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The Implication of the Corticotropin
Releasing Factor in Nicotine Dependence
and Significance for Pharmacotherapy in

Smoking Cessation

Vasileia Karasavva'*

Smoking represents one of the greatest preventable causes of death globally, and pharmacological treatments of higher ef-
ficacy targeting smoking cessation are necessary. Current drug interventions show only modest success rates and do not ade-
quately address nicotine withdrawal-induced anxiety that is heavily implicated in relapse and failed quit attempts. The purpose of
this paper is to highlight that nicotine dependence is at least partially maintained through the negative reinforcing effect of avoid-
ing abstinence-induced anxiety. This paper presents findings which suggest that this effect is mediated by the activation of the
Corticotropin Releasing Factor (CRF) system are presented and the implications of a therapeutic agent containing a CRF, an-
tagonistare discussed. Specifically, CRF, blockers are highlighted as alternatives for individuals with multiple failed quit at-
tempts because they target the abstinence-induced increased anxiety that seems to lie at the core of failed cessation attempts.

INTRODUCTION

Addiction is often conceptualized as the loss of control over re-
ward-seeking behaviors that can ultimately lead to the emergence
of a cluster of cognitive, psychological and behavioral symptoms
(American Psychiatric Association, 2013). It is marked by the need
to seek and consume the drug of choice, an inability to limit the
intake and the emergence of a distinct withdrawal syndrome in ab-
stinence (Wise and Koob, 2014). The hallmark of addiction is the
motivational switch from expectancy and euphoria when using, to
the anxiety, dysphoria and compulsion that accompany even brief
abstinence (Wise and Koob, 2014). In other words, initially, drug
use is maintained through positive reinforcement by the rewarding
properties of the drug of abuse. However, as dependency increas-
es, it is maintained through negative reinforcement by eliminating,
and ultimately, completely avoiding withdrawal symptoms (Wise
and Koob, 2014). This motivational switch could be a potential
target of new pharmacological interventions in substance use dis-
order (SUD).

Emotional responses, such as drug use, clicit two processes:
the primary a-process that mediates the rewarding properties of the
stimulus but shows signs of habituation and the opponent b-pro-
cess, which has the opposite effect of the a-process and counteracts
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it (Skinner and Aubin, 2010). Drug use initially causes an acute
release of dopamine from the nucleus accumbens (NAc) and initi-
ates the release of opioids, producing a rewarding affective state
(Koob and Volkow, 2010). However, this drug-induced reward is
opposed by processes that reduce drug effects and attempt the re-
turn of hedonic states to homeostasis (Koob and Volkow, 2009).
This is done through the activation of the brain’s stress system, the
corticotropin releasing factor (CRF) system that then signals to
the extended amygdala and hippocampus to elicit a stress response
(Koob and Volkow, 2009). Thus, repeated use and activation of the
opponent b-processes leads to a reduction in drug effects resulting
in the development of tolerance and withdrawal symptoms in ab-
stinence (Skinner and Aubin, 2010). Taken together, the compul-
sive nature of addiction can thus be viewed as a cycle of increasing
dysregulation of brain reward and anti-reward mechanisms that
results in a shifting hedonic baseline due to b-processes failing to
return to normal homeostatic range (Garavan et al., 2000). In other
words, chronic drug use leads to the elevation of reward thresholds
that do not return to baseline during abstinence, leading to marked
dysphoria and anhedonia, i.e. negative affect and an inability to
experience pleasure (Garavan et al., 2000). Current research has
shifted its focus to investigate how avoiding those dysphoric
feelings produced in abstinence acts as a powerful motivator for
continuous use through negative reinforcement. Thus, a paradox
emerges in developing effective drug rehabilitation treatments as
abstinence is both the ultimate goal and one of the reasons behind
compulsive use.

The development of an effective treatment is particularly im-
portant for smoking, since cigarette smoking constitutes a major
health risk factor and is the leading cause of preventable deaths
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in the Western world (Baliunas et al., 2007). In Canada, 16.6%
of deaths can be attributed to smoking-related illness, such as
malignant neoplasms, cardiovascular disease (CVD), respiratory
disease, lung cancer and chronic obstructive pulmonary disease
(COPD) (Baliunas et al., 2007). Although smoking rates are at a
decline, this is mainly because of a lower incidence of initiating
smoking and lower smoking rates among younger people (US De-
partment of Health and Human Services, 2014). In 2001, the rate
of smoking among Canadian youth 15 years and older was 25%,
whereas in 2012, this number had dropped to 16% (Health Canada,
2017). However, the incidence of attempts to quit smoking has
remained relatively stable, with only 2% of quit attempts becom-
ing successful each year, despite the fact that 60% of surveyed
smokers claimed they wished to quit smoking within the next six
months (Malarcher et al., 2011; Ontario Tobacco Research Unit,
2013). In fact, most attempts to quit smoking only last on aver-
age seven days, and most smokers go through the transitions of
smoking, reduction in smoking, and abstinence multiple times,
with some research suggesting that the number of times it takes
to quit successfully is as high as 30 (Chaiton et al., 2016; Hughes
etal. 2014).

The addictive properties of smoking are mainly due to nicotine:
a colourless, volatile alkaloid found in cigarettes (Dietz, 2016). A
typical cigarette contains 6 mg to 11 mg of nicotine, though only
about a third of that actually reaches the smoker’s bloodstream
depending on the number and length of puffs inhaled (Feldman et
al., 1997). Nicotine readily passes through the absorbent surface
of the lungs to the bloodstream and then crosses the blood brain
barrier (BBB) rapidly stimulating the brain’s reward pathways and
thus providing instant reward (Benowitz, 2008). This is due to the
activation of the dopaminergic mesolimbic tract and specifically
the induction of burst firing in ventral tegmental area (VTA) neu-
rons, resulting in enhanced dopamine release in the NAc (Feldman
et al., 1997). Smoking behaviors are often triggered by environ-
mental cues through classical conditioning, comparable to alcohol
consumption and eating, which also contribute to their addictive
nature (Caggiula et al., 2008). Additionally, it has to be noted that
the highly addictive nature of smoking is at least partially due to
the high number of reinforcements a single cigarette yields (Feld-
man et al., 1997). This is because each puff acts a separate “hit”
of nicotine, which reaches the brain within seconds providing a re-
warding burst of dopamine in the NAc (Feldman et al., 1997). Fi-
nally, nicotine is metabolized and eliminated quickly and thus, has
arapid onset of withdrawal that is characterized by an anxious and
dysphoric affective state (Benowitz, 2008). For people dependent
on nicotine, even a brief abstinence of a few hours triggers feelings
of craving accompanied by a growing urge to smoke, difficulty
concentrating, irritability, and restlessness (Breslau et al. 1992).
This rapid onset of withdrawal is suggested to motivate smokers
to eliminate its negative symptoms and end the abstinence peri-
od (Feldman et al., 1997). Therefore, the CRF system, which is
thought to be responsible for the abstinence-induced dysphoria in
substance use (Cohen et al., 2013), could potentially be implicated

in nicotine withdrawal and dependence, and ultimately provide a
target for pharmacological intervention in nicotine cessation.

The purpose of this review is to demonstrate that nicotine
addiction is at least partially maintained via abstinence-induced
anxiety that activates the CRF system and can thus be mediated
by pharmacological interventions that target and block CRF recep-
tors. More specifically, the purpose of this paper is to (a) review
current pharmacological approaches in smoking cessation, (b) ex-
amine the relationship between nicotine withdrawal and activation
of the CRF system, and (c) explore the potential of CRF blockers
for smoking cessation.

CURRENT PHARMACOLOGICAL
SMOKING CESSATION

Usually the first line of treatment in nicotine cessation is nicotine
replacement therapy (NRT), which aims to reduce the abstinence-
induced anxiogenic symptoms during the first eight to twelve
weeks of quitting, when they are the most severe (Etter and Sta-
pleton, 2006). NRT replaces cigarette-derived nicotine with other
pharmacological alternatives, often in the form of nicotine patches
or gum, and is particularly popular mainly because it is safe, eco-
nomic and easily accessible as an over the counter medication (Et-
ter and Stapleton, 2006). Both nicotine gum and nicotine patches
have been shown to provide relief from craving and withdrawal
(Christen et al., 1991; Fagerstrom et al., 1993). However, the life-
time and cost-efficacy of such treatments is often overestimated as
the relapse rate between NRT and other treatments does not differ
significantly (Etter and Stapleton, 2006). In addition, NRTs target
and address smoking cessation, but do little to address the core
problem of nicotine dependence (Schnoll et al., 2015).

Alternatively, bupropion, an atypical antidepressant, is also
licensed for smoking cessation therapy and can be recommended
as a first-line agent for smoking cessation (Hughes et al., 2014).
When used for smoking cessation, bupropion reduces the severity
of the nicotine withdrawal syndrome symptoms, including absti-
nence-induced depression, irritability, difficulty concentrating, and
craving, while increasing the likelihood of successful cessation
within the first three months of its prescription (Shiffman et al.,
2000; Wilkes, 2008). Thus, bupropion is thought to be particularly
effective in the early stages of smoking cessation and likely works
by stimulating the dopaminergic system and allowing DA to re-
main in the synaptic cleft for a longer duration (Shiffman et al.,
2000; Wilkes, 2008). However, it is unclear how long those effects
remain after the cessation of bupropion treatment (Wilkes, 2008).
In fact, bupropion treatment only shows modest long-term success
rates one year after its prescription, with successful cessation rates
averaging from 7% to 30% depending on the level of adjunctive
behavioral counseling, leaving ample room for improvement (Ni-
des et al., 2006). Finally, some health concerns have been raised
over the use of bupropion as it has been associated with increased
risk of seizures. As a result, its prescription rates have decreased
over the last few years (Hubbard et al., 2005).

The limited success rates of currently available therapies led
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investigators to develop a therapeutic agent specifically for smok-
ing cessation. Varenicline is a non-nicotine agent that selectively
binds and agonizes the a4f2 nicotinic acetylcholine receptor (Ni-
des et al., 2006). This receptor plays an important role in the re-
warding properties of nicotine, which binds to it with high affinity,
resulting in an increase in dopamine release in the NAc (Subra-
maniyan and Dani, 2015). Varenicline significantly reduces crav-
ings for smoking as well as ratings of satisfaction after the first
cigarette following a period of abstinence in humans (West et al.,
2008). The efficacy of varenicline was systematically tested in two
large, randomized, double-blind Phase III clinical trials that used
similar methodologies (Nides et al., 2006; Gonzales et al., 2006).
In both studies, participants were administered varenicline, bupro-
pion or placebo treatment for 12 weeks and were then followed up
40 weeks later to assess the success rate of each treatment (Nides
et al., 2006; Gonzales et al., 2006). The results showed that com-
pared to bupropion or placebo varenicline treatment had higher
efficacy and increased prolonged abstinence rates (Nides et al.,
2006; Gonzales et al., 2006). However, serious concerns have been
raised over the adverse side effects of varenicline. Specifically, the
US Food and Drug Administration (FDA) has published reports of
significant neuropsychiatric adverse events including suicidal ide-
ation, depression and mood disturbances following treatment with
varenicline (US FDA, 2010). An association between varenicline
and risk of cardiovascular events, both ischemic and arrhythmic,
raises additional safety concerns (Singh et al., 2011). The Commit-
tee to Evaluate Drugs (CED) supports the prescription of vareni-
cline in Canada and recommended its public funding as a Limited
Use Benefit on the Ontario Drug Benefit Formulary while simul-
taneously noting that more research is needed to investigate the
association between varenicline and myocardial infractions and
cerebrovascular accidents (Committee to Evaluate Drugs, 2012).
The idea of nicotine vaccinations has gained more interest
over the last few years. One way nicotine vaccinations can work is
through active immunization, which requires repeated administra-
tion of the immunogen, in this case nicotine, to the individual so
the appropriate antibodies can be produced (Cornish et al., 2011).
Alternatively, in passive immunization, the immunogen is admin-
istered in a different species that produces antibodies against it
(Cornish et al., 2013). Those antibodies are transferred at a later
date to the individual via vaccination (Cornish et al., 2013). How-
ever, because nicotine itself is not immunogenic and thus cannot
produce a strong enough immune response, smoking is not suffi-
cient for the production of nicotine antibodies (Pentel and Lesage,
2014). Thus, the use of recombinant DNA technology that binds
nicotine to different carrier conjugate proteins is necessary (Pentel
and Lesage, 2014). Each conjugate protein can function as an in-
dependent immunogen, and so using multiple conjugate proteins
concurrently can trigger high antibody concentrations (Pentel and
Lesage, 2014). The antibodies can then bind on the conjugate pro-
tein-nicotine complex and prevent and/or slow down its crossing
of the blood brain barrier and entering the brain, thus reducing the
reinforcing effects of nicotine (Pentel and Lesage, 2014). Nicotine

vaccination trials have produced some promising results in animals
thus far and have been shown to reduce nicotine distribution to the
brain as well as decreasing the rate by which nicotine crosses the
blood brain barrier, making it presumably less reinforcing (Pentel
et al., 2006; Pravetoni et al., 2011). One clinical trial found that the
use of nicotine immunization in human, current smokers is safe
and moderately effective (Hatsukami et al., 2005). Some of the
methodologies used in such trials have been questioned over their
small sample size and extensive use of animal models. In addition,
concerns over their previous reproducible positive results have
been raised as clinical trials in humans. They have not been able
to replicate the results or even the preclinical findings. In fact, all
Phase III trials reported to date suggest that nicotine immunization
is ineffective (Giri et al., 2017). The most applicable example is
NicVax, an experimental conjugate nicotine vaccine with initially
encouraging early trials that, however, showed efficacy no better
than that of a placebo in two successive phase III trials (Zalewska-
Kaszubska, 2015).

This section described some of the most popular pharmaco-
logical interventions that are used in smoking cessation. Current
therapeutic treatments only show modest results while some of
them are also associated with significant health concerns. This
includes both bupropion as well as varenicline which have been
associated with the incidence of serious side-effects and have
shown modest efficacy, questioning their cost-reward ratio. Nico-
tine vaccines provide a safer alternative, but because nicotine does
not produce a strong enough immune response, recombinant DNA
technology is required. With such a costly production process and
limited successful results, nicotine immunization appears to be a
disappointing direction. On the other hand, replacement therapies
are a safer and more economical alternative but do not directly
address nicotine dependence since their goal is smoking cessation
rather than treatment of nicotine addiction. In addition, they have
limited success rate of 20% even after long-term NRT (Schnoll et
al., 2017). Taken together, a comprehensive treatment that has a
direct effect on the anxiogenic, negative affect brought on by nico-
tine withdrawal is necessary to not only facilitate smoking cessa-
tion but also to treat the problem at its core and reduce nicotine
dependency.

THE SWITCH FROM IMPULSIVE TO COMPULSIVE USE

As mentioned, initial drug use initiates a-processes that facilitate
reward and intoxication, but as time progresses, b-processes that
are longer lasting and have the opposite effect take over (Skinner
and Aubin, 2010). Chronic activation of b-processes leads to sys-
tem neuroadaptations (Koob and Volkow, 2010).

Specifically, within system adaptations refer to changes in
the same brain areas that also mediate the rewarding properties
of drugs of abuse (Koob and Volkow, 2010). Such neuroadapta-
tions include attenuated activity of the mesolimbic dopaminergic
system and reduced dopaminergic and serotonergic signaling of
the NAc during withdrawal (Koob and Volkow, 2010). Those
changes are consistent with the symptomatology exhibited during
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withdrawal, including feelings of dysphoria, irritability, and loss of
interest for natural rewards (Koob and Volkow, 2016). In addition,
individuals with SUD show a significant reduction in D2 receptors
in the striatum that often persists even months after detoxification
(Johnson and Kenny, 2010; Volkow et al., 2009). This reduction in
D2 receptors has a marked effect on the prefrontal cortex glucose
metabolism and is associated with increased impulsivity and crav-
ing (Koob and Volkow, 2016). Thus, within system adaptations
play an important role in the abstinence-induced emotional dys-
regulation that is experienced after chronic use.

On the other hand, between-system neuroadaptations refer to
changes in brain areas that are not directly involved with the re-
warding properties of drugs of abuse and are usually associated
with stress regulation (Koob and Volkow, 2010). Drug use and its
subsequent dopaminergic activation of the mesolimbic pathway
also increases the levels of dynorphin, a class of opioids that is
strongly associated with the dysphoric elements of stress, in the
NAc (Koob, 2008). Binding of dynorphin on the endogenous
k-opioid receptor inhibits dopaminergic activity and is associated
with the aversive symptoms of withdrawal in multiple drugs of
abuse, including cocaine, ethanol, and opioids (Koob, 2008). An-
other between-system activation is the protracted activation of the
extended amygdala by CRF (Macenski, 2012). In fact, CRF acti-
vation in the amygdala is observed in all drugs of abuse, suggest-
ing CRF activation is an integral part of the motivational switch
to compulsive use (Koob and Volkow, 2010). Another common
between-system neuroadaptation is the over-activation of the hy-
pothalamic-pituitary-adrenal (HPA) axis during withdrawal which
is observed in most major drugs of abuse (Silva and Madeira,
2012). More specifically, both acute and prolonged exposure to
drugs activates the HPA axis (Lukoyanov et al., 1999). This hap-
pens by increasing the levels of adrenocorticotrophic hormone
(ACTH) and corticosterone (Madeira and Paula-Barbosa, 1999).
The end result is the synthesis of CRF suggesting the adaptation
of the HPA to substance use (Madeira and Paula-Barbosa, 1999).
Those changes seem to be long-lasting and still present during
protracted withdrawal in animal models of cocaine and ethanol
dependence that showed elevated levels of CRF six weeks after the
last self-administration (Zorrilla et al., 2001). Additionally, some
research suggests that along with the increased activation of the
CREF, decreased activation of Neuropeptide Y (NPY) is also ob-
served during withdrawal. Administration of NPY into the amyg-
dala is thought to have anxiolytic effects as it has been shown to
be associated with a reduction in drug intake in ethanol dependent
rats (Slawecki et al., 2005; Thorsell et al., 2007).

Taken together, these results support the motivational signifi-
cance of the dysregulation of the between-system neuroadapta-
tions in SUD. In particular, increased activation of the brain stress
system (CRF, dynorphin) along with reduced activity of anxiolytic
brain agents like the NPY seem to be of particular importance
in the motivational switch observed in dependence. Therefore, a
pharmacological intervention reversing those effects by either re-
ducing the effect of anxiogenic agents or increasing the effect of

the anxiolytic ones could facilitate protracted abstinence.

CRF AND NICOTINE DEPENDENCE

CRF is a neuropeptide that is expressed both in the periphery, in-
cluding the lungs, blood vessels, the gonads and across the central
nervous system (Vale et al., 1981). It is established as one of the
major moderators of the HPA axis activity by stimulating the pro-
duction and secretion of Adreno Corticotropin Releasing Factor
(ACTH) from the pituitary gland (Vale et al., 1981). There are two
identified CRF receptors: the CRF, and CRF, receptor. Of those
two receptors, CRF, is thought to play a more brain region-de-
pendent role with some research findings suggesting it is involved
in inhibiting adrenocortical functioning on the Central Nervous
System (CNS; Henry et al., 2006; Zhao et al., 2007). In contrast,
over-activation of the CRF, receptor in the limbic system is linked
with depression and anxiety, potentially explaining why CRF  an-
tagonists have yielded antidepressant effects (Kiinzel et al., 2003).
Thus, the two receptors seem to have opposite effects, with bind-
ing on CRF | having an anxiogenic effect whereas binding on CRF,
has an anxiolytic effect. In the peripheral nervous system, CRF
influences the synthesis and release of both cortisol and catechol-
amines, thus playing a big role in the activation of the sympathetic
nervous system (Tsatsanis et al., 2007). In the brain, the areas with
the highest expression of CRF include the paraventricular nucleus
of the hypothalamus (PVN), which secretes CRF during the acti-
vation of the HPA axis stress response and the extended amygdala
that is implicated in negative affect and fear response (Boorse and
Denver, 2006, Smith and Vale, 2006,). Those CRF projections to
extrahypothalamic structures eventually reach and influence the
activity of the VTA and NAc in the mesolimbic reward pathway
(Rodaros et al., 2007). Thus, it is well established by research that
the CRF system plays an important role in anxiety and negative
affect as well as in inhibiting the brain reward system (Bruijnzeel
et al., 2012; Grieder et al., 2014).

In addition, research suggests that over-activation of the CRF
system is also implicated in SUDs, particularly during the with-
drawal stage (Mason et al., 2012). Animal studies have shown that
acute alcohol withdrawal is accompanied by a marked increase
in CRF concentration in the striatum (Olive et al., 2002). Similar
increases in CRF were also found during cocaine, heroin and can-
nabinoid withdrawal, which presumably hints at a similar increase
in CRF during nicotine withdrawal across all SUDs (Mason et al.,
2012; Park et al., 2013; Richter et al., 1999). Finally, recent studies
have identified the significance of the CRF system in nicotine de-
pendence and stress-induced relapse (Cohen et al., 2015). Specifi-
cally, there is evidence strongly supporting the importance of the
CRF system and stress during nicotine acquisition, maintenance,
and relapse (Kutlu et al., 2016). High levels of stress during ado-
lescence, the most important time period for the development of
chronic smoking habits, is associated with higher rates of smoking
initiation (Kutlu et al., 2016). Childhood abuse (Nichols and Har-
low, 2004), adverse childhood experiences including physical and
psychological neglect of basic need (Ramiro et al., 2010), ethnic
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discrimination (Brondolo et al., 2015), poor academic performance
(O’Loughlin et al., 2014), dropping out of school, low academic
aspirations and low socioeconomic status (Pedersen and Soest,
2017) are all associated with higher incidence of smoking uptake
during adolescence and were indicators of subsequent higher rates
of smoking in adulthood. As established in the literature, stress
activates the CRF system, usually through the CRF, receptor.
Research has also shown that such activation during adolescence
enhances the rewarding properties of nicotine, exemplifying the
importance that CRF system activation plays in initiating smoking
behavior (Brielmaier et al., 2012; Bruijnzeel, 2012).

Stress and activation of the CRF system plays an equally im-
portant role in withdrawal and could be the main reason why 95%
of the people who attempt to quit smoking fail and relapse (Garvey
et al., 1992). Symptoms of nicotine withdrawal are psychological
rather than physiological in nature and include increased irritabil-
ity, restlessness, anxiety, difficulty concentrating, insomnia as well
as feelings of anger and have a mean duration of two to four weeks
(Hughes et al., 2007). Research has shown that experiencing stress
and feelings of anxiety during abstinence decreases the ability to
resist smoking and increases both the frequency of smoking as
well as the perceived feelings of satisfaction after lapsing (Cohen
et al., 2013; McKee, 2011). Therefore, a hard-to-break cycle of
abstinence-induced anxiety and relapse is created with an over-
active CRF system at its center. Nicotine abstinence induces an
increase of the CRF concentration in the central nucleus of the
amygdala (CeA), which is thought to be the moderator of the emo-
tional symptoms of withdrawal (George et al., 2007). This over-
activation of the CRF system is also associated with the induction
of a negative emotional state that in turn induces craving and nico-
tine seeking behavior and increased self-administration of nicotine
(Bruijinzeel et al., 2012; Cohen et al., 2013; George et al., 2007).
Furthermore, it has also been demonstrated that nicotine depen-
dence up-regulates the production of CRF in the Ventral Tegmental
Area (VTA) and alters its rate of firing (Grieder et al., 2014). Using
immunohistochemistry, researchers were able to show that nico-
tine abstinence is strongly associated with the depletion of CRF
in the VTA (Grieder et al., 2014). They were also able to reverse
abstinence-induced motivational effects including anxiety-like be-
havior and increased nicotine consumption by down-regulating the
expression of CRF (Grieder et al., 2014). These results are promis-
ing as they present strong evidence supporting the involvement of
the CRF system in the anxiety-like symptoms experienced during
withdrawal and concurrently show that reversal of this effect is
possible by down-regulating the activity of this system.

In addition, in a recent animal study, researchers were able
to prevent abstinence-induced anxiety with the administration of
MPZP, a CRF, receptor antagonist, in the VTA showcasing the
potential therapeutic value of CRF, antagonists (Grieder et al.,
2014). Other animal studies replicated those results and showed
that the administration of MPZP in other brain areas, like the VTA
or the NAc, that are also heavily implicated in nicotine withdrawal
like CeA also reduces abstinence-induced anxiety and hypearlge-

sia (Cohen et al., 2013). Specifically, access to nicotine was first
shown to mediate higher breaking points in a progressive ration of
reinforcement as well as increased levels of anxiety and mechani-
cal hypersensitivity during abstinence in rats (Cohen et al., 2013).
These effects, however, were reversed when MPZP was infused
in the CeA (Cohen et al., 2013). The use of MPZP has also shown
to be useful in attenuating the abstinence-induced increased rates
of self-administration of nicotine and nicotine seeking behaviors
(George et al., 2007). Similar results were obtained with the ad-
ministration of a different CRF, antagonist, mecamylamine, in the
same brain area, the CeA, highlighting how the blockade of this
receptor with any antagonist is a good way to diminish dysphoric
feelings experienced during nicotine withdrawal (Bruijinzeel et al.,
2012). The brain area those antagonists are administered in also
plays a role as blockade of CRF, receptors in the NAc and CeA
appear to be effective, but blocking either CRF, or CRF, receptors
in the bed nucleus of the stria terminalis (BNST) is not (Bruijnzeel,
2016). In general, blockade of the CRF, receptor does not seem
to produce similar therapeutic effects in reducing anhedonia and
even increased anxiety-like behaviors (Kamdi et al., 2009; Mano-
Otagiri et al., 2009). Those animal studies suggest that inhibiting
the CRF system with the use of selective CRF | receptor antagonist
poses a potential useful method of reducing anxiety experienced
during withdrawal and consequently reducing nicotine seeking be-
haviors and the likelihood of relapse.

To the best of our knowledge, no CRF | antagonists have been
used in a preclinical or clinical trial for smoking cessation in hu-
mans. However, there is a growing interest surrounding the use
of CRF, antagonists for a multitude of stress-related disorders
and results from such studies could be useful for the design of
a therapeutic agent that inhibits the CRF system with the goal of
reducing anxiety during withdrawal (Murrough et al., 2015). The
blockade of CRF, antagonists in the amygdala that has been in-
vestigated extensively in animal models and shown to be an ef-
fective way of reducing abstinence-induced anxiety and levels
of self-administration in reinstatement has also been studied in
humans. Specifically, the CRF, receptor antagonist R31753 was
shown to produce a dose-dependent decrease in the metabolism of
glucose in the amygdala of healthy male participants, suggesting
a decrease in its activity levels (Schmidt et al., 2009). In a ran-
domized, double-blind, placebo-controlled study, inhalation of the
same CRF antagonist (R31753) was associated with reduced lev-
els of anxiety (Bailey et al., 2011). The promising nature of those
results in addition to how CRF, antagonists usually make them a
good option for the treatment of nicotine addiction that targets the
anxiety-like symptoms that are induced during withdrawal. That
being said, more pre-clinical and clinical studies are warranted to
investigate the use of such antagonists in humans who attempt to
quit smoking.

DISCUSSION

Despite the decrease in the number of smokers in the past decade,
smoking’s burden of disease remains staggering and more efficient

JYT | March 2019 | Vol. 36 Issue 3

© Karasavva, 2018

40



JY.f Journal of Young Investigators

therapeutic interventions for smoking cessation are necessary. Past
research strongly suggests that nicotine addiction is maintained
through a motivational switch from positive reinforcement and the
activation of the a-processes that moderate reward to negative re-
inforcement and the activation of b-processes that moderate stress
response. The purpose of this paper was to highlight how absti-
nence-induced anxiety functions through the activation of the CRF
system and is at least partially responsible for nicotine addiction.
Furthermore, this paper presented research findings supporting the
targeting of the CRF system in pharmacological interventions for
smoking cessation and nicotine addiction.

The first section of this paper described and evaluated current
pharmacological interventions used for smoking cessation. Those
interventions include nicotine replacement therapies through the
use of nicotine gum, patches or bupropion and varenicline. Despite
some modest success rates, health concerns seem to oppose the use
of bupropion and varenicline, and evidence suggests that the effi-
cacy of nicotine gum and patches is not as high as marketing strat-
egies suggest. Nicotine vaccinations have also been considered for
the treatment of nicotine addiction, but a combination of concerns
over their efficacy and cost-effectiveness has stalled research in
this area. This leaves a gap in the treatment of nicotine addiction.

The second section of this paper highlighted how b-processes
work through within and between system adaptations. Within sys-
tem adaptations refer to neural changes in brain areas implicated
in the rewarding properties of drugs and include attenuation of
activity of the mesolimbic dopaminergic system and reduction in
the number of D2 receptors in the striatum. On the other hand,
between system adaptations refer to changes in brain regions other
than the ones implicated in reward and include the extended amyg-
dala, the HPA axis and CRF system.

The third and final section of this paper delved deeper into
the workings of the CRF system. It was introduced that there are
two types of CRF receptors; the CRF, receptor that is thought to
have an anxiogenic effect and the CRF, receptor which is thought
to have an anxiolytic effect. This CRF system is activated during
acquisition, maintenance and withdrawal and is implicated in par-
ticular with increased anxiety during abstinence, which is suggest-
ed to lead to increased nicotine seeking behavior and likelihood
of nicotine reinstatement. The results suggest that blocking CRF,
receptors could be an effective way of treating nicotine addiction.
Preliminary animal studies support this idea, and administration
of CRF, receptor antagonist is associated with reduced anxiety-
like behaviors, hyperalgesia and nicotine seeking behaviors during
abstinence. Despite the lack of human clinical studies testing the
efficacy of CRF, inhibitors for smoking cessation, research has
shown that they have a modest therapeutic efficacy when used for
anxiolytic purposes.

The first limitation is that, to the best of our knowledge,
there is no clinical or pre-clinical study investigating the efficacy
of CRF, antagonists in humans attempting to quit smoking. Fur-
thermore, no CRF, antagonists have successfully completed the
Phase III trial for the treatment of any psychiatric illness in gen-

eral either (Zorilla et al., 2013). Additionally, another limitation
is the extensive use of animal studies since nicotine addiction in
humans is quite different than the operational definition of nicotine
dependence in most animal studies. Humans self-administer nico-
tine through inhalation whereas, in most animal studies, nicotine
is administered through the use of mini-pumps or injections in a
non-contingent manner. Another limitation of the animal model of
nicotine dependence is the frequent use of the short access model,
in which animals are exposed to nicotine for only one hour a day
(Cohen et al., 2013). However, humans smoke for most of the day
and in a consistent pattern, indicating that they are at least partially
aware when the bioavailability of nicotine in their bloodstream is
reduced and the onset of nicotine withdrawal is eminent. In other
words, humans may smoke every few hours in order to replenish
nicotine levels in their bloodstream and attenuate the oncoming
withdrawal syndrome.

That being said, this line of research is promising and opens
several future directions. Firstly, researchers should attempt to
emulate human smoking habits in animal studies. One study has
already attempted to do this by allowing subjects to self-adminis-
ter nicotine and providing these animals access to it for a longer
period of time (Cohen et al., 2015). However, in this study, the
animals used had undergone an invasive brain surgery. As such, it
is likely that their smoking behaviors were affected by the stress
associated with the surgery. Therefore, a future study should mea-
sure self-administration of nicotine in animals that have access to
the stimulant for longer periods of time and have not been exposed
to significant stressors. Furthermore, researchers using animal
models of nicotine dependence could investigate how the self-ad-
ministration acquisition time is correlated with anxiety symptoms
during enforced abstinence and nicotine consumption at the end
of abstinence. In other words, researchers could see if the animals
that “learn” to self-administer nicotine faster are more anxious
during the enforced abstinence period and consume more nico-
tine once they are given access to it again. Additionally, a number
of sex-related dimorphisms in the experience and expression of
stress have been observed (Weiten and McCann, 2006). Specifi-
cally, women are thought to be more likely to engage in internal-
izing behaviors, like rumination, whereas men are suggested to
be more likely to engage in externalizing behaviors (Weiten and
McCann, 2006). This is reflected by the fact that men have higher
rates of antisocial behaviors and substance abuse, including smok-
ing (Weiten and McCann, 2006). Therefore, a study investigating
sex dimorphisms in nicotine withdrawal is needed. Finally, the ad-
ministration of MPZP and other CRF blockers is limited by the
fact that invasive surgery is required for it. However, it is unlikely
that human participants would agree to undergo an invasive sur-
gery to quit smoking, when other less dangerous alternatives exist.
Thus, the production of a pharmacological agent using MPZP in
the form of a pill or inhalant may be a necessary alternative.

Stress-induced smoking reinstatement is well-established
and one of the most common reasons why cessation attempts fail.
Therefore, targeting anxiety and stress directly with pharmacother-
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apy seems like a logical solution. Since CRF | receptor antagonists
reduce the dysphoric and stressful symptoms of both withdrawal
and abstinence-induced anxiety, they could potentially be an ef-
fective pharmaceutical intervention for smoking cessation. This
paper has presented research findings that support this idea and
concludes that, despite the need for more research, CRF appear to
be a promising alternative to current therapeutic interventions for
nicotine dependence.
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