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ABSTRACT
Background: Salviamoorcroftiana Wall. ex Benth. is a herbaceous perennial plant indigenous
to the Himalayan mountains and especially common in the Kashmir Valley, India. This plant was
selected based on its ethnopharmacological promise and the dearth of scientific reporting on its
biological activity. This study examined the anticancer therapeutic potential of Salviamoorcroftiana
Wall. ex Benth. and also sought to demonstrate its induction of apoptosis, autophagy, andoxidative
stress in lung and breast cancer cells. Methods: Soxhlet's extraction technique was used to obtain
an ethanolic extract of Salviamoorcroftiana. A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was used to evaluate the effects of an ethanolic extract on cell proliferation,
and acridine orange/ethidiumbromide (AO/EB) stainingwas used to assess apoptotic cellmorphol-
ogy. Transmission electron microscopy was used to detect autophagy, and 2'-7'dichlorofluorescin
diacetate (DCFH-DA) staining was used to measure oxidative stress. Apoptosis and autophagy-
related protein levels were assessed with western blotting. Results: The ethanolic extract showed
concentration and time-dependent inhibition of proliferation against A549 and MDA-MB-231 cell
lines with IC50 values of 129.32 µg/ml and 118.12 µg/ml, respectively (*p< 0.05). The AO/EB stain-
ing revealed that ethanolic extract brings about apoptotic transformations in both cell lines, fur-
ther supported by western blotting showing higher caspase 3 and 9 and Bax expression and lower
Bcl-2 expression. TEM analysis and western blotting showed the formation of autophagosomes
and higher expression of LC3B-I and LC3B-II in A549 and MDA-MB-231, respectively, confirming
autophagy. Finally, the DCFH-DA staining showed concentration-reliant augmentation of intracel-
lular ROS production in A549 and MDA-MB-231 cells, indicating the induction of oxidative stress
by the ethanolic extract. Conclusion: This study showed the remarkable anticancer activity of an
ethanolic extract of Salvia moorcroftianaWall. ex Benth. roots via apoptosis, autophagy, and oxida-
tive stress. Natural drug discovery and design against lung and breast cancer could benefit from
these findings.
Key words: Apoptosis, autophagy, cancer, caspase, oxidative stress, Salvia moorcroftiana wall. ex
Benth.

INTRODUCTION
Cancer is the most dangerous health condition
mankind faces and currently predominates over other
health conditions in mortality and global occur-
rence1. Lung and breast cancer are now becom-
ing common. In the United States, lung cancer is
ranked second-most-frequent and is one of the fore-
most causes of cancer-related death2. More than
0.25 million cases of lung cancer were expected in
the U.S. in 116,930 women and 130,340 men3. Pre-
vious studies have cited lung cancer as the leading
cause of cancer-related deaths in men over 40 years
and women over 60 years of age, more than prostate
cancer, breast cancer, and leukemia. However, recent
years have seen a gradual decrease in lung cancer in-
cidence and mortality because of enhanced tools and

mass awareness of screening for the disease. Themain
risk factor for lung cancer is tobacco consumption via
smoking4. The decline in tobacco consumption has
reduced the incidence of lung cancer by 48% among
men and 23% among women. Secondhand smoke is
another leading risk factor contributing to this fatal
disease5,6. These statistics indicate a pressing need
for drugs or chemotherapeutics with efficient action
against lung cancer.
Breast cancer is another form of harmful neoplasm
mostly found in women. Breast cancer is metastatic
and invades distant sites, harming other parts of the
body as well7. Each year, about 1 million cases of
breast cancer are recorded worldwide8. In the United
States, breast cancer is the most frequent cancer di-
agnosed in women, with an incidence rate of 12.5%.
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The lethality of this illness can be seen in the high in-
cidence of death among patients, 1 in 35 women di-
agnosed9. Hormone therapy and immune therapies
have proven fruitful in eliminating this fatal disease.
However, disease recurrence and low survival rates
still make this disease a notable challenge to human-
ity 10. The high incidence and death rates of this fatal
disease indicate the need for novel management ther-
apies and therapeutics that could eliminate the dis-
ease, stop recurrence, and improve survival.
Both lung and breast cancer are lethal health condi-
tions associated with enormous mortality and mor-
bidity globally. Recent advancements in cancer treat-
ment have eased the global cancer burden somewhat,
but lung and breast cancers remain hazards that must
be addressed by scientists and researchers. Consid-
ering the immediate demand for novel treatment op-
tions, this study was designed to evaluate the anti-
cancer effects of an ethanolic extract of Salvia moor-
croftiana wall. ex Benth. roots. Moreover, the under-
lying actionmechanismwas also studied by analyzing
apoptosis, autophagy, and oxidative stress.
The Salvia genus belongs to the family Lamiaceae
and comprises more than 900 species11. This genus
is distributed throughout the world and the most
suitable growing conditions are temperate and trop-
ical regions12. Salvia species are important in tra-
ditional medicines used worldwide, showing anti-
cancer, antidiabetic, antioxidant, and antibacterial ac-
tivities13–16. Salviamoorcroftiana wall. ex Benth. is
commonly known as “kallijari” and is native to the
Kashmir Valley in the Himalayas. The perennial plant
is herbaceous and grows up to 90 cm, with sturdy
stems. The roots and seeds are used to treat cough
and hemorrhoids and are also used as an emetic. The
leaves are used to treat boils and as medicine for itch-
ing and guinea worm17. The roots show rich phy-
tochemistry and bioactive phytochemicals18. De-
spite their rich phytochemistry, very little is known
about the pharmacological and medicinal activities
of Salviamoorcroftiana wall. ex Benth. roots. This
study could help determine the anticancer potential
of an ethanolic extract of Salvia moorcroftiana wall.
ex Benth. roots against lung and breast cancer cells.

METHODS
Chemicals and reagents
RMPI-1640 medium and dichlorodihydrofluores-
cein diacetate (DCFH-DA) were obtained from
Thermo Fisher Scientific, Inc., Waltham, MA, United
States. Dimethyl sulphoxide (DMSO), 10% fe-
tal bovine serum, penicillin, streptomycin, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT), acridine orange/ethidium bromide

(AO/EB), phosphate buffer saline (PBS), glutaralde-
hyde, ethanol, osmium tetroxide, acetone, uranyl ac-
etate, lead citrate, and RIPA lysis buffer were obtained
from Sigma-Aldrich; Merck KGaA, Darmstadt, Ger-
many.

Plant material
Salvia moorcroftiana Wall. ex Benth. plant mate-
rial was collected from hilly areas of District Budgam,
Jammu and Kashmir on June 20, 2020. The plant
was identified and characterized by Dr. Kanchan
Yadav, Department of Botany, Madhyanchal Profes-
sional University, Ratibad, Bhopal, Madhya Pradesh;
a sample was deposited with her under voucher no.
MPU-B-107. The roots of the plant were carefully re-
moved, washed under tap water, and shade dried at
30 – 33 oC for three weeks. The dried roots were pow-
dered with a mortar and pestle. Tomaintain the qual-
ity of the extract, all the dirt and moisture were elimi-
nated. The powder was stored in air-tight plastic bags
until extraction.

Ethanolic extraction
The 200 g of powdered, shade-dried
Salviamoorcroftiana Wall. ex Benth. roots were
extracted with boiling (79 oC) ethanol for 24 h using
Soxhlet’s apparatus. The crude extract was concen-
trated and leftover moisture was eliminated under
reduced pressure with a rotatory evaporator. The
extract was then stored at 4 oC in a refrigerator. The
refrigeration preserved the quality of the extract for
future use. Ethanolic extracts of Salvia moorcroftiana
Wall. ex Benth. roots were prepared at 12.5, 25, 50,
100, 200, and 400 µg/ml with 0.05% of dimethyl
sulphoxide (DMSO) for anticancer analysis.

Cell culture and conditions
The A549 lung cancer cells and MDA-MB-231 breast
cancer cells were procured from the National Center
for Cell Sciences, Pune, Maharashtra. Both cell lines
were maintained in RMPI-1640 medium containing
10% fetal bovine serum, penicillin, and streptomycin.
The cell cultures were preserved in a humid environ-
ment at 37 oC with 5% CO2.

MTT assay
TheMTT was conducted to evaluate the antiprolifer-
ative effects of the ethanolic extract of Salvia moor-
croftiana Wall. ex Benth. roots against A549 lung
and MDA-MB-231 breast cancer cell lines. The A549
andMDA-MB-231 cells were seeded to individual 96-
well plates, maintaining a density of 1×105 cells/well.
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The cultured cell lines were divided into experimen-
tal groups, each of which received a different concen-
tration of the ethanolic extract: 0, 12.5, 25, 50, 100,
200, and 400 µg/ml. These treated cell lines were in-
cubated for 24 h, 48 h, and 72 h at 37 oC. After the in-
cubation time, each experimental group received 100
µ l of MTT reagent (5 µg/ml) followed by 4 h addi-
tional incubation. The formazan crystals formed by
the MTT with living cells were dissolved in DMSO
and subjected to colorimetric analysis. The optical
density of each experimental group was determined
by recording the absorbance at 490 nm with a mi-
croplate reader. The procedures for each experimen-
tal group were performed in triplicate.

AO/EB staining assay
The morphological characteristics of ethanolic
extract-treated A549 and MDA-MB-231 cells were
monitored by AO/EB staining with fluorescence
microscopy. The A549 and MDA-MB-231 cells
were seeded in 24-well plates at a density of 1×104

cells/well for 12 h. The cells were divided into exper-
imental groups, each of which received a different
concentration of the ethanolic extract: 0, 50, 100, and
200 µg/ml, followed by 24 h of incubation at 37 oC.
Afterward, the treated cells were washed twice in PBS
and then stained with 20 µ l AO/EB staining solution.
The stained cells were incubated without light for
15 min. Finally, the morphological and apoptosis
characteristics of the treated A549 andMDA-MB-231
cells were assessed under a fluorescent microscope
(Nikon Corporation., Tokyo, Japan).

Transmission electronmicroscopy (TEM)
The autophagy-promoting effects of the ethanolic ex-
tract of Salvia moorcroftiana Wall. ex Benth. roots
in A549 lung and MDA-MB-231 breast cancer cells
were evaluated with TEM analysis. The cell lines
were loaded in individual 24-well plates at a con-
centration of 1×104 cells/well and cultured for 24
h. The cultures were then divided into experimental
groups and received either 0 or 100 µg/ml of the ex-
tract. Afterward, the cells were incubated for 24 h and
then washed and fixed with PBS and glutaraldehyde
(2.5%). The washed cells were then stained with 2%
osmium tetroxide and subsequently incubated for 2
h at room temperature. The treated and stained A549
andMDA-MB-231 cells were dehydratedwith ethanol
and then immersed in pure acetone. Before section-
ing (5 – 7 µm) under the Ultracut E ultra-thin slicer,
the cells were placed in an epoxy resin mixture. The
ultrathin sections were stained with lead citrate and

uranyl acetate (3%) and then incubated for 20 min
without light at room temperature. Finally, the ultra-
thin stained sections were washed twice in distilled
water and subsequently loaded into a transmission
electron microscope (Philips Medical Systems, Eind-
hoven, Netherland).

Reactive oxygen species assessment
The ROS production in treated and control A549 and
MDA-MB-231 cells was measured with a DCFH-DA
staining assay. The A549 and MDA-MB-231 cells
were plated in 24-well plates at a density of 1 × 104

cells/well for 12 h. The cells were divided into ex-
perimental groups, each of which received a differ-
ent concentration of the ethanolic extract: 0, 50, 100,
and 200 µg/ml, followed by 24 h of incubation at 37
oC. Afterward, the cells were incubated with 10 mM
of DCFH-DA at 37 oC for 25 min. In the presence
of intracellular ROS, non-fluorescent DCFH oxidizes
to fluorescent DCF. This change was detected by tak-
ing absorbance measurements with a fluorescent mi-
croplate reader at 570 nm.

Western blotting
The expression of apoptosis and autophagy-related
proteins in A549 andMDA-MB-231 cells treated with
an ethanolic extract of Salvia moorcroftiana Wall. ex
Benth. roots was monitored with western blotting.
The A549 and MDA-MB-231 cells were treated with
different concentrations of the ethanolic extract (0,
50, 100, and 200 µg/ml) for 24 h. The treated cells
were lysed with RIPA lysis buffer. The protein con-
tent within each lysate of A549 and MDA-MB-231
cells was measured through a bicinchoninic acid as-
say. From each sample, about 40 µg of proteins were
separated with 10–15% SDS-PAGE and transferred
to nitrocellulose membranes blocked with skim milk
(5%) for 1 h at room temperature. These membranes
were incubated overnight at 4 oC with primary anti-
bodies for caspase-3, caspase-9, Bax, Bcl-2, LC3B-I,
and LC3B-II (1:500 dilutions; ThermoFisher Scien-
tific). After primary antibody treatment, the mem-
branes were exposed to HRP conjugated goat anti-
rabbit secondary antibodies (1:2,000 dilutions; Ori-
Gene Technologies, Inc., Beijing, China) for 1 h with-
out light at 37 oC. Finally, the protein bands were
developed with an ECL substrate spray and pictured
with the Chemidoc XRS system (Bio-Rad Laborato-
ries, Inc., Hercules, CA, United States).

Statistical analysis
The experimental data of the three triplicate experi-
ments are represented as mean± SD. The differences
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among groups were analyzed with a one-way ANOVA
followed by Tukey’s test using GraphPad Prism soft-
ware version 5.0 (GraphPad Software, Inc., La Jolla,
CA, United States). A *p < 0.05 was considered statis-
tically significant.

RESULTS

Proliferation inhibition by Salvia moorcrof-
tianaWall. ex Benth. root extract

The proliferation of A549 and MDA-MB-231 cells
was assessed with an MTT assay after treatment with
ethanolic extract of Salvia moorcroftiana Wall. ex
Benth. roots. The ethanolic extract inhibited the pro-
liferation of A549 cells significantly (p < 0.05). The
proliferation inhibition was not only concentration-
dependent but time-dependent as well (Figure 1).
The proliferation of A549 cells reduced significantly
from 100% in controls to almost 23%, 14%, and 7% at
400 µg/ml after 24 h, 48h, and 72 h, respectively. Sim-
ilar results were observed in the MDA-MB-231 cells,
where the cell proliferation was significantly reduced
with increasing extract concentration and exposure
time. The proliferation reduced from 98% in controls
to 18%, 12%, and 9% at 400 µg/ml after 24 h, 48 h, and
72 h, respectively (Figure 2). The ethanolic extract of
Salvia moorcroftianaWall. ex Benth. roots showed an
efficient IC50 concentration of 118.12 µg/ml against
MDA-MB-231 cells and 129.32 µg/ml against A549
cells.

Apoptosis induction by Salvia moorcrof-
tianaWall. ex Benth. root extract

Apoptosis in A549 and MDA-MB-231 cells treated
with an ethanolic extract of SalviamoorcroftianaWall.
ex Benth. roots was investigated with AO/EB staining
and western blotting. The treated A549 cells showed
characteristic apoptotic features such as membrane
damage, membrane blebbing, formation of apop-
totic bodies, nuclear disintegration, DNA damage,
and loss of cell integration (Figure 3). The control
group showed no such alterations and the overall cell
morphology remained normal. The treated MDA-
MB-231 cells showed similar morphological changes
under fluorescence microscopy. The cell destruc-
tive effects of the ethanolic extract were enhanced
with increased concentration (0–200 µg/ml). The
morphological changes observed after extract treat-
ment are hallmarks of apoptosis and therefore indi-
cate the proapoptotic proliferation inhibition of A549
cells. The proapoptotic antiproliferative effects of the

ethanolic extractwere further confirmed at themolec-
ular level by evaluating the expression of apoptosis-
related proteins in both the A549 and MDA-MB-
231 cancer cell lines. The expression of caspase-3,
caspase-9, and Bax proapoptotic proteins notably in-
creased with increasing concentrations of ethanolic
extract in both target cell lines (Figure 4). Simulta-
neously, the expression of Bcl-2 antiapoptotic protein
decreased dramatically in treated cells compared with
the controls. These results suggest that the antiprolif-
erative effects of an ethanolic extract of Salvia moor-
croftiana Wall. ex Benth. roots induce apoptosis in
both A549 and MDA-MB-231 cells.

Autophagy induction by Salvia moorcrof-
tianaWall. ex Benth. root extract
Autophagy in A549 and MDA-MB-231 cells treated
with an ethanolic extract of SalviamoorcroftianaWall.
ex Benth. rootswasmonitoredwithTEManalysis and
western blotting. The treated A549 cells showed the
formation of autophagosomes under TEM (Figure 5
A). Autophagosomes are hallmarks of autophagic cell
death. Autophagy in A549 cells was further con-
firmed when higher expressions of pro-autophagy
proteins LC3B-I and LC3B-IIwere recorded in treated
cells compared with control cells. Similarly, au-
tophagosomes and higher expressions of LC3B-I and
LC3B-II were detected in treated MDA-MB-231 cells
(Figure 5 B). These results suggest that the ethanolic
extract of Salvia moorcroftiana Wall. ex Benth. roots
stimulates autophagy in both A549 and MDA-MB-
231 cells.

Oxidative stress induced by Salvia moor-
croftianaWall. ex Benth. root extract
The induction of oxidative stress in A549 and
MDA-MB-231 cells with an ethanolic extract of
Salviamoorcroftiana Wall. ex Benth. roots was as-
sessed with DCFH-DA staining. The results indicate
that ROS production in A549 cells was dramatically
enhanced after exposure to the ethanolic extract. ROS
production increased from 11% in controls to 27%,
45%, 65%, and 85% at 12.5, 50, 100, and 200 µg/ml
of ethanolic extract, respectively (Figure 6). Simi-
lar results were demonstrated in the MDA-MB-231
cells, where the ROS production increased from 7% to
73% with increasing concentrations (0 – 200 µg/ml)
of ethanolic extract (Figure 7). Therefore, the results
from DCFH-DA staining indicated that the ethanolic
extract of Salvia moorcroftiana Wall. ex Benth. roots
induced oxidative stress in both A549 andMDA-MB-
231 cells.
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Figure1: Theproliferation inhibitionofA549cells after 24h, 48hand72hexposure to indicatedconcentra-
tions of ethanolic extract of SalviamoorcroftianaWall. ex Benth. roots. Results showed significant inhibition
of A549 cell proliferation. The experimental data of three individual triplicate experiments are represented as
mean± SD. *p < 0.05. https://doi.org/10.6084/m9.figshare.17105051.v1

Figure 2: The proliferation inhibition of MDA-MB-231 cells after 24 h, 48 h and 72 h exposure to indicated
concentrations of ethanolic extract of SalviamoorcroftianaWall. ex Benth. roots. Results showed significant
inhibition of MDA-MB-231 cell proliferation. The experimental data of three individual triplicate experiments are
represented as mean± SD. *p < 0.05. https://doi.org/10.6084/m9.figshare.17105063.v1
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Figure 3: The AO/EB staining revealing the morphological features of A549 and MDA-MB-231 cells in con-
trols and treatment groups. The arrows point out at different morphological modifications in target cells post
treatment includingmembrane damage, membrane blebbing, formation of apoptotic bodies, nuclear disintegra-
tion, DNA damage and loss of cell integration. Experiments were repeated in triplicates. https://doi.org/10.6084/
m9.figshare.17105066.v1

Figure 4: Western blotting analysis. The western blotting analysis representing the expression of apoptosis
allied proteins in A549 and MDA-MB-231 cells post ethanolic extract treatment. The results showed that post
extract treatment at different concentrations, the expressions of Caspase-3, Caspase-9 and Bax proteins increased
significantly, while the expressions of Bcl-2 lowered significantly. https://doi.org/10.6084/m9.figshare.17105072.
v1
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Figure 5: A) Images of transmission electron microscope revealing formation of autophagosomes (indicated by
arrows) in treated cells compared to controls and western blots showing expressions of autophagy allied proteins
in A549 cells. B) Images of transmission electron microscope revealing formation of autophagosomes (indicated
by arrows) in treated cells compared to controls and western blots showing expressions of autophagy allied pro-
teins in MDA-MB-231cells. https://doi.org/10.6084/m9.figshare.17105087.v1

Figure 6: The percentage ROS production in ethanolic extract of SalviamoorcroftianaWall. ex Benth.roots
treated A549 cells with the help of DCFH-DA fluorescence staining. The experimental data of three individual
triplicate experiments are represented as mean± SD. *p < 0.05. https://doi.org/10.6084/m9.figshare.17105096.v
1
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Figure 7: The percentage ROSproduction in ethanolic extract of SalviamoorcroftianaWall. ex Benth. roots
treated MDA-MB-231 cells with the help of DCFH-DA fluorescence staining. The experimental data of three
individual triplicate experiments are represented as mean± SD. *p < 0.05. https://doi.org/10.6084/m9.figshare.1
7105102.v1

DISCUSSION
Medicinal plants are the major source of drugs in the
present-day pharmaceutical industry. Due to enor-
mous diversity in the occurrence and structural va-
riety of their phytochemical constituents, medicinal
plants have been a source of drug discovery and de-
sign since antiquity 19. The bioactive phytochemicals
identified and isolated from medicinal plants are ex-
tensively screened for drugs to treat different human
disorders. This led to the discovery of taxol, pacli-
taxel, vincristine, and vinblastine, natural products
that have been incorporated into chemotherapy 20.
Medicinal plants have been actively used in the phar-
maceutical industry.
Salvia species are among the most prevalent medici-
nal plants with a wide range of therapeutic potential.
This genus is a part of Traditional Chinese Medicine,
Ayurveda, and other folk medicines worldwide21.
Moreover, Salvia species have been the source of
numerous bioactive molecules, including cryptotan-
shinone, castanol C, camphor, and dihydrotanshi-
none22. Moreover, Salvia species show tremendous
anticancer potential against a wide range of human
cancers, including prostate, breast, liver, and lung23.
Therefore, this study was designed to investigate the
anticancer potential of ethanolic extracts of Salvia
moorcroftiana Wall. ex Benth. roots and determine

its possible mechanism of action by studying apopto-
sis, autophagy, and oxidative stress in A549 lung and
MDA-MB-231 breast cancer cells. The results showed
promising antiproliferative effects following a dose-
and time-reliant pattern. These results were similar
to those of previous studies reporting the antiprolif-
erative effects of Salvia species.
Apoptosis is a natural phenomenon and the proac-
tive form of natural cell death is often termed PCD-
I24. Apoptosis is a stepwise process to eliminate dam-
aged, malfunctioning, and cancerous cells tomaintain
the optimum homeostasis of cells and tissues. Sup-
pression of apoptosis often leads to the pathogene-
sis of malignant disorders in humans, including can-
cer. The Bcl-2 family of proteins regulates apopto-
sis, incorporating both pro-apoptotic (Bax and Bad)
and antiapoptotic (Bcl-2) proteins25. Caspases ini-
tiate the apoptosis process by regulating the loss of
mitochondrial membrane potential and the release of
cytochrome c into the cytoplasm, initiating a reac-
tion cascade that ultimately generates apoptosomes or
apoptotic bodies26. Triggering apoptosis in cancer
cells has become a popular topic for research nowa-
days because of its natural instigation and selective
degradation. Bringing about apoptosis in cancer cells
could eliminate the disease at its root. Medicinal
plants, including Salvia species, have previously been
reported as inducing apoptosis in different human
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cancer cell lines27,28. Salvia moorcroftiana tends to
upregulate proapoptotic proteins and downregulate
antiapoptotic proteins. This study, for the first time,
evaluates the proapoptotic effects of an ethanolic ex-
tract of Salviamoorcroftiana Wall. ex Benth. roots.
We observed that, consistent with previous findings,
the ethanolic extract of Salvia moorcroftianaWall. ex
Benth. roots showed proapoptotic effects by induc-
ing nuclear damage, inhibiting Bcl-2, and upregulat-
ing caspases and Bax proteins in A549 andMDA-MB-
231 cells.
Autophagy is another pivotal survivalmechanism that
operates based on starvation and stress29. Autophagy
is often termed PCD-II and is operated by several
factors. The formation of autophagosomes indicates
the onset of autophagy. During starvation or fast-
ing, the body’s demand for nutrients and energy in-
creases drastically. This is addressed by activating au-
tophagy 30. However, this is a self-destructive process
in which the body eats its own damaged, malfunc-
tioning, and cancerous cells to manage its nutrient
demands during starvation. Established chemother-
apeutics target cancer cells, inhibiting the disease by
stimulating the autophagy of malignant cells. Many
medicinal plants, including Salvia species, have been
reported to induce autophagic cell death in cancer
cells, but no such evidence had been reported for
Salviamoorcroftiana Wall. ex Benth. roots31. This
study, for the first time, evaluated the proautophagic
potential of an ethanolic extract of Salvia moorcrof-
tianaWall. ex Benth. roots and found that it induced
autophagy in A549 andMDA-MB-231 cells, a finding
that was further supported by the overexpression of
LC3B-I and LC3B-II.
Oxidative stress is induced by the overproduction of
ROS in cells. ROS generation is often associated
with damage to genetic material and the pathogen-
esis of several malignant disorders, including can-
cer32. ROS are likely to react with almost everything
they interact with and often disturb normal cellular
processes. Thus, ROS are dangerous to normal cells
but can stimulate cell death mechanisms such as au-
tophagy and apoptosis in cancer cells33. This study
evaluated the ROS production in A549 and MDA-
MB-231 cells after treatment with ethanolic extract
and found promising results. The extract induced
concentration-reliant oxidative stress in both target
cell lines.

CONCLUSIONS
In conclusion, this study’s findings revealed that
ethanolic extracts of Salvia moorcroftiana Wall. ex

Benth. roots possess remarkable anticancer potency
against the A549 lung and MDA-MB-231 breast can-
cer cell lines. Furthermore, the ethanolic extract in-
duced apoptosis, autophagy, and oxidative stress in
A549 and MDA-MB-231 cells. Therefore, our study
offers a foundation for identifying and isolating bioac-
tive entities in the extract that can contribute to lung
and breast cancer research and treatment.

ABBREVIATIONS
AO/EB: Acridine Orange/Ethidium Bromide
Bad: Bcl-2 associated agonist of cell death
Bax: Bcl-2-associated X protein
Bcl-2: B-cell lymphoma 2
DCFH-DA: Dichloro-dihydro-fluorescein diacetate
PCD: Programmed Cell Death
ROS: Reactive oxygen species
TEM: Transmission electron microscopy
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