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Baicalein, a flavonoid derived from the root of Scutellaria baicalensis, has been reported to possess multiple 
pharmacological activities, such as anticancer and anti-inflammatory properties. This study investigated the 
effect of baicalein in cervical cancer cells. Cell growth curve and MTT assay were performed and revealed 
that baicalein inhibited the proliferation of SiHa and HeLa cells in a dose-dependent manner. We further found 
that baicalein arrested the cell cycle of SiHa and HeLa cells at the G0/G1 phase by suppressing the expression 
of cyclin D1 through the downregulation of phosphorylated protein kinase B (p-AKT) and phosphorylated 
glycogen synthase kinase 3b (p-GSK3b) according to FACS assays and Western blotting. Moreover, when 
CHIR-99021, a GSK3b inhibitor, was added to baicalein-treated SiHa cells, the expression of cyclin D1 was 
recovered, and cell proliferation was promoted. In conclusion, these data indicated that baicalein suspended the 
cell cycle at the G0/G1 phase via the downregulation of cyclin D1 through the AKT–GSK3b signaling pathway 
and further inhibited the proliferation of SiHa and HeLa cervical cancer cells.
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INTRODUCTION

Cervical cancer (CC) is one of the most common 
malignant cancers among females throughout the world1. 
In developing countries, CC is the second most common 
gynecological cancer and is the second leading cause of 
cancer-related deaths among women2. Scutellariae radix 
is the root of Scutellariae baicalensis, containing three 
primary components, including baicalin, baicalein, and 
wogonin3. Scutellariae radix is a medicinal plant that has 
been traditionally used in Chinese herbal medicine since 
ancient times to treat diseases such as allergic and inflam-
matory ailments.

Baicalein (5,6,7-trihydroxyflavone) is an effective 
component of Scutellariae baicalensis and shows many 
pharmacological effects, such as anti-inflammatory4, anti-
oxidative5,6, antibacterial7, antiviral8, and antiallergy prop-
erties9. Recently, cellular and animal experiments have 
demonstrated that baicalein possesses strong antitumor 
activity; therefore, attention from researchers has rapidly 
increased. For example, in human breast cancer, baica-
lein significantly inhibited cell proliferation, migration, 

and invasiveness10,11. In a combined treatment, baicalein 
also induced the apoptosis of human breast cancer cells 
by activating caspase 3/caspase 9, downregulating B-cell 
lymphoma 2 (Bcl-2), and upregulating Bcl-2-associated 
X protein (BAX), or tumor protein 53 (p53) through 
the extracellular signal-regulated kinase/p38 mitogen-
activated protein kinase (ERK/p38 MAPK) pathway12. 
Furthermore, baicalein induced apoptosis in HeLa CC 
cells via the caspase 3 pathway13. In ovarian cancer cells, 
baicalein inhibited the proliferation14 and invasion of cells 
by reducing the p38 content via the MAPK-dependent 
nuclear factor k-light chain-enhancer of activated B cell 
(NF-kB) signaling pathway15. In gastric cancer, baica-
lein inhibited gastric cancer cell growth in vitro, inhib-
ited tumor formation in vivo, and induced the apoptosis 
of gastric cancer cells through the downregulation of 
Bcl-2 and upregulation of BAX via the mitochondrial 
pathway16. Moreover, baicalein inhibited the migra-
tion and invasion of gastric cancer cells by suppress-
ing the transforming growth factor-b (TGF-b) signaling 
pathway17 and p38 signaling pathway18. Under hypoxic 
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conditions, baicalein increased the sensitivity of AGS 
cells to 5-fluorouracil (5-FU) treatment by inhibiting 
the phosphorylation of protein kinase B (AKT) through 
the accumulation of phosphatase and tensin homolog 
(PTEN)19. In colorectal cancer cells, baicalein inhibited 
cell migration and invasion via the downregulation of 
the AKT signaling pathway20. Specifically, baicalein 
induced apoptosis in a p53-dependent manner via the 
AKT signaling pathway in HT-29 colon cancer cells21. 
Baicalein also inhibited the growth of colorectal cancer 
cells (CRCs) and attenuated the generation of reactive 
oxygen species (ROS) by upregulating the expres-
sion of peroxiredoxin 6 (PRDX6)22. In prostate cancer, 
baicalein exhibited dose-dependent growth inhibitory 
effects23, inhibiting cell metastasis and inducing apo-
ptosis through the suppression of the caveolin-1/AKT/
mammalian target of rapamycin (mTOR) pathway24. 
In human non-small cell lung cancer cells, baicalein 
induced cell apoptosis and inhibited cell proliferation 
through a MAPK- and MAPK kinase (MEK)/ERK1/2-
mediated increase and the interaction of forkhead box 
protein O3a (FOXO3a) and runt-related transcription 
factor 3 (RUNX3) protein25.

Although the dose-dependent growth inhibitory effects 
of baicalein have been reported in various human can-
cers, the molecular mechanism of the inhibitory effect 

of baicalein on cell proliferation in CC cells is poorly  
understood. In the present study, the human CC cell lines 
SiHa and HeLa were treated with baicalein, and the effect 
of baicalein on the proliferation of SiHa and HeLa cells 
has been explored in this study.

MATERIALS AND METHODS

Cell Culture and Reagents

Human cervical carcinoma cell lines SiHa and HeLa 
were purchased from the American Type Culture Col-
lection (Manassas, VA, USA). SiHa and HeLa human 
cervical carcinoma cell lines were cultured in high-
glucose Dulbecco’s modified Eagle’s medium (DMEM; 
Sigma-Aldrich, St. Louis, MO, USA), which contained 
10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, 
USA). The cell lines were incubated at 37°C in a humidi-
fied atmosphere containing 5% CO2. The culture medium 
was changed every 3 days until confluence was achieved. 
The cells were then subcultured by trypsinization every 
5 days. Baicalein (Sigma-Aldrich) was dissolved in di-
methyl sulfoxide (DMSO) and stored at −20°C until use. 
CHIR-99201 (Selleck, Houston, TX, USA) was dissolved 
in DMSO and stored at −20°C until use. The concentra-
tion of DMSO was less than 0.1% in both the control and 
experimental groups.

Figure 1. Baicalein inhibits the proliferation of SiHa and HeLa human cervical cancer cells in vitro. The proliferation of SiHa (A) and 
HeLa (C) cells treated with baicalein at 0, 20, 40, and 80 µg/ml was detected using growth curves. MTT (3-(4,5-dimethylthiazole-yl)-
2,5-diphenyl tetrazolium bromide) assay detected the viability of SiHa (B) and HeLa cells (D) treated with baicalein at 0, 20, 40, and 
80 µg/ml. (E) The chemical structure of baicalein. The data are shown as the mean ± SD of three independent experiments (*p < 0.05 
vs. control using one-way ANOVA).
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Western Blotting

SiHa and HeLa cells were treated with different con-
centrations of baicalein (0, 20, 40, and 80 µg/ml) for 48 h, 
lysed in the sample buffer solution, and subsequently 
denatured.

The total protein concentration of the cell extracts 
was determined via the bicinchoninic acid (BCA) assay 
system (Beyotime, Shanghai, P.R. China) using bovine 
serum albumin (BSA) as a standard. Equal quantities of 
total proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) under 
reducing conditions. The proteins were transferred to 
nitrocellulose membranes, which were blocked with 5% 
skimmed milk, and were incubated with b-actin (1:1,000 
dilution; Santa Cruz Biotechnology, Santa Cruz, CA, 
USA), p-AKT (1:1,000 dilution; Santa Cruz), p-GSKb 

(1:1,000 dilution; Santa Cruz), GSKb (1:1,000 dilution; 
Santa Cruz), and cyclin D1 (1:500 dilution, Santa Cruz) at 
4°C overnight, followed by a secondary incubation using 
a horseradish peroxidase-conjugated anti-rabbit or anti-
mouse IgG (Thermo Fisher Scientific, New York, NY, 
USA). The proteins were visualized with an enhanced 
chemiluminescence reagent (Millipore, Billerica, MA, 
USA). Photographs were taken, and the optical densities 
of the bands were scanned and quantified using Gel Doc 
2000 (Bio-Rad, Hercules, CA, USA).

Cell Growth and Cell Viability Assays

Cell growth curves were generated to assess cell prolif-
eration. Briefly, SiHa or HeLa cells (5 ́  104) were seeded 
into 2 ml of media in six-well plates containing medium 
with different concentrations of baicalein. The experiment 

Figure 2. Baicalein suppresses the expression of cyclin D1 in SiHa cells and arrests cells at the G0/G1 phase. Fluorescence-activated 
cell sorting (FACS) was used to analyze the cell cycle in baicalein-treated SiHa cells, and the corresponding quantitative analysis of 
the cell cycle is shown. (A) Cell cycles of SiHa cells treated with baicalein at 0, 20, 40, and 80 µg/ml. (B) Quantitative analysis of (A). 
(C) Expression of cyclin D1 in SiHa cells treated with baicalein at 0, 20, 40, and 80 µg/ml, which was detected using Western blot. 
(D) Quantitative analysis of (C). The data are shown as the mean ± SD of three independent experiments (*p < 0.05, **p < 0.01 vs. 
control using one-way ANOVA).
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was performed in triplicate, and the cells were counted 
every 2 days for 1 week using a hemocytometer. The cell 
viability was assessed using 3-(4,5-dimethylthiazole-yl)-
2,5-diphenyl tetrazolium bromide (MTT; Sigma-Aldrich) 
dye according to the standard protocol. Briefly, SiHa or 
HeLa cells (1 ́  103 cells/well) were seeded into 96-well 
plates, and the media were replaced with medium con-
taining different concentrations of baicalein after 12 h. 
The cultured cells were subsequently treated with MTT 
and were incubated at 37°C for an additional 4 h. The 
absorbance values were detected by measuring the absor-
bance at 490 nm. All of the experiments were repeated at 
least three times.

Flow Cytometry Analysis

SiHa and HeLa cells were treated with baicalein (0, 
20, 40, and 80 µg/ml) for 48 h. Subsequently, the cells 
were collected and fixed with cold ethanol (70%) stored 

at −20°C. Prior to fluorescence-activated cell sorting 
(FACS) analysis, 1 ́  106 cells were harvested, washed 
twice with cold phosphate-buffered saline (PBS), and 
treated with 10 mg/ml RNase and 1 mg/ml propidium 
iodide (Sigma-Aldrich) for 30 min at 37°C. Next, the 
cells were analyzed using a FACSCalibur flow cytometer 
(BD Biosciences, San Jose, CA, USA) using CellQuest 
software. The percentage of cells in different cell cycle 
phases was determined using the Cell Quest acquisition 
software (BD Biosciences). All of the experiments were 
repeated at least three times.

Statistical Analysis

Statistical analysis was performed with SPSS 16.0 
software (SPSS Inc., Chicago, IL, USA). The significance 
of the differences between covariates was determined 
using the two-tailed chi-square test. To examine the dif-
ferences among the three groups, an ANOVA analysis 

Figure 3. Baicalein suppresses the expression of cyclin D1 in HeLa cells and arrests cells at the G0/G1 phase. FACS was used to ana-
lyze the cell cycle in baicalein-treated HeLa cells, and a quantitative analysis of the cell cycle is shown. (A) The cell cycles of HeLa 
cells treated with baicalein at 0, 20, 40, and 80 µg/ml. (B) The quantitative analysis of (A). (C) The expression of cyclin D1 in HeLa 
cells treated with baicalein at 0, 20, 40, and 80 µg/ml, which was detected by Western blot. (D) The quantitative analysis of (C). The 
data are shown as the mean ± SD of three independent experiments (*p < 0.05, **p < 0.01 vs. control using one-way ANOVA).
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was performed. Student’s t-test was used to determine  
the statistical significance of two-group analyses. In all 
tests, statistical significance was defined as p < 0.05.

RESULTS

Baicalein Inhibits the Proliferation of SiHa  
and HeLa Cells In Vitro

SiHa and HeLa CC cells were individually treated with 
different concentrations of baicalein, and the effect of  
baicalein on the growth of CC cells was determined using 
cell growth curves and MTT assays. As shown in Figure 1, 
after treatment with 20, 40, and 80 µg/ml of baicalein, the 
growth of SiHa cells was slower than that of the control 
cells (baicalein: 0 µg/ml; p < 0.05) (Fig. 1A). The viability 
of SiHa cells treated with baicalein at 20, 40, and 80 µg/ml 
was also lower than that of the control cells (baicalein: 
0 µg/ml; p < 0.05) (Fig. 1B). In addition, similar results 
were observed in HeLa cells after treatment with 20, 40, 
and 80 µg/ml of baicalein. The growth of HeLa cells was 
slower than that of the control cells (baicalein: 0 µg/ml; 
p < 0.05) (Fig. 1C), and the viability of HeLa cells treated 

with 20, 40, and 80 µg/ml of baicalein was also decreased 
(baicalein: 0 µg/ml; p < 0.05) (Fig. 1D). These results sug-
gested that baicalein inhibited the proliferation of SiHa 
and HeLa cells in vitro, and the inhibitory effect of baica-
lein on cell proliferation was dose dependent.

Baicalein Arrests Cells at the G0/G1 Phase by 
Suppressing the Expression of Cyclin D1 in SiHa Cells

To investigate how baicalein affected the cell cycle 
of CC cells, FACS was used to analyze the cell cycle 
between baicalein-treated SiHa cells and control cells. 
As shown in Figure 2, after treatment with 20, 40, and 
80 µg/ml of baicalein, the percentage of SiHa cells in the 
G0/G1 phase was 51.94%, 59.43%, and 68.52%, which 
was higher than that of untreated SiHa cells, respectively 
(48.47%; p < 0.05) (Fig. 2A and B). The percentage of 
SiHa cells in the S phase after treatment with 20, 40, and 
80 µg/ml of baicalein was 37.67%, 29.02%, and 22.26%, 
which was significantly lower than that of untreated SiHa 
cells, respectively (41.93%; p < 0.05) (Fig. 2A and B). 
The ratio of G1/S after SiHa cells were treated with 20, 
40, and 80 µg/ml of baicalein was 1.38 (51.94%/37.67%), 

Figure 4. Baicalein suppresses the expression of phosphorylated protein kinase B (p-AKT) and phosphorylated glycogen synthase kinase 
3b (p-GSK3b) in SiHa and HeLa cells. (A) The expression of p-AKT and p-GSK3b in SiHa cells treated with baicalein at 0 and 40 µg/ml 
was detected by Western blot. (B) The quantitative analysis of the Western blotting. (C) The expression of p-AKT and p-GSK3b in HeLa 
cells treated with baicalein at 0 and 40 µg/ml was detected by Western blotting. (D) Corresponding quantitative analysis of the Western 
blotting. The data are shown as the mean ± SD of three independent experiments (*p < 0.05 vs. control using the t-test).
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2.05 (59.43%/29.02%), and 3.08 (68.52%/22.26%), which 
was higher than that of untreated SiHa cells (1.15, 
48.47%/41.93%). These results suggested that baicalein 
arrested the cell cycle at the G0/G1 phase in baicalein-
treated SiHa cells.

Furthermore, Western blot analysis was performed 
to detect the expression of cell cycle regulatory proteins 
associated with the progression from the G0/G1 phase to 
the S phase in SiHa cells after treatment with 20, 40, and 
80 µg/ml of baicalein for 48 h. As shown in Figure 2C, 
the expression of cyclin D1 decreased in baicalein-treated 
SiHa cells compared to that of untreated cells (p < 0.05) 
(Fig. 2C and D). These results suggested that baicalein 

arrested the cell cycle at the G0/G1 phase and suppressed 
the cell proliferation of SiHa cells by downregulating  
the expression of cyclin D1.

Baicalein Arrests Cells at the G0/G1 Phase by 
Suppressing the Expression of Cyclin D1 in HeLa Cells

FACS was also used to analyze the cell cycle of  
baicalein-treated HeLa cells and control cells. As shown 
in Figure 3, the percentage of HeLa cells in the G0/G1 
phase was 58.39%, 67.28%, and 72.31% after treatment 
with 20, 40, and 80 µg/ml of baicalein, respectively, 
which was higher than that of the control cells (52.7%; 
p < 0.05) (Fig. 3A and B). The percentage of cells in the 

Figure 5. Blockage of the GSK3b by CHIR-99201 promotes cell proliferation in baicalein-treated SiHa cells. (A) The expression of 
GSK3b, p-GSK3b, and cyclin D1 in SiHa cells treated with baicalein at 0 and 40 µg/ml and CHIR-99201 was detected by Western 
blotting. (B) Corresponding quantitative analysis of the Western blotting. (C) The proliferation of SiHa cells treated with baicalein 
at 0 and 40 µg/ml and CHIR-99201 was detected using growth curves. (D) The viability of SiHa cells treated with baicalein at 0 and 
40 µg/ml and CHIR-99201 was detected using the MTT assay. The data are shown as the mean ± SD of three independent experiments. 
*p < 0.05, versus control using one-way ANOVA.
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S phase was 31.72%, 24.31%, and 21.5% after treat-
ment with 20, 40, and 80 µg/ml of baicalein, respectively, 
which was lower than that of the control cells (37.95%; 
p < 0.05) (Fig. 3A and B). The ratio of G1/S in HeLa cells 
after treatment with baicalein at 20, 40, and 80 µg/ml  
was 1.84 (58.39%/31.72%), 2.76 (67.28%/24.31%), and 
3.36 (72.31%/21.5%), respectively, which was higher 
than that of the control cells (1.38, 52.7%/37.95%). These 
results suggested that baicalein arrested the cell cycle at  
the G0/G1 phase in baicalein-treated HeLa cells. Further-
more, compared to untreated cells, the expression of cyclin  
D1 also decreased in HeLa cells treated with 20, 40, and 
80 µg/ml of baicalein (p < 0.05) (Fig. 3C and D). All of 
these results suggested that baicalein could arrest the cell 
cycle at the G0/G1 phase and suppress the proliferation of 
HeLa cells by downregulating the expression of cyclin D1.

Baicalein Promotes the Activity of GSK3β 
by Suppressing the Expression of AKT1  
in SiHa and HeLa Cells

Previous studies have shown that cyclin D1 can be 
phosphorylated by GSK3b and subsequently degraded. 
Additionally, the activity of GSK3b decreases when 
GSK3b is phosphorylated through the phosphoinositide 
3-kinase (PI3K)/AKT pathway26. To investigate whether 
the baicalein-regulated expression of cyclin D1 occurred 
through the PI3K/AKT–GSK3b pathway in SiHa and 
HeLa cells, Western blot analysis was performed to detect 
the expression of p-AKT and p-GSK3b in baicalein-
treated SiHa and HeLa cells. After treatment with 40 µg/
ml of baicalein for 24 h, both p-AKT and p-GSK3b were 
downregulated in SiHa cells compared to untreated cells 
(p < 0.05) (Fig. 4A and B). Furthermore, similar results 

were also observed in HeLa cells treated with 40 µg/ml  
of baicalein for 24 h: the expression of p-AKT and p- 
GSK3b was lower in the baicalein-treated HeLa cells than  
in the untreated cells (p < 0.05) (Fig. 4C and D). These 
results suggested that baicalein could suppress the expres-
sion of p-AKT and p-GSK3b in SiHa and HeLa cells.

To further confirm that the inhibitory effect of baicalein 
on the proliferation of CC cells was mediated through the 
AKT/GSK3b/cyclin D1 pathway, CHIR-99021, an inhib-
itor of GSK3b, was used to block the activity of GSK3b 
in baicalein-treated SiHa cells. When CHIR-99021 was 
added to SiHa cells treated with 40 µg/ml of baicalein for 
24 h, the expression of overall GSK3b was lower than that 
of baicalein-treated and baicalein-untreated SiHa cells 
(p = 0.019) (Fig. 5A and B). Furthermore, the expression 
of cyclin D1 was upregulated in CHIR-99021-treated 
SiHa cells (p = 0.023) (Fig. 5A and B). When CHIR-99021 
was added to SiHa cells treated with 40 µg/ml of baica-
lein, cell growth was faster than that of baicalein-treated 
cells (p < 0.05) (Fig. 5C), and the viability of SiHa cells 
treated with 40 µg/ml of baicalein and CHIR-99021 was 
also higher than that of baicalein-treated cells (p < 0.05) 
(Fig. 5D). These results further confirmed that baicalein 
could inhibit the proliferation of human CC cells via the 
downregulation of cyclin D1 through the PI3K/AKT–
GSK3b signaling pathway.

DISCUSSION

Baicalein is an effective component of Scutellariae 
baicalensis, and cellular and animal experiments have 
demonstrated that baicalein shows strong antitumor 
activity toward various human cancers23. In the present 
study, baicalein inhibited the proliferation and viability 

Figure 6. Proposed model for baicalein as an inhibitor to suppress the cell proliferations in SiHa and HeLa cells. Baicalein decreased 
the expression of p-GSK3b via the downregulation of p-AKT, thereby enhancing the activity of GSK3b. GSK3b phosphorylated 
cyclin D1, promoting the degradation of cyclin D1, which further arrested cells at the G0/G1 phase, inhibiting the proliferation of SiHa 
and HeLa cervical cancer cells.
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of SiHa cells treated with 20, 40, and 80 µg/ml of baica-
lein (p < 0.05) (Fig. 1A and B), and similar trends were 
also observed in HeLa cells (p < 0.05) (Fig. 1C and D). 
These results suggested that baicalein could inhibit the 
proliferation of SiHa and HeLa cells in a dose-dependent 
manner in vitro.

Normally, changes in cell proliferation are related 
to cell cycle modulations27. The FACS results obtained 
herein showed that the percentage of cells in the G0/G1 
phase was higher in baicalein-treated SiHa and HeLa 
cells than untreated cells, and the percentage of cells in 
the S phase was lower in baicalein-treated SiHa (p < 0.05) 
(Fig. 2A and B) and HeLa cells (p < 0.05) (Fig. 3A and B) 
than in untreated cells. These results suggested that the 
inhibitory effect of baicalein on the proliferation of SiHa 
and HeLa cells was due to an arrest in the transition from 
the G0/G1 phase to the S phase during the progression of 
the cell cycle.

Cyclin D1 is an important cell cycle regulator asso-
ciated with the progression from the G0/G1 to S phase 
transition. In oral cancer cells, baicalein inhibited cell 
proliferation by enhancing the degradation of cyclin D126. 
As shown in Figures 2C and 3C, the content of cyclin D1 
decreased in baicalein-treated SiHa and HeLa cells com-
pared to untreated cells, respectively. These results sug-
gested that baicalein could arrest the cell cycle at the G0/
G1 phase and suppress the proliferation of SiHa and HeLa 
cells by downregulating the protein level of cyclin D1. 
Furthermore, the expression of p-AKT and p-GSK3b was 
also lower in baicalein-treated SiHa and HeLa cells than 
in untreated cells (p < 0.05) (Fig. 4A and B). To confirm 
whether the observed reduction in cyclin D1 in baicalein-
treated SiHa and HeLa cells was mediated through the 
PI3K/AKT–GSK3b pathway, CHIR-99021, an inhibitor  
of GSK3b, was used to block the activity of GSK3b  
in baicalein-treated SiHa cells. When CHIR-99021 was 
added to SiHa cells treated with 40 µg/ml of baicalein 
for 24 h, the expression of GSK3b was downregulated, 
and the original expression level of cyclin D1 was recov-
ered (p = 0.019; p = 0.023) (Fig. 5A and B). In addition, 
cell growth was faster compared to baicalein-treated cells 
(p < 0.05) (Fig. 5C), and higher cell viability was observed 
(p < 0.05) (Fig. 5D). These results suggested that baicalein 
could reduce the expression of p-GSK3b by suppressing 
the protein level of p-AKT in baicalein-treated SiHa and 
HeLa cells. The reduced levels of p-GSK3b enhanced 
the activity of GSK3b, enabling the phosphorylation and 
degradation of cyclin D1 by GSK3b, which further inhib-
ited the proliferation of human CC cells (Fig. 6).
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