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ABSTRACT

Nicotine is a major chemical of tobacco that makes smokers having difficulties to stop consuming cigarette. That chemical is an alkaloid-based plant
and known for one of the major compound of cigarette. Many researches showed the negative side of nicotine. In contrast, a recent study showed
the benefits of nicotine. Some researches proved that nicotine has high possibility to improve the depressive behavior both in animal models and
human subject. In addition, more research also proved that nicotine has cognitive-enhancing effects, which means it has the ability to improve the
function of working memory, episodic memory, attention, and fine motor function. The current review deliberates about the good side and the

diversity usage of nicotine, particularly in medicine, as novel therapeutics for neurodegenerative diseases.
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INTRODUCTION

Nicotine is an alkaloid-based plant famous for being an active
ingredient of cigarette smoke. It is additive and has been related to
several diseases but, as a coin nicotine, has another side that has
been understudied. Recent research results reveal the health
benefits of nicotine [1]; hence, it deserves a throughout review for
better understanding to bring insight for pro-health nicotine usage.

Does nicotine all bad? Nicotine is always associated with tobacco,
smoking and harm for health when tomatoes and black tea are also
sources of nicotine but they are considered healthy food and not
carcinogenic [2]. Smoking is listed as a carcinogen in I[ARC
monograph [3], along with drinking hot coffee [4] and DDT [5], but
nicotine is not. Cigarette smokes contain 69 carcinogenic chemicals,
other than nicotine [6, 7].

Smoking also a risk factor for metabolic syndrome, yet smoking
cessation is also causing weight gain which lead to obesity and diabetes,
but nicotine is associated to appetite control; hence, nicotine is used in
weight loss research [8-13]. Other doubt raised from cardiovascular
department, where smoking paradox is found. Acute myocardial
infarction has lower mortality rate in smokers and also recanalization
and reperfusion therapy is more effective in smokers [14-19].

Nicotine has also been widely researched for medicinal purposes,
especially in Parkinson and other neurodegenerative disorders [20-
24]. All of the positive points above are obscured from the hazards
of smoking. How did human first encounter nicotine from tobacco?

Bitter sweet relationship with tobacco

Tobacco plant (Nicotiana tobacum) is a cross between Nicotiana
sylvestris and Nicotiana tomensiformis,a nightshade family along
with bell peppers and eggplant, but N. tobacum has the highest
nicotine content of all plants [25]. Tobacco farming is still farmer
favorite plant as it brings higher revenue compared to chili, hybrid
corn or soy [26]. Tobacco product industry also brings 96.65% of
exercise duty in 2016 and absorb more than 4 million workers in
industry sector and about 1.7 million farmers [27]. On the other side
of the high employment rate and revenue for people, and also
government tax income, there is health sector protest. Smokers
starting age gets younger, and there are more and more diseases are
attributable to smoking [28, 29].

As exercise duty, health concern and vape popularity increases,
cigarette sales decreases [30-32]. A leading cigarette industry is

developing heat not burn cigarette, as a method for smokers to
continue on enjoying cigarette without the smoke [33]. Government
farming, industry and health sector, should aware of this shift and be
prepared for future change. Another alternative is to bring product
diversity to from tobacco leaves and industry waste. The love and
hate situation with tobacco been around since Christopher
Columbus era. He brought the gift of tobacco back from San
Salvador, and Sir Walter Raleigh began tobacco farming in Virginia,
until now, Virginia tobacco dominate 40% of world tobacco
population [34].

King James I first wrote the famous “A Counterblast to Tobacco” in
1604, an-eight-sections long essay describing his resentment to
tobacco, and exercise high tax for tobacco, yet he was addicted to the
revenue stream and even monopolies the importation and sales of
tobacco [35]. Tough by time health concern for smoking is rising, it
has hooked and rooted deep hence unavoidable.

During wars times, smoking was considered as a “comfort” and
lighten the hardships, when the soldiers didn’t know if they will be
still alive in the next 20 min, long term health havoc of nicotine
usage is a minor concern [36]. Why people smoke and why tobacco
leaves is the chosen one for smoking it is down to the main content
that is nicotine.

History of tobacco use for health

Tobacco has been used since the Mayan empire at first for religious
purposes, along with other mixture of herbs, considered sacred and
have medicinal use [37, 38]. The odor of fresh green leaves was used
to relieve persistent headaches by Catherine de’ Medici and her son
Francis II, hence tobacco leaves was called the Queen’s herb [39].

The powdered leaves used to treat cough and cold and as toothpaste,
the leaves can be applied topically to heal wounds and burns;
believed to improve respiratory diseases and in desperate cases,
until it was regarded as penicillin of the seventeenth century [38, 40,
41]. The dispute of tobacco usage also occurs among physicians,
tough no one questions tobacco’s effectiveness to ward of outbreak
of plaque and outbreak, kills germs and ward of diseases, all concurs
that it also brings constitutional effects [40].

As scientist manage to isolate nicotine from tobacco leaves, the
usage grows The use of nicotine as pesticide was vastly popular until
in 1940s when new and cheaper pesticide is invented, along with
more and more health hazard awareness’ campaign [42].
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Research on nicotine

Nicotinic receptors are responsible not only for pleasure and reward
system but also muscle contraction, motor control, learning and
memory, arousal and analgesia, hence nicotine can be related to
aforementioned effect [43, 44]. Among nine « subunits composing
nAChRs complex, a-7 recently gained attention as it is recently
discovered to have important physiologic and pharmacologic role in
neurodegenerative diseases [22, 45]. Nicotine through alpha 7
nAChRs also proven to reduce inflammation which is the basis of
many diseases [46].

Cognition

Nicotine is proven to enhance parietal cortex associated with
attention for both smokers and non-smokers. Neural nicotine
receptors are known has major role in cognitive function in rodents
and also primates including rhesus monkeys and humans. Past
studies showed that treatment of nicotine and nicotinic agonist, both
acute and chronic treatment, could improve the working memory of
rats while the antagonist such as mecamylamine showed the
opposite result. Working memory function involves nicotinic
receptor a4B2 and o7 nicotinic receptors in the ventral
hippocampus [47].

Nicotinic receptors of a4B2 and a7 have been shown to be involved
in working of memory function and have a role in the release of
acetylcholine. The ventral hippocampus and amygdala are known to
have key role for nicotinic involvement in memory activity. The
nicotinic antagonist methyllycaconitine (MLA) and dihydro-f-
erythrodine (DHBE) can block the a7 and a4f2 nicotinic receptors,
respectively in basolateral amygdala and the ventral hippocampus.
Those blocking could impair the memory function in brain [47, 48].

Normally, the high doses of MLA and DHBE could also increasing the
latencies and caused preconvulsant responses such as piloerection,
head bobbing, tremor, and teeth chattering which may give an effect
for memory. However, previous research proved that MLA and
DHBE could harm the memory withoutany preconvulsant effects
showed up and the latencies remaining steady. In addition, only
DHBE was known to give an effect on the reference memory in
ventral hippocampus [47-49].

The antagonist of MLA and DHBE have displayed that the receptor
a4f2 and a7 are really important in memory function in the ventral
hippocampus and basolateral amygdala of mammals. Moreover,
more investigation also shown that the cortical area is also
prominent for cognitive functions. Unfortunately, the significant
result of research regarding the memory a4$2 and a7 in the dorsal
hippocampus still need improvement [47, 48, 50].

The loss of nicotinic receptor has been demonstrated in Alzheimer
disease (AD) patients and related to the hallmark plaques and
tangles and cognitive impairment. One of the best therapeutic effect
on nicotine that has been established is cognitive improvement. In
previous clinical studies, memory improvement spotted in AD
subjects with IV nicotine. Others discover that the administration of
nicotine by transdermal patch or subcutaneous injection could
enhance the cognitive function in AD [51].

Study conducted by Newhouse et al [51] showed that the
administered of transdermal nicotine to nonsmoking subjects with
mild cognitive impairment over 6 mo will not cause any harm. In
fact, the result shown the improvement in primary and secondary
cognitive measures of memory, mental processing, and attention,
but not in rank of clinician-rated global impression. Transdermal
administration method may have a contribution to increase
tolerability, especially minimize the rate of gastrointestinal side
effects.

Those researches are related with another research that reveal the
importance of nicotinic receptors in dorsal hippocampus in working
memory function. Some previous studies, assess the function of
nicotinic receptors in the dorsal hippocampus as a whole is
connected in reference and working memory. The nicotinic a7 and
042 receptors give a mutual attenuation effects on part of memory
in the dorsal hippocampus, that effects could be seen in basolateral
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amygdala. That event indicates the importance of interaction
between the two receptors in memory function [47, 52].

The stimulation of nicotinic receptors is recognized have an effect in
the efflux of downstream neurotransmitters that could be as an
inhibitory, such as GABA, or excitatory such as glutamate. The
blockade of the two receptors may interrupt the fragile balance of
transmitter release which is affecting the downstream of neural
activity. The infusion of the correct ratio antagonist, could make the
blockade of both subtypes, it would bring back the neural activity to
its native level. In spite of the fact that each nicotinic antagonist,
MLA and DHE, itself was considered to impair the working memory
function, they were found to attenuate each other’s effects. Thus, at
the same time, the entry of antagonist with the correct ratio could
produce an attenuated effect [47, 52].

Some of data showed that administrated of nicotine since adolescent
demonstrate more major impairment of working memory and
weaken the verbal memory during periods when they decided to
stop, comparing it to non-smokers. Additionally, animal studies
disclose that nicotine administration during young age can induce
everlasting changes in brain region, such as nucleus accumbens,
amygdala, and prefrontal cortex. Those changes also influence the
reward-related manifestation and drug sensitivity in adulthood.
However, last human and preclinical models’ studies have
demonstrated that nicotine has the ability to improve the function of
working memory, episodic memory, attention, and fine motor
function. It showed cognitive-enhancing effects [50, 53].

Although the information about the usage of nicotine on teenagers
can trigger long-lasting changes in neural signaling and emotional
changes, and cognitive in juvenile, is important to be spread.
However, a diversity of novel ligands for nicotinic receptors are
being developed by many researches for cognitive impairment
treatment, for example subject with Alzheimer’s disease,
schizophrenia, and attention deficit hyperactivity disorder (ADHD).
The cognitive-enhancing effects by nicotine might be critical factor
in vulnerability to tobacco use disorder, particularly in someone
with cognitive deficits [50, 53].

The a7 subunit has possibility to modulate a sensory filtering
function corresponding with schizophrenia and the 2 subunit may
to mediate working memory, attention, and behavioral flexibility
function. Furthermore, the neurotransmitter that contribute to
nicotine’s cognitive effects are DA, GABA, norepinephrine,
acetylcholine, glutamate, and serotonin. It is a required to enrich the
knowledge of the role of receptor activation facing to desensitization
and the circuit basis of the way nicotinic receptors dealings with
related neural system in cognitive function [50, 52].

Further researches about nicotinic acetylcholine receptor (nAChr)
agonist are interesting to be done because nicotine has high possibility
to use as a novel therapeutic. Moreover, research about determination
of which type from nicotine agonist that could improve the memory
and the interaction of nicotinic receptor system with the wider neural
circuits as fundamental studies of cognitive function and the action
from nicotinic receptors in specific brain areas. The agonist of nAChR
also assume to have benefits as unique therapeutic for late life
depression (LLD). LLD or major depressive disorder usually happen in
60 y old person or more [52, 54].

Both previous preclinical and clinical studies are in agreement that
nicotine and other nAChr agonist can boost the mood, depressive
behavior, and cognitive performance. The nAChr agonist may also
enhance the ability of emotional regulation, improve cognitive
deficits, andreduce depressive symptoms that are usually found in
LLD patients. Past clinical trial also proved that nicotine gives effects
on cognition, network dynamics, and mood in someone with LLD
[54].

Late-life depression

The late-life depression (LLD) usually can be found in elderly age
around more than 60 y old. Recently, LLD becomes one of public
health issue as the number of incidence and prevalence are rising.
This disease has high risk of suicide and high cost for the healthcare.
LLD is also describe as cognitive impairment disease. Depression at
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any age is corresponding with cognitive impairment [54, 55].
Impairment to those cognition in elderly are serious problem
because it becomes a burden for normal cognitive aging and
structural brain pathology [55].

Mostly, people with LLD also showed mood dysfunction beside brain
structural integrity and impairment in cognition. LLD appears to be
a cognitive and mood syndrome. Cognitive disorder usually could
happen in any age but in LLD it could be a major problem because
the impairment may be followed by presence of normal aging
processes and depressive disorder [55].

Patients with LLD also showed poor performance of various
cognitive domain. Even without dementia as co-morbid, individual
with LLD performs poor executive function, episodic memory,
visuospatial, and processing speed ability. LLD become one of the
biggest risk factors for dementia as it has two times risk than the
normal cause of dementia. On individual whose showed response
against antidepressants, it could be seen that there is improvement
in cognitive deficits. However, the level of cognitive performance
never goes back into normal [54-57].

LLD patients have worse effect to cognition, greater impairment
than young adults with depression and non-depressed elderly.
Additionally, severe cognitive impairment in depressed elderly are
connected with lower remission rates and more severe symptoms of
depression. LLD also associated with extensive volumetric
differences in temporal, frontal, and cingulate regions. Furthermore,
patients with LLD is also related with bigger severity of
hyperintense lesions (leukoariasosis) in subcortical gray matter
(thalamus, putamen, caudate), subcortical white matter, temporal
and frontal lobes compared to non-depressed elderly [55, 58-62].

The destruction of neuronal integrity in LLD patients showed many
disorder affecting various brain region that are important for
cognition and mood, propose an area of overlap in neural
mechanism based on mood dysfunction and cognitive impairment.
Previous studies reported some new solution to improve the
condition of individual that has LLD. Last review study suggested
cholinergic system as one of potential therapeutic target to improve
cognitive performance in LLD. Another study proposed nAChr
agonist as potential novel treatment for LLD [54, 55, 57].

Last study reported that nicotine reduces self-referential negativity
bias in LLD. The reduction in negativity bias are early predictors of
antidepressant response and probably became basis to the mechanism
of conventional antidepressants. Activity at nAChRs nicotine modulate
dopamine, serotonin, and norepinephrine. Previous study also
proposed nAChR agonist as potential novel treatment for the cognitive
symptoms and mood of LLD because recent therapeutic still can’t
show changes in cognitive performance [54, 57].

The most popular treatment program for stimulating cognition in
neurodegenerative diseases is by stimulating cholinergic system
with acetylcholinesterase inhibitors. Unfortunately,
acetylcholinesterase inhibitors are not ideal for cognitive
impairment treatment in LLD. Nicotine manipulation has shown
various effects on mood disorders, mostly because of the plasticity of
nicotinic receptors and smoking history of subjects. One of the
effects from treatment with nicotine is improving the mood in non-
smoking depressed patients [55, 63].

Previous review study suggested that LLD should be treated with
both cognitive enhancer and antidepressant. In addition, further
research about the optimal dose of nicotine as therapeutic is
important to do. Past study proposed that further trials examining
transdermal nicotine as therapeutic for LLD should have a slower
dose titration. Not only that, the detail information about
measurement of plasma metabolites to assess bioavailability will be
essential to be known [55, 57].

Further researches regarding nicotine for LLD patient’s treatment
are important to be conducted. Nicotine administration results a
changes of brain activity during memory, attentional. And cognitive
control tasks. Thus, people with LLD or people with suboptimal
cognitive performance are possibly get benefit from drug targeting
nicotinic stimulation. Previous study also propose that nicotinic
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agonist will increase task related with activity of brain in frontal
regions [55, 64, 65].

Nicotinic stimulation is known to have enhanced the performance of
test of attention, processing speed, memory, and executive function
in depressed patients. In addition, studies are also needed to spot
novel nicotine agonist that can be added to antidepressant
treatment for enhancement of mood and cognition in LLD. Thus,
further research of seeking the nicotine benefit is important to do.
Moreover, separate treatment of cognitive impairment may be
needed to enhance the outcome in LLD patients [55, 66].

Inflammation

Inflammation process is a self-defense mechanism from noxious
stimuli, but prolonged inflammation proven to be hazardous. One
anti-inflammation pathway is cholinergic anti-inflammation
pathway (CAP). Acetylcholine produced by T lymphocyte binds with
a-7 nAChRs which is ubiquitous in the body and has many functions,
including for memory and learning. In central nervous system,
astrocytes produce both pro-inflammatory cytokines such as IL-6,
and IL-1B, and also anti-inflammatory cytokines namely TGF f,
which will slows microglia in inflammation process [67]. Astrocytes
cells in central nervous system produces IL-1 and IL-6,

Parkinson disease

Parkinson is a neurodegenerative disease marked with
inflammation in neurons, and death of dopamine producing
neurons. Basal ganglia function depends on the equilibrium between
midbrain dopaminergic and striatal cholinergic systems. The
hypothesis of nicotine patch of this disease is increasing theMangan
and Iron levels. Nicotine protects dopaminergic cells by binding with
cholinergic receptors in cell SH-SY5Y.

Alzheimer

Alzheimer is a neurodegenerative disease marked with memory,
cognitive and behavior deterioration. In murine models, continuous
nicotine exposure increases cognitive and memory, the two things
that are decreasing in Alzheimer [68]. The main culprit for this
disease is senile plaque formed by -amyloid peptide (AB), causing
synaptic dysfunction, disrupting neural connectivity and association
with neuronal death [69]. AB has high affinity with nAChR, so does
nicotine [70]. AB also induced microglial activation (M1 state) to
secretes inflammatory cytokines, including tumor necrosis factor o
(TNF-a), interleukin-(IL-) 18, and IL-6 [71].

Further research shows microglial cells can be activated not only to
M1 state but also as M2 state which is neuroprotective and produces
anti-inflammatory factor IL-10 and Brain-Derived neurotrophic
factor (BDNF) [72, 73], in result, TNF-a and IL-6 level are decreased,
furthermore, nicotine binds with cannabinoid CB2 and attenuated
iNOS expression and upregulates Arg-1 expression in the AB-treated
microglia, indicates inflammation at microglia exposed by beta
amyloid by binding with protein and blocks Protein Kinase C [74].
Nicotine also activates ERK1/2, that will active EGR1 to increase cell
repair [75].

Nicotine metabolites, cotinine and 6 hydoxy L also has beneficial
effects. Cotinine prevents GSK-38 and prevents further aggregation
of beta amyloid and increases pro-survival enzymes [76]. The 6HLN
proven to reduce oxidative stress and increases antioxidant in mice
hippocampus [77].

CONCLUSION

Tobacco farming is still farmer favorite plant as it brings higher
revenue compared to chili, hybrid corn or soy. Tobacco product
industry high number of exercise duty and absorb more than
millions farmer and workers in industry sector. However, in health
sector, tobacco not give good impact in users life. Smokers starting
age gets younger, and there are more and more diseases are
attributable to smoking.

Furthermore, as exercise duty, health concern and vape popularity
increases, cigarette sales decreases and make cigarette industry
developing heat not burn cigarette, as a method for smokers to
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continue on enjoying cigarette without the smoke. Government
farming, industry and health sector, should aware of this shift and be
prepared for future change. Another alternative is to bring product
diversity from tobacco leaves and industry waste. In addition, more
research about nicotine as novel therapeutic in depressed and
neurodegenerative disease is really needed.
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