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Nicotine Addiction: Neurobiology and Mechanism

          

Abstract
  Nicotine, primary component of tobaco produces crav-
ing and withdrawal effect both in humans and animals. 
Nicotine shows a close resemblance to other addictive 
drugs in molecular, neuroanatomical and pharmacolog-
ical, particularly the drugs which enhances the cogni-
tive functions. Nicotine mainly shows its action through 
specific nicotinic acetylcholine receptors located in 
brain. It stimulates presynaptic acetylcholine receptors 
thereby enhancing Ach release and metabolism. Dopa-
minergic system is also stimulated by it, thus increasing 
the concentration of dopamine in nuclear accumbens. 
This property of nicotine according to various research-
ers is responsible for reinforcing behavioral change and 
dependence of nicotine. Various researchers have also 
depicted that some non dopaminergic systems are also 
involved for rewarding effect of nicotinic withdrawal.     
  Neurological systems such as GABAergic, serotonergic, 
noradrenergic, and brain stem cholinergic may also be 
involved to mediate the actions of nicotine. Further, the 
neurobiological pathway to nicotine dependence might 
perhaps be appropriate to the attachment of nicotine 
to nicotinic acetylcholine receptors, peruse by stimula-
tion of dopaminergic system and activation of general 
pharmacological changes that might be responsible for 
nicotine addiction. It is also suggested that MAO A and 
B both are restrained by nicotine. This enzyme helps in 

degradation dopamine, which is mainly responsible 
for nicotinic actions and dependence. Various ques-
tions remain uninsurable to nicotine mechanism and 
require more research. Also, various genetic methods 
united with modern instrumental analysis might result 
for more authentic information for nicotine addiction.

Abbreviations
GABA: Gamma-Aminobutyric acid,
MAO: Monoamineoxidase,
CNS: Central Nervous System,
CYP2A6: Cytochrome P2A6 enzyme,
CYP2B6: Cytochrome – P2B6 enzyme,
Ach: Acetylcholine,
nAChRs: Nicotinic acetylcholine receptors,
ACTH: Adrenocorticotropic hormone,
5- HT: 5 hydroxyl trypatmine,
VTA: Ventral tegmental area,
NAc: Nucleus accumbens,
PFC: Prefrontal Cortex.

1. Introduction

 Drug addiction is considered as the disorder of the 
brain reward system which is measured as multifari-
ous disease of the CNS [1]. The preliminary events of 
addiction depict drug accomplishment on a specific 
place especially at neuronal junctions. The synapses 
are naturally activated and elicit the reinforcement ac-
tivities of addiction. [2].
  Nicotine is obtained from the leaves of tobacco (Ni-
cotiana tabacum), is being used for centuries for its 
pleasurable effect. Nicotine was initially obtained from 
Nicotiana tabacum Posselt and Reimann in 1828. It 
was named after Jean Nicot, who first time introduced 
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Nicotiana tabacum to the French court in 1560 [3].
  The mode of administration to nicotine may be through 
sniffing, chewing or by smoking. Nicotine comes in the 
category of alkaloid (1-methyl-2-[3-pyridyl] pyrrolidine) 
and is the major phytoconstituent responsible for addic-
tion. Latest findings had revealed addiction created via 
nicotine is very influential and similar to addictions to 
abusive substances such as cocaine and heroin. [4].
  In current times, the utilization of tobacco has made huge 
influence to younger generations and to a large part of hu-
manity. If truth be told, Nicotiana is the entry substance 
to other substances of abuse like Heroine & Ganja [5]. The 
noteworthy feature regarding Nicotiana application is 
with early administration it starts to show its action with-
out any failure. As soon as youth attenuates administration 
of nicotine, is an indication and fear that youth might get 
trapped up in additional dangerous activities [10]. The tox-

ic measure of nicotine is being predicted to be 40–60 mg, 
adult measure as 0.8-1mg/kg and for children about 10 mg 
(1 mg . kg) [6].
  Majority (70 – 80%) of Nicotiana is degraded to cotinine 
in individual by hepatosomal microenzymes, and cy-
tochrome P450 2A6 (CYP2A6) is responsible for 90% of 
this degradation [12]. Cotinine is additionally degraded by 
means of CYP2A6 to trans-3'-hydroxycotinine [7]. Nicotine 
is too metabolized to nor nicotine by means of N-demeth-
ylation by CYP2A6 and CYP2B6 at various substance con-
centrations, correspondingly [8]. CYP2A6 and CYP2B6 as-
sistance in the degradation of Nicotiana may rely on the 
appearance concentrations of these isoforms in liver of 
individual [9]. After chronic administration of it, plasma 
nicotine, cotinine and nornicotine quantity stay some-
what stable, whereas qunatity of nicotine and nornicotine 
in CNS rise about 4 times [10].

Figure 1  Physiology and management of Nicotine addiction
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2. Pathways associated with nicotine addiction

2.1. Cholinergic system

   Newer investigation has revealed the action of nicotine 
on the CNS. Its action shows a majority of performance 
activity. It easily enters BBB stimulating nicotinic ACh re-
ceptors. These nicotinic cholinergic receptors act as a key 
ACh receptor subtypes [11]. Excitation of presynaptic nA-
ChRs elicits the Ach discharge plus its metabolism. Long 
term exposures of nicotine produces receptor inactivation 
with successive up-regulation of nAChRs situate. Cho-
linergic receptors are located in several brain segments 
particularly located in the midbrain tegmentum, the stri-
atum, nucleus accumbens and the ventral tegmentum. It 
is also present in muscles, adrenal glands, cardiovascular 
system and other body parts [12]. The activation of these 
receptors is usually done by the ACh mainly in CNS and 
neurons. These neurotransmitter and associated recep-
tors are concerned with numerous actions, together with 
respiration, preservation of heart rate, reminiscence, at-
tentiveness, and muscle retrenchment. In addition, req-
uisite to AChRs, it too shows its presence in receptors of 
autonomic ganglia, adrenal medulla and the neuronal 
muscular connection [13]. The precise positions for at-
tachment in CNS include hypothalamus, hippocampus, 
thalamus midbrain, brain stem and cerebral cortex. It 
moreover shows its presence in receptors of nigrostriatal 
and mesolimbic dopaminergic neurons. After stimula-
tions of nicotine receptors it releases ACh, nor-epineph-
rine, dopamine, serotonin, vasopressin, growth hormone 
and ACTH [14]. Nicotiana is mainly potent activator of mid 
brain dopamine reward pathway. It also shows its action 
on locus ceruleus activating awareness, provocation, and 
attentiveness with anxiety activity producing the nicotine 

abusers extra attentive [15]. It moreover changes role of 
various neurotransmitters concerned with pathophysi-
ology of various psychiatric chaos. It mainly comprises of 
serotonin (5-HT), glutamate, g-amino butyric acid (GABA), 
dopamine, endogenous opioid peptides and nor-epineph-
rine [16]. The outcomes created by it may be presynaptic, 
pre terminal or cell body nicotine receptors, moderately 
achieved during neurotransmission in which pre-synap-
tically discharged acetylcholine operate on postsynaptic, 
junctional nAChRs to create neuronal sacking [17].

2.2. Dopaminergic System

2.2.1 The Ascending Mesolimbic and Meso-
cortical Pathways

Main ascending dopaminergic pathways instigate from 
cell bodies in the brainstem, mostly in the substantia nigra 
pars compacta and VTA.

2.2.2. Nigrostriatal pathway

  The neurons from the substantia nigra elicits through 
the inner capsule largely to the striatum, thus creating the 
nigrostriatal Dopaminergic system, which reins motor ac-
tivity and muscle tone [18].

2.2.3. Mesolimbic pathway

   The mesolimbic dopaminergic system contains neurons 
which invent from the VTA and exceed through the medi-
al forebrain bundle, protrudes the NAc, olfactory tubercle, 
and other limbic area such as the amygdale, hippocam-
pus and septum. The mesolimbic system adds a key liabil-
ity in the management of motivation, emotion, and motor 
activity. The system is too beneficial in mediating the sat-
isfying properties of physically abused drugs. The NAc ob-
tain the largest projections of the neurons from the VTA. 
Structurally the NAC contains of sub-territories, of this 
ventro medial shell and dorso- lateral core emerge to be 
leading. The shell, that obtains afferents from subcortical 
and brainstem compositions, exhibits better neuro-ana-
tomical variety than the core. The shell receives outputs 
indication to the core via the feed-forward striatopalli-
do-thalamocortico-striatal pathway. Both the shell and 
the core region emerge to be included in reward-related 
behavior [19].

2.2.4. Mesocortical pathway

   The neuron which forms the mesocortical dopaminergic 
system comes out from the VTA, and they pass through 
to cortical regions together with the PFC, the entorhinal 
and cingulate cortices. This exacting brain system is con-
cerned in management of elevated cognitive purposes. 
The PFC is also involved in drug-reward chronic inges-
tion of an abused drug and is recommended to create 
dopaminergic hypofunction in the PFC that ought to lie 
beneath impulsivity and failure of management of drug- 
carving behavior [20].

Figure 2  Physiology of Nicotine Action
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3. Neuropharmacology of nicotine addiction

3.1 Action on dopaminergic transmission

  There is significant proof to recommend that nicotine 
participates in sustaining the tobacco smoking practice 
and a lot of regular smokers turn out to be reliant on nic-
otine. It is a dominant carving substance in human being. 
Mechanism by which it elicits compulsion stays uncertain 
[21]. Behavioral research in animals does specify that it 
is a compulsive substance that adds force to self-admin-
istration. The property of nicotine by the virtue of cor-
roboration and behavioral uptaking is mainly done via 
mesolimbic dopamine system [22]. It constitutes of cell 
bodies of neurons restricted in the ventral tegmental area 
(VTA) and axons entering the NAc and PFC. It are there-
fore named as mesolimbic and mesocortical projections, 
correspondingly. The mesolimbic dopamine system gets 
activated by the presence of nicotinic receptors VTA and 
NAc[23]. 
  This system is considered accountable for the reinforc-
ing operations such as dependence and reliance activity 
of Nicotiana. So, nicotine shows somewhat similar actions 
to other addictive substances like cocaine, amphetamine, 
alcohol, and opiate. The Ventral tagmental area and asso-
ciated neuron protuberances to NAc are supposed to be 
implicated in reward with the craving property of abusive 
substance [24].
  Recent research findings showed that dopamine is the 
key chemical in the brain which is implicated in inter-
vene the need to use abusive drug. In mind, it excites the 
discharge of dopamine into gratification track. The extra-
cellular concentration of dopamine is enhanced in NAcs 
by nicotine. [25]. The disruption of dopamine neuron in 
mesolimbic segments has given us proof for uptake of 
nicotine by themselves in rats. It too assuages locomoto-
ry stimulant result of injected nicotine [26]. Administra-
tions of nicotine or nicotine agonist’s subcutaneously to 
VTA might effect in improved locomotion. The cell bodies 
of dopamine in VTA mianly show the effect of nicotine. 
Administration of agonist of nicotine subcutaneously 
into the dopaminergic segments of NAc attenuates dopa-
mine discharge or locomotor function demonstrating the 
presence of nicotine receptors on dopaminergic segment 
might be concerned in attenuating the addictive property 
of nicotine [27]. With the help of microdialysis, a method 
after analysis shows the presence of miniature number 
of neurotransmitters in exact CNS areas. With the help of 
these findings scientist had revealed nicotine enhances 
the discharge of dopamine in the NAcs. The dopamine 
discharge in case of nicotine is quite similar to other ad-
dictive substances like heroin cocaine etc. [28].

4. Other biological theories related to addiction 
to nicotine

4.1 Action of on cholinergic transmission

  Many other investigators had also provided even more 

ideas as about action of nicotine in brain. The production 
of nicotine central effect is through nAChRs. The cholin-
ergic receptors are one of the largest receptors and con-
tain numerous elements identified as subunits. Nicotinic 
receptors consist of XII subunits which participate in au-
tonomic communication [29]. The nicotinic receptors lo-
cated in brain are diverse gated-ion channels and mainly 
constitute of 5 subunits. Diverse association of receptors 
makes its different combinations, which differ in condi-
tions of affinity and confined inside the brain. The b sub-
unit had been newly concerned for showing addictive 
property of nicotine [30]. The maximum sensitivity by nic-
otine is on alpha 4-beta 2 subunit arrangement. By means 
of extremely complicated bioengineering instrumenta-
tion, a new strain of mice was generated and the beta 2 
subunit which was responsible for addictive property 
was removed. These mice were called “knockout” mice. 
Knockout mice were not able to create b subunit due to 
which mice was not showing nicotine self administration 
property [31].
  These findings depicts that the beta subunit must have 
a crucial function in eliciting the pleasing property of 
nicotine. Results associated with these consequences 
provided researchers important innovative illustrations 
regarding nicotine action in the brain. These Illustrations 
eventually may show the way for improved treatment op-
tions for nicotine addiction [32].
  Repetitive consumption of tobacco produces boli of nic-
otine transported in the CNS, through stable plasma con-
centration maintained during the smoking period. [33]. 
Thus initial intensity of nicotine shall maintain amount of 
nAChR in desensitized condition, whereas the enduring 
concentration of nAChR is presented for creation by nico-
tine boli, if suitable intensity is reached. This makes clear 
how consumers maneuver their blood nicotine intensity 
to attain stability inactivation against commencement. 
It too depicts why the primary cigarette of the day is the 
mainly rewarding, as during the night moderation allows 
a significant improvement from nAChR inactivation [34].
This additionally recommends in sleeping smoker, plas-
ma intensity of nicotine reduces in plasma with recovery 
of the nicotinic receptors for their active useful condition. 
In the dawn there is increase in the intensity of nAChR 
active receptor sites, thus it may to growth of withdrawal 
indications and craving [35]. Furthermore, according to 
accepted research, amount of binding sites of nicotinic 
receptors are elevated in the brain of tobaco consumer 
observed after examination in the head of animals admin-
istered nicotine every day for one week. The other types of 
nAChR subtypes may too be sensitized but only at elevat-
ed applications of nicotine [36]. There are contradictory 
statements regarding the useful category of nAChR subse-
quent to chronic action, through increased, declined and 
unaffected intensity of sensitivity being depicted. Con-
stant revelation to nicotine quickly causes inactivation of 
nAChR but it can also produce unending result. The al-
pha4 beta2 nAChR is more desensitized than alpha3 beta2 
nAChR [37]. Accurate reason and means of sensitization 
stay contentious. Moreover, changeable character of nA-
ChR sensitization is at chances by means of an extended 
period vulnerability to waning signifying with additional, 
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long period alteration in the CNS [38].

4.2 Action on GABAergic transmission

  The interface among nicotine and GABAergic system was 
currently revealed. With this research numerous electro-
physiological methods have confirmed that agonists of 
nicotinic rouse discharge of GABA from animal’s brain 
parts plus it was Ca2+ dependent [39]. In recent times, the 
measures of tobacco on ventral tagmental GABAergic in-
terneuron modulated the mesolimbic dopamine activity 
[40]. With the help extracellular recording methods in rat 
brain parts, nicotine enhanced the releasing speed of do-
pamine and non-dopamine neurons, and it is exciting to 
know that the firing of dopaminergic neuron was more vi-
tal. Findings related to this depicts that nicotine enhances 
the discharge tempo of dopaminergic neurons of VTA as 
well the GABA-ergic neurons [41]. It could be concluded 
that it might be an essential site for action of nicotine on 
CNS. The decreased vigorous reaction in the non-dopa-
mine GABAergic neurons produces distinct inactivation. 
It ultimately may guide to desensitization of dopamine 
neurons thus assisting further controlled raise in result of 
mesolimbic dopamine neurons to nicotine [42].
  Various researches encompass also revealed that nico-
tine also potentiates discharge of Nor- adrenalin in var-
ious segments of the brain, as well as nicotine shows its 
action mainly on locus ceruleus intensity [43]. It was too 
depicted that in hippocampus there is maximum desen-
sitization of nicotine enthused NA as soon as forty min-
utes and continues for at least one and half hour and after 
that inactivation turn out to be a dominant method. This 
makes speculations that this might be mediating the 're-
assuring' property of nicotine ingestion. Still, further more 
researches are needed to know the action of nicotine on 
different receptors and also to understand the aspects of 
its dependence [44].

4.3 Action on Serotonergic transmission

  Tobacco ingestion and daily nicotine exposure lowers the 
application of 5-HT in hippocampus. It could be mainly 
because of selective enhancement of concentration of 5 
HT1A receptors in brain segment [45]. Various research-
ers have concluded after their work that hippocampus 
obtains serotonergic innervations from the median raphe 
nucleus. Inhibition of 5- HT discharge within this fraction 
of hippocampus conveys anxiolytic reaction to nicotine as 
soon as injected locally by microinjection into the dorsal 
hippocampus [46]. Action of nicotine on 5-HT could not 
be easy to separate present on dopaminergic neurons. 
The property of nicotine abandonment on dopamine 
discharge in the CNS may improved through revelation 
to demanding stimulus and may trigger the function of 
anxiety as a feature in tobacco ingestion, in addition to the 
function of nicotine on decreasing the action by its action 
on 5-HT neurons inside hippocampus. At present, very les 
proof available in support of participation of 5- HT system 
in the affirmative reinforcing action of nicotine. There are 
a few proves available about the involvement serotonin in 

the negative craving action of nicotine abandonment [47].
In recent times, the demonstrations on animal models 
have depicted common relationship among nicotine 
withdrawal and opiate asceticism syndrome. The re-
searches done so far suggested that nicotine stimulus 
provoke the discharge of endogenous opioid peptides in 
different brain segment ensuing in over creation of opiate 
receptors. The result obtained might be similar to opiate 
dependence. Rapid extinction of the order of nicotine en-
thused endogenous opioid discharge and opiate receptor 
inspiration force then impetuous an opiate asceticism 
-like state [48].

4.4 Action on Monoamineoxidase enzymes lo-
cated in brain

  A current research depicts that cotinine enhance nico-
tinic receptors to enhance the discharge of DA in a calci-
um-dependent way. Newer techniques such as advanced 
neuro- imaging technology had made it feasible to really 
observe spectacular action of tobacco ingestion on the 
brain of an conscious and behaving mammals [49]. Pos-
itron emission tomography (PET) has provided scientists 
reveal that tobaco ingestion effect a noticeable reduction 
in intensity of an essential enzyme, MAO (monoamine-
oxidase), which is accountable for infringement of dopa-
mine. The reduction in two types of this enzyme MAO- A 
and B, consequences in elevated level of dopamine. In-
vestigations had revealed that even though nicotine caus-
es elevation in brain dopamine, nicotine does not mod-
ify MAO intensity [50]. These guides to opportunity of a 
new constituent of cigarette smoke additional to nicotine 
could be reducing the MAO. Thus, are many possibilities 
by which the smoking may alter the neurotransmitter lev-
el for satisfaction and reward [51].
  In current years findings on hereditary constituent of cig-
arette ingestion have enhance our perceptive of nicotine 
reliance. CYP2A6 is enzyme accountable for maximum 
deactivation of nicotine in humans. CYP2A6 is conscien-
tious for modulating tobacco-associated procarcinogens 
for example the nitrosamines. Inherited distinction in 
CYP2A6 gene might defend persons from fetching nico-
tine reliant smokers. New conclusion proposes that block-
ing this gene deficiency through blocking CYP2A6 reduc-
es nicotine metabolism. More investigations are required 
in organize way to get better indulgent of how hereditary 
dissimilarity in CYP2A6 changes threat for nicotine reli-
ance and decreases nicotine utilization [52].

5. Conclusion

  Nicotine is a psychoactive substance easily available in 
all corners of the world. Nicotine as whole serve as a ma-
jor enforcer in the form of tobacco, cigarettes etc. in the 
human beings. It shows a complex mechanism involving 
neuronal system in the brain. Various studies have shown 
that nicotine increases the activity of dopaminergic sys-
tem, its release leading to the craving and withdrawal 
effect. Further the study of nicotine on different brain 
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system such as cholinergic, serotonergic, GABAergic and 
noradrenergic may also be involved in evoking pleasura-
ble effect of nicotine. Molecular mechanism of nicotine 
addiction is still a challenging task for the researchers as 
so many brain systems are involved in it. The combination 
of molecular modern techniques with behavioral analy-
sis may provide a exact mechanism and knowledge about 
nicotine addiction.
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