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Glioma is a common intracranial tumor originated from neuroglia cell. Chrysophanol is an Received 27 June 2021
anthraquinone derivative proved to exert anticancer effects in various cancers. This paper inves-  Revised 19 August 2021

tigated the effect and mechanism of chrysophanol in glioma. Glioma cell lines U251 and SHG-44 Accepted 20 August 2021
were adopted in the experiments. The cells were treated with chrysophanol at different concen-
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trations (0, 10, 20 50, 100 and 200 uM) for 48 h in the study, and then processed with MitoTempo.
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Mitochondria and cytosol were isolated to investigate the role of mitochondria during chryso- Apoptosis; Cell cycle;
phanol functioning on glioma cells. Cell viability was detected through 3-(4,5-Dimethyl- Mitochondrial Apoptosis
2-Thiazolyl)-2,5-Diphenyl Tetrazolium Bromide (MTT) assay, and cell apoptosis, cell cycle as well Pathway

as relative reactive oxygen species (ROS) were assessed by flow cytometry. Expressions of Cytosol
Cyt C, cleaved caspase-3, cleaved caspase-9, Cyclin D1 and Cyclin E were evaluated by western
blot. In U251 and SHG-44 cells, with chrysophanol concentration rising, cell viability, expressions
of Cyclin D1 and Cyclin E were decreased while cell apoptosis, levels of cleaved caspase-3, cleaved
caspase-9 and Cytosol Cyt C as well as ROS accumulation were increased with cell cycle arrested in
G1 phase. Besides, chrysophanol promoted ROS accumulation, cell apoptosis and transfer of Cyt
C from mitochondria to cytosol in cells while MitoTempo partly reversed the effect of chrysopha-
nol. Chrysophanol promoted cell apoptosis via activating mitochondrial apoptosis pathway in
glioma.
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Introduction

In 2018, nearly 300 thousand people were diag-
nosed with brain and nervous system tumors and
about 240 thousand of them died of the cancer
developed from brain and nervous system [1].
Characterized by high proliferation and invasive-
ness, glioma is the most common primary intra-
cranial tumor [2]. Malignant glioma is the most
common type among glioma, accounting for
nearly 40%-50% of all brain malignancies [3-5].
Despite advancement has been made in surgery,
radiotherapy and chemotherapy in recent years,
the frequent recurrence of glioma, poor prognosis
and a short survival time pose a great challenge to
the treatment of the disease [6-10]. And up to
now, as a basis for chemotherapy, Tem-
ozolomide (TMZ) has been a conventional agent
due to its certain curative efficacy on treating
glioma clinically [8,11]. Nevertheless, persistent
recurrence and aggressiveness of glioma imply
that a single drug cannot solve the malignant
tumor completely, let alone the greatly limited
efficiency of TMZ due to the drug resistance of
glioma cells [8,12,13]. Although recent studies
have presented the potential efficacy of several
components, such as celastrol for glioma therapy
[14], the relative researches in this respect remains
little. Hence, it is urgent and necessary to do
research for facilitation of drug development and
tind novel and effective drugs.

Chrysophanol (1, 8-Dihydroxy-3-methyl-9, 10-
anthraquinone) is a phytochemical extracted from
Rheum officinale (rhubarb), which has been uti-
lized as a traditional Chinese herbal medicine.
Belonging to the family of anthraquinone (rhein,
physcion, aloe-emodin and emodin etc.), chryso-
phanol is proved to inhibit cell progression [15-
20], and has also performed anticancer activity
among variety of malignant tumors. For example,
chrysophanol promotes cell morphologic changes,
induces cell apoptosis through DNA damage and
arrests S phase cell cycle in liver cancer [21]. In
addition, chrysophanol represses cell proliferation
of colon cancer via epidermal growth factor recep-
tor (EGFR)/ mammalian target of rapamycin
(mTOR) signaling proteins such as extracellular
signal-regulated kinase 1/2 (ERK1/2), P70S6K

and AKT [22]. And the similar suppressive func-
tion of chrysophanol has been presented on breast,
lung and ovarian cancers [15,23-25]. However, the
effect and mechanism of chrysophanol on glioma
remain unclear.

Apoptosis is a kind of programmed cell death
for maintaining homeostasis of internal environ-
ment, which is observed during chemotherapy
against all types of cancers [26,27]. It is reported
that intrinsic pathway, namely mitochondrial
pathway, is one of the important signaling cas-
cades controlling cell apoptosis [28,29]. Previous
studies have revealed that chrysophanol induces
cell apoptosis by mitochondrion-related pathway
in lung and ovarian cancer [15,25]. Therefore, we
attempted to explore whether chrysophanol exerts
an effect on glioma through mitochondrial apop-
tosis pathway.

In this study, we investigated the role of chry-
sophanol in glioma at first and then explored the
specific mechanism of chrysophanol via targeting
mitochondrial pathway, trying to offer a promising
therapeutic agent for glioma. Our results demon-
strated that chrysophanol promoted cell apoptosis
via activating mitochondrial apoptosis pathway in
glioma.

Materials and methods
Cell culture

Glioma cell lines U251 and SHG-44 were bought
from Shanghai Yaji Biological Technology Co.,
Ltd. (YS301 C; YS266C, Shanghai, China, http://
www.yajimall.com/). Cells were cultured in dul-
becco’s modified eagle medium (DMEM;
PM150210, Procell Life Science&Technology Co.,
Ltd., Wuhan, China) supplemented with 10% fetal
bovine serum (FBS; 164,210, Procell Life
Science&Technology Co., Ltd., China) and 1%
Benzylpenicillin/Streptomycin (PB180120, Procell
Life Science&Technology Co., Ltd., China) in
a humidified incubator at 37°C with 5% CO.,.

Reagent treatment

In the experiments of effect of chrysophanol on
glioma cells, cells were treated with different
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concentrations of chrysophanol (C;5sH;00,, 298%,
0, 10, 20, 50, 100 and 200 uM; 01542, Sigma-
Aldrich, St. Louis, MO, USA) for 48 h. And during
the researches on MitoTempo, cells were co-
treated with 10 pM chrysophanol and 5 puM
MitoTempo (5 uM; SMLO0737, Sigma-Aldrich,
USA) for 24 h.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl
tetrazolium bromide (MTT) assay

After  trypsin  (T1350, Beijing  Solarbio
Science&Technology Co., Ltd., Beijing, China)
digestion, cells were seeded into 96-well plates at
a density of 1 x 10° cells/well, and then incubated
at 37°C with 5% CO, for 24 h. The culture med-
ium was discarded and the cells were washed two
times with PBS. Next, 20 ul MTT solution (5 mg/
ml; PB180519, Procell Life Science&Technology
Co., Ltd., China) was added into each well to
further incubate the cells at 37°C for another 4 h.
Subsequently, 150 pl Dimethyl sulfoxide (DMSO;
ST1276, Beyotime Biotechnology, Shanghai,
China) was added after the removal of MTT solu-
tion and plates were put in a shaker at a low speed
for 10 min to completely dissolve the crystal (for-
mazan). The absorbance was measured at 570 nm
by a microplate reader (HBS-1096 C, Nan]ing
DeTie Laboratory Equipment Co., Ltd., Nanjing,
China, http://www.detielab.com/).

Cell apoptosis assay

Cell apoptosis was detected according to previous
research methods [15]. The cell apoptosis was
assessed by Annexin V-FITC  Apoptosis
Detection Kit (CA1020, Beijing Solarbio
Science&Technology Co.,Ltd., China). The cells
were detached by using trypsin-EDTA, and then
collected by centrifugation. After being rinsed with
PBS, the cells were then suspended in binding
buffer and centrifuged at 300 x g for 10 min.
Followed by removal of supernatant, the cells
were resuspended in binding buffer at 1 x 10°
cells/ml. Annexin V-FITC (5 pL) was added to
cell solution and mixed well in a dark room at
room temperature for 10 min. And PI (5 pL) was
also added into cells under the same conditions for
another 5 min. The apoptosis was analyzed
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through a CytoFLEX flow cytometer (Beckman
Coulter, Inc., Brea, CA, USA).

Cell cycle analysis by flow cytometry

The cell cycle was evaluated with flow cytometry
using PI/RNase staining buffer (550,825, BD
Biosciences, San Jose, CA, USA). After trypsin
digestion, the cells were seeded at a density of
3 x 10° cells per well in 6-well plates.
Subsequently, cells were harvested and fixed with
75% ethanol at —20°C overnight. Then PI/RNase
staining buffer was added into plates and cells
were then incubated at room temperature for
another 15 min. The cell cycle was analyzed by
BD Accuri® C6 Plus Flow Cytometer (BD
Biosciences, USA) and Flow]Jo, version 10.7 (BD
Biosciences, USA) was applied for data analysis.

Mitochondria and cytosol isolation assay

The mitochondria and cytosol of cells were sepa-
rated by mitochondrial extraction kit (SM0020,
Beijing Solarbio Science&Technology Co., Ltd.,
China). Briefly, after being trypsinized, cells were
rinsed with PBS and centrifuged at 800 g for
10 min. Then cells (5 x 10”) were resuspended in
1 ml ice-precooling lysis buffer, following which
the cell suspension was grinded 30 times at 0°C in
an ice bath using a glass homogenizer (YA0856,
Beijing Solarbio Science&Technology Co., Ltd.,
China). Then the cell homogenate was centrifuged
at 1000 g at 4°C for 5 min and the supernatant was
collected. After that, the supernatant was collected
again and centrifuged at 12,000 g at 4°C for 10 min
with cytosol in the supernatant and mitochondria
in the bottom.

Western blot

Total protein was isolated with cell lysis buffer for
Western and IP (P0013, Beyotime Biotechnology,
China), cells were centrifuged at 10,000 x g at 4°C
for 5 min and the supernatant was collected. Total
protein concentration was evaluated by bicincho-
ninic acid (BCA) assay (P0011, Beyotime
Biotechnology, China). Equal contents of protein
and ColorMixed Protein Marker (11-180KD)
(PR1910, Beijing Solarbio Science&Technology
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Co., Ltd., Beijing, China) were separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)
with SDS-PAGE Gel Preparation Kit (P0012AC,
Beyotime Biotechnology, China). Subsequently,
proteins were transferred onto polyvinylidene
fluoride (PVDF) membranes (88,585, Thermo
Fisher Scientific, Waltham, MA, USA) and
blocked in 5% bovine serum albumin (BSA;
PC0001, Beijing Solarbio Science & Technology
Co., Ltd., China) for 1 h, and then incubated at
4°C overnight with anti-cleaved caspase-3 (1:500;
ab2302, Abcam, Cambridge, MA, USA), anti-
cleaved caspase-9 (1:200; ab2324, Abcam, USA),
anti-Cyclin D1 (1:200; ab16663, Abcam, USA),
anti-Cyclin E (1:1000; ab33911, Abcam, USA),
anti-B-actin (1:1000; ab8226, Abcam, USA) and
anti-Cyt C (1:5000; ab133504, Abcam, USA) anti-
bodies. After being washed four times with Tris-
buffered saline containing Tween 20 (TBST;
ST673, Beyotime Biotechnology, China), the mem-
branes were incubated with the corresponding
secondary antibodies conjugated to Horseradish
Peroxidase (HRP; ab6721, 1:5000; Abcam, USA)
at room temperature for 1 h and washed five
times with TBST for 5 min.
Electrochemiluminescence (ECL) reagent
(POO18AS, Beyotime Biotechnology, China) was
utilized for protein visualization using the chemi-
luminescence system (SH-Focus523, Shenhua Bio.
Co., Ltd., Hangzhou, China, http://www.shenhua
bio.cn/index.php). Image J software, version 1.48
(National Institutes of Health, Bethesda, MD,
USA) was employed for western blot analysis.

Reactive oxygen species (ROS) assay by flow
cytometry

ROS levels were measured according to pre-
vious research methods [23]. U251 and SHG-
44 cells (2 x 10° cells/well) were trypsinized
and seeded in 6-well plates. DMSO was used
as vehicle control. The cells were collected and
then resuspended in 500 ml of 2K, 7¥-dichloro-
fluorescin diacetate (DCFH-DA; 10 mM;
287,810, Sigma-Aldrich, USA) at 37°C for
20 min to determine ROS. A CytoFLEX flow
cytometer was used to measure the fluorescence
intensity.

Statistical analysis

All experiments were repeated independently at
least three times. Statistical analysis was detected
by Graphpad 8.0 software (GraphPad Software
Inc., San Diego, CA, USA). Data were expressed
as means * standard deviation. One-way ANOVA
was adopted to compare multiple groups with
Tukey’s post hoc test. A statistically significant
difference can be accepted when p < 0.05.

Results

Chrysophanol suppressed cell viability while
promoting cell apoptosis in glioma cells

Chrysophanol, an anthraquinone derivative, is
proved to exert anti-cancer effects in various can-
cers. This paper investigated the effect and
mechanism of chrysophanol in glioma cells.

First, we examined the effects of chrysophanol
at different concentrations on glioma cells. As the
concentration of chrysophanol rose, cell viabilities
of U251 and SHG-44 cells were decreased in com-
parison with those in control group (Figure 1b, p <
0.05). Thereby, we chose 20, 50 and 100 uM as the
test concentrations for subsequent experiments.
Besides, a marked increase of apoptosis rate in
U251 and SHG-44 cells was observed compared
with that in control group (Figure 1c and d, p <
0.001), suggesting chrysophanol suppressed cell
viability and promoted cell apoptosis in a dose-
dependent manner.

Chrysophanol induced cell cycle arrest and
increased Cytosol Cyt C expression in glioma cells

Through analysis of flow cytometry, it was found
that in comparison with control group, the per-
centage of G1 phase in U251 and SHG-44 cells
treated with chrysophanol was significantly
increased in a dose-dependent manner (Figure 2a
and b, p < 0.05), indicating that chrysophanol
arrested cell cycles at G1 phase in glioma cells.
Additionally, the protein expression of Cytosol
Cyt C in U251 and SHG-44 cells rose with the
increase of chrysophanol concentration as com-
pared with that in control group (Figure 2c and
d, p < 0.01), indicating that chrysophanol


http://www.shenhuabio.cn/index.php
http://www.shenhuabio.cn/index.php

BIOENGINEERED (&) 6859

a .
Chemical Structure of chrysophanol
OH e} OH
(0]
b Chrysophanol (umol/L) _ C Chrysophanol (pmol/L) _
> >
3 10 == 20 == 50 == 100 == 200 3 20 == 50 == 100
150 =3 Control 50— =3 Control
;\: *kk
> & 40- -
= » Fkk
5 17 T * % 30 giid
> Fkk Kk =
— (2]
— ek —
8 i g 20+ sk g
o 50 i Kk 2
>
= ]
k] 2. 10-
° <
| 1 1
0 0 T T
U251 SHG-44 U251 SHG-44
Chrysophanol (pmol/L)
d Control 20 50 100
*T0.28% —a42%| “T074% 14.73%| ~11.47% 24.98%| ~11.43% 30.65%
x== o o o o
N Teq R=F Toq T oy
N
)
< 194 : 0.48%] o ]83:22% 1.31%] o 1.95% | o |64.46% 3.46%
100 1 102 108 104 T10° To! 102 1o 104 100 10! 102 108 10t T100 To! 102 108 104
ANNEXIN-FITC ANNEXIN-FITC ANNEXIN-FITC ANNEXIN-FITC
“T1.22% 276%| ~]1.35% 16.54%]| ~10.86% 29.79%| ~10.97% 39.69%
<
¥ N o o
(G Toy T o T o
I
7}
o y 1.31%]| < 180.81% " 1.31% o ]6822% 1.12% 1.23%
"10° To! 102 108 104 T100 To! 0 104 T100 To! v 108 104 108 104
ANNEXIN-FITC

g
102 108 102 102
ANNEXIN-FITC ANNEXIN-FITC ANNEXIN-FITC

Figure 1. Chrysophanol suppressed cell viability while promoting cell apoptosis in glioma cells. (a) The structural formula of
chrysophanol. (b) Cell viability at 48 h of U251 and SHG-44 cells was detected by 3-(4,5-Dimethyl-2-Thiazolyl)-2,5-Diphenyl
Tetrazolium Bromide (MTT) assay after treatment with different concentration of chrysophanol. (c) Apoptosis rates of U251 and
SHG-44 cells were assessed by Annexin V-FITC Apoptosis Detection Kit with flow cytometry after treatment with different
concentration of chrysophanol. (d) Representative images of cell apoptosis in U251 and SHG-44 cells through Annexin V-FITC
Apoptosis Detection Kit with flow cytometry after treatment with different concentration of chrysophanol. *p < 0.05, *** p < 0.001
vs. Control group. All experiments were repeated independently at least three times. Data were expressed as the means + standard
deviation.
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Figure 2. Chrysophanol induced cell cycle arrest and increased Cytosol Cyt C expression in glioma cells. (a) Cell cycle of U251
and SHG-44 cells was tested by flow cytometry after treatment with different concentration of chrysophanol. (b) Representative
images of cell cycle in U251 and SHG-44 cells using flow cytometry after treatment with different concentration of chrysophanol. (c)
Representative images of Cytosol Cyt C protein bands through western blot after treatment with different concentration of
chrysophanol. B-actin was used as a loading control. (d) Cytosol Cyt C protein expression levels of U251 and SHG-44 cells were
detected by western blot after treatment with different concentration of chrysophanol. B-actin was used as a loading control. *p <
0.05, **p < 0.01, *** p < 0.001 vs. Control group. All experiments were repeated independently at least three times. Data were
expressed as the means * standard deviation.



promoted the transfer of Cytc C from mitochon-
dria to cytosol.

Chrysophanol increased cleaved caspase-3 and
cleaved caspase-9 expressions as well as ROS
accumulation while decreasing Cyclin D1 and
Cyclin E levels in glioma cells

The results of western blot showed the expressions
of apoptosis-related proteins cleaved caspase-3 and
cleaved caspase-9 in U251 and SHG-44 cells trea-
ted with chrysophanol were higher than those in
control group (Figure 3a-d, p < 0.05). The expres-
sions of these two apoptosis-related proteins were
positively correlated with chrysophanol concentra-
tion. In addition, cell cycle-related proteins Cyclin
D1 and Cyclin E levels were evidently reduced in
U251 and SHG-44 cells treated with chrysophanol
when compared with those in control group
(Figure 3a-d, p < 0.05). The chrysophanol concen-
tration-dependent reduced Cyclin D1 and Cyclin
E expressions. Furthermore, chrysophanol at all
tested concentrations led to an obvious increase
of flurescence intensity in U251 and SHG-44 cells
during ROS assay by flow cytometry compared
with control group (Figure 3e and f, p < 0.05),
and the intensity of flurescene rose with the
increase of chrysophanol concentration, indicating
that chrysophanol promoted ROS accumulation of
mitochondria in glioma cells.

MitoTempo partly reversed the effect of
chrysophanol on promoting ROS accumulation of
mitochondria and inducing cell apoptosis in
glioma cells

The fluorescence intensity of U251 and SHG-44
cells in Chrysophanol+ MitoTempo group was
lower than that in chrysophanol group but was
higher than that in MitoTempo group (Figure 4a
and b, p < 0.01). Meanwhile, intensity of fluores-
cence was increased in chrysophanol group in
comparison with that in control group (Figure 4a
and b, p < 0.01), which suggested that MitoTempo
partly offset the effect of chrysophanol on promot-
ing ROS accumulation of mitochondria in glioma
cells. Moreover, the apoptosis rates of U251 and
SHG-44 cells in chrysophanol group were greatly
increased compared with those in control and
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Chrysophanol+MitoTempo group (Figure 4c and
d, p < 0.001), while a prominent rising of cell
apoptosis in Chrysophanol+MitoTempo group
was observed in comparison with that in
MitoTempo group (Figure 4c and d, p < 0.001).

MitoTempo partly reversed the effect of
chrysophanol on increaing leakage of Cytc
C from mitochondria to cytosol in glioma cells

U251 and SHG-44 cells showed a higher protein
expression of Cytosol Cyt C when treated with
chrysophanol and MitoTempo than the cells trea-
ted with MitoTempo (Figure 5a and b, p < 0.001),
while the cells treated with chrysophanol pre-
sented an increased protein level of Cytosol Cyt
C in comparsion with those in control and
Chrysophanol+ MitoTempo groups (Figure 5a
and b, p < 0.001), indicating that MitoTempo
could partly reverse the function of chrysophanol
on facilitating leakage of Cytc C from mitochon-
dria to cytosol.

Discussion

Glioma is a kind of brain tumor in human central
nervous system with high mortality and relapse
rates [3,30]. And more evidence has been accumu-
lated to validate the repressive function of chryso-
phanol on cell development [15,21-25]. For
example, it has been reported that chrysophanol
inhibits the osteoglycin/mTOR and activates NF2
signaling pathways to reduce viability and prolif-
eration of malignant meningioma cells [31].
Nevertheless, so far the effect and mechanism of
chrysophanol on glioma have remained unclear.
As an active process of cell death, apoptosis can
be triggered through mitochondrial apoptosis
pathway [27,28]. What’'s more, it has been
reported that chrysophanol has anticancer activ-
ities, including induction of cell apoptosis by mito-
chondrial apoptosis pathway [15,25]. Thereby, we
presumed that chrysophanol might play a part in
glioma cells via mitochondrial pathway. And this
study elucidated the role and mechanism of chry-
sophanol on glioma.

Firstly, we probed into the role of chrysophanol
on glioma cells. In consistent with the researches
about the function of chrysophanol on breast
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(ROS) accumulation while decreasing Cyclin D1 and Cyclin E levels in glioma cells. (a and b) Representative images of protein
bands (a) as well as protein expression levels of Cleaved caspase-3, cleaved caspase-9, Cyclin D1 and Cyclin E in U251 cells were
detected by western blot after treatment with different concentrations of chrysophanol. -actin was used as a loading control. (c and
d) Representative images of protein bands (c) as well as protein expression levels of Cleaved caspase-3, cleaved caspase-9, Cyclin D1
and Cyclin E in SHG-44 cells were detected by western blot after treatment with different concentrations of chrysophanol. B-actin
was used as a loading control. (e) Representative images of ROS detection by flow cytometry after treatment with different
concentrations of chrysophanol. (f) Flurescence intensity in U251 and SHG-44 was evaluated by flow cytometry after treatment with
different concentrations of chrysophanol. * p < 0.05, ** p < 0.01, *** p < 0.001 vs. Control group. All experiments were repeated
independently at least three times. Data were expressed as the means + standard deviation.

cancer cells [24], chrysophanol significantly
reduced the cell viability while increasing cell
apoptosis in a dose-dependent manner, indicating
the protective effect of chrysophanol on glioma.
Additionally, the results of cell cycle assay showed
that pretreatment with chrysophanol was con-
nected with a marked rise of the cell number in
G1 phase, suggesting that chrysophanol arrested
cell cycle in G1 phase.

It has been proved that the release of Cyt
C from mitochondria to cytosol induces cell apop-
tosis [32]. And as a group of primary drivers for
cell apoptosis, caspases are synthesized as inactive
zymogens within the cell until they were cleaved
with apoptotic signaling stimuli. Besides, former
studies have revealed that the release of Cyt
C activates caspase-9 and further causes the acti-
vation of caspase-3, which is associated with mito-
chondria pathway [33-37]. The cell cycle-related
proteins Cyclin D1 and Cyclin E, which regulate
cell cycle during the transition from G1 to S phase,
are involved in cell apoptosis among development
of many malignancies [38-44]. During the experi-
ments, we found that the protein expressions of
Cytosol Cyt C, cleaved caspase-3 and cleaved cas-
pase-9 were obviously increased, whereas those of
Cyclin D1 and Cyclin E were declined dramati-
cally. Therefore, chrysophanol might induce cell
apoptosis through up-regulating Cytosol Cyt C,
cleaved caspase-3 and cleaved caspase-9 expres-
sions while down-regulating Cyclin DI and
Cyclin E expressions.

There are two major pathways during cell apop-
tosis including the extrinsic (death receptor) and
intrinsic (mitochondrial) pathways [45,46]. The
intrinsic apoptosis pathway modulates the perme-
ability of mitochondrial outer membrane and can
produce pores in the membrane, which leads to
the release of apoptosis-related factors like Cyt

C [47]. ROS is a vital molecule directly implicated
in regulating mitochondrial functions, the accu-
mulation of which has been reported to induce
cell apoptosis through various mechanisms, such
as cellular injury and cell cycle arrest induced by
oxidative DNA damage [48-52]. Besides, another
paper reported that chrysophanol-induced cell
apoptosis by promoting ROS generation through
mitochondrial apoptosis pathway in choriocarci-
noma, and anticancer drugs also increased ROS
levels, leading to cell death in glioma cells
[53,54]. In line with the results above, our study
discovered that chrysophanol increased ROS accu-
mulation in mitochondria of glioma cells, impli-
cating that chrysophanolmight induced ROS
accumulation to promote release of Cyt C from
mitochondria to cytoplasm, which caused apopto-
sis of glioma cells.

Secondly, MitoTempo, an antioxidant targeting
mitochondria, was applied in this part as
a reversing verification to determine whether the
mitochondrial apoptosis pathway participated in
the process of chrysophanol functioning on glioma
cells. The results showed MitoTempo partly
reversed the effect of chrysophanol on accumulat-
ing ROS of mitochondria, inducing cell apoptosis
and promoting leakage of Cyt C from mitochon-
dria to cytosol in glioma, validating the positive
role of chrysophanol against glioma by mitochon-
drial apoptosis pathway. In addition, it has been
reported that chrysophanol inhibits EMT forma-
tion and metastasis via a Wnt-3-dependent signal-
ing pathway in oral squamous cell carcinoma [55].
Chrysophanol selectively represses breast cancer
cell growth by inducing reactive oxygen species
production and endoplasmic reticulum stress via
AKT and mitogen-activated protein kinase signal
pathways [23]. Chrysophanol inhibits proliferation
and induces apoptosis through NF-kB/cyclin D1
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of mitochondria and inducing cell apoptosis in glioma cells. (a) Representative images of ROS detection by flow cytometry after
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repeated independently at least three times. Data were expressed as the means + standard deviation.

and NF-«kB/Bcl-2 signaling cascade in breast can-
cer cell lines [24]. In choriocarcinoma, chrysopha-
nol induces apoptosis through regulation of ROS
and the AKT and ERK1/2 pathways [54].
Chrysophanol may play an anti-cancer role in
cancer by regulating multiple signaling pathways.

All in all, the observational data acquired in the
research demonstrated the protective effect of
chrysophanol on glioma and revealed its mechan-
ism, offering powerful support for function of
chrysophanol on malignant tumors. Besides, this
study provided a possible feasibility of utilizing
promising mitochondrial apoptosis pathway as
a therapeutic target and adopting chrysophanol
as a possible agent for interference and treatment
of glioma. In the future, we will test the effect of
chrysophanol on normal cells and explore the
function of chrysophanol in vivo to validate the
conclusions of this study. We will also continue to
search for more anti-tumor signaling pathways of
chrysophanol to provide more possible treatments
for the treatment of glioma.

Limitation

The roles of chrysophanol in normal cells and in
animals were not assessed in our study, leaving the
safety of chrysophanol in doubt. Moreover, the
comparison on clinical efficacy of chrysophanol

and conventional chemotherapy needs further
study to improve the management of glioma.

Conclusion

In summary, the study showed that chrysophanol
could induce cell apoptosis and promote cell cycle
arrest to suppress the development of glioma. And
further researches revealed that the chrysophanol
regulated the anticancer effect on glioma cells via
mitochondrial apoptosis pathway activation. The
results of the paper strengthened the understand-
ing on activities of chrysophanol, indicating that
chrysophanol may serve as an innovative che-
motherapeutic agent for glioma.
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