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Abstract

Objective: Swertia pseudochinensis, an annual herb of the genus Swertia in the family Gentianaceae. Some constituentsg
extracts from the Swertia genus have been recently reported to possess neuroprotective effects, suggesting their potential utility in
the prevention and treatment of Parkinson disease (PD). The aim of this work is to identify the chemical constituents and evaluate the
potential biological activists of Swertia pseudochinensis.

Methods: The phytochemicals from the aerial parts of S. pseudochinensis were isolated and purified by silica gel, Sephadex LH-
20 gel, semi-preparative high-performance liquid chromatography, and identified by the spectroscopic methods. All compounds
were evaluated for their potential neuroprotective effects against 1-methyl-4-phenylpyridinium-induced apoptosis in the SH-SY5Y
human neuroblastoma cell line using the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide assay. Then, we performed
an enrichment analysis using the Database for Annotation, Visualization, and Integrated Discovery and investigated the mechanisms
by which bellidifolin regulates neurodegenerative disease.

Results: Two new anthraquinone, 1,5,6-trimethoxy-2-hydroxy-3-methy-anthraquinone (1) and 1,5,6,8-tetramethoxy-2-hydroxy-
3-methyanthraquinone (2), together with nine known including 7-O-B-d-glucopyranosyl-1,8-dihydroxy-3-methoxyxanthone (3),
gentisin (4), swertianalin (5), bellidifolin (6), gentiacaulein (7), norswertianalin (8), 5-O-B-d-glucopyranosyl-1,3,8-trihydroxyapatone (9),
1-hydroxy-3,5,8-trimethoxyxanthone (10), and aurantio-obtusin (11), were isolated and compounds 6-8 and 10 exhibited
neuroprotective effects at a concentration of 50 wmol/L. Among them, bellidifolin showed significant protective activity, and might have
potential as a neuroprotective agent for the treatment of PD, possibly by acting on oxidative damage and reactive oxygen species.

Conclusions: These findings indicate that further research on the genus Swertia and its bioactive constituents toward

©66Ge0ALOAEIOPIASALLIAIPOOAEIEAHIOI/ID AUMY LXOMADUOINX POHISABZIU M +BYNJOI L WNOTZ| AR HJSINGUE AQ WUE/WOD MM S[ewINOI//:d)y Wwoy papeojumoq

=1e7

) uo

neurodegenerative disorders could be extremely rewarding.
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1 Introduction

Swertia pseudochinensis, an annual herb of the genus
Swertia in the family Gentianaceae, is mainly distributed
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in northern China and northeast Asia, and the dried whole
plant has been used to treat jaundice, dysentery, acute
enteritis, rib pain, and loss of appetite in traditional
medicine!™. In phytochemical studies, various types of
compounds, including xanthones, ﬂavon01ds, triterpe-
noids, and iridoid gl)lfcosides, have been isolated from
the genus Swertia'>>). These constituents have shown
antltumor[2’4], hepatoprotectlve hypo%lycemlc
antibacterial!'® gastromtestlnal protective!' 7121, anti-
1nﬂammatory , and other effects. In addition, some
constituents and extracts from the Swertia genus have
been recently reported to possess neuroprotective effects,
suggesting their potential utility in the 6EJL'eventlon and
treatment of Parkinson disease (PD)!'*™!

To identify more compounds with neuroprotective
effects, we analyzed the 75% EtOH extract of the aerial
parts of S. pseudochinensis and successfully isolated and
identified Two new anthraquinone, 1,5,6-trimethoxy-2-
hydroxy-3-methy-anthraquinone (1) and 1,5,6,8-tetrame-
thoxy-2-hydroxy-3-methyanthraquinone (2), and nine
known compounds (3-11), including 7-O-B-d-glucopyr-
anosyl-1,8-dihydroxy-3-methoxyxanthone (3), gentisin
(4), swertianolin (5), bellidifolin (6), gentiacaulein (7),
norswertianolin (8), 5-O-B-d-glucopyranosyl-1,3,8-trihy-
droxyapatone (9) and 1-hydroxy-3,5,8-trimethoxyxan-
thone (10) and aurantio-obtusin (11). The anthraquinones
1,2, and 11 have been isolated from the genus Swertia for
the first time. Herein, we describe the isolation and
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structural elucidation of these compounds, as well as the
evaluation of their neuroprotective effects in SH-SYSY
cells damaged by 1-methyl-4-phenylpyridinium (MPP").
We performed an enrichment analysis using the Database
for Annotation, Visualization, and Integrated Discovery
(DAVID), a web—accessible program that integrates
functional ﬁenomic annotations with intuitive graphical
summaries' "', and investigated the mechanisms by which
6 regulates neurodegeneratlve disease.

2 Materials and methods

2.1 General experimental procedures

UV spectra were measured on a Shimadzu UV 2201 UV-
visible spectrophotometer (Shimadzu, Kyoto, Japan).
Analytical high-performance liquid chromatography
(HPLC) was performed on an Agilent 1260 system with
a diode array detector (DAD) using a YMC-Triart Cqg
column (4.6 x250mm?, §pm). Preparative HPLC was
carried out using a Shimadzu HPLC system was egulpped
with a reversed-phase Cyg column (250 x 20mm~, 5 pum,
120 A; YMC Co. Ltd., Kyoko, Japan) and SPD- 20A UV
detector (Shimadzu). Nuclear magnetic resonance (NMR)
spectra were recorded on a Bruker AVANCE III 600
spectrometer (Bruker, Karlsruhe, Germany) with tetra-
methylsilane as an internal standard. High-resolution
electrospray ionization mass spectrometry (HR-ESI-MS)
was performed on an Agilent 6210 TOF mass spectrome-
ter. Open column chromatography was carried out using
silica gel (100-200 mesh, 200-300 mesh, Qingdao
Marine Chemical Factory, China), Sephadex LH-20
(GE Healthcare, Australia), and octadecyl silica gel
(Merck Chemical Company Ltd., Germany). Thin-layer
chromatography was performed with silica gel GF254
plates (Qingdao Marine Chemical Factory, China) and
visualization was accomplished with UV light.

2.2 Plant material

Air-dried aerial parts of S. pseudochinensis were collected
from the cultivated area of Chengde, Hebei Province,
China, in October 2016, and were authenticated by Dr.
Jincai Lu, Shenyang Pharmaceutical University. A voucher
specimen of this collection (No. 20160706) has been
deposited at the Herbarium of Shenyang Pharmaceutical
University, Shenyang, China.

2.3 Extraction and isolation

The air-dried aerial parts of S. pseudochinensis (40.0kg)
were extracted with 75% EtOH 30L and 3 h for 3 times to
yield an extract after the solvent was removed in vacuo.
The extract (1.07kg) was suspended in water (1.5L) and
extracted with EtOAc 1.5 L for 3 times. The EtOAc extract
(500.0g) was subjected to silica gel column chromatogra-
phy eluted with a gradient of CH,Cl,-MeOH (100:1 to
1:1) to afford eight fractions (F1-F8). Fraction F3 (17.7 g)
was subjected to silica gel column chromatography using
cyclohexane-acetone (100:1 to 1:1) as an eluent to afford
six subfractions (F31-F36). Fraction F34 (7.5g) was
purified by a Sephadex LH-20 column and eluted with
CH,CI,-MeOH (1:1) to yield compounds 6 (143.8 mg)
and 7 (391.0 mg). Fraction F35 (6.2 g) was then applied to
a Sephadex LH-20 column (CH,Cl,-MeOH, 1:1) to give
four subfractions (F351-F354). Fraction F351 (24.8 mg)
was purified by preparative HPLC (MeOH-H,0, 70:30)
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to yield compounds 1 (5.3mg, tg=15.0min) and 2
(6.4mg, tg =21.0min). Fraction F352 (1.0g) was recrys-
tallized with CH,CIL-MeOH to afford compound 11
(21.9mg). Fraction F354 (1.2g) was separated by a
Sephadex LH-20 column (CH,Cl,-MeOH, 1:1) to obtain
five subfractions (F3541-F3545). Compound 10 (12.9 mg,
tg=21.0min) was obtained from fraction F3542 by
preparative HPLC (MeOH-H,O, 70:30). Fraction F4
(44.2 g) was subjected to silica gel column chromatogra-
phy eluted with CH,Cl,-MeOH (90:1 to 15:1) to yield
eight subfractions (F41-F48). Fraction F47 (13.7g) was
separated by a Sephadex LH-20 column (CH,Cl,—
MeOH, 1:1) to obtain compound 3 (26.3 mg). Fraction

5 (63.2g) was applied to a silica gel column using
petroleum ether-acetone (from 80:1 to 1:1) as the eluent to
yield ten subfractions (F51-F510). Fraction F54 (5.6g)
was crystallized with MeOH to afford compound 4
(419.9mg). Fraction F6 (75.8g) was separated with a
silica gel column using CH,Cl,-MeOH (from 90:1 to 1:1)
as the eluent to afford eight subfractions (F61-F68).
Subfraction F64 (4.3 g) was separated by an octadecylsi-
lane column (MeOH-H,O, 1:9 to 1:0) to give seven
subfractions (F641-F647). Fraction F642 (1.2g) was
crystallized with MeOH to afford compound 9 (10.1 mg).
Fraction F7 (64.7g) was isolated by silica gel column
chromatography and eluted with CH,Cl,-MeOH (40:1
to 1:1) to afford ten fractions (F71-F710). Fraction F73
(15.1g) was recrystallized with MeOH to afford com-
pound 5 (3.357g). Separation of fraction F75 (6.5g)
through preparative HPLC (MeOH-H, 0, 45:55) yielded
compound 8 (14.1mg, tr =12 min).

2.4 1,5,6-Trimethoxy-2-hydroxy-3-methy-anthraquinone

Yellow amorphous powder (MeOH); UV (MeOH) Ay
(log ¢): 220 (1.40), 281 (1.36) nm; 1H(600MHZ DMSO-
dg); and PC-NMR (150 MHz, DMSO-d¢) (Table 1);

TH- and '*C-NMR data of compounds 1 and 2 (§ in ppm)

1 2

Pos. 8w (Jin Hz) 8¢ Su (Jin Hz) 8¢

1 - 146.3 - 146.6
2 - 156.8 - 159.4
3 - 126.6 - 130.4
4 7.69's 124.8 767 s 125.1
4a - 131.2 - 126.3
4b - 128.7 - 122.7
5 - 147.7 - 146.9
6 - 158.0 - 153.3
7 7.45 d (8.5) 116.3 7.48 s 105.2
8 7.89 d (8.5) 123.6 - 156.5
8a 126.4 - 122.7
8b - 1236 - 126.3
9 - 182.9 - 179.9
10 - 180.2 - 181.9
1-0CH, 3.80 s 61.1 378s 60.7
3-CHy 224's 16.6 2.20's 16.7
3-0CH, - - - -

5-0CH, 3.84's 60.9 3.84s 60.8
6-0CH, 393s 56.3 3.86 s 61.5
8-0CH, - - 3.96s 56.2

"H-NMR spectrum recorded at 600 MHz and "*C-NMR spectrum recorded at 150 MHz in DMSO-d.
NMR: nuclear magnetic resonance.
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HR-ESI-MS m/z 329.1012 [M+H]" (calcd for CigH;~

04", 329.1020).

2.5 1,5,6,8-Tetramethoxy-2-hydroxy-3-methy-
anthraquinone

Yellow amorphous powder (MeOH); UV (MeOH) A .«
(log ¢): 220 (2.60), 297 (3.73) nm; 'H (600 MHz, DMSO-
de); and BC-NMR (150 MHz, DMSO-dy) (Table 1);
HR-ESI-MS m/z 359.113 2 [M+H]* (caled for CioH;905",
359.1125).

2.6 Cell culture

SH-SYSY cells (CBP60913; a human neuroblastoma cell
line) were cultured in Gibco™ Dulbecco modified Eagle
medium (DMEM) (HyClone, Logan, UT, USA) supple-
mented with 10% (v/v) heat-inactivated fetal bovine
serum and 100units/mL penicillin/streptomycin. Cells
were maintained at 37°C in a humidified 95% air and 5%
CO, atmosphere.

2.7 Cell viability assay

The viability of MPP*-treated SH-SYSY cells was
examined by the  3-[4,5-dimethylthiazol-2-yl]-2,5
diphenyl tetrazolium bromide (MTT) (Sigma-Aldrich,
St. Louis, USA) colorlmetnc assay, which was performed
as previously described!®l. After two generations, the cells
were cultured in 96-well plates (8,000 cells/well) to study
dose protection with the compounds at a concentration of

www.ahmedjournal.com

50 uM for 6 h. The cells were treated with 1.2mM MPP*
for 24h. Next, the cells were incubated with DMEM
containing 0.5 mg/mL of MTT at 37°C for 3h, followed
by treatment with dimethyl sulfoxide at 37°C for 10 min.
At this point, the absorbance of the formation dye was
measured at 490 nm using a microplate reader. This assay
was repeated thrice.

2.8 Bioinformatics

First, compound 6 was analyzed using the similarity
ensemble approach server (http://sea. bkslab org/), build-
ing on the structural similarity of ligands!'?. Then, these
potential targets were submitted to DAVID, and the top
10 enrichment of Gene Ontology (GO) terms (biological
process, cellular component, and molecular function)
were obtained!!”

2.9 Statistical analysis

Data were analyzed using GraphPad Prism 5.0 software
(La Jolla, CA, USA). The results were processed by one-
way analysis of variance, and P<0.05 was considered
statistically significant.

3 Results

Studies on the constituents of the aerial parts of
S. pseudochinensis yielded two new compounds (1, 2)
and nine known compounds (3-11) (Figure 1), including

O  OCH,

OR,
R,O. ! :o: —
OH O ORj3

5 R1=CH3, R2=H, R3=GlC

8 R=H, Ry=H, R;=GIc
9 R;=H, R,=Glc, Ry=H

R4

OCH; H,CO ] o l
R,

OH O R3

3 R,=H, R,=0-Glc, R;=OH
4 R1=R3=H, R2=OH

6 R1=R3=OH, R2=H

7 R1=H, R2=OH, R3=OCH3
10 R1=R3=OCH3, R2=H

OCH3

11

Figure 1. Structures of compounds 1-11 from Swertia pseudochinensis.
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Figure 2. Key HMBC correlations of compounds 1

OCH3s

OCH3
p g
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and 2. HMBC: heteronuclear multiple bond correlation.

7-O-B-p- ?flucopyranosyl 1,8-dihydroxy-3- methoxyxan—
thone (3)*!]] gentisin (4)1**!, swertianolin (5)*%], bellidi-
folin (6 )[2 , genmacauleln (7)[25], norswertianohn (8)1261
5-O-B-p-glucopyranosyl-1,3,8-trihydroxya atone (9)27]
1-hydroxy-3,5 8 trlmethoxyxanthone (10)1*8! and auran-
tio-obtusin (l 1) I, These known compounds were identi-
fied by comparison with the literature data.

Compound 1 was obtained as a yellow amorphous
powder. Its molecular formula was determined to be
C18H1604 by HR-ESI-MS analysis (72/2 329.1012 [M + H]*,
calcd for C18H17O6 , 329.1020) and "*C-NMR spectro-
scopic data. The "H-NMR spectrum (Table 1) showed
one singlet aromatic proton at 8y 7.69 (1H, s,
H-4); two aromatic protons at 87 7.89 (1H, d, J=8.5Hz,
H-8) and 7.45 (1H, d, J=8.5Hz, H-7); three methoxy
proton signals at 8y 3.93 (3H, s, OCH3-6), 3.84 (3H, s,
OCHj;-5), and 3.80 (3H, s, OCH3-1); and one methyl
proton signal at 8y 2.24 (3H s, CHs—-1). The 3C-NMR
(Table 1) indicated 14 sp” carbon signals, including
four oxygenated quaternary sp> carbon signals at 8¢
158.0 (C-5), 147.7 (C-6), 146.3 (C-1), and 156.8 (C-2),
and two carbonyl carbon signals at §¢ 182.9 (C-9) and 180.2
(C-10). These data were s1m11ar to those of an anthraqui-
none, aurantio-obtusin (11)?”), except for the absence of two
hydroxy signals and the presence of one methoxy signal. The
"H-detected heteronuclear multiple bond ~ correlation
(HMBC) (Figure 2) correlations of H-8 [§; 7.89 (1H, d,
J=8.5Hz)] to C-4b (§c 128.7), C-6 (5c 158.0), and C-9
(8¢ 182.9), and H-7 [8y 7.45 (1H, d, J=8.5Hz)] to C-5
(8c147.7),C-6 (8. 158.0),and C-8a (5 126.4) revealed a set
of ortho-coupled protons on C-7 and C-8. The HMBC
correlations of OCH;3-5 (815 3.84) to C-5 (8¢ 147.7) and of
OCH3-6 (811 3.93) to C-6 (8¢ 158.0) suggested the linkage of
two methoxy groups at C-5 and C-6. In addition, the
correlations of H-4 (§y; 7.69) to C-3 (§c 126.6), C-9
(8¢ 180.2), and CH3-3 (8¢ 16.6); of CH3-3 (i1 2.24) to
C-4(8c124.8)and C-2 (8¢ 131.2);and of CH3-1 (811 3.80) to
C-1 (8¢ 146.3) revealed an aromatic proton at C-4, a methyl
at C-3, and the other methoxy at C-1 (8¢ 61.1). Based on the
above observations, as well as the known carbon and
hydrogen numbers and HR-ESI-MS data, we deduced the
presence of a hydroxy group at C-2, and the HMBC
correlations of H-4 (8 7.69) and CH;3-3 (8y 2.24) to 8¢
156.8 (C-2) confirmed the results. Therefore, the structure
of compound 1 was established as 1,5,6-trimethoxy-2-
hydroxy-3-methy-anthraquinone.

The formula of compound 2 was established as
Ci9H;305 based on the HR-ESI-MS (m/z 359.1132
[M +H]J*, caled for C1oH;905*, 359.1125) and "*C-NMR
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data. The 'H and '>C-NMR spectra (Table 1) for
compounds 1 and 2 showed very similar signals, except
that the H-8 doublet at §;; 7.89 and the carbon signal at 8¢
123.6 (C-8) in compound 1 was replaced by a new methoxy
group at 8¢y 3.96 (3H, s) and a carbon resonance at §¢ 156.5
in compound 2, respectively. These data indicated that the
aromatic proton at C-8 in compound 1 was substituted by a
methoxy group in compound 2. This assignment was
supported by the HMBC (Figure 2) correlations of H-7 (8
7.48) to C-5 (8¢ 146.9), C-8 (5c 156.5), C-8a (5¢ 122.7),
and C-9 (8¢ 179.9), and of OCH;3-8 (811 3.96) to C-8 (8¢
156.5). Consequently, the full structure of compound 2 was
confirmed and named 1,5,6,8-tetramethoxy-2-hydroxy-3-
methy-anthraquinone.

All the isolated compounds were evaluated for their
neuroprotective effects. We first examined the cytotoxic
effects of the compounds on SH-SYSY cells using the
MTT assay, and the results showed that none of the tested
compounds had any apparent toxicity in the concentra-
tion range of 20 to 100 wM. At the same time, cell viability
against MPP*-induced SH-SYSY cell death at a concen-
tration of 50 uM was determined by the MTT assay.
Compared with the model group (Figure 3), compound

100

=]
=]
1

(=)
=
1

Survival rate (%)
=

[
=
1

]
I

N
&
00

A T TR T INIRN

Figure 3. The protective effects of the isolated compounds (1-11)
against MPP*-induced SH-SY5Y cells. “Control” refers to the value of SH-
SY5Y cells that were not treated with MPP*. “Model” refers to the value of
SH-SY5Y cells that were treated with 1.2mM MPP+ for 24h. Data are
expressed as mean+SEM (n=3 each); P<0.05 was considered
statistically significant. (P <0.05and *"P < 0.01, vs MPP--treated model
group; P <0.01, vs control group). MPP*: 1-methyl-4-phenylpyridi-
nium.
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Figure 4. Bioinformatics analysis of potential targets of compound 6. The SEA server and DAVID were used to predict the potential targets. Functional
clustering of GO was carried out on the biological process, cellular component, and molecular function. DAVID: Database for Annotation, Visualization
and Integrated Discovery; GO: Gene Ontology; SEA: Similarity ensemble approach

6 markedly increased the survival rate (about 91%) of
1.0mM MPP*-treated SH-SYSY cells (P<0.05). The
viability of cells treated with compounds 7, 8, and 10
was marginally enhanced. Curiously, cell viability after
treatment with compound 3 was less than 20%, implying
that it intensified the cytotoxicity effect together with
MPP*. The remaining compounds showed no obvious
protective effects on SH-SYSY cells.

A combination of bioinformatics methods was carried
out to analyze and predict the possible mechanism of
compound 6 regulating neurodegenerative disease. The
biological process, cellular component, and molecular
function of target genes were analyzed using DAVID!8-201,
Although this remains to be experimentally Verlﬁed
bioinformatic analysis suggests that oxidative damage
and reactive oxygen species (ROS) are targeted by
compound 6 (Figure 4).

4 Discussion

On basis of the above experimental results, we found that
although compounds 3-10 belong to xanthones, only
compounds 6-8 and 10 displayed protective activity.
Mounting evidence suggests that the presence and position
of the hydroxy group could affect the activity of xanthones,
for example, cudratrixanthone P, cudratrixanthone R, and
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gartanin have been shown to have neuroprotective
effects®*!1and may act through the inhibition of the
apoptosis pathway and oxidative stress injury. Compared
to previously reported xanthones, the presence of the
trihydroxy group in compound 6 may also play an
important role in neuroprotection. However, the effect of
compound 6 on neuroprotection has not been reported in
the literature. Through the prediction of bioinformatics
analysis online, we found that compound 6 might have
potential as a neuroprotective agent for the treatment of PD,
possibly by acting on oxidative damage and ROS. Many
studies have shown that oxidative stress plays an important
role in the development of neurodegenerative diseases.
Furthermore, this result to some extent confirmed the
reliability of the screening experiments results.

In conclusion, compound 6 showed significant protec-
tive activity and might have potential as a neuroprotective
agent for the treatment of PD, possibly by acting on
oxidative damage and ROS. Our study further enriched
secondary metabolites in the Swertia genus and also
indicates that further research on the bioactive constitu-
ents toward neurodegenerative disorders could be ex-
tremely rewarding.

Supplemental Digital Content: 1D and 2D NMR, HR-
ESI-MS, and UV spectra for the new compounds (1, 2),
http://links.lww.com/AHM/A3.
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