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Abstract Calycosin, an O-methylated isoflavone, has been widely reported to induce anticancer

activity in different cancer cells in vitro. Nonetheless, the associated mechanism of calycosin in

glioblastoma multiforme cells (U87) still remains unknown. To explore the anticancer effects, the

apoptotic mechanism of calycosin via Wnt/GSK3b/b-catenin signaling was explored in U87 cells.

Different assays including: cytotoxicity, free radical determination, SOD and CAT activity, GSH

content, qPCR, mitochondrial membrane potential, caspase activity, and western blotting assays

were performed. It was shown that calycosin mitigated cell viability in U87 cells, whereas it showed

no apparent effect on BV2 microglial cells. Calycosin triggered apoptosis via upregulating the

mitochondria-associated caspase pathway in U87 cells. Calycosin induced the reduction of the

mitochondrial membrane potential, overexpression of Bax, downexpression of Bcl-2, and activation

of caspase-9 and caspase-3. Calycosin-stimulated apoptosis was associated with the upregulation of

free radical scavenging through the modulation of antioxidant enzymes, such as SOD and CAT as

well as the level of GSH. The apoptotic activity of calycosin was mediated by suppression of pGSK-

3bser9, b-catenin, and c-Myc at protein level. The present study suggested that calycosin triggers

U87 cell death through an antioxidant effect mediated by Wnt/GSK3b/b-catenin signaling path-

way.
� 2023 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Glioblastoma multiforme is known as the most common group of pri-

mary brain tumors, and malignant gliomas are the deadliest type of

adult brain tumors (Urbańska et al., 2014). Glioblastoma accounts

for more than 50 % of all glioma types (Urbańska et al., 2014). The

overall incidence of tumors is 2–3 people in a hundred thousand,

and 20 % of all intracranial tumors account for over sixty years and

is more common in men (Urbańska et al., 2014). In cell studies,

glioblastoma multiforme cells (U87) show stare shape morphology

with different sizes (Jaworski et al., 2013). They have a high prolifera-

tion rate which increases the access of tumor cells to different areas of

the brain (Jara et al., 2021). This type of tumor has a poor prognosis

with clinical characteristics such as cognitive impairment, personality

changes, headache, loss of sensation, and lack of balance in walking

(Hu et al., 2021; Shah and Kochar, 2018). Despite increasing our

knowledge in understanding the pathophysiology of glioblastoma

and advances in regarding treatment, cancer continues to be incurable,

because despite conventional therapies involving removal of the tumor

with surgery followed by radiation therapy plus drug treatment,

patients usually die within 12 to 15 months after surgery. One of the

potential treatments of glioma cell could be induction of cytotoxicity

and apoptosis to prohibit the proliferation of cancer cells (Afshari

et al., 2019; Zhu et al., 2019). Therefore, the need for new therapies

or drugs is considered absolutely necessary. Natural products derived

from plants are considered as valuable sources of modern medicinal

raw materials (Musthafa et al., 2021 Jan; Shah et al., 2020; Gezici

and S�ekeroğlu, 2019).
Plant-derived natural products include paclitaxel, etoposide, vin-

blastine, and vincristine, all of which have been shown to treat a vari-

ety of cancers (Gezici and S�ekeroğlu, 2019).
Radix astragali is a plant used in Chinese traditional medicine with

potential anticancer (Zhuang et al., 2019; Yang et al., 2021),

immunomodulatory (Chen et al., 2020), and diuretic properties (Liu

et al., 2013).

Calycosin, an O-methylated isoflavone (C16H12O5), is a phytoestro-

genic compound in the dry root extract of Radix astragali (Gao et al.,

2014; Gong et al., 2021). Several studies have shown that calycosin has

antioxidant, antimicrobial, antiviral, antifungal, anticancer, and anti-

diabetic properties (Gao et al., 2014; Gong et al., 2021; Deng et al.,

2020).

Previous studies have shown that calycosin triggers apoptosis in

several cancer cell lines such as cervical cancer cell (Zhang et al.,

2020), gastric cancer cell (Zhang et al., 2021), osteosarcoma cell line

(Tian et al., 2020), glioma cancer cell (Ni et al., 2019), and so on.

Although calycosin exerts apoptosis in colorectal cancer cell, breast

cancer cell, cervical cancer cell, and osteosarcoma cell line through reg-

ulation of ERb/miR-17 (Chen et al., 2015), WDR7-7-GPR30 (Tian

et al., 2017), miR-375 (Zhang et al., 2020), and ERbmediated PI3K/

Akt (Tian et al., 2020) signaling pathways, respectively, its anticancer

mechanism still remains unknown in glioblastoma cancer cells. Thus,

in the present investigation, the role of Wnt/GSK3b/b-catenin signal-

ing pathway was explored in calycosin-triggered apoptosis in U87

glioblastoma multiforme cells using cytotoxicity, fluorimeter, qPCR,

and western blotting assays.

2. Materials and methods

2.1. Cell culture

Human malignant glioblastoma multiforme (U87) cells and
BV2 microglial cells were obtained from the American Type
Culture Collection (Rockville, MD, USA) and cultured in Dul-

becco’s modified Eagle’s medium (DMEM) supplemented with
heat-inactivated fetal calf serum (FCS, 10 %), and antibiotics
and maintained at 37 �C with 5 % CO2.
2.2. Cell viability

The influence of calycosin on the viability of cells was explored
employing the MTT analysis. Cells were incubated with caly-
cosin at various concentrations in the range of 1–100 mg/ml

for 24 h. 30 ll MTT stock solution (4 mg/ml) was then added
to each well and incubated for 4 h followed by removal of the
media. Finally, formazan crystals were dissolved in 150 ll
DMSO and the absorbance of the samples was read at

570 nm using a scanning multi-well spectrophotometer.
2.3. Detection of superoxide radical

Formation of superoxide radical in U87 cells was quantified by
dihydroethidium (DHE) staining, as reported in the literature
(Heikkilä et al., 2010). Briefly, the cells (1 � 106) were incu-

bated with IC50 concentration of calycosin for 24 h, collected,
washed, and resuspended in reaction mixture (1 ml) supple-
mented Dihydroethidium (DHE, 10 lM). Finally, the fluores-

cence intensity of the probes was determined by microplate
fluorimeter (Synergy Hybrid Microplate Reader, BioTek).
2.4. Detection of hydroxyl radical

Hydroxyphenyl fluorescein (HPF), as a cell-permeable fluores-
cent probe was used to specifically determine the hydroxyl rad-
ical formation (Zunino et al., 2007). The cells (1 � 106) treated

with IC50 concentration of calycosin for 24 h were added by
10 lM HPF for an additional 2 h at 28 �C. After further wash-
ing, fluorescence of the probes was determined by microplate

fluorimeter (Synergy Hybrid Microplate Reader, BioTek).

2.5. Intracellular and mitochondrial ROS measurements

Quantification of intracellular and mitochondrial ROS gener-
ation was carried out by using 2,7 dichlorodihydrofluorescein
diacetate (DCFH2-DA) and dihydrorhodamine (DHR)-123
probes as reported previously (Kang et al., 2017). Briefly, after

treating cells with IC50 concentration of calycosin for 24 h,
30 lM DCFH2-DA or DHR-123 was added to cells for an
additional 40 min at 37 �C. After washing, the fluorescence sig-

nal of the probe was detected using a microplate fluorimeter
(Synergy Hybrid Microplate Reader, BioTek).

2.6. Measurement of superoxide dismutase (SOD) activity

After trading with IC50 concentration of calycosin, the cells
were washed, scraped, suspended in 10 mM phosphate buffer

(pH 7.5), lysed, centrifuged, and the protein content of the
supernatant was explored. SOD activity was then determined
by assessing the oxidation inhibition of epinephrine at
480 nm using a UV/VIS spectrophotometer as determined pre-

viously (Carrillo et al., 1991).

2.7. Measurement of catalase (CAT) activity

After preparing the samples as described above, 40 lg of pro-
tein were added to the phosphate buffer (PBS) (50 mM, pH
7.0), supplemented with H2O2 (100 mM). After 2 min of incu-
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bation, absorbance was read at 240 nm for a period of 5 min
based on the previous report (Carrillo et al., 1991).

2.8. Detection of glutathione (GSH) level

The intracellular GSH level was quantified with CMAC as a
GSH-sensitive fluorescence probe. After treating, the cells were

treatedwithCMAC(10lM) for 30min andCMACfluorescence
intensity was analyzed with a microplate fluorimeter (Synergy
Hybrid Microplate Reader, BioTek) (Tauskela et al., 2000).

2.9. Determination of apoptosis by Annexin-V

The level of apoptosis was explored by Annexin-V FITC as a

sensitive fluorescence probe. After treating, the cells were
added by relevant buffers and 50 nM Annexin-V-FITC for
10 min in the dark based on the kit manufacturer’s protocols
(ab14085). The fluorescence signal of the probe was detected

using a microplate fluorimeter (Synergy Hybrid Microplate
Reader, BioTek) with exciation and emission at 480 and
532 nm, respectively.

2.10. Quantitative real-time PCR (qPCR) assay

After treatment with IC50 concentration of calycosin, the cells

were lysed with TRIzol reagent (Invitrogen) to extract total
RNA, where its purity was explored using nanodrop (ND-
1000; Thermo Scientific) at an absorbance of 260 nm. RNA

samples were stored at � 20 �C. cDNA was then synthesized
by the Reverse Transcription Kit (Invitrogen). qPCR assay
was done for Bax, Fw: TCTGACGGCAACTTCAACTG,
Rev, TTGAGGAGTCTCACCCAACC and Bcl2, Fw:

GGATGCCTTTGTGGAACTGT, Rev: AGCCTG-
CAGCTTTGTTTCAT using applied biosystems (USA)
according to the manufacturer’s protocols (Alarifi et al.,

2017; Livak and Schmittgen, 2001). The analysis and the pro-
cedures were done based on the previous studies. GAPDH was
also used as the housekeeping gene.

2.11. Detection of mitochondrial membrane potential

Mitochondrial membrane potential was detected based on
using JC-1 as a fluorescence probe. After treating, the cells

were added by JC-1 (200 nM) and incubated for 20 min at
37 �C. After washing with PBS, the fluorescence signal of the
probe was detected using a microplate fluorimeter (Synergy

Hybrid Microplate Reader, BioTek).

2.12. Caspase assay

Caspase-9 (ab65608) and caspase-9 (39401) activities were
assessed based on the kit manufacturer’s protocols. Briefly,
the protein samples were added to the wells, followed by addi-

tion of reaction buffer and relevant substrate and incubation
for 60–120 min at 37 �C. The OD of samples were read at
450 nm using a scanning multi-well spectrophotometer.

2.13. Western blot analysis

Whole cell lysates from the U87 cells incubated with calycosin
were prepared using a lysis buffer based on the previous study
(Park et al., 2013). After treating and sample proration as
described above either, 40 lg of proteins were boiled, elec-
trophoresed (10 % SDS-polyacrylamide gel), transferred onto

nitrocellulose membranes, incubated with primary antibodies
(1:1000, Santa Cruz Biotechnology), and incubated with sec-
ondary anti-immunoglobulin-G-horseradish peroxidase conju-

gates (1:2000) (Pierce, Rockford, USA). Protein bands were
then detected employing an increased chemiluminescence west-
ern blotting detection kit (Amersham, Little Chalfont, UK).

2.14. Statistical analysis

All assays were carried out in triplicate and data represent the

mean ± standard deviation (SD) of the mean (SEM). The out-
comes were reported based on the analysis of variance
(ANOVA) using Tukey’s test to determine differences.
P < 0.05 was considered significant.

3. Results

3.1. Calycosin selectively mitigates the growth of U87 cells

The effect of calycosin on the proliferation of U87 cells was

assessed at 24 h employing the MTT assay, and IC50 value
was quantified. At 48 h, calycosin showed cytotoxic effects in
a concentration-dependent manner. As depicted in Fig. 1a, cell

viability was reduced by calycosin as follows: 96.84 ± 13.43 %
at 1 lg/ml, 93.81 ± 13.47 % at 5 lg/ml, 75.47 ± 10.47 % at
10 lg/ml, 65.86 ± 12.79 % at 20 lg/ml, 42.27 ± 4.30 % at

50 lg/ml, and 34.94 ± 4.66 % at 100 lg/ml. Among the stud-
ied concentrations, the IC50 concentration was determined to
be around 43.71 lg/ml and this concentration of calycosin
was used for further experiments. The cytotoxicity of calycosin

in normal microglial cells (BV2) was also explored. As exhib-
ited in Fig. 1b, the viability of calycosin-incubated BV2 cells
was higher than that of calycosin-incubated U87 cells. Since

calycosin is known as a potential antioxidant small molecule,
the influence of known antioxidant compounds including vita-
min C (Vit. C) and N-acetylcysteine (NAC) on U87 cell viabil-

ity was explored. As displayed in Fig. 1c, Vit. C and NAC,
decreased U87 cell viability compared with that in calycosin-
treated cells.
3.2. Calycosin displays ROS scavenging properties

To examine the ROS scavenging properties of calycosin, the
generation of superoxide and hydroxyl radical was determined.

The superoxide radical and the hydroxyl radical produced in
cells were determined via microplate fluorimeter. The out-
comes showed that the superoxide radical signal was 828.66

± 59.96 in the control sample, however, the superoxide rad-
ical signal was reduced to 387.66 ± 33.00 (Fig. 2a) in the
calycosin-incubated sample. The hydroxyl radical signal was

641.33 ± 53.40 in the control group, however, the hydroxyl
radical signal decreased to 268.66 ± 31.34 in the calycosin-
incubated sample (Fig. 2b).

The scavenging effect of calycosin on intracellular ROS in

U87 cells was analyzed. As depicted in Fig. 2c, IC50 concentra-
tion of calycosin significantly reduced the intensity of the DCF
signal relative to that in the control sample. To assess the scav-



Fig. 1 Cytotoxic influences of calycosin on cells. (a) U87 cells were treated with various concentrations of calycosin for 24 h, and cell

viability was determined by the MTT assay to explore IC50 value. (b) The cell viability of calycosin-incubated (IC50: 43.71 lg/ml) U87 and

BV2 cells were explored at 24 h employing the MTT assay. (c) The cell viability of vitamin c (Vit. C) and N-acetylcysteine (NAC) as

antioxidant compounds in U87 with similar concentration of 43.71 lg/ml was determined using the MTT assay. a, b, c letters represent the

significance differences at aP < 0.05, bP < 0.01, cP < 0.001 relative to control.
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enging properties of calycosin on mitochondrial ROS in U87
cells, the DHR 123 fluorescence probe assay was explored to

analyze mitochondrial ROS in cells incubated with or without
calycosin. The data showed that calycosin treatment reduced
the level of mitochondrial ROS relative to that in control cells

(Fig. 2d). Consistently, in all experiments, NAC as an antiox-
idant agent, apparently decreased the intensity of the oxidant
agents compared with those in calycosin-treated cells (Fig. 2).

3.3. Effects of calycosin on antioxidant enzymes and GSH levels

in U87 cells

Analysis of the influence of calycosin on the activity of antiox-
idant enzymes including SOD and CAT showed that calysocin
enhanced the levels of SOD and CAT (Fig. 3a) activity.
Indeed, the activity of SOD and CAT increased upon treat-

ment of U87 cells with IC50 concentration of calycosin for
24 h (Fig. 3a). As shown in Fig. 3a, NAC also increased the
activity of SOD and CAT compared with that in calycosin-

treated cells.
GSH is known as one of the most crucial intracellular

antioxidants, and exploration of alterations in the level of

GSH can be used as a potential method to analyze the oxida-
tive stress within cells (Tauskela et al., 2000). The GSH-
activated fluorescent probe, CMAC, was used as a sensitive
probe to explore the level of intracellular GSH (Tauskela
et al., 2000). As depicted in Fig. 3b, cells incubated with caly-

cosin at 43.71 lg/ml and labeled with CMAC demonstrated
higher fluorescence intensity of cellular GSH than control sam-
ple assessed using microplate fluorimeter. This pattern was

also comparable with NAC, as a potential antioxidant.

3.4. Calycosin triggers apoptosis by the mitochondrial-mediated
pathway

To explore the cytotoxic effect of calycosin via apoptosis, flu-
orescence, expression of Bax and Bcl-2 mRNA, mitochondrial

membrane potential, and caspase activity assays were done.
The Annexin-V FITC data in Fig. 4a showed that calycosin
and NAC-incubated cells had significant increase in the
Annexin-V FITC fluorescence intensity relative to control

cells, which is a feature of apoptosis. In addition, the effect
of calycosin on apoptosis in U87 cells was confirmed by qPCR
analysis of the antiapoptotic and proapoptotic proteins, Bcl-2

and Bax, respectively. As shown in Fig. 4b, calycosin upregu-
lated the expression of Bax mRNA but downregulated the
expression of Bcl-2 mRNA. As shown in Fig. 4c, calycosin

caused the loss of mitochondrial membrane potential. The
level of caspase-9 activity was examined because this enzyme
is activated during mitochondrial membrane disruption



Fig. 3 Effects of calycosin (IC50: 43.71 lg/ml) on antioxidant enzymes and cellular GSH content after 24 h. (a) Relative SOD and CAT

activity. (b) Relative GSH content as determined by microplate fluorimeter. a, b, c letters represent the significance differences at aP < 0.05,
bP < 0.01, cP < 0.001 relative to control.

Fig. 2 ROS scavenging effect of calycosin (IC50: 43.71 lg/ml) in U87 cells after 24 h. (a) Superoxide radical scavenging assay. (b)

Hydroxyl radical scavenging assay. (c) Intracellular ROS. (d) Mitochondrial ROS. All assays were done using microplate fluorimeter

analyzing the relevant fluorescence probes. a, c letters represent the significance differences at aP < 0.05, cP < 0.001 relative to control.
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(Kang et al., 2017). As shown in Fig. 4d, the levels of caspase-9
and caspase-3 activities were higher in the calycosin and NAC-

treated cells than those in the control sample.
It was seen that the data obtained for calycosin were almost

comparable with NAC, as a potential antioxidant.

3.5. Effect of calycosin on the Wnt/GSK3b/b-catenin signaling

pathway

Glycogen synthase kinase 3 (GSK3) as a modulator of glyco-
gen pathway plays some major roles in protein metabolism,
cell growth, cell differentiation and dynamics, cell viability,
and apoptosis (Park et al., 2013). GSK3 is also involved in

the modulation of Wnt/b-catenin signaling process (Park
et al., 2013).

It was shown that calycosin reduced the expression of phos-

phorylated GSK-3b which is the inactivated form of GSK-3b.
In fact, phosphorylation of GSK-3b at serine (Ser9) can result
in destabilization of b-catenin and block the transcription of

target proteins like c-Myc. The vital components play a key
role in Wnt signaling pathway are GSK-3b, b-catenin and c-
Myc. Here we observed that calycosin resulted in the phospho-



Fig. 4 Effects of calycosin (IC50: 43.71 lg/ml) on mitochondria-mediated apoptosis in U87 cells after 24 h. (a) Annexin-V FITC assay was

done by microplate fluorimeter. (b) qPCR assay for exploring the expression of Bax mRNA and Bcl-2 mRNA. (c) Determination of

membrane potential by associated probe (JC-I dye) on a microplate fluorimeter. (d) Relative caspase-9 and caspase-3 activity as carried

out by methods described. a, b, c letters represent the significance differences at aP < 0.05, bP < 0.01, cP < 0.001 relative to control.

Fig. 5 Effects of calycosin (IC50: 43.71 lg/ml) on the Wnt/

GSK3b/b-catenin signaling pathway in U87 cells after 24 h. western

blot analysis of cell lysate as described in 2–14 section.
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rylation of GSK-3b (ser-9), which led to reduction in the
expressions of b-catenin in U87 cells (Fig. 5). Also, the down-
stream factors of b-catenin, c-Myc, was downregulated in

calycosin-treated U87cells.
This data indicated that calycosin-triggered anticancer

effects are modulated through the Wnt/GSK3b/b-catenin sig-

naling pathway.
Indeed, the protein levels of the Wnt/b-catenin signaling

pathway related proteins (GSK-3b, b-catenin and c-Myc)

showed that the levels of these proteins were downregulated
in calycosin-treated glioma cells.

4. Discussion

Oxidative stress is a phenomenon that occurs at the cellular
level and can worsen the condition of healthy cells and lead
to their death (Poillet-Perez et al., 2015). Cancer cells often

use this phenomenon to its advantage, but can oxidative stress,
which is a major cause of cancer, be used against the disease?
ROS are substances that are produced naturally after the pro-

cess of oxygen metabolism. These species usually play an
important role in regulating biological function (homeostasis)
as well as in cell signaling. But as long as ROS reach abnormal

levels, they cause oxidative stress, which in turn leads to cellu-
lar aging and worsening of the condition. (Poillet-Perez et al.,
2015) Unlike healthy cells, cancer cells need a much higher

level of ROS, which allows them to grow and spread rapidly
(Kang et al., 2015). In cancer cells, an increase in ROS causes
by increased metabolic activity, mitochondrial dysfunction,
peroxisome activity, increased receptor-mediated signaling,

activation of oncogenes, increased activity of oxidases,
cyclooxygenases, lipoxygenases, and thymidine phosphorylase
(Storz, 2005). Expression of transformation-related genes such

as Bcr–Abl, Ras, and c-Myc oncogenes induces ROS produc-
tion (Lu et al., 2007), which is essential for the tumorigenic
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function of some of these oncogenes. K-Ras oncogenic muta-
tions increase the amount of cellular ROS and stimulate cell
proliferation by affecting the activity of the protein kinase A

pathway and increasing c-AMP (Shirazi et al., 2020). Increased
expression of c-Myc oncogene also induces DNA damage, p53
activation and increased ROS levels (Vafa et al., 2002). Also,

The increased oxidative stress presents in cancer cells is caused
not only by ROS overproduction but also from inactivation of
antioxidant enzymes and compounds (Lu et al., 2007). Caly-

cosin has shown anticancer activity associated with its role
as inhibition of migration and invasion of cancer cells (Li
et al., 2017) and the induction of cell cycle arrest and apoptosis
(Liu et al., 2021).

It has been also shown that calycosin induces anticancer
effects through a ROS-mediated signaling pathway in hepato-
cellular carcinoma cells (Liu et al., 2021) and gastric cancer cell

(Zhang et al., 2021).
The Wnt family is secreted glycoproteins with several

enriched and protected cysteine fragments that are involved

in a variety of processes such as embryonic induction, cell pro-
liferation, and cell signaling (Barker and Clevers, 2000). Wnt
signals are preceded as a result of the binding of Wnt proteins

to Frizzled related proteins. So far, 19 types of Wnt protein
and 10 types of Frizzled receptors have been identified, which
has led to the complexity of the Wnt signaling pathway
(Barker and Clevers, 2000). The Wnt signaling pathway is

induced through three intracellular pathways, which include
the 1-main Wnt / b-catenin pathway, 2- Wnt / polarity path-
way, and the 3-pathway Wnt / Ca2+ pathway. In the Wnt /

b-catenin pathway, binding of Wnt to a receptor induces
hyperphosphorylation of cytoplasmic protein called dishev-
elled and leads to inhibition of serine-threonine kinase called

as GSK3b (Barker and Clevers, 2000). This eventually leads
to the release and stabilization of catenin-b, resulting in its
increase in the cytoplasm of the cell. b-catenin enters the

nucleus and interacts with transcription factors including Lef
/ Tcf and regulates the expression of target genes including
cyclin D1 and c-Myc (Barker and Clevers, 2000).

Polyphenolic antioxidants are known as potential ROS

scavengers and regulators of different signaling pathways
(Gupta et al., 2014). Calycosin is an isoflavonoid that contains
three aromatic rings. The ROS-mediated tumor suppressor

activities of calycosin were found to be mediated in part by
the regulation of Wnt/GSK3b/b-catenin signaling pathway,
which in turn this process have been shown to regulate the

expression of specific oncogenes, which may be a possible rea-
son for selective anticancer effects of calycosin. In agreement
with this study, it has been also shown that calycosin depicts
tumor suppressor activities through upregulation of antioxi-

dant enzymes, reduction of ROS, and induction of apoptosis
(Kang et al., 2017).

Calycosin has a unique structure due to the presence of the

methyl group. Indeed, despite a number of potential functions
of flavonoids, medical applications have not been fully success-
ful when explorations were extended to the in vivo, especially in

humans. Weak stability and low bioavailability of dietary
polyphenols are the main drawbacks behind these concerns
(Koirala et al., 2016). Researches have shown that the methy-

lation of flavonoids may enhance their potential as pharma-
ceutical compounds causing promising implementations
(Koirala et al., 2016). Indeed, conjugation of calycosin with
other compounds can control its potency to induce several
protective effects through different signaling pathways (Jian
et al., 2015).

5. Conclusion

The present study revealed that calycosin triggered apoptosis in U87

cells through a ROS-mediated mitochondrion-associated caspase acti-

vation pathway via Wnt/GSK3b/b-catenin mechanism. We used sev-

eral approaches to determine the ROS scavenging and anticancer

effects of calycosin, and the results indicated that calycosin has poten-

tial antioxidant and anticancer activities against U87 cells. Taken

together, the outcomes of the present report indicate that calycosin-

mediated apoptosis is linked with the antioxidant features of calycosin.
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