in all tobacco products 
that has a major role in the development of dependence 
and addiction (Siqueira et al., 2017).

There is a direct association between salivary cotinine 
and the severity of periodontitis can be reported (Surya 
et al., 2012). The strong link exists between the serum 
cotinine concentration and tobacco smoke-induced 
emphysema in mice (Xu et al., 2014). The urinary levels 
of cotinine by HPLC-MS/MS in a population to assess 
their exposure to active and passive smoking (Paci et al., 
2018). The cotinine acts as major metabolite and have 
great potential to become effective agents to prevent and 
alleviate neurological symptoms developed in subjects 
with Parkinsonism (Barreto et al., 2015). Nicotine and 
cotinine inhibit catalase and glutathione reductase activity, 
contributing to an accumulation of reactive oxygen species 
(ROS) by cigarette smoke exposure (Aspera-Werz et al., 
2018). The smokeless tobacco users have increased risk of 
both heart disease and stroke in US compared to Swedish 
smokeless tobacco users (Rostron et al., 2018).

The experimental studies are helpful to develop the 
relationship between smokeless tobacco and disease 
pathology like immune, cardiovascular, and reproductive 
dysfunctions (Willis et al., 2012). The treatment of 
smokeless tobacco extract induced higher concentrations 
of reactive oxygen species and malondialdehyde in 
cultured human oral mucosa fibroblasts cells (Li et 
al., 2018). Peroxynitrite, though not a free radical by 
chemical nature, is a powerful oxidant that reacts with 
proteins, DNA, lipids, oxidative injury, committing cells 
to necrosis or apoptosis (Islam et al., 2015). The levels 
of peroxynitrites are increased in plasma of chewing 
tobacco users. Peroxynitrites are actively involved in the 
processes of protein carbonylation and lipid peroxidation 
and act as endogenous cytotoxin in pathological disease 
conditions (Radi, 2018). The reactive oxygen-nitrogen 
species (RONS) like nitric oxide, peroxynitrites, protein 
carbonyls, and malondialdehyde are significantly higher 
in the plasma. 

The active ingredient of smokeless tobacco is nicotine 
has been energetically engaged to enhance the levels of 
malondialdehyde in plasma of experimental subjects. The 
lipid peroxidation products are highly reactive and display 

marked biological effects, which, depending upon their 
concentration, cause selective alterations in cell signalling, 
protein and DNA damage, and cytotoxicity (Ramana 
et al., 2013). Our results manifested that smokeless 
tobacco users establish that the significant increase in 
the concentrations of nitric oxide (Nitrites and nitrates) 
of plasma. Nitric oxide could be able to dilate the blood 
vessels and improve the circulation at low concentrations 
and at high concentrations, it can cause circulatory shock 
and induce cell death (Achike and Kwan, 2003). NO 
has been convey to induce process of nitrosylation and 
nitrotyrosination in the protein modifications, organelle 
fragmentation, and inhibit mitochondrial respiratory 
complexes (Knott et al., 2009). Plasma profile including 
fasting glucose, kidney markers (creatinine and urea), liver 
marker enzymes (SGOT, SGPT, and ALP), lipid profile 
(cholesterol, triglycerides, LDL-C, and HDL-C) have 
distinguished in the normal range of plasma in chewing 
tobacco users compared to normal controls. 

In conclusion, chewing tobacco users revealed a 
significant increase in levels of nicotine and cotinine in 
plasma, saliva, and urine. The significantly higher levels 
of nitric oxide, peroxynitrites, protein carbonyls, and 
malondialdehyde act as indicators of development of 
oxidative stress in response to nicotine and tobacco-specific 
N-nitrosamines. The chewing tobacco users communicated 
the normal range of plasma biochemical profiles compared 
to other smokeless tobacco products (Panmasala with 
tobacco, gutkha, and khaini).

Acknowledgements

Miss Shaik Fareeda Begum was an ICMR fellow 
(HRD-61(60671)) during the year of 2013-2018 and 
financial assistance is greatly acknowledged. Currently 
we are not receiving any funding.

Conflict of Interest 
The authors state no conflicts of interest.

References

Achike FI, Kwan CY (2003). Nitric oxide, human diseases and 
the herbal products that affect the nitric oxide signalling 
pathway. Clin Exp Pharmacol Physiol, 30, 605-15.

Aspera-Werz RH, Ehnert S, Heid D, et al (2018). Nicotine and 
cotinine inhibit catalase and glutathione reductase activity 
contributing to the impaired osteogenesis of SCP-1 cells 
exposed to cigarette smoke. Oxid Med Cell Longev, 2018, 
3172480.

Bandyopadhyay A, Irfan M (2019). Educational and wealth 
inequalities in smokeless tobacco use: An analysis of rural 
urban areas of Bangladesh and India. Subst Abuse, 13, 
1178221818825074. 

Barreto GE, Iarkov A, Moran VE (2015). Beneficial effects of 
nicotine, cotinine and its metabolites as potential agents for 
Parkinsons disease. Front Aging Neurosci, 6, 340.

Beckman JS, Ischiropoulos H, Zhu L, et al (1992). Kinetics 
of superoxide dismutase and iron–catalyzed nitration of 
phenolics by peroxynitrite. Arch Biochem Biophys, 298, 
438-45. 

Begum SF, Nagajothi G, Latha KS, et al (2018). Possible role of 
nicotine and cotinine on nitroxidative stress and antioxidant 



Asian Pacific Journal of Cancer Prevention, Vol 20 3623

DOI:10.31557/APJCP.2019.20.12.3617
Quantification of Nicotine and Cotinine in Plasma, Saliva, and Urine By HPLC Method in Chewing Tobacco Users 

This work is licensed under a Creative Commons Attribution-
Non Commercial 4.0 International License.

content in saliva of smokeless tobacco consumers. J Clin 
Lab Med, 12, e00105.

Biswas S, Manna K, Das U, et al (2015). Smokeless tobacco 
consumption impedes metabolic, cellular, apoptotic and 
systemic stress pattern: A study on Government employees 
in Kolkata, India. Sci Rep, 5, 18284.

Buege JA, Aust SD (1978). Microsomal lipid peroxidation. 
Methods Enzymol, 52, 302-10.

Connerty HV, Briggs AR, Eaton EH (1961). Simplified 
determination of the lipid components of blood serum. Clin 
Chem, 7, 37-53.

Gupta S, Gupta R, Sinha DN, et al (2018). Relationship between 
type of smokeless tobacco and risk of cancer: A systematic 
review. Indian J Med Res, 148, 56-76.

Hallikeri K, Naikmasur V, Guttal K, et al (2018). Prevalence 
of oral mucosal lesions among smokeless tobacco usage: A 
cross-sectional study. Indian J Cancer, 55, 404-09. 

Hu SS, Homa DM, Wang T, et al (2019). State-specific patterns 
of cigarette smoking, smokeless tobacco use, and e-cigarette 
use among adults -United States, 2016. Prev Chronic Dis, 
16, E17. 

Islam BU, Habib S, Ahmad P, et al (2015). Pathophysiological 
role of peroxynitrite induced DNA damage in human 
diseases: A special focus on poly (ADP-ribose) polymerase 
(PARP). Indian J Clin Biochem, 30, 368-85.

Knott AB, Bossy-Wetzel E (2009). Nitric oxide in health and 
disease of the nervous system. Antioxid Redox Signal, 11, 
541-54.

Levine RL, Garland D, Oliver CN, et al (1990). Determination 
of carbonyl content in oxidatively modied proteins. Methods 
Enzymol, 186, 464-78.

Li L, Zhou X, Wang Y (2018). Smokeless tobacco extract 
inhibits proliferation and promotes apoptosis in oral mucous 
fibroblasts. Oncol Lett, 16, 5066-74.

Lienemann BA, Rose SW, Unger JB, et al (2019). Tobacco 
advertisement liking, vulnerability factors, and tobacco use 
among young adults. Nicotine Tob Res, 21, 300-8.

Massadeh AM, Gharaibeh AA, Omari KW (2009). A single-step 
extraction method for the determination of nicotine and 
cotinine in Jordanian smokers’ blood and urine samples by 
RP-HPLC and GC–MS. J Chromatogr Sci, 47, 170-7.

Mehrotra R, Yadav A, Sinha DN, et al (2019). Smokeless tobacco 
control in 180 countries across the globe: call to action for 
full implementation of WHO FCTC measures. Lancet Oncol, 
20, e208-17. 

Mishra A, Chaturvedi P, Datta S, et al (2015). Harmful effects of 
nicotine. Indian J Med Paediatr Oncol, 36, 24-31.

Moore S, Stein WH (1948). Photometric ninhydrin method for 
use in the chromatography of amino acids. J Biol Chem, 
176, 367-88. 

Paci E, Pigini D, Bauleo L, et al (2018). Urinary cotinine 
concentration and self reported smoking status in 1075 
subjects living in Central Italy. Int J Environ Res Public 
Health, 15, pii: E804. 

Radi R (2018). Oxygen radicals, nitric oxide, and peroxynitrite: 
Redox pathways in molecular medicine. Proc Natl Acad Sci 
U S A, 115, 5839-48.

Ramana KV, Srivastava S, Singhal SS (2013). Lipid peroxidation 
products in human health and disease. Oxid Med Cell 
Longev, 2013, 583438.

Ramsay WNM (1958). Advances in clinical chemistry. Academic 
Press Newyork, pp 1-5.

Rostron BL, Chang JT, Anic GM, et al (2018). Smokeless 
tobacco use and circulatory disease risk: asystematic review 
and meta-analysis. Open Heart, 5, e000846.

Roughan PG, Batt RD (1968). Quantative analysis of 
sulfolipid (sulfoguanosyl diglyceride) and galactolipids 

(monogalactosyl and digalactosyl diglycerides) in plant 
tissues. Anal Biochem, 22, 74-8.

Sastry KVH, Moudgal RP, Mohan J,  et  al  (2002). 
Spectrophotometric determination of serum nitrite and 
nitrate by Copper-Cadmium alloy. Ana Biochem, 306, 79-82.

Shah S, Dave B, Shah R, et al (2018). Socio-economic and 
cultural impact of tobacco in India. J Family Med Prim 
Care, 7, 1173-76.

Siddiqi K, Shah S, Abbas SM, et al (2015). Global burden of 
disease due to smokeless tobacco consumption in adults: 
analysis of data from 113 countries. BMC Med, 13, 194. 

Siqueira LM, Committee on substance use and prevention, 
(2017). Nicotine and tobacco as substance of abuse in 
children and adolescents. Pediatrics, 139, pii:e200163436.

Suliankatchi RA, Sinha DN, Rath R, et al (2019). Smokeless 
tobacco use is replacing the smoking epidemic in the 
South-East Asia Region. Nicotine Tob Res, 21, 95-100. 

Surya C, Swamy DN, Chakrapani S, et al (2012). Chair side 
quantitative immunochromatographic evaluation of salivary 
cotinine and its correlation with chronic periodontitis. 
J Indian Soc Periodontol, 16, 508-12.

Theophilus EH, Hayes JR, Ayres PH, et al (2015). Toxicological 
evaluation of smokeless tobacco: 2-year chronic toxicity 
and carcinogenicity feeding study in Wistar Han rats. Exp 
Toxicol Pathol, 67, 539-50. 

Wang Y, Sung HY, Lightwood J, et al (2018). Chaffee BW, Yao T, 
Max W. Health care utilization and expenditures attributable 
to smokeless tobacco use among US adults. Nicotine Tob 
Res, 20, 1359-68. 

Warnakulasuriya S, Straif K (2018). Carcinogenicity of 
smokeless tobacco: Evidence from studies in humans & 
experimental animals. Indian J Med Res, 148, 681-86. 

Willis D, Popovech M, Gany F, et al (2012). Toxicology of 
smokeless tobacco: implications for immune, reproductive, 
and cardiovascular systems. J Toxicol Environ Health B Crit 
Rev, 15, 317-31. 

Xu X, Su Y, Fan ZH (2014). Cotinine concentration in serum 
correlates with tobacco smoke-induced emphysema in mice. 
Sci Rep, 4, 3864.

Zandonai T, Chiamulera C, Mancabelli A, et al (2018). A 
preliminary investigation on smokeless tobacco use and its 
cognitive effects among Athletes. Front Pharmacol, 9, 216.


