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INTRODUCTION

Epilepsy is one of the most common disorders of the central nervous system (CNS); it is characterized by spontaneous seizures and affects 
about 1% of the world’s population. Epilepsy cannot be cured, but seizures can be effectively controlled in about 70% of cases with 
medication alone. However, low availability, and side effects of antiepileptic drugs and drug-resistant epilepsy negatively affect the quality 
of life of patients in countries with weak health systems.1,2 Diazepam and phenytoin, like other drugs used to treat this condition, have long 
been considered anticonvulsants. Since the 1960s, benzodiazepines have continued to play an important role in the control of epilepsy and 
are among the first-line drugs in convulsive states. The main clinical advantages of diazepam are its high efficacy, rapid onset of action, 
and low toxicity. Diazepam is a GABA receptor agonist (about 20-50% of all synapses use GABA as a neurotransmitter), which increases 
the inhibitory state of the brain and suppresses seizures.3 GABA via GABAA receptors has an inhibitory effect on synaptic communication 
in the CNS. Phenytoin is commonly recognized as a broad-spectrum sodium-channel blocker and affects nearly all voltage-gated sodium 
channels. Its anticonvulsant effect is mainly achieved by disrupting the positive feedback mechanism responsible for the spread of rapid, 
repetitive neuronal action potentials, thereby reducing seizure activity and selectively blocks high-frequency neuronal activity through the 
voltage-dependent blockade of membrane sodium channels.4,5 In addition, phenytoin has been shown to that phenytoin inhibits calcium 
influx into presynaptic terminals, suggesting a mechanism for its membrane stabilizing properties.6

Species of the genus Lavadula are widely recognized as important medicinal and aromatic plants and have considerable economic 
significance for the pharmaceutical sector. Lavender essential oil has been used as a therapeutic agent in traditional medicine for 
centuries because of its sedative and antidepressant properties. Lavender essential oil contains monoterpenes (linalool, terpinen-4-
ol, α-terpineol, camphor, 1,8-cineol, and borneol).7,8 Lavender oil has been suggested to be anticonvulsant, antianxiety, analgesic.9,10 
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Research has indicated that certain brain regions are more prone 
to triggering and developing seizure activity compared to other 
areas, the most important and best-known areas are the temporal 
lobe and hippocampus.11 The hippocampus is the primary tissue 
in which epileptic attacks occur, and hippocampal sclerosis is 
the most common tissue damage observed in the temporal lobe.12 
One method of studying epilepsy is to create animal models using 
kindling. The kindling model is a well-known method for studying 
the mechanisms of epilepsy and investigating new anticonvulsant 
drugs. Pentylenetetrazol (PTZ)-induced kindling is one of the 
animal models used to study epilepsy.13,14 Epilepsy is characterized 
by recurrent seizures that are frequently accompanied by 
cognitive impairments and psychosocial complications, although 
the underlying mechanisms have not yet been fully clarified. 
Stimulation with PTZ has been reported to markedly influence 
the hippocampus, a brain region that plays a central role in the 
formation of new declarative memories.15 Evidence also suggests 
that oxidative stress contributes substantially to both the onset and 
progression of epileptic seizures. The results of several studies 
indicate that, under certain procedural conditions, temporary 
or permanent lesions of the hippocampus affect object memory 
processes as measured by the spontaneous object recognition task. 
Oxidative stress has been shown to play a significant role in the 
initiation and progression of epileptic seizures.16 Malondialdehyde 
(MDA), a final product of the peroxidation of polyunsaturated fatty 
acids, is recognized as a major metabolite of arachidonic acid and 
a reliable marker of oxidative stress. Therefore, measuring MDA 
concentrations in biological systems is widely considered a useful 
approach for assessing lipid peroxidation under both in vitro and 
in vivo conditions associated with different pathological states.17,18

Plants represent an important reservoir of undiscovered 
compounds for early drug discovery. Many plant extracts and 
chemical compounds from around the world have demonstrated 
anticonvulsant properties in experimental animal models exhibiting 
the phenotypic characteristics of epilepsy. In addition, cognitive-
enhancing, neuroprotective, and anti-inflammatory activities of 
many plant extracts and compounds may help in the treatment of 
epilepsy. Several studies have been conducted to investigate the 
effects of different types of lavender on neurodegenerative diseases. 
For example, it has been shown that in Alzheimer’s disease, 
treatment with lavender extract improves spatial learning deficits.19 

It has also been shown in a PTZ-induced epilepsy model that in brain 
tissue homogenates, lavender treatment can modulate inflammatory 
factors such as MDA, nitric oxide, and superoxide dismutase.20 

Studies have also shown that the species lavender dentata can 
reduce pro-oxidant markers in hippocampal homogenates from a 
pilocarpine-induced kindling model. This study also showed that 
levels of inflammatory markers were reduced. Also, the extract of 
this plant can reduce the level of brain excitability by membrane 
repolarization.21,22 However, due to limitations in research on the 
extract and essential oils of this plant, further studies are needed 
to draw conclusions about its effectiveness in treating epilepsy. In 
this study, we therefore used the PTZ kindling model of epilepsy 

in mice to assess the antiepileptic effects of lavender extract and 
to compare its activity with diazepam and phenytoin. In addition, 
cognitive, antioxidant, histological, behavioral, and computer 
modeling studies were simultaneously conducted, which allowed 
for more comprehensive information on the effectiveness of the 
extract in an animal model of epilepsy. 

METHODS

Chemical Substances

PTZ (Sigma Chemical Co., United States) was used in this study. 
In this experiment, mice were intraperitoneally (i.p.) injected with 
PTZ dissolved in 0.9% normal saline. Phenytoin (Atipharmed 
Pharmaceuticals Co., Iran). was freshly dissolved in distilled water 
using dilute NaOH (final pH of the solution was approximately 
11) and administered orally via gavage in a volume of 0.5 mL23 
and diazepam (Atipharmed Pharmaceuticals Co., Iran) dissolved 
in distilled water and administered orally via gavage in a volume 
of 0.5 mL.24

Preparation of the Aqueous Extract 

In this experiment, an aqueous extract was prepared from lavender 
using the soaking method. 2 g of lavender powder was mixed 
with 50 mL of water, and the mixture was heated at 35 °C using 
a magnetic stirrer for 30 minutes. The mixture was then subjected 
to an ultrasonic bath for 30 min. One of the main advantages of 
ultrasonication is that it disrupts plant cell walls, facilitating the 
release of intracellular compounds and metabolites from lavender. 
After sonication, the extract was evaporated to separate the solvent 
from other components. For evaporation, sample was then dried in 
an oven (UF30; MEMMERT Co.) at 35 °C to prevent degradation 
of secondary metabolites.25

Experimental Animals

Swiss male albino mice (26-32 g) were obtained from Tabriz 
University and acclimatized in animal housing. They were kept 
under controlled conditions: temperature 23±2 °C, relative 
humidity 51±10%, and a 12:12 h light/dark cycle. Animals had free 
access to standard rodent chow and water.

Evaluation of Behavior-induced Induced Epileptic Animals

PTZ (45 mg/kg, i.p.) was injected 45 min after gavage, at a 
subconvulsive dose every 48 h, to induce seizures in the mice. This 
procedure was repeated 15 times at 48 h intervals. Animals were 
placed in a glass box to monitor their behavior after gavage with the 
extract and injection of the drug; their activity was recorded using a 
camera. Seizure behavior was observed for 30 min after each PTZ 
injection. The intensity of seizure responses was scored according 
to the chemical kindling scale: phase 0 (no response), phase 1 
(myoclonic jerk), phase 2 (straub tail), phase 3 (clonic jerkwithout 
loss of righting reflex), phase 4 (clonic seizure with loss of righting 
reflex) phase 5 (tonic seizure) and phase 6 (death).26,27

Kindling is considered to occur when an animal reaches Stage 4 
or Stage 5 for 3 consecutive days after PTZ administration. The 
experimental groups were as follows: Group 1: normal control 
(vehicle only); Group 2: kindling group (PTZ 45 mg/kg; i.p.); 

MAIN POINTS

•	 Lavender extract shows efficasy in pentylenetetrazol-induced seizures.
•	 Lavender antiepileptic effects were demonstrated in histological studies, 

antioxidants assessment and behavioral studying.
•	 In silico studies were also used to confirm the in vivo findings.
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Groups 3-5: treatment groups receiving different doses of lavender 
extracts. Group 3 received PTZ+LAV 200 (45 mg/kg PTZ+200 
mg/kg lavender extract). Group 4 received PTZ+LAV 400 (45 mg/
kg PTZ+400 mg/kg lavender extract). Group 5 received PTZ+LAV 
800 (45 mg/kg PTZ+800 mg/kg lavender extract). Each doses of 
lavender extract was dissolved in distilled water and administered 
orally (0.5 mL) 30 min before PTZ injection.22 

Phenytoin and Diazepam

Phenytoin and diazepam were used at doses of 40 mg/kg and 2 mg/
kg, respectively.27,28

Histopathological Examination

The brains of the dissected mice were fixed in 10% formalin 
and embedded in paraffin. Formaldehyde infiltration into tissues 
depends on factors such as tissue type, fixation time, tissue-to-
fixative volume ratio, and temperature. In this study, mice were 
first anesthetized, and their brains were removed within a golden 
period of 2 min. The tissues were then fixed at room temperature in 
formalin with a fixative-to-tissue ratio of 5:1 for 3 days. Laboratory 
experience has shown us that, because the softness and thickness of 
mouse brain tissue differ from those of rats, obtaining good-quality 
slices from mouse brains does not require transcardial perfusion 
fixation, unlike rat brains. Coronal 6µm thick sections were cut 
at the hippocampal level using a microtome and fixed on standard 
glass slides (75×25×1 mm).29 Each section was deparaffinized 
in xylene, rehydrated through graded ethanol, and stained with 
hematoxylin and eosin (H&E). The slides were then stained and 
examined under a light microscope for histological examination.30,31

On the other hand, in the H&E-stained coronal sections of the CA3 
across the different lavender extract and drug groups, pyramidal 
neurons were similar to those in the control group, and no obvious 
pathological changes were observed.

Novel Object Recognition Test

The novel object recognition test (NORT) is a behavioral test 
currently used to assess learning and memory in rodents. NORT 
is conducted over 4 days: one day for habituation, two days for 
training, and a final day for testing. The stages of NORT are shown 
in Figure 1. On the first day, each mouse was placed in a box with 
a length of 65 cm, a width of 45 cm, and a height of 45 cm for 5 
min. During training, 24 h later, two identical objects (matched for 
color, shape, and texture) were placed in different corners of the 
box, each at a distance of 10 cm from the wall. On the third day, 
the same procedure was repeated. Animals were allowed to explore 

similar objects. On the test day, one of the familiar objects was 
replaced by a new object. The time spent exploring the familiar 
and novel objects was recorded. The difference in exploration 
time was considered an index of recognition memory. The test was 
performed every 48 h after PTZ administration and after extract 
and drug pretreatments.32

Assessment of Antioxidant Index 

Brain tissues from the experimental groups were rapidly removed 
after anesthesia of mice with ketamine and xylazine at doses of 
100 mg/kg and 10 mg/kg, respectively,33 frozen at -24 °C, and 
were homogenized in phosphate buffer (pH 7.4). Samples were 
then centrifuged at 10,000 rpm for 10 min, and the supernatant 
was collected. For derivatization of the MDA-thiobarbituric acid 
(TBA) complex, 50 µL of each supernatant was transferred to 
a 2 mL plastic tube, to which 50 microliters of 0.05% butylated 
hydroxytoluene solution, 100 microliters of 0.44 M phosphoric 
acid solution, and 100 microliters of 42 mM TBA solution were 
added, and the mixture was vortexed for 5 min. Samples were 
placed in a 100 °C water bath for one hour and then transferred 
to an ice bath for 5 min. After cooling the samples for MDA-
TBA derivatization, 25 microliters of butanol were added to each 
sample. After 5 min, the samples were centrifuged at 10,000 rpm 
for 10 min to obtain a biphasic system. Finally, 200 µL of the 
supernatant solution containing MDA-TBA was collected, and 
fluorescence was measured at an excitation wavelength of 532 nm 
using a spectrophotometer.34

Molecular Docking

Molecular docking simulations were performed to identify target 
proteins and their ligands for epilepsy. The selected targets for 
this study were GABA and voltage-dependent sodium channel 
(VDSC). To perform molecular docking, we first prepared our 
files for the docking process; our ligands’ chemical-induced 
dimerization identifiers are 6549, 11230, 3016, and 1775 for 
linalool, terpineol, diazepam, and phenytoin, respectively. For 
protein preparation, we retrieved our protein data bank (PDB) files 
from research collaboratory for structural bioinformatics PDB 
database. PDB ID of our proteins are: 8S9C, 6X3X respectively 
named after VDSC and GABAA. After obtaining the required files, 
several modifications were performed: the ligand file formats were 
converted from structure data format to PDB format using Open 
Babel software. Subsequently, molecular docking was performed 
using PyRx software. Among the results achieved, the most suitable 
ones were chosen for further investigation. To achieve ligand-
receptor interaction plot we used Discovery Studio software.35,36

Statistical Analysis

In this study, data are presented as mean ± standard deviations. 
Statistical analyses were performed using SPSS software. 
Comparisons between experimental groups were conducted using 
the Kruskal-Wallis test, followed by Dunn’s post-hoc test to 
compare the maximum seizure stage among groups. To compare 
seizure onset latency and seizure duration, a one-way analysis 
of variance was performed, followed by Tukey’s post-hoc test 
for multiple comparisons between groups. A p-value <0.05 was 
considered statistically significant. 

Figure 1. Schematic representation of NOR
NOR: Novel object recognition
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Ethics Committee Approval

The study was approved by the Azarbaijan Shahid Madani 
University Research Ethics Committee (approval no: 
IR.AZARUNIV.REC.1404.013, date: 02.06.2025).

RESULTS

Effect of Different Doses of Lavender Extract on Seizure 
Onset Latency

Figure 2 compares seizure onset latency among the treatment 
groups (different doses of lavender extract), the drug-treated groups 
(diazepam and phenytoin), and the kindled group. Data are presented 
as mean ± standard deviation and a p-value <0.05 was considered 
statistically significant. Different doses of lavender extract, as well 
as diazepam and phenytoin, significantly increased latency to seizure 
onset compared with the kindled group (as shown in the graph). 
Statistical analysis demonstrated that the treatment and drug-treated 
groups differed significantly from the kindled group.

The Effect of Different Doses of Lavender Extract on the 
Duration of Seizure

Figure 3 compares seizure duration between the treatment groups, 
drug treated groups, and the kindled group. Data are presented as 
mean ± standard deviation and a p-value <0.05 was considered 
statistically significant. As shown in the graph, pretreatment 
with different doses of lavender extract reduced seizure duration 
compared with that in the kindled group. However, the reduction 
in seizure duration was not statistically significant compared 
with the kindled group. In contrast, pretreatment with diazepam 
and phenytoin significantly reduced seizure duration. Statistical 
analysis showed significant difference between the diazepam and 
phenytoin treated groups and the kindle group.

Effect of Different Doses of Lavender Extracts on the 
Progression of Seizure Stages 

Figure 4 shows the progression of seizure stages over 15 days in 
groups treated with different doses of lavender extract and in drug-
treated groups, compared with the kindled (PTZ) group. Data is 
presented as mean ± standard deviation and a p-value <0.05 was 
considered statistically significant. As shown in the graph, lavender 
extracts had an inhibitory effect on seizure progression compared 
with that in the kindled group. All doses of lavender extract kept 
seizure stages below Stage 5. Statistical analysis revealed a significant 
difference in seizure stage progression in the lavender extract-treated 
and drug-treated groups, compared with the kindled group.

Effect of Different Doses of Lavender Extract on the 
Discrimination Ratio

The novelty object recognition test, as shown in Figure 5, 
demonstrated that the discrimination index (DI) was significantly 
decreased in the kindled group compared with the control group. 
The discrimination ratio represents the proportion of time an 
animal spends exploring the novel object (T new) relative to 
the familiar object (Told), calculated with respect to the total 
exploration time (T total; Eq. 1). Findings from lesion-based and 
neurophysiological studies using the NORT paradigm indicate 
that the DI mainly reflects memory performance and sensitivity. 

Figure 2. Pretreatment with diazepam, phenytoin and different dose of lavender 
extract compare to PTZ group significantly increased latency of seizure onset 
*: p-value ≤0.05, **: p-value ≤0.01
PTZ: Pentylenetetrazol

Figure 3. Pretreatment with diazepam and phenytoin significantly decreased 
seizure duration. Different dose of lavender extract in compare to PTZ group 
didn’t decreased significantly. *: p-value ≤0.05, **: p-value ≤0.01
PTZ: Pentylenetetrazol

Figure 4. Pretreatment with diazepam and phenytoin and different doses of 
lavender extract significantly decreased seizure stages in compare to PTZ 
group. *: p-value ≤0.05, **: p-value ≤0.01 and ***: p-value ≤0.001
PTZ: Pentylenetetrazol 

Figure 5. Pretreatment with different dose of lavender extract and diazepam and 
phenytoin improved of memory. In PTZ group memory decrease significantly 
in comparison to control group. Administration of diazepam, phenytoin and 
different doses of lavender extract improve memory significantly in comparison 
to kindle group. *: p-value ≤0.05, **: p-value ≤0.01 and ***: p-value ≤0.001
PTZ: Pentylenetetrazol 
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Pretreatment of animals with different doses of lavender extract 
predominantly increased the DI, an effect comparable to that of 
diazepam and phenytoin. Data is presented as mean ± standard 
deviation. 

Equation 1: DI = T (new) – T (old) / T (total)

Fluorescence was measured using a spectrophotometer at an 
excitation wavelength of 532 nm. Data are presented as mean ± 
standard deviation.

Effect of Different Doses of Lavender Extract on the MDA 
Levels

As shown in Figure 6, MDA levels in hippocampal tissue, measured as 
an index of oxidative stress, were significantly increased in the kindled 
group compared with the control group. Absorbance measurements 
showed that the highest MDA levels were observed in the kindled 
group. Pretreatment with 200 mg/kg of lavender did not significantly 
change the MDA level. In contrast, pretreatment with dose 400 mg/
kg decreased MDA levels, while 800 mg/kg produced a reduction 
comparable to the effects of diazepam and phenytoin. Fluorescence 
was measured using a spectrophotometer at an excitation wavelength 
of 532 nm. Data is presented as mean ± standard deviation.

Effect of Different Doses of Lavender Extract on the CA3 
Region of the Hippocampus

Figure 7 shows the H&E staining of hippocampal tissue. Figure 7-A 
shows the general structure of hippocampal tissue in the control group. 
The coronal sections of the CA3 region of the hippocampus from the 
control group showed regular cellular architecture. The pyramidal cell 
layer(P)contained neurons that were uniform in size and distribution. 
Each neuron had a round, central nucleus with a prominent nucleolus 
(Figure 7-B). In contrast, H&E-stained sections of the CA3 region 
of the hippocampus in the kindled group did not show uniformity 
in neuronal size or distribution. The kindled group exhibited 
hyperchromatic nuclei and vacuolated cytoplasm (Figure 7-B). 
Pretreatment with diazepam and phenytoin (Figure 7-C), as well as 
with different doses of lavender extract (Figure 7-D), reduced neuronal 
degeneration in the hippocampus. Dark-stained neurons with severe 
degeneration are indicated by a thin arrow, whereas normal neurons 
are indicated by a thick arrow. Scale bar: 500 µm. 

Molecular Docking Studies of Linalool, Terpineol, Phenytoin 
and Diazepam with GABAA Receptor and VDSC Channels

In silico study of linalool showed this compound has high affinity 
for GABAA receptors and sodium channels. Recent studies have 
demonstrated that several monoterpenoids, including the acyclic 
compound linalool, potentiate GABAergic currents through an 
allosteric mechanism in vitro, particularly after overexpression 
of inhibitory α1β2 GABAA receptors in different expression 
systems. In GABAA receptor: diazepam makes interactions with 
amino acids: tyrosine D: 160, glutamine D: 205, serine D: 204 and 
phenylalanine E: 77, tyrosine E: 58, histidine D: 102, phenylalanine 
D: 100. They also interact with these amino acids, exhibiting 
different interaction energies (ΔG). ΔG values for the compounds 
diazepam, phenytoin, linalool, and terpineol are -10.3 kJ, -7.7 kJ, 
-6.6 kJ, and -7.3 kJ, respectively.

In VDSC channels, diazepam interacts with the amino acids 
phenylalanine A: 1748, isoleucine A: 1744, tyrosine A: 1404, 
and alanine A: 1403. However, in this case, linalool binds to 
phenylalanine A: 1748, phenylalanine A: 1452, and other residues. 
But terpineol does not bind to the same amino acids as linalool 
and diazepam. The ΔG values for these compounds, diazepam, 
phenytoin, linalool, and terpineol, are -9.1 kJ, -8.6 kJ, -7.4 kJ, and 
-5.4 kJ, respectively.

Figure 6. Administration of diazepam, phenytoin and different doses of 
lavender extract reduced MDA compared to the PTZ group. Administration 
of diazepam, phenytoin and different doses of lavender extract significantly, 
improved memory compared to the PTZ group. *: p-value ≤0.05, **: p-value 
≤0.01 and ***: p-value ≤0.001
PTZ: Pentylenetetrazol, MDA: Malondialdehyde

Figure 7. H&E staining of coronal sections of the hippocampal region in the 
PTZ kindling model. Figure of 7-A shows general shape of hippocampus in 
control group. 7-B: CA3 region of control and PTZ (×40). 7-C: CA3 region 
of diazepam and phenytoin group (×10) and 7-D: CA3 region of dose of 200 
and 400 mg/kg of lavender extract (×10) and dose of 800 mg/kg 800 (40). 
Photomicrographs showing changes in staining of damaged neurons (dark-
stained neurons with severe degeneration indicated by a thin arrow as compared 
to normal neurons indicated by a thick arrow. Scale bar: 500 µm
PTZ: Pentylenetetrazol, H&E: Hematoxylin and eosin
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These compounds, linalool and terpineol, have shown acceptable 
binding affinity to GABAA receptors at the same binding site and with 
similar interacting amino acids as a diazepam and phenytoin. On the 
other hand, regarding VDSC, only linalool showed a binding pattern 
similar to that of phenytoin and diazepam, although with lower 
binding affinity. According to these results, with some modifications, 
linalool and terpineol may become suitable candidates as alternatives 
to diazepam and phenytoin. However, further investigation is required 
to fully evaluate their potential. The molecular docking results are 
shown in Figure 8. The binding affinities and ADME properties of 
compounds with target proteins are shown in Table 1. 

DISCUSSION

Different doses of lavender extract showed anti-seizure effects 
in PTZ-induced epilepsy. Administration of lavender extract 
30 minutes prior to intraperitoneal injection of PTZ may allow 
its metabolites to reach the brain via the bloodstream, thereby 
reducing neuronal excitability. Consequently, the ability of PTZ 
to interact with the picrotoxin-binding site on GABA receptors is 
likely diminished; this reduction may contribute to the observed 
anticonvulsant effects. 

Given that linalool and terpineol are the most abundant metabolites 
in lavender, the anticonvulsant effects are likely mediated by these 
compounds. Several studies have shown that linalool and terpineol 
can cross the blood-brain barrier and affect brain function. However, 
since lavender also contains other secondary metabolites, a more 
accurate conclusion requires comparing the effects of lavender 
extract with isolated of linalool and terpineol.37,38 

Linalool is a secondary metabolite that can be isolated from a 
variety of aromatic plant species, such as lavender, Ocimum, and 
Eucalyptus. Among secondary metabolites, linalool is a major 
constituent (35-51%) of essential oils derived from various types of 
lavender. Several animal studies, have demonstrated that inhalation 
of linalool induces sedative-like behavior.37 Recent studies have 
demonstrated that linalool, because of its low molecular weight 
and high lipophilicity, can cross the blood-brain barrier. This 
characteristic makes it a potential candidate for pharmaceutical 
applications aimed at influencing behavioral, cognitive, and sleep 
patterns. Linalool and its related compounds, by modulating 
different brain circuits, may have therapeutic potential in the 
management of several neurological and psychiatric conditions.38 

Evidence has demonstrated that linalool probably through anti-
neuroinflammatory, antioxidant and neuroprotective effects, can 
be used for improvement of neurodegenerative diseases including 
Alzheimer’s and Parkinson’s.38,39 In addition, some investigations 
suggest that linalool reduces glutamatergic hyper-stimulation and 
inhibits seizure and apoptotic processes.39-41 Other studies have 
shown that linalool possesses anti-inflammatory properties and 
can decrease amounts of inflammatory cytokines, nitric oxide, 
and reactive oxygen species through inhibition of the NF-kB 
pathway.42 Clinical studies have shown that inhaling lavender oil 
and petitgrain oil, both of which contain linalool, reduces anxiety-
like behavior in humans. Another study in mice demonstrated that 
inhalation of linalool reduces anxiety-like behavior and improves 
sleep. Furthermore, the measurement of linalool in mouse brain 
tissue using a gas chromatography system equipped with a tandem 
quadrupole mass spectrometer revealed significant levels in 
different brain regions, indicating that it crosses the blood-brain 

Figure 8. Molecular docking studies demonstrated intraction of linalool, 
terpineol, diazepam and phenytoin with GABAA receptors and VDSC channels
VDSC: Voltage-dependent sodium channel
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barrier.43 Results of some studies have shown that terpinen-4-ol, 
another phytochemical component found abundantly in lavender, 
efficiently reduces the severity of PTZ induced seizures and 
delays the onset of seizures.44 Results of another study showed 
that terpinen-4-ol probably induces a depressant effect on the 
CNS through interaction with GABA receptors and suppresses 
convulsion activity of the brain significantly.45 On the other 
hand, α-terpineol, an abundant compound in lavender, has 
neuroprotective effects in the hippocampus. It can inhibit neural 
damage and improve synaptic plasticity, which may in turn enhance 
hippocampal function and improve spatial memory following 
transient cerebral ischemia in rats.46 In addition, investigations 
have demonstrated that α-terpineol, a phytochemical component 
of lavender, has antioxidant properties. Terpineol reduces nitric 
oxide synthase induces anti-inflammatory effects.47 Recently, a 
study demonstrated the antioxidant, anti-inflammatory, and anti-
fibrillatory properties of alpha-terpineol in an animal model of 
Alzheimer’s, suggesting that this compound can cross the blood-
brain barrier and affect brain tissue.48 Another study showed that, 
in zebrafish with Parkinson’s disease induced by the neurotoxin 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), terpineol 
improved motor function and acetylcholinesterase activity in MPTP 
larvae. Terpineol also showed potent neuroprotective effects by 
reducing intracellular reactive oxygen species, lipid accumulation, 
and apoptosis markers.49

Lavender has antioxidant, anti-inflammatory, neuroprotective, 
and anticonvulsant properties, which are attributed to compounds 
such as linalool, terpinen-4-ol, and α-terpineol. The antioxidant 
effect of lavender is demonstrated by a reduction in MDA levels in 
hippocampal tissue. Evidence suggests that cellular death and tissue 
damage mediated by free radicals may contribute to neurological 
disorders.50 MDA, an end-product of lipid peroxidation, was present 
at significantly higher levels in the kindling group than in the 
control group, and pretreatment with lavender extract significantly 
reduced MDA levels. As a result, lavender extract may act as a 
neuroprotective agent through a reduction in MDA levels, as seen 
in H and E-stained hippocampal slices and an improvement in 
memory in the NORT. 

An in silico study of linalool showed that this compound has a high 
affinity for GABA receptors and sodium channels. Recent research 
has indicated that several monoterpenoid compounds, including 
the acyclic linalool, can increase GABAergic currents through 
allosteric modulation in vitro, particularly when inhibitory α1β2 
GABAA receptors are overexpressed in heterologous expression 
systems.50-52

In silico studies showed that linalool, terpineol, diazepam and 
phenytoin bind to GABAA receptors with high affinity. Interactions 
with affinity higher than -5 Kcal/mol are considered indicative of 

good binding. At these values, molecules bind tightly, forming a 
stable complex even at low concentrations.

Among these substances, diazepam has the highest and linalool 
the lowest affinity for GABAA receptors. Our results show that 
linalool, terpineol, diazepam, and phenytoin bind to VDSC with 
high affinity. Diazepam binds to this channel with the highest 
affinity, whereas terpineol binds with the lowest affinity.

Study Limitations 

To confirm the effects of lavender extract, it would have been 
preferable to inject pure linalool and terpineol into an animal 
model; this approach could have validated in silico findings and 
would have yielded more accurate results.

CONCLUSION

These results suggest that phytochemicals in lavender extract, due 
to their low molecular weight and high lipophilicity, can cross 
the blood-brain barrier, enter the brain, and exert antioxidant, 
anti-inflammatory, and neuroprotective effects. In silico 
studies conducted as part of this research showed that lavender 
phytochemicals bind with high affinity to GABA receptors and 
to VSCD. Therefore, this plant may be considered a potential 
candidate for the development and synthesis of novel, effective 
drugs for patients with epilepsy and other neurological disorders. 
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