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Babaodan inhibits cell growth by inducing autophagy 
through the PI3K/AKT/mTOR pathway and enhances 
antitumor effects of cisplatin in NSCLC cells
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Abstract: Babaodan capsule (BBD), a traditional Chinese (TCM) formula, has been widely used as an alternative 
remedy for multiple types of malignancies, clinically. However, the underlying mechanisms behind the efficacy of 
BBD remain poorly understood, particularly in regard to lung cancer. Herein, we demonstrate that BBD induced 
autophagic death in A549 and A549DDP cells without apoptosis. Treatment with autophagic inhibitor 3-MA, Baf-A1 
and PI3K agonist, IGF-1, fully proved our conclusion, as well as uncovered the potential downregulated signaling 
pathway, PI3K/AKT/mTOR. The study additionally found that BBD could downregulate the expression of MDR1 and 
increase the chemosensitivity of cisplatin. Collectively, our results, both in vivo and in vitro, demonstrate that BBD 
leads to autophagic cell death through downregulating the PI3K/AKT/mTOR signaling pathway and improved the 
antitumor effects of cisplatin in non-small cell lung cancer (NSCLC). 
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Introduction

Lung cancer is the most commonly diagnosed 
cancer and the leading cause of cancer related 
death worldwide, with approximately 2 million 
new cases diagnosed in 2018 [1]. Non-small 
cell lung cancer (NSCLC), accounts for nearly 
80-90% of lung cancer, and patients without 
typical mutation still rely on the platinum-based 
double chemotherapy [2]. However, the majori-
ty of patients suffer chemotherapeutic failure 
due to developed multidrug resistance (MDR) 
and intolerable toxicity induced by high doses 
of these agents [3, 4]. To circumvent these 
problems, exploration of new effective strate-
gies is now in the forefront of cancer research. 
Rational therapeutic drug combinations, such 
as natural products together with chemothera-
peutic drugs, may provide novel therapeutic 
options for the treatment of this disease. 

Traditional Chinese medicine (TCM) is associ-
ated with minimal side effects, and has been 

widely applied clinically for a range of diseases, 
including cancer. For instance, Artemisinin 
(ART), which was isolated from a traditional 
Chinese herb, has miraculous effects on malar-
ia and parasitic diseases [5, 6]. Yu Ping Feng 
San (YPFS), a TCM formula, reverses cisplatin-
induced multi-drug resistance in NSCLC cells 
through the regulation of drug transporters and 
p62/TRAF6 signaling [7]. A series of studies 
also suggested that an increasing number of 
TCMs play important roles on anti-NSCLC activi-
ties via modulating pro-death autophagy, and 
even affect the acquired MDR [8-13].

Autophagy is a conserved cellular catabolic pro-
cess in which organelles and cytoplasmic pro-
teins are degraded and recycled through a 
autophagosome-lysosome manner [14]. It is kn- 
own to keep cellular homeostasis and protect 
against various diseases [15, 16]. However, the 
involvement of autophagy in cancer remains 
incompletely understood [17, 18]. Many reports 
have emphasized that autophagy was a “dou-
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ble-edge sword” for tumor development [19-
21]. Even so, there are still some agents that 
focus on neoplasms by modulating autophagic 
death, such as etoposide, rapamycin, and te- 
mozolomide [22], as well as the above mentio- 
ned active ingredients extracted from Chinese 
herbs or plants.

Babaodan capsule (BBD) is an ancient TCM for-
mula, which has been widely used as a folk 
remedy since the Ming Dynasty. It is composed 
of Moschus, Snake Gall, Pearl, antelope’s horn, 
Calculus Bovis and Radix Notoginseng, with 
properties of heat-clearing, detoxification, jaun-
dice-eliminating and promotion of blood circu-
lation. Traditionally, BBD is prescribed for the 
treatment of viral hepatitis, acute urinary tract 
infection and other inflammation-related dis-
eases. However, in recent years, we have rec-
ognized in the clinic that patients with primary 
liver and lung cancer who received treatment of 
BBD combined with chemotherapeutic drugs, 
had a better prognosis and relatively mild side 
effects [23]. Thus, we hypothesized that BBD 
could have a measure of antitumor effect, and 
may increase the sensitivity of chemotherapeu-
tic agents.

In our study, we investigated the anti-cancer 
activity of BBD on lung cancer cell lines A549 
and A549DDP, and attempted to identify the 
underlying molecular mechanism, aiming to 
explore its potential value of therapeutic effects 
on malignancy.

Material and methods

Materials and reagents

RPMI-1640 medium, phosphate buffered sali- 
ne (PBS), and foetal bovine serum were pur-
chased from Gibco (BRL Life Technologies, 
Grand Island, NY, USA), The cell-counting Kit-8 
(CCK-8) assay was obtained from Dojin-do (Do- 
jin-do, Japan), 3-Methyladenine (3-MA, an ear-
ly-stage autophagy inhibitor) and Bafilomycin 
A1 (Baf-A1, a late-stage autophagy inhibitor) 
were purchased from Selleck (Selleck Chemi- 
cals, CA, USA). IGF-1 (a PI3K activator) was 
bought from Cell Sciences, (MA, USA). Anti- 
bodies against Bcl-2, Bax, cleaved-PARP, P-gp, 
PI3K, phospho-PI3K (p-PI3K), AKT, phospho-
AKT (p-AKT), mTOR, phospho-mTOR (p-mTOR) 
were purchased from Cell Signaling Technology 
(Danvers, MA, USA), anti-LC3 was purchased 

from Novus, and antibody against GAPDH from 
Bioworld Technology, USA.

Cells and cell culture

Human NSCLC cell lines A549 were acquired 
from the American Type Culture Collection (AT- 
CC). The cisplatin-resistant subline, A549DDP, 
was established in our laboratory by culturing 
A549 cells with increasing concentrations of 
cisplatin. Both A549 and A549DDP cells were 
cultured in RPMI-1640 medium containing 10% 
foetal bovine serum in a humidified incubator 
with 5% CO2, at 37°C.

Preparation of BBD

BBD was obtained from and authenticated by 
the manufacturer Xiamen Traditional Chinese 
Medicine Company Limited. The powder was 
dissolved with phosphate-buffered saline (PBS) 
to make a storage concentration of 20 mg/ml. 
Working concentrations were made by diluting 
the stock solution with culture medium.

CCK8 assay

Cells were seeded in 96-well plates at a density 
of 5×103/well, treated with various concentra-
tions of BBD for 24 h or 48 h, respectively, after 
which the medium was replaced with CCK8, 
and incubated for 1-3 h at 37°C. The absor-
bance was analysed at 450 nm with a micro-
plate reader (Biotex, USA). We also pretreat- 
ed the cells with 3-MA, and BBD treatment,  
and after one hour, the levels of inhibition were 
calculated. 

To determine the effect of BBD on the sensitiv-
ity of cisplatin, different doses of cisplatin with 
or without BBD were added to the adherent 
cells for 48 h. IC50 values were then calculated 
and compared with the single cisplatin group. 
Each experiment was performed in triplicate.

Western blotting

Cells were collected, then washed twice with 
PBS and lysed with cold RIPA buffer containing 
protease inhibitors. Equal amounts of protein 
samples were subjected to SDS-PAGE and 
transferred to polyvinylidene difluoride (PVDF) 
membranes. Membranes were blocked with  
5% BSA for 2 h at RT and incubated with pri-
mary antibodies at 4°C overnight. Subsequent- 
ly, membranes were incubated with horserad-
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ish peroxidase-conjugated secondary antibody 
for 1-2 h at RT. Membranes were then washed 
and examined by the enhanced chemilumines-
cence solution and visualized with a ChemiDoc 
XRS + system (BioRad, USA). 

RNA isolation and qRT-PCR

Total RNA was extracted using Trizol (Takara, 
Japan) and detected the RNA concentration 
with a NanoDrop2000 spectrophotometer (Th- 
ermo Fisher, USA). The cDNA was synthesized 
using a PrimeScrpt RT reagent kit (Takara, 
Japan). QRT-PCR was performed with SYBR pre-
mix (Takara, Japan) and a CFX96 PCR detection 
system (Bio-Rad, USA). The mRNA levels were 
normalized to human GAPDH, and all reactions 
were conducted in triplicate. Results were cal-
culated by 2-ΔΔCt method. The primer pairs us- 
ed were as follows: MDR1: 5’-GCCTGGTCATCT- 
TGTGCTTCTTCC-3’ and 5’-AAGTGCTTCAATGAA- 
CCGCCTCTC-3’. GAPDH: 5’-GCTCATGACCACAGT- 
CCATG-3’ and 5’-TCAGCTCTGGGATGACCTTG-3’.

Colony formation assay

A549 and A549DDP cells were pretreated for 
24 h with cisplatin alone or BBD-cisplatin com-
bination, then counted and seeded again at 
500-600 cells/well. Control untreated cells 
were also processed in parallel. After 12-14 
days incubation, the cells were fixed with 4% 
paraformaldehyde for 30 mins and stained with 
0.1% crystal violet. The number of clones were 
then counted in each group. Each experiment 
was performed in triplicate.

Cell invasion and migration assay

For the migration assay, cells were seeded at 
3×105 cells/well in a 6-well plate and treated 
with cisplatin alone (1.25 µg/ml for A549, 2.5 
µg/ml for A549DDP) or BBD-cisplatin combina-
tion (0.4 mg/ml-1.25 µg/ml for A549, 0.4 mg/
ml-2.5 µg/ml for A549DDP) for 24 h. When cell 
confluence reached approximately 90%, a sc- 
ratch was made using a 200 µI micropipette 
tip. The migration area was observed at 0 h, 24 
h, and 48 h, and photos were obtained using an 
optical microscopy (Leica, Germany). The wou- 
nd area was analysed with ImageJ software.

Cell invasion was evaluated with 24-well tran-
swell cell culture chambers coated with Matrigel 
matrix (BD, USA) in the upper chamber. Then, 
as in the colony formation assay, the pretreated 
cells were placed in the upper chamber without 

FBS, while 500 µI of 10% FBS RPMI1640 was 
added to the bottom chamber. After cell inva-
sion occurred for 48 h, the cells in fields on the 
lower side of the membrane were photograph- 
ed and counted with an upright metallurgical 
microscopy (Leica, Germany). Each assay was 
performed at least three times.

Transmission electron microscopy

Cells were seeded on 6-well plates and incu-
bated in different treatment groups according 
to the experimental design. Samples were fixed 
with 2.5% glutaraldehyde, then dehydrated and 
embedded in araldite resin. Representative ar- 
eas were chosen to cut into ultrathin sections 
and stained with uranyl acetate and lead ci- 
trate. Finally, samples were examined by elec-
tron microscopy. 

Tumor xenograft experiments

This study was performed in accordance with 
institutional guidelines of Guangdong Province. 
Female nude BALB/c mice aged 4-6 weeks 
were purchased from the Experimental Animal 
Center of Southern Medical University (Guang- 
zhou, China). BBD was dissolved by PBS, and 
A549 cells were also suspended in sterile PBS 
at a concentration of 1×107 cells/0.2 ml and 
injected subcutaneously into the right flank of 
the mice. When tumors reached about 50-100 
mm3, mice were randomly divided into four 
groups (four mice per each group): (a) control 
(PBS injection once every three days and PBS 
gavage once daily); (b) BBD intragastric admin-
istration (0.25 g/kg, once daily for BBD and 
PBS injection once every three days); (c) cispla-
tin injection (3 mg/kg, once every three days 
for cisplatin and PBS gavage once daily); (d) 
BBD intragastric administration and cisplatin 
injection (3 mg/kg, once every three days for 
cisplatin; 0.25 g/kg, once daily for BBD). Tumor 
size was monitored every 4 days. After ~4 
weeks, mice were euthanized, and tumors were 
removed and photographed.

Statistical analysis

Data are expressed as means ± SD of at least 
three independent experiments. Differences of 
Independent samples were compared by Stu- 
dent’s t-test, while one-way ANOVA was used  
to analyze the differences between groups. All 
comparisons for which P-value < 0.05 were 
considered statistically significant. 
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Results

Babaodan capsule (BBD) inhibits cell growth 
in a dose-dependent manner in A549 and 
A549DDP cells

To evaluate the potential therapeutic effect of 
BBD for NSCLC, we selected the NSCLC cell 
line, A549, and its cisplatin (DDP)-resistant cell 
line, A549DDP, for which the IC50 of DDP was 
7.65 μg /ml. Such an IC50 was ~4-fold higher 

than that of A549, which was 1.84 μg/ml 
(Figure 1A). We treated cells with various con-
centrations (0-2 mg/ml) of BBD, and results 
revealed that BBD inhibited cell growth dose-
dependently, and cell viability was decreased 
when exposed to BBD for 48 h (Figure 1B and 
1C). Moreover, cell viability exhibited no obvi-
ous differences between A549DDP and its 
parental A549 cells (Figure 1D). Moreover, with 
increasing concentrations of BBD, the colony 
formation capacity of both cells decreased sig-

Figure 1. BBD inhibited cell growth in a dose-dependent manner in A549 and A549DDP cells. A. IC50 value of cis-
platin was determined by CCK8 assay. B. Cell viability after BBD treatment for 24 hours or 48 hours was determined 
through CCK8 assay. C. Cells were incubated in the same concentrations of BBD for similar 24 hours, cell viability 
was detected and compared. D. Photographs of crystal violet-stained colonies of BBD-treated both cells growing in 
6-well plates for 12-14 days after infection, and the number of cells in each colony was counted. *, P < 0.05; **, P 
< 0.01; ***, P < 0.001.
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nificantly, as compared to controls (Figure 1E 
and 1F). These findings suggested that BBD 
similarly inhibited cell growth of A549 and A54- 
9DDP in a dose- and time-dependent manner. 

BBD induces cytotoxicity in A549 and 
A549DDP primarily by autophagy

The data above demonstrated the growth-
inhibitory efficacy of BBD. Intriguingly, western 

somes were evaluated by transmission elec-
tron microscopy (TEM), and we not only found 
autophagosomes in BBD-treated A549 cells, 
but also an increased number in the combina-
tion treatment group (Figure 3C). Moreover, 
western blot analysis showed 3-MA reversed 
the augmented LC3-II level produced by BBD 
(Figure 3D and 3E), indicating that it may ele-
vate autophagic flux. All results demonstrated 
that BBD exerted a cytotoxic effect on A549 

Figure 2. BBD induced cytotoxicity in A549 and A549DDP primarily by au-
tophagy. A549 (A) and A549DDP (B) cells were treated with different con-
centrations of BBD, the cellular proteins Bcl-2, Bax, caspase-cleaved PARP 
were determined by Western-blot analysis. A549 (C) and A549DDP (D) cells 
were pretreated with 3-MA, and then treated for another 24 hours with BBD, 
cell viability was then determined by CCK8 assay and compared to the BBD 
treatment alone. (E, F) Western blot analysis of LC3II expression after BBD 
administration for 24 hours in both cells. The corresponding expression lev-
els are shown as bar graphs. *, P < 0.05; **, P < 0.01.

blot analysis indicated that 
the protein levels of Bax/Bcl-
2, and caspase-cleaved PARP 
remained almost unchanged, 
compared to controls with dif-
ferent concentrations of BBD 
added (Figure 2A and 2B). To 
further determine the reason, 
we pretreated the cells with 
3-methyladenine (3-MA), an 
early-stage autophagy inhibi-
tor, following subsequent BBD 
treatment, and surprisingly fo- 
und the drugs exhibited mild 
toxic effects than the single 
BBD group (Figure 2C and 
2D). Thus, to examine wheth-
er autophagy contributed to 
the cell death, we checked 
the expression of LC3-II in 
BBD-treated cells. As expect-
ed, LC3-II expression rose dr- 
amatically when cells were 
exposed to BBD (Figure 2E 
and 2F).

However, the increased LC3-II 
level can be correlated to in- 
creased autophagic flux and 
the decreased degradation of 
autophagosomes. To distingu- 
ish between these two possi-
bilities and to detect autop- 
hagic flux, we used bafilomy-
cin A1 (Baf-A1), a late-stage 
autophagic inhibitor that blo- 
cks the fusion of autophago-
somes with lysosomes [24]. 
The results showed that co-
incubation of cells with BBD 
and Baf-A1 resulted in inc- 
reased LC3-II levels compar- 
ed with each drug alone (Fig- 
ure 3A and 3B). Autophago- 
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and A549DDP through enhancing the autopha-
gic flux, rather than triggering apoptosis.

BBD induces autophagy via downregulating 
PI3K/AKT/mTOR signaling pathway

To determine if BBD regulated autophagy th- 
rough the PI3K/AKT/mTOR signaling pathway 
[25]. We performed a western blot and ob- 
served that increasing doses of BBD markedly 
decreased the protein expression levels of 
p-PI3K, p-AKT, p-mTOR in both cells, while the 
total proteins remained unaltered (Figure 4A). 
Insulin-like growth factor-1 (IGF-1) is known to 
bind to the IGF-1 receptor, which can activate 
the PI3K/AKT signaling pathway [26], and thus, 
weaken autophagy (Figure 4B). Together with 
IGF-1 and BBD, the relevant downregulated sta-
tus of LC3-II by IGF-1 was overturned to some 
extent (Figure 4C and 4D). Hence, we conclu- 
ded that BBD induced autophagy in A549 and 
A549DDP via deactivation of the PI3K/AKT/
mTOR signaling pathway.

BBD potentiates the chemosensitivity of cispla-
tin in A549 and A549DDP cells

To further prove whether BBD pretreatment 
conditioned lung adenocarcinoma cells to be- 
come increasingly susceptible to cisplatin, we 
first administered 24-hour exposure to 0.4 mg/
ml BBD, a concentration which exhibited ab- 
out 20% growth inhibition, prior to cisplatin 
incubation, and observed it synergized the cell 
death effect of cisplatin. The IC50 values of cis-
platin alone were 3.16 µg/ml (A549) and 7.9 
µg/ml (A549DDP), whereas the BBD-pretreat- 
ed groups were 1.76 µg/ml (A549) and 4.85 
µg/ml (A549DDP) (Figure 5A). Furthermore, a 
wound healing assay (Figure 5B) showed an 
additional decrease in motility of both cells 
after BBD pre-treated, and the transwell assay 
(Figure 5C) in parallel indicated that combina-
tion-treated cells invaded little compared to 
that cisplatin group or untreated control. Addi- 
tionally, we performed qRT-PCR and western 
blot to evaluate the expression of MDR1, and 
the results showed that BBD dose-dependently 
reduced the mRNA and protein level of MDR1 

(Figure 5D and 5E). These data suggest that 
BBD indeed improved chemosensitivity of cis-
platin in A549 and A549DDP, and that the 
reduction of MDR1 may play a pivotal role.

BBD exerts anti-tumor activity in A549 xeno-
grafts

To further test the hypothesis, we performed a 
second in vivo study with A549 xenograft ex- 
periments. In agreement with our prior results, 
BBD inhibited tumor growth. More important- 
ly, combination treatment resulted in signifi-
cantly decreased tumor volumes, compared wi- 
th BBD or cisplatin alone (Figure 6A and 6B). 
Moreover, there were no significant alterations 
to body weight of all mice, suggesting that BBD 
is nontoxic. 

Discussion

BBD, as a TCM formula, has been widely used 
for cancer therapy because of the properties of 
multi-components and multi-target. However, 
there are still relatively few studies focused on 
the antitumor effects of BBD, particularly in the 
case of lung cancer. Here, we demonstrated for 
the first time that BBD inhibited tumor growth 
by triggering autophagy through downregula-
tion of PI3K/AKT/mTOR signaling pathway in 
lung adenocarcinoma. 

We first examined the cytotoxic effects of BBD 
on A549 and A549DDP cells, and surprisingly 
found it significantly suppressed the cell viabil-
ity and inhibited the colony-forming activity. 
However, it failed to generate apoptosis in 
these cells, with no changes observed in the 
protein level of Bax/Bcl-2, and caspase-cleav- 
ed PARP with BBD treatment. Similar to apopto-
sis, there is another programmed cell death 
pathway-autophagy. Though the correlation be- 
tween apoptosis and autophagy is complicat- 
ed and controversial, accumulating evidence 
has indicated that autophagic death indeed 
plays an indispensable role in apoptosis-resis-
tant cancer cells [27, 28]. 

To verify whether BBD exerts its therapeutic 
effects via modulating autophagy, we first test-

Figure 3. BBD increased autophagic flux. A549 and A549DDP cells were treated with Baf-A1, BBD, BBD + Baf-A1, as 
well as untreated control group. (A, B) Western blot analysis revealed the expression of LC3II in both cells. (C) TEM 
evaluated autophagy in A549 cells. A549 (D) and A549DDP (E) cells were treated with 3-MA, BBD, BBD + 3-MA, 
as well as untreated control group. Similarly the LC3II status was determined by Western blot. The corresponding 
expression levels are shown as bar graphs. **, P < 0.01.
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Figure 4. BBD induced autophagy via downregulating the PI3K/AKT/mTOR signaling pathway. The expression of PI3K, p-PI3K, AKT, p-AKT, mTOR, p-mTOR were 
examined by Western blot after BBD (A) or IGF-1 (B) treated for 24 hours. A549 (C) and A549DDP (D) cells were treated with IGF-1, BBD, BBD + IGF-1, as well as 
untreated control group, LC3II expression was determined by Western blot. **, P < 0.01.
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Figure 5. BBD potentiated the chemosensitivity of cisplatin in A549 and A549DDP. (A) IC50 value of cisplatin with 
or without BBD-pretreatment. (B) Wound healing assay exhibited the migration ability of BBD + DDP treated cells, 
compared with DDP alone group. (C) Transwell assay revealed the invasion ability of BBD + DDP treated cells, com-
pared with DDP alone group. qRT-PCR assay (D) and Western blot assay (E) determined the expression of MDR1. *, 
P < 0.05; **, P < 0.01.
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ed the conversion of LC3-I to LC3-II and found 
that the protein level of LC3-II was distinctly 
elevated when cells were exposed to BBD. To 
further discriminate the increased level of LC3-
II either from the activated autophagic flux or 
impaired degradation of autophagolysosome, 
we analyzed the level of LC3-II in the presence 
of BBD, combined with Bafilomycin A1 (Baf-A1) 
pre-exposure. The results showed that co-incu-
bation of cells with BBD and Baf-A1 showed 
higher level of LC3-II, compared with Baf-A1 
alone, indicating that BBD could facilitate au- 
tophagosome formation. In parallel, observa-
tion of increased autophagosomes and autoly-
sosomes by TEM corroborated this finding. 
Furthermore, pretreatment of the cells with 
3-MA caused weaker inhibition of cell viability. 
Western blot analysis also indicated the BBD-
induced high level of LC3-II was rescued by 
3-MA pretreatment. All data suggested that 
BBD induced cytotoxic effects on A549 and 
A549DDP cells very likely by triggering nonpro-
tective autophagy. 

To further understand the biological function of 
BBD to lung adenocarcinoma cells, the PI3K/
AKT/mTOR signaling pathway, which is a clas- 
sic autophagic pathway [25], was investigated. 
We surprisingly found that all the phosphory-
lated products mentioned above in the path-
way, like p-PI3K, p-AKT, p-mTOR were reduced 
by BBD. We additionally used the PI3K/AKT 
agonist, insulin-like growth factor-1 (IGF-1), to 
clarify the relationship between the activation 
of the PI3K/AKT/mTOR pathway and BBD-
induced autophagy. The results showed the 
effect of IGF-1 on LC3-II impairment was par-
tially rescued by BBD addition. Mechanistically, 

ciably decreased the mRNA and protein expres-
sion of MDR1 in a drug sequence-dependent 
manner. Increased suppression of cell invasion 
and migration is a feature of cellular response 
to combined BBD and cisplatin treatment, 
which certified as the synergetic antitumor 
effect on cells. Consistent with our results in 
vitro, the nude mouse model also suggested 
that BBD inhibited tumor growth and elevated 
sensitivity of cisplatin in NSCLC cells.

In summary, our data experimentally proved for 
the first time that BBD could inhibit tumor 
growth and increase the chemosensitivity of 
cisplatin in NSCLC in vivo and in vitro. Furth- 
ermore, we determined the molecular mecha-
nism underlying the phenotype, the inhibition 
of PI3K/AKT/mTOR pathway. Given that this 
was a preliminary study, and inevitably has so- 
me defects, it provides a solid theoretical foun-
dation for the wide pharmacological effects of 
BBD as a valuable therapeutic adjuvant. It will 
also be necessary for further research to ex- 
plore which active ingredient in BBD is respon-
sible for such functions. 
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