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ABSTRACT
Introduction: Lavandula angustifolia L. (Lamiaceae family) displays notable cytotoxic properties
against bacteria and fungi, as well as antioxidant activity. Recently, drug delivery systems for can-
cer therapy have focused on novel carrier designs that demonstrate high efficiency and reduced
side effects. The encapsulation and delivery of bioactive agents through essential oils has emerged
as a new strategy in cancer research. This study aimed to investigate the effects of nanoparticles
synthesized using L. angustifolia essential oil on MCF-7 and SK-BR-3 breast cancer cell lines. Meth-
ods: Physical and chemical parameters—specifically, particle size, zeta potential, and polydisper-
sity index—were optimized using various techniques. Chemical composition analyses via GC/MS
identified thirteen components in the essential oil. Eucalyptol, (+)-2-Bornanone, and endo-Borneol
were the major fractions, while acetic acid and p-Cymen-7-ol appeared in smaller amounts. Zeta
potential measurements revealed the electrical charge on particle surfaces, and FTIR analysis dis-
played distinct peaks corresponding to functional groups. Cell viability was assessed via MTT assay
to evaluate nanoparticle toxicity against MCF-7 and SK-BR-3 cells. Results: The synthesized nano-
liposome showed notable cytotoxic effects on MCF-7 and SK-BR-3 cells, with IC50 values of 305
± 0.29 and 400 ± 0.39 µg/ml, respectively. Expression of the caspase-3 gene increased approxi-
mately 2-fold in both treated cell lines at 48 hours after treatment, while Bcl2 expression decreased.
The control group showed the lowest level of caspase-3 expression. Conclusion: These findings
suggest that nanoparticles synthesized from L. angustifolia essential oil, particularly those enriched
with Eucalyptol and Bornanone, can enhance theprecision of chemotherapeutic targeting in breast
cancer. This nanoliposome formulation could be a promising novel candidate for pharmaceutical
applications and improved cancer therapies.
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INTRODUCTION
Different types of cancer, accounting for approxi-
mately 17% of global mortality, cause serious finan-
cial, emotional, and physical challenges in all com-
munities. Breast cancer, defined as unregulated cell
growth, is themost prevalent cancer, especially inma-
ture women in many Asian countries1,2. In Iran, the
high incidence and mortality rates of breast cancer
have risen as a major public health concern3. Cur-
rently, the use of synthetic and chemical anticancer
drugs has shown various side effects, including diar-
rhea, constipation, indigestion, extreme fatigue, and
compromised immune function4. Therefore, due to
convenient access to natural products, their higher
efficacy, fewer adverse effects, and diverse chemical
composition, the use of medicinal plants in cancer
therapy has gained more attention5.
The application of nanomaterials as a highly efficient
method for drug delivery in cancer treatment has re-

cently attracted significant interest. Therefore, the
use of a drug delivery system based on medicinal
plants aims to ultimately reduce the hazardous ef-
fects caused by conventional cancer therapymethods,
such as surgery, radiotherapy, and chemotherapy. To
overcome these obstacles, numerous researchers have
been interested in applying nanotechnology research
to the treatment of breast cancer6. To date, the an-
ticancer effects of nanoparticles derived from vari-
ous medicinal plants have been investigated in several
studies7–9, but the mechanism of cell growth and in-
hibition has received less attention and has been the
subject of only a few studies.
Lavandula angustifolia Mill., from the Lamiaceae
family, is one of the most important medicinal herbs
in the Mediterranean region. This genus and its re-
lated species have been applied as spasmolytic, carmi-
native, stomachic, or diuretic10. The L. angustifolia
essential oil also possesses many biological activities,

Cite this article : Mojodi E, Sabbagh S K, Shahamiri K, Rajabi M. Antitumor effect of lavender essen-
tial oil-synthesized nanoparticles against MCF7 and SKBR3 cancer cell lines: Cytotoxicity and gene 
expression analysis. Biomed. Res. Ther. 2025; 12(3):7224-7235.

Copyright

© Biomedpress. This is an open-
access article distributed under the 
terms of the Creative Commons 
Attribution 4.0 International license.

7224

https://crossmark.crossref.org/dialog/?doi=10.15419/bmrat.v12i3.965&domain=pdf&date_stamp=2025-3-31


Biomedical Research and Therapy 2025, 12(3):7224-7235

including anticancer and antioxidant effects, as well
as the ability to scavenge free radicals and stimulate
the immune system11,12. The Caspase cascade genes,
including both upstream and downstream genes, play
a crucial role as key mediators of this event. Caspase
proteins cleave their substrates by targeting the car-
boxyl side of the aspartate residue13. BCL2 gene pos-
itivity is observed in 20% of breast cancer patients,
and the BCL2 gene is notably overexpressed in these
receptors. SK-BR-3 is a HER2-positive human breast
cancer cell line that can exhibit an epithelial morphol-
ogy in tissue culture14.
In cancer therapy, resistance to drugs and chemical
treatment is a primary challenge. Therefore, the de-
velopment of novel therapeutic agents to overcome
treatment resistance is vital and important. This
study aimed to investigate the cellular and molecular
changes in MCF-7 and SKBR-3 cell lines treated with
the nanoparticle of L. angustifolia essential oil.

METHODS

Extraction of Lavender Essential Oils (LEO)

The dried tissues of Lavandula angustifoliaMill. were
crushed using an electric mill before being dissolved
in a 1:10 (w/v) solution of 80% ethanol and distilled
water. The solutions were shaken over the course of
one day. Distilled water was stirred for one day at 25
◦C using a magnetic stirrer. The mixture was then fil-
tered through filter paper. After freeze-drying to ob-
tain a liquid extract, the extracts were concentrated
using a vacuum evaporator (Heidolphe, Germany).
For further use, the essential oil was extracted and
stored at 4 ◦C6.

Gas Chromatography-Mass Spectrometry

Bioactive natural compounds of lavender essential oil
were determined using Gas Chromatography-Mass
Spectrometry (Agilent Technologies, Palo Alto, CA,
USA). An HP–5MS 5% column coated with methyl
silicone served as the stationary phase, and helium
was used as the carrier gas at a constant flow rate of
10 mL/min15.

Encapsulation Process andNanoliposomes

Cholesterol, polyethylene glycol (PEG), and soybean
phosphatidylcholine (SPC) (70:31:1) were used to
construct nanoliposomes in chloroform solvent. The
solution was then combined with lavender essential
oil dissolved in ethanol. A rotary evaporator was used
at 34 ◦C under reduced pressure to vaporize the sol-
vent, forming liposomes. An ultrasonic process at 60

◦C for 10 min in a water bath was applied to the sus-
pensions of lavender nanoparticles. Morphological
and structural characterization of the constructed li-
posome formulation was investigated using an atomic
force microscopy instrument14. Dynamic Light Scat-
tering (DLS) was employed to determine the average
particle size of LEO-loaded liposomes at room tem-
perature. To estimate the drug release rate, approx-
imately 100 mL of the LEO-encapsulated liposomal
sample was placed in a dialysis bag (molecular weight
cut-off 12 kDa). The bag was immersed in 100 mL of
PBS (pH 7.4) at 37 ◦C with gentle, consistent agita-
tion at 100 rpm on a rotary apparatus and incubated
for 72 h at 37 ◦C. At different time intervals, 1 mL of
the release medium was removed for UV spectropho-
tometric assay at a wavelength of 270 nm15.

Fourier Transform Infrared Spectroscopy
(FT-IR)
FT-IR spectroscopy of L. angustifolia essential oil be-
fore and after encapsulation was investigated using a
VIR-100/200/300 (Jasco, France) spectrometer. The
absorption FT-IR spectra of the particles and extract
were observed in the range of 400–4000 cm−1 at
room temperature16.

Cell Lines and Cell Culture
MCF7 (Cat N. IF.Y10021) and SKBR-3 (Cat N.
IF.Y.WC10022) cell lines were obtained from the
Infertility Research Center at the University of
Shahid Sadoughi Medical Sciences in Iran. The
cell lines were cultured in RPMI (Gibco). The cul-
ture medium was supplemented with 10% (v/v) fe-
tal bovine serum (Sinaclon, Iran), 5% fetal bovine
serum, and penicillin-streptomycin (100 U/mL). The
cells were then incubated at 37 ◦C with 5% CO2.

Cell Viability and Toxicity Assays
The cytotoxic effect of lavender essential oil and LEO
nanoparticles on two cell lines, MCF7 and SKBR3,
was studied using the MTT assay method. One hun-
dred trypsinized cells were seeded into 96-well mi-
croplates at a concentration of 10 cells/mL per well,
containing 100 µL of complete culture medium. They
were then incubated for 24 h at 37 ◦C with 5% CO2

and humidified air, and were regularly monitored us-
ing an inverted microscope. The cells were treated
for 24 h, 48 h, and 72 h with different concentra-
tions of lavender essential oil and LEO-nanoparticles,
ranging from 5 to 100 µg/mL, dissolved in an appro-
priate solvent. The cytotoxic effect was measured by
adding 100 µL of culture medium containing MTT
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formazan (5 mg/mL) and incubating for 4 h at 37 ◦C.
The produced formazan crystals were dissolved using
10% DMSO solution, and the absorbance at the three
time points was recorded on an ELISA plate reader
(DrawellDnm-9602, China) at 570 nm9. Non-treated
cells in culturemedium served as a control group. The
percentage of cell survival (cell viability = OD average
value of treatment group / OD average value of the
control group) was calculated by comparing the opti-
cal density (OD) to the control group.
The trypan blue dye exclusion techniquewas also used
to determine the percentage of viable cells in suspen-
sion treated with lavender essential oil nanoparticles.
Here, 50 µL of the cell suspension was mixed with an
equal volume of trypan blue. A hemocytometer slide
was used to count the transparent (live) cells, while
dead cells appeared blue17.

RNA Extraction, cDNA Synthesis, and qRT-
PCR
Cells treated with the IC50 dose of the synthesized
LEO-nanoparticle and cells treated with lavender es-
sential oil were subjected to RNA extraction. The
targeted cells were washed with PBS (Sinaclon, Iran)
and lysed directly in the culture flask prior to RNA
isolation. Total RNA was isolated using RNX-Plus
(Sinaclon, Bioscience, Iran) following the manufac-
turer’s instructions. The quantity and quality of the
extracted RNA were determined using a NanoDrop
2000 Spectrophotometer and 1.5% agarose gel elec-
trophoresis. Superscript II reverse transcriptase (Qia-
gen, Invitrogen) was used for first-strand cDNA syn-
thesis. Real-time PCR amplification was performed
on an ABI PRISM 7700 Sequence Detection System
(Thermo Scientific, Waltham, MA, USA) using 96-
well plates. Real-time PCR was carried out in a to-
tal volume of 20 µL containing 0.5 µL of synthe-
sized cDNA from each sample, 1× buffer (10X), 5
mM MgCl2, 200 µM dNTPs, 300–600 nM of each
primer, 0.2 U/µL enzyme, and SYBR Green I. A so-
lution buffer containing ROX dye served as a passive
reference to normalize fluorescence in real-time PCR.
PCR amplification was performed in triplicate, using
a thermocycler program of 95 ◦C for 10 min for DNA
denaturation, followed by 35–45 cycles of 95 ◦C for 20
s and 60 ◦C for 1 min. At the end of each PCR assay,
themelting curve was analyzed to verify primer speci-
ficity, yielding a single melting peak for the amplified
product. The real-time amplification was done with
the same sample concentrations (equal dilution), us-
ing primers for the housekeeping gene (GAPDH) and
the target genes to measure relative efficiency.

Statistical Analysis
Each in vitro experiment was repeated at least three
times to verify reproducibility. The SPSS programwas
used to analyze the data obtained. All results were
expressed as the mean and standard deviation of the
mean (SD). A Student’s t-test or one-wayANOVAwas
performed to compare the means between two in-
dependent groups. All graphs were designed using
GraphPad Prism® 5 software (version 5.04). *P < 0.05
or **P < 0.01. *P < 0.05 and **P < 0.01 were consid-
ered statistically significant.

RESULTS

Composition of L. angustifolia essential oil
Using GC/Mass analysis, 13 different compounds
were identified. Among the detected fractions, Eu-
calyptol (1,8-cineole) was found to be the major
component (30.74%), followed by (+)-2-Bornanone
(30.50%) and endo-Borneol (29.2%). The concentra-
tions of the other components were detected at less
than 2% (Table 2).
Characterization of encapsulated essential oil of L. an-
gustifolia in liposomes
Dynamic light scattering (DLS) was used to evaluate
the particle size of the vesicles. The results showed
an average particle size of around 60 nm for the
synthesized nanoliposomes containing lavender es-
sential oil, similar to that of blank nanoliposomes
(Figure 1). The zeta-potential values indicated the
electrical charge on their surface. Zeta potential mea-
surements of blank and LEO-nanoparticles ranged
from -2 to -4.5mV, indicating a neutral surface charge
(Figure 1). The average electrophoretic mobility was
-0.000015 cm/Vs, and the dispersion medium viscos-
ity was 0.891 mPa·s, respectively.
The LEO-loaded nanoliposomes were incubated in
PBS buffer solution at 37◦C. The in vitro release be-
havior of the nanoliposomes was tested for 72 hours,
and the results were presented as a cumulative release
percentage in Figure 2. The release of essential oil as
a drug from nanoliposomes was distinctly slower in
comparison with a crude solution of lavender essen-
tial oil. The release rate of the essential oil compo-
nents from nanoliposomes was 63.98% after 30 min
and continued at the same rate after 1 h, whereas the
release rate from pure lavender essential oil at this
time was recorded as 87.63% (Figure 2). Based on
these observations, we could claim that the encapsula-
tion of lavender essential oil in nanoliposomes could
be an effective way to continuously supply bioactive
plant components in the body.
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Table 1: The characteristics of primers used in Real-time quantitative PCR primers

Gene
Name

Gene ID Amplicon
size (bp)/

Concentration
(nm)

Cytogenetic
Location

Primer Sequence

HER-2 NM_001005862.2 131 17q12 F (5’- CCTCTGACGTCCATCATCTC -3’)

300 R (5’- ATCTTCTCGTGCCGTCGCTT -3’)

CASP3 NM_001354777.1 241 4q35.1 F (5’- AAGCGAATCAATGGACTCTGG -3’)

420 R (5’- CTGTACCAGACCGAGATGTC -3’)

GAPDH NM_001256799.3 195 12p13.31 F (5’- CCATGAGAAGTATGACAAC -3’)

500 R (5’- GAGTCCTTCCACGATACC -3’)

Table 2: Major components of Lavandula angustifol oils separated by Gas
Chromato-graphy-Mass spectroscopy

Compound Composition (%)

Acetic acid, 1,7,7-trimethyl-bicyclo[2,2,1]hept-2-yl ester 0.15

p-Cymen-7-ol 0.24

2-Cyclohexen-1-ol, 2-methyl-5-(1-methylethenyl)-, cis 0.25

β -Pinene 0.43

Bicyclo[3,1,1]hept-2-ene-carboxaldehyde,6,6-dimethyl- 0.44

Camphene 0.65

α-Pinene 1.41

Cyclohexene, 1-methyl-4-(1-methylethyl)- 1.74

Terpinen-4-ol 1.43

o-Cymene 1.47

endo-Borneol 29.2

(+)-2-Bornanone 30.5

Eucalyptol (1,8-Cineole) 30.74

FTIR analysis of the essential oil and its nanoparticle
revealed numerous distinctly different locations un-
der the applied wavelengths. These peaks were as-
signed to the following groups: the functional group
-OH, the stretching vibration of -CH, the aliphatic es-
ter (stretching vibration of C=O), and the bending vi-
bration of -CH2 and -CH2CH3. Peaks for the stretch-
ing vibrations of the functional groups P=O and P-O-
C were observed at 1214.88 cm−1 and 982.51 cm−1,
respectively. The FTIR spectra of LEO-loaded and
control nanoliposomes were compared, and it was
found that there were some distinct peaks at 3372.41
cm−1, 2295.87 cm−1, 1641.68 cm−1, and 1058.15
cm−1, corresponding to the functional groups -OH,
-PH, C=O, and C-O, respectively 18 (Figure 3).

Under the experimental conditions applied in this
work, our data clearly showed that the lavender essen-
tial oil was completely encapsulated. In particular, the
ratio between the oil volume and the lipid volume was
0.1, indicating that the encapsulated oil was not able
to disrupt the liposome packing.

Cell toxicity assay
The MTT assay was used to investigate the anti-
cancer activity of lavender essential oil and LEO-
loaded nanoliposomes on MCF-7 and SK-BR-3 cells
after 24, 48, and 72 hours. The lavender essential
oil and LEO-nanoparticles at concentrations ranging
from 5 to 100 µg/ml were used to evaluate and com-
pare cell toxicity. The IC50 values of the essential oil
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Figure1: Comprehensive characterizationofpegylated liposomal lavender essential oil: performance indi-
cators from GC-MS, particle size analysis, zeta potential, and AFM imaging. A) High-Performance GC-Mass
Chromatogram of Lavender Essential Oil: This technique is used to separate, identify, and quantify volatile
compounds in lavender essential oil. It provides a fingerprint of the essential oil, showing the presence of various
constituents. B) Particle Size Distribution Profile of LEO-loaded PEGylated Liposomes: This analysis provides
information on the size range and average size of liposomes loadedwith lavender essential oil (LEO). It is crucial for
understanding how the liposomesmight behave in biological systems. C)ZetaPotential Valuesof PEGylatedLi-
posomal LEO: Zeta potential indicates the surface charge of the liposomes. It affects the stability of the colloidal
system, where high absolute values generally suggest good stability as they prevent agglomeration. D) Two-
Dimensional and Three-Dimensional AFM Images of PEGylated Liposomal LEO: Atomic Force Microscopy
(AFM) provides detailed surface topography images of the liposomes, offering insights into their morphology and
surface characteristics.

Table 3: The IC50 values of Lavandula angustifolia essential oil when applied in the forms of free essential oil
and liposomal forms onMCF-7 and SK-BR-3 cells

Treatment type IC50 values (µg/ml)

MCF-7 cells SK-BR-3 cells

Free essential oil (24h) 425± 0.45 550± 0.32

Free essential oil (48h) 355± 0.36 450± 0.41

Free essential oil (72h) 305± 0.29 400± 0.39

Encapsulated essential oil (24h) 240± 0.42 350± 0.44

Encapsulated essential oil (48h) 170± 0.52 225± 0.13

Encapsulated essential oil (72h) 100± 0.34 175± 0.12

Data are expressed as the mean± SD
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Figure 2: In vitro release profile of nanoliposomes encapsulating Lavandula angustifolia essential oil in
PBS solution over 72 hours. The graph compares drug release at pH 7.4 and 37◦C (circles) against pH 5.4 and
42◦C (squares), illustrating the effect of temperature and pH on release kinetics. Data is presented as mean± SD
(n = 3), indicating increased release rate at higher temperature and lower pH conditions.

on MCF-7 cells were 425, 355, and 305 µg/ml at 24,
48, and 72 hours of treatment, respectively. However,
the IC50 values of the essential oil on SK-BR-3 cells
were 550 ± 0.32, 450 ± 0.41, and 400 ± 0.39 µg/ml,
respectively. The IC50 values of LEO-nanoparticles
were significantly lower in both cell lines compared
to the crude essential oil (Table 3). A comparison of
themeasured IC50 values showed thatMCF-7 and SK-
BR-3 cells were much more sensitive to the essential
oil. A time- and dose-dependent effect was observed
in both MCF-7 and SK-BR-3 cell lines.
Percentage cell viability using crude lavender essen-
tial oil and synthesized nanoparticles at equal con-
centrations over a 72-hour period after treatment
showed that SKBR3 cells exhibited greater resistance
to both types of treatment compared to the MCF7
cell line. In both cell lines, the viability percentage of
cells treated with nanoparticles was lower than that of
those treated with the crude plant extract (Table 4).
More than 90% ofMCF7 and SKBR3 cells survived af-
ter being treated with various quantities of liposomes
in the absence of the essential oil, suggesting that the
liposomes were not hazardous to the cells. The out-
comes showed that the suppression of the cell devel-
opment process in response to LEO-loaded nanoli-
posomes was more pronounced than it was with the

essential oil in its free form (p-value <0.01). The in-
duction of cell death, however, was shown to be time-
dependent for both the free form of the essential oil
and the encapsulated essential oil, and the suppres-
sion of cell proliferation increased noticeably from
24 hours to 72 hours (Figures 4 and 5 ). The treat-
ment of both cell lines with liposomes loaded with
LEO showed a significant reduction in cell viability
compared with untreated cells in a time- and dose-
dependent manner.

Gene expression assay
The expression levels of the Caspase3 and Bcl2 genes
were measured in MCF-7 and SK-BR-3 cell lines
treated with essential oil and encapsulated essential
oil after three time intervals (24, 48, and 72 hours)
at the determined IC50 dose. The Bcl2 gene expres-
sion level decreased in both cell lines (Figure 6 A,
C) during the 72 h following treatment at the relative
IC50 concentrations of 100 ± 0.34 and 175 ± 0.12,
respectively. The results showed that, after treating
MCF-7 and SK-BR3 cells with L. angustifolia essen-
tial oil for 72 h, the cellular caspase-3 and Bcl2 activi-
ties increased in a time-dependent manner (Figure 6
B). Also, caspase3 activity was significantly higher
than that of the Bcl2 gene in response to essential oil
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Figure 3: Infrared Spectra Analysis. (A) Spectrum of Soybean Phosphatidylcholine (SPC) illustrating characteris-
tic peaks. (B) Cholesterol spectrum displaying its unique absorption bands. (C) Lavender Essential Oil (LEO) spec-
trum showing distinct features associated with its chemical composition. (D) Spectrum of blank nanoliposomes,
highlighting the baseline interaction of liposomal components. (E) Spectrum of nano-liposomes containing es-
sential oil, demonstrating the integration and encapsulation of LEO. (F) Comparative analysis of spectra between
blank liposomes, liposomal LEO, and free essential oil, showing the differences in transmission and interaction, es-
sential for evaluating encapsulation efficiency and interaction of components. This analysis aids in understanding
the structural and chemical interactions within the nano-liposomal formulations.

Table 4: Percentage of MCF5 and SKBR3 cell viability treated with essential oil and synthesized nanoparticle
72h after treatment

Cell line Treatment Live cell count Total cell count Viability (%)

MCF7 LEO 2.52×107 3.22×107 78%

LEO NP 2.12×107 3.20×107 65%

SKBR3 LEO 2.92×107 3.32×107 87%

LEO NP 2.62×107 3.15×107 83%
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Figure 4: Microscopic images ofMCF-7 and SK-BR-3 cells treatedwith the IC50 values of LAEO-loadednano-
liposomes. (A) MCF-7 control cells, (B) MCF-7 treated with LAEO-loaded nanoliposomes for 24h, (C) 48h, and (D)
72h; (E) SK-BR-3 control cells, (F) SK-BR-3 cells treated with LAEO-loaded nanoliposomes for 24h, (G) 48h, and (H)
72h. The treatment of both cell lines with liposomes loaded with LAEO showed a significant reduction in cell via-
bility comparedwith untreated cells in a time- anddose-dependentmanner (200×Magnification). All the pictures
have a 50-micrometer scale bar.

Figure 5: The cytotoxicity of LAEO on cancer cells. MCF-7 and SK-BR-3 cells were treated with different
concentrations of LAEO. (A) MCF-7 (25–1000 µg/ml) for 24h, 48h, and 72h, (B) SK-BR-3 (25–1000 µg/ml) for 24h,
48h, and 72h, (C) The effects of blank nanoliposomes on MCF-7 and SK-BR-3 cells (5–1000 µg/ml) for 48h, (D) The
impact of free essential oil and liposomal essential oil on MCF-7 for 24h, (E) The effect of free essential oil and
liposomal essential oil on MCF-7 for 48h, (F) The impact of free essential oil and liposomal essential oil on MCF-7
for 72h, (G) The effect of free essential oil and liposomal essential oil against SK-BR-3 cells for 24h, (H) The impact of
free essential oil and liposomal essential oil on SK-BR-3 cells for 48h, (I) The effect of free essential oil and liposomal
essential oil on SK-BR-3 cells for 72h (*P-value < 0.05).
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nanoparticles (Figure 6). Based on these findings, the
essential oil of L. angustifolia may induce an apop-
totic effect onMCF-7 cells through caspase-8 activity,
which is also likely to be caspase-dependent.
In contrast, the activity of the Bcl2 gene did not show
any significant increase in both cell lines after 72 h of
treatment with the L. angustifolia nanoparticle com-
pared to the caspase3 gene (P < 0.05). Real-time qPCR
analysis is illustrated in Figure 6.

DISCUSSION
Cancer is a complex, multifactorial disease character-
ized by uncontrolled cell proliferation, attacking sur-
rounding tissues at distant metastasis sites19. It re-
mains a major public health concern worldwide and
in Iran20. Recent cancer therapies, including the use
of chemical drugs, chemotherapy, radiotherapy, and
even surgery, are often associated with multidrug re-
sistance, serious side effects, and high costs. In re-
cent years, researchers have uncovered interesting and
beneficial chemicals in medicinal plants. The role of
medicinal plants in the production and development
of new, modern drugs is undeniable. However, the
use of therapeutic and effective doses, the formulation
of bioactive compounds, and drug release in the body
and target tissues remain significant challenges, espe-
cially in the treatment of cancer21.
Compared to bulk materials and chemical drugs,
nanoparticles have attracted attention due to their
novel or enhanced physical and chemical proper-
ties. Different types of nanomaterials and nanoparti-
cles, including liposomes, polymer particles, micelles,
quantumdots, silver nanoparticles, etc., have been de-
veloped as effective modalities and tested for thera-
peutic applications22. Recently, nanoparticles have
been introduced as an important structure in modern
medicine, especially for overcomingmulti-drug resis-
tance. The release of coated drugs from nanoparticles
to the target tissues at adequate doses, effective deliv-
ery, and reducing their accumulation in unintended
sites are major challenges restricting the effective use
of nanoparticles22.
The biological and pharmacological activities of La-
vandula species have been studied23–25. The potential
bioactivity of lavender essential oil has been demon-
strated by numerous studies. This genus is widely uti-
lized in aromatherapy, food, cosmetics, and perfume
sectors, in addition to its use as a medicinal plant26.
The anticancer activities of lavender plant against six
human cancer cell lines were evaluated, and 16 bioac-
tive components were recorded by GC/MS analysis of
plant exudates27. Therefore, the present study aimed

to identify the chemical constituents of the laven-
der essential oil encapsulated in liposomes and to as-
sess the cell toxicity of the constructed nanoliposome
compared to lavender essential oil.
First, the chemical composition of the synthesized
nanoparticle was determined using GC/Mass spec-
trometry analysis, which showed thirteen compo-
nents. Further, GC-MS analysis of the nanoparticles’
essential oil revealed that the major components were
Eucalyptol (30.74%), (+)-2-Bornanone (30.50%), and
endo-Borneol (29.20%), while theminor components
were Acetic acid (0.15%), p-Cymen-7-ol (0.24%), and
2-Cyclohexen-1-ol (0.25%). Similar results were ob-
served by Fahmy et al. (2022), who reported compa-
rable abundances of these fractions in L. officinalis es-
sential oil. Despite the differences in the values and
ratios of these two components (Bornanone and β -
Pinene) and their similarity to our results, it should
be noted that the studied species are entirely different,
and slight variations in values are to be expected.
Eucalyptol is a terpenoid compound isolated from
Eucalyptus species, with strong antioxidant proper-
ties that can serve as a promising candidate in the
treatment of human diseases and for use in mod-
ern pharmacology. In some experimental studies,
the anticancer activity of eucalyptol (EU) has been
demonstrated. In vitro and in vivo anti-metastatic
activity of eucalyptol against skin cancer cells has
been shown. The effects of eucalyptol in cells have
been associated with the expression of the epithe-
lial marker E-cadherin, indicating that it reverses the
epithelial-to-mesenchymal transition28. Eucalyptol
was also reported to be effective as an antioxidant in
guinea pig brains, regulating pro-inflammatory cy-
tokines and antioxidant enzymes. In particular, euca-
lyptol reduces the expression of PI3K/Akt/mTOR by
using the PI3K inhibitor29. The GC/MS analysis of
the nanoparticle showed that it is rich in 1,8-cineole,
which is in agreement with previously published find-
ings on Lavender (Lavandula stoechas L.) essential oil
that demonstrated potent anti-inflammatory and an-
ticancer properties30.
In this experimental study, the effect of lavender es-
sential oil nanoparticles on cell viability was exam-
ined by exposing MCF7 and SKBR3 cell lines to dif-
ferent concentrations of the nanoparticles, and the vi-
ability of the exposed cells was measured using the
MTT assay. Plant essential oils can influence oxida-
tive stress levels in cells. Depending on the type and
concentration, they may trigger peroxidation, mito-
chondrial dysfunction, and apoptosis, which lead to
cytotoxic activity. However, most studies suggest that
they are typically non-genotoxic, meaning they do not
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Figure 6: The treatment of cancer cell lines with LAEO-loaded nanoliposomes downregulated the expres-
sion of the BCL2 gene (A and C). It also upregulated the expression of caspase-3 in both cell lines (B and D). Bars
represent the mean and standard error of four independent experiments. Control: untreated sample (*P > 0.05,
** P < 0.05, ***P < 0.01).

directly damage DNA31,32. The cell viability test was
conducted at similar concentrations for the lavender
essential oil and synthesized nanoparticles. This eval-
uation method is safe, quick, reliable, and inexpen-
sive, and is widely used to quantify cell viability and
proliferation. The results displayed inTable 4 indicate
that LEO has a highly cytotoxic effect on MCF7 cells,
with 63% viability, compared to SKBR3 cells, which
showed 83% viability.
Recorded data showed that cell viability was almost
at its maximum at the 48-hour interval after treat-
ment. At this time, by comparing the behavior of the
two nanoparticle-treated cells, it was found that the
SKBR3 cell line was more affected by the nanopar-
ticle than the MCF7 cell line, and its viability rate
was higher. The effect of hydroalcoholic extracts
of Ephedra major and Momordica charantia species
showed that the highest cell toxicity occurred 72 hours
after treatment, while in this research, the highest ef-
fect was observed 48 hours after treatment, indicat-
ing a faster efficiency of the nanoparticle on cell vi-
ability 33. The highest toxicity dose of nanoparticles
corresponded to the concentration of 1000 ng/mL in
both cell lines, indicating that the sensitivity of both
lines to the nanoparticles is similar at high doses.
However, the IC50 assessment showed that in SKBR3
cells, this IC50 rate was slightly higher than that for
the MCF7 cell line, which may be due to cellular drug
resistance and detoxification of the drug within the
cells. Considering that the IC50 value differs at vari-
ous treatment time intervals, it is suggested that there
is a time-dose dependency for killing 50% of the cells.
Therefore, we conclude that nanoliposomes, micro-
scopic particles that can encapsulate LEO, provide a
safe and efficient deliverymethod for this essential oil.

At present, the direct relationship and mode of action
of plant essential oils and genes involved in cancer
are not widely recognized. In cancerous cells, apopto-
sis processes can be enhanced by many mechanisms.
Thus, identifying and applying agents that suppress
the proliferation of malignant cells can serve as a ben-
eficial strategy for cancer prevention and chemother-
apy. The essential oil of lavender species, with antitu-
mor and strong antioxidant properties, acts as an acti-
vator of some tumor suppressor genes34. The caspase
group of cysteine proteases is involved in control-
ling inflammation and the apoptosis signaling path-
way. The function of proteins associated with cas-
pase genes in cellular destruction has been estab-
lished35. Our observations revealed a remarkable
increase in caspase-3 levels in the group receiving
nanoparticles derived from lavender essential oil af-
ter 72 hours with the IC50 dose of the nanoparticle. In
contrast, we observed a significant reduction in Bcl2
levels in the group administered the appropriate IC50
dose 72 hours after treatment, comparedwith the con-
trol group (essential oil). Similar to caspases, Bcl-2
protein subfamilies such as Bcl-2, Bcl-xL, Mcl-1, Bid,
and Pum are essential and crucial in apoptotic regu-
lation36.
Our results showed that cells receiving LEO-
nanoparticles exhibited an increase in the level of
caspase-3 expression. Considering the key role of the
caspase gene in the apoptosis process, an increase
in caspase-3 activity could potentially enhance the
effectiveness of LEO in killing cancer cells. By
modulating caspase-3 expression, novel strategies for
cancer treatment may be developed. Further research
is needed to explore the mechanisms by which LEO
and nanoliposomes induce caspase-3 activation and
ultimately lead to cancer cell death29,37.
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CONCLUSIONS
Our research has shown that Lavandula angustifolia
essential oil is a promising candidate for further inves-
tigation in cancer treatment. Due to their improved
solubility, stability, and bioavailability in in vitro and
in vivo applications, drug delivery systems now pro-
vide a platform for anticancer drug development.
Compared to the free form of essential oil, LEO-
loaded nanoliposomes exhibited a stronger inhibitory
effect on cancer cell proliferation. In the MCF-7 and
SK-BR-3 cell lines, administration of both types of
LEO increased the expression of caspase-3 and simul-
taneously decreased the expression of BCL2. Based
on the results obtained in this study, it is suggested
to use other forms of nanoparticles with lavender es-
sential oil to investigate their effects on cell toxicity
in various cancer cell lines under laboratory condi-
tions. After achieving positive results, laboratory tests
should be performed on cancerousmice, with the ulti-
mate aim of introducing these formulations into clin-
ical and pharmaceutical stages.

ABBREVIATIONS
IC50 (Half-maximal Inhibitory Concentration), PBS
(Phosphate-Buffered Saline), DLS (Dynamic Light
Scattering), FTIR (Fourier Transform Infrared Spec-
troscopy),GC/MS (Gas Chromatography-Mass Spec-
trometry), MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide, a cell viability as-
say), DMSO (Dimethyl Sulfoxide), ELISA (Enzyme-
Linked Immunosorbent Assay), qRT-PCR (Quanti-
tative Real-Time Polymerase Chain Reaction), cDNA
(Complementary DNA), RNA (Ribonucleic Acid),
ANOVA (Analysis of Variance), SD (Standard Devi-
ation), SPSS (Statistical Package for the Social Sci-
ences), LEO (Lavender Essential Oil),PEG (Polyethy-
lene Glycol), SPC (Soybean Phosphatidylcholine),
HER2 (Human Epidermal Growth Factor Receptor
2), BCL2 (B-cell Lymphoma 2, an anti-apoptotic pro-
tein), CASP3 (Caspase-3, an apoptosis-related gene),
GAPDH (Glyceraldehyde-3-Phosphate Dehydroge-
nase, a housekeeping gene), PI3K/Akt/mTOR (Phos-
phoinositide 3-Kinase/Protein Kinase B/Mechanistic
Target of Rapamycin, a signaling pathway), MCF7
(Michigan Cancer Foundation-7, a breast cancer
cell line), SKBR3 (Sloan-Kettering Breast Cancer
3, a HER2-positive breast cancer cell line), RPMI
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FBS (Fetal Bovine Serum), NP (Nanoparticle), LEO-
NP (Lavender Essential Oil Nanoparticle), UV (Ul-
traviolet) andOD (Optical Density).
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