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One of the rare malignant tumors developing within 
the glands of the buccal cavity in human beings is sali-
vary gland tumors (SGTs). The hallmark of SGTs is the 
fusion of nuclear factor IB (NFIB) and myeloblastosis 
(MYB) genes developed after the translocation of q22-
23; p23-24. Although the aetiology of SGTs is not clear, 
however, the therapeutic modalities are surgical resec-
tion followed by the combination of chemotherapy and 
radiotherapy if a chance of recurrence seems to develop. 
Owing to have numerous side effects of chemotherapy, 
the drug development has been shifted to natural prod-
ucts with minimal side effects. One of the key phyto-
chemical artemisinin derived from wormwood Artemisia 
annua exhibits various pharmacological activities against 
various in-vivo and in-vitro cellular models. Here, we 
evaluated the cytotoxic potential of artemisinin against 
A-253 cells with possible underlying cell death mecha-
nisms. Our results showed that artemisinin reduces the 
proliferation of cells in a concentration-dependent man-
ner and displays IC50 value in a range of 10.23, 14.21 μM, 
and 203.18 μM against A-253/HTB-41 and transformed 
salivary gland SMIE cells, respectively. Flow cytometry 
analysis demonstrated that artemisinin promotes a sig-
nificant amount of apoptotic cellular population and 
triggers G0/G1 arrest of A-253 cells in a concentration-
dependent manner. To verify the mechanism of cell 
death induced by artemisinin in A-253 cells, we found an 
increased level of Bax, Bim, Bad, Bak and reduced level 
of antiapoptotic protein Bcl-2, Bcl-XL with concomitant 
release of mitochondrial resident protein cytochrome c 
into the cytoplasm. Additionally, we found that arte-
misinin augments the production of reactive oxygen 
species which further leads to the activation of proapop-
totic proteins PARP1, and caspase-3, in a concentration-
dependent manner thereby triggering apoptosis. In con-
clusion, artemisinin exhibits promising anticancer thera-
peutic potential against A-253 cells and needs further 
validation of in-vitro results in preclinical models.
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INTRODUCTION

Salivary gland tumors (SGTs) are a rare group of 
complex with heterogeneous histology that is developed 
from the parotid, sublingual, and submandibular glands 
of the buccal cavity (Namboodiripad, 2014). The striking 
feature of human SGTs is the translocation of q22-23, 
p23-24, a fusion of nuclear factor IB (NFIB), and my-
eloblastosis (MYB) proto-oncogenes located on chromo-
some 9p and 6q, respectively (Skálová et al., 2018). This 
fusion promotes the development of heterogeneity and 
resistance to available conventional therapies and of-
ten makes SGT’s diagnosis, therapeutics, and prognosis 
worst (Wysocki et al., 2016). The treatments of choice 
in SGTs are the complete removal of primary lesions 
of glands affected with malignancies. The advanced rate 
of progression of metastatic SGTs often has a dismal 
prognosis with a survival period that ranges from 6 to 
9 months (Adams et al., 2013). The recent reports sug-
gest that the development of therapeutic resistance to 
SGTs was due to the upregulation of phosphoinositide 
3-kinase/protein kinase B (PI3K/Akt) signaling path-
way (Adams et al., 2015). This aberration of the PI3K/
Akt pathway promotes the upregulation of downstream 
mediators of antiapoptotic proteins (myeloid leukemia-
Mcl-1, B-cell lymphoma-Bcl-2, and B-cell lymphoma 
extra large-Bcl-xL) and downregulation of proapoptotic 
proteins (B-cell-like protein 11-Bim, Bcl-2 homologous 
antagonist/killer-Bak, and Bcl-2 associated x protein-Bax) 
and supports the notion that high Bcl-2/Bax ratio could 
lead to poor prognosis in the salivary gland tumors (Xie 
et al., 1999, Pattingre et al., 2005). Recent data revealed 
that silencing of Bcl-2 or blocking Bcl-2 homology do-
main-3 (BH3) – a domain of proapoptotic proteins by 
mimetics in A-253 cells could be the ideal choice to deal 
with poor prognosis of salivary gland malignancies (Pat-
tingre et al., 2005). 
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The key hallmark of malignant cells is the develop-
ment of resistance to programmed cell death. Therefore, 
augmentation of programmed cell death and attenua-
tion of cellular growth by triggering cell cycle arrest is 
the primary aim of almost all anticancer therapeutics to 
kill malignant cells without eliciting inflammation (Vik-
torsson et al., 2005). One of the key cellular organelles, 
the mitochondria is critically important in dealing with 
intrinsic apoptosis and targeting mitochondria in malig-
nant cells is the ideal choice for anticancer therapeutics 
(Leibowitz & Yu, 2010). The striking feature of mito-
chondrial-dependent apoptosis is depolarisation of inner 
mitochondrial membrane potential with the concomitant 
discharge of mitochondrial resident and proapoptotic 
protein cytochrome c into the cytosol (Wu & Bratton, 
2013). These events lead to the activation of caspase-9 
which triggers the initiation of caspase activation there-
by leading to condensation of DNA and eventually cell 
death. Additionally, loss of mitochondrial membrane po-
tential (MMP) induces the formation of pores in an in-
ner mitochondrial membrane by oligomerization of Bak/
Bax monomers to release cytochrome c for the execu-
tion of apoptosis (Wu & Bratton, 2013). However, the 
antiapoptotic proteins function in reverse by interacting 
with proapoptotic proteins Bax/Bak to inhibit the oli-
gomerization of Bak/Bax thereby preventing the execu-
tion of apoptosis (Wu & Bratton, 2013).

Intracellular reactive oxygen species (ROS) are mainly 
produced by the mitochondrial electron transport chain 
(ETC) and play a dual role in promoting carcinogene-
sis signaling cascade or inducing cell death. An abrupt 
rise in intracellular ROS often culminates in the induc-
tion of pro-death signals in the tumor cells (Thangam et 
al., 2014). ROS regulate mitochondrial resident proteins 
such as adenine nucleotide translocator (ANT), voltage-
dependent anion channel (VDAC), and associated com-
ponents of oxidative phosphorylation to promote loss of 
MMP or may modulate redox enzyme functions, thereby 
attenuating cellular antioxidant mechanisms to favour 
programmed cell death (Zorov et al., 2014). In con-
trast, tumor cells of various malignancies either have a 
low level of antioxidant activity or are deficient in one 
or more enzymes compared to normal cells to neutral-
ize the reactive oxygen species (Yamamoto et al., 2003). 
Owing to having low antioxidant capacities or defec-
tive antioxidant enzymatic machinery in many malignant 
cells due to ROS (Ryter et al., 2007; Antosiewicz et al., 
2008), we hypothesize that induction of ROS-mediated 
cell death in salivary gland tumor cells could be the ideal 
strategy to develop novel chemotherapeutics in SGTs. 

In the recent past, natural compounds from plant 
sources received great attention in drug discovery pro-
grams against various types of cancers. Artemisinin a 
principle compound derived from Artemisia annua has 
been used long back in China as traditional medicine 
against various ailments such as antimalarial, anti-in-
flammation, immunomodulation, and antibacterial activ-
ity (Swargiary et al., 2020). Owing to having numerous 
medicinal properties, artemisinin exhibits promising an-
tiproliferative and cell death-inducing potential in a wide 
variety of human cancer cell models both in vitro and in 
vivo settings (Jamalzadeh et al., 2017). Mechanistically, ar-
temisinin attenuates tumor progression by induction of 
apoptosis, autophagy, and promotes antiangiogenic effect 
by inhibition of angiogenesis (Wong et al., 2017). Besides 
inhibition of PI3K/Akt signaling and nuclear factor 
kappa B (NF-κB) downregulation, artemisinin has been 
reported to promote ROS induction in cellular mod-
els (Wong et al., 2017). However, abrupt stimulation of 

ROS, activation of pro-apoptotic activity, and cell cycle 
arrest by artemisinin in A-253 cells are unexplored.

Therefore, the current evaluation was aimed to inves-
tigate the antiproliferative, apoptotic-inducing, and cell 
cycle arrest by artemisinin against SGTCs (A-253/HTB-
41). Our results showed that artemisinin brings on the 
promising antiproliferative potential against A-253 cells. 
Mechanistically, we observe the loss of MMP, activation 
of apoptosis signaling with concomitant downregulation, 
and upregulation of Bcl-2/Bcl-xL and Bad/Bax/Bak/
Bim, respectively in A-253 cells exposed to the dose-
dependent treatment of artemisinin. Subsequently, we 
found dose-dependent cell cycle arrest at G0/G1 phase 
in A-253 cells. Additionally, we found abrupt induction 
of ROS generation in salivary gland tumor cells exposed 
to artemisinin which could further augment the mito-
chondrial-dependent apoptosis mechanism of artemisinin 
against A-253 cells.

MATERIAL AND METHODS

Cell culture, reagents, and treatments

Salivary gland tumor cell line (A-253/HTB-41) and 
normal transformed submandibular epithelial (SMIE) rat 
cells were procured from American Type Culture Col-
lection (ATCC). The cell lines were cultured under asep-
tic conditions in respective McCoy’s 5a, and Dulbecco’s 
modified Eagle’s (DMEM) culture medium obtained 
from Invitrogen. The cultured media were supplemented 
with L-glutamine, 10% fetal bovine serum, and 1% pen-
icillin-streptomycin from Invitrogen to inhibit any bacte-
rial growth. All the cells were timely checked for my-
coplasma contamination. The artemisinin was obtained 
from Sigma-Aldrich and was dissolved in dimethyl sul-
phoxide (DMSO) to make a 20 mM stock solution for 
experimentation. The artemisinin treatments to A-253 
cells were dose-dependent (10, 20, and 30 µM) for 24 h.

Chemicals and antibodies

Propidium iodide (PI), artemisinin, 5,5,6,6’-tetrachlo-
ro-1,1’,3,3’-tetrathylbenzimi-diazoylcarbocyanine iodide 
(JC-1), hydrogen peroxide (H2O2), 3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT), stauro-
sporine, dimethyl sulphoxide (DMSO), 7’-dichlorofluo-
rescein diacetate (DCFHDA), 4’,6-diamidino-2-phenylin-
dole (DAPI), and N-acetylcysteine (NAC) were obtained 
from the Sigma-Aldrich. The required polyclonal primary 
antibodies (Bcl-2, Bax, Bim, Bak, cytochrome c, β-actin, 
PARP1, Bcl-xL, Bcl-2, VDAC, and caspase-3) were pur-
chased from the Cell Signaling Technology.  The HRP-
conjugated rabbit and mouse IgG secondary antibodies 
were from Sigma-Aldrich.  

Cell viability assay

The cell viability of A-253 cells was evaluated by the 
commonly used MTT assay (Rah et al., 2012). Briefly, 
5×103 A-253 cells were seeded in each well of the 96-
well plate and incubated for more than 8 hr to adhere 
properly to the plate surface. A-253 cells were treated 
with varying doses of artemisinin (10, 20, and 30 μM) 
for 24 h. After treatment, cells were exposed to 20 μL 
(2.5 mg/mL) of MTT dye for 3-4 h. After the com-
pletion of incubation, 150 μL of DMSO was added to 
dissolve formazan crystals. The color solution obtained 
after gentle shaking was measured at 570 nm by using 
a multiplate reader. The absorbance was recorded, and 
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cell viability was determined as cell viability in an arte-
misinin-treated group to that of cell viability in the un-
treated control group. 

Quantification of an apoptotic population of cells 

The apoptotic cell population was quantified by flow 
cytometry as determined previously. (Alnuqaydan et al., 
2020). Briefly, 5×105 A-253 cells were treated with arte-
misinin in a dose-dependent manner (10, 20, and 30 μM) 
in a 6-well plate for 24 h at 37ºC. After incubation, cells 
were harvested from each well, washed thrice with pre-
cooled PBS, and then resuspended in a binding buffer 
provided in the apoptosis detection kit (Sigma-Aldrich). 
The cells were then incubated with fluorescein isothiocy-
anate (FITC)-conjugated annexin V antibody (5 µL) and 
PI (5 µL) in dark at 4ºC for 15 min. Incubated samples 
containing suspended cells were operated and evaluated 
for quantification of apoptosis by flow cytometry (BD 
Bioscience).  

Cell cycle analysis

Different stages of the cell cycle of A-253 cells after 
exposure to various doses of artemisinin (10, 20, and 30 
μM) were analyzed by using flow cytometry (Alnuqaydan 
and Rah 2021). Briefly, 0.5×106 A-253 cells were plat-
ed and exposed to various doses of artemisinin (10, 15, 
and 20 μM), camptothecin (1 µM) as a positive control, 
and DMSO as untreated control. After 24 h treatment, 
cells were harvested, washed with pre-cooled phosphate-
buffered saline (PBS), and then fixed at –20ºC with 70% 
ethanol overnight. After fixation, cells were subjected to 
RNAse (100 µg/mL) treatment for 30 min at 37ºC, fol-
lowed by staining with propidium iodide (50 µg/mL) for 
another 30 min at 4ºC. Using the BDTM LSR II flow 
cytometry system, processed A-253 cells were analyzed 
and quantified in various phases of the cell cycle.

Collection of cytosolic and mitochondrial fractions from 
A-253 for western blotting

Cytosolic and mitochondrial fractions were col-
lected as described previously (Rah et al., 2015a). Af-
ter 24 h treatment of A-253 cells with artemisinin in 
a dose-dependent manner (10, 15 and 20 μM), along 
with DMSO as untreated control, cells were scrapped/
trypsinized, harvested, and washed with ice-cooled PBS. 
The washed cells were incubated and resuspended in 
buffer A (1 mM dithiothreitol (DTT), 200 mM sucrose, 
1mg/mL bovine serum albumin (BSA), 1 mM ethylene 
glycol-bis (β-aminoethyl ether)-N,N,N′,N′-tetraacetic 
acid (EGTA) and 10 mM pH 7.4 Tris-MOPS) and 
were lysed by passing through 18-gauge syringe needle 
many times. The cell lysates in buffer A obtained were 
centrifuged (0.1 h, 1000g) at 4–8ºC. The supernatants 
were again centrifuged (15 min, 15000×g) at 4ºC to 
separate mitochondria. The supernatants obtained after 
second centrifugation contained only cytosolic protein 
fraction and the pellet obtained contained mitochon-
drial fraction. The respective fractions thus obtained 
were subjected to Bradford analysis to measure protein 
concentration. After calculating the concentration of 
protein, 20–30 μg of protein from both the fractions of 
all treatments were loaded in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel to 
resolve proteins based on molecular weight under the 
standard voltage 100 V. Resolved proteins were trans-
ferred on to the PVDF membrane, followed by incu-
bation of transferred polyvinylidene fluoride (PVDF) 

membrane with 5% skimmed milk as blocking solution 
in TBST to avoid any non-specific antibody binding. 
Incubation of PVDF membrane with primary antibody 
was performed either for 3–4 h at room temperature 
or for overnight at 4 ˚C on the shaker to ensure uni-
form binding of an antibody to the corresponding an-
tigen. After incubation of PVDF membrane containing 
transferred proteins with antibodies solution (dilution 
1:1000), PVDF membrane was washed with TBST for 
5 min (3 times) and incubated with corresponding sec-
ondary antibodies (horseradish peroxidase-HRP-conju-
gated, dilution 1:10 000) at 37ºC for 1 to 1.5 h. PVDF 
membranes were washed again with TBST for 5 min 
(3 times), cleaned, and incubated with ECL reagent to 
detect the presence of protein on the PVDF membrane 
by capturing fluorescence on the X-ray film or with 
chemiluminescence based gel doc.

Reactive oxygen species detection and estimation 
by Dichloro-dihydro-fluorescein diacetate (DCFHDA) 
method

The detection and estimation of ROS were evaluated 
by the DCFH-DA method (Eruslanov and Kusmartsev 
2010).  Briefly, 105 A-253 cells in a 6-well plate were ex-
posed with the artemisinin in a concentration-dependent 
manner (10, 15, and 20 μM) in the presence or absence 
of N-acetylcysteine (NAC) (5 mM) and a positive control 
H2O2 and DMSO as untreated control for 24 h at 37ºC. 
After 24 h treatment, A-253 cells were washed with ice-
cooled PBS followed by incubation with DCFH-DA dye 
for half an hour at 37ºC. After 30 min photographs of 
stained cells were captured with a fluorescent microscope 
and subsequently cell plates were analyzed by recording 
fluorescence at excitation wavelength 488 nm and emis-
sion wavelength 525 nm.

Evaluation of depolarization of mitochondrial 
membrane potential (MMP)

The mitochondrial membrane potential of A-253 
cells was analyzed by JC-1 staining (Clayton & Shadel, 
2014; Rah et al., 2015a). After seeding cells at a density 
of 5×105 in each well of 6-well plate, A-253 cells were 
exposed to dose-dependent treatment with artemisinin 
(10, 15, and 20 μM) and staurosporine as positive 
control and DMSO as untreated control at 37ºC. Af-
ter 24 h incubation, cells were harvested, washed with 
pre-cooled PBS. The collected cells were processed for 
JC-1 staining at room temperature for 20 min. The 
cells which have intact mitochondria exhibit bright red 
fluorescence whereas those cells which are in a process 
or undergo apoptosis have depolarization of MMP ex-
hibit green fluorescence. The change in fluorescence 
(red/green) was used to determine the healthy versus 
depolarization MMP. The stained cell suspension was 
analyzed to quantify the MMP of the cell population 
exposed to various treatments of artemisinin by flow 
cytometry (BD Bioscience). 

Phase-contrast microscopy

A-253 cells were seeded at a density of 0.5×105 

cells in each well of a sterile 6-well plate. Cells were 
incubated for overnight to get properly adhered to at 
37ºC in a 5% CO2 incubator. Next, A-253 cells were 
exposed to various doses of artemisinin (10, 15, and 
20 μM), staurosporine (25 nM) as a positive control, 
and DMSO as untreated control for 24 h at 37ºC. Af-
ter completion of time point, A-253 cells were directly 
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analyzed by phase-contrast microscope (Nikon Eclipse 
TS100) by capturing photographs and analyzing the 
morphological changes induced by artemisinin. 

Statistical analysis

The experimental data from the above experimental 
assays were performed more than three times and the 
data represent the mean ± standard error of the mean 
(S.E.M.). The data from all experiments were calculated 
by using one-way ANOVA analysis. The p-value≤0.05 is 
taken as significant.

RESULTS

Artemisinin reduces the proliferation of human A-253 
cells in a concentration-dependent manner

To evaluate the influence of artemisinin on cell vi-
ability, all the cell lines (A-253/HTB-41 and SMIE) 
seeded in 96-well sterile plates were exposed to varying 
doses of artemisinin (0.1–100 μM) for 24 h. We ob-
served a dose-dependent reduction in cell viability in all 
the cell lines used in the MTT assay. When calculating 
the IC50 dose after 24 h exposure to artemisinin, we 
found 10.23±0.25 μM for A-253 and 14.21±0.38 μM 
for HTB-41 cells (Fig. 1A). Intriguingly, we found quite 
a high IC50 value (203.18±3.24 μM) against normal 
transformed human salivary gland SMIE cells (Fig. 1B). 
These results indicate that artemisinin specifically and 
significantly reduces the cell viability of human A-253 
cells in comparison with normal SMIE cells.

Further, to support the reduction of cell viability 
by artemisinin, we perform phase-contrast microscopy 
to determine the morphological changes after arte-
misinin treatment. Upon dose-dependent exposure to 
artemisinin (10, 15, and 20 μM) treatment and stauro-
sporine (25 nM) as a positive control for 24 h in A-253 
cells, our phase-contrast microscopy results demon-
strate that A-253 cells exposed to higher doses of ar-
temisinin and positive control staurosporine (25 nM) 
have altered morphology with a significant number of 
dead cells floating on the culture media (Fig. 2) com-
pared to untreated control. Together, these data sug-
gest that artemisinin is a promising antitumor natural 
compound that reduces the cell viability of A-253 cells 
significantly.

Artemisinin promotes dose-dependent apoptosis and 
triggers G0/G1 cell cycle arrest in human A-253 cells 

Next, we tried to evaluate the underlying cell death 
mechanism induced by artemisinin in human A-253 cells. 
After exposure to artemisinin (10, 15, and 20 μM) or 
staurosporine (25 nM) as a positive control, and DMSO 
as untreated control at 37ºC for 24 h, cells were har-
vested and processed to determine the apoptotic cell 
population by flow cytometry. Our results revealed a 
dose-dependent induction of apoptosis caused by arte-
misinin in A-253 cells. The results showed that a sub-
stantial amount of population of apoptotic cells was in-
duced (12.87±1.03%, 17.86±1.35%, and 24.74±1.97%) 
at varying doses of artemisinin (10, 15, and 20 μM), re-
spectively, compared to untreated control 5.82±0.07% in 
A-253 cells. Additionally, a significant induction of apop-
tosis (39.8±3.3%) was also observed in A-253 cells after 

Figure 1. Evaluation of cell viability of cultured salivary gland tumor cells (A-253 cells). 
(A) concentration-dependent inhibition of cell proliferation of A-253 cells after exposed to varying concentrations (0.1, 1, 10, 100, 1000, 
10000 µM) of artemisinin. (B) Cell proliferation inhibition of transformed salivary gland cells (SMIE) in a concentration-dependent manner 
(0.1, 1, 10, 100, 1000, 10000 µM) with artemisinin. All the experiments were performed in triplicates (n=3), each error bar designates the 
standard error of three independent experiments and is statistically significant (p≤0.5).

Figure 2. Morphological changes in A-253 cells after treatment 
with artemisinin. 
A-253 cells exposed to varying doses of artemisinin (10, 15, 
20 µM) along with positive control staurosporine 25 nM, and 
DMSO (less than 1%) as untreated control to verify changes in 
cellular morphology of A-253 cells by phase-contrast microscope 
(Nikon Eclipse TS100). (Scale bars: 100 µm) 
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24 h treatment with staurosporine (25 nM) as a positive 
control (Fig. 3A and B). 

Further, induction of apoptosis by dose-dependent 
treatment of cells with artemisinin was analyzed by west-
ern blotting to determine the protein level of activated 
apoptotic proteins. After dose-dependent treatment of 
A-253 cells with artemisinin (10, 15 and 20 μM) and 
staurosporine (25 nM) as a positive control, and DMSO 
as untreated control, for 24 h at 37ºC cell lysates from 
different treatments of artemisinin were analyzed by 
western blotting to evaluate the protein level of apoptot-
ic proteins. Immunoblotting findings demonstrated that 
at higher doses of artemisinin, A-253 cells showed the 
activation of proapoptotic Poly [ADP-ribose] polymerase 
1 (PARP1) and caspase-3 protein forms into respective 
active products (Fig. 3C). 

Additionally, we also used flow cytometry analysis to 
evaluate the influence of artemisinin on the cell cycle of 
A-253 cells. After exposure to artemisinin (10, 15, and 
20 μM) and camptothecin (1 µM) as positive control 
and DMSO as an untreated control at 37ºC for 24 h, 

A-253 cells were harvested and processed to determine 
the different phases of the cell cycle by flow cytometry. 
Our results of flow cytometry analysis revealed a dose-
dependent arrest of the G0/G1 cell cycle by artemisinin 
in A-253 cells. The results showed that a substantial 
part of the population of A-253 cells was arrested 
in the G0/G1 phase of the cell cycle (54.57±1.03%, 
63.17±1.35%, and 67.37±1.97%) at varying doses of 
artemisinin (10, 15 and 20 μM), respectively compared 
to positive control camptothecin (1 µM) and untreated 
control are 74.27±1.34% and 47.56±0.07% in A-253 
cells (Fig. 4A and 4B), respectively. Together these re-
sults suggest that artemisinin induces an antiprolifera-
tive effect in human A-253 cells by inducing apoptotic 
mechanism of cell death as well as G0/G1 cell cycle ar-
rest in A-253 cells.

Induction of apoptosis by artemisinin in A-253 cells is 
mitochondrial-dependent

To evaluate the role of mitochondria in artemisinin-
induced apoptosis, we determined mitochondrial mem-

Figure 3. Artemisinin promotes dose-dependent apoptosis in 
A-253 cells. 
(A) Flow cytometry (BD Bioscience) analysis of apoptosis induced 
by varying doses of artemisinin (10, 15, 20 µM) along with posi-
tive control staurosporine 25 nM, and DMSO (less than 1%) as un-
treated control. The apoptotic cell population in quadrant Q2 and 
Q3 represents early and late apoptotic cells. The Q1 and Q4 quad-
rants represent necrotic and normal cell populations, respectively. 
(B) The bar chart represents the percentage of the apoptotic cell 
population (early and late) induced with indicated doses (10, 15, 
20 µM) of artemisinin and positive control staurosporine 25 nM af-
ter treatment of A-253 cells for 24 h at 37ºC. (C) Immunoblotting 
of A-253 cell lysates after treatment with indicated doses (10, 15, 
20 µM) of artemisinin along with positive control staurosporine 
25 nM, and DMSO untreated control for 24 h at 37ºC to verify the 
activation of proapoptotic proteins PARP1 and caspase-3 to their 
respective cleaved products, and β-actin to ensure cell lysates was 
equally loaded. All the experiments were performed in triplicates 
(n=3), each error bar designates the standard error of three inde-
pendent experiments and is statistically significant (p≤0.5).    



182           2022P. Xiao and others

brane potential in artemisinin-treated A-253 cells. The 
A-253 cells were exposed to various doses of artemisinin 
(10, 15, and 20 μM) and staurosporine (25 nM) as a pos-
itive control, DMSO as untreated control for 24 h. The 
A-253 cells were processed and stained with JC-1 dye to 
evaluate ψMMP by flow cytometry analysis. Our findings 
demonstrate a significant loss of ψMMP (76.72±0.83%, 
84.32±1.21%, and 93.14±1.71%) corresponding to 10, 15 
and 20 μM artemisinin concentrations respectively, com-
pared to DMSO control cells (09.14±0.71%). The A-253 
cells treated with 25 nM staurosporine (positive control) 
presented a significant loss of ψMMP (96.74±3.31%) 
(Fig. 5A and B). 

The loss of ψMMP promotes disruption of the inner 
mitochondrial membrane causing the release of mito-
chondrial resident protein cytochrome c into the cyto-
plasm (Madungwe et al., 2018). To check whether cy-
tochrome c is released after depolarization of mitochon-
drial membrane potential of A-253 cells by varying doses 
of artemisinin we performed subcellular fractionation 
followed by immunoblotting of both cytosolic and mi-
tochondrial fractions. Our immunoblotting results dem-
onstrated that the level of cytochrome c in cytosolic frac-
tion increases as the doses of artemisinin increase and 
concomitantly the level of cytochrome c in mitochondrial 
fractionation decreases as the treatment dose of arte-
misinin increases. Intriguingly, we observed an increased 
level of proapoptotic proteins Bax, Bim, Bad, and Bak 
in mitochondrial fraction than in a cytosolic fraction 
(Fig. 5C). These data indicate that loss of ψMMP in-
duced by artemisinin was augmented by Bax, Bim, Bad, 
and Bak to form pores in the outer mitochondrial mem-
brane thereby allowing free movement to the mitochon-
drial resident protein cytochrome c to form apoptosome 

and execute mitochondrial-dependent apoptosis in A-253 
cells.

Induction of ROS by artemisinin augments 
mitochondrial-dependent apoptosis in A-253 cells

Induction of ROS such as hydrogen peroxide 
(H2O2) and O2•– implicates both cell survival as well 
as cell death depending upon the level of induction. 
Artemisinin has been reported to induce ROS pro-
duction in various cellular models (Chong & Zheng, 
2016). Therefore, we determined the ROS production 
by artemisinin treatment in A-253 cells and whether 
the artemisinin-mediated ROS production in A-253 
cells helps in cell survival or favours cell death. Af-
ter dose-dependent treatment of A-253 cells with ar-
temisinin (10, 15 and 20 μM) along with the presence 
of ROS inhibitor NAC (5 mM) (Halasi et al., 2013), 
ROS inducer hydrogen peroxide (H2O2) (100 μM) 
as a positive control (Wu et al., 2018), and DMSO 
as untreated control for 24 h. The cells were pro-
cessed for DCFH-DA staining to measure the intra-
cellular ROS production by oxidizing and converting 
DCFH-DA dye to green fluorescent DCF probe and 
the intensity of green fluorescent is directly propor-
tional to oxidative stress induced by ROS (Nayak & 
Mishra, 2020). Recent reports suggest that various 
natural compounds promote antiproliferative effects 
by inducing ROS production in various cancer cell 
models (NavaneethaKrishnan et al., 2019, Şoica et al., 
2020). Consistent with previous studies, our results 
showed that artemisinin abruptly induces ROS pro-
duction, and the level of ROS production increases as 
the dose of artemisinin increases. We found a 1.7 to 

Figure 4. Evaluation of cell cycle analysis by flow cytometry of A-253 cells with dose-dependent artemisinin treatment. 
(A) Analysis of various cell cycle stages by flow cytometry after treatment with varying doses of artemisinin (10, 15, 20 µM) along with 
positive control camptothecin 1 µM and DMSO (less than 1%) as untreated control to quantify the cells in different stages of the cell 
cycle in A-253 cells. (B) The bar chart represents the percentage of G0/G1 triggered cell cycle arrest with the indicated doses (10, 15, 20 
µM) of artemisinin and positive control camptothecin 1 µM after treatment of A-253 cells for 24 h at 37ºC. All the experiments were 
performed in triplicates (n=3), each error bar designates standard error of three independent experiments and are statistically significant 
(p≤0.5). 
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9.3-fold increase in ROS level in the dose-dependent 
treatment of A-253 cells exposed artemisinin when 
compared to untreated control. H2O2 exposed cells 
presented 7-times higher ROS levels than untreated 
control cells. Additionally, cells exposed to a higher 
dose of artemisinin (20 μM) followed by treatment 
with NAC have a 1.1-fold higher intracellular ROS 

level than untreated control (Fig. 6A and B). Further, 
the report suggests that ROS production by natural 
compound with aferin A facilitates mitochondrial-de-
pendent cell killing in colorectal cancer cells (Xia et 
al., 2018). Additionally, prenylated isoflavone auricula-
sin derived from F. philippinensis promotes ROS induc-
tion in prostate cancer cells thereby activating apop-

Figure 5. Evaluation of mitochondrial membrane potential (ψMMP) in artemisinin treated A-253 cells. 
(A) Analysis of loss of ψMMP by flow cytometry induced by varying doses of artemisinin (10, 15, 20 µM) along with positive control 
staurosporine 25 nM and DMSO (less than 1%) as untreated control to quantify the JC-1 staining cell population (B) Bar chart represents 
the percentage JC-1 staining cells with depolarization of mitochondrial membrane potential after exposed with indicates doses (10, 15, 
20 µM) of artemisinin and positive control staurosporine 25 nM after treatment of A-253 cells for 24 h at 37ºC. (C) Immunoblotting of 
A-253 cell lysates after treatment with indicates doses (10, 15, 20 µM) of artemisinin along with positive control staurosporine 25 nM and 
DMSO untreated control for 24 h at 37ºC to verify the depolarization of mitochondrial membrane potential by analyzing various mito-
chondrial resident proteins cytochrome c, Bim, Bad, Bak, and Bax in cytosolic and mitochondrial fractions. (D) The histogram represents 
the fold change of protein expression of mitochondrial resident proteins in the cytosolic and mitochondrial fraction after normalizing 
with respective constitutive proteins β-actin and VDAC, respectively. All the experiments were performed in triplicates (n=3), each error 
bar designates the standard error of three independent experiments and is statistically significant (p≤0.5). 
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tosis (Cho et al., 2018). Consistent with these reports, 
we observed that artemisinin induces ROS production 
in A-253 cells thereby promoting apoptosis. Further, 
our immunoblotting results revealed that activation 
of proapoptotic proteins PARP-1 and caspase-3 were 
observed with a concomitant reduction in the protein 
level of antiapoptotic Bcl-2 and Bcl-xL after A-253 
cells at higher doses of artemisinin for 24 h (Fig. 6C). 
Intriguingly, pre-treatment of cells with a higher dose 
of artemisinin (20 μM) followed by N-acetylcysteine 
treatment, does not activate PARP-1, and caspase-3 
proapoptotic proteins with the negligible decrease in 
antiapoptotic proteins Bcl-xL and Bcl-2 were observed 
(Fig. 6C). These data suggest that artemisinin pro-
motes abrupt ROS production which further augments 
the artemisinin-induced apoptosis in A-253 cells. 

DISCUSSION

One of the key mechanisms to prevent tumorigenesis 
is the execution of apoptosis to malignant cells (Rah et 
al., 2016). Most chemotherapeutic drugs in response to 
death signals generated within the cells by DNA dam-
age or oncogenic activation promote apoptosis induction 
(Nayak et al., 2015; Rah et al., 2015b). Numerous chem-
otherapeutic drugs activate mitochondrial membrane-
dependent apoptosis and often crosstalk with extrinsic 
apoptosis pathways to promote an effective mode of 
cell death to tumor cells (Sharma et al., 2012; Sinha et 
al., 2013; ur Rasool et al., 2016). In response to apop-
totic stimuli, the striking feature of the internal (mito-
chondrial-dependent) apoptotic pathway is the release of 
mitochondrial resident proteins into the cytoplasm (Al-
nuqaydan et al., 2020) such as cytochrome c which pro-

Figure 6 Evaluation of reactive oxygen species (ROS) in arte-
misinin treated A-253 cells. 
(A) Analysis of ROS estimation by microscopic method induced 
by varying doses of artemisinin (10, 15, 20 µM) along with posi-
tive control hydrogen peroxide 100 µM, negative control NAC 5 
mM and DMSO (less than 1%) as untreated control to quantify the 
DCFD-HA staining cell population (B) Bar chart represents the fold 
change in DCFD-HA staining of cells with indicates doses (10, 15, 
20 µM) of artemisinin and positive control hydrogen peroxide 100 
µM after treatment of A-253 cells for 24 h at 37ºC. (C) Immuno-
blotting of A-253 cell lysates after treatment with indicates doses 
(10, 15, 20 µM) of artemisinin along with positive control hydro-
gen peroxide 100 µM, negative control NAC 5 mM and DMSO 
untreated control for 24 h at 37ºC to further verify the activation 
of proapoptotic proteins PARP1 and caspase-3 and downregula-
tion of antiapoptotic proteins Bcl-XL and Bcl-2. Constitutive protein 
β-actin is also analyzed to ensure cell lysates were equally loaded. 
All the experiments were performed in triplicates (n=3), each er-
ror bar designates the standard error of three independent experi-
ments and is statistically significant (p≤0.5).
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motes initiation of apoptosome formation thereby acti-
vating other proapoptotic proteins such as caspase-3, -9, 
etc to activate apoptosis (Mignotte & Vayssiere, 1998). 
Previous reports suggested that numerous natural com-
pounds could induce cell death mechanisms in tumor 
cells by activating mitochondrial-dependent apopto-
sis. Rigo and Vinante (Rigo & Vinante, 2016) demon-
strated that α-Bisabolol promotes intrinsic apoptosis cell 
death in tumor cells both in a concentration-dependent 
as well as time-dependent manner. Further, the study 
reveals that induction of cell death was due to loss of 
ψMMP. Consistent with these studies our results dem-
onstrated that dose-dependent exposure of A-253 cells 
to artemisinin promotes significant loss of mitochondrial 
membrane potential. This was evidenced by the release 
of cytochrome c and other prominent mitochondrial resi-
dent proteins such as Bim, Bad, Bak, and Bax into the 
cytosolic fraction (Fig. 5C and 5D).

Anticancer drugs kill tumor malignant cells mainly by 
apoptosis as well as trigger cell cycle arrest to attenuate 
the tumor cell growth (Zilla et al., 2014; Dar et al., 2018; 
Alnuqaydan et al., 2020). Luo and others (Luo et al., 
2018) showed that a 6-Gingerol promotes apoptosis and 
subsequently triggers cell cycle arrest of gastric carcino-
ma cells to reduce the growth of malignant cells (Luo et 
al., 2018). Another similar study suggests that artemisinin 
interrupts transcriptional factor E2F thereby triggering 
G1 phase cell cycle arrest in breast cancer (MCF-7) cells 
(Tin et al., 2012). Consistent with previous results, our 
cell cycle analysis demonstrates that artemisinin induces 
G0/G1 phase cell cycle arrest in A-253 cells in a dose-
dependent manner.     

Generation of intracellular ROS by dose-dependent 
treatment of artemisinin seems upstream incident of 
the mitochondrial-dependent apoptosis in A-253 cells. 
This is evidenced by the significantly reduced apoptotic 
population of A-253 cells that are pre-treated with arte-
misinin followed by NAC (5 mM) treatment for 24 h. 
Previous reports suggest that artemisinin induces apop-
tosis in various cellular models through different cell 
death cascade mechanisms (Gao et al., 2011). However, 
our results suggest that induction of ROS generation by 
artemisinin in A-253 cells could be an early event, and 
as the treatment time proceeds the generation of ROS 
could further augment the artemisinin-induced apoptosis 
in A-253 cells. The explanation for the high induction 
of apoptosis by artemisinin could be due to low or de-
fect in one or more enzymes that promote antioxidant 
activity in A-253 cells. Artemisinin a natural phytochemi-
cal compound that possesses prooxidant activity further 
weakens the antioxidant system of salivary gland tumor 
cellular models thereby inducing ROS generation that 
promotes cell death mechanism in A-253 cells.

An antiapoptotic mechanism is mainly contributed by 
elevated Bcl-xL and Bcl-2 levels in cells and thus contrib-
utes to chemoresistance (Choudhary et al., 2015). Wheth-
er these antiapoptotic proteins could have any role in 
SGT metastasis is not yet clear. To investigate whether 
the expression of key antiapoptotic proteins Bcl-xL and 
Bcl-2 are elevated in A-253/ HTB-41 cells to drive them 
towards the development of drug resistance. We intend-
ed to correlate the level of antiapoptotic and apoptotic 
proteins of untreated and artemisinin-treated A-253 cells 
in the current study. We found a substantial decrease in 
the protein level of antiapoptotic Bcl-xL and Bcl-2 with 
concomitant upregulation and activation of proapoptotic 
proteins PARP-1, and caspase-3 in A-253 cells exposed 
with dose-dependent treatment with artemisinin. Addi-
tionally, previous studies revealed that a combination of 

chemotherapeutic drugs could sensitize malignant cells to 
cell death often frequently by modulating the relative ra-
tio of various proapoptotic and antiapoptotic Bcl-2 fami-
lies of proteins (Tagscherer et al., 2008). Upregulation 
of Bcl-2 and Bcl-xL antiapoptotic protein prevents the 
apoptotic activity of proapoptotic Bim, Bad, Bax, and 
Bak proteins by influencing the ratio of proapoptotic to 
antiapoptotic proteins (Kang & Reynolds, 2009). Fur-
ther, the ectopic level of Bcl-2 in leukemia cells prevents 
apoptosis significantly by modulating the proapoptotic 
and antiapoptotic protein level by artemisinin (Kim et al., 
2013; Kumar et al., 2017). Consistent with earlier results 
(Ho et al., 2014; Wang et al., 2019), we found that arte-
misinin treatment of A-253 cells for 24 h modulates the 
proapoptotic to antiapoptotic protein ratio in favour of 
apoptosis activation by upregulating and downregulating 
the protein level of Bim, Bad, Bax, Bak and Bcl-2 and 
Bcl-xL, respectively.

In conclusion, our results demonstrate that artemisinin 
exhibits a promising antiproliferative effect against 
A-253 cells at low micromolar doses. Mechanistically, 
artemisinin promotes ROS-mediated mitochondrial-
dependent apoptotic cell death and triggers G0/G1 cell 
cycle arrest. This was evidenced by loss of ψMMP, the 
liberation of cytochrome c from the inner membrane of 
mitochondria, caspase cascade activation, and downregu-
lation of antiapoptotic Bcl-xL and Bcl-2. Owing to having 
either low antioxidant activity or having a defective an-
tioxidant system in malignant cells compared to normal 
cells, the artemisinin could be used in combination with 
other prooxidant drugs against salivary gland tumors to 
promote ROS-mediated cell death specifically in salivary 
gland tumor cellular models. 
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