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Abstract: Objective To investigate the chemical constituents of the intestinal bacteria transformation products of total saponins from
Platycodon grandiflorus and their anti-drug-induced liver injury activity. Methods The compounds were isolated and purified by
column chromatography techniques including AB-8 macroporous resin, normal phase silica gel, Sephadex LH-20 gel chromatography,
and semi-preparative high-performance liquid chromatography. Their structures were identified based on physicochemical properties,
mass spectrometry and nuclear magnetic resonance spectral data. The anti-drug-induced liver injury activities of the isolated

compounds were evaluated using an acetaminophen-induced AMLI12 cell hepatic injury model. Results A total of 16 compounds
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were isolated from the intestinal bacteria transformation products of total saponins from P. grandifloras and identified as 3-O-B-D-
glucopyranosyloxy-2f,3p,16a,23-tetrahydroxyolean-12-en-28-oic  acid-28-0-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranoside
(1), polygalacin D (2), 3-O-B-D-glucopyranosyl platycodigenin (3), platycodin D3 (4), platycoside F (5), platycodin D (6), deapio-
platycodin D (7), platycodonoid B (8), 3-O-B-D-glucopyranosyl polygalacic acid (9), leiyemudanoside A (10), linoleic acid (11),
(62,92)-6,9-hexadecadienoic acid (12), glyceryl linoleate (13), (25)-1-0-(9Z,12Z-octadecandienyl)-3-O-B-galactosyl glycerol (14),
dibutyl phthalate (15), and triallyl isocyanurate (16). Anti-drug-induced liver injury activity study showed that compounds 1—3, 5—
7, 9, and 14 significantly inhibited the levels of alanine aminotransferase and aspartate aminotransferase in acetaminophen-induced
AMLI12 cell supernatants (P < 0.05, 0.01). Conclusion A total of 16 compounds were successfully isolated and identified from the
intestinal bacterial transformation products from total saponins of P. grandiflorus. Compound 1 is a new compound named des-apio-
xylosyl polygalacin D. Compounds 1—3, 5—7, 9, and 14 exhibit significant anti-drug-induced liver injury activities, showing potential
hepatoprotective effects.

Key words: total saponins of Platycodonis Radix; intestinal bacterial; transformation product; drug-induced liver injury; des-apio-

xylosyl polygalacin D; polygalacin D; platycodin D3
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1 {L&% polygalacin D Y454
Fig.1 Structure of polygalacin D

*1 PMP {TEHBEMERN GBIERERE

Table 1 Chromatographic retention times of PMP-derivatized monosaccharides

E4iS 5 AR R E [M+H] IRE (X1079) tr/min
R 5 glucose PMP C26H30N4O7 511.218 7 -1.11 14.094
L-glucose PMP Ca6H30N407 511.2185 -1.50 13.167
D-glucose PMP Ca6H30N407 511.2190 -0.53 14.107
FE i arabinose PMP CasH28N4O6 481.209 0 0.60 14.683
L-arabinose PMP Ca2sH28N40s 481.207 3 -2.93 14.686
D-arabinose PMP Ca2sH28N40s 481.208 2 —-1.06 13.897
F£ 5 rhamnose PMP C26H30N4Oe 4952237 -1.33 11.741
L-rhamnose PMP Ca6H30N4O6 495,223 2 —2.34 11.740
D-rhamnose PMP Ca6H30N4O6 495,223 2 —2.34 11.398

H C: HMBC

B2 & 189X HMBC 8%
Fig.2 Key HMBC correlation of compound 1

iy & N 3-O-B-D-glucopyranosyloxy-2p,3p,16a,23-
tetrahydroxyolean-12-en-28-oic acid 28-O-o-L-rhamno-
pyranosyl-(1—2)-a-L-arabinopyranoside, LK 3. fi%
S5 5 MIAE WK 2 Fras. & Scifinder £s E R R
NFEY, R AETFEARRERZEEEE D.

OH
HOITOH
o7 o7

3 LAY 1SR

Fig.3 Structure of compound 1

a2 AR, WTHEE. ESI-MS m/z:
1207.6 [M—H] . '"H-NMR (600 MHz, CsDsN) d: 1.00
(3H, s, 29-CH3), 1.15 (3H, s, 26-CH3), 1.17 (3H, s, 30-
CHs), 1.36 (3H, s, 24-CH3), 1.58 (3H, s, 25-CH3), 1.77
(3H, s, 27 -CH3), 1.73 (3H, d, J = 5.8 Hz, Rha-CH3),
3.59 (1H, m, H-23a), 4.37 (1H, m, H-23b), 4.34 (1H,
m, H-3), 4.82 (1H, m, H-2), 4.82 (1H, overlapped, Xyl-
H-1), 5.18 (1H, d, J= 7.8 Hz, Glc-H-1), 5.26 (1H, brs,
H-16), 5.64 (1H, brs, H-12) , 6.24 (1H, d, J = 2.1 Hz,
Api-H-1),6.49 (1H, d,J= 2.8 Hz, Ara-H-1); 3C-NMR
(150 MHz, CsDsN) o: 44.2 (C-1), 69.9 (C-2), 83.7 (C-
3), 42.8 (C-4), 47.9 (C-5), 18.1 (C-6), 33.4 (C-7), 40.2
(C-8), 47.6 (C-9), 37.0 (C-10), 24.1 (C-11), 123.1 (C-
12), 144.4 (C-13), 42.3 (C-14), 36.2 (C-15), 74.0 (C-
16),49.6 (C-17),41.3 (C-18),47.1 (C-19), 30.9 (C-20),
36.0(C-21),32.2(C-22), 66.0 (C-23), 15.1 (C-24),17.7
(C-25), 17.4 (C-26), 27.2 (C-27), 176.0 (C-28), 33.3
(C-29), 24.8 (C-30), 3-O-Glc C-1~6 (105.7, 75.4,
78.6, 71.9, 77.8, 63.0), 28-0O-Ara C-1~5 (93.5, 75.5,
70.6, 65.4, 63.0), 28-O-Rha C-1~6 (101.2, 71.6, 72.7,
83.1, 68.6, 18.4), 28-O-Xyl C-1~5 (106.7, 75.2, 84.7,
69.4, 67.0), Api C 1-5 (111.2, 78.3, 80.5, 75.2, 65.6)
DA Hlls 5 o T R A — B0, MU S 2
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&2 &Y 18 'H-NMR #1 *C-NMR #1& (600/150MHz, CsDsN)
Table 2 'H-NMR and '3C-NMR data for compound 1 (600/150MHz, CsDsN)

LZDA OH dc A JH dc 1304 OH dc
1 1.28,2.33 (overlapped) 443 117 49.6 3 4,19 (m) 78.6
2 4.85 (brs) 705 (18 3.61(m) 413 |4 4.23 (m) 716
3 4.35(d,J=3.6Hz) 83.0 [19 2.15,2.32 (overlapped)  47.1 |5 3.92 (m) 783
4 42.8 |20 309 (6 4.24 (m), 4.55 (overlapped) 62.7
5 218 (m) 47.7 21 1.48 (m),1.80 (overlapped) 36.0 [28-O-AraC 1 6.56 (d,J=2.8Hz) 935
6 1.74 (m), 1.84 (overlapped)  18.1 |22 321 |2 4.59 (overlapped) 75.4
7 207 (m),2.32(m) 32.1 |23 3.58 (overlapped), 4.30 (m) 65.6 (3 4.59 (overlapped) 70.0
8 40.2 |24 1.35(s) 15.1 |4 4.46 (overlapped) 66.0
9 1.89(m) 479 |25 1.61 (s) 174 15 3.96 (m), 4.46 (overlapped) 62.9

10 37.0 [26 117 (s) 17.6 [28-0-RhaC1 5.81 (brs) 101.6

11 2.06 (m), 2.20 (overlapped)  24.1 [27 1.78 (s) 272 2 4.59 (overlapped) 72.4

12 5.64 (brs) 123.0 |28 1759 |3 6.31 (m) 72.6

13 144.5 129 1.00 (s) 333 W 4.30 (m) 739

14 42.3 |30 1.15(s) 248 |5 4.47 (overlapped) 70.7

15 1.30 (overlapped), 2.42(m)  36.2 [3-O-GlcC1 5.19(1H,d,J=7.8Hz) 1058 |6 1.71(d, J=6.2 Hz) 18.6

16 5.28 (brs) 740 2 4.05 (M) 755

“A polygalacin D, brs, H-2), 4.88 (1H, d, J= 8.0 Hz, Xyl-H-1), 6.43 (1H,
& 3. AR, BT HEE. ESI-MS m/z: brs, Ara-H-1), 5.84 (1H, brs, Rha-H-1), 6.26 (1H, brs,

681.4 [M—H] . 'H-NMR (600 MHz, CsDsN) J: 1.04
(3H, s, 29-CH3), 1.09 (3H, s, 26-CH3), 1.18 (3H, s, 30-
CH3), 1.53 (3H, s, 25-CH3), 1.80 (3H, s, 27-CH3), 3.96
(1H, m, H-23a), 4.74 (1H, m, H-23b), 4.16 (1H, m, H-
24a), 4.20 (1H, m, H-24b), 4.22 (1H, m, H-2), 4.35(1H,
m, H-3), 5.13 (1H, d, J = 7.8 Hz, Glc-H-1), 5.25 (1H,
brs, H-16), 5.69 (1H, brs, H-12); '*C-NMR (150 MHz,
CsDsN) d: 45.1 (C-1), 69.5 (C-2), 86.4 (C-3), 48.1 (C-
4), 49.0 (C-5), 19.3 (C-6), 33.7 (C-7), 40.3 (C-8), 47.7
(C-9), 37.6 (C-10), 24.2 (C-11), 122.7 (C-12), 145.1
(C-13),42.4 (C-14), 36.3 (C-15), 74.7 (C-16), 49.7 (C-
17),41.6 (C-18),47.2 (C-19), 31.1 (C-20), 36.1 (C-21),
32.9(C-22),63.6 (C-23),67.2 (C-24),18.3 (C-25),17.6
(C-26), 27.2 (C-27), 180.0 (C-28), 33.3 (C-29), 24.7
(C-30), 3-0-Glc C-1~6 (106.4, 75.3, 78.8, 71.6, 78.7,
62.6). LA B 5 ICHRIRE I A — 0, el
EW) 3 N 3-0-B-D-glucopyranosyl platycodigenin
a4 AEMA, T HEE. ESI-MS m/z
1385.6[M—H] - 'H-NMR (600 MHz, CsDsN) d: 1.04
(3H, s, 29-CH3), 1.11 (3H, s, 26-CH3), 1.14 (3H, s, 30-
CHs), 1.47 (3H, s, 25-CH3), 1.71 (3H, s, 26-CH3), 1.74
(3H, s, 27-CHz3), 2.03 (1H, overlapped, H-11a), 2.08
(1H, overlapped, H-11b), 4.62 (1H, brs, H-3), 4.79 (1H,

Api-H-1), 5.25 (2H, overlapped, Glc-H-1); 3C-NMR
(150 MHz, CsDsN) &: 43.7 (C-1), 70.7 (C-2), 85.9 (C-
3), 49.4 (C-4), 48.4 (C-5), 20.4 (C-6), 34.7 (C-7), 39.3
(C-8), 48.8 (C-9), 37.4 (C-10), 25.3 (C-11), 124.5 (C-
12), 145.6 (C-13), 42.8 (C-14), 37.3 (C-15), 75.1 (C-
16), 50.9 (C-17), 41.7 (C-18), 48.4 (C-19), 32.2 (C-20),
37.3(C-21), 33.4 (C-22), 64.3 (C-23), 66.6 (C-24), 19.6
(C-25), 18.9 (C-26), 28.3 (C-27), 177.2 (C-28), 34.5
(C-29), 26.0 (C-30), 3-O-Glc C-1~6 (108.2, 76.1,
79.8,74.0, 77.7, 71.9), 3-O-Glc C-1'~6' (106.2, 76.1,
79.1, 73.1, 79.9, 63.8), 28-O-Ara C-1~5 (94.9, 76.6,
71.8,67.7, 64.8), 28-O-Rha C-1~6 (102.5, 72.6, 73.3,
84.9, 69.8), 28-0-Xyl C-1~6 (107.6, 76.5, 85.2, 70.7,
68.2), 28-0-Api C-1~5 (111.5,79.0, 81.8, 76.4, 66.6).
DA 208 5 SRR B B AR — B, S ER S ) 4
°A platycodin D3

WEM s Bk, ETHEE. ESI-MS m/z
959.5 [M—H] = 'H-NMR (600 MHz, CsDsN) &: 1.00
(3H, s, 29-CHs), 1.14 (3H, s, 26-CHs), 1.14 (3H, s, 30-
CHs), 1.53 (3H, s, 25-CHs), 1.75 (3H, s, 27-CHs), 1.70
(3H, d, J = 6.1 Hz, Rha-CH3), 3.96 (1H, m, H-23a),
4.82 (1H, m, H-23b), 4.05 (1H, m, H-24a), 4.20 (1H,
m, H-24b), 4.48 (1H, m, H-3), 4.82 (1H, m, H-2), 5.12
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(1H, d,J=7.8 Hz, Glc-H-1), 5.28 (1H, brs, H-16), 5.66
(1H, brs, H-12), 6.54 (1H, d,J=2.6 Hz, Ara-H-1); 13C-
NMR (150 MHz, CsDsN) d: 45.2 (C-1), 70.5 (C-2),
86.5 (C-3), 48.1 (C-4), 47.1 (C-5), 19.3 (C-6), 33.6 (C-
7), 40.4 (C-8), 49.7 (C-9), 37.5 (C-10), 24.2 (C-11),
123.2 (C-12), 144.4 (C-13), 42.4 (C-14), 36.0 (C-15),
75.3 (C-16),49.7 (C-17), 41.4 (C-18), 47.7 (C-19), 30.9
(C-20), 36.1 (C-21), 32.1 (C-22), 63.6 (C-23), 67.4 (C-
24), 18.6 (C-25), 17.6 (C-26), 27.1 (C-27), 175.9 (C-
28), 33.3 (C-29), 24.8 (C-30), 3-0-Glc C-1~6 (106.3,
75.4, 78.7, 72.4, 78.8, 62.6), 28-0-Ara C-1~5 (93.5,
75.4,71.6, 66.1, 63.0), 28-0O-Rha C-1~6 (101.6, 72.6,
73.9, 74.0, 70.1, 18.4). LA - H ¥ 5 SOk IE FEA —
O, S EWEY) 5 N platycoside Fo

EY 6: AR, T HE. ESI-MSm/z:
1223.6 [M—H] . 'H-NMR (600 MHz, CsDsN) d: 1.00
(3H, s, 29-CH3), 1.13 (3H, s, 26-CH3), 1.14 (3H, s, 30-
CHs), 1.47 (3H, s, 25-CH3), 1.74 (3H, s, 27-CH3), 1.72
(3H, d, J = 6.0 Hz, Rha-CH3), 3.96 (1H, m, H-23a),
4.73 (1H, m, H-23b), 4.05 (1H, m, H-24a), 4.22 (1H,
m, H-24b), 4.39 (1H, m, H-3), 4.22 (1H, m, H-2), 5.09
(1H, overlapped, Xyl-H-1), 5.18 (1H, overlapped, Glc-
H-1), 5.26 (1H, brs, H-16), 5.67 (1H, brs, H-12) , 6.24
(1H, d, J = 2.5 Hz, Api-H-1), 6.44 (1H, d, J= 3.3 Hz,
Ara-H-1); BC-NMR (150 MHz, CsDsN) 6: 47.0 (C-1),
69.4 (C-2), 86.2 (C-3), 49.6 (C-4), 48.0 (C-5), 19.3 (C-
6), 33.5 (C-7), 40.3 (C-8), 45.1 (C-9), 37.5 (C-10), 24.1
(C-11), 123.1 (C-12), 144.3 (C-13), 42.3 (C-14), 36.1
(C-15), 75.1 (C-16), 49.6 (C-17), 41.4 (C-18), 47.6 (C-
19), 30.9 (C-20), 36.0 (C-21), 32.1 (C-22), 63.5 (C-23),
66.4 (C-24), 18.3 (C-25), 17.6 (C-26), 27.0 (C-27),
176.0 (C-28), 33.2 (C-29), 24.6 (C-30), 3-O-Glc C-1~
6(106.2,75.2,78.6,72.7, 78.7, 62.5), 28-0-Ara C-1~
5 (93.6, 75.3, 71.6, 65.3, 63.5), 28-O-Rha C-1~6
(101.2,71.8,73.8, 83.8, 68.5, 19.3) , 28-0-Xyl C-1~5
(106.7, 75.3, 84.7, 70.5, 66.9), 28-O-Api C-1 ~5
(111.2,77.7,80.4,75.2, 65.4). LI E¥dE 5 CRkIRIE
FEAR—E08, WSS 6 4 platycodin D.

a7 aEkAR, BT HEL. ESI-MS m/z:
1091.5[M—H] = 'H-NMR (600 MHz, CsDsN) 6: 1.00
(3H, s, 29-CH3), 1.13 (3H, s, 26-CH3), 1.14 (3H, s, 30-
CH3), 1.50 (3H, s, 25-CH3), 1.73 (3H, s, 27-CH3), 1.75
(3H, d, J = 6.0 Hz, Rha-CH3), 3.97 (1H, m, H-23a),

4.95 (1H, m, H-23b), 4.08 (1H, m, H-24a), 4.21 (1H,
m, H-24b), 4.35 (1H, m, H-3), 4.21 (1H, m, H-2), 5.10
(1H, overlapped, Xyl-H-1), 5.20 (1H, d, J = 7.6 Hz,
Gle-H-1), 5.27 (1H, brs, H-16), 5.66 (1H, brs, H-12),
6.48 (1H, d,J=2.8 Hz, Ara-H-1); 3C-NMR (150 MHz,
CsDsN) d: 45.2 (C-1), 68.6 (C-2), 88.5 (C-3), 48.1 (C-
4), 47.7 (C-5), 19.3 (C-6), 33.6 (C-7), 40.4 (C-8), 47.0
(C-9), 37.6 (C-10), 24.2 (C-11), 123.1 (C-12), 144.3
(C-13), 42.3 (C-14), 36.0 (C-15), 74.0 (C-16), 49.7 (C-
17), 41.5 (C-18), 47.2 (C-19), 30.9 (C-20), 36.2 (C-21),
32.1(C-22), 63.6 (C-23), 67.5 (C-24), 18.4 (C-25), 17.6
(C-26), 27.1 (C-27), 175.9 (C-28), 33.3 (C-29), 24.7
(C-30), 3-O-Glc C 1-6 (106.8, 75.3, 78.7, 72.0, 78.7,
62.6), 28-0-Ara C 1-5 (93.6,75.1,70.2, 66.3, 63.3), 28-
O-Rhm C 1-6 (101.1, 71.6, 72.7, 83.6, 69.5, 18.5), 28-
O-Xyl C 1-5(106.3,76.1,78.6,71.1,67.6). VL E¥i¥&
5 SCHRAR IS A — 35161, MU e AW 7 4 deapio-
platycodin D.

&Y 8: HEMAK, BT HEL. ESI-MS m/z:
635.4 [M—H] . 'H-NMR (600 MHz, CsDsN) : 0.84
(3H, s, 29-CH3), 0.89 (3H, s, 30-CH3), 0.99 (3H, s, 25-
CH3), 1.17 (3H, s, 27-CH3), 1.56 (3H, s, 26-CH3), 4.12
(1H, d, J = 11.3 Hz, H-23a), 5.01 (1H, d, J= 11.3 Hz,
H-23b), 4.26 (1H, d, J = 11.0 Hz, H24a), 4.80 (1H, d,
J=11.0 Hz, H-24b), 4.35 (1H, m, H-2), 4.58 (1H, brs,
H-3), 5.16 (1H, d, J = 7.8 Hz, Glc-H-1), 5.41(1H, brs,
H-12); BC-NMR (150 MHz, CsDsN) d: 44.8 (C-1),
71.7 (C-2), 86.1 (C-3), 47.6 (C-4), 48.1(C-5), 19.1 (C-
6),33.2 (C-7), 40.0 (C-8), 47.0 (C-9), 37.4 (C-10), 24.0
(C-11), 123.6 (C-12), 142.6 (C-13), 46.5 (C-14), 46.8
(C-15), 213.4 (C-16), 48.0 (C-17), 45.0 (C-18), 47.0
(C-19), 31.1 (C-20), 34.8 (C-21), 21.3 (C-22), 63.5 (C-
23), 63.8 (C-24), 18.0 (C-25), 17.7 (C-26), 26.9 (C-27),
33.4 (C-29), 23.5 (C-30), 3-O-Glc C 1-6 (106.3, 75.3,
78.7,72.0, 78.7, 62.6). LA - F ¥ 5 STk IE A —
FH09, WA 8 N platycodonoid B

WEW9: AEMAKR, BT HEL. ESI-MSm/z:
665.4 [M—H] - 'H-NMR (600 MHz, CsDsN) d: 1.05
(3H, s, 29-CH3), 1.13 (3H, s, 26-CH3), 1.18 (3H, s, 30-
CH3), 1.37 (3H, s, 24-CH3), 1.61 (3H, s, 25-CH3), 1.84
(3H, s, 27-CH3), 3.93(1H, m, H-23a), 4.86 (1H, m, H-
23b), 4.06 (1H, m, H-24a), 4.19 (1H, m, H-24b), 4.26
(1H, m, H-2), 4.41 (1H, m, H-3), 5.20 (1H, d, J= 7.7
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Hz, Glc-H-1), 5.26 (1H, brs, H-16), 5.68 (1H, brs, H-
12); BC-NMR (150 MHz, CsDsN) d: 44.2 (C-1), 70.6
(C-2), 82.9 (C-3), 42.8 (C-4), 47.8 (C-5), 18.0 (C-6),
33.3(C-7),40.0 (C-8),47.6 (C-9), 37.0 (C-10), 24.0 (C-
11), 122.6 (C-12), 145.1 (C-13), 42.3 (C-14), 36.1 (C-
15), 74.8 (C-16), 48.8 (C-17), 41.4 (C-18), 47.2 (C-19),
31.0 (C-20), 36.2 (C-21), 32.9 (C-22), 65.5 (C-23), 15.1
(C-24), 17.6 (C-25), 17.3 (C-26), 27.3 (C-27), 180.0
(C-28), 33.3 (C-29), 24.7(C-30), 3-O-Glc C 1-6 (105.7,
75.5,78.6,71.5,78.3,62.6). LA LEddE 5 CkHRIEIEA
—H, WEEWEY) 9 A 3-O-B-D-glucopyranosyl
polygalacic acid.

&Y 10: AEHK, BT HEE. ESI-MS m/z:
943.5 [M—H] > 'H-NMR (600 MHz, CsDsN) J: 0.95
(3H, s, H-24), 1.10 (3H, s, H-29), 1.11 (3H, s, H-25),
1.47 (3H, s, H-30), 1.71 (3H, s, H-26), 1.72 (3H,
overlapped, H-27), 5.18 (1H, d, J = 7.2 Hz, Glc-H-1),
5.02 (1H, d, J = 7.6 Hz, Glc-H-1"), 497 (1H, t, J=7.2
Hz, Rha-H-1); BC-NMR (150 MHz, CsDsN) 6: 40.4
(C-1), 26.1 (C-2), 84.8 (C-3), 46.4 (C-4), 49.3(C-5),
20.6 (C-6), 34.8 (C-7), 41.7 (C-8), 48.9 (C-9), 38.8 (C-
10), 25.4 (C-11), 124.4 (C-12), 145.6 (C-13), 43.6 (C-14),
37.4 (C-15), 76.3 (C-16), 50.8 (C-17), 42.7 (C-18), 48.3
(C-19), 32.1 (C-20), 37.3 (C-21), 33.4 (C-22), 64.9 (C-
23), 18.8 (C-24), 19.6 (C-25), 19.7 (C-26), 28.4 (C-27),
177.2 (C-28), 34.5 (C-29), 26.0 (C-30), 3-O-Rha C-1~5
(108.1, 74.0, 76.5, 70.7, 68.7), 28-0-Glc C-1~6 (102.4,
752, 79.8, 71.6, 79.8, 69.9), 28-O-Glc C-1'~6' (107.6,
77.3,79.9,72.3,80.0, 63.8). LI FEHE 5 CkAEIEA
— 21, IR A 10 N leiyemudanoside A

&P 11 LEMREE, T HEE. ESI-MS
m/z: 279.2 [M—H] . 'H-NMR (600 MHz, CsDsN) 6:
0.86 (3H, t, J =7.2 Hz, H-18), 1.23~1.34 (14H, m, H-
4~7,H-15~17), 1.85 (2H, m, H-3), 2.01 (4H, m, H-
14), 2.45 (2H, m, H-2), 2.91 (2H, m, H-11), 5.46~5.51
(4H, m, H-9~13); 3C-NMR (150 MHz, CsDsN) 6
175.5 (C-1),35.4 (C-2), 25.8 (C-3), 29.4 (C-4), 29.4 (C-
5), 29.2 (C-6), 29.7 (C-7), 27.3 (C-8), 130.2 (C-9),
128.2 (C-10), 26.0 (C-11), 128.1 (C-12), 130.2 (C-13),
27.6 (C-14),29.5 (C-15),31.4 (C-16),22.6 (C-17), 14.0
(C-18). LA F¥UiR 5 TR GE A — 522, e
&%) 11 4 linoleic acid.

&) 12: WPRWAE, T HEE. ESI-MS m/z:

251.2 [M—H] . 'H-NMR (600 MHz, CsDsN) d: 0.85
(3H, t, J = 5.7 Hz, H-16), 1.22~1.40 (14H, m, H-4,
11~15), 1.79 (2H, m, H-3), 2.11 (4H, m, H-5), 2.52
(2H, m, H-2), 2.92 (2H, m, H-8), 5.46~5.53 (4H, m,
H-6, 7,9, 10); '3C-NMR (150 MHz, CsDsN) 6: 176.3
(C-1), 35.1 (C-2), 25.7 (C-3), 29.4 (C-4), 27.5 (C-5),
128.4 (C-6), 130.4 (C-7), 26.0 (C-8), 128.4 (C-9), 130.4
(C-10), 27.5 (C-11), 29.9 (C-12), 29.6 (C-13), 31.7 (C-
14), 22.8 (C-15), 14.2 (C-16). RH¥E LA HH [FIy =
Rk iE PR, KR A 12 N (62,.92)-6,9-
hexadecadienoic acid.

&Y 13: REERAE, BT HE. ESI-MS
m/z: 353.3 [M—H] . 'H-NMR (600 MHz, CsDsN) o:
0.86 (3H, m, H-18'), 1.23~1.34 (14H, m, H-4'~7',
15'~17"),1.62 (2H, m, H-3'), 2.11 (4H, m, H-14"), 2.36
(2H, m, H-2'), 2.92 (2H, m, H-11"), 4.14~4.18 (1H,
overlapped, H-3a, 3b), 4.48 (1H, m, H-2), 4.68 (1H, m,
H-1b), 4.75 (1H, m, H-1a), 5.45~5.54 (4H, m, H-9', 10,
12/, 13"); BC-NMR (150 MHz, CsDsN) ¢: 173.6 (C-1"),
130.2 (C-9), 130.2 (C-13"), 128.2 (C-12'), 128.2 (C-10"),
70.7 (C-2), 66.6 (C-1), 64.1 (C-3), 34.2 (C-2'), 34.5 (C-
16'),29.6 (C-4'), 29.4 (C-5),29.2 (C-6), 29.1 (C-7"), 29.1
(C-15"), 27.3 (C-8"), 27.2 (C-14"), 25.8 (C-11"), 25.0 (C-
3),22.6 (C-17"), 14.0 (C-18"). LA F-%dli 5 sCik4RiE
AP, e EY) 13 4 glycerin linoleate

&Y 14: FRRAE, T HEE. ESI-MS m/z:
515.3 [M—H] = 'H-NMR (600 MHz, CsDsN) ¢: 0.86
(3H, t,J="7.0 Hz, H-18"), 1.23~1.34 (14H, m, H-4'~
7', 15~17"), 1.62 (2H, m, H-3"), 2.11 (4H, m, H-14"),
2.36 (2H, m, H-2'), 2.92 (2H, m, H-11"), 4.14~4.18
(1H, overlapped, H-3a, 3b), 4.48 (1H, m, H-2), 4.68
(1H, m, H-1b), 4.75 (1H, m, H-1a), 4.92 (1H,d, J=7.8
Hz, Gle-H-1"), 5.45~5.54 (4H, m, H-9', 10’, 12', 13");
3C-NMR (150 MHz, CsDsN) 6: 173.6 (C-1"), 130.2 (C-
9", 130.2 (C-13"), 128.2 (C-12'), 128.2 (C-10"), 70.0
(C-2), 66.4 (C-1),72.0 (C-3)), 34.1 (C-2'), 31.4 (C-16"),
29.7 (C-4'), 29.4 (C-5"), 29.2 (C-6'), 29.1 (C-7"), 29.1
(C-15"),27.3(C-8"),27.2(C-14"),25.8 (C-15"),25.0 (C-
3"),22.6 (C-17"), 14.0 (C-18"), 3-O-GlcC 1~6(105.3,
72.4,75.2,68.8,76.9,62.1). LL_LEdh 5 ik 4how 5
A—3R, WEEAEY) 14 2 (25)-1-0-(9Z,12Z-
octadecandienyl)-3-O-B-galactosyl glycerol.

&Y 15: WeREAA, T HEE. ESI-MS m/z:
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2772 [M—H] - 'H-NMR (600 MHz, CsDsN) ¢: 0.85
(6H, t, J = 7.4 Hz, H-10, 10'), 1.36 (4H, m, H-9, 9"),
1.67 (4H, m, H-8, 8"), 4.39 (4H, t, J = 6.7 Hz, H-7, 7),
7.54 (2H, m, H-4, 5), 7.89 (2H, m, H-3, 6); *C-NMR (150
MHz, CsDsN) 6: 133.0 (C-1, 2), 129.3 (C-3, 6), 131.4 (C-
4,5), 167.8 (C-7, 7'), 65.6 (C-8, 8, 30.8 (C-9, 9'), 19.4
(C-10,107),13.7(C-11, 11"). I EEHE 5 ClfAREIEA
—E2), W A1) 15 A4 dibutyl phthalate .
&Y 16: FETEMER, BT HE. 27X
C12H5N303. ESI-MS m/z: 248.1[M_H]70 TH-NMR
(600 MHz, DMSO-ds) d: 4.33~4.38 (6H, m, H-2, 2,
2"),5.10~5.22 (6H, m, H-4, 4', 4"), 5.83 (3H, m, H-3,
3',3"); 13C-NMR (150 MHz, DMSO-ds) J: 44.3 (C-2,

2',2"), 116.7 (C-4,4",4"), 132.1 (C-3, 3", 3"), 148.4 (C-
1,1, 1) PA 3 5 Sl A — 207, W e
AW 16 A triallyl isocyanurate »

3.2 IMR MR IRGRIE TN

321 AfwEEtEiat A 0.780. 0.390. 0.195
pmol/L 3 N RIVRFE I & 2555 FR B b AT ke, 451
FKH, MR E <0.78 pmol/L I, &-45254)41 40
i 5 06} B 2L IF A0 B ) AP R I i 2 5. AT
B 5 024 0 1 5 A 0 ARG () 2 = R 2 R N
0.78 umol/L.

3.2.2 Hi DILI i&ME Rt &9 1~16 Xt
APAP 5 5:11) AML12 4R ALT. AST &&=
W 3,

=3 LAY 1~16 X APAP iFSH) AML12 fHEEFERL ALT. AST B9800 (X +5s,n=3)
Table 3 Effects of ALT and AST released by APAP-induced AML12 cells in presence of compounds 1—16 (X + s, n =3)

2H ) ALT/(ng mL™) AST/(ng mL™) ZH 5 ALT/(ng mL ™) AST/(ng mL™)
X HE 3.71+£0.22 1.85+0.06 5.28+0.15 2.99+0.41
it 5.40+0.05% 3.19+0.24% 4.05+0.18™ 1.96+0.11"
NAC 3.46+0.08™ 2.05+0.05™ 10 4.661+0.25 3.15£0.13
1 4.09+0.09™ 1.58+0.02" 11 5.39+£0.17 3.39£0.02
2 3.95+0.34™ 1.79+0.17" 12 4.75%+0.10 2.79+0.27
3 3.92+0.33" 2.30+0.22™ 13 5.28+0.15 2.81+0.21
4 4.82+0.34 2.69+0.09 14 3.99+0.36™ 2.06+0.09™
5 4.12+0.30™ 2.51+0.29™ 15 5.26+0.24 2.74+0.36
6 4.33+0.18™ 2.11+0.26™ 16 5.16£0.35 2.73£0.15
7 4.01+017™ 2.12+0.18™

XA #P<0.01; SHMALLE: "P<0.05 "P<0.01,
#P<0.01 vs control group; "P<<0.05 “P<<0.01 vs model group.

xR, BRI ALT. AST /KPR
T (P<0.01), FW] APAP IhiES AMLI2 AT
YRt . SR L, NAC 41/ ALT. AST /K
PR ERK (P<0.01); L5AHMLEW 1~3. 5~7.
9. 14 fEff ALT. AST /KFEZEFK (P<0.01),
Pt H E A HT APAP 551 DILL W&
4 e

WCHE BERZ S5 00 1) 22 it AT 70 28, AR B p
TR 8 AR RS R A R o 28, HAE R
A I AR BRI . R, BA IR
5 S 2 PR A=, BB SR sy
MR AT e S F A R B o IS AL = e8], HX
8 KR, UL C-4 M5 2 MNEH LI R
ARBTRY, UK CAMER 1 AHEE 142
HE MR B i B 8 A ER8, [, &
AW ARIR, GWIEE R R B A=A

SRR R B S m AR e R 729, B R A
Y EA BRI T ME .

AT TE R T 245 4 2 T 30 A R e R T
WAL IIEAT 0 8, WAL rh BT 7 T 4 E
T 16 MG, A 10 =2 HR LAY (1~
100, 2 AMEIEE (11, 12) K 2 MHMESSL AW
(13, 14). 1 MITEREESE (15) [ 1 AR ERIR
Mg (16> KibaW, HPEw 1 b a?. K
PR, EY 1~9 BE2 A 5 B RFERE T
By, R AN FE AR 7 (A 2R platycoside E.
deapio-platycoside E. platycoside G2. 3"-O-acetyl-
platycodin D3+ platycodin K B4}z B 25411 2"-O-acetyl
polygalacin D2 . 3"-O-acetyl polygalacin D 5
platycoside D %) (AL P81, dbAh, FEREEE
LA PSRRI . RS AR P I Y A At REAZ 2K
T 6 KAF LAy . AL, A,
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W5 A= LA Bk 6 AR REA% S A
JE R R S F A = AR B A B A5 B, X T RE
RHT B A MIEE R R, ARk E
TN E LR BT S T 5
Gb, PSRRI 5> 15 2] T IRIIRE S, X2 G
TR, DRA s A ol A S S o7 e A A3 X DL e 4
RS AR 1) i O R ISO-30), T % R SR A ALt T BE P
IRy o FAh, LAY 10 TREREL T TR AR
H R IR IEARH, N T R FE R .
XK 1 T 6 A B B AL AT R 2 i
B, BEERE SRR A, W RE R
JUE 2R — AR R A Ak, (B BRI
HITS A Rt — P A

Pt DILLSEASFH 2 A IR R oy 1 B B Pk — 233,
D] I A A SR FH HF 4 6 5 2 F A0 8 A 7 0 1
DILI 3. HEERER, Elliln) 16 MuEmh,
8 MEE (1~3. 5~7. 9. 14) {EBURIKE TN
Ae L HMH] APAP 5 S AMLI12 ZHMd b3+
ALT 5 AST WiFtm. X idEtESIEE e &9
SERTREN: HCRAUN Ht DILL WG HEAAAE B3 5
i, WEEE T (AW 3) fMiEER (EY
9) B 4 BE R 3 BRI T DILL V&, 1 C-16 fif
NERFEEMIRSHE R T B (Ab & 8) BAAH 4 B U
Jodit DILLVE M s BERE 1) 52 2% B2 I 4E Tk € r= 419t DILL
TEEE B R, B A B A R A T
PE, A FEEE IR B A TS LAY 14 HRT
R VRV, PRSI T B A ORI
BT FEAJRBR TR, R =]
e LAY DILL 3EME, 1EJ52: 58 b RIFE N i 45 T
Kk

AW FTLE AL ST, i b A R R A 2
FEAR NS B AT, KR4 — RAIAR T
JE R RS AL =), ORER T B mTRe s 1 52y
B B4 DILL 36 X N R RNt — DA FuAs A
PRI F B 253800 I B A L3R AL T 255 .
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