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Abstract

Tobacco smoking is apparently the major reason for the increasing incidence 
of lung cancers. Nicotine, an alkaloid in present in tobacco accounts for the 
addictive nature of tobacco. Nicotine is an exogenous agonist to the nicotinic 
Acetylcholine Receptors (nAChRs) distributed throughout the central and 
peripheral nervous system. Upon administration, nicotine binds to the nAChRs 
and modulates the neurotransmitter release. Studies relate the pleasurable 
effects of cigarette smoking to the nicotine induced increase in dopamine levels 
in the mesocorticolimbic system in mammals. Understanding the molecular 
mechanisms underlying nicotine addiction enables the development of effective 
strategies for smoking cessation.

Keywords: Lung cancer; Tobacco; Nicotine; Dopamine; Nicotinic acetyl 
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curing various diseases [13]. Prior to the 1820s, tobacco was chewn, 
drunk or sniffed. Tobacco smoking became popular in the 19th 
century with the advent of handmade and machine manufactured 
cigarettes. 

Even in the first flush of enthusiasm for the medicinal properties 
of tobacco, people criticized its efficacy. With the isolation of nicotine, 
a dangerous alkaloid from tobacco leaves in 1828, the medical world 
began to doubt the usage of tobacco as a general treatment. Although 
many reported the adverse effects of tobacco smoking, the criticisms 
were largely ignored and out shadowed by the massive profit from 
tobacco trade. The rates of cigarette smoking increased dramatically 
in the 20th century and the medical practitioners observed an 
increasing incidence of lung cancer in 1920s and 1930s [14]. The first 
conclusive evidence on the adverse health effects of cigarette smoking 
came up in the 1950s with the publication of retrospective studies on 
the prevalence of lung cancer in tobacco smokers [15-18]. In 1957, 
the US public health service issued its first statement on tobacco 
smoking as a cause of lung cancer [19] and in 1962 the Royal College 
of Physicians of London reviewed the scientific evidence on smoking 
and health and concluded that tobacco smoking was undoubtedly a 
cause of lung cancer [20]. The US Surgeon General commissioned 
further investigations which also came to the same conclusions 
[21,22]. Ever since, there have been accumulating evidence on the 
toxicology of tobacco smoke and its health impacts on smokers as 
wells as non smokers.

Chemistry and toxicology of tobacco smoke
Cigarette smoke is a complex mixture of more than 4000 

different chemical compounds [23]. The composition of cigarette 
smoke varies with cigarette design as well as the chemical nature of 
the product. Upon pyrolysis, the chemicals in tobacco are distilled 
into smoke, or react to form constituents that are distilled to smoke. 
Cigarette smoking imparts serious threats of air pollution, thereby 
extending its health hazards to nonsmokers as well. The air in the 
immediate vicinity of an active smoker contains a mixture of exhaled 
mainstream smoke released from the butt end of the burning cigarette 
and side stream smoke that results from the burning cigarette coal 
when it smolders [24]. Gases, mainly nitrogen, oxygen and carbon 

Introduction
Lung cancer was a rare disease at the start of the 20th century 

before the massive introduction of cigarettes [1]. Currently, lung 
cancer accounts for more than one quarter of cancer deaths worldwide 
[2]. Epidemiological studies unassailably demonstrate a consistent 
correlation between tobacco smoking and the incidence of lung 
cancer [3]. Tobacco smoke is a cocktail of several toxic chemicals of 
which more than 60 are known to bind and mutate DNA [4,5]. While 
mainstream smoking is undoubtedly the leading risk factor, several 
studies associate the incidence of lung cancer to Environmental 
Tobacco Smoke (ETS) exposure in non-smokers [6,7].

Tobacco smoke is a complex and dynamic chemical mixture whose 
composition varies with tobacco type and preparation, characteristics 
of cigarette and several other factors [8,9]. Among the different 
carcinogens in cigarette smoke, polycyclic aromatic hydrocarbons 
and tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone are known to play the major roles [10]. In 
addition to the chemicals that directly contribute to its mutagenic 
and carcinogenic effects, tobacco smoke also contains chemicals like 
nicotine, responsible for its addiction and rein forcibility [11]. Studies 
report that nearly 80% of the smokers attempting to quit smoking 
fail within a year, and those who succeed usually have tried to self 
restraint recurrently [12]. It is this seductive addiction to tobacco that 
makes the disease, a chronic health issue. A detailed understanding of 
the pharmacological effects of nicotine that causes tobacco addiction 
is a necessary basis for optimal smoking cessation intervention. 
This article reviews the pharmacological effects of nicotine and the 
underlying cellular events that account for tobacco addiction.

History of tobacco smoking
The cultivation and usage of the tobacco plant, Nicotiana, ages 

back as early as 5000 BC in the Americas. However, the populations 
used the plant largely for its medicinal properties and in ceremonies 
rather than its pleasurable effects. Later, it was introduced in Europe 
in the 16th century by the early explorers from where it spread around 
the globe with the progress of European civilization. Tobacco was an 
inevitable part of medical practice and was celebrated as a ‘holy herb’ 
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dioxide constitute 95% of the smoke. The particulate phase contains 
thousands of compounds, among which the carcinogenicity of nearly 
60 are well documented [25]. 

Poly Amino Hydrocarbons (PAHs) and Tobacco Specific 
Nitrosamines (TNSAs) are among the well studied tobacco 
carcinogens. These compounds undergo metabolic activation and 
form DNA adducts which, unless repaired result in miscoding and 
mutations. Although there exist specific competing detoxification 
mechanisms, the delicate balance between metabolic activation and 
detoxification determines tumor induction. Mutations in critical 
growth control genes such as epidermal growth factor gene, RAS and 
the tumor suppressor gene p53 are known to alter the normal cellular 
growth control mechanisms, promoting the development of cancer 
[26-28]. 

Benzo[a] pyrene, a PAH is the most extensively studied carcinogen 
whose potency to induce lung tumors is well studied [29-31]. Two 
aza-arenes, bibenz[a,h] acridine and 7H-dibenzo[c,g] -carbazole, 
although present in minor concentrations in cigarette smoke, are 
known to induce lung tumors in rats and hamsters [32,33]. Among 
the TNSAs, 4-(methylnitrosamino) -1-(3-pyridyl) -1-butanone 
(NNK), is a potent lung carcinogen shown to induce pulmonary 
tumor formation in rats, mice and hamsters [34]. Investigations 
have demonstrated that 1,3 - butadiene, a chemical in tobacco smoke 
imparts high cancer risks [35]. In addition, tobacco smoke also 
contains metals like nickel, chromium, cadmium and arsenic and 
the radioactive compound polonium (210Po) which are potent lung 
carcinogens. Substantial concentrations of co-carcinogens such as 
catechols, methylcatechols, pyrogallol, decane, undecane, pyrene, 
benzo [e] pyrene and fluoranthene are also detected in tobacco smoke 
[36]. It has been reported that cyanide, arsenic and cresols present 
in tobacco smoke increase the incidence of cardiovascular diseases. 
Acrolein and acetaldehyde are known to cause respiratory irritations. 
Apart from the toxic carcinogenic and mutagenic chemicals, tobacco 
smoke contains stable and unstable free radicals and Reactive Oxygen 
Species (ROS) in the particulate and gas phase which can cause 
extensive oxidative damage in cells [37]. Taken together, tobacco 
smoke contains plethora of toxic chemicals, the chronic exposure to 
which can cause cancers and other serious health issues.

Tobacco addictives
Nicotine, an alkaloid present in tobacco leaves account for much 

of its addictive nature [38-40]. It is a tertiary amine consisting of a 
pyridine and a pyrrolidine ring. Nicotine molecule partly resembles 
the neurotransmitter acetylcholine and hence serves as an agonist to 
the nicotinic Acetylcholine Receptors (nAChRs) found throughout 
the central and peripheral nervous system [41]. The psycoactive effects 
of nicotine results from its action on these brain nicotinic cholinergic 
receptors facilitating the release of neurotransmitters (dopamine 
and others), producing pleasure, stimulation and mood modulation. 
Tobacco also contains several other pharmacologically active 
minor alkaloids such as anatabine, anabasine, N-methylanabasine, 
anabaseine and nornicotine. Dwoskin and colleagues reported 
that these alkaloids induce dopamine release from striatal brain 
tissue in rats [42]. Although these chemicals can be addictive 
when administered alone at sufficient concentrations, their minor 
concentrations in tobacco leave suggest their contributions towards 

the addictive nature of tobacco to be meagrer. These alkaloids 
probably act in synergy with nicotine to generate the addictive effects.

Nicotine is a volatile alkaloid, the absorption and renal excretion 
of which largely depends on pH. At alkaline pH, nicotine exists in 
the nonionized state and hence can readily cross the lipoprotein 
membranes, whereas at acidic pH, nicotine remains ionized and hence 
is poorly absorbed across the membranes. When a person inhales 
cigarette smoke, nicotine is distilled from tobacco and is carried to 
the lungs. The physiological pH of pulmonary fluid and the large 
surface area of alveoli favors the rapid absorption of nicotine into the 
pulmonary venous circulation. It then enters the arterial circulation 
and moves to the brain where it binds to the nicotinic cholinergic 
receptors opening the channels, facilitating the entry of cations and 
subsequent release of neurotransmitters. Nicotine in oral products 
having alkaline pH are readily, but gradually absorbed across the oral 
mucosa compared to the absorption across the alveolar surface. When 
nicotine is swallowed, the acidic pH in the stomach does not favor 
its absorption, whereas the alkaline pH in small intestine supports 
its absorption. However, unlike when swallowed, the bioavailability 
of nicotine is higher when absorbed through lungs and oral mucosa 
since it reaches the systemic circulation before passing through the 
liver.

The neurobiology of nicotine addiction
The mechanisms mediating nicotine dependence are an active 

area of research since nicotine is the major addictive agent in tobacco. 
Nicotine dependence has two aspects – 1) the persistence of smoking 
behavior and 2) the emergence of withdrawal symptoms upon 
cessation [43,44]. A better understanding of the neuromodulatory 
effects of nicotine forms the basis of an effective smoking cessation 
intervention.

Neuronal nicotinic acetyl choline receptors (nAChRs)
nAChRs play a key role in the neuroadaptations mediating 

tobacco dependence. nAChRs are ligand-gated ion channels 
composed of five membrane spanning subunits arranged like a rosette 
around a water filled pore [45,46]. Different combinations of nAChR 
subunits generate receptors that differ in their pharmacokinetics and 
functional properties. The neuronal α subunit exists in nine isoforms 
(α2 to α10) and the neuronal β subunit exists in three isoforms 
(β2, β3, and β4). α2 to α6 nAChR subunits combine with β2 to β6 
subunits to form hetero oligomeric receptors, some of which share 
similar pharmacokinetic properties [47]. Subunits α7 to α9 form only 
homo oligomeric receptors and α7 is dominantly expressed in the 
mammalian central nervous system [48]. 

The subunit composition of nAChRs is a crucial factor 
determining its specialized functions and properties such as ligand 
affinity, ion permeability and desensitization. Studies have illustrated 
that although nicotine serves as an exogenous agonist to various 
nAChR subtypes, the one containing α4 and β2 subunits bind 
nicotine with highest affinity [49,50]. Ligand affinity also varies 
with different stochiometric combinations of subunits. Among the 
different stochiometric combinations of α4β2 receptor subtype, such 
as (α4)2(β2)3, (α4)3(β2)2 and (α4)2(β2)2(α5), (α4)2(β2)3 nAChR is most 
sensitive to upregulation by nicotine [51]. Studies reveal that the 
inclusion of α5 subunit in α4β2 receptor subtype enhances receptor 
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assembly and expression, reduce the relative magnitude of ligand-
mediated upregulation and facilitate receptor channel closure [52,53]. 
In the Ventral Tegmental Area (VTA) and substantia nigra, α6 and 
possibly β3 subunits are included in α4β2 nAChR complexes resulting 
in high affinity receptors [54]. α7 homomeric nAChRs desensitize 
rapidly and facilitate comparatively high Ca2+:Na+ permeability ratio 
[55]. As a result, the opening of α7 nAChR channels can mediate the 
increased release of neurotransmitters and impact on several Ca2+ 
dependent mechanisms, including activation of second messenger 
pathways quite distinct from other nAChRs [56].

Neuronal nAChRs are predominantly located in presynaptic 
terminals and hence are believed to modulate the release of various 
neurotransmitters including acetylcholine, glutamate, GABA and 
dopamine [57]. Nevertheless nAChRs situated on post synaptic 
sites contribute a small minority of fast excitatory transmission 
[58]. Several studies have revealed that nAChRs are involved in 
maintaining the resting membrane potential, modulation of synaptic 
transmission and mediation of fast excitatory transmission. The 
role of nAChRs in the development of synaptic plasticity, learning, 
memory and attention are well documented [59-61]. 

Nicotinic modulation of neurotransmitter release
The pharmacological effects of nicotine in mammals result 

from its binding at the nAChRs and subsequent modulation of 
neurotransmitter release. Nicotine from tobacco bathes all of the 
brain and hence reaches nAChRs at synaptic as well as nonsynaptic 
locations. Nicotine influences many neuronal circuits and functions 
due to the diverse distribution and the roles of functionally distinct 
nAChRs. It has been shown that nicotine enhances the levels of 
dopamine in the mesocorticolimbic system by increasing the firing 
rate of dopaminergic neurons [62]. Blocking dopamine release in the 
nucleus accumbens with antagonists abrogates the rewarding effects 
of nicotine, as indicated by reduced self-administration in rats [59]. 
Rat brain slices, when administered with nicotine at concentrations 
as obtained from tobacco smoke showed activation of nAChRs on 
mesolimbic dopaminergic neurons and subsequent modulation of 
neurotransmitter release [63,64].

Extensive studies have demonstrated the involvement of the 
mesolimbic system in the mammalian midbrain in the reinforcing 
effects of drug abuse [65]. The region contains dopaminergic neurons 
originating from the VTA and projecting into the nucleus accumbens 
and the frontal cortex. A common feature of addictive drugs is that 
they increase dopamine levels in the nucleus accumbens by regulating 
the activity of these dopaminergic projections [66, 67]. The activity of 
VTA dopaminergic neurons is primarily regulated by the release of 
the excitatory neurotransmitter glutamate from neuronal projections 
originating from the nucleus accumbens and the frontal cortex. Other 
inputs that regulate the activity of the mesolimbic system are γ-Amino 
Butyric Acid (GABA) inhibitory interneurons located within the 
VTA and the nucleus accumbens and cholinergic projections from 
brainstem nuclei to the VTA. To date, three cell types in the VTA 
have been shown to express nAChRs: Dopamine neurons, GABA 
neurons, and glutamatergic presynaptic terminals that synapse onto 
dopamine neurons.

The neurons within the VTA have a wide variety of nAChRs, 
the differential distribution of which has important functional 

consequences on the nicotine signalling in the mesolimbic system [68]. 
The concentration of agonist required activating and desensitizing the 
receptor, the speed of activation, the ionic permeability, the rates of 
desensitization and recovery from desensitization, all depends on the 
subunit composition of the mature receptor. Dopaminergic neurons 
of the VTA express α2–α7 and β2–β4 subunits, which can give rise to 
at least three pharmacologically distinct nAChR subtypes, of which 
one is a homomeric α7 receptor [69,70]. Nearly 25% of the GABA 
neurons express the α3, α5, α6 and β4 subunits, indicating that most 
nAChRs of these VTA neurons contain α4β2 receptors [71]. Less 
than half of the VTA neurons express homomeric α7 nAChRs [72].

The nicotine concentration in a smoker’s blood reaches 300–500 
nM, a few minutes after the initiation of smoking and eventually 
concentrations close to 250 nM are sustained [73]. This low nicotine 
concentration is sufficient enough to activate the high-affinity 
α4β2 and α3β2 nAChR subtypes on VTA dopaminergic neurons 
leading to their increased firing and dopamine release. However, the 
sustained nicotine concentrations cause these receptors to desensitize 
in few minutes [74]. Recent studies show that the α6β2 nAChRs 
expressed in the VTA are necessary for the effects of nicotine on 
dopaminergic neuron activity and dopamine dependent behaviors 
such as locomotion and reinforcement [75]. The early, acute effects 
of nicotine in the VTA activates the GABA neurons as well, but 
similar to the nAChRs on VTA dopaminergic neurons, the ones 
that are associated with these cells also desensitize rapidly relieving 
the inhibitory control [76,77]. Desensitization not only prevents 
further activation of nAChRs by nicotine, but also precludes their 
responsiveness to endogenous cholinergic signaling. As a result, the 
dopaminergic neurons in the VTA receive less inhibitory GABAergic 
input than prior to nicotine’s arrival in the VTA, and this decrease of 
inhibitory tone results in increases in action potential firing. The rapid 
desensitization of VTA dopaminergic neuron receptors suggests 
the existence of additional mechanisms that induces the long-term 
enhancement of dopamine release. The glutamergic terminal in the 
VTA expresses α7 nAChRs and the low nicotine concentrations 
associated with tobacco use induce much less desensitization of these 
receptors. This results in the enhanced glutamergic signaling and 
the subsequent excitation of VTA dopaminergic neurons [78]. This 
nicotine-induced glutamate release when paired with a postsynaptic 
depolarization of the dopaminergic neurons, relieves the Mg2+ block 
of the NMDA receptors, resulting in long-term synaptic potentiation. 
Once the afferent glutamergic transmission is potentiated, it continues 
to excite the dopaminergic neurons, resulting in high dopamine levels 
in the mesolimbic system. The nicotinic activity resulting in the long 
term potentiation is capable of influencing synaptic plasticity in the 
dopaminergic system [79]. The long-term nicotine exposure causes 
an increase in the number of nAChRs in the brains of humans, rats 
and mice, especially those subtypes with a high nicotine binding 
affinity [80,81]. 

The molecular mechanisms underlying nicotinic signaling can 
well explain the common smoking behavior and patterns (Figure 
1). Most smokers report that the first cigarette of the day is the most 
pleasurable [82]. This is because, following overnight abstinence, 
nicotine concentrations in the brain is at their lowest level and the 
nAChRs have mostly recovered from desensitization. Thus, smoking 
the first cigarette strongly activates nAChRs, likely inducing the 
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greatest dopamine release and contributing to the most pleasurable 
impact. After a few cigarettes, there is much receptor desensitization, 
causing less impact from additional cigarettes. Most smokers 
maintain 2-5 hours of interval between the episodes of cigarette 
smoking. During these intervals, the plasma nicotine levels drop 
and some nAChRs recover from desensitization [83,84]. As already 
discussed, long term exposures to nicotine results in the increased 
expression of nAChRs as a homeostatic response to the increased 
nAChR desensitization [85]. It has been reported that in chronic 
smokers, avoidance of nicotine for few weeks lowers the number of 
nAChRs towards the lower value as seen in nonsmokers. However, 
the complete desensitization of nAChRs after a night of abstinence 
induces carving due to which most smokers fail to quit. After years 
of smoking, the neuroadaptations and long-term synaptic changes 
results in the learned behaviors, some of which are associated with 
the environmental cues associated with smoking. Studies suggest 
that nicotinic mechanisms influencing synaptic plasticity underlie 
learning and memory, providing a link between nicotine addiction 
and learned associates within the context of tobacco usage [86]. Even 
after years of abstinence, this remodeling of brain circuits induces the 
rein forcibility of smoking and the extraneous factors associated with 
smoking can become independent motivators of rewarding behavior 
[87,88].

Pharmacotherapy for smoking cessation
As already discussed, effective smoking cessation requires 

the treatment of positive reinforcement associated with nicotine 
dependence as well as the negative reinforcement associated with 
its withdrawal. Smoking cessation strategies often aim to lower the 
urge to smoke, at each stage than to remain abstinent. Nicotine 
Replacement Therapies (NRTs), were the first pharmacological 
approaches approved by the Food and Drug Administration (FDA) 
for use in smoking cessation therapy [89]. NRT comes in various 
formats such as nicotine patches, chewing gums, nasal sprays, 
inhalers and tablets. The goal of NRT is to replace nicotine obtained 
from cigarette smoking and thereby reduce the motivation to smoke 
and ease the transition from cigarette smoking to abstinence [90]. 
Transdermal nicotine patches, maintain a steady state infusion of 
nicotine and the peak plasma nicotine concentrations are reached 
over 4-6 hours. In contrast, the other forms are faster acting and 
require repeated administration, but are found to be effective in 
relieving cue provoked acute carvings. Hence combination NRTs 
with nicotine patch combined with short-acting forms prove more 
effective than single form NRTs in smoking cessation [91].

Although NRT remains the first line drug treatment for smoking 
cessation, few other non-nicotine drugs such as bupropion and 
varenicline have also proved to be potent (Table 1). Bupropion, 
initially introduced as an antidepressant was subsequently noticed to 
attenuate the urge to smoke cigarettes in clinical trials. Although the 
precise mechanism of action of bupropion as a smoking cessation aid 
remains unclear, extensive investigations suggest that the compound 
exerts its effect primarily through the inhibition of dopamine 
reuptake into neuronal synaptic vesicles in nucleus accumbens 
[92,93]. This dopamine uptake inhibition reduces the severity of 
dopamine deficiency and withdrawal symptoms upon abstinence. 
Moreover, studies report the ability of bupropion to act as a non-
competitive antagonist at the postsynaptic nAChRs and thereby block 

the pharmacological effects of nicotine [94]. Bupropion is also found 
to inhibit nicotine induced vesicular release of dopamine. All these 
contribute to the efficacy of bupropion as an anti smoking agent. 
A systematic review of randomized trials shows that varenicline, a 
partial nicotinic agonist supports smoking cessation more effectively 
compared to single form NRT and bupropion [95]. Varenicline 
stimulates and blocks nicotinic receptors in the brain. Hence, while 
smoking it blocks nicotine from binding to the VTA nAChRs and by 
that attenuates the reward from cigarettes and undermines the learnt 
drive to smoke [96].

 Second line medications for smoking cessation include non-
nicotine drugs such as nortiptyline and clonidine. Both the agents 
help to ameliorate the symptoms of tobacco withdrawal. While 
nortiptyline brings about its effects by inhibiting noradrenaline and 
serotonin reuptake, clodinine acts by down turning noradrenaline 
release [97,98]. The administration of nicotinic receptor antagonists 
should provide a means of extirpating both primary and secondary 
rein forcers associated with smoking. Thus, nicotine blockade 
therapy using nicotinic antagonists such as mecamylamine presents 
a promising new approach to smoking cessation [99]. NicVax, an 
experimental conjugate vaccine has been shown effective in treating 
nicotine addiction in clinical trials [100,101]. NicVax consists of the 
hapten 3’-aminomethylnicotine conjugated Pseudomonas aeruginosa 
exoprotein A. NicVAX stimulates the immune system to make 

Figure 1: Nicotine depletion repletion cycle.
Nicotine acts on nicotinic acetyl choline receptors (nAChRs), triggering the 
release of dopamine and other neurotransmitters that produce rewarding 
psychoactive effects. Desensitization of the receptors following the nicotine 
spike results in short-term tolerance of nicotine and reduced satisfaction 
from smoking. Nicotinic activation of nAChRs also results in neural plasticity 
leading to behavioral conditioning. Due to this neuronal remodulation, the 
smoking associated environmental cues can serve as stimuli inducing 
carving. In the absence of nicotine, nAChRs regain their sensitivity to nicotine 
and become reactivated in response to a new dose. In the intervals between 
smoking episodes or after abstinence, brain nicotine levels decline, this leads 
to reduced levels of dopamine resulting in depression, tension and other 
withdrawal symptoms, including craving. 
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antibodies that bind to nicotine molecules, forming complexes that 
are too big to cross the blood-brain barrier and preventing them 
from reaching brain nicotine receptors. Effective smoking cessation 
interventions require a combination of behavioral support with 
pharmacotherapies. 

Genetics of nicotine dependence
In the recent years, several studies have brought to light the 

involvement of genes in the development of nicotine dependence. 
Studies conducted in twins, adoption and separated twins, have 
consistently suggested a strong genetic influence on smoking 
behavior [102,103]. Attempts to identify the genes underlying 
nicotine addiction are rather complicated due to the involvement 
of multiple genes and environmental factors. So far, genes coding 
for nicotine receptor subtypes, dopamine receptors and dopamine 
transporters, GABA receptors, opiate and cannabinoid receptors and 
other types of receptors have been associated with different aspects of 
smoking behavior [104]. Genome wide association studies reveal the 
genes within the α5/α3/β4 nicotinic cholinergic receptor gene complex 
on chromosome 15 to be the most prominent genetic determinant of 
nicotine dependence [105,106]. The variants in the α5/α3/β4 gene region 
are found to have a profound influence on the number of cigarettes 
smoked per day, plasma levels of cotinine (a biomarker of nicotine 
intake), urine levels of tobacco-smoke carcinogens and the risks of 
smoking-related diseases [107]. Nicotine metabolism is profoundly 
influenced by the genes coding for the hepatic enzymes cytochrome 
P450 2A6 (CYP2A6) and cytochrome P450 2D6 (CYP2D6) of which 
CYP2A6 is responsible for about 90% of the metabolic inactivation 
of nicotine to cotinine [108]. It has been demonstrated that CYP2D6 
polymorphisms enhance the metabolic detoxification of nicotine and 
hence the probability of being addicted to smoking [109]. Several 
genes affecting cell adhesion and extracellular matrix molecules have 
also been identified as having a strong genetic association to smoking 
behaviour [110]. These findings support the idea that neural plasticity 
and learning are also crucial determinants of individual differences 
in vulnerability to nicotine dependence [111]. Overall, variants in 
two broad classes of genes influence smoking behavior – 1) genes 

that influence nicotine response (nicotine metabolism, nicotinic 
receptors) and 2) genes that predispose to addictive behav iour due to 
their effects on key neu rotransmitter pathways (dopa mine, serotonin, 
opioid). Individuals with reduced nicotine metabolism and high 
dopamine levels are likely to be less addicted to smoking, whereas 
those with increased nicotine metabolism and lower dopamine levels 
have more chances of developing addiction [112,113]. 

Genetic variation strongly affects the efficacy of pharmacotherapies 
employed for smoking cessation. Individuals with decreased dopamine 
or serotonin levels due to decreased synthesis, increased re-uptake or 
increased metabolism are likely to exhibit severe withdrawal symptoms 
upon abstinence and hence seem to achieve better cessation rates 
with antidepressants such as bupropion and nortriptyline [114-116]. 
Smokers with increased or normal number and activity of nAChRs or 
decreased nicotine detoxification exhibit better responses with NRT 
as well as varenicline [117-120]. Varenicline also proves effective for 
individuals with high nicotine detoxification for whom NRTs are 
inadequate [121]. In addition, the differences in the metabolism or 
elimination of drugs can also influence their potency. For instance, 
smokers with increased bupropion metabolism and high expression 
of nicotinic receptors exhibit better quit rates with bupropion [122]. 
Variants of Organic Cation Transporter 2 (OCT2), re sulting in a high 
varenicline transporter activ ity and elimination, benefit more from 
NRT [123]. All these point to the fact that genotyping smok ers can 
provide better directions in determining the most effective treatment 
strategy.

Conclusion
The pharmacopsycological effects of nicotine underlie the 

sustained tobacco smoking behavior. A great deal of progress has 
been made in the understanding of molecular and cellular basis of 
nicotine addiction. Accumulating evidences point to the nAChRs 
and the levels of dopamine in the mesolimbic system as the major 
factors influencing nicotine dependence. These advances have paved 
way to the successful development of novel and effective therapeutics 
for smoking cessation. For instance, varenicline is a partial agonist 

Pharmacotherapy Common side-effects Dosage Duration Availability

Nicotine patches Local skin reaction,
insomnia, vivid dreams

7 , 14 and 21 mg patches /24h,
15 mg patch/16h 8 - 10 weeks Nicoderm CQ,

Nicotrol

Nicotine inhaler
Headache, dyspepsia,

mouth and throat irritation,
cough, rhinitis

6-16 4 mg cartridges/day.
Puff each cartridge for up to 20 min Up to 12 weeks Nicotrol inhaler

Nicotine gum Headache, dyspepsia,
nervousness

2 or 4 mg /piece
Week 1-6: 1 piece every 1-2 h
Week 7-9: 1 piece every 2-4 h

Week 10-12: 1 piece every 4-8 h

12 weeks Nicotex,
Nicogum

Nicotine lozenge Dyspepsia, xerostomia

2 or 4 mg /lozenge
Week 1-6: 1 lozenge every 1-2 h
Week 7-9: 1 lozenge every 2-4 h

Week 10-12: 1 lozenge every 4-8 h

12 weeks Commit lozenge

Nicotine nasal spray Sneezing, coughing,
watery eyes, throat irritation

1 dose = 1 spray/nostril
8-40 doses/day

1-2 doses/h, not to exceed 5 doses/h
or 40 doses/day

3 - 6 months Nicotrol NS

Bupropion
Tachycardia, headache,
insomnia, xerostomia,
weight loss, dizziness

150 mg/day for 3 days
followed by 150 mg twice daily

7 - 12 weeks,
maintainance up to

6 months
Zyban

Varenicline Nausea, insomnia, headache
0.5 mg/day for 3 days

followed by 0.5 mg twice daily
for 4 days and then 1 mg twice daily

3 months,
maintainance up to

6 months
Chantix

Table 1: Smoking cessation first-line pharmacotherapy.
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at the high affinity α4β2 nAChRs, the administration of which 
maintains a modest level of dopamine in the brain and hence reduces 
the withdrawal symptoms and blocks the reinforcing effects of 
smoking during abstinence [124]. Further detailed understanding 
of nicotine addiction with special focus on neuroadaptations and 
neuronal plasticity can enable the development of better medications 
and intervention strategies to help people quit and stay abstinent. 
Unraveling the genetic basis of smoking behavior would enable 
genetically tailored, personalized smoking cessation therapies in the 
coming decades.
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