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Background: Ovarian cancer (OC) is a serious public health concern in the world. It is
important to develop novel drugs to inhibit OC.

Purpose: This study investigated the isolation, elucidation, efficiency, molecular docking,
and pharmaceutical mechanisms of xanthones isolated from Garcinia nujiangensis.
Methods: Xanthones were isolated, and purified by different chromatography, including
silica gel, reversed-phase silica gel (ODS-C,g), and semipreparative HPLC, then identified
by analysis of their spectral data. Three xanthones were estimated for their efficiency on the
human OC cells HEY and ES-2. 2 was found to be the most potent cytotoxic xanthones of
those tested. Further, its mechanisms of action were explored by molecular docking, cell
apoptosis, and Western blotting analysis.

Results: Bioassay-guided fractionation of the fruits of Garcinia nujiangensis led to the separa-
tion of a new xanthone named nujiangexanthone G (1) and two known xanthones. Among these,
isojacareubin (2) exhibited the most potent cytotoxic compound against the HEY and ES-2 cell
lines. The analysis of Western blot suggested that 2 inhibited OC via regulating the PARP, PI3K/
AKT/mTOR, and ERK/MAPK signal pathways in the HEY cell lines.

Conclusion: In conclusion, isojacareubin (2) might be a potential drug for the treatment of
OC.

Keywords: Garcinia nujiangensis, xanthone, ovarian cancer; OC, molecular docking,

apoptosis

Introduction
Ovarian cancer (OC) is the deadliest form of gynaecological malignancy in the
world, with the increasing number of new cases and deaths in the last year.' Due to
a lack of evident symptoms in the early stage of OC, most women diagnosed with it
are at an advanced stage of the disease and this can lead to high mortality rates.’
Cytoreductive surgery and chemotherapy are the first-line treatment for OC, how-
ever, the chemotherapy has side and toxic effects, most of the patients diagnosed
with advanced OC survive no more than 5 years. Therefore, novel therapeutic
strategies are urgently required which can improve survival in OC patients.”

Poly (ADP-ribose) polymerase (PARP), a family of proteins involved in DNA
damage repair, genomic stability, and programmed cell death. The development
of PARP inhibitors (PARPi) has succeed in the treatment of OC.* However,
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resistance to PARPi is one of the major problems.
Combination therapy is useful for enhancing therapeutics
in the treatment of complex diseases (such as OC).” The
phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian
target of rapamycin (mTOR) and mitogen-activated pro-
tein kinase (MAPK)/extracellular signal-regulated kinase
(ERK) signaling pathways play an important role in the
regulation of cell survival, growth, and proliferation.
Irregularities in the major components of those signaling
pathways leads to human cancers including OC.® Natural
products regulates multiple signal pathways involved in
OC will be a prospect agent.

Natural product xanthones (dibenzo-y-pyrones) con-
stitutes a significant class of oxygenated heterocycles
and occurs as secondary metabolites in microorganisms
and plants.” This kind of metabolites showed numerous
pharmacological activities such as anti-cancer,® anti-
oxidant,’ diuresis and saluresis,'’ hepatoprotective,'l
anti—gout,12 anti-inﬂammatory,13 anti-diabetes,'* and
gastroprotective.'> Recently, these xanthones easily
incorporated into micro-molecules attributing to intri-
guing biological activities had drew attention from

phytochemical,'® organic synthesis,'”'®

and pharmaco-
logical endeavors.'® Xanthones from the genus Garcinia
had structural diversity and exhibited significant biolo-
gical activity.”® Garcinia nujiangensis is a Chinese
endemic species, grown in Nujiang, Yunnan province
in China. Our previous study on the leaves, twigs, and
fruits of this plant led to the discovery of several cyto-
toxic xanthones.?' ** In our continuing research on new
anti-OC compounds from traditional Chinese medicine,
the extract of the fruits of G. nujiangensis exhibited
inhibitory effects on the HEY cell lines. Bioassay-
guided separation of G. nujiangensis led to the isolation
of a new xanthone, nujiangexanthone G (1), and two
known xanthones. In this article we report the isolation,
separation, structure elucidation, and bioassay evaluation
of these xanthones, the potential proteins involved in the
progress of OC regulated by 2 screened by molecular
docking, which was demonstrated by the Western blot
analysis.

Materials and Methods

General

HPLC data was performed on an Agilent 1200 instrument
loaded with ultraviolet detector. Optical rotations were
examined on a JASCO P-1020 polarimeter. NMR data

were performed on an Agilent S00M-NMR spectrometer.

High-resolution mass spectrometry was carried on
a Waters Q-TOF Premier instrument (Micromass MS
Technologies, Manchester, UK) loaded with an ESI
source. Column chromatography was done with silica gel
(200-300 mesh, Qingdao Haiyang Chemical Co., Ltd.),
reversed-phase Cig silica gel (250 mesh, Merck), and
Sephadex LH-20 (Pharmacia). An Agilent 1260 machine
was loaded with a C;g column (Zorbax SB, 4.6 x 250 mm,
5 pwm) was applied for HPLC analysis. 3-(4, 5-Dimethyl-
2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide was
obtained from Sigma-Aldrich (St Louis, MO, USA).
Dulbecco's Modified Eagle’s Medium (DMEM), penicillin
and streptomycin, fetal bovine serum, and 0.05% trypsin
was purchased from GibcoBRL (Grand Island, NY, USA).
Compounds were dissolved in dimethyl sulphoxide
(DMSO). The values of OD were carried on a microplate
reader (Bio-Rad, Hercules, CA, USA). Antibodies cleaved
Cas-3, cleaved PARP, Bcl-2, Bax, p-PI3K, p-AKT,
p-mTOR, p-ERKI1, ERKI1, p-MEK, p-C-Raf, GAPDH,
and Enhanced chemiluminescent (ECL) plus reagent kit
were obtained from Beyotime Institute of Biotechnology
(Shanghai, China). The cell morphology was visualized by

the use of an optical microscope (Olympus, Japan).

Plant Material

The fruits of G. nujiangensis (Clusiaceae), were collected
in Nujiang, Yunnan P.R. China, in September 2018, iden-
tified by Prof. Yuanchuan Zhou, traditional Chinese med-
icine of Yunnan university. A voucher specimen (NJ. 028)
was deposited in the lab of Shanghai Engineering
Research Center of Tooth Restoration and Regeneration,
Tongji University.

Extraction and Isolation

The fruits of G. nujiangensis (1200 g) were cut into pieces,
and extracted with acetone at the temperature of 25 °C
three times. The extract (132 g) was suspended in water (2
L) and extracted with hexane, ethyl acetate, and n-ButOH
successively. The ethyl acetate portion (24 g) was sub-
jected to a silica gel column (200-300 mesh, 400 g), using
a gradient of dichloromethane—acetone (from 1:0 to 0:1) to
afford six fractions (A—F). Fr. C (338 mg) showed moder-
ate cytotoxic activity against the HEY cell lines. It was
subjected to ODS-C,g using a gradient of methanol-water
(from 65:35 to 95:5) as eluant to obtain three subfractions
C1-C3. Fr.C1 (30 mg) was subjected to semi-preparative
HPLC using methanol-water (55:45 including 0.1% TFA,
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3 mL/min) to afford compounds 2 (12 mg) and 3 (8 mg).
Fr.B2 (80 mg) was subject to semi-preparative HPLC
including 0.1% TFA,
3 mL/min) to obtain compound 1 (5 mg).

using methanol-water (65:35,

Cell Culture

Human OC cell lines HEY and ES2, and human bronchial
epithelioid cell lines 16HBE were purchased from
Beyotime Institute of Biotechnology (Shanghai, China).
Cells were cultured in DMEM medium including 10%
fetal bovine serum. Cells were preserved at 37 °C in

a humidified environment under 5% CO,.

Cytotoxicity Bioassay

Three xanthones were dissolved in DMSO to make stock
solutions and further diluted in culture medium for experi-
ments. To evaluate the effects of these xanthones on cell
viability, cell number was counted using a standard colori-
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide test. Cells were plated in a 96-well plate (5

metric

x 10* cells/well) and allowed to attach overnight. Cells
were added with 1, 5, 10, 20, 40, and 80 uM of each
compound in culture medium for 24 and 48 h, respec-
tively, then added with 10 uL of MTT (5 mg/mL stock
in PBS) per well and hatched for 4 h at 37 °C. In the end,
the culture medium was given up and 100 pL of DMSO
was mixed per well to dissolve the purple formazan crys-
tals. Absorbance of the mixed solution was determined on
(Bio-Rad
Laboratories, Inc., Hercules, CA), at a wavelength of 472

a microplate reader spectrophotometer
nm. Triplicate wells were used for each sample and the
experiments were repeated at least three times to get

means and standard deviations.

Xanthones Inhibited the Proliferation of

Ovarian Cancer Cells

The HEY and ES-2 cell lines were plated in a 6-well plate
(1 x 10° cells/well) and attached overnight, then added
with 5 and 10 uM of 2 in every culture medium for 24 h,
respectively, the cell morphology was observed using an
optical microscope.

Apoptosis Assay

To analyze cell apoptosis, the HEY cells were added with 2 at
the concentration of 5, and 10 uM, respectively, then stained
with Annexin V-fluorescein isothiocyanate (Annexin V-FITC)
and propidium iodide (PI, Biolegend) according to the

manufacturer’s instruction. Stained cells (1 x 10 per reaction)
were tested on a flow cytometer (FACSCalibur, Becton
Dickinson). Flow cytometry assay was repeated 3 times.

Molecular Docking

The 2D chemical structure of the xanthones were
drawn and the 2D coordinates were converted into the
3D format in Chemdraw 10. The Gasteiger-Huckel
charges were computed using the FF12SB method of
Chimera 1.10.1. The molecular targets were obtained
from the Protein Data Bank (PDB) according to the
best resolution value. The co-crystalized ligands were
used to analyze the active site on the molecular targets.
The molecular docking assay was carried on the
AutoDock Vina software with the default settings. The
molecular docking was done with the GridScore scoring
function. A redocking process was carried out to confirm
the accuracy of the docking method to illustrate the
crystallographic orientation of the complexed ligands to
the selected targets. The results were evaluated by Root-
Mean-Square Deviation (RMSD) computed on the
DOCK6.8 software. Next, 2 were docked with all the
candidate proteins.

Western Blot

The HEY cells were treated with 2 at the concentration of
5 and 10 pM, respectively, 24 h later, they were splitted in
RIPA lysis buffer (Beyotime, Jiangsu, China) including
1% PMSF (Thermo, Waltham, MA) at 4 °C for 30 min,
then centrifuged at 10,000 rpm for 30 minutes. The con-
centration of protein was measured using a BCA Protein
Assay Kit (Beyotime, Shanghai, China), then boiled for 10
minutes at 100 °C, the collected protein was carried out at
30 pg/per lane and separated on SDS-PAGE gel, electro-
phoretically transferred to a polyvinylidene difluoride
membrane (Beyotime, Shanghai, China). The primary
antibody incubated overnight and the secondary antibody
incubated at 25 °C for 2 h, the bands were detected by
super ELC detection reagent (Beyotime, Shanghai, China).
Images were determined by Image-Pro Plus software (ver-
sion 7.0, Olympus, Tokyo, Japan). All experiments were
repeated 3 times.

Statistical Analysis

Graphs were produced from GraphPad Prism 7 and ggplot
2. Statistical significance was depended on the Statistical
Package for the Social Sciences (SPSS) 12.0. All experi-
mental results were determined according to one-way
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Table | 'H and '3C NMR Spectroscopic Data of Compound 1,
in DMSO-D

Nujiangexanthone G (1)
No. dc on (J in Hz)
| 160.5
2 107.7
3 163.8
4 933 6.45
4a 155.2
5 145.9

1323
7 112.9 6.89, d (8.65)
8 1158 7.50, d (8.65)
8a 109.7
9 179.6
9a 100.9
10a 151.8
I 28.7 272, m
12 737 427, m
13 148.1
14 17.2. 1.74, s
I5 109.7 4.6l,s

4.65, s

OH 13.43

analysis of variance (ANOVA) with Bonferroni correction
for multiple comparisons, and there was no remarkable
difference in the variance homogeneity measurement
(P > 0.05).

Results and Discussion
Isolation and ldentification of Xanthones

from Garcinia nujiangensis

The fruits of G. nujiangensis were broken into pieces, then
extracted with acetone at 20 °C three times. The extract
was solved in water and extracted with hexane, EtOAc,
and n-ButOH, successively. The EtOAc portion was sub-
jected to silica gel, reversed-phase silica gel (ODS-Cy),

and semipreparative HPLC, to obtain a new xanthone
named nujiangexanthone G (1), together with two other
known xanthones: isojacareubin (2), and 1,5,6-trihydroxy-
2-prenyl-6',6'-dimethyl-2H-pyrano(2',3":3,4) xanthone (3)
(Figure 1). The identified of the compound was analyzed
by 1D-NMR data ("H, *C) (Figure 1) and 2D-NMR data
(‘H-'"H-COSY [Figure S1], HSQC [Figure S2], and
HMBC [Figure S3]), and HRESIMS.

Compound 1 was obtained as a yellow power. The mole-
cular formula deduced as C,gH;407 according to HRESIMS
at m/z 343.0816 [M—1] with a degree of unsaturation of 11.
The UV absorptions (MeOH) at A, 264 and 332 nm sug-
gested 1 to be a xanthone derivative modified by the hydroxyl
groups. The "H NMR spectrum of 1 (Table 1) showed the
proton signals of a chelated hydroxy proton signal at dy; 13.43
(1H, s), two adjacent aromatic protons signal at dy 6.89 (1H,
J=18.65Hz, H-7), and Jy; 7.50 (1H, J = 8.65 Hz, H-8), a single
aromatic proton signal at oy 6.45 (1H, s, H-4), a methylene
signal at oy 2.72 (2H, m, H-4); a 2-hydroxy-3-methylbut-
3-enyl moiety with two olefinic protons at 4.61 (1H, s, H-15)
and 4.65 (1H, s, H-15), a methyl proton at dy 1.74 (3H, s,
H-14), and a methylene proton modified an oxygenated group
at 9, 4.27 (1H, s, H-12). The 'H and '*C NMR data (Figure 2B
and C, Table 1), aided by a HSQC experiment, which sug-
gested the presence of a carbonyl, ten sp” quaternary carbons
(six of which are oxidized), three sp® methines, one sp® methy-
lene, one oxygen sp° methine, and one sp> methyl groups.
Based on the NMR spectroscopic data of 1, which suggested
that the molecule consisted of a xanthone skeleton decorated
with a 2-hydroxy-3-methylbut-3-enyl moiety. The location of
the 2-hydroxy-3-methylbut-3-enyl moiety was located at C-2
(dc 107.7) based on the correlations observed in the HMBC
spectrum (Figure 2A). On the other hand, a chelated hydroxy
proton signal at oy 13.43 (1H, s, OH-1) suggested a cross peak
to the carbon signals at C-1 (5¢160.5) and C-2 (¢ 107.7)
(Figure 2A). Analysis of the "H and '>C NMR data of 1 with
those of known compounds indicated that they possessed

Figure | Compounds from the fruits of Garcinia nujiangensis. (A) The left ring of xanthone. (B) The middle ring of xanthone. (C) The right ring of xanthone.
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Figure 2 (A) The key HMBC of I. NMR spectra of 1. (B) '*C NMR spectrum. (C) '>C NMR spectrum.
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similar skeletons, the substituted pattern of ring A was similar
to that of isojacareubin,”* and the substituted pattern of ring
C was similar to that of caledol.”> The absolute configuration
of C-12 was determined to be S based on its specific rotation,
[a] =16 (c 0.25, MeOH) with that of nujiangxanthone E, [a]
=17 (¢ 0.30, MeOH),22 and Garcihombronone B, [a] —16.2
(c 0.29, MeOH).26 Thus, 1 was established as 1,3,5,6-tetrahy-
droxy-2-(2-hydroxy-3-methylbut-3-enyl)
Therefore, the structure of nujiangxanthone G (1) was deduced

xanthone.

as shown.

The two known compounds, named isojacareubin (2)**
and 1,5,6-trihydroxy-2-prenyl-6',6'-dimethyl-2 H-pyrano
(2',3":3,4)xanthone (3)*” were identified by comparison of
spectroscopic data with reported values. Isojacareubin was
isolated from Garcinia livingstonei,28 Garcinia Fusca,”®
and Hypericum stellatum,*® in the family Clusiaceae; and
showed inhibitory effects on hepatocellular carcinoma via

protein kinase C in vitro and in vivo.>!

Cell Viability

Three xanthones were tested for their effects on human OC
cell lines. The HEY and ES-2 cells were treated with three
xanthones for 24 and 48 h, respectively, the cell viability was
determined according to the MTT assay. To calculated the ICs
values, the cells were incubated with a series of concentrations
of three xanthones for 24 and 48 h, respectively. Comparing to
the control, the results showed that three xanthones were
positive (p < 0.05) to the HEY and ES2 cell lines. Those
xanthones inhibited proliferation of the HEY and ES-2 cells
in a concentration and time-dependent manner (Figure 3).
Among them, 2 showed the strongest inhibitory effect on the
HEY and ES-2 cells with ICs, value of 6.5 +£ 0.4 uM, 9.5+ 0.3

UM for 24 h, respectively. In the meantime, the selective
cytotoxicity of three xanthones on tumor cells was evaluated
on an immortalized normal human bronchial epithelial cell
line 16HBE. The cell viability of the 16HBE cells was almost
unaffected after the treatment of three xanthones for 48 h,
indicating a selective effect of three xanthones against the
HEY and ES-2 cells. From the above analysis, 2 was found
to be the most potent cytotoxic compound of those tested, so
we focused on the mechanism of action of 2 against OC cells.

2 Induced the Morphological Changes on

Ovarian Cancer Cells

The HEY and ES-2 cell lines were treated with 5 and 10
puM of 2 for 24 h, respectively, the cell morphology was
exhibited in (Figure 4), the cell morphology was obviously
changed after 24 h treatment of 2 at the concentration of 5
M, as exhibited by the cell shrinkage, cell size reduction,
and loose arrangement, and there were less cells attached
to the plate compared with the control group. Moreover,
those two cells treated with 2 at the higher concentration
of 10 uM, there were death cells in the plate. The results
suggested that 2 could inhibit proliferation and might
induce apoptosis of the HEY and ES-2 cell lines in
a concentration-dependent manner.

2 Induced Apoptosis in Ovarian Cancer
Cells HEY

To detect cell apoptosis triggered by 2, the HEY cells added
with 5 and 10 uM of 2 for 24 h, respectively, the results were
exhibited (Figure 5). 5 uM of 2 induced moderate cell apop-
tosis compared with the control, moreover, 10 pM of 2
striking stimulated cell apoptosis compared with the control,

treated with 3 for 24 h

0 trested with 3 for 48 h -+ treated with 2 for 48 h

L A tested it ] for 24 C treated with 1 for 48 h

=100 % treated with 1 for48h 19 1 =+ treated with 3 for48 h
% + [ W treated with 2 for 24 b £ [
Z, *¥ treated with 2 for 48 h ~J §
; o 90 .
] ,

0 g T - T T T T T

0 1 5 10 20 40 80xM 0 1 5 10 20 40 S0 01 5 10 20 40 80xM
HEY ES2 16HBE

Figure 3 (A and B) The cell viability of human OC cells HEY and ES2 under the treatment of 1, 2, and 3 at different concentration for 24 and 48 hours, respectively. (C)
The cell viability of bronchial epithelial cell line |6HBE under the treatment of |, 2, and 3 at different concentration for 48 hours, respectively. Data are presented as mean
+SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001, versus the control group.
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Control

ES-2

Figure 4 2 induced the morphological changes of human OC cells HEY and ES-2. (100X, scale bar=50 xm).

these results showed 2 prompted OC cells HEY apoptosis in
a concentration-dependent manner. The underlying molecu-
lar mechanism would predicted by molecular docking, then
the potential targets regulated were explored by Western blot
experiments.

Molecular Docking Analysis

Computational docking experiments were subjected to
mimic the characteristics of constituent-target, which is
a effective method to screen the active compounds and pre-
dict the mechanism of action of compounds.*® The crystal

structure of the key target proteins were obtained from the
Protein Data Bank, their information was listed in Table S1.
The docking exercise was conducted using Autodock
(Figures S4-S11). The results indicated that 2 formed stron-
ger interactions with the key target proteins (PARP, VEGF,
RAS, RAF, MEK, PI3K, AKT, and MAPK) compared to the
native ligands (Figures 6 and 7). The interactions between the
xanthones and proteins including hydrophobic, hydrogen,
and Pi-Pi bonds, which were listed in (Figure 6). PARP had
docked with 2 was analyzed in detail, the dock score was

6.89, 2 formed hydrophobic interactions with the side chain

Control 10 WM
e
-
°
N o .2
e [T
Y
[ - = ="
- g~
==
]
) Ao
Dgp rﬁ' "w o 1w
Annexin

Figure 5 The apoptosis of HEY cells treated with 5 or 10 yM of 2 for 24 h which was examined by Annexin V-FITC/PI staining. Data are presented as mean +SEM of three

independent experiments. *p < 0.0, **p < 0.001, versus the control group.
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Figure 6 Docking exercises of 2 and native ligands binding to PARP, VEGF, RAS, and
RAF. (Al) 2 with PARP, (BI) NNF with PARP, (A2) 2 with VEGF, (B2) ASD with
VEGF, (A3) 2 with RAS, (B3) GDP with RAS, (A4) 2 with RAF, (B4) GDP with RAF.

of Glu1138, Tyr1060, His1031, Tyr 1071, Tyr 1050, and Ile
1075. On the other hand, the oxygen atom in the ether of 2
formed a hydrogen bond with the hydroxyl group of
Ser1033.

Figure 7 Docking exercises of 2 and native ligands binding to MEK, AKT, MAPK,
PI3K. (A1) 2 with MEK, (BI) EUI with MEK, (A2) 2 with AKT, (B2) ARQ with AKT,
(A3) 2 with MAPK, (B3) 573 with MAPK, (A4) 2 with PI3K, (B4) DHT with PI3K.

A molecular docking approach was widely used to
explain the interactions between the ligand molecules
and target proteins, which offered the exploration of the

molecular mechanisms of action of ligand molecules
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Figure 8 2 inhibited apoptosis-related proteins expressions in the HEY cells. The protein expressions proteins (cleaved Cas-3, cleaved PARP, Bcl-2, and Bax) were detected
using Western blot. Data were shown as mean * SD. *p<0.05, **p<0.0| versus the control group.

binding to the amino acid residues of the target proteins.
These key target proteins participated in the progression of
human OC were screened by molecular docking. The
results showed that nine targets had excellent interactions
with 2, such as, PARP, Vascular endothelial growth Factor
(VEGF), Rapidly accelerated fibrosarcoma (Raf), Ras,
mitogentic effector kinase (MEK), mitogen-activated pro-
tein kinases (MAPKs), PI3K/AKT (phosphatidylinositol-
3-kinase/serine/threonine kinase). Owing to they played
pivotal roles in OC progression through proliferation, sur-
vival, invasion, and immune evasion. PARP had an essen-
tial part in the repair of DNA single-strand breaks (SSBs).
The SSBs would not be repaired if PARP was inhibited.
PARPi had been widely used in OC patients.*

Angiogenesis had a significant role in the growth, metas-

tasis, and ascites formation of cancer. VEGF was
HEY
Control 5 10 uM 1.0

=
R [ ]
————

Relative protein
expression level

v

X

confirmed to be related to malignant progression and
poor prognosis of OC patients, the activation of VEGF/
VEGFR signal
mechanism.** RAS/RAF/MEK/ERK signaling pathway
was participated in the development, maintenance, and
progression of cancer, RAS/RAF/MEK/ERK signaling

pathway had been showed to be one of the most frequently

pathway presented as a dominant

activated oncogenic signaling pathways in the progress of
human cancer. Additionally, new studies had suggested
that RAS/RAF/MEK/ERK cascade was a key downstream
intracellular of EGFR.*
3-kinase (PI3K)/protein kinase B (AKT) played a key
role in regulating the proliferation, the cycle, and apoptosis
of cells. Many studies showed that the PI3K/AKT signal-
ing pathway was relevant to certain gynecological tumors.
Deregulation of the PI3K/AKT pathway is common in OC

signal Phosphatidylinositol

s= Control
B Treated with 2 at 5 UM
B Treated with 2 at 10 #M

\5‘('

GO
.

>

HEY

Figure 9 2 inhibited PI3K/AKT/mTOR and ERK/MAPK-related proteins expressions in the HEY cells. The protein expressions proteins (p-PI3K, p-AKT, p-mTOR, p-ERKI,
ERKI, p-MEK, and MEK) were detected using Western blot. Data were shown as mean + SD. *p<0.05, **p<0.01 versus the control group.
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and is associated with poor prognosis.*® Thus, some rele-
vant drug molecules were used to block or inhibit the
PI3K/AKT signaling pathway to identify the anti-tumor
targets. The Ras/MAPK pathway has an important role in
the major cellular processes, such as cell survival and
proliferation, and its deregulation was involved in malig-

nant transformation and progression of OC.*’

The Potential Target of Xanthones
Validated by Western Blot Analysis

Based on these xanthones potency for the treatment of the
HEY and ES-2 cell lines, although their potential molecular
mechanism of action had been predicted by molecular dock-
ing, their direct evidence was still margin. To solve the
problem, 8 target proteins (PARP, VEGF, RAS, RAF,
MEK, PI3K, AKT, and MAPK) had excellent interactions
with 2 screened by molecular docking. Owing to 2 showed
high sensibility to the HEY cells, the expression levels of
potential targets regulated by 2 were detected by Western
blot analysis. Fortunately, the results were exhibited in
(Figures 8 and 9), which indicated that 2 could regulate the
expression levels of the key target proteins in the PARP,
PI3K/AKT/mTOR, and ERK/MAPK signal pathways
against the HEY cells in a concentration-depend manner.

Natural products have gotten great interest is gradu-
ally increasing in the globe. Bioactive compounds from
herbal medicine have a long history of use as a good
source of ingredients for valuable medical usages.>®
Natural xanthone mangiferin from traditional Chinese
medicine exhibited suppressed activities on human
epithelial OC.** A number of xanthones from Garcinia
nujiangensis showed potent cytotoxicity against selective
cancer cells,”’>**° among them, Nujiangexathone
A inhibited cervical cancer via hnRNPK,*' and induced
caspase-dependent apoptosis via ROS/INK pathway,*? in
addition, it had anti-inflammatory and anti-allergic
effects.* 2 featured with a xanthone skeleton showed
inhibitory effects on the proliferation and induced apop-
tosis on human OC.

Studying on the mechanisms of action of potential drugs
were challenged, costly, and time-consuming, the molecular
docking was an excellent strategy to screen the active com-
pounds and predict the possible pharmaceutical mechanisms.
After high screening, some key targets showed excellent
interactions with 2, which belonged to the signal pathways
(PARP, PI3K/AKT/mTOR, and ERK/MAPK) involved in
the progress of OC.** Apoptosis was considered as a form

of programmed cellular suicide played a crucial role in
various human diseases, and evasion of apoptosis, had been
recognized as a hallmark of cancer cells.*’ 2 induced apop-
tosis at the concentration 5 and 10 uM tested on a flow
cytometer stained with Annexin V-FITC and PI. Further,
the Western blot showed 2 upregulated the expression levels
of the pro-apoptotic protein Bax, and downregulated the
expression levels of the anti-apoptotic protein Bcl-2,
increased the expression levels of the cysteine proteases
cleaved caspase-3 and the apoptosis marker cleaved PARP.
And all these changes exhibited in a concentration-depend
manner. The PI3K/AKT/mTOR pathway was involved in
many human cancers, including OC, which induced the
apoptotic response through its ability to interplay with
a great quantity of major genes in the apoptosis.*® Once
this pathway was activated, it would initiate phosphorylation
of transcription factors, then upregulate the expression levels
of anti-apoptotic genes and downregulate levels of pro-
apoptotic proteins. Thus, an inhibitor targeted on the PI3K/
AKT/mTOR pathway might also induced apoptosis.
Moreover, the AKT pathway could enhance PARP inhibition
under the microenvironment of chemotherapy.*’ In all, com-
pounds targeted on both the PARP and PI3K/AKT pathways,
would be a greater clinical benefit to the cancer. Generally,
PI3K/AKT/mTOR and MAPK/ERK signal pathways were
participated in the proliferation, differentiation, and apopto-
sis of many cancer cells. Thus, an inhibitor, one stone two
birds, one kind of combined therapy, simultaneously regu-
lated the PI3K/AKT/mTOR and MAPK/ERK pathways
could increase efficacy and reduce resistance.
Consequently, these xanthones, especially 2 was a potential

inhibitor for the treatment of the human OC.

Conclusion

In this study, bioassay-directed fractionation of the fruit of
G. nujiangensis, led to a new xanthone named nujiangex-
anthone G (1) together with two known analogues: iso-
jacareubin  (2), and 1,5,6-trihydroxy-2-prenyl-6',6'-
dimethyl-2H-pyrano(2',3":3,4) xanthone (3). The activity
test suggested that 2 had moderate cytotoxic activity
against human OC cell lines HEY and ES-2 with the
ICsq values of 6.5 £ 0.4 uM, 9.5 = 0.3 uM, respectively,
respectively. Moreover, those xanthones exhibit no cyto-
toxic activity toward normal cell 16HBE. Molecular dock-
ing succeed in screening the potential targets involved in
the progression of human OC., the results suggested that
PARP, VEGF, RAS, RAF, MEK, MAPK, PI3K, and AKT
had excellent interactions with 2. Finally, the Western blot
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analysis indicated that 2 could inhibit proliferation, and
induced apoptosis on the HEY cell lines via PARP, PI3K/
AKT/mTOR, and ERK/MAPK
Therefore, these xanthones especially 2 was a potential
inhibitor against OC via PARP, PI3K/AKT/mTOR, and
ERK/MAPK signal pathways.

signal  pathways.
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