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ABSTRACT 

Tobacco smoking is one of the leading causes of worldwide morbidity as well as mortality 

which is largely preventable. Smoking cessation, though a difficult task to achieve, can lead 

to both immediate and long term health benefits such as reduction of the risk of lung cancer, 

chronic lung disease, stroke etc. This article reviews the various pharmacological 

interventions of smoking cessation like nicotine replacement therapy (NRT), bupropion, 

nortryptiline etc, especially the role of a novel agent Varenicline in reducing nicotine 

dependence as well as in decreasing craving after nicotine withdrawal that holds promising 

effectiveness in Indian scenario. 
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Introduction 

India is the 3
rd 
largest producer and 

consumer of tobacco in the world. 
(1)
 

Besides cigarettes, Indians also smoke bidis, 

along with use of smokeless tobacco like 

gutkha and khaini. Smoking is a high risk 

factor for coronary heart disease, chronic 

obstructive pulmonary disease, lung cancer 

and various other health related problems. 

The composition of tobacco smoke is 

complex, but it chiefly contains nicotine and 

tars, among them nicotine is the main active 

substance of tobacco products responsible 

for the positive reinforcements in humans. 

Chronic use of tobacco causes physical 

dependence. Currently, pharmacotherapies 

for smoking cessation are either nicotine 

replacement therapy (NRT) by patch, gum, 

lozenge etc. or bupropion, nortryptiline and 

clonidine.
(2)
 But even these treatment 

options were found to be in efficacious in 

many cases that were associated with relapse 

after successful smoking cessation. In this 

connection, Varenicline, a novel drug that 

acts as a partial agonist at the nicotinic 

cholinergic receptor holds particular 

importance in smoking cessation. In various 

studies Varenicline has been shown to be 

more efficacious than other forms of 

pharmacotherapy like NRT or bupropion, 

well tolerated among smokers, good safety 

profile and having virtually no drug 

interactions. 

 

Materials and methods 

A primary literature review was conducted, 

consisting of a PUBMED database search of 

English language articles using the 
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keywords Varenicline, smoking cessation, 

partial agonist alpha4beta2 nicotinic 

cholinergic receptor. The bibliographies of 

these articles were also reviewed for 

inclusion of additional studies and abstracts 

not included in the PUBMED search. 

Neurobiology of nicotine dependence 

Though it is true that the exact molecular 

mechanisms that contribute to nicotine 

dependence are yet to be fully understood, 

nonetheless the neuromodulatory role of 

nicotinic cholinergic system in the central 

nervous system is principally implicated.
(3)

 

A study done by Nashmi et al.
(4)

 explained 

the distribution of neuronal nicotinic 

receptors inside the central nervous system. 

Several other studies also suggest that 

particularly the α4β2 subtype of the 

nicotinic cholinergic receptor present in the 

nucleus accumbens are most important in 

the rewarding effects associated with 

nicotine.
(5)

 Increased dopaminergic 

transmission in the mesolimbic area of brain 

has been postulated to be a common 

mechanism of many drugs having abusive 

potential like nicotine as per the dopamine 

hypothesis of drug addiction.
(6,7,8) 

 

 

Nicotine abstinence leads to a marked fall in 

the release of dopamine in the mesolimbic 

area, leading to further craving and 

withdrawal symptoms.
(3)

 This effect of 

nicotine is thought to be mediated by the 

α4β2 subtype of the nicotinic cholinergic 

receptor present in the nucleus accumbens.
(9)

 

A study done by Mameli- Engvall et al. have 

elaborated the importance of particularly the 

β2 subunit of the α4β2 subunit for the firing 

of dopaminergic neurones and subsequent 

release of dopamine.
(10) 

 The importance of 

the α4β2 subtype of nicotinic cholinergic 

receptor in dopamine release and reinforcing 

effect of nicotine is also proved in the study 

done by Picciotto et al.
(11) 

Pharmacological interventions for 

smoking cessation 

A number of effective pharmacological 

methods to quit smoking are widely popular, 

namely- 

A) Nicotine Replacement Therapy (NRT): 

The principal aim of NRT is to temporarily 

replace the nicotine from cigarettes to 

reduce both motivation to smoke and 

nicotine withdrawal symptoms or cravings. 

NRTs do not produce the same peak levels 

of nicotine in blood as with cigarettes and 

thus do not cause the subjective effects. 

However they effectively suppress the 

nicotine withdrawal symptoms. Various 

forms of NRTs like chewing gum, 

transdermal patch, inhalers, lozenge and 

sublingual tablets are widely available over 

the counter and they are relatively safe to the 

extent that even combination nicotine 

therapy can be used. However NRT use in 

cases of recent myocardial infarction or 

arrythmia is contraindicated.
(12)

 

 

B) Bupropion hydrochloride: 

The anti-depressant bupropion was the first 

non-nicotine agent to be used as a form of 

pharmacotherapy in smoking cessation. It is 

an inhibitor of dopamine and noradrenaline 

reuptake receptors, which accounts largely 

for its anti-depressant effects. It also appears 

to be a weak antagonist of nicotinic 

receptors. The mechanism of action of 

bupropion in smoking cessation is not clear, 

but may involve central adrenergic and 

dopaminergic systems.
 (13)

 The side effects 

of bupropion include agitation, anxiety and 

insomnia. Other less frequently reported side 

effects are fever, dry mouth, allergic 

reactions, increased risk of seizure disorders. 

As with many other anti-depressant drugs, 

the prescribing information for bupropion 

carries a black- box warning based on 

observations that anti-depressants have 
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increased suicidal tendencies in children and 

adults with certain psychiatric disorders.
(14) 

 

C) Beyond NRT & Bupropion -- newer 

agents on the horizon : 

1.  Rimonabant: Rimonabant is a selective 

cannabinoid receptor antagonist which 

blocks the CB-1 receptor. In human 

studies, it has shown beneficial effects 

in the treatment of smoking cessation 

and obesity.
 (15, 16)

 It also regulates 

endocannabinoid system and reduces 

craving for nicotine, thereby 

maintaining abstinence. 

2.  Topiramate: This anti-epileptic drug is 

an antagonist of AMPA/ kainate system 

of central nervous system 

neurotransmitters and has potential 

benefits in smoking cessation.
(17)

 

3. Nortryptiline: It is an active and potent 

metabolite of amitryptiline. Various 

clinical trials suggest that nortryptiline 

causes prolonged abstinence rates 

compared to placebo group. Most noted 

adverse effects were dry mouth and 

sedation. Currently it is widely popular 

as the first line smoking cessation 

agent.
(18, 19, 20, 21)

 

4. Nicotine vaccine: It stimulates the 

development of antibodies specific to 

nicotine and restrict its entry to brain, 

thus decreasing the chance of addiction. 

These vaccines are important agents for 

preventing relapse cases following 

successful smoking cessation.
(22)

 

5. Serotonin enhancing diet: Diets that are 

rich in serotonin content, like high 

carbohydrate diet or tryptophan have 

been shown to cause reduction in 

negative effects associated with 

withdrawal symptoms.
(23)

 

6. Mecamylamine: This nicotine 

antagonistic agent block the rewarding 

effect of nicotine. In most trials a 

combination of mecamylamine with 

nicotine patch has been found to be 

more effective than mecamylamine 

alone.
(24)

 

 

Varenicline- its role in smoking cessation: 

Varenicline is a nicotinic receptor partial 

agonist acting mainly on the α4β2 subtype 

of the nicotinic cholinergic receptor. As a 

partial agonist, it both reduces cravings for 

smoking and decreases the pleasurable 

effects of cigarettes and other tobacco 

products. As such, varenicline has been 

approved by the FDA in May, 2006 as an 

agent for use in smoking cessation. 

 

Mechanism of action of Varenicline on 

neurobiology of nicotine dependence: 

Varenicline is approved for the treatment of 

nicotine dependence and withdrawal 

symptoms seen after smoking cessation.
(25)

 

Varenicline as a partial agonist of α4β2 

nicotinic acetylcholine receptor, through 

intrinsic activation, results in a moderate 

increase in dopamine levels in the 

mesolimbic area of brain. By this 

mechanism varenicline counter-balances the 

low dopamine levels encountered during 

cessation attempts, which are responsible for 

a relapse. In addition to this, varenicline also 

prevents binding of nicotine to the receptor 

to some extent and prevent the rewarding 

effects of smoking.
(26)

 Research work done 

by Foulds also explains the basis of partial 

agonist of α4β2 nicotinic acetylcholine 

receptors in the treatment of nicotine 

dependence.
(27)

  

 

Varenicline in pre-clinical trials: 

Various pre-clinical studies both in rodents 

and suitable in-vitro models have been 

conducted to study the action of varenicline 

on α4β2 nicotinic acetylcholine receptors 
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and their subsequent effect on reduction in 

nicotine binding to the receptor. 

Stuhmer
(28)

 had demonstrated the effect of 

varenicline in Xenopus oocytes expressing 

α4β2 nicotinic acetylcholine receptors. 

Varenicline antagonised nicotine's effect in 

this model in presence of nicotine (10µM), 

thereby proving its partial agonistic action. 

In another study on neurochemical models, 

varenicline has been shown to have 

significantly lower efficacy (40- 60%) than 

nicotine in stimulating H
3
-dopamine release 

from rat brain slices in vitro.
(29)

 

Coe et al.
(30)

 have demonstrated the effect of 

varenicline on mesolimbic dopamine 

turnover in Sprauge- Dawley rats. They 

found that nicotine increased the dopamine 

turnover in the mesolimbic area, whereas 

varenicline has 30-40% of nicotinic 

response for dopamine turnover. They also 

demonstrated that when co-administered 

with nicotine, varenicline attenuated 

nicotine's effect on mesolimbic dopamine. 

In comparative study, varenicline was found 

to be more potent for blocking the central 

effects of nicotine. 

 

Varenicline in clinical trials: 

The efficacy of varenicline has been 

demonstrated in several clinical trials prior 

to its approval by the US FDA, including 

three comparative trials with bupropion. Wu 

et al.
(31)

  meta-analysed four studies to 

assess its efficacy and found that varenicline 

was superior to nicotine replacement 

therapy. In other two multicentre, 

randomized placebo controlled trials with 

more than 2500 smokers and up to one year 

follow-up, varenicline was found to be very 

efficacious for smoking cessation.
(32, 33)

  

In other few randomized double-blind 

multicentre trials involving more than 2000 

smokers, those treated with varenicline were 

associated with a higher smoking-quit 

percentage than either bupropion or 

placebo.
(34, 35, 36)

 

Two randomized control trials conducted in 

Asian population (Japanese, Taiwan and 

Korean) showed that varenicline was 

efficacious and well tolerated in Asian 

population.
(37, 38)

 

Another multicentre, double blind 

randomized control trial done to assess the 

long term safety of varenicline showed that 

varenicline in a dose of 1mg twice daily was 

safe and may be safely administered for up 

to one year.
(39)

  

 

Adverse effects of Varenicline: 

The most common adverse events reported 

during the pre-marketing development of 

varenicline were nausea, sleep disturbances, 

constipation, flatulence and vomiting. There 

are some conflicting reports during post 

marketing surveillance that the drug brings 

about neuropsychiatric symptoms like 

agitation, depression, behavioural change, 

suicidal ideation, but again none of these has 

been conclusively established till date.
(40)

 On 

the brighter side, no significant interaction 

with any other drugs or any effect on 

enzyme induction or inhibition has been 

identified yet. Overall, that makes 

varenicline a relatively safe drug with few 

minor side effects which is largely 

outweighed by its beneficial effects. 

 

Conclusion: 

Smoking is the most important preventable 

major risk factor for many detrimental 

health issues like lung cancer, chronic lung 

disease, cardiovascular disease, peripheral 

vascular disease etc. In spite of having many 

pharmacologic as well as non-

pharmacologic methods for smoking 

cessation, it is still a difficult task to achieve, 

more so because of increased craving and 

relapse after attempted quitting. Varenicline, 
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due to its unique mechanism of action as a 

partial agonist of α4β2 nicotinic 

acetylcholine receptors, reduces withdrawal 

symptoms of smoking cessation by 

maintaining a modest level of dopamine in 

brain. Additionally, owing to its antagonistic 

affect, it also blocks the reinforcing effects 

of smoking during relapse. Thus varenicline 

today represents itself as a promising 

alternative on the horizon towards achieving 

a smoke-free world for better living. 

 

References 
1.  Murthy NS, Mathew A. Cancer 

epidemiology and prevention. Curr Sci 

Vol 2004;86:4. 

2. Foulds J, Steinberg MB, Williams JM, 

Ziedonis DM. Developments in 

pharmacotherapy for tobacco 

dependence: Past, present and future. 

Drug Alcohol Rev  2006;25:59-

71. 

3.  Buisson B, Bertrand D. Nicotine 

addiction: The possible role of 

functional  upregulation. Trends 

Pharmacol Sci 2002;23:130-6. 

4.  Nashmi R, Lester HA. CNS localization 

of neuronal nicotinic receptors. J Mol 

Neurosci 2006;30:181-4. 

5.  McCallum SE, Parameswaran N, Bordia 

T, Fan T, McIntosh JM, Quik M. 

Differential regulation of mesolimbic 

alpha3/alpha6beta2 and 

alpha4beta2nicotinic acetylcholine 

receptor sites and function after long 

term oral nicotine to monkeys. J 

Pharmacol Exp Ther 2006;318:381-8. 

6.  Di Chiara G, Imperato A. Drugs abused 

by humans preferentially increase 

synaptic dopamine concentrations in the 

mesolimbic system of freely moving 

rats. Proc Natl Acad Sci USA 

1988;85:5274-8. 

7.  Brody AL. Functional brain imaging of 

tobacco use and dependence. J Psychiatr 

Res 2006;40:404 18. 

8.  Corrigall WA, Franklin KB, Coen KM, 

Clarke PB. The mesolimbic 

dopaminergic system is implicated in the 

reinforcing effects of nicotine. 

Psychopharmacology (Berl) 

1992;107:285-9. 

9.  Mansvelder HD, McGehee DS. Cellular 

and synaptic mechanisms of nicotin 

addiction. J Neurobiol 2002;53:606-17. 

10.  Mameli-Engvall M, Evrard A, Pons 

S, Maskos U, Svensson TH, Changeux 

JP, et al. Hierarchical control of 

dopamine neuron-Þ ring patterns by 

nicotinic receptors. Neuron 

2006;50:911-21. 

11.  Picciotto MR, Zoli M, Rimondini R, 

Lena C, Marubio LM, Pich EM, et al. 

Acetylcholine receptors containing the 

β2 subunit are involved in the 

reinforcing properties of nicotine. Nature 

(Lond) 1998;391:173-7. 

12.  Najem B, Houssiere A, Pathak A, 

Janssen C, Lemogoum D, Xhaet O, et al. 

Acute cardiovascular and sympathetic 

effects of nicotine replacement therapy. 

Hypertension 2006;47:1162-7. 

13.  Glaxo Wellcome Inc. Physicians 

desk reference. 52nd ed. Montvale, NJ: 

Medical economics Co.; 1998. 

14. Zyban (bupropion hydrochloride) 

sustained-release tablets (prescribing 

information), Research Triangle Park, 

North Carolina; GlaxoSmithKline, 2005. 

15. Mansourati J, Borel ML, Munier S, 

Guevel- Jointnet AL. Medications in 

smoking cessation. Presse Med 

2005;34:1331-6. 

16. Boyd ST, Fremming BA. Rimonabant—

A Selective CB1 Antagonist. Ann 

Pharmacother 2005;39:684-90. 



Das et al. Varenicline - towards a smoke-free world 

  

 

134 
 International Journal of Medicine and Allied Health Sciences | 2014 | Vol 1 | Issue 3    E-ISSN: 2348-3229 

 www.ijmahs.com 

 

17. Khazaal Y, Cornuz J, Bilancioni R, 

Zullino DF. Topiramate for smoking 

cessation. Psychiatry Clin Neurosci 

2006;60:384-8. 

18. Wagena EJ, Knipschild P, Zeegers MP. 

Should nortriptyline be used as a first-

line aid to help smokers quit? Results 

from a systematic review and meta-

analysis. Addiction 2005;100:317-26. 

19.  Dickerson LM, Carek PJ. 

Nortriptyline effective for smoking 

cessation. J Fam Pract 2002;51:1008. 

20.  Wagena EJ, Knipschild P, Zeegers 

MP. Should nortriptyline be used as a 

first-line aid to help smokers quit? 

Results from a systematic review and 

meta-analysis. Addiction 2005;100:317-

26. 

21.  Prochazka AV, Kick S, Steinbrunn 

C, Miyoshi T, Fryer GE. A randomized 

trial of nortriptyline combined with 

transdermal nicotine for smoking 

cessation. Arch Intern Med 

2004;164:2229-33. 

22.  Maurer P, Bachmann MF. 

Therapeutic vaccines for nicotine 

dependence. Curr Opin Mol Ther 

2006;8:11-6. 

23.  Bowen DJ, Spring B, Fox E. 

Tryptophan and high-carbohydrate diets 

as adjuncts to smoking cessation 

therapy. J Behav Med 1991;14:97-110. 

24.  Lancaster T, Stead LF. 

Mecamylamine (a nicotine antagonist) 

for smoking cessation. Cochrane 

Database Syst Rev 2000;2:CD001009. 

25.  The FDA approves new drug for 

smoking cessation. FDA Consum 

2006;40:29. 

26. Coe JW, Brooks PR, Vetelino MG, 

Wirtz MC, Arnold EP, Huang J, et al. 

Varenicline: An α4β2 nicotinic receptor 

partial agonist for smoking cessation. J 

Med Chem 2005;48:3474-7. 

27. Foulds J. The neurobiological basis for 

partial agonist treatment of nicotine 

dependence: varenicline. Int J Clin Pract 

2006;60:571-6. 

28. Stuhmer W. Electrophysiological 

recording from Xenopus oocytes. 

Methods Enzymol 1992;207:319-39. 

29.  Rollema H, Chambers LK, Coe JW, 

Glowa J, Hurst RS, Lebel LA, et al. 

Pharmacological profile of the 

alpha(4)beta(2) nicotine acetylcholine 

receptor partial agonist varenicline, an 

effective smoking cessation aid. 

Neuropharmacology. 2006 [Epub ahead 

of print] PMID: 17157884. 

30.  Coe JW, Brooks PR, Vetelino MG, 

Wirtz MC, Arnold EP, Huang J, et al. 

Varenicline: An α4β2 nicotinic receptor 

partial agonist for smoking cessation. J 

Med Chem 2005;48:3474-7. 

31.  Wu P, Wilson K, Dimoulas P, Mills 

EJ. Effectiveness of smoking cessation 

therapies: A systematic review and 

meta-analysis. BMC Public Health 

2006;6:300. 

32.  Oncken C, Gonzales D, Nides M, 

Rennard S, Watsky E, Billing CB, et al. 

Efficacy and safety of the novel selective 

nicotinic acetylcholine receptor partial 

agonist, varenicline, for smoking 

cessation. Arch Intern Med 

2006;166:1571-7 

33.  Tonstad S, Tønnesen P, Hajek P, 

Williams KE, Billing CB, Reeves KR, et 

al. Effect of maintenance therapy with 

varenicline on smoking cessation: A 

randomized controlled trial. JAMA 

2006;296:64-71. 

34. Jorenby DE, Hays JT, Rigotti NA, 

Azoulay S, Watsky EJ, Williams KE, et 

al. Efficacy of varenicline, an α4β2 

nicotinic acetylcholine receptor partial 

agonist, vs placebo or sustained release 



Das et al. Varenicline - towards a smoke-free world 

  

 

135 
 International Journal of Medicine and Allied Health Sciences | 2014 | Vol 1 | Issue 3    E-ISSN: 2348-3229 

 www.ijmahs.com 

 

bupropion for smoking cessation. JAMA 

2006;296:56-64. 

35. Gonzales D, Rennard SI, Nides M, 

Oncken C, Azoulay S, Billing CB, et al. 

Varenicline, an α4β2 nicotinic 

acetylcholine receptor partial agonist, vs 

sustained release bupropion and placebo 

for smoking cessation. JAMA 

2006;296:47-55. 

36. Nides M, Oncken C, Gonzales D, 

Rennard S, Watsky EJ, Anziano R, et al. 

Smoking cessation with varenicline, a 

selective alpha4beta2 nicotinic receptor 

partial agonist: Results from a 7 week, 

randomized, placebo and bupropion 

controlled trial with 1 year follow up. 

Arch Intern Med 2006;166:1561-8. 

37.  Tsai ST, Cho HJ, Cheng HS, Kim CH, 

Hsueh KC, Billing CB Jr, et al. A 

randomized, placebo-controlled trial of 

varenicline: A selective alpha4beta2 

nicotinic acetylcholine receptor partial 

agonist, as a new therapy for smoking 

cessation in Asian smokers. Clin Ther 

2007;29:1027-39. 

38. Nakamura M, Oshima A, Fujimoto Y, 

Maruyama N, Ishibashi T, Reeves KR. 

Efficacy and tolerability of varenicline, 

an alpha4beta2 nicotinic acetylcholine 

receptor partial agonist, in a 12-week, 

randomized, placebo-controlled, dose 

response study with 40-week follow-up 

for smoking cessation in Japanese 

smokers. Clin Ther 2007;29:1040-56. 

39. Williams KE, Reeves KR, Billing CB Jr, 

Pennington AM, Gong J. A double-blind 

study evaluating the long-term safety of 

varenicline for smoking cessation. Curr 

Med Res Opin  2007;23:793-801. 

40. Available from 

http://www.drugs.com/pro/chantix.html. 

[last accessed on 2008 Jul 1]. 

 

 

 
Site this article as: Subham Das, Varenicline - towards a smoke-free world, Int J Medicine and 

Allied Health Sciences 2014; 1: 129-135 


