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Abstract. Betulinic acid is a pentacyclic plant compound 
obtained from the bark of white birch trees and has been 
demonstrated to exhibit notable pharmacological properties. 
In the present study, the anticancer potential of betulinic acid 
on paclitaxel-resistant lung cancer cell line (H460) was evalu-
ated. Cell viability was evaluated by an MTT assay, and a 
clonogenic assay was performed to assess the effects on cancer 
cell colony formation. DAPI staining using fluorescence 
microscopy and flow cytometry were employed to evaluate 
the effects of betulinic acid on apoptosis. The effects of 
betulinic acid on the cell cycle and mitochondrial membrane 
potential were also evaluated by flow cytometry. The effects of 
betulinic acid on the protein expression of B-cell lymphoma-2 
(Bcl-2)/Bcl-2-associated X (Bax) were evaluated by western 
blot analysis. The results of the present study indicated that 
the half-maximal inhibitory concentration value of betulinic 
acid on paclitaxel-resistant H460 lung cancer cells was 
50 µM. The treatment with betulinic acid was able to inhibit 
the colony formation potential in a dose-dependent manner. 
A lower cytoxicity by betulinic acid against normal human 
epithelial FR2 cells was observed compared with H460 
cells. The betulinic acid exerted anticancer activity via the 
induction of apoptosis by regulating the Bcl-2/Bax signaling 
pathway. Additionally, treatment with betulinic acid resulted 
in cell cycle arrest of paclitaxel-resistant lung cancer H460 

cells at the G2/M phase. Betulinic acid was also reported to 
cause reductions in the mitochondrial membrane potential 
in a dose-dependent manner. In conclusion, the results of the 
present study indicated that betulinic acid may be a useful 
drug candidate for the management of drug-resistant lung 
cancer.

Introduction

Lung cancer is one of the major causes of cancer-associated 
mortality, particularly in China (1,2). The increase in the 
frequency of cancer, the shortage of curative treatments and 
the severe side effects associated with synthetic drugs (2) 
has made it important to investigate novel and more effective 
molecules. Recently, there has been an increasing interest 
in the use of plant-derived natural products worldwide due 
to fewer side effects. Natural products have gained notable 
importance as anticancer agents due to fewer side effects. 
Betulinic acid is a pentacyclic compound plant obtained 
from the bark of white-barked birch trees (3-5). Betulinic 
acid has been demonstrated to exhibit notable pharmaco-
logical properties. For instance, betulinic acid has been 
reported to exhibit antitumor properties against various 
types of cancer cells, including breast and liver cancer 
cells (6). Additionally, Native Americans have used bark of 
white birch as a folk medicine for the treatment of cancer. 
With the increase in the incidence of drug-resistance, the 
treatment and management of cancer has become very diffi-
cult (4). In the present study, the effects of betulinic acid, 
a natural product, on human lung cancer cells were deter-
mined. The half-maximal inhibitory concentration (IC50) of 
betulinic acid was detected at 50 µM. Of note, the results 
of the present study indicated that betulinic acid exhibited 
marked anticancer activity. It was observed that treatment 
with betulinic acid was able to induce apoptosis in human 
lung cancer H460 cells, alter mitochondrial membrane 
potential (MMP) and cause cell cycle arrest. Treatment with 
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betulinic acid was able to downregulate the expression of 
B-cell lymphoma-2 (Bcl-2) and upregulate the expression of 
Bcl-2-associated X (Bax). Collectively, betulinic acid may 
beauseful drug candidate for the management of drug-resis-
tant lung cancer.

Materials and methods

Chemicals, reagents and cell culture conditions. Betulinic 
acid, propidium iodide (PI), RNase A Triton X-100 
and dimethyl sulfoxide (DMSO) were obtained from 
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). All 
primary and secondary antibodies were purchased from Santa 
Cruz Biotechnology Inc. (Dallas, TX, USA). The fluorescent 
probes (dichloro-dihydro-fluorescein diacetate DCFH-DA, 
DiOC6 and DAPI), fetal bovine serum (FBS), RPMI-1640 
medium, L-glutamine and antibiotics were obtained from 
Invitrogen (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA). Paclitaxel-resistant human lung cancer cell line (H460) 
and non-cancerous FR2 cells were procured from Cancer 
Research Institute of Beijing (Beijing, China), which were 
maintained in Dulbecco's modified Eagle's medium and was 
supplemented with 10% FBS and antibiotics (100 µg/ml 
streptomycin and 100 U/ml penicillin G) in incubator at 37˚C 
(5% CO2 and 95% air).

MTT and colony formation assay. The cytotoxic effect of 
betulinic acid in paclitaxel-resistant human lung H460 cancer 
cells was determined using an MTT assay. The cells were 
cultured at 1x106 cells per well in 96-well plates for a time 
period of 12 h and then administrated with varying concen-
trations of betulinic acid (0-500 µM) for 48 h. MTT solution 
(20 µl) was added to each well. Prior to the addition of 500 µl 
DMSO, the media was completely removed and replaced with 
fresh media. To solubilize MTT formazan crystals, 500 µl 
DMSO was added. ELISA plate reader was used for the 
determination of optical density at 570 nm. H460 lung cancer 
cells were then subjected to 0, 25, 50 and 100 µM betulinic 
acid for further experiments. To evaluate colony formation, 
lung cancer H460 cells at the exponential growth phase were 
harvested and counted with a hemocytometer. The cells were 
plated at 200 cells per well. This was followed by incubation 
for a time period of 48 h at 37˚C to allow the cells to adhere 
and then various doses (0, 25, 50 and 100 µM) of betulinic 
acid were added. Following administration of betulinic acid, 
the cells were again incubated for 6 days at 37˚C and washed 
with PBS. Methanol was used to fix the colonies at ‑20˚C for 
4 min and then stained with crystal violet at room tempera-
ture for ~30 min prior to analysis under a light microscope 
(10 fields).

Detection of apoptosis and estimation of apoptotic populations. 
Paclitaxel-resistant H460 cells (density, 2x105 cells/well) that 
were plated in 6-well plates were administrated with 0, 25, 50 
and 100 µM betulinic acid for 48 h at 37˚C. The cells were 
harvested by trypsinization and fixed with acetic acid and 
methanol (1:3) for 6 h at ‑20˚C. Following incubation at ‑20˚C 
for 6 h, the cells were centrifuged for 10 min at 8,000 x g 
at 4˚C and pellets were resuspended in methanol:acetic acid 
(1:3). The cells were then plated on a chilled glass slide. DAPI 

was added for 20‑30 min at 25˚C in the dark at a concentration 
of 1 µg/ml, and the images were captured using fluorescence 
microscope (excitation wavelength, 488 nm; 10 different 
fields). For Annexin V/PI staining, the cells were harvested 
and stained with Annexin V/PI for 15 min in dark at room 
temperature. Subsequently, analysis was performed with a 
flow cytometer (IX‑70; Olympus Corporation, Tokyo, Japan) 
as previously described (7).

Cell cycle distribution of H460 cells. The cells were seeded 
into 6-well plates (2x105 cells/well), and betulinic was 
administrated to the cells at 0, 25, 50 and 100 µM, followed 
by 24 h of incubation at 37˚C. DMSO was used as a control. 
For estimation of the DNA content, PBS was used to wash 
the cells, which were then fixed in ethanol at ‑20˚C for 24 h. 
This was followed by re-suspension in PBS, containing 
40 µg/ml PI, RNase A (0.1 mg/ml) and Triton X-100 (0.1%), 
for 30 min in a dark room at 37˚C. Subsequently, analysis 
was conducted with a f low cytometer (IX-70; Olympus 
Corporation). The estimated percentage of cells in each 
phase of the cell cycle was quantified using WinMDI soft-
ware version 2.0 (Informer Technologies, Inc., Los Angeles, 
CA, USA).

Determination of MMP. H460 cells were seeded at a density 
of 2x105 cells/well in a 6-well plate, which were maintained for 
24 h and treated with 50 µM betulinic acid for 0, 12, 24 and 
48 h at 37˚C in 5% CO2 and 95% air. Thereafter, the cells 
from all treatment groups were collected, washed twice with 
PBS and re-suspended in 500 µl 3,3'-dihexyloxacarbocyanine 
iodide (1 µmol/l) for MMP at 37˚C in a dark room for 30 min. 
The samples were then analyzed immediately using a fluo-
rescence microscope (IX-70; Olympus Corporation) and a 
flow cytometer with WinMDI software version 2.0 (Informer 
Technologies, Inc.).

Western blot analysis. The betulinic acid-treated cells 
(concentration, 0, 25, 50 and 100 µM) were harvested and 
lysed in lysis buffer [20 mM 4-(2-hydroxyethyl)-1-pip
erazineethanesulphonic acid, 350 mM NaCl, 20% glycerol, 
1% Nonidet P 40, 1 mM MgCl2, 0.5 mM EDTA, 0.1 mM 
EGTA, 1 mM DTT, 1 mM PMSF, protease inhibitor cocktail 
and phosphatase inhibitor cocktail]. The protein concentra-
tions of the lysates were quantified by a bicinchoninic acid 
assay using specific antibodies. β-actin was used as a control. 
From each sample, equal quantities of protein (0.5 µg) were 
loaded and separated by electrophoresis on a 12% denaturing 
SDS gel. Subsequently, the proteins were transferred onto 
polyvinylidene difluoride membranes (pore size, 0.45 µm). 
Following transfer, the membranes were blocked with 3% 
bovine serum albumin (Thermo Fisher Scientific, Inc.) in 
tris-phosphate-buffered saline (200 mM Tris/pH 7.0, 1.37 M 
NaCl and 1% Tween-20) for 1 h at room temperature. The 
membranes were then incubated with appropriate primary 
antibodies (rabbit polyclonal β-actin; sc-58673, Bax; sc-6236, 
BCl2; sc‑509) overnight at 4˚C, followed by incubation with 
horseradish peroxidase-conjugated alkaline phosphatase 
secondary antibody (sc-2372; dilution 1:1,000) for 1 h 
at room temperature. Super Signal West Dura Extended 
Duration Chemiluminescent substrate was used for the 
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enhanced chemiluminescence reaction, and the signal was 
detected and quantified using the ImageQuantLAS4000 
imaging system (GE Healthcare Life Sciences, Little Chalfont, 
UK).

Statistical analysis. All experiments were conducted in 
triplicate and expressed as the mean ± standard deviation. 
Statistical analysis was carried out using a Student's t-test 
and one-way analysis of variance followed by Tukey's test. 
GraphPad prism software (version 5.0; GraphPad Software, 
Inc., La Jolla, CA, USA) was used. P<0.01 was considered to 
indicate a statistically significant difference.

Results

Cytotoxic potential of betulinic acid on paclitaxel‑resistant 
lung H460 cancer cells. The chemical structure of betulinic 
acid is displayed in Fig. 1A. The cytotoxicity of betulinic 
acid on the paclitaxel-resistant human lung cancer cell line 
H460 was evaluated. The results of the MTT assay revealed 
that betulinic acid exhibited concentration-dependent 
anti-proliferative activity on H460 cells. The IC50 of betulinic 
acid on paclitaxel-resistant lung H460 cells was detected to be 
50 µM (Fig. 1B). Betulinic acid exhibited a lower cytoxicity on 

normal human epithelial FR2 cells compared with H460 cells 
(Fig. 1C). In the colony formation assay, the cells were treated 
with 0, 25, 50 and 100 µM betulinic acid, respectively. It was 
observed that the administration of betulinic acid was able to 
reduce the number of colonies in a dose-dependent manner 
(Fig. 2). Colony formation was reduced by ≤78% at 100 µM 
vs. untreated control.

Betulinic acid induces apoptosis in paclitaxel‑resistant 
human H460 lung cancer cells. DAPI staining indicated 
that betulinic acid was able to induce apoptosis in H460 
paclitaxel-resistant cancer cells in a dose-dependent manner 
(Fig. 3). At 50 and 100 µM of betulinic acid, apoptotic cells 
were notably visible. In order to confirm apoptotic cell death 
that was induced by betulinic acid, Annexin V/PI staining 
was conducted following the treatment of H460 cells with 
0, 25, 50 and 100 µM. Flow cytometric results revealed that 
the percentage of apoptotic cell population increased to 
7.82, 17.05 and 36.07% in paclitaxel-resistant human H460 
lung cancer cells after 48 h, compared with the untreated 
control at 25, 50 and 100 µM, respectively (Fig. 4). Therefore, 
the results indicated that treatment with betulinic acid 
resulted in apoptotic cell death in paclitaxel-resistant human 
H460 cancer cells in a concentration-dependent manner.

Figure 1. (A) Chemical structure of betulinic acid. (B) Effect of indicated doses of betulinic acid on paclitaxel-resistant H460 lung cancer cells. (C) Effect of 
indicated doses of betulinic acid on non-cancerous FR2 human epithelial cells. All experiments are representative of three biological replicates ± standard 
deviation. *P<0.01, **P<0.001, ***P<0.0001; H460 lung cells vs. the control FR-2 cells.
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Figure 4. Analysis of cell apoptosis in betulinic acid‑treated paclitaxel‑resistant lung cancer H460 cells by (A) Annexin V/propidium iodide staining. 
(B) Quantification of the apoptotic cell populations. All experiments are representatives of three biological replicates and expressed as the mean ± standard 
deviation. *P<0.01, **P<0.001, ***P<0.0001 vs. control.

Figure 3. Induction of apoptosis by betulinic acid at indicated doses as depicted by (A) DAPI staining and (B) flow cytometry. All experiments are representatives 
of three biological replicates and expressed as the mean ± standard deviation. *P<0.01, **P<0.001, ***P<0.0001 vs. control.

Figure 2. Colony forming potential of betulinic acid paclitaxel cancer H460 cells. (A) Plates showing cell colonies that were treated with betulinic acid at the 
indicated doses. (B) Quantification of the colonies. All experiments are representative of three biological replicates and expressed as the mean ± standard 
deviation. *P<0.01, **P<0.001, ***P<0.0001 vs. control.
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Betulinic acid causes alterations in cell cycle distribution 
of H460 cancer cells. The results of the present study 
indicated that betulinic acid may have induced cell cycle 

arrest of H460 lung cancer cells. It was observed that the 
percentage of cells was notably increased at G2. G2 arrest 
was detected following treatment with 25, 50 and 100 µM 

Figure 5. Effect of the indicated doses of betulinic acid on cell cycle distribution of H460 cancer cells. All experiments are representative of three biological 
replicates.

Figure 6. Effect of 50 µM betulinic acid at indicated time intervals on mitochondrial membrane potential of paclitaxel-resistant lung cancer H460 cells. All 
experiments are replicates of three biological replicates. FITC, fluorescein isothiocyanate.
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betulinic acid (Fig. 5). Additionally, the population of 
G2 H460 cells was slightly increased at a dose of 25 µM, 
markedly elevated at 50 µM and highly elevated at 100 µM 
compared with the control. The effect of betulinic acid 
on the proportion of H460 cells at G2 was observed to be 
dose-dependent.

Betulinic acid induces MMP loss in human H460 lung cancer 
cells. TheH460 cells were administrated with 50 µM betulinic 
acid for various time intervals, and the levels of MMP were 
evaluated. A marked reduction in the level of MMP (Fig. 6) 
was detected in the betulinic acid-treated H460 cells compared 
with the control. After 12, 24 and 48 h, the MMP was observed 
to be 84.10, 75.26 and 57.14% compared with the untreated 
paclitaxel-resistant human H460 lung cancer cells.

Betulinic acid targets the Bcl‑2/Bax signaling pathway. 
The expression levels of Bcl-2and Bax were determined to 
confirm if betulinic acid induced-apoptosis followed the 
mitochondrial apoptotic pathway. The findings are presented 
in Fig. 7. It was observed that the expression of Baxincreased 
and Bcl-2 decreased following the treatment with betulinic 
acid, which may have resulted in apoptosis. Compared 
with the untreated control cells, betulinic acid-treated cells 
demonstrated a concentration-dependent increase in the 
Bax/Bcl-2 ratio.

Discussion

Lung cancer is one of the most lethal types of cancer detected 
worldwide and thousands of patients are diagnosed with 
this disease annually (1). Existing treatment options exhibit 
effective clinical results, yet numerous cancer-associated 
mortalities are attributable to lung cancer. In addition, existing 
treatment options have severe side effects, which negatively 
affect the quality of life (2). Furthermore, the development 
of drug resistance has made cancer very difficult to treat (4). 

Against this backdrop, molecules from natural sources with 
limited side effects may prove useful.

In the present study, betulinic acid revealed potential 
growth-inhibiting activity against paclitaxel-resistant lung 
H460 cancer cells as evident from the proliferation assay. As 
reported previously, numerous drugs exhibit antiproliferative 
effects via the induction of apoptosis. For instance, several 
chemotherapeutic drugs, including cisplatin, taxol and 5‑fluo-
rouracil (8-16) have been reported to alter specific apoptotic 
pathways. Additionally, resistance to drug may be partially 
explained by the ability of cancer cells to evade apoptosis (17). 
To assess whether treatment with betulinic acid induces apop-
tosis in H460 cells, DAPI staining of betulinic acid-treated 
cells was performed. It was observed that treatment with 
betulinic acid was able to induce apoptosis in a concentra-
tion-dependent manner. Furthermore, a marked reduction in 
MMP was observed following treatment with betulinic acid 
and a concentration-dependent pattern was detected. The 
results of the present study are in agreement with studies that 
were conducted previously (16). The results of the present study 
suggested that treatment with betulinic acid may induce apop-
tosis by reducing MMP. Several anticancer drugs target cancer 
cells partly by accumulating high levels of ROS and reducing 
MMP (17). MMP serves an important role in the induction of 
apoptosis. For example, capsaicin disrupts MMP and mediates 
oxidative stress resulting in the apoptosis of pancreatic cancer 
cells (10-16).

Flow cytometry using PI as a probe was used to analyze 
the effects of betulinic acid on cell cycle progression in the 
present study. Treatment with betulinic acid induced G2/M 
cell cycle arrest and led to a marked increase of G2/M cells 
in a dose-dependent manner. Furthermore, it was reported that 
betulinic acid may inhibit H460 cancer cells in a concentra-
tion‑dependent manner. These findings are promising as it is 
well established that paclitaxel-resistant lung cancer is one of 
the cancer types with a high mortality rate, and betulinic acid 
may a potential compound for treatment (17).

Figure 7. Effect of indicated doses of betulinic acid on the expression of (A) Bcl‑2 and Bax proteins by western blotting. (B) Quantification was carried out by 
densitometric analysis. All experiments are representatives of three biological representatives. Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X.*P<0.01, 
**P<0.001, ***P<0.0001 vs. control.
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The effects of betulinic acid on Bcl-2/Bax signaling 
were investigated using western blot analysis. A concentra-
tion-dependent downregulation of Bcl-2 and upregulation of 
Bax were observed in betulinic acid-treated cells, which may 
ultimately induce apoptosis.

Collectively, betulinic acid may be a potential candidate 
for the treatment of lung cancer by regulating the Bcl-2/Bax 
signaling pathway. With limited drug options available and 
limited toxicity associated with naturally occurring betulinic 
acid, this molecule appears to be a viable option, but further 
investigation is required.
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