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Nicotine is an alkaloid synthesized by tobacco
plants. Use of nicotine is highly prevalent due to its
high addictiveness. The most popular way of nico-
tine use is cigarette smoking (1). Nicotine has also
gained therapeutic significance, for example as an
active compound in nicotine replacement therapy
(NRT). Research shows nicotine may have other
therapeutic applications in some diseases. However,
due to the stigma associated with the negative con-
sequences of smoking, not much attention has been
paid by the scientific community to investigate this
therapeutic role of nicotine. 

Nicotine is absorbed from cigarette smoke,
electronic cigarettes, nicotine gums, inhalers, nasal
sprays, sublingual tablets and transdermal patches
(1). The absorption can be through lungs, oral
mucosa, and skin. The most effective way of nico-
tine delivery is tobacco smoke, which delivers nico-
tine directly to the lungs. Absorption of nicotine in
the lungs provides the most rapid delivery to the
brain (2). When smoked, this process begins with
the vaporization of nicotine after inhalation of
tobacco smoke (conventional cigarettes) or nicotine
aerosol (electronic cigarette). Subsequently, the

REVIEW

A THERAPEUTIC POTENTIAL OF NICOTINE: REASSESSING THE CURRENT
PARADIGM OF NICOTINE PHARMACOTHERAPY, LITERATURE REVIEW 

MARCIN DELIJEWSKI1, LEON KOåMIDER2, RADOS£AW BALWIERZ3*, MEGAN TOMAS4,
DANIEL YI5, BARTOSZ KOSZOWSKI6, DOMINIK MARCINIAK7 and BOØENA KAROLEWICZ7

1Department of Pharmacology, School of Medicine with the Division of Dentistry in Zabrze, 
Medical University of Silesia, Poland

2Department of General and Analytical Chemistry, School of Pharmacy with the Division of Laboratory
Medicine in Sosnowiec, Medical University of Silesia, Poland

3Silesian Medical College in Katowice, Mickiewicza 29, Katowice 40-085, Poland
4Notre Dame of Maryland University, School of Pharmacy, 4701 North Charles St, Baltimore, 

MD 21210, USA
5University of Maryland School of Pharmacy, Baltimore, 20 North Pine Street, Baltimore, MD 21201, USA

6Battelle Public Health Center for Tobacco Research, Baltimore Health and Analytics, 
6115 Falls Road, Suite 200, Baltimore, MD 21209, USA

7Wroclaw Medical University, Department and Institute of Pharmaceutical Technology, 
Wroclaw, Borowska 211, Poland

Abstract: Nicotine is a widely known alkaloid synthesized from tobacco plants, being the main constituent of
tobacco smoke and cigarettes. Nicotine has also gained eminence as the therapeutic option in managing smok-
ing cessation and even other health conditions. However, the therapeutic potential of nicotine in other diseases
has yet to be completely assessed. This information void stems from an inherent aversion from researchers in
assessing nicotineís risk-benefit, due to its toxicities. We present information on the current body of evidence
relating to non-traditional therapeutic applications of nicotine to fill this literature void. The purpose of this
work is to present the current literature on the therapeutic uses of nicotine in treating various diseases.
Electronic search in PubMed for relevant research relating to the therapeutic potential of nicotine in various dis-
eases. The therapeutic significance of nicotine is used in the nicotine replacement therapy. Research shows that
nicotine may have other therapeutic applications in some diseases. We discussed an application of nicotine in
the diminished prevalence of Parkinsonís disease, decreasing symptoms of Touretteís syndrome, psychiatric
diseases like schizophrenia, depression, and management of pain. We also reviewed nicotine dosing, type of
formulations, and compliance which are crucial factors in the therapeutic applications of nicotine. 

Keywords: nicotine, therapeutic potential, Parkinsonís disease, Alzheimerís disease, schizophrenia, Touretteís
syndrome, pain management, ulcerative colitis

1053

* Corresponding author: e-mail: radoslaw.balwierz@gmail.com



1054 MARCIN DELIJEWSKI et al.

vaporized nicotine is rapidly absorbed in the lungs,
passing through the circulatory system and eventu-
ally reaches the brain. 

Nicotinic receptors are ligand-gated ion chan-
nels which have a pentameric structure, formed by
eleven subunits (eight α and three β units) identified
in mammalians (3). Each subunit has a transmem-
brane spanning region (3). The receptor protein con-
tains binding sites for nicotine and acetylcholine on
the side exposed to the synapse. The receptor also
contains an ion channel for Na+ and K+ in its mem-
brane (4). The acetylcholine receptors are involved
in many brain functions that can be affected by
major diseases in humans. The high diversity of the
nicotinic receptors is caused by various combina-
tions of 17 genes encoding subunits of these recep-
tors (5). Because nicotine acts through nicotine
acetylcholinergic receptors that have a complex
structure, nicotine has a wide spectrum of biological
effects. 

Nicotine mediates the release of multiple neu-
rotransmitters ñ the most important being dopamine
(DA). In the brain, nicotine reveals the reinforce-
ment effect, related to dopamine release from DA
neurons (1).

Dopamine is associated with a variety of func-
tions, one of which plays a major role in reward-
related behavior. Due to these dopaminergic proper-
ties, a pleasurable euphoric state is experienced,
which is one of the many reasons nicotine becomes
addictive and, thus, recognized as an addictive drug
(2, 6).

Nicotine acts as an agonist at most nicotinic
acetylcholine receptors (nAChRs), except two nico-
tinic receptor subunits (nAChRα9 and nAChRα10)
where it acts as a receptor antagonist (7). The half-
life of nicotine in the human body is about 2 h (8).
Nicotine is metabolized mainly in the liver by
cytochrome P450 2A6 (CYP2A6) (9) and about 70-
80% of the absorbed nicotine is metabolized to coti-
nine. The major metabolites of cotinine are cotinine
glucuronide, trans-3í-hydroxycotinine, 5í-hydroxy-
cotinine, nicotine Ní-oxide and nornicotine (7).
Other CYP 450 isoforms are involved in the metab-
olism of nicotine. These are CYP2B6, CYP2D6, and
CYP2E1 (10), however, CYP2A6 is mainly respon-
sible for the oxidation of nicotine to cotinine. Among
the various known side effects of nicotine; addiction,
dependence, tolerance, and withdrawal have been the
most prevalent issues. Tolerance develops due to an
increase in nAChRs in the brain causing a decrease
in the effect of nicotine as the user becomes less
naive. Once a user becomes tolerant, dependence and
addiction may develop, leading to potential nicotine
abuse (2). Prior to and after the landmark publication
about nicotine by the U.S. Surgeon General in 1964,
there have been numerous studies indicating the
deleterious effects of nicotine (11). 

Many compounds in combustible and noncom-
bustible tobacco products have significant interac-
tions with various medications and some are highly
toxic or carcinogenic. As a result, nicotine has not
been broadly investigated as a potential therapeutic
agent. However, several recently published studies

Figure 1. Complex effect of nicotine on the human body
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have shown nicotine to be a safe and effective drug
when controlled and dosed appropriately (12-15).
This has prompted a renewed interest in nicotine as
a potential treatment option for diseases other than
nicotine addiction-ulcerative colitis, Parkinsonís
disease, Alzheimerís disease, schizophrenia, Touret-
teís syndrome, and pain management. Nicotine
delivery systems that have reached the market in
recent years as over the counter products ñ electron-
ic cigarettes, gums, lozenges, sublingual tablets, and
transdermal patches ñ may potentially serve in a
therapeutic role (16).

In elucidating the mechanism underlying the
therapeutic effects of nicotine, pharmacological
studies involving nicotine and nicotinomimetics
have been used to study nAChRs in the brain, their
roles in various disease states, as well as other
potential mechanisms of action of nicotine (Fig. 1).

In this paper, we reviewed and assessed the
therapeutic validity of nicotine based on the evi-
dence available in the current scientific literature. 

METHODS 

We searched the PubMed database for relevant
trials using a combination of MeSH terms (ìNico-
tine/administration and dosageî[Mesh] OR ìNicoti-
ne/adverse effectsî[Mesh] OR ìNicotine/ago-
nistsî[Mesh] OR ìNicotine/analogs and deriva-
tivesî[Mesh] OR ìNicotine/analysisî[Mesh] OR
ìNicotine/pharmacologyî[Mesh] OR ìNicotine/the-
rapeutic useî[Mesh] OR ìNicotine/therapyî[Mesh])

and free text (ënicotine ulcerative colitisí, ënicotine
Alzheimerís diseaseí, ënicotine Parkinsonís dis-
easeí, ënicotine schizophreniaí, ënicotine Touret-
teísí, and ënicotine painí. We searched for articles
mainly from 2005-2015 that were in English and
involved humans.

RESULTS

The literature search produced a total of 5090
potential articles. Of these articles, 3582 were
obtained via MeSH terms while 702 articles were
retrieved via free text searches [57 (Ulcerative coli-
tis, UC), 129 (Parkinsonís disease, PD), 142
(Alzheimerís disease, AD), 168 (Schizophrenia,
SZ), 11 (Touretteís, TO), 195 (Pain, PA)]. After
scanning the abstract and titles for relevance, 75 of
the initial 5090 articles were selected and included
in the review. The final review includes 48 articles
from 2005-2015, 1 article from 1981, 1 article from
1985, 1 article from 1992, 1 article from 1994, 2
articles from 1995, 1 article from 1996, 1 article from
1997, 2 articles from 1998, 5 articles from 1999, 4
articles from 2000, 2 articles from 2001, 2 articles
from 2002, 2 articles from 2003 and 2 articles from
2004. Additional information is included on the
Consort diagram (Fig. 2). 

Use of nicotine in treatment of tobacco addiction 

In the Anatomical Therapeutic Chemical
(ATC) classification nicotine is categorized as 
a smoking cessation drug used in the treatment of
addictions (N 07 BA; nicotine replacement therapy).
NRT includes nicotine gums, inhalers, nasal sprays,
sublingual tablets, lozenges, and transdermal patch-
es. The concept of using nicotine for smoking ces-
sation derived from the observations that in addict-
ed people the lack of nicotine causes withdrawal
symptoms which force them to seek another dose of
nicotine (e.g. smoking another cigarette). Delivery
of pure nicotine to the organism relieves the with-
drawal symptoms. Pharmaceutical formulations of
nicotine with high bioavailability, reaching up to 75-
100% for transdermal patch (7), 60-80% for nasal
spray (7), 55-78% for gum (7) and 65% for sublin-
gual tablets (7), are good sources of pure nicotine
which mimics the effect of tobacco smoke.
Compared to conventional cigarettes, NRTs are bet-
ter controlled, in the sense that each dose of nicotine
is precisely delivered at a constant rate, and they do
not deliver toxins associated with combustion
process (16). However, NTR effectiveness is limit-
ed by slow absorption rate and low systemic deliv-
ery of nicotine (16, 17). Findings for the effective-

Figure 2. Consort diagram
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ness of NRT versus placebo are mixed, while some
studies report no difference (18) and one study
reports higher rates of abstinence for NRT users (the
rate of quitting increases from 50 to 70%) (19). The
comparison of the effectiveness of varenicline, a
drug used for smoking cessation, to NRT, reported
higher quitting rates in the varenicline group (20).
Therefore, NRT may not be an effective treatment
for all patients.

Role in neurodegenerative diseases

Parkinsonís disease
Parkinsonís disease is a neurodegenerative dis-

order characterized by dopaminergic neuronal cell
loss in the substantia nigra pars compacta; the con-
tinuous loss of dopaminergic neurons has been
attributed to their vulnerability to oxidative stress
(21, 22). In addition, it has been suggested that the
metabolism of dopamine also contributes to the
oxidative stress resulting in changes to mitochondr-
ial cell function (23). Clinically, the most common
manifestations of PD are resting tremor, rigidity,
bradykinesia, and postural instability (24, 25). 

The predicted therapeutic potential of nicotine
in PD stems from epidemiological studies which
showed smokers to have lower rates of neurodegen-
erative disorders than non-smokers (26). The preva-
lence of PD has been observed to be lower in smok-
ers than in non-smokers and a dose-response rela-
tionship exists (27-32). 

An analysis of longitudinal data from over
300,000 participants of the NIH-AARP (formerly
known as American Association of Retired Persons)
Diet and Health (DH) Study showed that higher
smoking duration and fewer years since smoking
cessation was associated with decreased odds of
developing PD (27). 

Although the detailed mechanism of neuropro-
tection is unclear, several theories suggest that the
activation of nAChRs by nicotine might underlie this
effect (26) so nicotine has been suggested to have
pro-cognitive and neuroprotective effects for PD (33). 

Nicotine is understood to have a receptor medi-
ated and antioxidative mechanism of action in PD
(26). As a nAChR agonist, nicotine increases levels
of dopamine within the central nervous system, an
effect that mimics the action of current treatments
for PD such as L-DOPA which alleviates the symp-
toms of neurodegeneration (34). Nicotine, as an
agonist of the nAChRís, can theoretically lead to up-
regulation of Bcl-2 and Bcl-x, which are the anti-
apoptotic proteins, which may result in prevention
of neuronal death induced by neurotoxins, such as
rotenone and glutamate (35). The molecular mecha-

nism of nicotine action involving the role of nico-
tinic receptors may be more significant as the nico-
tinic receptor containing beta 2-subunit serves as a
critical link between the release of acetylcholine and
the dopaminergic reward (5). 

Another mechanism that may be responsible
for the therapeutic role of nicotine in PD is its abili-
ty to bind with free iron. Free iron is known to pos-
sess a degenerative role in neurodegenerative dis-
eases through the Fenton reaction, nicotine seems to
inhibit this process, most likely, by binding iron.
Furthermore, nicotine metabolites may have more
enhanced chelating abilities than nicotine itself (34,
36).

Research published by Quik et al. (37) indicate
that pre-treatment with nicotine protects the mesen-
cephalic neurons in cells culture against dopaminer-
gic nigral neural degeneration by dopaminergic neu-
rotoxins. Similar results from Takeuchi et al. (38)
indicate that nicotinic neuroprotection is via
nAChRs and that both α7 and α4β2 receptors may
have relationships with neuroprotection. Addition-
ally, glial cells may be partly responsible for nico-
tinic neuroprotection. Stimulation of microglial
cells, which contain α7 nAChRs, reduces the release
of cytotoxic cytokines such as TNFα. By decreasing
the number of activated microglial cells, nicotine
and TNFα protects dopaminergic neurons of neuro-
toxin-treated mice (39). According to Cormier et al.
(40), nicotine can protect brain mitochondria of rats
against oxidative stress. by decreasing superoxide
anion generation. Nicotine was also shown to com-
pete with the NADH, H+ on the complex I of the
electron transfer chain and to decrease the oxygen
consumption, thereby protecting a central nervous
system, which is relatively poor in antioxidant
defense systems (41).

Studies in which nicotine was administered to
patients with PD reported noticeable symptom
improvement in the following areas: tremors, rigidi-
ty, disorganized thinking, bradykinesia, and depres-
sion (21, 42-43). However, the symptom relief
observed was only temporary; the extended expo-
sure to nicotine caused the nAChRs to desensitize,
thus resulting in nicotine tolerance. 

Alzheimerís disease
Alzheimerís disease is a form of dementia asso-

ciated with neuronal loss, extracellular accumulation
of amyloid β peptide (Aβ), and intracellular deposits
of tau protein. The activation of nAChRs with nico-
tine may exert a protective effect against Aβ toxici-
ty, which is one of the major factors contributing to
the neurodegeneration observed in AD (44). 
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Subcutaneous administration of nicotine to
patients with AD improves visual attention, reaction
time and perception (45). Nicotine may also antago-
nize the negative effects of anticholinergic drugs on
rapid information processing tasks in humans and
enhances cognitive performance in animals (42). 

Results from current human population studies
are inconclusive since cigarette smoking has been
linked to both an increased and decreased risk for
Alzheimerís. The complexity of this problem stems
from a decrease in the participation of elderly smokers
in case-controlled and cohort studies, which has cre-
ated a survivor bias due to premature death (46).
Although it has been suggested that nicotine and
some agonists of nAChRs have neuroprotective
effects, other substances in tobacco smoke such as
lead and cadmium may actually cause cognitive
deterioration. Furthermore, impaired lung function,
a common adverse effect of cigarette smoking, has
also been shown to be a risk factor for cognitive
decline (46). Other studies have shown that chronic
exposure to cigarette smoke may lead to an increase
in Aβ isoforms and abnormal tau phosphorylation.
Therefore, smoking may facilitate the onset of AD,
serving as a precipitating or causative factor in the
development of the disease (47). In the Cochrane
review by LÛpez-Arrieta et al. (48) the authors were
not able to provide any evidence that nicotine is a
useful treatment for Alzheimerís disease due to the
poor quality of clinical trials.

Role in schizophrenia and psychiatric diseases

It is well documented, that the prevalence of
smoking is very high among patients with schizo-
phrenia (49). Among patients with schizophrenia,
the odds of becoming a smoker are 5.3 times higher
than in the general population (49). According to
Dickerson et al. (50), about 64% of individuals with
schizophrenia smoke, and according to de Leon and
Diaz (49), it ranges from 44% for females to 71%
for males. 

It has been suggested, that the reason for the
high prevalence of smoking among patients with
schizophrenia may be related to the attempts to self-
medicate symptoms of the disease (cigarette smok-
ing has been shown to modulate the symptoms of
the disease). Another theory is that nicotine may
decrease the side effects of the drugs used in patients
with schizophrenia (51). 

However, the self-medication theory has been
largely criticized due to recent observational studies
which have shown contrary findings: [1] no signifi-
cant inverse relationship between smoking and
symptoms of schizophrenia; [2] smoking precedes

the onset of schizophrenia; and [3] a positive rela-
tionship between smoking and the intensity of schiz-
ophrenic symptoms (46). There is also some evi-
dence linking genetic factors to the increased risk of
both becoming a smoker and developing schizo-
phrenia (50).

Current knowledge on the symptoms of schiz-
ophrenia stems from the dopamine hypothesis of
schizophrenia. This theory postulates that an
increased dopamine transmission in the mesolimbic
pathway is associated with the ìpositive symptomsî
of schizophrenia (delusions, hallucinations, and
thought disorder). While a decrease in dopamine
transmission in the mesocortical pathway is associ-
ated with the ìnegative symptomsî of schizophrenia
(memory deficits, alogia, anhedonia, inattention)
(52). Antipsychotics (dopamine antagonist) are the
mainstay treatment for the positive symptoms of
schizophrenia. However, effective options for nega-
tive symptoms are limited ñ a potential therapeutic
area for nicotine. Since the negative symptoms of
schizophrenia stems from hypodopaminergic trans-
mission, nicotine could be beneficial in alleviating
these symptoms due to its ability to increase
dopamine (46). All nicotinic receptor subtypes that
have a high affinity for nicotine, are located in these
regions of the human brain, which are implicated in
schizophrenia. Individuals suffering from schizophre-
nia may smoke to stimulate cortical dopaminergic
activity, which is dissociated during this illness (51).

Antipsychotics, drugs used for the treatment of
schizophrenia, autism, depression, attention deficit
hyperactivity disorder, obsessiveñcompulsive disor-
der, and posttraumatic stress disorder. These valu-
able drugs very often also cause motor dysfunctions,
which are the main side effects of the therapy.
Nicotine and the agonists of nAChRs like vareni-
cline have been found to decrease motor dysfunc-
tions in animal models caused by antipsychotic
drugs. (53-55). 

Interestingly, nicotine has additional applica-
tions in schizophrenia. Since nAChRs are thought to
be integral in memory processing, using an agonist
such as nicotine could potentially improve a deteri-
orating memory ñ a known adverse effect of most
antipsychotics (46). Many antipsychotics have been
shown to inhibit the function of nAChRs, which fur-
ther supports the hypothesis that these receptors
might be involved in the memory impairment
observed among patients taking antipsychotics (54).
Also, animal models involving nicotine and the
nAChR agonists were shown to mitigate antipsy-
chotic-induced tardive dyskinesia (a common side
effect of antipsychotic therapy) (54). There have
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also been studies showing nicotine may alleviate
other extrapyramidal side effects (akathisia, dysto-
nia) from antipsychotics, but current epidemiologi-
cal studies are inconclusive (46). Concurrently to
findings from Xu et al. (56), there is no significant
association between cigarette smoking and the
severity of psychiatric symptoms in other studies
(50, 57).

Role in movement disorders 

Preclinical analysis shows that agonists of
nAChRs may improve drug-induced impairment of
movement (54). It has been reported, that nAChR
agonist, like nicotine and varenicline, reduce L-
dopa-induced abnormal involuntary movements dis-
orders in parkinsonian nonhuman primates and
rodents. Moreover, nicotine decreases antipsychotic-
induced abnormal involuntary movements in rodent
models with tardive dyskinesia and attenuates dyski-
netic symptoms of Touretteís syndrome (54).

L-dopa is a standard treatment for Parkinsonís
disease, but its side effects include dyskinesias.
Investigation on L-dopa-induced dyskinesias (LIDs)
was conducted in MPTP-lesioned monkeys.
Administration of nicotine to L-dopa-treated mon-
keys led to decrease in LIDs (58). This probably
happens through the mechanism of nAChRsí desen-
sitization, as the nAChR antagonist mecamylamine
reduces LIDs in parkinsonian rats to a similar extent
and treatment of nicotine via minipump, that
involves desensitization, leads to a similar attenua-
tion of LIDs (59). 

The effect of nicotine on the syndromes of
ataxia has gained more attention, as both preclinical
and clinical studies support the idea that it may
improve components of ataxia (54) and this process
involves nAChRís receptors. In a laboratory animals
model involving olivocerebellar degeneration, nico-
tine could partially restore deficits in coordination,
balance, and gait. Authors indicate these actions
could be attributed to a nicotinic receptor-mediated
effect unrelated to possible stimulant properties of
the compound. It may be possible, that treatment
with nicotine leads to the anti-ataxic effects, by
direct alteration of the cellular activity of one or sev-
eral structures within the cerebellar thalamocortical
pathway (60). 

Role in Touretteís syndrome
Touretteís syndrome is a movement disorder

that is thought to result from abnormalities in the
basal ganglia and is often treated with drugs that
have antidopaminergic properties, such as the
antipsychotic haloperidol (61). Nicotine has been

found to allay the adverse effects of haloperidol,
such as muscle weakness and locomotor hyperactiv-
ity. Nicotine has also been shown to decrease
antipsychotic-induced involuntary movements in
animal models with tardive dyskinesia and attenuate
other dyskinetic symptoms of Touretteís syndrome
(54).

Another hypothesis as to why nicotine might
attenuate the occurrence and severity of symptoms
in Touretteís is based on the ability of nicotine to
cause receptor desensitization. It is believed that
receptor desensitization reduces dopamine levels on
striatal dopamine terminals and modulates the
inhibitory cortical pathway, leading to attenuation of
tics (54, 62). It is key to note that in addition to its
agonistic properties nicotine can act as an antago-
nist. Several studies have shown that continued
nicotine exposure helped mitigate some symptoms
of Touretteís syndrome due to its antagonistic prop-
erties (61). Essentially, the continued exposure to
nicotine will cause receptor desensitization while
the antagonistic features allowed for continual
symptom alleviation. Therefore, it has been pro-
posed that a nicotinic receptor antagonist, such as
mecamylamine, may have a potential role in manag-
ing the symptoms of Touretteís (61).

Role in pain management therapy

Based on recent studies, there is a consensus
notion that nicotine reduces pain sensitivity in
smokers and non-smokers (63). 

The analgesic effect of nicotine seems to be
due to the agonistic interaction with nAChRs. Some
evidence to support this idea stems from the anal-
gesic alkaloid epibatidine (64, 65). The high affinity
of this alkaloid to the nicotinic receptors is associat-
ed with 200-fold greater potency and equal efficacy
compared with morphine and is recognized to be the
most potent agonist at several nicotinic receptor sub-
types. Additionally, some analogs of epibatidine are
potent agonists of nAChRs and have been found to
have strong analgesic effects (65). 

The activation of nAChRs is associated with
improvement in differential inflammatory and neu-
ropathic pain models involving mechanical, thermal
or chemical stimulus (66). 

Simons et al. (67) showed that exposure of rats
to tobacco smoke may reduce perception of pain. In
order to find if the analgesia is mediated via nico-
tinic receptors or also via µ-opioid receptors, the rats
were given mecamylamine, as nicotinic receptor
antagonist and naltrexone an opiate antagonist. The
antinociceptive effect was mediated by both types of
receptors. 
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A recent meta-analysis indicated that periopera-
tive nicotine administration was associated with a sta-
tistically significant reduction in cumulative opioid
consumption at 24 h and pain ratings (68). Therefore,
nicotine is a potential adjunct to opioids and can help
reduce opioid doses and opioid-related side effects
(constipation, drowsiness, tolerance). It has been pro-
posed that nicotine may act synergistically with mor-
phine at spinal and supra-spinal levels because the
activation of nicotinic receptors at this site seems to
occur with µ- and ε- opioid receptors (65, 69). 

Moreover, nicotine stimulates the production
of β-endorphins, that act synergistically to mor-
phine. The antianalgesic role of nicotine may also be
realized in an indirect way, by activating endorphins
and promoting interaction between β-endorphins
and morphine, when nicotine and morphine are
applied simultaneously. Results presented by
Simson et al. (67), indicating a contribution of opi-
ate receptors in tobacco smoke-induced analgesia,
are consistent with other findings that there is a
cross-tolerance between nicotine and morphine and
that repeated administration of both drugs attenuates
the antinociceptive effect of both administered 
separately or simultaneously (70).

The reports on nicotineís analgesic properties
are also in contrary to findings from Baiamonte et al.
(71), who indicated that nicotine dependence pro-
duces hyperalgesia resulting in increases in nocicep-
tive sensitivity, especially thermal hyperalgesia.
However, the experiment was conducted on rats that
were nicotine dependent. Authors attribute the ther-
mal hyperalgesia effects to nicotine withdrawal.
This finding contrasts with reports of increased pain
during acute withdrawal (72). It is important to
underline, that in nicotine-tolerant mice, the analge-
sia in response to morphine may be reduced (70). 
It should be pointed out that analgesic benefits
might be limited to non-smokers due to the receptor
desensitization and withdrawal effects observed in
smokers (63). As such, nicotine may be an option
for perioperative patients that are nicotine naÔve as
opposed to nicotine experienced patients.

Role in ulcerative colitis

Ulcerative colitis is a chronic disease charac-
terized by inflammation that starts at the end region
of the colon and progresses towards the small intes-
tines (73). Recent studies suggest UC is a disease
that affects mostly ex-smokers and non-smokers.
Interestingly, these studies also theorized that smok-
ing may protect against, help alleviate, and manage
the symptoms of UC (73). This theory might hold
some validity since ex-smokers have been observed

to exhibit a delayed onset of UC compared to non-
smokers. It is interesting to note that this phenome-
non is only observed in males. Nicotine use seems to
be a potential option for maintaining UC remission,
even more so than oral corticosteroids. However,
this effect is not observed with active UC. The exact
mechanism by which nicotine achieves its therapeu-
tic effect in UC is unclear, but several theories have
been proposed to explain the effect, these include
production of oxygen free radicals, cytokines,
eicosanoid-mediated inflammation, nitric oxide
release, and reducing circular muscle activity (73-
74). Although many different formulations have
been studied, only the patch was found to be effica-
cious in reducing symptoms or preventing recur-
rence of UC compared to traditional treatments such
as prednisone or mesalamine (73). One caveat of
this study is that the effectiveness of nicotine in the
treatment of ulcerative colitis could not be fully
evaluated due to a significant number of adverse
events related to nicotine use among participants
involved in the clinical trial (75).

DISCUSSION/CONCLUSION 

Nicotine is potentially beneficial in various dis-
eases; however, possible therapeutic applications of
nicotine have been limited by both intrinsic and extrin-
sic factors. Intrinsically, nAChR receptor desensitiza-
tion possess a tolerance problem: how do you sustain
the therapeutic effect of nicotine over time without
constant dose escalation? Also, how do you avoid the
high addiction risk nicotine presents? Extrinsically,
nicotine related research funding is sparse due to the
stigma associated with nicotine and smoking. 

The therapeutic potential of nicotine has been
overshadowed by the devastating health conse-
quences associated with tobacco products and the
various compounds contained within it. The introduc-
tion of state-of-the-art therapeutic nicotine delivery
systems containing pure nicotine, in recent years has
given researchers a chance to better study the role of
nicotine in treating chronic diseases. The use of pure
nicotine will allow a user to bypass other carcino-
genic compounds released from smokeless and com-
bustible tobacco products and, thus, mitigate its toxi-
city. It is important to remember that the use of nico-
tine is often associated with people struggling to over-
come addiction, dependence, and withdrawal. These
cases further require the need to develop therapeutic
nicotine delivery systems that are safe, effective, and
titratable. As such, caution should always be exer-
cised when implementing or administering nicotine
as a new treatment option for diseases. Although our
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paper provides a comprehensive overview of the cur-
rent literature pertaining to the therapeutic potential
of nicotine, most of these studies are inconclusive and
present an area of future research. 

As more extensive nicotine-related studies are
conducted, nicotine could have a place in the phar-
macotherapy of various disease states. Future
research should address whether it is possible to
obtain similar pharmacological outcomes between
fixed and variable (self-titration) nicotine adminis-
tration. Unfortunately, there is currently no better
system to deliver and to control the amount of nico-
tine inhaled other than combustible cigarettes. Fast
nicotine delivery to the brain allows smokers to
deliver the amount of nicotine needed to stop their
cravings while avoiding toxic levels. The electronic
cigarette is currently the only product in the market
that allows users to adjust the amount of nicotine
inhaled, which provides the patient a wide range of
nicotine doses. Therefore, any device chosen or
developed for treatment should have similar deliv-
ery characteristics to electronic cigarettes but each
dose should be consistent. 

Finally, there is currently a plethora of scientif-
ic data on the negative effects of smoking tobacco,
but we lack adequate information on the potential
therapeutic benefits of nicotine. As more empirical
evidence for therapeutic uses of nicotine becomes
available, we predict that pharmaceutical industries
will divert their efforts and resources towards inves-
tigation and synthesis of novel nicotine delivery
method for therapeutic purposes. 

Study limitations

Due to the variability of research models
described in the literature and the fact that some
observations were done after former unspecified
exposition to nicotine, our work does not suggest
any dosages of nicotine that should be implemented
in patients for therapeutical purposes. The work
serves as a review of the available data and in many
cases shows preclinical attempts that cannot be
directly implemented in human.
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