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Regulation of cytotoxicity and apoptosis-associated pathways
contributes to the enhancement of efficacy of cisplatin by
baicalein adjuvant in human A549 lung cancer cells
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Abstract. Scutellaria baicalensis (SB; Chinese name,
huangqin) is widely used in Chinese medicine as a traditional
adjuvant in the chemotherapy of lung and liver cancer. Baica-
lein is one of the bioactive flavonoid components isolated from
the root of SB. The present study aimed to observe the effect of
baicalein, in combination with platin-based systemic chemo-
therapy (cisplatin), on cytotoxicity and apoptosis of human
AS549 lung cancer cells. The cell cultures were treated with
baicalein, cisplatin, or a combination of the two. Cell viability
and cytotoxicity was assayed by XTT, and cell apoptosis
was measured by flow cytometry. The apoptosis-associated
proteins were detected by western blot analysis. The cytokines
in the culture supernatant were detected by ELISA. The
present study revealed that cisplatin and the baicalein-cisplatin
combination inhibited viability and promoted cytotoxicity of
A549 cells. Cisplatin, baicalein and baicalein-cisplatin combi-
nation treatments were effective in the promotion of apoptosis
of A549 cells. Baicalein and baicalein-cisplatin combina-
tion treatments also inhibited B cell lymphoma-2 (Bcl-2)
and increased Bcl-2-associated X protein (Bax) expression.
Additionally, cisplatin, baicalein and the baicalein-cisplatin
combination promoted caspase-3 expression. Furthermore, the
baicalein-cisplatin combination suppressed the secretion of
interleukin-6, and baicalein and the combination of baicalein
cisplatin decreased the secretion of tumor necrosis factor-a
of A549 cells. The present study concluded that baicalein
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combined with cisplatin induced cytotoxicity and apoptosis
of A549 cells, and such activity may be associated with the
regulation of Bcl-2, Bax and caspase-3, indicating a promising
alternative method for lung cancer.

Introduction

Lung cancer is the most common type of cancer and remains
the leading cause of cancer-associated mortality in men and
women worldwide (1), causing 1.4 million mortalities annu-
ally (2). The platin-based systemic chemotherapy (cisplatin) for
lung cancer has enhanced the total survival time and life quality
of these patients (3,4). Cisplatin was approved by the Food and
Drug Administration in 1978 and has been widely used in the
treatment of tumors, including testicular, ovarian, head and
neck, bladder and small cell lung cancers (5). Accumulating
evidence now suggests that cisplatin can generate unrepairable
DNA lesions to induce apoptosis of cancer cells (6). However,
a large fraction of human malignancies rapidly become
insensitive to the cytotoxic effects of cisplatin (5). Therefore,
it is important to improve the sensitivity of chemotherapeutic
agents in order to reduce drug dosage and improve the efficacy
of treatment. Combination medication was recommended to
improve the effectiveness of cancer therapy and reduce the
side effect of cisplatin (7).

Scutellaria baicalensis (SB), also known as Huang Qin or
Chinese skullcap, is used universally as a herbal medicine.
In particular, the root decoction is applied to complement
lung cancer therapy in modern Chinese medicine (8,9).
SB is currently recognized as a novel anti-cancer drug
and chemotherapy adjuvant (10-12). Baicalein is one of
the bioactive flavonoid components isolated from the root
of SB, and it has been revealed to account for the majority
of cytotoxicity of SB for a range of cancer cell lines
in vitro (13-15). Molecular studies in other human cell lines
have demonstrated that these flavonoid compounds possess
potent cell cycle arresting and apoptotic properties (13,16). In
addition, previous data reported that baicalin, baicalein and
wogonin are active inhibitory compounds of SB on human
lung cancer cell lines (17). Baicalein, an important bioactive
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flavonoid purified from SB, is one of the most prominent
and multi-therapeutic traditional Chinese medicines used
in ancient China for the therapeutics of numerous diseases.
Baicalein can increase the chemosensitivity of anti-cancer
drugs by regulating cell proliferation, apoptosis and the cell
cycle, as well as by preventing and attenuating the side effects
of chemotherapeutic agents and radiation through the modu-
lation of various targets (18). Over the past decade, numerous
studies have demonstrated the potent anti-cancer effects of
baicalein in various types of lung malignancies (19,20). The
majority of studies focused on the single use of baicalein;
however, the pharmacological effects of baicalein-cisplatin
combinations remain largely unknown. As apoptosis is a
prominent tumor-suppression mechanism, the present study
aimed to observe the effect of a combination of baicalein and
cisplatin on the cytotoxicity and apoptosis of human A549
lung cancer cells, and to determine whether this combina-
tion is effective in reducing the side effects of cisplatin, and
improving lung cancer therapy.

Materials and methods

Drugs, antibodies and reagents. Baicalein (Fig. 1) and
cisplatin were purchased from Shanghai Ronghe Corpo-
ration (Shanghai, China). The Annexin V-fluorescein
isothiocyanate/propidium iodide (Annexin V-FITC/PI)
apoptosis detection kit was purchased from BD Biosciences
(San Jose, CA, USA). B cell lymphoma-2 (Bcl-2; cat.
no. sc-56015), Bcl-2-associated X protein (Bax; cat.
no. sc-20067) and caspase-3 (cat. no. sc-65496) antibody
were procured from Santa Cruz Biotechnology, Inc. (Dallas,
TX, USA). Interleukin (IL)-6 and tumor necrosis factor
(TNF)-a ELISA kits were purchased from R&D Systems,
Inc. (Minneapolis, MN, USA). Cell culture reagents were
purchased from Gibco-BRL (Thermo Fisher Scientific,
Inc., Waltham, MA, USA). Secondary antibodies and other
reagents for western blotting were purchased from GE
Healthcare Life Sciences (Chalfont, UK). XTT reagents were
purchased from Sigma-Aldrich (Merck Millipore, St. Louis,
MO, USA). All cell culture reagents were purchased from
HyClone Laboratories (GE Healthcare Life Sciences).

Cell lines and culture. Human lung adenocarcinoma A549
cells were obtained from the Chinese Academy of Sciences,
Cell Bank of Type Culture Collection (Shanghai, China). The
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM, Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% fetal bovine serum (FBS) at 37°C in a humidified
atmosphere with 5% CO,. A549 cells were grown to 70-80%
confluence in 100 mm culture plates in a total volume of 10 ml
DMEM containing 10% FBS. Cells were treated with baica-
lein (25 and 50 pm), or baicalein (25 and 50 gm) combined
with cisplatin (7 mg/l), and were incubated for 24 h.

Cytotoxicity assay. Cell viability and cytotoxicity were
evaluated using XTT Cell Proliferation Assay kit (Beyotime
Institute of Biotechnology, Haimen, China). Briefly, A549
cells (5x10° cell/well) were incubated in 96-well microtiter
plates containing 100 pl of growth medium. Cells were
cultured at 37°C in a CO, incubator for 24 h, and then treated
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with cisplatin (7 mg/l) and different concentrations (25 and
50 um) of baicalein. After 24 h, cultures (25 ul) of XTT/PMS
solution were added to each well for 2 h. Cell proliferation
was measured at 450 nm using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Cell apoptosis assay. Cell apoptosis was detected using the
Annexin V-FITC/PI apoptosis detection kit (BD Biosciences,
San Jose, CA, USA) as described previously, following the
manufacturer's protocol. A549 cells were seeded in culture
dishes and incubated for 24 h with media containing baicalein
(25 and 50 um) and cisplatin (7 mg/l). Following treatment,
cells in each group were collected by trypsin desertion with no
EDTA and washed with PBS. Cells were then re-suspended in
500 ul binding buffer, 5 yl Annexin V-FITC regent and 10 ul
PI regents, and incubated for 5 min at room temperature in the
dark. Cell apoptosis was detected by flow cytometry (FC500
System; Beckman Coulter, Inc., Brea, CA, USA).

Western blot analysis. A549 cells were seeded onto culture
dishes and incubated for 24 h with media containing baicalein
(25 and 50 pm) and cisplatin (7 mg/l). Cultured A549 cells
were treated, extracted and total proteins were determined by
Pierce BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
Equal amounts of protein were separated by 10% SDS-PAGE
and electrophoretically transferred to polyvinylidene
difluoride membranes. The membranes were blocked at room
temperature for 1.5 h with 5% (w/v) non-fat milk in TBST
buffer (20X TBS Tween-20 buffer; Thermo Fisher Scientific,
Inc.) and incubated at 4°C overnight with 1:1,000 dilution
anti-caspase-3, anti-Bcl-2 and anti-Blc-2-associated X protein
(Bax) antibodies. The membranes were further incubated with
1:5,000 dilution horseradish peroxidase-conjugated secondary
antibody (cat. no. NA 933; GE Healthcare Life Sciences).
Immunolabeling was detected using an enhanced chemilumi-
nescence kit, using GAPDH as a control. Immunoreactivity
was quantified with the Gel Doc 2000 (Bio-Rad Laboratories,
Inc.).

Cytokine analysis. To observe the effects of a baicalein-cispl-
atin combination on inflammatory cytokine secretion of A549
cells, TNF-a and IL-6 levels in A549 cell culture supernatant
were measured using enzyme-linked immunosorbent assay
kits (R&D Systems, Inc.), in accordance with the manufac-
turer's protocol. All samples were assayed in triplicate, and
equivocal results were repeated.

Statistical analysis. Experiments presented in the figures were
representative of three or more different repetitions. Values
were expressed as the mean + standard deviation (SD). SPSS 17
software (SPSS, Inc., Chicago, IL, USA) was used to analyze
the data. One-way analysis of variance, followed by Fisher's
least significant difference test, was employed to determine the
statistical significance between different groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Effects of baicalein-cisplatin combination on cell viability.
The results showed that cisplatin, and a combination of
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Exact mass: 270.05
Molecular weight: 270.24
m/z: 270.05 (100.0%), 271.06 (16.5%), 272.06 (2.3%)
Elemental analysis: C, 66.67; H, 3.73; O, 29.60

Figure 1. Structure of baicalein; one of the bioactive flavonoid components
isolated from the root of Scutellaria baicalensis.
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Figure 2. Effects of baicalein combined with cisplatin on A549 cell viability.
Results were expressed as percentages of cell survival as compared with
the control. Data were presented as the mean =+ standard deviation of three
replicate experiments. “P<0.01 vs. control (non-treated cells). Cis, cisplatin;
Bai 25, baicalein (25 pm); Bai 50, baicalein (50 ym).

baicalein and cisplatin, inhibited the viability and prolifera-
tion of A549 cells compared with the control group (P<0.01;
Fig. 2). No significant difference between the cisplatin
and baicalein-cisplatin combination groups in reducing
the viability and proliferation of A549 cells was observed
(P>0.05).

Effects of baicalein-cisplatin combination on cell apop-
tosis. Cell apoptosis was evaluated by Annexin V-FITC
and PI double fluorescence staining. As demonstrated in
Fig. 3, baicalein and cisplatin were effective in increasing
the apoptotic rate of A549 cells (P<0.05). Furthermore,
the combination of baicalein and cisplatin also markedly
increased the apoptotic rate of A549 cells (P<0.01), and
baicalein (50 ym) combined with cisplatin had a more
notable increased effect on the rate of apoptosis compared
with cisplatin alone (P<0.05).
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Effects of baicalein-cisplatin combination on expression of
apoptosis associated proteins. As shown in Fig. 4, baicalein
and baicalein-cisplatin combination treatments inhibited
the protein expression of Bcl-2, which had the potential to
suppress apoptosis (P<0.05). Furthermore, baicalein (50 pm)
and baicalein (50 ym) combined with cisplatin increased
Bax expression (P<0.05). Meanwhile, cisplatin, baicalein
and baicalein combined with cisplatin promoted caspase-3
expression (P<0.05).

Effects of baicalein-cisplatin combination on TNF-o and
IL-6 levels. To elucidate inflammatory cytokines involved in
A549 cell apoptosis, the levels of TNF-a and IL-6 were inves-
tigated in cell culture supernatant. The results demonstrated
that neither single baicalein nor single cisplatin were effective
in inhibiting IL-6 secretion. Baicalein combined with cisplatin
showed a significant inhibitory effect on TNF-a and IL-6
levels (P<0.05; Fig. 5). Baicalein (25 and 50 ¢m) and a combi-
nation of baicalein and cisplatin suppressed TNF-a secretion
of A549 cells (P<0.05; Fig. 5).

Discussion

Lung cancer is the leading cause of cancer-associated
mortality worldwide, and the 5-year survival for patients with
regional lymph node spread shows poor prognosis (21-23).
Chemotherapy can enhance the overall survival of patients.
However, there are numerous side effects associated with this
type of treatment (5). Baicalein has been proposed in several
extensive studies as a potential candidate for the treatment of
cancer (14,15,18). In the present study, the effect of cisplatin
combined with baicalein (a flavonoid component isolated from
the root of traditional Chinese medicine SB) on cytotoxicity
and apoptosis of human lung cancer cells A549 was examined.
Previous data revealed that dysregulated proliferation leading
to cellular expansion contributed to the formation of the tissue
mass of cancer (24). Results demonstrated that cisplatin and
baicalein combined with cisplatin inhibited viability and
promoted cytotoxicity of A549 cells. Apoptosis is a process of
programmed cell death that occurs in multicellular organisms.
The ability of tumor cells to evade engagement in apoptosis
can serve a role in their resistance to conventional thera-
peutic regimens (25,26). Previous studies have demonstrated
that baicalein, either alone or in combination baicalin and
cisplatin, can exert antitumor activity against different types
of cancers (27,28). Cisplatin, baicalin and baicalein-cisplatin
combination treatments promoted the apoptosis of A549 cells.
Furthermore, the baicalein-cisplatin combination treatment
was more effective in the promotion of apoptosis, indicating
an improvement in the efficacy of chemotherapy by baicalein
adjuvant. This was in accordance with previous studies that
demonstrated that baicalein can increase the chemosensi-
tivity of anticancer drugs by regulating cell proliferation and
apoptosis (25,26).

Apoptosis serves a pivotal role in the pathogenesis of
cancer, and the mechanism of apoptosis is complex and
involves a number of pathways. Apoptosis is a popular target
for numerous treatment strategies. Caspases are activated
in response to diverse cell death stimuli and ultimately
dismantle the cell through restricted proteolysis of numerous
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Figure 3. Effects of a baicalein-cisplatin combination treatment on cell apoptosis. Cells were analyzed using Annexin V/PI staining. Effects of (A) control,
(B) baicalein (25 pm), (C) baicalein (50 pm), (D) cisplatin, (E) baicalein (25 ym) and cisplatin, (F) baicalein (50 ym) and cisplatin treatment on cell apoptosis.
(G) Effect of treatment with combined baicalein and cisplatin on the rate of cellular apoptosis. Data were presented as the mean =+ standard deviation of three
replicate experiments. "P<0.05 vs. controls (non-treated cells); “P<0.01 vs. control (non-treated cells); “P<0.05 vs. cisplatin. PI, propidium iodide; Cis, cisplatin;
Bai 25, baicalein (25 ym); Bai 50, baicalein (50 ym); FITC, fluorescein isothiocyanate.

cellular proteins (27). Caspases are central to the mechanism
of apoptosis as they are the initiators as well as the execu-
tioners (28). Caspase-3 appears to be the major executioner
caspase during the demolition phase of apoptosis (27).
Furthermore, caspase-3 can cleave the inhibitor of the
caspase-activated deoxyribonuclease, which is responsible
for nuclear apoptosis (29). Data in the present study demon-
strated that cisplatin, baicalein and baicalein combined with
cisplatin increased caspase-3 expression, indicating their role
in the promotion of apoptosis of A549 cells. The Bcl-2 family
can regulate the apoptosis pathway in a variety of cell types.
There are two main groups of Bcl-2 proteins, Bcl-2 and Bax.
Bcl-2, an anti-apoptotic protein, is an oncogene that inhibits
radiation- or chemotherapy-induced apoptosis (30). Cervical
cancers with Bcl-2 expression have been reported to exhibit
radiation resistance and poor prognosis (31,32). Bax is a
member of the Bcl-2 family and serves a role in enhancing
apoptosis (33). In cervical cancer patients treated by radio-
therapy alone, patients with Bax-positive tumors have been
demonstrated to exhibit a higher sensitivity to radiotherapy
compared with those with Bax tumors. The balance between
the pro- and anti-apoptotic proteins determines whether
apoptosis is initiated. Previous studies demonstrated that
the use of Bcl-2 specific small interfering RNA specifically

inhibits the expression of the target gene in vitro and in vivo,
with anti-proliferative and pro-apoptotic effects observed in
pancreatic carcinoma cells (34). Results of the present study
revealed that baicalein and baicalein-cisplatin combination
treatments inhibited anti-apoptotic protein Bcl-2 expression.
Baicalein and baicalein combined with cisplatin increased
the pro-apoptotic protein Bax expression, indicating their
potential to induce apoptosis of A549 cells.

TNF-a was considered a critical pro-inflammatory cyto-
kine in tumors, and increasing evidence suggested that TNF-a
may act as an endogenous tumor promoter (35,36). Results of
the present study demonstrated a significant decrease (P<0.05)
in TNF-a level by baicalein and baicalein-cisplatin combina-
tion treatments. According to previous studies, cancer cells
overexpress IL-6 in the tumor microenvironment (37,38).
Patients suffering from various cancers, including non-small
cell lung cancer, had increased levels of IL-6 in serum
samples (39,40). Increasing data showed that IL-6 served a
key role in molecular abnormality, chemoresistance, epithelial
to mesenchymal transition and stem cell formation in various
types of malignant states (41). Previous studies have reported
that IL-6 was also associated with colorectal cancer pathogen-
esis and metastasis (42). In the present study, treatment with
a baicalein-cisplatin combination reduced the IL-6 level in
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Figure 4. Effects of baicalein combined with cisplatin on A549 cell apoptosis-associated protein expression. The protein expression of Bcl-2, Bax and caspase-3
in each group was analyzed by western blot analysis. (A) Effects of baicalein combined with cisplatin on caspase 3, Bax and Bcl-2 protein expression. Effects
of baicalein combined with cisplatin on (B) Bcl-2, (C) Bax and (D) caspase 3 protein expression. Data were presented as the mean + standard deviation of three
replicate experiments. “P<0.05 vs. control (non-treated cells); Cis, cisplatin; Bai 25, baicalein (25 pm); Bai 50, baicalein (50 zm); Bcl-2, B cell lymphoma-2;

Bax, Bcl-2-associated X protein.
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Figure 5. Effects of baicalein combined with cisplatin on TNF-a and IL-6 levels. (A) IL-6 and (B) TNF-a levels in culture supernatant were measured by ELISA.
Data were presented as the mean =+ standard deviation of three replicate experiments. "P<0.05 vs. control (non-treated cells); “P<0.01 vs. control (non-treated
cells); “P<0.05 vs. cisplatin. Cis, cisplatin; Bai 25, baicalein (25 ym); Bai 50, baicalein (50 ym); TNF-a, tumor necrosis factor-a; IL-6, interleukin-6.

culture supernatant, indicating the possible suppressive effect
on A549 cell.

In conclusion, the present study demonstrated that baicalein
combined with cisplatin induces cytotoxicity and apoptosis of
A549 cells, and such activity may be associated with regula-
tion of Bcl-2, Bax and caspase-3. This indicates a promising
alternative method for lung cancer.
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