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Abstract:  Eight azukisapogenol triterpene glycosides, including five new compounds,
oxychiliotriterpenosides A-E (1-5), two new methyl glucuronide derivatives that proved to be
artifacts, oxychiliotriterpenoside E-glucuronic acid methyl ester (6) and myrioside B-glucuronic acid
methyl ester (7), and a known one, myrioside B (8), was isolated from the aerial part of Oxytropis
chiliophylla Royle. Their structures were elucidated based on extensive spectroscopic analyses and
chemical methods. Triterpene glycosides were first obtained from O. chiliophylla, and those containing
a galactose unit (1, 2, 5 and 6) and diglucosidic or triglucosidic linkage at C-29 (1-4), were reported
from Oxytropis species for the first time, which might be recognized as a chemotaxonomic feature of
O. chiliophylla. All isolated compounds were evaluated for their anti-inflammatory activities against
NO production using lipopolysaccharide (LPS)-induced RAW 264.7 cells, but no compounds showed
potent inhibition on NO production.
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1. Introduction

Oxytropis chiliophylla Royle (Leguminosae) is officially documented as one of the botanical origin
of Tibetan medicine “Er-Da-Xia” that is known as “King of Herbs”, and is widely used for the
treatment of inflammation, fever, and bleeding [1,2]. Inhabited at 2800-5200 m altitude, O. chiliophylla
is mainly distributed in ravines, on slopes, in steppe meadows, and shrubberies in Tibet and Xinjiang
Uygur Autonomous Regions in China [3]. However, chemical and pharmacological investigations of
O. chiliophylla were rare. Yao et al. reported the isolation of three flavonoids, one triterpenoid, and four
other compounds from the herb [4], and our previous phytochemical investigation on the aerial part of
O. chiliophylla led to the isolation of fourteen rhamnocitrin glycosides [5] and ten isomeric cyclobutane
and cyclohexene-containing chalcone dimers [6]. As part of our ongoing research for novel and
bioactive constituents from O. chiliophylla, we report herein the isolation and structural elucidation of
eight azukisapogenol triterpene glycosides, including five new compounds, oxychiliotriterpenosides
A-E (1-5), two new methyl ester derivatives that proved to be artifacts, oxychiliotriterpenoside
E-glucuronic acid methyl ester (6) and myrioside B-glucuronic acid methyl ester (7), and a known
one, myrioside B (8) (Figure 1). Triterpene glycosides were isolated from O. chiliophylla for the first
time, and those containing a galactose unit (1, 2, 5 and 6) and diglucosidic or triglucosidic linkage at
C-29 (1-4), which might be chemotaxonomic markers of O. chiliophylla, were reported from Oxytropis
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species for the first time. Furthermore, their anti-inflammatory activities against NO production using
LPS-induced RAW 264.7 cells were also evaluated.

OH
OR,
Ry=/-D-Gal, Ry=/2D-Glc-(1—>3)-4D-Gle-(1->2)-4D-Glc, Ry=H
R4=/D-Gal, Ry=/#D-Glc-(1-52)-4D-Glc, Ry=H
R4=H, Ry=/4D-Glc-(1->3)-3D-Glo-(1->2)-#D-Glc, Ry=H
R4=H, Ry=/#D-Glc-(1->2)--D-Glc, Ry=H
R1=,B-D-Gal, R2=H, R3=H
R1=ﬁ-D-Gal, R2=H, R3=CH3
R1=H, R2=H, R3=CH3
R1=H, R2=H, R3=H
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Figure 1. Chemical structures of compounds 1-8.
2. Results and Discussion

The dried aerial parts of O. chiliophylla were pulverized and were, in turn, extracted with 95% EtOH
and 50% EtOH. The combined and concentrated 95% EtOH and 50% EtOH extracts were suspended
in water and then partitioned successively with petroleum ether, EtOAc and n-BuOH. The n-BuOH
extract was separated by repeated chromatography on macroporous resin, silica gel, and octadecyl
silane (ODS), and semi-preparative RP-HPLC to afford eight azukisapogenol glycosides, including five
new compounds (1-5), two new methyl ester derivatives that proved to be artifacts (6-7), and one
known compound (8). The structures of new compounds (1-7) were identified by comprehensive
spectroscopic analyses and chemical methods. The known compound (8) was identified as myrioside
B, which was previously reported from O. myriophylla [7], by comparison of the spectral data.

Compound 1 was obtained as a white and amorphous powder. Its molecular formula was
determined to be CgoHgsO30 by the cationated molecular ion peak [M + Na]* at m/z 1319.5876 (calcd
for CeoHgsO39Na, 1319.5884) in positive high resolution electrospray ionization mass spectrometry
(HRESIMS) (Figure S1). The H and 13C-NMR data (Tables 1 and 2) indicated 1 to be an olean-12-ene
triterpene glycoside containing five sugar units, evidenced by the characteristic signals of six angular
methyl signals at 6 0.67, 0.84, 0.87, 1.08, 1.32, and 1.49 (each 3H, s), an olefinic proton at 6y 5.21 (1H,
overlapped), five anomeric protons at dt; 6.24 (1H, d, ] = 8.0 Hz), 5.49 (1H, d, ] = 7.5Hz), 5.46 (1H, d,
J=77Hz),520 (1H, d, ] =7.8 Hz), and 4.98 (1H, d, ] = 7.5 Hz), and the corresponding olefinic carbons
at ¢ 144.44, 123.38 and anomeric carbons at dc 105.87, 105.55, 104.97, 104.92, and 94.12 according to
the HSQC spectrum (Figure S5). In addition, resonances at éc 177.98 and 173.17 implied the presence
of two carboxyl acid or ester groups. Detailed comparison of the 'H and '3C NMR data with those
reported in the literature showed close similarity between the aglycones of 1 and azukisapogenol
3-O-[a-L-arabinopyranosyl-(1—2)-3-D-glucuronopyranosyl]-29-O-glucopyranoside [8], which is
indicative of the same aglycone of the two compounds and was further confirmed by 2D NMR
correlations, including correlation spectroscopy (‘H-'H COSY), heteronuclear single quantum
coherence (HSQC), heteronuclear multiple-bond correlation (HMBC), heteronuclear single quantum
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coherence-total correlation spectroscopy (HSQC-TOCSY) and nuclear overhauser effect spectroscopy
(NOESY) (Figure 2 and Figures 54-59). Thus, the aglycone of 1 was assigned as azukisapogenol, i.e.,
38, 24-dihydroxy-12-en-olean-29-oic acid.

The sugar moieties were initially proposed as one glucuronic acid (GlcA) unit and four glucose
(Glc) residues, which are common for Oxytropis triterpene glycosides. However, detailed examination
of the selected 1D TOCSY (Figure S9) and HSQC-TOCSY (Figure S7) allowed the total assignment of
all sugar signals and showed that the multiplicities of H-3 [6y 4.07 (dd, ] = 9.8, 2.8 Hz)] and H-4 [0y
4.40 (br d, 2.8)] of a sugar unit were markedly different from the triplets (J = ~9.0 Hz) of Glc H-3 and
Glc H-4 due to axial-axial coupling. The double doublet and broad doublet of H-3 and H-4 of the
sugar unit indicated that its 4-OH should be axial-oriented, and thus the sugar should be galactose
(Gal). HPLC analysis of the arylthiocarbamate derivatives of sugar units [9], revealing three peaks
corresponding to D-Gal, D-Glc, and D-GIcA, respectively, further confirmed the above deduction.
The GIcA residue was linked to C-3 of the aglycone according to the HMBC correlation of 5 4.98
(GlcA H-1) with d¢ 91.00 (C-3), while the Gal was placed at GlcA C-2 by the key HMBC correlations
of oy 5.49 (Gal H-1) with éc 81.14 (GlcA C-2). Additionally, the connection among the remaining
three glucose units and aglycone was determined by the heteronuclear multiple-bond correlation
(HMBC) correlations between déy 6.24 (Glc; H-1) and dc 177.98 (Aglycone C-29), between iy
5.46 (Glc; H-1) and é¢ 80.60 (Glep C-2), and between dy 5.20 (Glcg H-1) and éc 88.24 (Glc, C-3)
(Figure 2). The B-anomeric configuration of each sugar was assigned from the large coupling constant
of each anomeric proton. Thus, the structure of compound 1 was identified as azukisapogenol
3-O-[B-D-galactopyranosyl-(1—2)-p-D-glucuronopyranosyl]-29-O-3-D-glucopyranosyl-(1—3)-3-D-
glucopyranosyl-(1—2)-f-D-glucopyranoside. Compound 1 is a new compound and was named
oxychiliotriterpenoside A.

COOH
O,
OH
] 0
HO
HO 20 OH ‘\Z/‘
OH OH

OH

Figure 2. Key HMBC and NOE correlations of compound 1.

Compound 2, isolated as a white and amorphous powder, had the molecular formula
of CssHggOyp5 as deduced by the positive HRESIMS ([M + Na]® m/z 1157.5388, calcd for
Cs4HggOo5Na, 1157.5356) (Figure S10). Its 'H and '3C NMR data (Tables 1 and 2) resembled
to those of 1 except for the lack of a set of signals for one glucose unit, which was in
good accordance with the significant upfield shift of Glc, C-3 compared to 1 (6c 78.15 in
2; 0c 8824 in 1) and the molecular formula of 2 showing C¢Hj9Os less than that of 1.
Acid hydrolysis and coupling patterns of anomeric protons confirmed the presence of g-D-galactose,
B-D-glucose, and B-D-glucuronic acid. Thus, the structure of 2 was identified as azukisapogenol
3-O-[B-D-galactopyranosyl-(1—2)-3-D-glucuronopyranosyl]-29-O--D-glucopyranosyl-(1—2)-3-D-
glucopyranoside, which was unambiguously confirmed by 2D NMR data (Figures 513-516).
Compound 2 is a new compound and was named oxychiliotriterpenoside B.
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Table 1. 'H NMR Data for Compounds 1-7 in Pyr-ds,

40f12

Position 1 2 3 4 5 6 7
Aslveone 1 1.34-1.39 2 1.26-1.322 1.47-1.512 1.40-1.452 1.26-1.352 1.30-1.38 2 1.43-1.49 2
giycone 0.81-0.872 0.75-0.832 0.93-0.982 0.88-0.942 0.69-0.772 0.72-0.772 0.83-0.892
) 2252322 2.14-2.232 229 m 2.15-2.202 2.15-2.212 2.09-2.142 2.12-2.192
1.81-1.90 2 1.76-1.86 2 1.95-1.99 2 1.94-1.99 2 1.79-1.87 2 1.68-1.742 1.69-1.75 2
3 3.43 dd (10.5, 3.5) 3.29-3.372 3.57-3.622 353 m 3.30-3.392 3.30-3.382 3.57 dd (10.9, 4.3)
5 0.73-0.782 0.72 br d (10.7) 0.86 br d (9.4) 0.81-0.852 0.76 br d (10.8) 2 0.77brd (9.2) 0.87-0.922
. 147-1522 1.45-1.522 1.62m 1.60-1.64 2 1.46-1.522 1.47-1.542 1.65-1.70 2
1.16-1.30 2 1.19-1.252 1.35-1.39 2 1.35-1.39 m 1.20-1.29 2 1.19-1.27 1.41-1.47 2
; 1.26-1.322 1.26-1.322 1.35-1.39 2 1.36-1.40 2 1.28-1.352 1.29-1.36 2 1.42-1.472
1.13-1.252 1.13-1.19 121m 122m 1.16-1.24 1.17-1.242 1.25-1.312
9 1.43-1.49 2 1.42-1.482 1.52-1.56 2 1.52-1.58 2 1.45-1.512 1.46-1.542 1.55-1.60 2
1.81-1.872 1.77-1.90 2 193 m 1.91-1.982
11 Les17ma L2174 L7 L7177 1.70-1.78 (2H) 1.70-1.78 (2H) 1.83 m (2H)
12 52142 522brs 5.27brs 5.27brs 5.22brs 5.22brs 5.27brs
15 1.61-1.69 2 1.60-1.69 @ 1.66-1.70 2 1.65-1.722 1.65-1.722 1.65-1.69 2 1.71-1.77 2
0.83-0.882 0.82-0.902 0.88-0.922 0.89-0.932 0.85-0.922 0.82-0.862 0.80-0.902
1 1.97-2.012 2.02brt (12.2) 2 2.01-2.062 2.06 m 2.09-2.142 2.09-2.142 2.12-2.192
0.75-0.812 0.75-0.812 0.78-0.822 0.79-0.832 0.82-0.862 0.82-0.86 2 0.83-0.892
18 206dd (141,35  2.06dd (13.8,32)  2.11dd (13.8,3.5) 2.06-2.132 2.07-2.142 2.07-2.142 2.14-2.202
19 2.37 £ (13.6) 238t (13.3) 2.38 t (13.6) 242t (13.6) 249t (13.2) 249t (13.2) 258t (13.2)
1.60 br d (12.8) 1.59 br d (11.4) 1.65-1.70 2 1.63-1.69 2 1.63-1.70 2 1.63-1.70 2 1.69-1.75 2
’ 212brtd (124,2.6)  2.13brt(12.4)2 2.18 br t (12.4) 2.15-2.212 2.16-2.242 2.16-2.242 2.29 br t (12.5)
1.63-1.702 1.63-1.69 2 1.63-1.68 2 1.66-1.712 1.62-1.712 1.67-1.73 2 1.70-1.76 2
” 1.45-1.542 1.44-1512 1.47-1.512 1.49-1.542 1.47-1.532 1.46-1.542 1.53-1.60
1.26-1.33 2 1.26-1.322 1.32m 1.32m 1.31-1.372 1.31-1.372 1.35-1.42
23 1325 1295 1525 151s 1285 1285 1505
” 421-4.28 4204272 4344382 3.64d (11.0) 4204272 420-4.26° 439d (11.0)
3.35d (11.2) 3.29-3362 3.64d (11.2) 4.33-4.382 3.27-3.382 3.30-3.38 2 3.68d (11.0)
25 0.67s 0655 078 s 077s 0.69s 070s 0.83s
26 0.84s 0.84s 090s 090s 0.87s 0.88s 0955
27 1.08s 1.09s 113s 1155 1185 1185 126
28 0.87s 0.86s 0.89s 0.89s 091s 091s 0955
30 1495 1455 150s 1525 143 s 1435 156
Sugars (C-3)
GluA1 498d (7.5) 489d (5.5) 5.13d (7.0) 5.09d (5.2) 488d (6.2) 486d (6.2) 5.14d (7.4)
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Table 1. Cont.

50f12

Position 1 2 3 4 5 6 7
2 4.31dd (8.7,7.5) 426-4312 4.04-4.082 4.09 m 4.25-4332 4.24-4282 4.10dd (8.7,7.4)
3 4.35dd (8.9,8.7) 4.31-4.362 4.27-4312 4.29-4.36 m 4.28-4332 4.25-4302 4.30dd (9.0,8.7)
4 4.51dd (9.6, 8.9) 4.45-4.522 4.50-4.54° 4.53-4.58 2 4.41-449° 4.30-4.37 2 4.51dd (9.7,9.0)
5 4.63d (9.6) 4.51-4.56 2 4.69d (8.2) 4.68brs 4.50-4.552 4.43-4.48 4.68d (9.7)
6-OCH3 3.74s 3.74s
Gal 1 549d (7.5) 5.48d (7.0) 5.43d (7.0) 5.44d(7.1)
2 447t(9.7,7.5) 4452 4.40-4.46° 4.40-4.44
3 4.07dd (9.7,2.8) 4.05brd (8.2) 4.02Dbrd (8.8) 4.04brd (9.2)
4 440brd (2.8) 4.36-4.422 4.33-4.392 4.35-4.402
5 3.94-3.982 3.92-3.972 3.92m 3.93m
6 4.43-4472 4.39-4462 4.37-4452 4.30-4.502
4.30-4.352 4.28-4.342 4254302 422-430?
Sugars (C-29)
Glep 1 6.24 d (8.0) 6.23 d (8.0) 6.27 d (8.0) 6.28 d (8.0)
2 440t (8.7) 4374432 444t (8.7) 442-4492
3 427t(9.1) 426-4312 427-431°2 4.32-4.33°2
4 4.19t(9.1) 4.17-4.252 4222 4.22-4282
5 391 m 3.90-3.96 2 3.91-3.952 3.94-4.00°
6 4.35-4.392 4.33-4.38% 4.38-4.42°2 4.38-4.44°
4.26-4.302 4.24-4292 4.28-4332 4.30-4.352
Glep 1 5.46d (7.7) 5.42d (7.6) 5.51d(7.7) 5.49d (7.6)
2 3.99t(8.4) 3972 4.002 4.02t(8.4)
3 4.16 t (9.0) 4.17-4.232 4.14-4.182 4.21-4272
4 4.07t(9.0) 416-4.22° 4.04-4.08 2 4.21-4.26%
5 3.89m 3.92-3972 3.89-3.932 3.95-4.012
6 447brd (11.2) 4.49-4.56 2 4.32-4.362 4.43-4482
4.33dd (11.2,4.4) 4.37-4.42° 4.49-453° 4.55-4592
Gles 1 5.20d (7.8) 5.22.d (7.5)
2 4.02t(84) 4.03-4.07 2
3 4.20t(9.0) 421-4.252
4 4.12t(9.0) 4.14-4.182
5 3.98 m 3.97-4.022
6 4.53 br d (11.6) 4.50-4.54°
4.25dd (11.6,5.8) 4.25-4302

2 Overlapped with other signals.
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Table 2. 3C NMR Data for Compounds 1-7 in Pyr-ds.

Position 1 2 3 4 5 6 7
Aglycone
1 38.73 38.61 38.85 38.75 38.77 38.78 38.92
2 26.80 26.80 27.00 27.06 26.87 26.86 27.21
3 91.00 90.86 89.33 89.16 90.81 91.97 89.39
4 44.01 43.98 44.64 44.64 44.02 44.05 44.78
5 56.28 56.19 56.32 56.26 56.25 56.31 56.37
6 18.85 18.80 19.07 19.04 18.88 18.88 19.18
7 33.13 33.12 33.32 33.34 33.21 33.24 3347
8 40.17 40.13 40.30 40.28 40.21 40.21 40.40
9 47.75 47.69 47.78 47.75 47.86 47.90 48.00
10 36.66 36.61 36.83 36.81 36.67 36.68 36.92
1 24.16 24.14 24.25 24.27 24.25 24.27 24.43
12 123.38 123.40 123.60 123.62 123.12 122.95 123.33
13 144.44 144.35 144.48 144.40 144.84 144.96 144.94
14 41.90 41.90 42.02 42.04 42.05 42.06 4222
15 26.58 26.55 26.65 26.62 26.65 26.68 26.76
16 27.32 27.29 27.40 27.39 27.41 27.45 27.55
17 32.83 32.81 32.92 32.92 32.98 33.01 33.14
18 46.38 46.35 46.48 46.50 46.67 46.80 46.86
19 4091 40.90 41.10 41.02 41.69 41.82 41.84
20 43.51 43.50 43.62 43.61 43.05 43.22 43.22
21 29.63 29.64 29.61 29.70 30.11 30.22 30.26
22 36.33 36.28 36.41 36.37 36.72 36.87 36.84
23 23.01 22.89 23.58 23.55 22.88 22.87 23.63
24 63.80 63.71 63.55 63.51 63.71 63.68 63.56
25 15.87 15.85 15.73 15.71 15.91 15.90 15.78
26 16.99 16.98 17.11 17.13 17.05 17.06 17.22
27 26.26 26.22 26.35 26.29 26.31 26.31 26.40
28 28.48 28.45 28.57 28.55 28.62 28.66 28.75
29 177.98 178.00 178.08 178.11 181.45 181.53 181.62
30 19.44 19.39 19.39 19.44 20.20 20.29 20.32
Sugar (C-3)
GluA1l 104.97 105.03 106.48 106.65 105.06 105.10 106.85
2 81.14 80.92 75.69 75.66 81.16 80.75 75.66
3 78.38 78.36 78.33 78.41 78.31 78.06 78.22
4 73.21 73.18 73.85 73.81 7317 72.86 73.60
5 77.78 7771 7791 78.07 77.78 7712 77.73
6 173.17 172.98 174.12 173.42 172.63 170.55 171.03
6-OCH3 52.46 52.43
Gall 105.55 105.41 105.57 105.38
2 73.81 73.76 73.79 73.72
3 75.63 75.57 75.55 75.54
4 71.24 71.14 71.21 7117
5 77.42 77.33 77.35 77.30
6 62.83 62.73 62.87 62.75
Sugar (C-29)
Gl 1 94.12 94.26 94.20 94.38
2 80.60 80.95 80.33 80.94
3 78.50 78.36 78.60 78.51
4 70.84 70.83 70.96 70.96
5 79.58 79.52 79.70 79.67
6 62.14 62.10 62.22 62.21
Gley 1 104.92 105.68 104.82 105.76
2 75.24 76.56 75.25 76.68
3 88.24 78.15 88.33 78.28
4 70.04 71.90 70.21 72.03
5 78.50 78.76 78.56 78.89
6 62.88 63.08 63.01 63.23
Gles 1 105.87 105.94
2 75.71 75.77
3 78.42 78.46
4 71.88 71.93
5 78.81 78.86
6 62.80 62.82

6 0of 12
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Compound 3, a white and amorphous powder, had a molecular formula of Cs4HggOjs,
the same as 2, by positive HRESIMS at m/z 1157.5375 [M + Na]* (caled for Cs4HgsOp5Na, 1157.5356)
(Figure S17). Differed from 2, the distinction between 3 and 1 was found by the absence of
a set of signals corresponding to one p-D-galactose, and this was consistent with the acid
hydrolysis results that yielded only D-glucose and D-glucuronic acid and the significant upfield
shift of GlcA C-2 compared to 1 (6c 75.69 in 3; dc 81.14 in 1). Coupling pattern of anomeric
protons confirmed the B-anomeric configuration of each sugar residue. The sequence of the
sugar chains and their connections with the aglycone as determined by HMBC correlations
(Figure 522) were the same as 1. Consequently, the structure of 3 was defined as azukisapogenol
3-O-[B-D-glucuronopyranosyl]-29-O-f3-D-glucopyranosyl-(1—3)-p-D-glucopyranosyl-(1—2)-3-D-
glucopyranoside and named oxychiliotriterpenoside C.

Compound 4 was isolated as a white amorphous powder. Its molecular formula of C4gH7403,
CgH19O5 less than that of 3, was determined by the cationated molecular ion peak [M+Na]*
at m/z 995.4836 (calcd for CygH7sOx0Na, 995.4828) in positive HRESIMS (Figure S24). The 'H
and 3C NMR data (Tables 1 and 2) exhibited characteristic signals of azukisapogenol glycoside
with three sugar units consisting of one GlcA and two Glc moieties. Further acid hydrolysis
and 2D NMR experiments (Figures 527-530) confirmed the structure of 4 to be azukisapogenol
3-O-[3-D-glucuronopyranosyl]-29-O-3-D-glucopyranosyl-(1—2)-3-D-glucopyranoside. Compound 4
is a new compound and was named oxychiliotriterpenoside D.

Compound 5 had the molecular formula of CsHgsO15, according to [M + Na]* at m/z
833.4296 (caled for CypHgsO15Na, 833.4299) in positive HRESIMS (Figure S31). The 'H and 3C
NMR data of 5 (Tables 1 and 2), exhibiting characteristic signals of azukisapogenol glycoside
with two sugar units, differed from those of compounds 1-4 not only in the lack of signals for
sugar residues, but also in the significant downfield shift of C-29 (dc 181.45 in 5; ¢ 177.98,
178.00, 178.08, and 178.11 in 1-4), implying the absence of glycosidic esterification at C-29 in
5. Acid hydrolysis and coupling patterns of the anomeric protons confirmed the presence of
-D-galactose and (3-D-glucuronic acid. The key HMBC correlations of Jy 4.88 (GlcA H-1) with
dc 90.81 (Aglycone C-3), and dyy 5.43 (Gal H-1) with dc 81.16 (GlcA C-2) assigned the structure
of 5 to be azukisapogenol 3-O-3-D-galactopyranosyl-(1—2)-3-D-glucuronopyranoside, which was
confirmed by 2D NMR (Figures S34-537). Compound 5 is a new compound and was named
oxychiliotriterpenoside E.

Compound 6, a white amorphous powder, had a molecular formula of Cy3HgO15 by
HRESIMS analysis ([M + Na]* m/z 847.4457, calcd for C43HggO15Na, 847.4456) (Figure S38). The H
and ®C NMR data (Tables 1 and 2) highly resembled those of 5, except for the occurrence
of one more methoxyl group (dy 3.74, dc 52.46) in 6. Moreover, the molecular formula
of 6, showing one more CH, than that of 5, and the upfield shift of GlcA C-6 (6c 170.55
in 6; dc 172.63 in 5) supported 6 to be a methyl glucuronide derivative of 5. The HMBC
correlation of dyy 3.74 (OCHj3) with dc 170.55 (GlcA C-6) (Figure S43) further confirmed the
linkage of OCHj to GlcA C-6. Consequently, compound 6 was characterized as azukisapogenol
3-O-B-D-galactopyranosyl-(1—2)-3-D-6-O-methyl-glucuronopyranoside, i.e., oxychiliotriterpenoside E
glucuronic acid methyl ester.

Compound 7, a white amorphous powder, gave the molecular formula of C3;Hs5501 as deduced
by HRESIMS analysis ([M + Na]* m/z 685.3925, calcd for C3;Hs55019Na, 685.3928) (Figure S44). The B3l
and '3C NMR data (Tables 1 and 2) indicated 7 to be an azukisapogenol glucuronide, in which
the glucuronic acid was methyl esterified evidenced by the characteristic signals of OCHj3 (01 3.74,
6¢c 52.43) and CO (6¢ 171.03). Detailed analysis of the 1D and 2D NMR data (Tables 1 and 2 and Figures
545-549) confirmed the structure of 7 to be azukisapogenol 3-O-3-D-6-O-methyl glucuronopyranoside,
i.e.,, myrioside B glucuronic acid methyl ester.

Compounds 6 and 7, the methyl glucuronide derivatives of 5 and myrioside B, seemed to be
artifacts formed during the isolation procedure. Thus, 1.0 g dried powder of O. chiliophylla was
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extracted under reflux by 10 mL methanol, 10 mL ethanol and 10 mL water, respectively. Then the
methanol, ethanol and water extracts, as well as the reference substances of 1-8, were analyzed using
LC-MS by extracting the corresponding deprotonated molecular ion peak [M — H]~ of 1-6 and 8
and cationated [M + HCOO]~ of 7 with the mass accuracy <20 ppm. In the EIC chromatogram,
compounds 1-8 exhibited peaks with retention time of 9.7, 10.2, 12.0, 12.7, 19.4, 21.4, 24.8, and 22.4 min,
respectively. As we predicted, 6 and 7 were obviously detected in the methanol extract but not detected
in the ethanol and water extracts, while 1-5 and 8 can be obviously detected in all the extracts (Figure 3).
Consequently, it can be concluded that compounds 1-5 and 8 are naturally existing in O. chiliophylla,
while 6 and 7 are artifacts that might be derived from 5 and myrioside B, respectively.
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Figure 3. Extract ion chromatogram (EICs) of the reference compounds 1-8 and different extracts
of O. chiliophylla by extracting m/z 1295.6, 1133.5, 971.5, 809.5, 823.5, 707.5 and 647.5. (a) Reference
compounds; (b) MeOH extract; (c) EtOH extract; and (d) Water extract.

Triterpene glycosides, an important group of secondary metabolites with a variety of biological
activities, such as anti-inflammatory, antiviral, cytotoxic, and anti-fugal [10-13], are well-known to be
one of the major bioactive constituents of Oxytropis species. Seventeen olean-12-ene and one cycloartane
triterpene glycosides, with soyasapogenol B, soyasapogenol E, and azukisapogenol as the common
aglycones, have been reported from O. myriophylla [7], O. glabra [14], and O. kansuensis [15]. The sugar
portion consists of one to four sugar units including GlcA, Glc, rhamnose (Rha), arabinose (Ara),
and xylose (Xyl), where the GlcA unit, substituted with other sugars at its C-2, C-4, or C-6, is directly
linked to aglycone via C-3 position, whereas the bidesmosidic glycosides identified from Oxytropis
usually have a monoglucosidic linkage at C-29 of the azukisapogenol aglycone. Triterpene glycosides
have not been reported from O. chiliophylla to date, and the current study is the first to report the
separation of triterpene glycosides from the herb. All the obtained triterpene glycosides from O.
chiliophylla here are derived from the same aglycone of azukisapogenol, which is common in Oxytropis
genus [7,14]. Azukisapogenol and its glycosylated derivatives were firstly isolated from Vigna
angulariz [16-18] and subsequently found in O. glabra [14], O. myriophylla [7], and Trifolium hybridum [8],
all of which belonged to the same subfamily of Papilionoideae (Leguminosae). Concerning the sugar
moieties of the obtained triterpene glycosides from O. chiliophylla, GlcA, Glc, and Gal are identified as
the sugar units, with the glycosidic chains of GlcA at C-3 and Glc at C-29 respectively that is common
for the triterpene glycosides previously reported from Oxytropis speciecs. However, Gal, usually linked
to C-2 of GlcA, was identified as new sugar units (1, 2, 5, and 6) of azukisapogenol glycosides, and the
bidesmosidic glycosides, having a diglucosidic or triglucosidic linkage at C-29 (1-4), are reported from
Oxytropis for the first time. Thus azukisapogenol glycosides, especially those with a galactose unit at
GIcA C-2, might be recognized as a chemotaxonomic feature of O. chiliophylla. Further investigation of
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the triterpene glycosides of Oxytropis species is necessary for a better understanding of their chemical
and biological roles in these plants.

All the isolated compounds were further evaluated for their anti-inflammatory activity through
LPS-induced NO production in RAW 264.7 cells. Unfortunately, no compounds showed potent
inhibition on NO production, which might be due to the glycosylation that decreases the lipophilic
nature and makes it difficult to penetrate cell membrane.

3. Experimental Section

3.1. General Experimental Procedures

Optical rotations were measured with Rudolph Research Analytical Autopol IV automatic
polarmeter (Rudolph Research Analytical, Wilmington, MA, USA). NMR spectra were recorded on a
Bruker AVANCE II1-400 or 600 (Bruker Corporation, Billerica, MA, USA) with TMS as internal standard.
HRESIMS was carried out on a Waters Xevo G2 Q-TOF spectrometer fitted with an ESI source (Waters
Corporation, Milford, MA, USA). HPLC analysis was performed on an Agilent 1260 LC system (Agilent
Technologies, USA) with a Phenomenex column (250 x 4.6 mm, 5 um). Preparative HPLC separations
were performed on an Alltech semi-preparative HPLC instrument (Alltech Corporation, Chicago, IL,
USA) equipped with a Grace Alltime C18 column (250 x 22 mm, 5 pm). Column chromatography
(CC) was performed on Diaion HP20 (200-300 mesh, Mitsubishi Chemical Co., Tokyo, Japan), silica gel
(200-300 mesh; Qingdao Marine Chemical, Inc., Qingdao, China), ODS-A (50 um, YMC Co. Ltd.,
Kyoto, Japan), and Sephadex LH-20 (GE Healthcare Bio-Science AB, Uppsala, Sweden). Analytical
TLC was carried out on silica GFy54 (1040 pm; QingDao Marine Chemical, Inc., Qingdao, China),
and spots were observed by a UV light and 10% H,SO4-EtOH reagent. HPLC grade solvents, used for
HPLC analysis and preparation, were purchased from Fisher Scientific International (Fair Lawn, NJ,
USA), and deionized water was purified by Milli-Q Synthesis A10 (Bedford, MA, USA). Other solvents,
used for extraction and isolation, were of analytical grade and purchased from Beijing Tongguang
Chemicals (Beijing, China). All chemicals were purchased from J & K Co. Ltd. (Beijing, China).

3.2. Plant Material

The whole plant of O. chiliophylla was collected from Nagarze County, Tibet Autonomous Region,
China, in September 2012, and was authenticated by Associate Professor Ying-Tao Zhang, Department
of Natural Medicines, School of Pharmaceutical Science, Peking University Health Science Center.
A voucher specimen (No 20120901) was deposited in the Herbarium of Department of Natural
Medicines, School of Pharmaceutical Sciences, Peking University Health Science Center.

3.3. Extraction and Isolation

The dried aerial part of O. chiliophylla (10.0 kg) was pulverized and in turn extracted with 95%
EtOH and 50% EtOH for three times. After removal of solvent under reduced pressure, the residue
was suspended in water and then partitioned successively with petroleum ether, EtOAc and n-BuOH,
respectively. The n-BuOH extract (250 g) was chromatographed on Diaion HP20 macroporous
absorbent resin using an EtOH/H,0O gradient (0%, 20%, 40%, 60%, 80% and 95% EtOH) to obtain six
fractions (DK1~DK®6). DK4 (eluted with 60% EtOH, 80 g) was subjected to silica gel CC eluted with
CH,Cl,/CH30H gradient system (10:1, 5:1, 3:1, 1:1, and 1:5) to give five fractions (DK4-1~DK4-5).
DK4-3 (13.2 g) was chromatographed on ODS CC with a gradient system of MeOH /H,O (30, 50, 70,
and 100% MeOH) to yield four sub-fractions (DK4-3-A~DK4-3-D). Further purification of DK4-3-D
(2.0 g) by CC onssilica gel with EtOAc/MeOH/H,0 gradient system (45:2:1, 30:2:1, and 15:2:1) afforded
compounds 5 (200 mg), 6 (100 mg), 7 (20 mg), and 8 (10 mg). DK4-5 (20.0 g) was chromatographed
on silica gel CC eluted with EtOAc/MeOH/H,0 gradient system (30:2:1, 15:2:1, 8:2:1) to give four
sub-fractions (DK4-5-A~DK4-5-D). Further separation of DK4-5-D by isocratic preparative HPLC
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(MeCN-0.08% formic acid water, 33:67) gave compounds 1 (1.0 g), 2 (500 mg), 3 (200 mg), and 4
(20 mg).

Oxychiliotriterpenoside A (1): white amorphous powder; [a]zDS +20.0 (c 0.1, MeOH); UV (MeOH) Apax
210 nm; IR (KBr) vmax 3419, 2920, 1748, 1730, 1647, 1455, 1436, 1382, 1026, and 576 cm~!; HRESIMS
(positive mode) m/z 1319.5876 [M + Na]* (calcd for CgoHosO39Na, 1319.5884); 'H NMR and 3C NMR
(Pyr-ds) data, see Tables 1 and 2.

Oxychiliotriterpenoside B (2): white amorphous powder; [(x}zD5 +30.0 (c 0.1, MeOH); UV (MeOH) Apmax
210 nm; IR (KBr) vmax 3428, 2919, 1748, 1730, 1648, 1606, 1454, 1381, 1029, and 576 cm~!; HRESIMS
(positive mode) m/z 1157.5388 [M + Na]* (calcd for Cs4HggOo5Na, 1157.5356); 'H NMR and 3C NMR
(Pyr-ds) data, see Tables 1 and 2.

Oxychiliotriterpenoside C (3): white amorphous powder; [(X]Iz)s +10.0 (c 0.1, MeOH); UV (MeOH) Apax
210 nm; IR (KBr) vmax 3410, 2921, 1741, 1610, 1463, 1381, 1030, and 581 cm~!; HRESIMS (positive mode)
m/z 1157.5375 [M + Na]* (calcd for C54HggOo5Na, 1157.5356); 'H NMR and '3C NMR (Pyr-ds) data,
see Tables 1 and 2.

Oxychiliotriterpenoside D (4): white amorphous powder; [a]lz)S +30.0 (c 0.1, MeOH); UV (MeOH) Amax
210 nm; IR (KBr) vmax 3356, 2927, 1744, 1609, 1464, 1381, 1079, 1028, 659, and 581 cm~!; HRESIMS
(positive mode) m/z 995.4836 [M + Na]* (calcd for C48H76020Na, 995.4828); 'H NMR and 3C NMR
(Pyr-ds) data, see Tables 1 and 2.

Oxychiliotriterpenoside E (5): white amorphous powder; [(x}g +30.0 (c 0.1, MeOH); UV (MeOH) Amax
210 nm; IR (KBr) vmax 3415, 2924, 1714, 1467, 1382, 1257, 1042, and 576 cm~'; HRESIMS (positive
mode) m/z 833.4296 [M + Na]* (calcd for C4oHgsO15Na, 833.4299); 'H NMR and *C NMR (Pyr-ds)
data, see Tables 1 and 2.

Oxuychiliotriterpenoside E glucuronic acid methyl ester (6): white amorphous powder; [04]12)5 +10.0 (c 0.1,
MeOH); UV (MeOH) Amax 210 nm; IR (KBr) vmax 3419, 2920, 1747, 1605, 1455, 1379, 1025, and 523
cm~!; HRESIMS (positive mode) m/z 847.4457 [M + Na]* (calcd for C43HggO15Na, 847.4456); 'H NMR
and 13C NMR (Pyr-ds) data, see Tables 1 and 2.

Myrioside B glucuronic acid methyl ester (7): amorphous, white powder; [oc]zDS +10.0 (c 0.1, MeOH); UV
(MeOH) Amax 210 nm; IR (KBr) vmax 3421, 2924, 1746, 1456, 1380, 1028, and 578 cm~!; HRESIMS
(positive mode) m/z 685.3925 [M + Na]* (calcd for C37Hs3019Na,685.3928); 'H NMR and 3C NMR
(Pyr-ds) data, see Tables 1 and 2.

3.4. Determination of Absolute Configurations of Sugar Moieties

Compounds 1—7 (each 2.0 mg) were hydrolyzed with 3 M HCl for 2 h at 120 °C. The reaction
product was dissolved in HyO after evaporation, and then extracted with CH,Cl, for three times.
After being concentrated to dryness, the aqueous residue was added into 0.5 mL anhydrous pyridine
containing 2.0 mg L-cysteine methyl ester hydrochloride, and heated at 60 °C for 1 h. Then,
O-tolyl (5 uL) was added and heated at 60 °C for another 1 h. Subsequently, the reaction mixture was
directly analyzed by HPLC under the following conditions: An Agilent 1260 chromatograph equipped
with a Phenomenex column (250 x 4.6 mm, 5 um); column temperature: 35 °C; mobile phase: isocratic
elution of 23% MeCN-H,O (v:v) containing 0.08% formic acid; flow rate: 0.8 mL/min; UV detection
wavelength: 250 nm. The fg values (min) of standard monosaccharide derivatives prepared in the
same way were 18.9 (D-Gal), 21.7 (D-GlIc), and 22.5 (D-GIcA), respectively. By comparison of the
retention times, D-Gal, D-Glc, and D-GIcA were identified from compounds 1, 2, 5, and 6, while D-Glc
and D-GlcA were identified from compounds 3, 4, and 7.
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3.5. LC-MS Analysis

3.5.1. Chromatographic and MS Conditions

An Agilent 1200 series HPLC system and an Agilent 6320 ion trap MS equipped with an ESI source
were used for sample analysis. Separations were performed by a Phenomenex column (250 x 4.6 mm,
5 um) at 35 °C with a mobile phase consisting of 0.05% formic acid in water (A) and acetonitrile (B).
The gradient elution conditions of mobile phase were as follows: 0-10 min, 30-40% B; 10-30 min,
and 40-100% B. The flow rate was 1.0 mL/min, and the injection volume was 10 uL. The HPLC effluent
was introduced into the ESI source in a post-column splitting ratio of 1:5. The spectra were recorded in
the range of m/z = 100-1400. The mass setting parameters were as follows: Fragmentation amplitude,
0.5V, nebulizer 45.0 psi, and the gas temperature was 350 °C with gas flow of 10.0 L/min.

3.5.2. Preparation of Sample Solutions

Approximately 1.0 g of powdered aerial part of O. chiliophylla was extracted under reflux for 6 h
by 10 mL MeOH, 10 mL EtOH and 10 mL water, respectively, and filtered through a 0.22 um filter
membrane prior to injection into the LC-MS system.

3.5.3. Preparation of Reference Solutions

Compounds 1-8 were weighed accurately and dissolved in methanol to obtain solutions of
100 pg/mL as the reference solutions.

3.5.4. LC-MS Identification of Compounds 1-8

The methanol, ethanol and water extracts of O. chiliophylla, as well as the reference substances
1-8, were analyzed by LC-MS. Ionization was achieved using ESI in the negative mode. The data were
collected and then processed by MSD Trap Control Version 6.1 workstation.

3.5.5. Cell Culture

Mouse RAW 264.7 monocytic cells were from the Cell Bank of Peking Union Medical College
(Beijing, China) grown in DMEM medium (Hyclone, Waltham, MA, USA), and supplemented with 10%
fetal bovine serum (Hyclone), penicillin (100 U/mL), and streptomycin (100 pug/mL) in a humidified
incubator containing 95% air and 5% CO; at 37 °C.

3.6. Anti-Inflammatory Activity Assay

The anti-inflammatory effects were investigated by detecting the productions of nitric oxide
(NO), a major regulatory molecule involved in inflammatory response, in cell culture supernatants.
Briefly, RAW 264.7 cells (5.0 x 10* cells per well) were treated with lipopolysaccharide (LPS from
Escherichia coli, serotype 055:B5, 1 pg/mL) and different compounds for 24 h. Then, cell culture
supernatants (100 pL) were collected and reacted with 100 pL of Griess reagent (0.1% naphthylethylene
diamine dihydrochloride /1% sulfanilamide /2% phosphoric acid). After incubation for 10 min at room
temperature, the optical density was detected at 540 nm using a microplate reader. Sodium nitrite was
used as a standard curve in the assay.

Supplementary Materials: The HRESIMS, ID and 2D NMR spectra of compounds 1-7 are available online.

Author Contributions: Conceptualization, K.Z., H.L., PT. and Q.Z.; Funding Acquisition, P.T. and Q.Z,;
Investigation, JW., H.Y,, Y.L., K.N. and M.Z.; Project Administration, Q.Z.; Writing-Original Draft, ] W. and H.Y.

Funding: This work was financially supported by the National Natural Science Foundation of China (No.21372015)
and National Key Technology R & D Program “New Drug Innovation” of China (No. 2017ZX 09101003-008-003).

Conflicts of Interest: The authors have declared no conflict of interest.



Molecules 2018, 23, 2448 12 of 12

References

1.  Committee of Chinese Pharmacopoeia. Chinese Pharmacopoeia; Chinese Medical Science and Technology
Press: Beijing, China, 2010.

2. Diamer, D.Z.P.C. Jingzhu Materia Medica; Shanghai Science and Technology Press: Shanghai, China, 1986.

3.  The Editorial Committee of the Administration Bureau of Folar of China. Flora of China; Beijing Science and
Technology Press: Beijing, China, 2005; Volume 42.

4. Yao,S.;Ma, Y,; Tang, Y,; Chen, J.; Zhang, X. Chemical constituents of Oxytropis chiliophylla. Chin. ]. Chin.
Mater. Med. 2007, 32, 1660-1662.

5. Wang, ],; Liu, Y,; Kelsang, N.; Zeng, K; Liang, H.; Zhang, Q.; Tu, P. Rhamnocitrin glycosides from Oxytropis
chiliophylla. Phytochem. Lett. 2017, 19, 50-54. [CrossRef]

6. Liu, Y; Zhang, X,; Kelsang, N.; Tu, G.; Kong, D.; Lu, ].; Zhang, Y; Liang, H.; Tu, P; Zhang, Q. Structurally
diverse cytotoxic dimeric chalcones from Oxytropis chiliophylla. J. Nat. Prod. 2018, 81, 307-315. [CrossRef]
[PubMed]

7. Okawa, M.; Yamaguchi, R.; Delger, H.; Tsuchihashi, R.; Nohara, T.; Kinjo, J.; Isoda, S.; Ida, Y. Five triterpene
glycosides from Oxytropis myriophylla. Chem. Pharm. Bull. 2002, 50, 1097-1099. [CrossRef] [PubMed]

8.  Perez, A].; Kowalczyk, M.; Simonet, A.M.; Macias, FA.; Oleszek, W.; Stochmal, A. Isolation and structural
determination of triterpenoid glycosides from the aerial parts of alsike clover (Trifolium hybridum L.). ]. Agric.
Food Chem. 2013, 61, 2631-2637. [CrossRef] [PubMed]

9. Tanaka, T.; Nakashima, T.; Ueda, T.; Tomii, K.; Kouno, I. Facile discrimination of aldose enantiomers by
reversed-phase HPLC. Chem. Pharm. Bull. 2007, 55, 899-901. [CrossRef] [PubMed]

10. Wu, C; Duan, Y;; Tang, W.; Li, M.; Wu, X; Wang, G.; Ye, W.; Zhou, G.; Li, Y. New ursane-type triterpenoid
saponins from the stem bark of Schefflera heptaphylla. Fitoterapia 2014, 92, 127-132. [CrossRef] [PubMed]

11. Jiang, Y.; Zeng, K.; David, B.; Massiot, G. Constituents of Vigna angularis and their in vitro anti-inflammatory
activity. Phytochemistry 2014, 107, 111-118. [CrossRef] [PubMed]

12. Song, W,; Si, L.; Ji, S.; Wang, H.; Fang, X.; Yu, L.; Li, R,; Liang, L.; Zhou, D.; Ye, M. Uralsaponins M-Y, antiviral
triterpenoid saponins from the roots of Glycyrrhiza uralensis. |. Nat. Prod. 2014, 77, 1632-1643. [CrossRef]
[PubMed]

13.  Han, Q.; Qian, Y.; Wang, X.; Zhang, Q.; Cui, J.; Tu, P; Liang, H. Cytotoxic oleanane triterpenoid saponins
from Albizia julibrissin. Fitoterapia 2017, 121, 183-193. [CrossRef] [PubMed]

14. Sun, R, Jia, Z. Saponins from Oxytropis glabra. Phytochemistry 1990, 29, 2032-2034.

15. Gong, H.; Yang, A.; Liu, J.; Di, D. Studies on chemical constituents of Oxytropis kansuensis. Chin. Tradit.
Herb. Drugs 2010, 41, 187-190.

16. Kitagawa, I.; Wang, H.K,; Saito, M.; Yoshikawa, M. Saponin and sapogenol. XXXI. Chemical constituents of
the seeds of Vigna angularis (Willd) Ohwi Et Ohashi. (1) Triterpenoidal sapogenols and 3-furanmethanol
beta-D-glucopyranoside. Chem. Pharm. Bull. 1983, 31, 664-673. [CrossRef]

17. Kitagawa, I.; Wang, H.K.; Saito, M.; Yoshikawa, M. Saponin and sapogenol. XXXII. Chemical constituents of
the seeds of Vigna angularis (Willd) Ohwi Et Ohashi. (2) Azukisaponins I, azukisaponin II, azukisaponin III
and azokisaponin IV. Chem. Pharm. Bull. 1983, 31, 674—682. [CrossRef]

18. Kitagawa, I.; Wang, H.K.; Saito, M.; Yoshikawa, M. Saponin and sapogenol. XXXIII. Chemical constituents

of the seeds of Vigna angularis (Willd) Ohwi Et Ohashi. (3) Azukisaponin V and azukisaponin VI.
Chem. Pharm. Bull. 1983, 31, 683-688. [CrossRef]

Sample Availability: Samples of the compounds are available from the authors.

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.phytol.2016.11.011
http://dx.doi.org/10.1021/acs.jnatprod.7b00736
http://www.ncbi.nlm.nih.gov/pubmed/29400468
http://dx.doi.org/10.1248/cpb.50.1097
http://www.ncbi.nlm.nih.gov/pubmed/12192143
http://dx.doi.org/10.1021/jf305541e
http://www.ncbi.nlm.nih.gov/pubmed/23438309
http://dx.doi.org/10.1248/cpb.55.899
http://www.ncbi.nlm.nih.gov/pubmed/17541189
http://dx.doi.org/10.1016/j.fitote.2013.10.006
http://www.ncbi.nlm.nih.gov/pubmed/24144797
http://dx.doi.org/10.1016/j.phytochem.2014.08.011
http://www.ncbi.nlm.nih.gov/pubmed/25189119
http://dx.doi.org/10.1021/np500253m
http://www.ncbi.nlm.nih.gov/pubmed/24957203
http://dx.doi.org/10.1016/j.fitote.2017.07.015
http://www.ncbi.nlm.nih.gov/pubmed/28764915
http://dx.doi.org/10.1248/cpb.31.664
http://dx.doi.org/10.1248/cpb.31.674
http://dx.doi.org/10.1248/cpb.31.683
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Experimental Section 
	General Experimental Procedures 
	Plant Material 
	Extraction and Isolation 
	Determination of Absolute Configurations of Sugar Moieties 
	LC-MS Analysis 
	Chromatographic and MS Conditions 
	Preparation of Sample Solutions 
	Preparation of Reference Solutions 
	LC-MS Identification of Compounds 1–8 
	Cell Culture 

	Anti-Inflammatory Activity Assay 

	References

