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Abstract Background: Lavandula stoechas, commonly known as lavender, has traditionally been used in various
therapeutic applications, including smoking cessation. The molecular interaction of Lavandula stoechas
compounds with the α4β2 nicotinic acetylcholine receptors, which are crucial for smoking cessation, is
not well understood. This study aims to analyze these interactions and compare them with the known
smoking cessation drug varenicline tartrate.

Methods: Molecular docking analysis was performed on essential compounds of Lavandula stoechas to
assess their binding affinities to the α4β2 nicotinic acetylcholine receptors. The study utilized the crystal
structure of the receptor and conducted virtual drug screening using AutoDock Vina in the PyRx Virtual
Screening Tool. ADME (Absorption, Distribution, Metabolism, and Excretion) and toxicity profiles were also
predicted using in silico methods.

Results: The molecular docking revealed that several Lavandula stoechas compounds exhibited signif7
icant binding affinities to the α4β2 receptor. Compounds with the highest binding affinities were identified
and compared with varenicline. The ADME and toxicity profiles indicated that these compounds had more
favorable properties than varenicline, suggesting their potential as alternative smoking cessation agents.

Conclusion: The findings demonstrate that Lavandula stoechas contains compounds with significant
binding affinities to the α4β2 nicotinic acetylcholine receptors, similar to varenicline. This indicates a
potential role for Lavandula stoechas in smoking cessation therapy. The favorable ADME and toxicity
profiles of these compounds further support their potential as alternatives to current smoking cessation
drugs. This study paves the way for further research into the therapeutic applications of Lavandula
stoechas in smoking cessation.
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INTRODUCTION
Lavenders (Lavandula spp.) are plant species belonging to

the Lamiacae family and have been used for therapeutic and
cosmetic purposes for centuries. Considering their traditional
use, lavender oil is believed to have antibacterial, antifungal,
sedative, and antidepressant effects. The first evidence of the
use of lavender as a therapeutic agent dates back to the an7
cient Romans and Greeks. Lavandula stoechas is a plant that
has been frequently used in Mediterranean countries since
ancient times due to its analgesic, antiseptic, and wound7
healing effects. This plant is popularly known as karabaş otu
in Turkey (Oraloglu, 2018; Şahinler et al., 2022).

The chemical composition of the plant differs according
to the plant subspecies. Lavenders are classified into four
main categories: Lavandula latifolia, Lavandula angustifolia,
Lavandula stoechas, and Lavandula x intermedia. The main
components of lavender oil are linalool, linalyl acetate, 1,87
cineole, beta7ocimene, terpinen747ol, and camphol. Lavender
essential oil is usually produced by steam distillation from
flower heads and leaves. In a study, L. angustifolia essential oil
significantly reduced anxiety, craving, systolic blood pressure,
and heart rate in smokers (de Almeida Cunha et al., 2018).
The linalool substance in it has a protective effect against
smoking7induced lung inflammation (Ma et al., 2015).

Ocimene and Terpinolene compounds are not only re7
sponsible for the plant’s refreshing aroma but also offer
potential antimicrobial effects (Betlej et al., 2023). Camphene,
present in two isomeric forms, (+)7Camphene and (7)7Cam7
phene, exudes a cool, fir7like odor, adding another layer of
complexity to Lavandula’s scent profile. Geraniol and Linalool,
with their sweet, floral notes, are pivotal in defining the
quintessential lavender fragrance. These compounds are cel7
ebrated not only for their delightful scent but also for their
potential calming and anti7anxiety effects (Dos Santos et al.,
2022). Menthol, in its various forms including (7)7Menthol,
offers a cooling sensation, often associated with Lavandula's
use in soothing balms and ointments, which contribute to
the plant's antioxidant properties (Chen et al., 2023). Lastly,
compounds like Thymoquinone, trans7anethol, and 1,87cine7
ole contribute to the multifaceted profile of lavender, offering
potential antioxidant, antimicrobial, and therapeutic benefits
(Alam et al., 2022). The synergy of these compounds makes
Lavandula spp. a plant of immense interest in aromatherapy,
phytotherapy, and the fragrance industry, where its extracts
are cherished for their aromatic allure and potential health
benefits.

Regarding the cholinergic receptors, 17 subunits nACh re7
ceptor have been identified. The nAChR subunits most widely

distributed in the central nervous system are the α4β2 (~90%)
and α7 (~10%) subunits. The α4β2 subunit is the target struc7
ture of smoking cessation drugs. It has been suggested that
borneol or camphor compounds of Lavandula stoechas can
be used as nACh receptor antagonists as adjuvants in smoking
addiction (Angioni et al., 2006). In an in silico study, the
interaction of Lavandula stoechas and its camphol (camphor)
and menthone structures with nACh receptors were shown
to exhibit agonist properties. It has been reported that the
hydroxyl group in menthol and carvacrol structures may have
reduced plant activity (Hajiyeva, 2018).

Three drugs are currently used as first7line pharmacother7
apy for smoking cessation: nicotine replacement therapy,
bupropion hydrochloride (sustained release), and varenicline
tartrate. These drugs work by modulating the nicotinic system
activity on the central nervous system. In smoking cessation
therapy, as smoking behavior continues, the success rate of
treatment declines. In patients using varenicline and bupro7
pion as a smoking cessation treatment, the success rates at
the end of 1 year were 20.5% and 18.6%, respectively. Although
there is no significant difference between these drugs in terms
of smoking cessation, the very low adherence to treatment
(31.5%) supports the need for new agents in the treatment
of smoking cessation (Benli et al., 2017). On the other hand,
Lavandula stoechas has been traditionally used in smoking
cessation therapy, although there is a lack of evidence about
its pharmacological effects.

Varenicline, a medication used for smoking cessation, acts
as a partial agonist at α4β2 neuronal nicotinic acetylcholine
receptors (Mihalak et al., 2006). As a partial agonist, it has
a dual mechanism of action: it stimulates these receptors
to a moderate extent, mimicking the effects of nicotine but
to a lesser degree, while also competitively binding to these
receptors and blocking nicotine from attaching to them. This
unique pharmacological profile not only helps to reduce the
intensity of nicotine cravings but also diminishes the pleasur7
able sensations associated with smoking (Mihalak et al., 2006).

In this study, the molecular docking analysis of Lavandula
stoechas essential compounds (Table 1) with α4β2 nicotinic
acetylcholine receptors was investigated (Kirmizibekmez et al.,
2009). Additionally, the binding and pharmacokinetic proper7
ties of these compounds were compared with those of vareni7
cline. Once the Lavandula stoechas essential compounds
having the highest binding affinity to the related protein were
identified, ADME and toxicity analyses were predicted using in
silico approaches.
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Table 1. Essential compounds of Lavandula stoechas

Group Compound name PubChem ID Chemical Structure

Ocimene 5281553

Terpinolene 11463

(1S)7(7)α7pinene 12223112

²(+)7β7Pinene 14896

²(7)7β7Pinene 440967

²α7pinene 6654

(+)7Camphene 92221

Hydrocarbon

(7)7Camphene 440966

Geraniol 637566

Alcohol
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Group Compound name PubChem ID Chemical Structure

(7)7Menthol 16666

Menthol 1254

(R)7(+)7α7Terpineol 442501

(S)7(7)7α7Terpineol 443162

²(7)7terpinen747ol 5325830

²(7)7Carveol 330573

(1R)7(7)7myrtenol 10582

(S)cis7verbenol 87839
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Group Compound name PubChem ID Chemical Structure

(+)7Borneol 6552009

(7)7Borneol 1201518

Isoborneol 6321405

Thymol 6989

Linalool 6549

(S)7(7)7Pulegone 638012

(R)7(7)7Carvone 439570

(S)7(7)7Carvone 16724

(±)7Camphor, EP Ref,std (F) 2537

Aldehydes and
Ketones
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Group Compound name PubChem ID Chemical Structure

(1R)7(+)7Camphor 159055

(1S)7(+)7Camphor 444294

(−)7Menthone 26447

Geranyl acetate 1549026

(1R)7(7)7menthyl acetate 220674

²(7)7Bornyl acetate 6448

ısobornyl acetate 637531

Linalyl acetate 8294

Esters

Thymoquinone 10281
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Group Compound name PubChem ID Chemical Structure

trans7anethol 637563

Others

1,87cineole 2758

MATERIALS AND METHODS

Protein Preparation

The 17nACh receptor subunit α4β2 crystal structure, includ7
ing the varenicline drug with PDB ID: 6UR8 was retrieved
in .pdf format from the Protein Data Bank (PDB). The electron
microscopy analysis of the selected structure had a 3.17 Å
resolution. The downloaded protein structure was imported in
UCSF Chimaera software version 1.16 and prepared with the
Dock Prep module of the software. The ligands, solvent (water)
molecules, and heteroatoms of the protein were removed from
the structure, hydrogen atoms and partial charges were added,
and the side chains were replaced using the Dunbrack 2010
rotamer library. Once the preparation was completed, the pre7
pared protein was exported in .pdf format and imported into
the PyRx Virtual Screening Tool for use in molecular docking
studies.

Ligand Preparation

To perform virtual drug screening, a library containing 37
Lavandula stoechas essential compounds was prepared. The
ligands were retrieved from the PubChem database (Table
1). The library was imported into the PyRx software, and the
ligands were prepared by following the energy minimization
module of the PyRx Virtual Screening Tool.

Molecular Docking

Virtual drug screening was conducted on the AutoDock Vina
package loaded in the PyRx Virtual Screening Tool by docking
all ligands to the QMR binding site of the 17nACh receptor
subunit α4β2. During the molecular docking strategy, the file
format of the ligands was converted to .pdt, and the grid box
coordinates were defined as x = 118.33, y = 196.96, z = 188.304.
Grid box dimensions were set to x = 10, y = 10, z = 10. Once the
molecular docking had been completed, the data demonstrat7
ing the binding affinity, rmsd/ ub, and rmsd/lb were exported
in .cs format. The ligands with the highest binding affinity and
modes with 0 values for each rmsd/ub and rmsd/lb parame7
ters were selected, and the receptor7ligand interactions were
analysed using both the Biovia Discovery Studio Visualiser and
PyMol software.

Validation

In order to validate the molecular docking strategy, the
structure of the QMR ligand found in the crystal structure of
the protein had been exported as .pdf format and re7docked by
following ligand preparation and molecular docking protocols.
Furthermore, the known ligand varenicline was also retrieved
from the PubChem Database (PubChem ID: 170361) and docked
to the ligand7binding site using the same strategy.
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Table 2. Molecular docking results of Lavandula essential compounds as well as QMR (re7docking) and Varenicline to 17nACh nicotinic receptor
subunit α4β2.

Docking Results

Compound PubChem ID Docking Score (kcal/mole) Interacting Amino Acids

C1 1254 −6,3 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199

C2 2537 −7,3 TYR 100, TRP 156, TYR 197, TYR 204

C3 2758 −6,7 TRP 57, TRP 156, TYR 197, CYS 199, CYS 200, TYR 204

C4 6448 −7,6 TRP 57, TRP 156, TYR 197, CYS 199

C5 6549 −6,5 LEU 121, TRP 156, TYR 204

C6 6654 −7,6 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C7 6989 −6,1 LEU 121, TRP 156, TYR 197, CYS 199, TYR 204

C8 8294 −6,6 LEU 121, TRP 156

C9 10281 −6,7 TRP 57, LEU 121, TRP 156, CYS 199

C10 10582 −6,7 TRP 57, TYR 100, LEU 121, TRP 156, TYR 197, TYR 204

C11 11463 −6,5 TYR 100, PHE 119, LEU 121, TYR 197, CYS 199, CYS 200, TYR
204

C12 14896 −7,8 TRP 57, TYR 100, LEU 121, TRP 156, TYR 197, TYR 204

C13 16666 −6,3 TRP 57, TYR 100, TRP 156, TYR 197

C14 16724 −6,8 TRP 57, TYR 100, TYR 197, TYR 204

C15 26447 −6,7 TRP 156, TYR 197

C16 87839 −7,9 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C17 92221 −7,1 TRP 57, TYR 100, TRP 156, TYR 197, TYR 204

C18 159055 −7,3 TYR 100, TRP 156, TYR 197, TYR 204

C19 220674 −6,4 ARG 81, LEU 121, TRP 156, THR 157, TYR 197, CYS 199, TYR 204

C20 330573 −6,7 TRP 57, TYR 100, PHE 119, LEU 121, TRP 156, TYR 197, CYS 199,
CYS 200

C21 439570 −6,7 TYR 100, TYR 197, TYR 204

C22 440966 −7 TRP 57, TYR 100, TRP 156, TYR 197

C23 440967 −7,8 TRP 57, TYR 100, LEU 121, TRP 156, TYR 197, TYR 204

C24 442501 −7 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C25 443162 −7 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C26 444294 −7,2 TRP 57, TRP 156, TYR 197, CYS 199

C27 637531 −7,6 TYR 100, TRP 156, TYR 197, TYR 204

C28 637563 −6,1 TRP 57, ASN 109, VAL 111, LEU 121, TRP 156, CYS 199, CYS 200

C29 637566 −6,4 TRP 57, LEU 121, TYR 197, CYS 199, CYS 200

C30 638012 −6,7 TRP 157, TYR 100, TYR 197

C31 1201518 −6,9 TRP 57, LEU 121, TRP 156, TYR 197, CYS 199

C32 1549026 −6,9 TRP 57, TYR 100, LEU 121, TRP 156, TYR 197, CYS 199, TYR 204

C33 5281553 −6,3 TRP 57, TYR 100, PHE 119, LEU 121, TRP 156, CYS 199

C34 5325830 −6,8 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C35 6321405 −7,1 TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

C36 6552009 −7,2 TYR 100, TRP 156, TYR 197, TYR 204

C37 12223112 −7,6 TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, TYR 204

QMR CTRL −9,1 TRP 57, TYR 100, LEU 121, TRP 156, CYS 199

Varenicline 170361 −9,1 TRP 57, PHE 119, LEU 121, TRP 156, TYR 197, CYS 199, TYR 204
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ADME Study and Toxicity Profile

The absorption, distribution, metabolism, and Excretion
(ADME) and toxicity properties of the three ligands with
the highest binding affinities, as well as varenicline, were
analysed using both the OSIRIS Property Explorer tool and
the SwissADME server. The analysis included physico7chemical
properties (formula, molecular weight, molar refractivity, and
topological polar surface area (TPSA)), lipophilicity parameters
(iLOGP, XLOGP3, WLOGP, MLOGP, SILICOS7IT, and Consensus Log
Po/w), solubility properties (Log S, SILICOS7IT solubility in both
mg/ml and mol/l units, and solubility class), drug7likeness
properties (druglikeness and drug7score), pharmacokinetics
parameters gastrointestinal (GI) absorption, blood brain bar7
rier (BBB) permeant, P7gp substrate, CYP1A2 inhibitor, CYP2C19
inhibitor, CYP2C9 inhibitor, CYP2D6 inhibitor, and CYP3A4 in7
hibitor), and toxicity profiles (mutagenicity, tumorigenicity,
irritant effects, and reproductive effects) of related ligands
were revealed with swissADME server and possible toxicity
properties including mutagenicity, tumorigenicity, reproduc7
tive effect, and irritant effect as well as drug likeness and drug
scores have been predicted with OSIRIS property explorer tool.

RESULTS
In this study, the binding affinities of Lavandula essential

compounds to the 17nACh nicotinic receptor subunit α4β2
were investigated using in silico techniques. A total of 37
compounds of Lavandula species were molecularly docked to
the ligand7binding site of the receptor. Data demonstrating
the PubChem IDs, binding affinities of the compounds and
the amino acid residues that interact with them are listed in
Table 2. The results demonstrated that the binding affinities
of the compounds ranged from 6.1 to 7.9 kcal/mole interval. In
particular, compounds C4 (2(7)7Bornyl acetate), C6 (2α7pinene),
C12 (2(+)7β7Pinene), C16 ((S)cis7verbenol), C23 (2(7)7β7Pinene),
C27 (ısobornyl acetate), and C37 ((1S)7(7)α7pinene) exhibited
the highest binding affinities within the created library. As
such, these compounds, along with varenicline, were filtered
for further analysis based on Lipinski’s rule of five and the
ADME properties (Table 3).

Table 3. Filtering of the compounds having higher binding affinity and
Varenicline with Lipinski’s rule of five ADME properties.

Lipinski’s Rule of Five

Compounds <10 H7
bond

acceptors

<5 H7bond
donors

<500 kDa
Mw

<5 ClogP

C4 Yes Yes Yes Yes

C6 Yes Yes Yes No

C12 Yes Yes Yes No

Lipinski’s Rule of Five

Compounds <10 H7
bond

acceptors

<5 H7bond
donors

<500 kDa
Mw

<5 ClogP

C16 Yes Yes Yes Yes

C23 Yes Yes Yes No

C27 Yes Yes Yes Yes

C37 Yes Yes Yes No

Varenicline Yes Yes Yes Yes

In addition, varenicline and its derivative QMR, which is
found within the crystal structure of the protein, were docked
to the ligand7binding region by repeating the molecular dock7
ing strategy. Both ligands exhibited a binding affinity of −9.1
kcal/mol to the protein. The re7docking of the QMR and the
interactions between the ligands and the protein are demon7
strated in Figure 1. While the re7docking result demonstrated
the sufficiency of the developed docking strategy, it was re7
vealed that both QMR may interact with TRP 57, TYR 100, LEU
121, TRP 156, and CYS 199 amino acids via carbon7hydrogen
bond, pi7sigma, pi7sulfur, pi7pi T shaped, alkyl, and pi7alkyl in7
teractions. Similarly, varenicline may interact with TRP 57, PHE
119, LEU 121, TRP 156, TYR 197, CYS 199, and TYR 204 amino acids
via conventional hydrogen bond, pi7pi T7shaped, alkyl, and pi7
alkyl interactions. In addition, the RMDS value demonstrating
the sufficiency of the docking study through the analysis of
the conformational convenience of the re7docked ligand with
the compound in the crystal structure has been analysed with
the DockRMSD online server. According to the computation of
the server RMSD value between the QMR compounds in both
the re7docked form and the crystal structure was defined as
0.880. Considering the binding affinities, RMSD value, which is
less than 2.0, and the similarities between interacting amino
acids and interaction types, the sufficiency of the study has
been evaluated as sufficiently qualified for further studies.
Furthermore, it was revealed that TRP 57, LEU 121, TRP 156, and
CYS 199 are common amino acids with significant roles in the
interaction with chemical compounds.

Among the Lavandula essential compounds, it was discov7
ered from molecular docking and Lipinski’s rule of five filtering
that C4 (2α7pinene; Hydrocarbon), C16 ((S)cis7verbenol, alco7
hol), and C27(ısobornyl acetate, ester) are the most promising
candidates, as they have binding affinities of 7.6, 7.9, and 7.6
kcal/mol, respectively, without any Lipinski violation. The in7
teractions between these compounds and the related protein
were visualized, demonstrating that C4 may interact with TRP
57, TRP 156, TYR 197, and CYS 199 amino acids; C16 may interact
with TRP 57, TYR 100, TRP 156, TYR 197, CYS 199, and TYR 204
amino acids; and C27 may interact with TYR 100, TRP 156, TYR
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197, and TYR 204 amino acids through conventional hydrogen
bonds, pi7sigma, alkyl, and pi7alkyl interactions (Figure 2).
Considering these results, it was demonstrated that these
compounds have significant binding affinities to the ligand7
binding site of the 17nACh nicotinic receptor subunit α4β2,
interacting with common amino acids that play a role in bind7
ing with chemical compounds. Commonly TRP 57, TYR 100, TRP
156, TYR 197, and CYS 199 amino acids of the protein have been
recognized by most of the docked ligands. In addition, these
amino acids and those in the same location are primarily
recognized by known inhibitors of the protein. As such, the
essential amino acids that might be recognized to achieve
inhibitory activity were revealed with this in silico study.

Furthermore, the ADME and toxicity properties of the three
selected ligands and varenicline were predicted using in sil7
ico techniques (Table 4). The results demonstrated that the
lipophilicity and solubility properties of the selected ligands

were much more potent than those of varenicline. Although
varenicline has the highest score among these compounds
and shows no toxicity, the drug7likeness properties of the
selected ligands suggest that they might only have an irritant
effect, yet they are still assessed as possessing ideal drug
characteristics with proper ADME features. In addition, while
C4 and C27 have only a CYP2C9 inhibitory effect, C16 has no
CYP isoform inhibitory activity and varenicline has a CYP2D6
inhibitory activity. Considering these results, it was evaluated
that the selected ligands are promising candidates for target7
ing the 17nACh nicotinic receptor subunit α4β2 ligand binding
region comparable to varenicline, as they have strong binding
affinities, may recognize common interacting amino acids, and
possess sufficient ADME and toxicity profiles. As such, these
compounds that are isolated from Lavandula species could
be repurposed for use in smoking cessation treatment.

Figure 1. Validation results including poses of re7docked QMR and QMR in crystal structure of the protein; A) 3D demonstration of superimposition
of re7docked QMR to protein icluding the inhibitor, B) 3D and 2D demonstrations of re7docked QMR interactions with the protein, and C) 3D and
2D demonstrations of varenicline interactions with the protein.
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DISCUSSION
Lavandula, commonly known as lavender, is renowned

for its captivating fragrance and a plethora of therapeutic
benefits, largely attributed to its rich and complex compo7
sition of essential oils. Among the variety of compounds
that contribute to its unique aromatic profile and medicinal
properties, several stand out for their significant roles (Guo
& Wang, 2020). Lavandula spp. and its essential oils have
been shown to produce antispasmodic, vasodilator, antiviral,
anti7inflammatory, antioxidant, antiallergic, antifungal and
anticancer effects (Boukhatem et al., 2020; Lis7Balchin & Hart,
1999; Zuzarte et al., 2013). Among them, L. stoechas is tradi7
tionally used for headaches, L. latifolia as an abortifacient and
L. angustifolia as a diuretic. However, the underlying mecha7
nisms of the activities attributed to lavender oils have not
yet been proven by extensive scientific studies (Cavanagh &
Wilkinson, 2002).

In this study, the effects of the ingredients of Lavandula
were compared with those of varenicline, a pharmacological
agent used for smoking cessation therapy via alpha 4 beta
2 receptors. Varenicline has been associated with various
side effects, particularly neuropsychiatric symptoms. These
include symptoms commonly associated with quitting smok7
ing and nicotine withdrawal, such as irritability, depression,
and anxiety (McClure et al., 2009). Early reports suggested
that varenicline might have psychiatric side7effects, including
suicidal thoughts or psychosis (Smith et al., 2016). Additionally,
varenicline has been linked to varenicline7induced psychotic
depressive episodes in patients with bipolar disorder (An7
nagur & Bez, 2012). Varenicline is more effective at helping
people to quit smoking than bupropion, or a single form of
nicotine replacement therapy (NRT) and may be as or more
effective than dual7form NRT. However, people taking vareni7
cline are probably more likely to experience adverse events
than those not taking it (Cahill et al., 2016), which suggests

Figure 2. 3D and 2D demonstration of interaction types of selected Lavandula essential compounds with the protein’s interacting amino acids;
A) C4 (PubChem ID: 6448), B) C16 (PubChem ID: 87839), and C) C27 (PubChem ID: 637537).
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Table 4. ADME and Toxicity properties of selected Lavandula essential compounds and known α4β2 subunit inhibitor varenicline

ADME and Toxicity Properties

Properties Selected Compounds Inhibitor

Ligand Name C4 C16 C27 Varenicline

Formula C12H20O2 C10H16O C12H20O2 C13H13N3

Molecular Weight
(g/mol)

196.29 152.23 196.29 211.26

Molar Refractivity 56.33 46.38 56.33 66.88

Physico7chemical
properties

TPSA (topological
polar surface area)

26.30 Å² 20.23 Å² 26.30 Å² 37.81 Å²

Log Po/w (iLOGP) 2.50 2.26 2.50 2.01

Log Po/w (XLOGP3) 4.30 3.16 4.30 0.79

Log Po/w (WLOGP) 2.76 1.97 2.76 1.42

Log Po/w (MLOGP) 2.76 2.30 2.76 1.45

Log Po/w (SILICOS-IT) 2.66 1.86 2.66 2.43

Lipophilicity

Consensus Log Po/w 3.00 2.31 3.00 1.62

Log S (SILICOS-IT) −2.58 −1.44 −2.58 −4.31

SILICOS-IT Solubility
(mg/ml)

2.20e701 5.57e700 5.20e701 1.04e702

SILICOS-IT Solubility
(mol/l)

2.65e703 3.665e702 2.65e703 4.94e705

Solubility

Solubility Class Soluble Soluble Soluble Moderately Soluble

Druglikeness −3.69 −1.42 −3.69 0.86Druglikeness

Drug-score 0.28 0.34 0.28 0.79

GI absorption High High High High

BBB permeant Yes Yes Yes Yes

P-gp substrate No No No Yes

CYP1A2 inhibitor No No No No

CYP2C19 inhibitor No No No No

CYP2C9 inhibitor Yes No Yes No

CYP2D6 inhibitor No No No Yes

Pharmacokinetics

CYP3A4 inhibitor No No No No

Mutagenicity No No No No

Tumorigenicity No No No No

Irritant Effects Yes Yes Yes No

Toxicity

Reproductive Effects No No No No

the need for alternative treatments, especially for people
with intolerance. The in silico results of this study highlight
the potential use of L. stoechas and its active compounds,
providing insight beyond the traditional use of this plant
(Kirmizibekmez et al., 2009). The molecular docking results of
the study indicate that 2α7pinene (C4; Hydrocarbon), (S)cis7
verbenol (C16, alcohol), and isobornyl acetate (C27, ester) are
the most promising compounds of L. stoechas.

Bornyl acetate is a significant compound found in various
plant extracts and essential oils (Wang et al., 2018). Struc7
turally, isobornyl acetate is an ester derived from isoborneol,

characterized by its pleasant woody and pine7like aroma,
making it commonly used in fragrances and flavors. From a
therapeutic standpoint, isobornyl acetate exhibits autonomic
relaxation and antimicrobial properties. It also regulates
myeloperoxidase activity, which correlates with the inhibition
of lung inflammatory responses (Chen et al., 2014). The
presence of an acetate group may enhance its lipid solubil7
ity, facilitating better interaction with lipid membranes and
thereby increasing its bioavailability and efficacy in biological
systems. Bornyl acetate is identified as a major constituent
of L. stoechas, which exhibits various bioactivities, including
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antimicrobial, antioxidant, and potential antiviral properties.
Studies emphasized that the essential oil’s chemical compo7
sition, highlighting bornyl acetate’s role in contributing to
these effects. Specifically, the essential oils from L. stoechas,
characterized by the presence of bornyl acetate among other
compounds, have been studied for their efficacy against bac7
terial and fungal pathogens, showing significant inhibitory
activity (Benali et al., 2023). Moreover, the antioxidant capacity
of these oils, presumably influenced by bornyl acetate and
other components, suggests a protective role against oxida7
tive stress (Kim et al., 2013; Kusumoto et al., 2014; Matsubara et
al., 2011; Yang et al., 2014).Additionally, this compound inhibits
inflammatory responses in the lungs via the modulation of
myeloperoxidase activity ( Chen et al., 2014). This study indi7
cates that bornyl acetate may also play a crucial role in the
smoking cessation effects of L. stoechas via alpha 4 beta 2
receptors. Along with its antioxidant and anti7inflammatory
properties in the lungs, the compound may have promising
effects on smoking7induced damage in the lungs in addition
to its possible effects on smoking cessation.

α7Pinene has shown potential effects in prolonging throm7
bin time and preventing platelet aggregation, pointing out its
potential for prevention of thrombosis and cardiovascular 
events. The hydrophobic nature of α7pinene enhances its
ability to interact with cell membranes, potentially affecting
membrane7bound enzymes and receptors. α7Pinene offers
protection against H2O27induced oxidative stress in neural
cells. By reducing the production of inflammatory mediators
such as IL76 and TNF7α, α7pinene has demonstrated significant
anti7inflammatory and analgesic effects (Salehi et al., 2019).
Its structure, with two fused rings and a double bond, may
contribute to its stability and reactivity, enhancing its biolog7
ical activity. This study indicates that α7Pinene component of
L. stoechas may also interact with alpha 4 beta 2 receptors.
Together with its antioxidant and anti7inflammatory proper7
ties, the compound may have promising effects on smoking7
induced cardiovascular effects with its possible effects on
smoking cessation.

(S)7cis7verbenol compound of L. stoechas (Iscan &
Oraloglu, 2019), derived from (7)7alpha7pinene in pine trees,
demonstrates significant anti7ischemic and anti7inflamma7
tory activities. It protects against cerebral ischemic injury
by reducing neuronal cell death in oxygen7glucose depriva7
tion models by reducing intracellular reactive oxygen species
(ROS) levels and potently eliminates peroxyl radicals, indicat7
ing a strong antioxidant action. Additionally, it decreases the
expression of pro7inflammatory cytokines in ischemic brain
and immune7stimulated glial cells, highlighting its potential
as a therapeutic agent due to its anti7oxidative and anti7

inflammatory properties (Choi et al., 2010). The hydroxyl group
in its structure enhances its polarity and solubility in water,
which may improve its interaction with polar biomolecules
and cellular components. Although its therapeutic properties
have not been extensively studied in the past few years, the
molecular docking analysis of this study indicates that the
verbenol compound is one of the most promising components
of L. stoechas without any possible pharmacokinetic interac7
tions and might contribute to the smoking cessation effects of
this plant. The unique chemical structures and physicochem7
ical properties of 2α7pinene, (S)7cis7verbenol, and isobornyl
acetate contribute to their outstanding performance in mol7
ecular docking studies. These properties may enhance their
bioavailability, stability, and efficacy, leading to better inhibi7
tion of targeted pathways and providing therapeutic benefits,
particularly in the context of smoking cessation and related
health issues.

In addition, a previously published study by Mohamed and
his colleagues investigating the binding profiles of essential
compounds of Lupinus subcarnosus as well as varenicline to
alpha 4 beta 2 receptors have demonstrated that essential
compounds may interact with TRP 156, THR 157, TYR 197, CYS
199, CYS 200 amino acids of the protein (Mohamed et al.,
2022). In particular, that same amino acids have been recog7
nized with both varenicline and the selected compounds of
Lavandula stoechas demonstrate the sufficiency of the devel7
oped in silico strategy of the study. Furthermore, comparing
the published data, the binding affinities of the discovered
compounds in this study are quite enough to recognize alpha
4 beta 2 receptor.

CONCLUSION
In conclusion, this study underscores the significant po7

tential of Lavandula stoechas and its key compounds—2α7
pinene, (S)7cis7verbenol, and isobornyl acetate—in offering
alternative therapeutic approaches for smoking cessation. By
comparing the effects of these compounds with the pharma7
cological agent varenicline, known for its adverse neuropsy7
chiatric effects, our research highlights a promising, natural
avenue for addressing the challenges associated with smok7
ing and nicotine withdrawal. Molecular docking results reveal
that these compounds not only exhibit promising interactions
with alpha 4 beta 2 receptors but also bring forth their intrinsic
antioxidant, anti7inflammatory, and antimicrobial properties.
These findings extend beyond the traditional applications of
L. stoechas, proposing its compounds as potential multi7func7
tional agents for smoking cessation therapies. Such natural
alternatives could mitigate the side effects associated with
current pharmacological treatments, offering a safer and po7
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tentially more effective solution. Future studies should focus
on clinical trials to fully elucidate the efficacy and safety
of these compounds, paving the way for novel, plant7based
interventions in addiction medicine.
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