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Abstract

Background and Objective: Malignant gliomas, particularly Glioblastoma (GBM) are a primary cause of mortality and morbidity in brain
malignancy. The p38 MAPK signalling reduction leads to the tumorigenesis of GBM. Recognizing novel agents that can regulate p38 MAPK
signalling is essential for GBM treatment. Goniothalamin (GTN), a naturally arising styryl-lactone compound with accepted anticancer
properties. To explore the anticancer and apoptosis efficacy of GTN on GBM human cancer cells. Materials and Methods: The U251
malignant cells were treated with various GTN dosages to fix its molecular action on cells viability, apoptosis, cell cycle regulation and
p38 MAPK/JNK/ERK protein expressions. The anti-proliferative activity of GTN on U-251 cells has been exposed by CCK-8 assay and
live/dead assay. Results: Apoptotic death contributed by GTN on the reduction of U251 cell viability was demonstrated by DAPI staining,
Baxand Bcl-2 protein expressions. The G2/M cell cycle regulation was also confirmed by reducing the protein expression of cyclinB1, CDK1
and enhanced p21 level. Additionally, GTN induced apoptosis via p-p38 upregulation and little effect on p-JNK1 and p-ERK1 levels.
Conclusion: In this study, GTN treatment induces proapoptotic factors and inhibits proliferative markers by inhibiting p38 MAPK
expression in glioblastoma cells. Our findings recommend that GTN would be beneficial for GBM treatment.
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INTRODUCTION

Glioblastoma (GBM) is the utmost destructive brain
malignancy and is greatly invasive, encompassing nearly
50-60% of cerebral gliomas with the uppermost mortality
ratio’2. Even though wide-ranging treatment regimens such
as surgical intervention with a combination of surgery,
chemotherapy and radiotherapy. Still, the main treatment
strategy for GBM relapse remains problematic as resulting
in a poor prognosis*4. The normal survival time of GBM is
12-15 months only and almost <6% is the 5 years survival
rate’. Moreover, amplified drug resistance and the blood-brain
barrier frequently reduce the chemotherapy drugs efficacy®.
Hence, novel effective drugs are instantly needed to recover
for GBM patients.

Numerous accepted bioactive agents with strong
cytotoxic properties had been employed as anticancer
remedies. The bioactive styryl-lactone Goniothalamin (GTN) is
isolated from the family Annonaceae and largely found in the
genus Goniothalamus with potent antiproliferative activity’.
GTN has been shown to subdued cell viability and encouraged
cytotoxicity in an assortment of malignant cells, for instance,
gastric, kidney®, cervical®, leukemia', ovarian, melanoma,
colon™, breast'?, liver'® and lung' cancer cells. Besides, GTN
has been exposed to its own anticancer and apoptosis-
persuading activities in several cancers. However, the
apoptotic and molecular mechanism of GTN on human GBM
has notyet been explored.Hence, we assessed the anti-cancer
and apoptotic action of GTN on human GBM U251 cells.

Apoptosis is an apparent form of involuntary cell death,
in concertasignificant part for the modulation of homeostasis,
diseases and development, comprising innumerable cancers
and neurodegenerative illnesses™®. The anticancer agents
have induced apoptosis into the cancer cells, which act as a
key molecular mechanism for the anti-cancer drugs
investigation'”. The Mitogen-Activated Protein Kinases
(MAPKs) are the class of protein kinases, which comprises
ERK1/2, JNKs and p38 MAPKs have been associated with the
developmentand progress of GBM'8, Numerous stresses, such
as cytokines, growth factors and various cellular signalling,
have been shown to stimulate p38 MAPKs overexpression'2,
However, the regulation of p38 MAPK signalling in GBM
remains unknown. Thus, p38 MAPK regulation of GTN may
provide a new perspective on the cell death process as well as
potential treatments for GBM.

Therefore, In this study, we investigated the
Goniothalamin inhibits the growth of glioblastoma through
p38 MAPK phosphorylation mediated apoptosis.
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MATERIALS AND METHODS

Study area: This study project was performed from
15th August, 2018-31st January, 2021 in the Digestive
Endoscopy Room in the Department of Neurosurgery, Jiyang
People’s Hospital of Jinan, No.17, Xinyuan Street, Jinan,
Shandong, 251400, China

Chemicals: Goniothalamin, FBS, antibiotics and other
biochemicals were obtained from Merck, Germany. The
antibodies against p38 MAPK, JNK, ERK, Bax, Bcl-2, cyclin BT,
CDK1, p21 and GAPDH were procured from Labome, USA.

Cell culture: The GBM human cancer cell line U251 was
obtained from the Peking Union Cell Resource Center (Beijing,
China) and expanded growth in culture through DMEM
complete medium combined with 10% FBS, penicillin
(100 U mL™") and streptomycin (100 g mL~") at 37°Cin a
humidified CO, (5%) atmosphere.

CCK-8 cell viability test: The cell counting Kit-8 (Dojindo,
Kumamoto, Japan) has been employed to investigate cell
viability. GBM cells were sowed into a 96-well plate at 1X 10*
cells/well and various doses of GTN were added. To 10 yL of
CCK-8 solution were added to each well after incubation. The
optical density at 450 nm wavelength was determined by
using a microplate reader 1 hr later.

Cell viability (live/dead) assay: The cell viability analysis has
been achieved for GTN (25 and 30 uM) treated cells
performing the cell viability assay kit (Gibco, USA) executed to
the company’s guidelines. Live cells are permitted to enter
live-cell dye and hydrolyzed with intracellular esterase and to
release a fluorescent hydrophilic compound which is
measured at 485/530 nm. The injured cells membrane
permitted to infiltrate dead cell dye, binding of the DNA to
discharged a red fluorescent signal, measured at 495/635 nm.
To, investigate the live/dead cells by employing Leica DMi8
fluorescence microscopy.

Apoptosis analysis by staining with DAPI: The U-251 cells
were sowed 1X 10° cells in each well of 6 and supplemented
to GTN (25 and 30 uM). These cells were stained with DAPI to
investigate the nuclear alterations allied with apoptosis.
Afterwards, the sections were fixed on a glass slide, and
the imageries were observed through a fluorescence
microscope.

Western blotting analysis: The GTN (25 and 30 uM) were
treated tothe U251 cellsand the lysates were done by ice-cold
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lysis buffer involving protease inhibitors and western blotting
analysis has performed. Shortly, electrophoretically dispersed
proteins were shifted to a PVDF membrane. Then, it was
bunged with the probe for 1 hrand added primary antibodies
dilution of 1:1.000 and kept overnight at 4°C. Successively
secondary HRP-conjugated antibodies were added. The
protein bands with immune-stained were visualized for
protein detection. The density of the band was explored by
the software imageJ and GAPDH was used as a reference to
normalize the expression.

Statistical analysis: Results were stated as Mean*SD by
assessing the SPSS 18.0 software for multiple comparisons
one-way ANOVA afterwards Dunnett’s test. The data of p<0.05
has been reflected as significant.

RESULTS

Impact of GTN on U251 glioma cells proliferation: To
examine the activity of GTN on U251 cell growth, the CCK-8

was employed to determine the GBM cancer cells viability. The
U251 glioma cells viability is analyzed with different doses of
GTN (control, 5,10, 15, 20, 25, 30 and 35) for 24 hrs. Treatment
GTN presented the inhibition of cell viability in a dosage-
dependent mode. The GTN ICs, value was calculated and the
concentration of 25 and 30 uM were selected for further
studies (Fig. 1).

Influence of GTN on the viability of U251 cells: To scrutinize
the cell sustainability of control and GTN (25 and 30 pM) was
accomplished by live/dead assay. These were stained with
calcein-AM and Pl to recognize green live cells and red dead
cells. As Fig. 2a showed there is no significant cell death was
observed. The dead cells percentage was increased in 25 and
30 uM of GTN against U251 glioma cells (Fig. 2b-c). GTN at a
dose of 30 uM exhibited a remarkably elevated level of dead
cells (Fig. 2¢).

Theupshotof GTN on apoptosisinduction: Control U251cells
stained with DAPI displayed the presence of viable cells. The
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Fig. 1: Influence of GTN on U251 GBM cell proliferation

Human GBM cells U251 were added with different dosages of GTN for 24 hrs, cell proliferation was assessed by a CCK-8 assay, results were noted as Mean+=SD

for triplicate tests, *p<0.05 and **p<0.01 versus control
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Fig. 2(a-c): Influence of GTN on U251 GBM cell viability, (a) Control, (b) GTN (25 uM) and (c) GTN (30 uM)
Human GBM cells U251 were added with 0, 25 and 30 pM concentrations of GTN for 24 hrs, live and dead cells were analyzed by live/dead cell imaging

kit, observed under a fluorescence microscope
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(a) (b)

Fig. 3(a-c): Impact of GTN on U251 GBM cells apoptosis, (a) Control, (b) GTN (25 uM) and (c) GTN (30 uM)
Human GBM cells U251 were added with 0, 25 and 30 uM concentrations of GTN for 24 hrs, cell apoptosis was determined by exhausting DAPI staining
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Fig. 4(a-b): Upshot of GTN on the protein expression of Cyclin B1, CDK1 and p21
Human GBM cells U251 were added with 0, 25 and 30 uM of GTN for 24 hrs, protein expression of cyclin B1,CDK1 and p21 was analyzed by western blot,
values that do not share a common marking differ significantly at p<0.05 (Duncan's multiple-range test), *Significantly dissimilar from control (p<0.05),

**Significantly dissimilar from control and GTN (25 puM) (p<0.05)

GTN (25 and 30 uM) treated with U251 glioma cells exposed
the induction of apoptosis. As Fig. 3a exhibits there is no
nuclear fragmentation was observed. The cytoplasm
shrinkage, loss of nuclear envelopes and fragmentation of the
nucleus were also detected in GTN treatment (Fig. 3b-c). The
apoptotic effect was high in 30 uM GTN treated in the cells
U251 (Fig. 30).

Western blot analysis of cyclin B1/CDK1/p21: The western
blot analysis exhibited that GTN (25 and 30 pM) treatment
depleted cyclin B1 and CDK1, whereas p21 was elevated in a
concentration mode. These results revealed that GTN
regulates cell-cycle in GBM cells, adding to its effects on
apoptotic (Fig. 4a). The data in Fig. 4b exhibited the
densitometric analysis of cyclin B1 and CDK1 and p21which
was normalized by B-actin expression.

Exploration of Bax/Bcl-2 protein expression: On treatment
with GTN (25 and 30 uM), the pro-apoptotic Bax expression
has enhanced while anti-apoptotic Bcl-2 reduced its
protein expression (Fig.5a). The data in Fig. 5b exhibited
the densitometric analysis of Bax and Bcl-2 was
normalized by B-actin expression. The results established
the apoptotic action of GTN in a concentration-dependent
mode.

Exploration of p38 MAPK/JNK/ERK protein expression: The
phosphorylated p38 MAPK protein expression has
upregulated to the treatment with GTN on U-251 cells, but the
pERK and pJNK exhibited only little variation against control
glioma cells (Fig. 6a). The data in Fig. 6b exhibited the
densitometric analysis of p-p38, p-ERK and p-JNK which was
normalized by B-actin expression.

749



Int J. Pharmacol, 18 (4): 746-752, 2022

@

Bax

Bel-2

B-actin

Control 25 30

GTN uM

Fig. 5 (a-b): Impact of GTN on the Bax and Bcl-2protein levels
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Human GBM cells U251 were treated with 0, 25 and 30 uM concentrations of GTN for 24 hrs, protein level of Bax and Bcl-2 was scrutinized by western
blotting, values that do not share a common marking differ significantly at p<0.05 (Duncan's multiple-range test), *Significantly dissimilar from control
(p<0.05), **Significantly dissimilar from control and GTN (25 uM) (p<0.05)
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:Influence of GTN on p38 MAPK, JNK and ERK protein expression on U251 GBM cells

Human U251 cells were added with 0, 25 and 30 uM of GTN for 24 hrs, level of p38 MAPK, JNK and ERK protein was analyzed by western blotting, values
that do not share a common marking differ significantly at p<0.05 (Duncan's multiple-range test), *Significantly dissimilar from control (p<0.05),
**Significantly dissimilar from control and GTN (25 puM) (p<0.05)

DISCUSSION

In this study, we investigated that natural phytochemical
Goniothalamin (GTN) inhibits proliferative markers on GBM
through p38 MAPK regulation. GBM is the deadliest brain
malignancy that affects the central nervous system even with
the years of basic and clinical research?'. Aithough GBM in the
early stages can be succeeded with surgery and several
therapeutic agents, the inherent resistance is leading to
aggressive clinical sequences and deprived prognosis?. It has
been reported that elevation of GBM associated morbidity and
mortality contributes to numerous cancer-causing signalling
abnormalities with extreme cell viability. Currently, we
investigated that GTN repressed the U251 glioma cells
proliferation through the induction of apoptosis and cell cycle
regulation.

The plant-derived bioactive molecules have exerts unique
properties possible to impede the growth and expansion of
numerous cancers?. They prevent the cancer cells
proliferation at various mechanisms which comprise the
apoptosis induction, autophagy and cancer cell cycle arrest at
different phases?*. Besides, plant-derived compounds are
supposed to be safe for consumption owing to their less toxic
effects®. Reports suggest that GTN might have therapeutic
potential for cancer treatment based on previous in vitro’5?’
and /n vivo® findings. The antiproliferative action of GTN was
very noticeable in cancer cells. Also, current research has
proposed possible discrimination of GTN counter to malignant
cells with slight action in contrast to normal cells, which has
gained more importance recently?*%®. In the current study, we
perceived the antiproliferative and cytotoxic action of GTN
against U251 in a concentration-dependent mode.
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The CCK-8 and live/dead assays revealed that GTN could
expressively impede GBM cells viability, specifying that
GTN exhibited a strong anti-viability effect on U251. Apoptosis
is a natively regulated cell death practice that preserves
tissue homeostasis®'. Indeed, certain anticancer bioactive
compounds could abolish cancer cells by renovating faulty
apoptosis®2. In western blot analysis exposed that GTN
diminished Bcl-2 and enhanced Bax protein levels in
U-251 cells. These findings demonstrated that GTN stimulated
apoptosis in U251 cells.

The checkpoints of the cell cycle have profound actions
in the growth of cells and apoptosis®** and GTN was reported
thatencourage cancer cell growth to halt at the G2/M phase®*.
The shift from the S phase into the G2/M phase is generally
driven by the CDK1-cyclin B1 complexes®. The upshots of the
cell cycle study indicated that GTN persuaded G2/M phase
detention in U251. The GTN supplementation augmented
p21 expression but reduced the CDK1-cyclin B1 levels. These
results suggested that GTN inhibited U251 cells viability via
the commencement of apoptosisin cell cycle-specificat G2/M
phase arrest are utmost inclined.

The MAPK kinases are regarded as having a vital role in
the growth of cells, survival and apoptosis. Conventional
MAPKs in mammalian cells consists of p38, ERK and JNK which
are triggered over a precise phosphorylation cascade®. It is
renowned that ERK promotes cell survival, while p38 and JNK
induce apoptosis. Administration of GTN upregulated
phosphorylated p38 MAPK, while JNK and ERK were not
affected. Reports indicated that GTN repressed cancer cells by
the MAPK signal modulation®. Our results established that
GTNregulates MAPK signalling and exerts apoptotic and anti-
proliferative effects on U251 glioma cells.

CONCLUSION

Our studies demonstrated that GTN suppressed cell
viability and promoted apoptosis on human GBM cells. The
apoptosis and cell cycle detention caused by GTN together
with p38 MAPK activation could be elaborate in the anticancer
mechanism of GTN on these U251 cells. Thus, GTN has a
potent natural anti-cancer drug for human GBM treatment.
These findings may provide an innovative perception of the
GTN as a chemotherapeutic agent.

SIGNIFICANCE STATEMENT

This study discovers the possibility that GTN treatment
induces proapoptotic factors and inhibits proliferative markers
in U251 glioblastoma cells by regulating p38 MAPK expression.
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This study will aid the researcher's future research into the role
of GTN-mediated regulation of other signalling events in
glioblastoma.
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