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Abstract

Background and Objectives: Malignant glioma is the frequently detected brain tumor with high morbidity and mortality rates. The
present study investigated the effect of baicalein, a chemical constituent of Scutellaria baicalensis on glioma cell proliferation.
Materials and Methods: The MTT assay was used to determine changes in C6 and U87 glioma cell proliferation by baicalein. Apoptosis
induction in U87 cells by baicalein treatment was assessed by commercially available Annexin V-FITC Detection kit (BD Biosciences, San
Jose, CA, USA). Effect of baicalein on Mcl-1, caspase-3, PARP and cytochrome c proteins was analyzed by western blotting. Results: The
results revealed that baicalein exposure of C6 and U87cells significantly (p<0.05) decreased cell viability. Baicalein treatment of U87 cells
caused significant enhancement in apoptotic cell percentage and lead to release of cytochrome ¢ from mitochondria. Its exposure
caused cleavage of caspase-3, enhanced PARP activation and increased percentage of cells in G2/M phase. Baicalein treatment caused
concentration dependent decrease in myeloid cell leukemia-1 (Mcl-1) protein expression in U87 cells. Conclusion: The study concluded
that baicalein treatment inhibits glioma cell viability through induction of apoptosis and arrest of cell cycle. It inhibited Mcl-1 and
anti-apoptotic protein expression. Therefore, baicalein can be of immense significance for glioma treatment.
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INTRODUCTION

Malignant glioma is the frequently detected tumor of
brain and has high morbidity and mortality rate'. Although
gliomas do not undergo metastasis to distant organs, but
usually infiltrate into local organs and invade tissues of
the adjacent organs. Invasion of the glioma to adjacent
tissues is responsible for its poor prognosis rate?. The glioma
treatment at present involves use of radio and chemotherapy
in combination as well as surgical resection?. Although, huge
advancement has been made in the fields of radiotherapy
and surgical techniques but satisfactory treatment strategy
for glioma is yet to be developed. Natural product chemistry
has provided many molecules that efficiently inhibit growth
of glioma cells /in vitro. Most potent among these
compounds have been investigated in detail against glioma
growth and are presently in clinical trials stage*>.

The major limitation to currently available treatment
strategies is the extreme resistance of the glioma cells to
the apoptotic stimuli®’. The higher resistance of glioma cells
to the treatment strategy is believed to be associated
with the over-expression of anti-apoptotic proteins’2. Some
of the anti-apoptotic proteins over expressed in glioma cells
include Mcl-1, Bcl-2 and Bcl-xL”8. Mcl-1 is an anti-apoptotic
protein which is differentiated from the proteins of Bcl-2
family by its ability to resist various types of apoptotic stimuli®.
It has been found that Mcl-1 plays an important role for the
multiple myeloma carcinoma cell survival and proliferation.
Studies have shown compounds that increase pro-apoptotic
protein expression and inhibit of anti-apoptotic proteins like
Bcl-xL, Bcl-2 and Mcl-1 can be therapeutic importance for
glioma treatment!"4,

In traditional Chinese medicine the plant Scutellaria
baicalensis belonging to Labiatae family has been used for
the treatment of various disease such as heart and
bleeding disorders'™". As a component of combination
therapies Scutellaria baicalensis has been found to be great
significance for the treatment of a number of diseases' 3.
Taking into consideration the therapeutic significance the
plant was subjected to phytochemical investigation which
lead to isolation of baicalein and many other compounds'2,
Previous study showed that baicalein treatment inhibits
the proliferation of lung squamous carcinoma cells through
cell cycle arrest in S-phase and by the induction of
apoptosis?'. The current study was the first to describe the
effect of baicalein on growth of glioma cells. The present
study was designed to investigate the effect of baicalein on
the glioma cell viability and expression of apoptosis related
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protein. The study demonstrated that baicalein exposure of
glioma cells lead to apoptosis induction and arrest of cell
cycle in GO/G1 phase.

MATERIALS AND METHODS

Cell lines and culture: The C6 and U87 glioma cell lines
were supplied by the Cell Bank of the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
China). The cell culture was performed in RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc, Waltham, MA, USA)
supplemented with 10% fetal calf serum (Gibco; Thermo
Fisher Scientific, Inc). The medium was mixed with
antibiotics, penicillin (100 U mL=") and streptomycin
(100 pg mL™"). The cell culture was carried out under
humidified atmosphere of 5% CO, in an incubatorat 37°C.
The study was performed over 1 year and 7 months, i.e.,
from May, 2017-November, 2018.

3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) assay: The C6 and U87 cells at 1X10° cells
per well density were distributed into 96-well microtiter
plates in RPMI-1640 medium. The cells were cultured
overnight and then incubated for 24 h with 1, 2, 3, 4, 5
and 6 pM concentrations of baicalein or dimethyl sulfoxide
(control). The MTT (Sigma-Aldrich, St. Louis, MO, USA) solution
(5 mg mL™") was added to each well of the plate and
incubation at 37°C was continued for 4 h more. The medium
was discarded and dimethyl sulfoxide was added to the
plates for dissolving any formazan crystals formed. The
absorbance measurements were performed for each plate
three times independently at 485 nm using a microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Analysis of apoptosis: Apoptosis induction in U87 cells by
baicalein treatment was determined by using the
commercially available Annexin V-FITC Detection kit (BD
Biosciences, San Jose, CA, USA)?'. The cells were cultured for
24 h at a density of 2X10° cells/well into the 6 well plates
and grown for 24 h. The medium in the plates was then
replaced with fresh medium containing various
concentrations of baicalein or dimethyl sulfoxide alone (as
control) and cultured for 24 h. Then ice-cold PBS was used for
washing the cells twice and the cells were re-suspended in
100 pL of the binding buffer. The cells were subjected to
incubation at room temperature for 20 min with 5 pL of
Annexin V-fluorescein isothiocyanate (FITC; BD Biosciences)
and 10 uL propidium iodide (PI; BD Biosciences).
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Analysis of cell cycle: The U87 cells at 2 X 10° density were
distributed into the 10 c¢m culture dishes containing
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)?".
The cells were grown for 24 h and then treated with various
concentrations of baicalein or dimethyl sulfoxide alone
(as control) for 24 h. After baicalein treatment cells were
harvested and then fixed for 24 hin 70% ethyl alcohol at-2°C.
The cells washed with PBS were treated with 5% PI solution
for staining. Distribution of the cells in various phases were
determined by FACS Calibur flow cytometer using Cell Quest
software Pro (5.1 version; BD Biosciences, Franklin Lakes,
NJ, USA). The data was analyzed by Mod Fit LT software
package (version 2.0; Verity Software House, Inc., Topsham,
ME, USA).

Western blot analysis: The U87 cells after 24 h incubation
with baicalein were lysed over 10 min using ReadyPrep Protein
Extraction kit (Bio-Rad Laboratories, Inc.)?. The lysate was
centrifuged for 20 min at 12,000 xg to separate the cell debris
and collect the supernatant. The protein separation was
performed by gel electrophoresis using 10% sodium dodecyl
sulfate polyacrylamide and the specific proteins were
subsequently transferred onto polyvinylidene fluoride
membranes (Roche Diagnostics, Basel, Switzerland). The
membrane non-specific sites were blocked by 1 h treatment
with 0.05% Tween-20 and 5% skim milk in PBS at room
temperature. The membranes were washed three times
with Tris-buffered saline followed by overnight incubation
at 4°C with primary antibodies against Mcl-1, caspase-3,
PARP and cytochrome ¢ (all from Sigma). The membranes
after washing were exposed to goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody (KPL, Inc.,
Gaithersburg, MD, USA) at room temperature for 1 h. The
detection of immune reactive bands was performed using
the enhanced chemiluminescence system (GE Healthcare
Life Sciences, Little Chalfont, UK).

120 ~

Cell viability (%)

Statistical analysis: The values are presented as the
Mean=£SD of three independently performed experiments.
Statistical analysis of the data was carried out using SPSS
software (version 17.0; SPSS Inc., Chicago, IL, USA). Data was
analyzed by One-way analysis and the Student-Newman-Keuls
method. The p<0.05 was considered to indicate a statistically
significant difference.

RESULTS

Glioma cell viability reduction on exposure to baicalein:
The C6 and U87 cell lines were exposed for 24 h to dimethyl
sulfoxide or 1, 2, 3, 4, 5 and 6 UM concentrations of
baicalein (Fig. 1). The viability of C6 and U87 cells kept on
decreasing with the increase in baicalein concentration
up to 5 uM and then remained constant. On exposure to 4, 5
and 6 UM concentrations of baicalein the viability of C6
cells was recorded as 44.46, 27.75 and 27.73, respectively.
Similarly, for U87 cells viability was measured as 47.23,
29.71 and 29.65 on exposure to 4, 5 and 6 uM concentrations
of baicalein, respectively.

Baicalein exposure lead to apoptosis of glioma cells: To
investigate baicalein mediated reduction of glioma cell
viability, U87 cells exposed for 24 h to baicalein were
examined for apoptosis. Increasing the concentration of
baicalein from 2-5 uM significantly enhanced apoptotic cell
proportion in U87 cell cultures (Fig. 2).

Baicalein exposure of U87 cells causes activation of
apoptotic proteins: Baicalein exposure of U87 cells lead
to cleavage caspase-3 based
manner (Fig. 3). The caspase-3 activation in U87 cells by
baicalein was significant from 3 pM concentration at 24 h.
Compared to untreated cells the activation of caspase-3
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Fig. 1: Baicalein suppresses glioma cell viability

Exposure of C6 and U87 cells to baicalein or DMSO for 24 h was followed by measurement of viability by MTT method. For both cell lines viability
measurements were performed in triplicates for each concentration of baicalein, Values presented are Mean=SD of the triplicates measurements, *p<0.05,

**p<0.02 vs. control cells
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Fig. 2(a-f): Apoptosis induction in U87 cells by baicalein, the cells were exposed to various concentrations of baicalein for 24
hand then analyzed by flow cytometry for apoptosis induction, (a) Control, (b) T uM, (c) 2 uM, (d) 3 uM, (e) 4 uM

and (f) 5 uM
Pl: Propidium iodide
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Fig. 3: Baicalein activates proteins associated with apoptosis in glioma cells. U87 cells treated with baicalein for 24 h were

subjected to analysis of caspase-3 cleavage, cytochrome c release and activation of PARP by western blotting
*p<0.05, **p<0.01 vs. control cells

in U87 cells was significantly higher on exposure to into the cytoplasm in U87 cells on exposure to baicalein.
5 UM concentration of baicalein. The release of  Treatment of U87 cells with baicalein for 24 h enhanced
cytochrome ¢ was also increased from mitochondria  the activation of PARP.
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Fig. 4(a-e): Baicalein exposure changes distribution of cells in cell cycle. The U87 cells exposed to various concentration of
baicalein was analyzed by flow cytometry for cell cycle, (a) Control, (b) Cells treated with 2 uM (c) Cells treated with
3 UM (d) Cells treated with 4 uM and (e) Cells treated with 5 uM concentrations of baicalein
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Fig. 5(a-b): Baicalein decreases Mcl-1 protein expression in
U87 «cells, (a) Cells exposed to various
concentrations of baicalein or DMSO for 24 h were
subjected to western blotting for determination of
Mcl-1 protein expression and (b) Changes in Mcl-1

protein expression by baicalein treatment
Values are represented as average of three measurements,
*p<0.05, **p<0.01 vs. control cells

Baicalein exposure of U87 cells causes G0/G1 phase cell
cycle arrest: Baicalein exposure of U87 cells increased
percentage of cells in G2/M phase with the reduction of

cell population from GO/G1 phase (Fig. 4). Exposure to 2, 3,
4 and 5 UM concentrations of baicalein decreased G0/G1
phase cell percentage significantly in comparison to the
control cell cultures. The cell population in G2/M phase was
increased significantly on exposure to 2, 3, 4 and 5 uM
concentrations of baicalein in comparison to that in the
control cultures (Fig. 4).

Mcl-1 expression is inhibited by baicalein: The cells were
exposed to1,2,3,4and 5 uM concentration of baicalein for
24 h and then analyzed for Mcl-1 protein expression (Fig. 5).
Baicalein treatment caused concentration dependent
decrease in Mcl-1 protein expression in U87 cells. The
decrease of Mcl-1 protein expression in U87 cells was
significant from 2 pM concentration of baicalein. The
inhibitory effect of baicalein on Mcl-1 protein expression
was maximum at 5 uM concentration.

DISCUSSION

The present study was designed to investigate the effect
of baicalein a compound present in Scutellaria baicalensis
on glioma cell proliferation. The results demonstrated that
baicalein treatment inhibits glioma cell viability, induces
apoptosis and arrests cell cycle. It inhibited Mcl-1 and
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anti-apoptotic protein expression. The inhibitory effect of
baicalein on the viability of C6 and U87 glioma cells was
investigated. The results from MTT assay demonstrated
that baicalein exposure inhibits C6 and U87 glioma cell
viability in concentration based manner. Flow cytometry
showed that increasing the concentration of baicalein
significantly enhanced apoptotic cell proportion in U87 cell
cultures. In cancer cells, exposure to therapeutic agents leads
to arrest of cell cycle in G2/M phase and causes cells to
undergo apoptosis?. Apoptosis of carcinoma cells is linked
with the cytochrome c release from the mitochondria
leading to activation and cleavage?' of caspase-3. Arrest
of the cell cycle is accompanied by Bcl-2 activation, its
subsequent degradation and cyclin protein A and B1
aggregation?. In the present study, baicalein exposure of
U87 cells caused arrest of cell cycle in GO/G1 phase and
increased cell population in G2/M phase. The results from
present study showed that baicalein exposure of U87 cells
caused release of cytochrome c from the mitochondria and
lead to activation of caspase-3. Treatment of the U87 cells
with baicalein promoted cleavage of PARP markedly
compared to the untreated cell cultures. Resistance of
cancer cells to therapeutic agents and progression of
tumor growth is associated with the over expression of
proteins belonging to Bcl-2 family and down-regulation of
pro-apoptotic proteins?*?, In the current study, baicalein
exposure of U87 cells significantly up-regulated the
expression of pro-apoptotic proteins. It is well established
that Mcl-1 which is an anti-apoptotic protein plays
important role in enabling cells to escape apoptosis?®?.
Suppression of Mcl-1 protein expression in cancer cells
used siRNA inhibits proliferation and caused apoptosis
induction®®, The characteristic feature of apoptosis
induction is the translocation of cytochrome c into cell
cytosol and up-regulation of caspase-3 and PARP cleavage?®.
Down-regulation of Mcl-1 protein expression has been
shown to sensitize the multiple myeloma cells towards
disruption of mitochondria by BH3-only proteins3%3!,
Inhibition of Mcl-1 down-regulates expression of
anti-apoptotic proteins belonging to the Bcl-2 family and
enhances Bax/Bak ratio. Up-regulation of Bax and Bak
catalyses activation of caspases and release of cytochrome c
by increasing mitochondrial membrane permeability3®3*. It
has been reported that down-regulation of Mcl-1 produces
Bim free from Mcl-1 that is directly associated with the
induction of apoptosis events®3. In the present study
expression of Mcl-1 protein in U87 cells was decreased
significantly on exposure to baicalein. The inhibitory effect of
baicalein on Mcl-1 protein expression was maximum at 5 pM
concentration.
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CONCLUSION

Present study concluded that baicalein treatment
promotes pro-apoptotic and suppresses anti-apoptotic
protein especially, Mcl-1 expression in glioma cells. It arrests
cell cycle in GO/G1 phase and causes apoptosis induction in
the glioma cells. Therefore, baicalein can be of therapeutic
significance for the treatment of glioma. Thus more studies
need to be performed to investigate the role of baicalein
in the treatment of glioma either alone or as combination
therapy.

SIGNIFICANCE STATEMENT

The present study discovered that baicalein can be
beneficial for the treatment of glioma. Therefore, the study
will help the researchers to develop a novel and effective
treatment strategy for the treatment of glioma.
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