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Medicinal plants are natural resources of diversified therapeutic metabolites. Lavandula stoechas has been
used traditionally for the management of different metabolic disorders. However, studies on the anti-
cancer characteristics of certain bioactive compounds present in this plant are very limited. In view of
this, the aim of the present study was to isolate oleanolic acid (a triterpenoid) from L. stoechas and assess
its anticancer trait against breast carcinoma cells (MCF-7) via induced apoptosis. Initially, oleanolic acid
was isolated from the ethyl acetate fraction of L. stoechas using standard extraction protocols.
Furthermore, the structure of compound was established using mass spectrometry, FT-IR, 1H NMR, and
2D NMR (HSQC) techniques. In vitro antiproliferative effect of oleanolic acid was assessed against breast
carcinoma cells (MCF-7 and MDA-MB-231) and non-cancerous cells (BHK-21) using the MTT assay.
Oleanolic acid showed prominent cytotoxicity of 72.44 ± 3.33 and 78.55 ± 2.67 % against MCF-7 and
MDA-MB-231 cells with IC50 values of 13.09 and 160.22 lg/mL, respectively. Moreover, the compound
showed negligible toxicity against the BHK-21 cell line. Furthermore, the apoptotic features in oleanolic
acid-treated MCF-7 cells were determined using fluorescent microscopy, which showed typical nuclear
condensation, increased ROS generation, and the loss of outer mitochondrial membrane potentials. The
levels of activated caspases in MCF-7 cancer cells were estimated using a fluorescent kit, showing a sig-
nificant increment in caspase-9 and caspase-7 for oleanolic acid-treated MCF-7 cells. Moreover, oleanolic
acid showed down-regulation of the Bcl2 and PDGF genes. Our findings demonstrated the pivotal role of
oleanolic acid as pronounced anticancer agent against MCF-7 cell lines by inducing apoptotic mechanism
via intrinsic pathway.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Breast carcinoma is the foremost cause of cancer-associated
mortalities in females. More than 2 million women are diagnosed
with breast cancer annually worldwide (He et al., 2020). On the
other hand, males are less prone to this disease and constitute
about 1 % of the total diagnosed cases overall (Siegel et al.,
2015). Breast cancer-related mortalities continue to increase, espe-
cially in developing countries, including Pakistan (Bines and Eniu,
2008). Breast cancer is commonly caused due to the
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down-regulation of DNA repair genes, proto-oncogenes, tumour
suppressor genes, inflammatory cytokines, growth factor recep-
tors, nuclear factor kappa-B, interleukins, and tumor necrosis fac-
tors. Furthermore, the up-regulation of growth factor receptors
(epidermal-, platelet derived-, and vascular-endothelial growth
factor) as well as HER2/neu, and down regulation of p53, ataxia
telangiectasia mutated, and breast cancer gene 1/2 genes may also
lead to breast cancer (Sporikova et al., 2018).

Recently, compounds isolated from medicinal plants have been
reported as promising anticancer agents at cellular, pre-clinical,
and clinical levels (Petrovska, 2012; Latha et al., 2019; Batool et al.,
2022). Some of these plant-based medicines like vinca alkaloids,
podophyllotoxin, and paclitaxel are already in clinical use for the
management of various types of cancers, including breast cancer.
However, these medicines present with some considerable limita-
tions like non-selectivity, rapid clearance, low bioavailability and
efficacy, restriction in metastasis, and expensive doses (Gala et al.,
2020).

Oleanolic acid is one of themost commonbiologically active pen-
tacyclic triterpenoids, which is found in more than 1600 plant spe-
cies (Li et al., 2015). It possesses diverse therapeutic activities such
as anti-diabetic, antioxidant, antiviral, hepato-protective, anti-
inflammatory, antimicrobial, and anti-proliferative effects
(Shanmugam et al., 2014). The anticancer effects of oleanolic acid
have been documented against several cancer cell lines viz. lung,
breast, liver, pancreatic, colon, gallbladder cancers, and hematolog-
ical malignancies (Zhang et al., 2007). The anticancer properties of
oleanolic acid are attributed to the inhibition of cells growth, initia-
tion of apoptosis, suppression of invasion, and migration (Ziberna
et al., 2017).

Lavandula stoechas L. belongs to the Lamiaceae family and is
locally known as ‘Ustukhuddoos’. L. stoechas is distributed
throughout the World especially in Asia, Africa, and Europe
(Siddiqui et al., 2016). Traditionally, it is used for the treatment
of chills, inflammation, digestive track disorders, headache, depres-
sion, and diabetes. L. stoechas has been reported to contain ursolic
acid, oleanolic acid, vergatic acid, sitosterol, amyrin, lupeol, ery-
throdiol, flavonoids, and derivatives of longipinane. L. stoechas
has shown anti-convulsant, anti-spasmodic, anti-oxidant, anti-
inflammatory, anti-diabetic, and cytotoxic potentials (Siddiqui
et al., 2016). Oleanolic acid and its synthetic derivatives have
shown anticancer properties against MCF-7 cells in the past
(Khwaza et al., 2020). However, the anti-cancer activities of
oleanolic acid against non-cancerous cells have not been explored.
In the current study, an attempt was undertaken to isolate oleano-
lic acid from Lavandula stoechas (major constituent on the basis of
LC-MS/MS analysis of extract) through different analytical tech-
niques and to evaluate its anticancer activities against breast can-
cer cell lines and non-cancer BHK-21 cells via an MTT assay, and to
ascertain the molecular mechanism of action through caspase acti-
vation and polymerase chain reaction.
2. Materials and methods

2.1. Plant materials, extraction, and fractionation

Flowers of L. stoechas were purchased from the local market of
Lahore, Pakistan. Plant material was confirmed by a plant tax-
onomist and the voucher specimen (CUHA-196) was submitted in
‘‘Environmental Sciences Department, COMSATS University, Islam-
abad (Abbottabad Campus)”. The plantmaterial (10 Kg)was pulver-
ized and macerated in methanol (40 L) for 21 days. The maceration
process was repeated for further 7 days using fresh solvent (40 L).
The obtainedmethanolicmixturewas filtered throughmuslin cloth,
followed by Whatman filter paper (Said et al., 2020). The filtrates
2

were pooled and dried at 40 �C under reduced pressure using rotary
evaporator (Rotavapor R-300 system, Switzerland) (Nana et al.,
2019). The extract (800 g) was mixed with distilled water
(800mL) and apportioned sequentially (5 times) with hexane, chlo-
roform, ethyl acetate, and butanol (Rasheed et al., 2021). All pooled
solvents from each partitioned extract were dried separately by
rotary evaporator at 40 �C to obtain the respective fractions.
2.2. Isolation of compound

LC-MS/MS analysis of both bioactive crude extract and ethyl
acetate fraction gave prominent peak with m/z 455.05 at a reten-
tion time of 8.06 min, indicating the molecular formula and frag-
mentation pattern of tripterpenoids. Based on the
pharmacological activity and spectrometric results, the ethyl acet-
ate fraction from crude extract of L. stoechas was further selected
for the isolation of possible anti-breast cancer compounds. The
ethyl acetate fraction (3 g) was subjected to column chromatogra-
phy on silica gel and eluted with different ratios of n-hexane and
ethyl acetate (10:0, 9:1, 8.5:1.5, 8:2, 7:3, 5:5, 3:7, 2:8, 1:9, and
0:10 v/v). Elution was monitored by TLC and the eluent flasks were
pooled together based on similar pattern of TLC spots into a total of
60 fractions. From these sub-fractions, fraction 1–14 (600 mg) con-
tained isolated compound and were chromatographed (purifica-
tion) on a flash silica gel (Scharlau, Spain; 230–400 mesh) using
n-hexane and ethyl acetate (10:0, 9.5:0.5, 9:1, 8:2, 7:3, 6:4, and
5:5 v/v) as eluent. The sub-sub-fractions 5–9 yielded the com-
pound (22 mg), which was investigated further for anti-breast can-
cer activities.
2.3. Characterization of isolated compound

2.3.1. Mass spectrometry
For HR-MS determination, LC-MS/MS analysis was carried out

using a U-HPLC Luna Omega reverse-phase column (C18;
50 mm � 2.1 mm, and 1.6 lm) (Phenomenex, USA) connected with
a Thermo Velos Pro-ESI trap orbitrap mass-spectrometer (hybrid
ion) in positive ion mode (Thermo Fisher Scientific, Germany). A
gradient program was set using formic acid (0.1 %) in water (the
solvent A), and in acetonitrile (the solvent B). The spectra were
recorded in a m/z range of 110–2000, dissociation energy
(collision-induced) of 35 V and resolution of 30,000 half maximum,
and full width. The software (thermo XCalibur) was employed for
data attainment, analyses, and interpretation of the results.
2.3.2. Fourier transform-infrared (FT-IR) spectroscopy
FT-IR analysis was carried out for confirming the presence of

functional groups in the isolated compounds. The FTIR measure-
ments of the compounds were recorded on an FT-IR spectropho-
tometer (Model: IRPrestige-21, SHIMADZU, Japan). All the spectra
were acquired through attenuated total reflection method at room
temperature using OPUS 5.5 software. A solid sample of the com-
pound was cast on a diamond ATR-FTIR crystal plate and was
scanned in between 400 and 4000 cm�1 at the resolution of
4 cm�1 for investigation. The consequent peaks were then com-
pared with previously published data of functional groups.
2.3.3. Nuclear magnetic resonance (NMR) spectroscopy
NMR analyses (1H NMR and 2D NMR) were performed on a Bru-

ker Avance III HD spectrophotometer (500 MHz) at 22 �C in deuter-
ated DMSO (DMSO d6) using tetramethylsilane as an internal
standard. Chemical shifts were measured in ppm and the coupling
constant (J) were expressed in Hertz (Hz) values.
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2.4. anti-proliferative activity of oleanolic acid

Two breast carcinoma (MCF-7 and MDA-MB-231) and one non-
cancerous (BHK-21) cell line were obtained from American Type
Cell Culture (ATCC, MD, USA). These cells were sustained (at
37 �C) in a humid atmosphere of 95 % O2 and 5 % CO2 in DMEM
media having fetal bovine serum (10 %) and 100 IU/mL of penicillin
as well as 100 lg/mL of streptomycin. The anti-proliferative activ-
ity of the oleanolic acid was tested on MCF-7, MDA MB 231, and
BHK-21 cells using dimethylthiazol diphenyltetrazolium bromide
(MTT) assay (Rasheed et al., 2021). Cells at the concentration of
10,000 cells per well were plated into a 96-well plate and permit-
ted to attach overnight. Cells were then incubated with different
concentrations of oleanolic acid (31.25–500 lg/mL) and doxoru-
bicin (5–100 lg/mL) for 48 h. DMSO (0.062–1 %) was used as con-
trol for all the test samples. After the incubation, the medium was
aspirated and 100 lL of the fresh medium containing MTT dye
(5 mg/mL) was added to these cells and incubated for further
4 h, followed by the addition of 100 lL of DMSO as solubilizing
agent. Absorbance of the dissolved formazan crystals was recorded
at 492 nm using microplate reader (Chem plate reader CR-201,
China) and viability of cells were estimated. The IC50 values were
determined using a software (CompuSyn, Version 1.0; ComboSyn,
USA). Furthermore, the selectivity index (SI) values of oleanolic
acid and doxorubicin were calculated using following formula:

SI ¼ IC50value of normal cells=IC50value of cancer cells:
2.5. Apoptosis determination

2.5.1. Propidium iodide (PI) and di-amidino phenylindole (DAPI)
staining

The compound was more active and selective towards MCF-7
cells, thus, these cells were selected for further studies. The cells
treated with compound were subjected to microscopic analysis
for apoptosis using previously reported protocols (Rashid et al.,
2021). The confluent MCF-7 cells (2 � 105 cells in each well) were
incubated with the compound (125 and 250 lg/mL), doxorubicin
(5 and 10 lg/mL), and the vehicle, followed by the incubation at
37 �C (5 % CO2 and 95 % O2) for 48 h. Following this, the medium
was aspirated and breast cancer cells were cleaned with phosphate
buffer saline (PBS). After washing, cells were treated with formalin
(4 %) and fixed with Triton X–100 (0.1 %) on clean glass slides. After
5 min of incubation at room temperature, 10 lL of PI and DAPI dyes
(in equal concentrations of 0.01 mg/mL in PBS) were mixed with
the cells and glass slides were further incubated for 10 min in
the dark. The images of slides were captured (at 20X magnifica-
tion) at 493/632 and 350/460 nm for PI and DAPI, respectively
using fluorescent microscope (Nikon, Japan).

2.5.2. Intracellular reactive oxygen species (ROS) release
The intracellularROS release inMCF-7 cells byoleanolic acid (125

and250lg/mL), doxorubicin (5 and10lg/mL), and the vehiclewere
assessed, as per the previously described method (Rastogi et al.,
2010). Briefly, the MCF-7 cells at the density of 2� 105 were seeded
and grown on microscopic cover slips using 24-well plate. The cells
were incubated with the tested samples for 48 h. Further, the cells
were cleaned with PBS and fixed. The fixed cells were then treated
with10lLof dichlorofluorescindiacetatedye. The treated cellswere
incubated in the dark for 5–10min at room temperature. The images
of cells were captured at 488/530 excitation/emission filters at 20X
magnification using fluorescent microscope (Nikon, Japan).

2.5.3. Determination of mitochondrial membrane potential (MMP)
The compromised MMP (DWm) was evaluated using JC-1

staining. The MCF-7 cancer cells (2 � 105 cells/well) were plated
3

in 24-well plate with 1 mL of complete media and incubated at
37 �C for 12 h. Further, the confluent MCF7 cells were exposed to
125 lg/mL of oleanolic acid and 10 lg/mL of doxorubicin. After
48 h, medium from each well was aspirated and cells were cleaned
with PBS. These cells were then fixed with formalin, and incubated
with 10 lL of JC-1 probe for 30 min in a dark at 37 �C. The cells
were observed using a fluorescent microscope (Nikon, Japan) at
550/570 nm excitation and emission wavelength (Khan et al.,
2021).

2.5.4. Activation of caspase-9 and caspase-7
Caspase-9 and caspase-7 activation potentials of oleanolic acid

were assessed using fluorometric assay (Jiao et al., 2020). Briefly,
MCF-7 cells (1 � 106 cells/well/3 mL) were scattered in a 6-well
plate and incubated at 37 �C in a humid CO2 environment (5 %).
After the overnight incubation, the old cell culture medium was
replaced with the fresh medium. Then, the MCF-7 cells were incu-
bated with oleanolic acid (125 and 250 lg/mL). After 12 h of incu-
bation, cells were collected and then centrifuged at 2500 g for
10 min at 4 �C. The cells were again suspended in 50 lL of chilled
lysis buffer for 15 min. After centrifugation at 10,000 g, the cell
lysate was collected and protein content was quantified using
the Bradford reagent method (Rashid et al., 2021). After protein
quantification, the lysate was individually incubated with the sub-
strate for caspase-9 and caspase-7 (Jiao et al., 2020). Afterwards,
the reaction buffer was added into the aforementioned lysate mix-
ture and placed at 37 �C for 2 h. An equal volume of reaction buffer,
lysis buffer, and substrate was used for the background fluores-
cence. The amount of fluorescent products were estimated at an
excitation/emission wavelength of 400/505 nm using fluorescent
microplate reader (FLUOstar Omega, Germany).

2.5.5. Molecular analysis of selected compounds
For molecular analysis, the MCF-7 cancer cell lines were

exposed to the vehicle control and isolated compound for 48 h.
Total RNA from compound and vehicle-treated cells was extracted
using Trizol reagent (TRIzol� reagent, Thermo Fisher Scientific).
The extracted RNA was quantified with UV–Visible spectropho-
tometer (T80 + PG Instruments, Lutterworth, United Kingdom) at
280/260 nm. The cDNA was synthesized using cDNA synthesizing
kit by following the manufacturer instructions (WizScriptTM cDNA
Synthesis Kit, 50 rxn).

Semi-quantitative reverse transcriptase polymerase chain reac-
tion was carried out to evaluate the effects of treatments on Bcl-2
and PDGF expression. For this purpose, the reaction mixture
(14.3 lL) was prepared by using 0.7 lL primers (forward and
reverse each), 1 lL cDNA, 3.4 lL master mix (PCR buffer 1.5 lL,
dNTPs 0.3 lL, MgCl2 1.2 lL, and Taq 0.4 lL), and 9.2 lL PCR-
water (Thermo Scientific). The PCR program was set as 7 min
denaturation (hot start at 94 �C), followed by 35 cycles of 30 sec
denaturation at 94 �C, annealing at 59 �C and 72 �C for 30 sec,
and final extension for 7 min at 72 �C. PCR amplification was
accomplished with Bcl-2 and PDGF primers, as described in the
Table 1. Amplicons were separated by the gel electrophoresis
(2 % agarose gel), and visualized through ethidium bromide stain
using UV-transilluminator (MLB-21. UltraBright). A 100 bp DNA
ladder molecular weight marker (GeneOn GmbH, Deutschland,
Germany) was run on agarose gel to confirm an expected molecu-
lar weight of an amplification product. Finally, the gel images were
analyzed through the ImageJ software.

2.6. Statistical analyses

Experiments were performed in triplicate and results were pre-
sented as mean ± SD with the confidence interval of 95 %. The P
value � 0.05 was considered as statistically significant.



Table 1
Sequence of primers and conditions used for semi-quantitative RT-PCR.

Genes Primers Sequence Amplicon size Annealing temperature

Bcl2 Forward ATCGCCCTGTGGATGACTGAG 129 bp 59 �C
Reverse CAGCCAGGAGAAATCAAACAGAGG

PDGF Forward ACCCAGGAGCTAGGGAAGAG 263 bp 59 �C
Reverse GGGACACAGGCACTTGCTAT
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Fig. 1. Structure of oleanolic acid.
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3. Results

3.1. Isolation and characterization of isolated compound

The repeated silica gel column chromatographic separation of
ethyl acetate fraction of L. stoechas using n-hexane/ethyl acetate
as eluent showed white crystalline compound (22 mg). The HPLC
chromatogram of the isolated compound showed a peak at the
retention time of 8.64 min by applying formic acid in water
(0.1 %) (solvent A) and in acetonitrile (solvent B). The mass spectra
of the compound displayed the molecular ion peak at m/z 457.37
[M + H]+, corresponding to a molecular formula of C30H49O3. The
MS2 spectrum gave a base peak at 439.4081 with the loss of water
molecule [Supplementary Fig. 1 (Fig. S1)]. The fragmentation pat-
tern revealed similarity with triterpenoids. In FT-IR spectrum, the
isolated compound showed the characteristic absorption band for
AOH (2926.01 cm�1), C@C (1687.71 cm�1), and –CH3

(1454.33 cm�1) (Fig. S2). The 1H NMR spectra showed the presence
of 7 methyl groups at d 0.68 (3H, H-26), 0.72 (3H, H-24), 0.86 (3H,
H-29), 0.88 (3H, H-25), 0.90 (3H, H-30), 1.14 (3H, H-23), and 1.24
(3H, H-27). The spectrum also showed presence of oxygenated
methine proton at d 3.32 (1H, H-3), while the olefinic proton of
C12-C13 (distinct characteristic triplet) showed it at d 5.17 (1H,
H-12) (Fig. S3). HSQC spectrum showed a correlation of C-12
(122) with proton H-12 (5.16 ppm). 1H NMR signals for H-3
(2.99 ppm) correlated to C-3 signals at 77.36 ppm. In HSQC, H-18
(2.76 ppm) showed a correlation to C-18 at 41.39 ppm. The C-27
(26.12 ppm) showed connectivity to H-27 at 1.10 ppm. Proton sig-
nals for H-23 (0.98 ppm) correlated to C-23 signals at 27.77 ppm.
In HSQC, H-29 (0.88 ppm) showed a correlation to C-29 at
33.32 ppm. HSQC spectrum also showed a correlation of C-26
(16.50) with proton H-26 (0.68 ppm) (Fig. S4). Based on HRMS,
MS2, FT-IR, 1H NMR and 2D NMR data, the isolated compound
was characterized as oleanolic acid (Fig. 1).
3.2. Anti-proliferative activity of oleanolic acid

The anti-proliferative effect of oleanolic acid was assessed on
MCF-7, MDA-MB-231, and BHK-21 cell lines. The oleanolic acid
exhibited a concentration-dependent anticancer potential with
maximum inhibition of 72.44 ± 3.33 and 78.55 ± 2.67 % against
MCF-7 (IC50 value � 13.09 lg/mL) and MDA-MB-231 (IC50 value
� 160.22 lg/mL) cell lines, respectively. The oleanolic acid exhib-
ited negligible toxicity towards BHK-21 cells at varied concentra-
tions (Fig. 2). On the other hand, oleanolic acid showed toxicity
against MCF-7 and MDA-MB-231 cells with SI values of 38.20
and 3.12, respectively. This data showed that oleanolic acid has
more selectivity towards MCF-7 breast carcinoma cells than
MDA-MB-231, therefore, these cells were selected for further cyto-
toxic and apoptotic studies.
3.3. PI and DAPI staining

The PI and DAPI staining of oleanolic acid and doxorubicin trea-
ted MCF-7 cells showed cell shrinkage, nuclear condensation, and
DNA fragmentation. In contrast, the untreated and vehicle-
4

treated cancer cells showed no changes in its morphology (Fig. 3
and Fig. 4).

3.4. Intracellular ROS production

The capability of oleanolic acid to induce ROS in MCF-7 cancer
cells was observed using dichlorofluorescein diacetate that formed
a fluorescent product dichlorofluorescein (DCF) in an interaction
with ROS. The fluorescence produced in MCF-7 cells was observed
by fluorescence microscope under the green filter. The oleanolic
acid induced a concentration-dependent ROS production in MCF-
7 cancer cells to exhibit its anticancer activity (Fig. 5).

3.5. Loss of MMP

Oleanolic acid and doxorubicin-treated MCF-7 cells showed
reduction in red/green ratio (compromised MMP), thereby indi-
cated that the compound targeted mitochondrial contents to
accomplish apoptosis in breast cancer cells. The untreated (con-
trol) cells showed increased red/green ratio indicating that the
control cells maintained normal MMP (Fig. 6).

3.6. Caspase-9 and caspase-7 activation

Results showed that there were about 1.77- and 2.19-fold incre-
ments in caspase-9 production (Fig. 7A) and 2.27 and 2.82 folds
increments in the production of caspase-7 (Fig. 7B) at 125 and
250 lg/mL, respectively in MCF-7 cells. Similarly, in doxorubicin
treated MCF-7 cells, there was about 4.11- and 6.20-fold rise in
caspase-9 (Fig. 8A), and 3.34- and 5.47-fold increment in the pro-
duction of caspase-7 (Fig. 8B) at 5 and 10 lg/mL, respectively.

3.7. Down-regulation of Bcl2 and PDGF expression in compound
treated MCF-7 cells

In the current study, Bcl2 and PDGF expression in compound
treated breast carcinoma (MCF-7) cells was assessed using poly-



Fig. 2. In vitro anti-proliferative activity of oleanolic acid at varied concentrations against (A) BHK-21, (B) MCF-7, and (C) MDA-MB-231 cells. Values represent mean ± SD. **
and *** represent P value � 0.01 and � 0.001, respectively.

Fig. 3. Cellular morphology of oleanolic acid and doxorubicin-treated MCF-7 cancer cells following PI staining using a fluorescence microscope at 20X.

H. Majid Rasheed, U. Farooq, K. Bashir et al. Journal of King Saud University – Science 35 (2023) 102454
merase chain reaction (PCR). The PCR results revealed that Bcl2 and
PDGF expression was down-regulated in treated MCF-7 cells. The
compound showed 4.43-fold down-regulation of Bcl2 gene in
MCF-7 cells (Fig. 9A). Similarly, the compound also down-
regulated the expression of PDGF gene (1.40-fold in comparison
to control), as shown in Fig. 9B.
5

4. Discussion

Bioactive natural products may be considered as a very promis-
ing starting point for the development of new and novel therapeu-
tic agents (Prasathkumar et al., 2021; Eftekhari et al., 2021; Khuda
et al., 2022; Faheem et al., 2022). Drugs like anti-malarial quinine



Fig. 4. Cellular morphology of oleanolic acid and doxorubicin-treated MCF-7 cancer cells following DAPI staining using a fluorescence microscope at 20X.
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and artemisinin, digoxin (widely used in cardiovascular diseases),
the anticancer drug paclitaxel, and the analgesics morphine,
codeine, and acetyl salicylic acid have all been derived from natural
products, which validates that the natural products have a leading
role in lead discovery for the development of remedies against
human diseases (Newman and Cragg, 2007). One of the major
classes of natural compounds better known for medicinal values
is terpenoids. These are the most widespread and the largest class
of secondary metabolites present mainly in plants, algae, mosses,
lichens, liverworts, and marine organisms or other microbes. A
few of these terpenoids have been utilized for therapeutic applica-
tions for centuries as antibacterial, anti-inflammatory, and antitu-
moral agents (Chakraborty et al., 2022). However, in recent times,
level of research activity on these compounds has constantly
increased. In this study, a natural terpenoid (oleanolic acid) was
isolated from the ethyl acetate fraction of L. stoechas (based on
6

LC-MS/MS profile of extract and ethyl acetate fraction). The struc-
ture elucidation of isolated compound was carried out through
modern spectroscopic techniques including HRMS, MS2, FT-IR, 1H
NMR, and 2D NMR and the compound was further proceed for
detailed mechanistic study for anticancer activity.

In the present study, oleanolic acid exhibited not only a
concentration-dependent cytotoxic activity against MCF-7 and
MDA-MB-231 cancer cells, but also showed negligible toxicity
towards non-cancer cells. The selectivity of the compounds may
be ascertained by their SI. The SI > 3 of the compound indicates
that it has selective toxicity to cancer cells, while SI < 3 for com-
pounds is considered toxic to non-cancerous cells (Awang et al.,
2014). In this study, oleanolic acid showed toxicity against MCF-
7 and MDA-MB-231 cell lines with high SI values. These results
proposed that oleanolic acid is non-toxic to normal cells and may
be utilized as a potent anticancer agent against breast cancer.



Fig. 5. Fluorescence formed by an oxidized DCF as an outcome of ROS production by oleanolic acid in MCF-7 cancer cells using a fluorescence microscope at 20X.
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MCF-7 and MDA-MB-231 cell lines have been widely studied for
anti-breast cancer activity of extracts or compounds. In this pre-
sent study, oleanolic acid showed more selectivity towards MCF-
7 cells than MDA-MB-231 (triple-negative breast cancer cells).
Therefore, MCF-7 cells were selected for further cytotoxic, pro-
apoptotic, ROS generation, MMP, caspase activation, and molecular
studies.

PI is the fluorescence producing agent that attaches with the
DNA of non-living cells, as plasma membrane of these deceased
cells becomes permissible pathway for foreign particles. Likewise,
the DAPI staining is employed to determine apoptosis in cancer
cells (Rashid et al., 2021). In this context, the morphological obser-
vations through PI staining showed a dose-dependent reduction in
the cell population and appearance of yellowish red fluorescence in
apoptotic breast cancer cells, which confirmed the cytotoxic effect
of oleanolic acid. Apoptotic cells have characteristic features like
nuclear fragmentation, chromatin condensation, membrane bleb-
bing, and establishment of apoptotic bodies (Doonan and Cotter,
2008). In DAPI staining, an increase in bluish fluorescence
7

indicated the binding of the dye with DNA after penetration into
the cells due to the increased membrane permeability. Addition-
ally, nuclear condensation and cell shrinkage were observed in
treated cancer cells in comparison to the control cells, which con-
firmed the pro-apoptotic potential of oleanolic acid.

ROS is generally produced in mitochondria in small amount and
plays a vital role in various signaling pathways. The higher ROS
levels are lethal to the cells (Perillo et al., 2020). Therefore, cancer
cells are more prone to apoptosis in comparison to the normal cells
when treated with ROS-inducing agents (Reczek and Chandel,
2017). In the present study, oleanolic acid (125 and 250 lg/mL)
was used for evaluating its effect on oxidative stress. The oleanolic
acid represented a dose dependent increment in ROS level at
higher dose. Oleanolic acid has been reported to cause up-
regulation of Bax protein in treated cancer cells (Kim et al.,
2018). Bax is associated with poration of the mitochondrial mem-
brane (Westphal et al., 2014) and over production of ROS in cancer
cells. Excessive mitochondrial activity in cancer cells leads to an
increased ROS generation (Perillo et al., 2020). The ROS generation



Fig. 6. Depolarization of MMP in oleanolic acid-, doxorubicin-treated, and untreated (control) MCF-7 cancer cells by detecting the ratio of red to green fluorescence followed
by JC-1 stain.

Fig. 7. Activation of (A) caspase-9 and (B) caspase-7 in MCF-7 cancer cells after treatment with oleanolic acid. Values are expressed as mean ± SD. ** and *** represent P
value � 0.01 and � 0.001, respectively.
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in this study is similar to the other study as reported previously for
another compound (Chen et al., 2010). In another study, oleanolic
acid has induced oxidative stress in HepG2 cells (Wang et al.,
2013), whereas other studies revealed reduced or negligible ROS
generation in breast cancer cells (Sánchez-Quesada et al., 2015).
In the current study, higher concentration and long incubation
time of cells were employed that might be the possible reason
for the ROS generation potential of oleanolic acid in MCF-7 cells.
8

In short, oleanolic acid has ROS inducing activity as well as ROS
scavenging activity that might be dependent on source, cell type,
and dose of oleanolic acid used.

The mitochondrial dysfunction in the cancer cells is attaining
popularity among researchers, and thus, molecules aiming mito-
chondrial pathway are being discovered (Lu et al., 2016). JC-1 (flu-
orescent probe) is commonly used for the detection of MMP in cells
or tissues (Tai et al., 2016). JC-1 is a green fluorescent stain and



Fig. 8. Activation of (A) caspase-9 and (B) caspase-7 in MCF-7 cancer cells after treatment with doxorubicin. Results are expressed as mean ± SD. *** represent P value � 0.001.

Fig. 9. Comparison of Bcl2 mRNA expression (A) and PDGFmRNA expression (B) level in compound-treated MCF-7 cells. L, C, and COA represent ladder, control, and oleanolic
acid lanes, respectively.
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when the MMP is increased (in live cells), JC-1 accumulates in
mitochondria. In this study, it was converted to J-aggregates by
the mitochondrial enzymes and produced red fluorescence. Con-
trarily, when MMP is reduced in dead cells, JC-1 can not be con-
verted to J-aggregates. Therefore, there is no change in the color,
and thus, green fluorescence is produced (Baxa et al., 2005). There-
fore, MMP can be easily determined based on fluorescence color
change. A significant reduction in MMP is an ideal sign of an early
apoptosis. The current study revealed an intense green fluores-
cence in oleanolic acid-treated MCF-7 cancer cells as compared
to red fluorescence in untreated cells, which is an indicative of
early apoptosis due to mitochondrial dysfunction. The results of
the current study are in accordance with a previous report
(Pandey et al., 2019).

Caspases (cysteine proteases) are the enzymes, which are
mostly activated in an apoptotic cascade. Later, the discharge of
cytochrome-c from mitochondrial outer membrane leads to the
stimulation of initiator (caspase-8 and caspase-9) and executioner
(caspase-3 and caspase-7) caspases, and therefore, persuades
apoptosis (Degterev et al., 2003). In the current investigation,
caspase activation assay was performed to confirm the intrinsic
9

pathway of apoptosis. The findings revealed about 2-fold incre-
ments in caspase-9 production and 3-fold increase in the produc-
tion of caspase-7 in MCF-7 cancer cells. Findings revealed
potential role of oleanolic acid in the induction of apoptosis via
mitochondrial pathway (intrinsic arm of apoptosis).

Bcl-2 is a part of protein families that have a very crucial role in
the regulation of cell apoptosis. Bcl-2 is the proto-oncogene which
is when over-expressed leads to the inhibition of cell apoptosis
(Beck et al., 2002). It suppresses the cell death by inhibiting release
of cytochrome-c, which is the major component of the cell respira-
tion from the mitochondria. Eventually, it inhibits the activation of
caspases that are actor proteins and plays a vital role in the initia-
tion and sustaining of apoptosis (Kumar et al., 2000; El-Maksoud
et al., 2021). In breast cancer cell, Bax (inhibitor of the Bcl-2) and
Bcl-2 are constitutively expressed to tightly regulate the apoptosis
(Kumar et al., 2000; Beck et al., 2002). One of the many factors in
breast carcinomas is up-regulation of Bcl-2 gene, which ultimately
results in the inhibition of apoptosis (Beck et al., 2002). It has been
well reported that the inhibition of Bcl-2 and Bcl-xL expression and
their anti-apoptotic functions may help to increase the efficacy of
chemotherapeutic agents (Kumar et al., 2000). The current study
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revealed that oleanolic acid remarkably decreased the Bcl-2
expression in MCF-7 cell line. It is therefore, clear that this com-
pound induced apoptosis in MCF-7 cells, via intrinsic pathways.

Platelet-derived growth factor (PDGF) receptor signaling path-
way is over-activated or altered in various cancers like prostate,
pancreatic, and lung cancers (Pinto et al., 2014). However, breast
adenocarcinoma patients have increased level of vascular endothe-
lial growth factor and PDGF in tumors and serum as compared to
the controls (Rykala et al., 2011). Therefore, it is possible that
anti-PDGF receptor remedies will be required for such patients.
These therapies should be selected on the basis of clearly defined
criteria for the presence of PDGF receptors on their cancer cells
(Pinto et al., 2014). In this study, oleanolic acid considerably
down-regulated the expression of PDGF gene in MCF-7 breast can-
cer cells. To the best of our knowledge and reported literature, this
study is a first report on the anti-PDGFmechanism of oleanolic acid
in MCF-7 cells. Therefore, these data suggest that oleanolic acid
might be used as lead compound for the development of anti-PDGF
breast cancer drugs.
5. Conclusions

The isolated compound, oleanolic acid was characterized and
confirmed by FT-IR, ESI-HRMS, and NMR. Oleanolic acid showed
anticancer properties against MCF-7 and MDA-MB-231 cell lines.
The compound favored apoptotic mechanism in MCF-7 cell that
was observed through fluorescent microscopy (PI and DAPI stain-
ing), increased ROS generation, compromised mitochondrial func-
tion, involvement of caspase-9 and caspase-7 stimulation, and
down-regulation of Bcl2 and PDGF genes. Findings revealed the
promising anticancer properties of oleanolic acid against MCF-7
cells by induced apoptosis process. This study depicted that
oleanolic acid was more selective towards breast cancer cells than
the standard drug, and it might serve as a lead compound for
developing relatively safer chemotherapeutic agents in breast can-
cer management. Moreover, oleanolic acid may be explored for
other targets (aromatase inhibition and breast cancer genes) in
breast cancer cells for the development of anticancer drugs. The
least cytotoxic effect of oleanolic acid was non-cancerous BHK-21
cells has revealed the ever needed safety of an anticancer agent.
In addition, this safety gain can draw the attention of many herbal
and nutraceutical industries in developing the anti-breast cancer
formulations.
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