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The addictive nature of nicotine is in part due to its high affinity for
a4B2 neuronal nicotinic acetylcholine receptors (nAChR), which
causes dopamine release in the brain producing the “reward” feeling
of smoking. Varenicline, brand name Chantix ®, is a partial agonist of
the a4pB2 nAChR (1). Analyzing the binding patterns of Varenicline
to the receptor helps to understand the effectiveness of the drug in
smoking cessation therapy. Varenicline and nicotine have similar
molecular recognition involving water acting as a bridge within the
binding pocket of the nAChR. Binding of a substrate to the 5
subunits of the nAChR causes a conformational change opening the
pore of the receptor. Nicotine is a full agonist to the receptor while
varenicline is a partial agonist. When the pore opens it allows ions
into the nerve cell, which leads to depolarization, and release of
dopamine. Varenicline relieves the craving and withdrawal
symptoms because it releases some dopamine while simultaneously
blocking the effects of nicotine by occupying the binding site; thus
allowing patients to continue smoking during therapy, while
simultaneously removing the “reward” that nicotine causes.

Introduction

A 32-year-old male presented to a pharmacy with the intent to quit
smoking. He unsuccessfully attempted to quit approximately 3-4
years ago. He used nicotine replacement patches but did not seek
help from a health care professional. He is interested in Chantix ®.

* Nicotine replacement products have been the standard of care
for many years.

* Varenicline could prove to be advantageous over agents by its
unique mechanism of action.

 Varenicline is a partial agonist to a4B2 neuronal nicotinic
acetylcholine receptors. (1)

* Nicotine binds to nicotinic acetylcholine receptors (nAChRs)
which are pentameric members of the superfamily of
transmembrane ligand-gated ion channels. (2)

e Research has shown that nicotine has an affinity to binding to the
a4B2 subtype of the nAChR.

e Varenicline is a partial agonist at the a4B2 nicotinic acetylcholine
receptor and binds with subnanomolar affinity and high
selectivity to the receptor.

e \Varenicline also antagonizes nicotine, reducing its effect by 34%.
(2) Due to this antagonistic effect patients can continue to smoke
while beginning the medication and taper off their smoking
gradually.

e \Varenicline is approximately 92% excreted from the body in its
original form. (2) Thus the drug is not metabolized by
Cytochrome P450 and does not interact with any medications
that are metabolized by the system.

e Varenicline can produce a few side effects including nausea,
insomnia and abnormal dreams. Nausea was reported to be the
greatest side effect in the first couple weeks of administration
and declined thereafter. (3)
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Molecular Story

2. Nicotine binds to the a4B2 nicotinic 3 Cytisine (top) is a naturally occurring

acetylcholine receptor (hnAChR) shown below
from two perspectives. The receptor has 5
subunits and is a transmembrane ion channel.
[created from PDB file 4AFG using jmol software]

(4)

1. Smoking causes 443,000 deaths annually

and health care costs up to $193 billion a
year. (1) So why aren’t more people
quitting smoking? Nicotine addiction is a
difficult habit to break.

compound known to be a partial agonist
for the a4B2 nAChR. Varenicline (bottom)
is a structural derivative of cytisine. (5)

4. Acetylcholine, nicotine, and varenicline share a similar pharmacophore for bonding with the a4B2 nicotinic acetylcholine receptor. Notice that
varenicline has a larger space between the two bond locations than nicotine or acetylcholine. This may explain when varenicline is a partial agonist

while nicotine is a full agonist. (6,7) , nicotine varenicline
acetylcholine nAChR full agonist nAChR partial agonist
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Sb Varenicline within the binding pocket of NnAChBP with nearby amino

acids. ILE118B and ILE128B are two important amino acids that interact
with Varenicline via hydrophobic interactions, while the aromatic ring of
TRP153A plays a key role in the stabilization of Varenicline via cation-pi
interactions. [created from PDB file 4AFG using jmol software] (4)

Sa. Water molecules aide in the stabilization of Varenicline in

the binding pocket via the formation of bridged hydrogen bonds.
(7, 8) One of these bridges is formed between the nitrogen of the
benzazepine ring of Varenicline and the carbonyl oxygen of
TRP153 (tryptophan).

5¢. Hydrophobic

interactions
between nAChBP
and Varenicline.
[created from PDB
file 4AFG using jmol
software] (4)

In the figure above the carbonyl oxygen (pink) of tryptophan
(TRP153:A) is connected to the nitrogen (blue) of Varenicline
(grey) via a hydrogen bond (yellow). The A and B after the colon
refer to the different subunits of the receptor. [created from PDB
file 4AFG using jmol software] (4)
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6. Binding of a substrate to the subunits of the nAChR causes a conformational change opening the

pore of the receptor. The figure to the left shows a transmembrane ligand-gated acetylcholine receptor
¥ in the opened and closed states. Nicotine, like acetylcholine, is a full agonist and varenicline is a partial
oo agonist. A partial agonist will open the channels less frequently than a full agonist. Opening of the
channel leads to influx of ions and depolarization of the cell. (9)
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Future Direction

Recently the FDA has mandated that Chantix® carry a black box warning
that informs patients that use of this medication could potentially lead
to suicidal thought and an increase in depression. This pharmacological
trait could greatly decrease the number of patients that could
potentially be helped by this medication. Chantix® both helps decrease
the urge for nicotine as well as the craving which can occur with a
decrease in dopamine release. This change in the patient’s dopamine
levels may play a role in the recent black box warning. Further research
on the effect that dopamine plays in depression and quantify the levels
of the dopamine needed to induce a depressed state for a majority of
patients is needed. With improved understanding of dopamine values
Chantix ® may be improved to address the side effect and become a
better smoking cessation alternative for patients diagnosed with
depression.

Possible ways to improve the drug design to change the amount of

dopamine released: (refer to figure 4 for pharmacophore)

By decreasing the space between the two bonding groups or
removing the entire central ring of the drug, the affinity for the
binding site may be improved and allow for an increase in potential
dopamine release.

 Adding a polar group to an area that is not involved in the
pharmacophore of the drug may improve the drug penetration into
the CNS which may also increase the potential dopamine release by
the drug.

Summary

Varenicline (Chantix®) shares the pharmacophore common to nicotine
and acetylcholine, but has decreased efficacy due to conformational
constraints of the molecule. Using Varenicline as a smoking cessation
tool is useful because it helps patients with craving and withdrawal
symptoms while breaking the addiction to nicotine. Further studies
need to be conducted to determine the mechanism of Varenicline’s off
target neuropsychiatric side effects.

References

1. Kahn, H et al. Available from: http://www.theannals.com/content/46/9/1198.long

2. Jimenez-Ruiz C. et al. Available from:: http://link.springer.com/article/10.2165%2F00003495-200969100-00003
3. Lexi-Comp [Internet]. Available from: http:// 0-online.lexi.com.topcat.switchinc.org/.

4. Billen B et al. Available from: http://www.pnas.org/content/109/23/9173.long

5. Varenicline Ligand Image . Available from: http://www.rcsb.org/pdb/ligand/ligandsummary

6. Cunningham, C. Nicotine and addiction. Lecture at: Concordia University Wisconsin-School of Pharmacy for PHAR
330. March 22, 2012.

7. Lemke T, Williams D, Roche V, Zito SW. Foye’s principles of medicinal chemistry. 6™ ed. New York: Wolters
Kluwer/Lippincott Williams and Wilkins; 2008: 367-369.

8. Rucktooa P et al. Available from: http://www.jbc.org/content/287/28/23283.long

9. The Lundbeck Institute. Available from: http://www.cnsforum.com/imagebank/item/rcpt_sys_nic_agl/default.aspx
10. Paquet, Denis. Available from: http://thebrain.mcgill.ca/flash/i/i_03/i_03_m/i_03_m_que/i_03_m_que.html



	Slide Number 1

