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Xanthone glycosides from herbs of Polygala hongkongensis Hemsl and their
antioxidant activities

Jian-Feng Wu*“, Si-Bao Chen®®, Jing-Chun Gao®, Hao-Liang Song®, Li-Jun Wu?,
Shi-Lin Chen®** and Peng-Fei Tu*

“Shenyang Pharmaceutical University, Shenyang 110016, China; *School of Pharmaceutical Sciences,
Health Science Center, Peking University, Beijing 100083, China; “State Key Laboratory of Chinese
Medicine and Molecular Pharmacology, Department of Applied Biology and Chemical Technology, The
Hong Kong Polytechnic University, Shenzhen 518057, China; “Foshan University, Foshan 528000, China;
Institute of Medicinal Plant Development, Chinese Academy of Medical Science, Peking Union Medical
College, Beijing 100094, China

(Received 17 January 2007, final version received 31 May 2007 )

Two new xanthone O-glycosides, polyhongkongenosides A (1) and B (2), together with four
known xanthone glycosides, were isolated from the herbs of Polygala hongkongensis Hemsl.
Their structures were elucidated on the basis of UV, IR, NMR, and MS spectral data. The
antioxidant in vitro activities of 1—-6 were determined by the scavenging activities against 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals and hydroxyl radicals and their reductive
activities to Fe* . Mangiferin, one of the four known xanthone glycosides, showed potential
scavenging effect on DPPH and hydroxy radicals and reductive activity to Fe* ™ with ICs,
values of 4.7, 13.9, 23.7 M, respectively.

Keywords: Polygala hongkongensis, xanthone O-glycosides; polyhongkongenoside A;
polyhongkongenoside B; antioxidant activities

1. Introduction

Recently, there has been increasing interest in
the plant of genus Polygala due to their
abundant biological activities and possibilities
as a new source for unique natural products.
Many chemical constituents such as saponins
[1-3], xanthones [4—6], and oligosaccharide
esters [7—9] have been isolated from Polygala
plants. However, there is no chemical report on
Polygala hongkongensis so far, which is
widely spread in the south of China, and used
for heat clearing, detoxicating and promoting
blood flow, and expelling phlegm to arrest
coughing agents in Chinese folk medicine [10].
In our search for bioactive materials, the
n-butanol extract of the herbs of P. hongkon-
gensis showed antioxidant activity. Subsequent

chromatographic fractionation and purification
led to the isolation of two new xanthone O-
glycosides, polyhongkongenosides A (1) and B
(2). In addition, four known xanthone glyco-
sides, 7-O-methylmangiferin (3) [11], mangi-
ferin (4) [12], polygalaxanthone III (5) [13],
and polygalaxanthone V (6) [S], were also
obtained (Figure 1). This paper deals with the
isolation and the characterization of the two
new xanthone O-glycosides. Evaluation of the
antioxidant activities of six xanthone glyco-
sides is also described.

2. Results and discussion

Compound 1 gave a molecular formula of
C,5Hy60,6 established by HR-ESI-MS (at m/z
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1R,=R¢=OH, R,= R,= R;=H, R;=OCH;, Rs=0-Glc-O-Rha
2R,=OH, R,= R,= Rs= H, Ry= R¢= OCH3, R,=0-Glc
3R,=Ry= Rs= OH, R,= Glc, Rg= OCH3, R,= R;,=H

4R,= Ry= Rs= R;=OH, R,= Glc, Ry= R,=H

5R,= Ry= Rg= OH, R,= Gle-Api, Ry= R;=H, Re= OCH,

6 R,= Ry = OH, Ry=R,= R,=H, Rs= O-Glc-Rha, Rg= OCH,4

Figure 1. Structures of compounds 1-6.

Table 1. 'H (400 MHz) and '*C NMR (100 MHz) spectral data of 1 and 2 (in DMSO-dg).

1 2

Position Ou Oc O Oc
1 162.3 162.6
2 6.36 (d, J = 2.1Hz) 96.7 6.60 (d, J = 2.1Hz) 95.8
3 165.8 161.6
4 6.58 (d, /= 2.1Hz) 92.3 6.72 (d, J = 2.1 Hz) 93.4
4a 157.3 157.9
4b 144.9 146.2
5 7.25 (s) 102.5 6.93 (d, J =9.2Hz) 103.7
6 152.2 7.44 (d, J=9.2Hz) 119.2
7 150.3 141.3
8 7.47 (s) 108.0 150.2
8a 113.5 107.3
8b 102.9 103.4
9 179.1 179.9
1-OH 13.04 (s) 13.23 (s)
7-OH 9.87 (s)
3-OCH; 3.87 (s) 55.8 3.91 (s) 55.2
7-OCH; 3.82 (s) 55.5
Gle-1 542 (d, J=17.6Hz) 97.4 5.20 (d, J = 6.8 Hz) 98.6

2 3.62 (m) 76.5 3.30 (m) 72.1

3 3.52 (m) 76.9 3.37 (m) 75.3

4 3.22 (m) 69.6 3.19 (m) 68.5

5 3.50 (m) 77.3 3.51 (m) 76.5

6 3.70 (m) 60.5 3.60 (m) 60.3
Rha-1 5.22 (s) 100.3

2 3.24 (m) 70.4

3 3.69 (m) 70.5

4 3.18 (m) 72.0

5 3.80 (m) 68.6

6 1.12 (d, /= 6.0Hz) 18.1
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Figure 2. Key NOESY and HMBC correlations of 1.

583.1294 [M + H]"). Its UV spectrum in
MeOH (Ahax 235, 256, 308 and 365 nm) was
similar to that of 1, 6-dihydroxy-3, 7-
dimethoxyxanthone (A, 234, 255, 312,
and 364 nm) [14], which suggested that 1 is
a derivative of 1,3,6,7-tetraoxygenated
xanthone. IR spectrum of 1 showed the
presence of hydroxyl groups (3392cm™ '), a
carbonyl group (1654cm™') and phenyl
groups (1609, 1579, and 1492cm™'). The
'"H NMR spectrum showed two hydroxyl
signals at 6 13.04 and 9.87, two aromatic
proton singlets at 6 7.47 and 7.25, two meta-
coupled aromatic protons at 6 6.58 (1H, d,
J=2.1Hz), 636 (IH, d, J=2.1Hz), two
anomeric proton signals at 6 5.42 (1H, d,
J=7.6Hz) and 5.22 (1H, s), a methoxyl
signal at 6 3.87 (3H, s), and a methyl signal at
51.12 (3H, d, J = 6.0 Hz) (Table 1). The '*C
NMR spectrum of 1 exhibited 12 aliphatic
carbon signals due to two sugar moieties.
After acid hydrolysis, 1 produced glucose and
rhamnose. Therefore, 1 was suggested to be a
1,3,6,7-tetraoxygenated xanthone O-glyco-
side. The positions of the substituents were
confirmed through NOESY experiments
(Figure 2). In the NOESY spectrum of 1,
cross-peaks were observed between a meth-
oxyl at 6 3.87 and two aromatic protons at 6
6.36 (H-2) and 6 6.58 (H-4). Hence, this
methoxyl group was suggested to be located

J;

.

NOESY /—\\
/TN

HMBC

at C-3. The hydroxyl signal at 6 9.87 showed
NOESY correlation with H-8 (6 7.47) signal,
which indicated that the hydroxyl group was
at C-7. The correlation between the anomeric
proton at 6 5.42 and H-5 at 6 7.25 indicated
that the glucosyl moiety was linked to C-6 of
the xanthone moiety. This location could be
further proved by HMBC spectrum. In the
HMBC spectrum, the anomeric proton of
rhamnose moiety at 6 5.22 correlated with
C-2 (6 76.5) of the glucosyl residue, and the
glucosyl anomeric proton at 6 5.42 correlated
with C-6 of the aglycone (6 152.2; Figure 2).
The relative configurations of the anomeric
carbons of glucosyl and rhamnosyl were
deduced to be (3 and o, respectively, based
on the coupling constants and comparison of
the NMR spectra with those of known
compounds [6]. Thus, compound 1 was
determined to be 6-O-[a-L-rhamnopyrano-
syl-(1 — 2)-B-p-glucopyranosyl]-1,7-dihy-
droxy-3-methoxyxanthone and named
polyhongkongenoside A.

Compound 2 gave a molecular formula of
C,1H5,0,; as established by HR-ESI-MS (at
mlz 451.1247 [M + H]™). The UV spectrum
suggested that 2 has a hydroxyxanthone
skeleton [15]. Its characteristic IR absorptions
were similar to those of 1. The 'H NMR
spectrum showed a hydroxyl signal at o
13.23, two ortho-coupled aromatic proton
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Figure 3. Key NOESY and HMBC correlations of 2.

signals at 6 7.44 (1H, d, J/ = 9.2 Hz) and 6.93
(1H, d, J = 9.2Hz), two meta-coupled aro-
matic proton signals at 6 6.72 (1H, d,
J=2.1Hz) and 6.60 (1H, d, J=2.1Hz),
one anomeric proton signal at 6 5.20 (1H, d,
J = 6.8Hz), and two methoxyl signals at &
3.91 (3H, s) and 3.82 (3H, s). The '°C NMR
spectrum of 2 exhibited six aliphatic carbon
signals due to one sugar moiety. After acid
hydrolysis, 2 produced glucose. Therefore,
compound 2 was suggested to be a tetra-
oxygenated xanthone O-glycoside. The NMR
spectra showed the difference of compound 2
from 1 mostly in B ring. The positions of the
two methoxyl groups were confirmed through
NOESY experiments (Figure 3). In the
NOESY spectrum of 2, cross-peaks were
observed between a methoxyl signal at 6 3.91
and an aromatic proton at 6 6.60 (H-2). So
this methoxyl group was suggested to be
located at C-3. Another methoxyl group at &
3.82 showed NOESY correlation with this
signal of H-6 (6 7.44); hence, the methoxyl
group was suggested to be located at C-7. In
the HMBC spectrum, the ortho-coupled
aromatic proton at & 6.93 (H-5) was
correlated to C-8a and C-7, and the proton
at 6 7.44 (H-6) was correlated to C-8 and C-
4b, which further indicated the location of 7-
OCHj;. Moreover, the glucosyl anomeric
proton at & 5.20 correlated to C-8 of the
aglycone (6 150.2; Figure 3). The relative
configuration of the anomeric carbon of

glucosyl residue was deduced to be (3, based
on the coupling constant and comparison of
the NMR spectra with those of known
compounds [6]. Thus, compound 2 was
determined to be 8-O-(3-D-glucopyranosyl)-
1-hydroxy-3,7-dimethoxyxanthone and
named polyhongkongenoside B.

All isolated compounds were tested for
antioxidant activities, and the results (ICs,
values) were summarized in Table 2. Among
them, 4 exhibited potential scavenging
activity against 1,1-diphenyl-2-picrylhydra-
zyl (DPPH) and hydroxy radicals, and
reductive activity to Fe’ © with ICs, values
of 4.7, 13.9, and 23.7 pM, respectively.

3. Experimental
3.1 General experimental procedures

Optical rotations were performed on a
Perkin—Elmer digital polarimeter. Melting
points were measured on a Fisher—Johns
apparatus and are uncorrected. IR spectra
were run on a Shimadzu FTIR 8400 infrared
spectrometer as KBr patches. UV spectra
were measured on Perkin—Elmer Lambda 35
UV/VIS spectrometer. NMR spectra were
measured on a Bruker AV 400 spectrometer
with TMS as an internal standard. ESI-MS
spectra were obtained using a Micromass
ZabSpec high-resolution mass spectrometer.
Silica gel 60H (400—500 mesh) and silica gel
GF,54 sheets (0.20—-0.25mm; both from
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Table 2. Antioxidant activities of compounds 1-6 (ICsy, pM?).

DPPH radical

Hydroxy radical

Compounds scavenging activity scavenging activity Reductive activity to Fe*™
1 98.3 N.T." N.T.
2 N.T. N.T. N.T.
3 10.2 27.8 36.2
4 4.7 13.9 23.7
5 76.1 83.5 54.9
6 N.T. N.T. 89.4
BHT® 7.7 14.5 22.8

#1Cso (wM) values were calculated from regression lines using 12 different concentrations in triplicate.
°N.T.: 50% inhibition did not reach the concentrations of 100 WM.
¢ Butylated hydroxytoluene (BHT) was used as the positive control.

Qingdao Haiyang Chemical Group Co.,
Shandong Province, China) were used for
column chromatography and TLC, respect-
ively. D101 resin was obtained from Tianjin
Chemical Company.

3.2 Plant material

Polygala hongkongensis Hemsl. (Polygala-
ceae) were collected at Guangzhou, Guang-
dong Province, China, in May 2005, and
identified by Professor Peng-fei Tu, School of
Pharmaceutical Sciences, Peking University.
A voucher specimen (PH200504) has been
deposited in the Herbarium of Peking
University Modern Research Center for TCM.

3.3 Extraction and isolation

The air-dried herbs of P. hongkongensis
(10kg) were pulverized and extracted with
70% MeOH under reflux (1.5h X 3). The
extract was combined and evaporated in
vacuum to yield 4.1kg of residue, 2kg of
which was suspended in water and succes-
sively partitioned with EtOAc and n-BuOH.
Part of the n-BuOH extract (297.5g) was
subjected to a macroporous resin D101
column (11.0 X 80.0cm). The absorbed
material was eluted successively with H,0O,
then with 30, 60 and 95% EtOH. The 30%
EtOH eluate (76.5 g) was subjected to silica
gel column chromatography using a gradient
system of CHCl;—MeOH (19:1, 9:1, 6:1, 4:1,
3:1, 1:1, 0:1) yielding 10 pooled fractions

(1-10). Fraction 2 (3.6 g) was subjected to
silica gel column chromatography, eluted
with CHCl;—MeOH (85:15) to produce 16
subfractions 1-16. Compound 3 (77.0 mg)
was obtained from subfractions 7-11 by
Sephadex LH-20 after repeated silica gel
chromatography. Fraction 3 (40g) was re-
crystallized in MeOH for three times to give
compound 4 (20.0 g). Fraction 4 (2.2 g) was
purified by Sephadex LH-20 column to give
compound 2 (42.1mg). Fraction 5 (4.5g)
was purified by Sephadex LH-20 column to
give compound 1 (53.4mg). Fraction 7
(5.3 g) was first subjected to reverse phase
C18 column, and then purified by semi-
preparative HPLC with MeOH-H,O (5:5) as
mobile phase to give compounds 5 (59.3 mg)
and 6 (32.7 mg).

3.3.1 Polyhongkongenoside A

Yellow powder, mp 213-214°C, [a]¥ — 62
(c = 0.1, MeOH); UV (MeOH): A,,.x nm (log
g) 235 (4.24), 256 (4.56), 308 (4.11) and 365
(3.82); IR (KBr) v cm ' 3392, 2924,
1654, 1609, 1579 and 1492; 'H and '*C NMR
spectral data (see Table 1); HR-ESI-MS m/z:
583.1294 [M + H]" (calcd for CpsH,,016,
583.1289). ESI-MS: 583 [M + H]*, 437
[M + H-rha] " and 275 [M + H-rha-glc] *.

3.3.2  Polyhongkongenoside B

Yellow powder. mp 173—175°C, [a]% — 60.8
(c = 0.1, MeOH); UV (MeOH): A, nm (log
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€): 240 (4.38), 257 (4.30), 318 (4.25) and 362
(4.10); IR (KBr) wma cm ': 3427, 2926,
1656, 1616, 1452 and 1275; 'H and >C NMR
spectral data (see Table 1); HR-ESI-MS m/z:
451.1247 [M + H]* (caled for C5;Hx30,4,
451.1240). ESI-MS: 451 [M + H]™" and 289
[M + H-Glc]™.

3.4 Antioxidant activity assay in vitro

Compounds 1-6, whose purities are all above
95% detected by HPLC, were tested for their
scavenging effects on DPPH and hydroxy
radicals, and reductive activity to Fe’ ™,
according to a slight modification of the
procedure reported previously [15—17].

3.5 Acid hydrolysis of compounds 1-2

Compound 1 (5mg) in I M HCI (10 ml) was
refluxed at 80°C for 3 h. The reaction mixture
was diluted with H,O and then extracted with
EtOAc; from the EtOAc layer the aglycone
la (2.3mg) was obtained. In the aqueous
phase D-glucose and L-rhamnose were
identified by TLC comparison with authentic
substances. By the same procedure, 4 mg of 2
was hydrolyzed to give aglycone 2a (2.4 mg)
and D-glucose.
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