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Abstract: Objective: To investigate the effect of isoliquiritigenin on the activity of DNA topoisomerase (TOP |) and
its inhibitory effect on the growth of U87 glioma cells. Methods: This study investigated the inhibitory effect of
isoliquiritigenin on the growth of U87 glioma cells and its cytotoxicity by MTT method and determined the effect of
isoliquiritigenin on TOP | activity by agarose gel electrophoresis. On this basis, we studied the interaction between
isoliquiritigenin and TOP | and DNA. Finally, we further discussed the effect of isoliquiritigenin on the activity of Cas-
pase 3, the apoptosis protein of U7 glioma cells. Results: Isoliquiritigenin could inhibit the growth of U87 glioma
cells (half inhibitory concentration IC50: 0.221 mM) and is of low cytotoxicity to normal cells. Agarose gel electro-
phoresis showed that isoliquiritigenin had significant inhibitory effect on TOP | activity. Molecular simulation results
indicated that isoliquiritigenin took priority of binding to the active center of TOP |, and formed hydrogen bonds with
the catalytic site Try723. Finally, Caspase 3 activity detection results suggested that isoliquiritigenin could signifi-
cantly increase the activity of Caspase 3 (P < 0.05). Conclusion: Isoliquiritigenin had a reversible inhibitory effect on
TOP | activity, reduced the rate of single strand DNA unwinding in tumor cells, and thus played an important role in

inducing the apoptosis of U87 glioma cells.
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Introduction

DNA topoisomerases refers to a group of impor-
tant enzymes which adjust DNA's topological
structure by cutting, transferring and re-con-
necting with DNA chains. They are crucial in
adjusting dynamic changes of the spatial struc-
ture and controlling the physiological function
of nucleic acids. DNA topoisomerases can be
classified into two groups, namely, Topoiso-
merase | (TOP |) and Topoisomerase Il (TOP II)
[1]. TOP I can induce DNA single-stranded bre-
ak, while TOP Il can induce DNA double-strand-
ed break in the main chain and another DNA
double strand pass through the break point. In
tumor cells, especially in patients with ovarian
cancer, colon cancer and cervical cancer, etc.,
the amount of TOP | is much higher than that of
normal cells. Therefore, TOP | is considered as
an important target in the investigation of anti-
tumor drugs. Camptothecin (CPT), as the only
TOP I inhibitor used clinically, is of high toxicity,
severe drug resistance and unstable in-vivo

metabolism [2]. Hence, screening an effective
TOP | inhibitor with low toxicity has become an
important way to inhibit the growth and metas-
tasis of tumor cells.

Isoliquiritigenin (the structural formula is pre-
sented in Figure 1), belongs to isoflavone com-
pounds, a type of flavonoid, and can be found in
various leguminous plants [3-7]. Pharmaco-
logical studies indicate that isoliquiritigenin is
of strong antiviral, anti-inflammatory, anti-an-
giogenic, hypnosis and other bioactivities, am-
ong which its anti-tumor effect has become a
hotspot in recent years. By focusing on the
reduction of TOP | activity induced by isoliquiriti-
genin, this article investigated its inhibitory
effect on the growth of U87 glioma cells and its
low toxicity in normal cells. Moreover, through
analyzing DNA binding mechanism to TOP | by
molecular simulation, we eventually know the
inhibitory mechanism of isoliquiritigenin and its
mechanism of inducing the apoptosis of U7
glioma cells, which will provide an experimental
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Figure 1. The molecular structural formula of isoliquiritigenin (left) and CPT (right).
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Figure 2. The inhibitory effect of isoliquiritigenin on
the growth of U87 glioma cells.

basis for utilizing it as an effective anti-tumor
drug with low toxicity.

Materials and methods
Investigational product

The isoliquiritigenin (20 mg, standard) is pur-
chased from Aladdin Industrial Corporation
(batch No. 1111284). The standard stock solu-
tion is prepared with ethanol solution (100
pmol/L). Although high-concentration ethanol
may have an influence on the structure and
function of proteins, the concentration of etha-
nol used in this experiment is controlled within
1.0%, which will not affect TOP | and U87 glio-
ma cells. CPT (20 mg, standard) is also pur-
chased from Aladdin Industrial Corporation
(batch No.: C111281).

Cells
Normal brain cells and U87 glioma cells are

purchased from JRDUN Biotechnogy (Shanghai)
Co. Ltd and are cultured in this laboratory.

12578

Reagents

The Caspase-GlooR3 Assay Kit is purchased
from Sigma-Aldrich (Shanghai) Trading Co., Ltd.,
RPMI1640 culture medium from Thermo-Fisher
Biochemical Products (Beijing) Co., Ltd., Ch-
aracterized fetal calf/calf serum from PAA in
Australia, trypsin from Gibco in the US, dimethyl
sulfoxide (DMSO) from Guangzhou Ruishu
Biotechnology Co., Ltd., methyl thiazolyl tetra-
zolium (MTT, 5 x 10® mg/L, prepared with PBS)
from Beijing Dingguo Changsheng Biotech-
nology Co., Ltd., negative supercoiled pPBR322D-
NA (Toyobo in Japan) and ethidium bromide
(EB, Biosharp Co.).

Instruments

Millipore Simplicity Water Purification System
(Merck Millipore, France); ELIASA SpectraMax
Plus384 (Molecular Devices); pHS-3C acidime-
ter (Shanghai REX Instrument Factory); EPS-
300 electrophoresis apparatus and other
devices used for electrophoresis (Tanon Sci-
ence & Technology Co., Ltd., Shanghai); Bio-
Rad680 enzyme-linked detector.

A test investigating the inhibitory effect of
isoliquiritigenin on the growth of U87 glioma
cells: [8] In this test, CPT was used as a positive
control. Isoliquiritigenin of different concentra-
tions were mixed with U87 glioma cells and nor-
mal brain cells. The mixture was incubated in
5% CO, for 48 h under 37°C. Then, 50 pL stain-
ing solution of 0.5% MTT was added and incu-
bated for another 4 h. After that, it was centri-
fuged at 2500 rpm for 30 min. The culture
medium was then discarded and 150 uL DMSO
solution was added. After we mixing them well
by oscillator, the light absorption value was
measured at 570 nm with ELIASA (OD value).
Cell growth inhibition ratio was calculated as
follows:
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Figure 3. Electrophoretogram of the inhibitory effect
of isoliquiritigenin on TOP I. C (isoliquiritigenin) 1-8 =
0.5, 1.0, 2.0, 2.5, 5.0, 7.5, 10, 15 and 20 uymol/L.

Inhibition rate (%) = (Blank OD value-Inhibitor
OD value/Blank OD value) x 100%

Effect of isoliquiritigenin on TOP | activity
(detected by agarose gel electrophoresis): [9]
The buffer system included 2 yL TOP | buffer
solution, 2 uL 0.1% BSA, 0.5 U TOP | and 0.252
ug negative supercoiled pBR322DNA; positive
control tube (0.3 yL CPT DMSO solution) and
0.3 L isoliquiritigenin. Each tube was diluted
with distilled water to 20 uL, mixed well and
placed in a incubator under 37°C for reaction
for 30 min. Then, 2.5 yL 5 x loading buffer of
stop buffer precooled under 4°C was added to
terminate the reaction. Afterwards, in a 1% aga-
rose gel, it underwent electrophoresis for an
hour with an electrophoresis apparatus at 120
V. At last, the resultant was stained with ethid-
ium bromide (EB, Biosharp Co.) for 20-30 min,
photographed under UV light at 260 nm and
observed.

Effect of isoliquiritigenin on the activity of
Caspase 3 (the apoptosis protein of U87 glio-
ma cells): [10] A Caspase-GlooR3 Assay Kit was
used in this test. For detailed procedure, please
refer to the product specification. The following
part is a brief summary. Before analysis,
reagents and a 96-well plate was placed under
room temperature for balancing. Afterwards,
U87 glioma cells were inoculated into each well
at 15 x 10* and isoliquiritigenin at three differ-
ent concentrations (0.5, 5, 10 pmol/L) was
added and stood for 24 h, 48 h and 72 h. Then,
the same volume of Caspase-Glo was added
into the cell culture (1:1), which was then mildly
mixed in an oscillator, shaken at 400 rpm for
30 s and incubated at room temperature for 60
min. During this test, casepase3 could catalyze
Ac-DEVD-pNA to produce yellow pNA, which
showed UV absorption at about 405 nm. Hence,
the activity of caspase 3 could be detected by
determining the absorbency at 405 nm. ELIASA
was also used and the results were compared
with those of the positive control CPT.
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Molecular docking: It was conducted by using
AUTODOCKA4.0 molecular simulation software
for the docking between isoliquiritigenin and
TOP | and DNA. TOP | (PDB: 1T8l) and DNA (PDB:
453D) were obtained from RCSB Protein Da-
ta Bank (http://www.rcsb.org/pdb), while the
three-dimensional molecular crystal of isoli-
quiritigenin was drawn by Sybyl x 1.1 (Tripos
Inc., St. Louis, USA). Before docking, the ligand
isoliquiritigenin and receptors TOP | and DNA
were optimized in terms of structure and ener-
gy (dehydrated, hydrogenated and powered up).
The parameter autogrid box was set and
Lamarckian genetic algorithm (LGA) was select-
ed for the calculation of autodock. Other
parameters used the default setting. After
docking for a hundred times, analysis for out-
put results was completed by PyMolL software.

Statistical method

SPSS11.01 statistical software was used.
Factor data was input into the statistical sys-
tem after being quantified into enumeration
data. x? test was applied for enumeration data,
X = s was applied for measurement data, and t
test was adopted for comparing these two
groups. P < 0.05 means that the difference is
of statistical significance.

Results

Inhibitory effect of isoliquiritigenin on the
growth of U87 glioma cells

Figure 2 suggested that the half inhibitory con-
centration IC50 of the positive control CPT and
isoliquiritigenin was 0.509 + 0.36 pmol/L and
6.265 + 0.89 pymol/L, respectively. It revealed
that the inhibitory effect of isoliquiritigenin on
the growth of U87 glioma cells was slightly
lower than that of CPT, but it was also good.

Effect of isoliquiritigenin on TOP | activity

The effect could be found by analyzing the DNA
electrophoretogram and its bands (Figure 3).
The figure indicated that the supercoiled DNA
(pBR322 DNA) turned into linear DNA under the
effect of TOP I. Along with increased isoliquiriti-
genin concentration (1-8), the activity of TOP |
was gradually inhibited. When the concentra-
tion of isoliquiritigenin reached up to 2.5
pumol/L (4), the inhibitory effect became obvi-
ous, which was manifested by ringlike gaps and
decreased linear DNA. Compared with CPT (C,
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Table 1. Results of Caspase 3 activity assay (x(-) +s, n = 6)

Dose

Group (umol/L) Oh 24 h 48 h 72h
DMSO blank 11.43 £ 0.65 12.18 £ 0.96 14.23 £ 1.33 15.34 £ 1.43
Camptothecin 5 11.98 £ 0.77 18.47 + 1.71** 35.65 £ 4.12** 58.94 + 5.13**
Isoliquiritigenin 0.5 11.27 + 1.43 12.44 + 0.97 16.12 + 1.84 16.54 + 1.54
Isoliquiritigenin 5 11.82 + 0.89 18.65 + 1.47* 26.28 £ 1.99** 48.17 £+ 4.73**
Isoliquiritigenin 10 11.15 + 0.56 20.12 + 2.35** 36.55 + 3.15** 67.76 + 4.26**

Compared with the DMSO blank group, *P < 0.05, **P < 0.01.

Figure 4. Molecular docking of isoliquiritigenin and TOP I.

B Camptothecin
B [soliquiritigenin

Inhibitory rate/%

10 15 20 25 30 35 40 45 50
[Inhibitor]/ (umol/L)

Figure 5. Toxicity toward normal brain cells.

2 umol/L), the inhibitory effect of isoliquiritigen-
in on TOP | was good.

Caspase 3 activity assay

The results of cell activity assay suggested that

after being treated with low-dose isoliquiritigen-
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in (0.5 umol/L) for 24,
48 and 72 hours, com-
pared with the control
group treated with DM-
SO, the activity of Cas-
pase 3 was not increa-
sed significantly, while
isoliquiritigenin (5, 10
pmol/L) and CPT (5 pm-
ol/L) increased Caspa-
se 3 activity evidently (P
< 0.05). Please see Ta-
ble 1.

Molecular docking of
isoliquiritigenin and
TOP I

From results of one

hundred running, the
author selected the low-energy regions with
most docking as the study object, which was
also the best binding regions of isoliquiritigenin
and TOP I. In Figures 4 and 5, it was shown that
isoliquiritigenin was bound to the active central
pocket of TOP I, which as around amino acid
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residues (Arg364, Asn352, Tyr723 and Thr718)
of the catalytic center [11] and formed a hydro-
gen bond with Tyr723.

Toxicity of isoliquiritigenin toward normal brain
cells

Figure 5 (left) showed the toxicity of the posi-
tive control CPT and isoliquiritigenin toward nor-
mal brain cells after 24 hours. It revealed that
the toxicity of isoliquiritigenin toward normal
cells was much lower than that of CPT. Besides,
it also indicated that isoliquiritigenin could be
well inserted into the A-T base pair of DNA,
which made the bond of normal cells’ DNA
stronger so that it became less prone to can-
ceration [12].

Discussion

CPT can induce apoptosis of tumor cells and
TOP | is its major target spot. In this study, the
inhibitory effect of isoliquiritigenin on the
growth of U87 glioma cells was investigated by
using these cells as target cells. Results indi-
cated that isoliquiritigenin had this inhibitory
effect which was dose dependent. In addition,
it was found that the effect was weaker than
that of CPT. The reason was that the inhibitory
effect of CPT on TOP | was irreversible to some
extent because it could bind covalently to
enzymes, inactivating these enzymes irrevers-
ibly. This is harmful to normal human cells and
may cause serious complications [2]. In con-
trast, the enzyme inhibition test and molecular
docking showed that isoliquiritigenin could bind
to TOP I reversibly and competitively and inhibit
effectively at last. Studies conducted at home
and abroad also indicated [13-18] that when
inhibitors were of reversible competitive inhibi-
tory effects for enzymes associated with dis-
eases, the dose of the drug could be controlled
effectively according to the activity of enzymes
so as to reduce the activity of enzymes revers-
ibly with high selectivity rather than inactivate
them completely which might cause other
adverse reactions. In addition, we also found
that the toxicity of isoliquiritigenin was much
lower than that of CPT and isoliquiritigenin
could insert into normal DNAs without destroy-
ing them. In this way, its low toxicity greatly
decreased the side effects it might cause in
human body.

During apoptosis, the terminal factor of inte-
grated enzyme reaction consisted of caspas-3
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and caspase [19], in which caspase 3 was the
key enzyme for apoptosis. Results of our stu-
dy suggested that after being treated with
isoliquiritigenin, caspase-3 activity increased
constantly and it was time dependent. This
means that isoliquiritigenin can activate cas-
pase-3, regulate the integrated enzyme reac-
tion efficaciously, and finally lead to the apopto-
sis of U87 glioma cells.
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