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Abstract 

Purpose: To investigate the anti-proliferative effect of pomolic acid on lung cancer cells (A549), and the 
underlying mechanism. 
Methods: The viability of pomolic acid-treated A549 cells was determined by MTT and colony formation 
assays. Cell colony formation was monitored with acridine orange/ethidium bromide (AO/EB) staining. 
Protein expressions of Bax and Bcl-2 were assayed by western blotting. 
Results: Pomolic acid suppressed the growth of A549 cells, with an half-maximal inhibitory 
concentration of (IC50) of 10 μM (p < 0.05). However, the IC50 of pomolic acid for normal BEAS-2B cells 
was 80 µM. Pomolic acid also decreased colony formation of A549 cells. At 20 µM, the percentage of 
A549 colonies decreased to 14 % of control. The dose-dependent cytotoxicity of pomolic acid against 
A549 cells was mediated via induction of apoptosis and oxidative stress. Pomolic acid treatment 
enhanced the expression of Bax and decreased the expression of Bcl-2 in A549 cells. Moreover, 
pomolic acid inhibited the migration and invasion in A549 cells in a dose-dependent manner (p < 0.05). 
Conclusion: These results indicate the potent anticancer effect of pomolic acid against human lung 
cancer cells. Thus, pomolic acid has promising potential as a lead molecule for the development of 
chemotherapy. 
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INTRODUCTION 
 
In recent years, lung cancer treatment and 
diagnosis have been the focus of cancer 
research because of high mortality associated 
with lung cancer [1]. The Chinese Centre for 

Disease Control and Prevention has reported 
that lung cancer has become the third foremost 
cause of death in China, after strokes and 
ischemic heart disease [2]. In China, between 
1990 and 2017, lung cancer-associated years of 
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life lost (YLLs) and mortality (age-standardized) 
increased by 12.6 and 28.2 %, respectively. 
 
Notwithstanding the increased frequencies of 
lung cancer, China has continued to improve 5-
year survival by 1.3 % each year, and the 
current value stands at 19.7 % [3]. The 
characteristics of lung cancer in patients 
primarily determine the treatment methodology 
to be followed. So far, different treatments have 
been implemented such as targeted therapy, 
sensitization of drugs and combination therapy 
[1]. However, there is need for the development 
of progressively more novel diagnostic and 
treatment methods through research, so as to 
overcome lung cancer. 
 
Quite a few drugs used in chemotherapy act by 
promoting apoptosis of cancer cells [4]. The 
process of apoptosis goes through a sequence 
of biochemical reactions and morphological 
changes leading to cell breakdown and DNA 
fragmentation. Apoptosis is activated by initiator 
proteins (caspase-8 and caspase-9) either on 
signal transmission from death receptors 
present on plasma membrane (extrinsic 
apoptosis), or by mitochondria-mediated stress 
signals due to changes in mitochondrial 
membrane potential (MMP). Mitochondrial 
activation of apoptosis initiates the activity of 
effector caspases [5]. Moreover, Bcl-2 family 
proteins including Bcl-2 (anti-apoptotic) and Bax 
(pro-apoptotic) are important regulators of 
apoptosis. Chemotherapeutic drugs not only 
promote apoptosis but also initiate several death 
mechanisms in cancer cells, e.g., production of 
reactive oxygen species (ROS) [6]. 
 
Mitochondria are the key sources of energy 
generation (ATP synthesis). Thus, they are rich 
in ROS. Uncontrolled proliferation increases 
energy demand in cancer cells and causes 
intracellular stress which elevates mitochondrial 
functioning and ROS. High levels of ROS 
production due to application of 
chemotherapeutic drugs stimulate intrinsic 
apoptosis via loss of MMP [7]. The MMP loss 
causes release of cytochrome c into the 
cytoplasm, thereby initiating pro-apoptotic 
reaction cascade in the cytoplasm. 
 
Bioactive products from natural sources 
constitute a pool of novel agents with significant 
pharmacological applications [8]. Out of these 
bioactive products, pentacyclic triterpenes have 
emerged as an interesting group of compounds 
showing high bioactivity profiles [9]. Pomolic 
acid is a bioactive pentacyclic triterpene which 
has been reported to exhibit several medicinal 
and biological effects [10]. It has been shown to 

inhibit migration of breast cancer cells [11]. 
Pomolic acid induced cytotoxic effects against a 
wide spectrum of neoplastic cells, including 
leukemia [12]. In this study, the in vitro 
anticancer effect of pomolic acid on lung cancer 
cells (A549) was studied, and the possible 
underlying mechanism of action was 
investigated. 
 
EXPERIMENTAL 
 
Cell culture and conditions 
 
Lung carcinoma A549 cells were bought from 
American Type Culture Collection (ATCC) 
(Manassas, VA, United States). The cells were 
cultured in DMEM supplemented with 10 % (v/v) 
fetal bovine serum and 100 µg/mL of 
streptomycin/100 U/mL. This mixture was 
placed in a controlled incubator with humidified 
95 % air and 5 % CO2 at 37 oC. The medium 
was replaced after every 3 - 4 days. 
 
Assessment of anti-proliferation activity 
 
The MTT assay was used to determine the 
effect of pomolic acid on proliferation of A549 
cells. The A549 cells were seeded in a 96-well 
microplate at a density of 5 × 104 cells/well, and 
left untouched for 24 h for cell attachment. 
Pomolic acid was added to each well of 
microplates at varied concentrations (up to 80 
µM) for 24 h. After pomolic acid treatment, the 
incubation medium in each well was replaced 
with 200 mL newly-prepared medium containing 
MTT (250 mg/mL). This mixture was incubated 
for 4 h at 37 oC. Thereafter, loosely adherent 
A549 cells were washed off by carefully 
discarding the medium. The formazan crystals 
formed were solubilized at 37 oC in dimethyl 
sulphoxide (DMSO; 200 mL) for 15 min. Finally, 
the absorbance of each formazan solution was 
read at 492 nm in a Sunrise ElizaReader 
(Switzerland). Experimental procedures were 
replicated in triplicate for each individual 
concentration of pomolic acid. 
 
Clonogenic assay 
 
The A549 cells were seeded for 24 h in 6-well 
plates in DMEM at a concentration of 500 cells 
per well. After 24 h of attachment, the DMEM 
was replaced with fresh medium containing 
different concentrations of pomolic acid (up to 
80 µM), and the cells were incubated for 24 h at 
37 oC. The control group received only 0.25 % 
DMSO. After 24 h, the pomolic acid-containing 
medium was discarded, and the cells were 
washed in phosphate buffered saline (PBS). The 
medium was replaced every 2 days, and the 
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plates were incubated at 37 ○C for two weeks. 
Subsequently, the cell colonies were fixed in 
100 % methanol at -20 oC for 30 min, followed 
by staining with crystal violet (0.5 %) in 25 % 
methanol (v/v). The excess dye was removed by 
washing repeatedly in water. Finally, the cell 
colonies were dried, and pictures were captured 
with a Nikon camera. 
 
AO/EB staining 
 
Acridine orange/ethidium bromide (AO/EB) 
staining kit (Solarbio, Beijing, China) was used 
to determine pro-apoptotic effect of pomolic acid 
on A549 cells. The A549 cells seeded in 6-well 
plates at a density of 1 × 104 cells/mL were 
incubated for 12 h at 37 oC. Thereafter, the 
medium was replaced with fresh DMEM 
containing different concentrations of pomolic 
acid (up to 80 µM), followed by incubation for a 
duration of 72 h. After completion of pomolic 
acid treatment, cells were washed in PBS and 
treated with freshly prepared 20 µL of AO/EB 
(v/v in 1 mL PBS) for 5 min. Subsequently, the 
stained A549 cells were washed continuously to 
remove excess dye. Finally fluorescent images 
were captured under a fluorescence microscope 
(Olympus, Beijing, China). 
 
Fluorescence microscopy 
 
The production of ROS in pomolic acid-treated 
A549 cells was monitored via DCF fluorescence. 
The A549 cells were cultured in white 96-well 
plates at a concentration of 1 × 104 cells/well 
and left untouched for 24 h at 37 oC, to allow for 
attachment. Subsequently, the A549 cells were 
incubated with different concentrations of 
pomolic acid (up to 80 µM) for 24 h. The control 
group was administered 0.25 % DMSO only. 
After treatment, A549 cells were incubated in 
the dark at 37 oC with DCFH-DA (10 µM) for 1 h. 
Finally, the cells were examined under a 
fluorescence microscope (BZ-9000 Keyence, 
Osaka, Japan) and images were taken at 485 
and 530 nm. The ROS data were calculated as 
percentage relative to control group. 
 
Matrigel migration and invasion assays 
 
Matrigel migration and invasion assays were 
used to determine the effect of pomolic acid on 
migration and invasion of A549 cells. In these 
assays, the cells were seeded in a 24-well 
Transwell chamber fitted with a membrane of 8-
µM pore size (Corning, Lowell, MA, United 
States) holding serum free DMEM, at a density of 
1.5 × 103 cells/well. Then, the wells were treated 
with different concentrations of pomolic acid (up 
to 80 µm). Cells in the control group were treated 

with 0.25 % DMSO only. The lower compartment 
of the chamber contained 10 % fetal bovine 
serum. The cells were incubated for 24 h, after 
which the pomolic acid-treated A549 cells which 
migrated/invaded were stained using crystal 
violet (0.5 %) at -20 oC for 30 min. Finally, 
images of the migrated/invaded cells were 
captured under inverted microscopy at x10 
magnification. 
 
Western blotting 
 
The A549 cells were seeded and cultured in 12-
well plates at a concentration of 1.5 × 105 

cells/well, and treated with pomolic acid for 24 h. 
Thereafter, the pomolic acid-treated A549 cells 
were lysed with RIPA lysis buffer, and the 
protein content of each lysate was quantified via 
BCA assay. Equal amounts of proteins (20-µg 
samples) from the lysates were separated on 12 
% SDS-PAGE, followed by transfer to 
polyvinylidene difluoride membranes. The 
membranes were blocked using non-fat 
powdered milk (5 %) at room temperature for 1 
h. Blocking of membranes was followed by 
incubation overnight at 4 oC with primary 
antibodies against Bax (1:1,000), Bcl-2 (1:1,000) 
and caspase-3, caspase-8 and caspase-9 
(1:1,000). Then, the membranes were subjected 
to incubation with HRP-conjugated secondary 
antibody (1:5,000). Finally, the blots were 
washed and ClarityTM Western Enhanced 
Chemiluminescent Substrate (Bio-Rad 
Laboratories, InC.) was used to develop the 
bands. 
 
Statistical analysis 
 
Results from at least three independent 
experiments are presented as mean ± standard 
deviation (SD). Comparisons among groups 
were carried out using Student’s t-test, and 
differences were analyzed through Dunnett and 
Tukey multiple comparison test and one-way 
ANOVA. GraphPad Prism 5 software (version 
5.01; La Jolla, CA, United States) was used for 
all statistical analyses. Values of p < 0.05 were 
taken as indicative of statistically significant 
differences. 
 
RESULTS 
 
Antiproliferative effect of pomolic acid 
 
Pomolic acid exerted concentration-dependent 
cytotoxic effect on A549 cells, with an IC50 of 10 
μM. However, the cytotoxic effect was 
comparatively lower against normal BEAS-2B 
cells, as was evident from an IC50 of 80 μM 
(Figure 1 A and B). Likewise, the colony-forming 
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potential of A549 cells was markedly decreased 
on treatment with pomolic acid (Figure 2 A). The 
number of colonies decreased with increase in 
the concentration of pomolic acid (Figure 2 B). 
The percent colonies decreased to 14 % at 
pomolic acid concentration of 20 µM. Hence, 
pomolic acid exhibited inhibitory effects on 
proliferation of A549 cells. The results 
demonstrated strong inhibition of proliferation 
after treatment for 24 h. The potential of pomolic 
acid to inhibit proliferation of A549 cells 
increased significantly with increase in its 
concentration. 
 

 
 
Figure 1: (A) Chemical structure of pomolic acid, (B) 
Proliferations of A549 and BEAS-2B cells post-
pomolic acid treatment. *P < 0.05, vs control 
 

 
 
Figure 2: (A) Pomolic acid inhibited the formation of 
A549 cell colonies. (B) Quantitative evaluation of cell 
colonies in pomolic acid-treated A549 cells, relative to 
untreated cells. The data are shown as mean ± SD of 
triplicate experiments. *P < 0.05, vs control 
 
Apoptotic effects of pomolic acid 
 
To estimate apoptotic effects of pomolic acid on 
A549 cells, AO/EB staining was used. The 
results showed that pomolic acid induced 
apoptosis in A549 cells (Figure 3 A). Moreover, 
the percentage of apoptotic A549 cells 
increased with increase in the concentration of 
pomolic acid (Figure 3 B). The percentage 
growth of apoptotic cells was enhanced with 
increase in concentration of pomolic acid. 
Western blotting analysis showed that pomolic 

acid increased the expression of Bax and 
decreased the expression of Bcl-2, thereby 
further confirming the induction of apoptosis 
(Figure 4). The results show up-regulated 
expressions of caspase and Bax proteins in 
A549 cells post-pomolic acid treatment. The 
expression of Bcl-2 protein was strongly 
targeted and reduced by pomolic acid. 
 

 
 
Figure 3: (A) Effect of pomolic acid on apoptosis of 
A549 cells. The green fluorescence of AO denotes 
the number of viable cells, while the red fluorescence 
of EB denotes the apoptotic/dead cells. (B) 
Quantitative evaluation of apoptotic cells in pomolic 
acid-treated group, relative to untreated cells. Arrows 
signify apoptotic/dead cells with red fluorescence. 
The data are results of triplicate experiments shown 
as mean ± SD. *P < 0.05, vs control 
 

 
 
Figure 4: Expressions of biomarkers of apoptosis, as 
assayed via western blotting. Data are results of 
triplicate experiments 
 
Pomolic acid induced oxidative stress 
 
As shown in Figure 5A, pomolic acid induced 
robust DCF fluorescence in A549 cells, when 
compared to controls. This increased 
fluorescence revealed enhanced ROS 
accumulation in A549 cells. The DCF-
fluorescence intensity indicates rise in ROS 
production in pomolic acid-treated A549 cells. 
The levels of ROS were increased in A549 cells 
in a dose-dependent manner (Figure 5 B). The 
fluorescence intensity was increased with 
increase in pomolic acid concentration. 
 
Anti-cell migration and invasion effects of 
pomolic acid 
 
Matrigel  migration  and  invasion  assays   were  
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used to determine the effect of pomolic acid on 
the migration and invasion of A549 cells. As 
shown in Figure 6, the migration of A549 cells 
was decreased in the treated group, when 
compared to controls. The A549 cells were 
treated with indicated concentrations of pomolic 
acid, and Matrigel migration assay was used to 
study its effects on migration. The pictures of 
migrated cells were captured through inverted 
microscopy at x10 magnification. Consistently, 
the invasiveness of A549 cells was reduced in a 
concentration-reliant manner, as presented in 
Figure 7. The A549 cells were treated with 
indicated concentrations of pomolic acid, and 
Matrigel invasion assay was used to study its 
effect on invasion. The pictures of invasive cells 
were captured through inverted microscopy at 
x10 magnification.\ 
 

 
 
Figure 5: (A) Results of DCFH-DA staining assay 
showing enhanced DCF-fluorescence intensity in the 
pomolic acid-treated group, relative to control. (B) 
Quantitative evaluation of ROS in pomolic acid-
treated group, relative to untreated cells. The data are 
results of triplicate experiments shown as mean ± SD. 
*P < 0.05, vs control 
 

 
 
Figure 6: Pomolic acid inhibited the migration of 
A549 cells, relative to untreated controls. Data are 
results of triplicate experiments 
 

DISCUSSION 
 
The identification of novel bioactive plant-
derived compounds has attracted the interest of  

 
 
Figure 7: Effect of pomolic acid on the invasion of 
A549 cells. Data are results of triplicate experiments 
 
researchers for their utilization in the 
management of human cancers. These 
compounds have been found to be harmful to 
normal cells, but with higher cytotoxic effects on 
cancer cells [13]. Natural products promote 
inhibition of cancer through different molecular 
mechanisms, including apoptosis, cell cycle 
inhibition, ROS elevation, and autophagy [6]. 
Despite advances in lung cancer research and 
development of effective treatment methods, the 
overall 5-year survival for cancer patients 
remains a major concern. Besides, lung cancer 
recurrence and metastasis, and hazardous side 
effects of chemotherapeutics pose huge threats 
to lung cancer patients. Therefore, novel 
chemotherapeutic agents are required for 
effective management of lung cancer. In this 
study, the anticancer effect of pomolic acid on 
A549 lung cancer cells, and the underlying 
molecular mechanism, were studied. 
 
Pomolic acid is a pentacyclic triterpene which 
exerts highly-rated anti-proliferative effect on 
different human cancers, including breast 
cancer, glioblastoma and melanoma [14]. In this 
study, it was found that pomolic acid induced 
dose- and time-dependent antiproliferative 
effects on A549 cells. Therefore, the findings are 
consistent with previous studies which reported 
anti-proliferative effects of pomolic acid. 
 
Apoptosis is a key mechanism in regulation of 
homeostasis, and it is one of the primary targets 
of chemotherapy. Its downregulation is often 
associated with the development of chronic 
diseases, including cancer [5]. In this study, it 
was found that pomolic acid induced apoptotic 
cell death in A549 cells. Moreover, the 
expressions of apoptosis biomarker proteins 
were determined through western blotting, and it 
was observed that pomolic acid enhanced Bax 
expression in A549 cells. The pro-apoptotic 
protein Bax is localized in the cytosol, a feature 



Yang et al 

Trop J Pharm Res, June 2022; 21(6): 1206 
 

which helps it to associate with membrane-
bound Bcl-2 to form heterodimer which inhibits 
the stabilization of cytoplasmic pro-apoptotic 
proteins and ultimately suppresses apoptosis. 
However, the dissociation of this heterodimer 
takes place due to several pro-apoptosis signals 
which aid the movement of Bax to mitochondria 
membrane, thereby stimulating apoptosis [15]. 
Caspases are considered as initiators and 
effectors of apoptosis. The increased levels of 
these factors in pomolic acid-treated A549 cells 
indicated onset of apoptosis. The results of the 
present study are similar to those reported by Li 
& Yan [16]. 
 
Mitochondria are cellular organelles of high 
importance in regulation of tumorigenesis, 
apoptosis and drug tolerance. Several studies 
have reported that the mitochondrial signal 
transduction pathway plays important roles in 
cellular metabolism and apoptosis [6]. Excessive 
production of ROS in mitochondria results in the 
depletion of MMP which enhances the 
permeability of mitochondrial membrane. The 
enhanced permeability of membranes results in 
release of cytochrome c into the cytoplasm 
where it induces the caspase cascade, and 
ultimately apoptosis. Previous studies have 
reported that pomolic acid enhanced the 
production of ROS in several human cancer 
cells including human glioma cells [17]. In the 
present study, it was found that pomolic acid 
enhanced ROS production in a dose-reliant 
manner, and hence promoted apoptosis. 
 
The migration and invasion of cancer cells are 
initial stages of the metastasis of cancer cells. 
Several natural products exhibit anti-cell 
migration and invasion effects [17]. Pomolic acid 
has also been shown to exhibit anti-migration 
and anti-invasion potential against breast cancer 
cells [18]. This study showed that pomolic acid 
inhbited migration and invasion of lung cancer 
cells. Pomolic acid induced anticancer effects on 
A549 lung cancer cells through a mechanism 
involving ROS-mediated mitochondrial 
apoptosis and cell cycle arrest. Moreover, 
pomolic acid inhibited the migration and invasion 
of A549 cells. 
 
CONCLUSION 
 
Pomolic acid suppresses the proliferation of lung 
cancer cells via induction of ROS-mediated 
apoptosis. Moreover, it inhibits the migration and 
invasion of lung cancer cells. These results 
suggest that pomolic acid may have promising 
potential as a lead molecule for the development 
of lung cancer chemotherapy. 
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