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Chemical constituents from Nelumbinis Plumula and
their protective effects on cardiac muscle cell

LI Jia-dong",GAO Han",LI Ying-zhe ,ZHANG Gui-lan, WU Tao *

Institute of Chinese Materia Medica ,Shanghai University of Traditional Chinese Medicine ,Shanghai 201203 ,China

Abstract: This study aims to investigate the chemical constituents from Nelumbinis Plumula and their protective effects on
cardiac muscle cell. Fourteen compounds were isolated and purified from 80% ethanol extract by various column chromatogra-
phy techniques,and identified by 'H NMR,"” C NMR and other spectroscopic techniques. The compounds were screened for
cardiomyocyte protective activity. Fourteen compounds were identified as naringin (1) , kaempferol-3-0-8-D-rutinoside (2),
apigenin-6-C-B-L-arabinopyranosyl-8-C-B-D-glucopyranoside (3) ,luteolin-7-0-3-D-neohesperidoside (4) ,luteolin-3'-0-8-D-
glucopyranoside (5) , apigenin-7-0-B-D-glucopyranoside (6) ,hesperidin (7) ,isoschaftoside (8) , pinoresinol-4-0-8-D-glu-
copyranoside (9) , p-coumaric acid-4-0-B-D-glucopyranoside (10) , p-coumaric acid (11) , phenethyl-6-0-q-L-arabinfurano-
syl-B-D-glucopyranoside (12) ,icariside D1 (13) ,icariside F2 (14). Compounds 1-6,9,and 11-14 were firstly isolated from
Nelumbinis Plumula. Flavonoids compounds 1-8 showed significant protective effects against hypoxia/reoxygenation injury in
HL-1 cardiomyocytes,as well as promoting effects on STAT3 expression in HL-1-STAT3-Luc cells in dose-dependent manner.

Key words : Nelumbinis Plumula;flavonoid glycosides ; cardiomyocyte protective effect ; hypoxia/reoxygenation injury
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LTQ B 7Bl Fi 1% ( 35 [E Thermo Fisher Scientific
2] 5 LC-3000 7Y ] 45 9 AR (3 43 (b G i
AR 7] ) ; Bruker Avance IIT 400 MHz 4% i 4z
PEIEA (12 E Bruker 2AH]) ;MG 1T 4354 (10 mm
%250 mm,5 pum,3E[E Waters 23 H] ) ; M200PRO £
BETEECEEAR AN (Fi+ Tecan 23 7] ) 3 CO, fH i 40 it £
4 (BB150, 26 [E Thermo 2N #]) 5 241 i3 £ F& ( Orbital
Shaker TS-2, #1[F Kylin-Bell 2\ #]) ; Ht 4 /M= ( MIC-
101) W1t ( DFM-3002) ( 22 [H billups-rothenberg
) AR (SE[E Nuvair A7) o

FEETEAE 2 (s kB MR (5 5 i v T
J7) ;ODS #: (535 44 KL (1£ 1] Merck 23 7] ) 5 Sephadex
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STAT3-Luc iz 5 K& X 18 % 75 UKL #4 2 JF 4 3% )
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AR (46 B = 99% , #it 5 : D4540, 3 [E Sigma-
Aldrich 2AF]) 3 = IR G SE W b Eh iR £k (4l =
98% ,4It5-: T8980 , £ [# Sigma-Aldrich /> ] ) ; % fiff
A4l =98% ,#t5 : SLCG1581 , % [H Sigma-Aldrich
ONF)) s HERR IR (4l =98% L5 . A6410, K [H
Sigma-Aldrich A ] ) ; £ — W& U /R (4l =98% ,
fit*5- . PB180320 , i - 145 T8 A= B B A BR A W] ) 5
BRAREE (2l =98% ,Hit*5 : 09803 , [ 25 48 A1 4k 24
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A0 BE VRN, AR < TSt M AR 1o e 2 F Yk 40 /s 1
25 MHA(Fr.1 ~Fr.5) .

Fr.2(20% ¢, )385 ¢ Lk Ak [ LR &

B/HEE/K(V/V/V = 100:2:1 — 5:2:1) [ BEEEHE
JRASENZH 53 Fr. 2-1 ~2-5, 4143 Fr. 2-1 FH2EH] & m5L
WAL (MG 1T @354 ,22% 257K ) 1538405
1(5 mg,t; = 28 min) Fll 2 (6 mg,t; = 32 min) , 2
g3 Fr. 22 Rl a8 S 0l AR 2l Ak (MG I (835 4,
18% L JiF-7K) 1328465 3(4 mg, 1y = 25 min) 4
(10 mg,t, = 38 min) , 414} Fr.2-3 2% 70% H Bt
WA A BS A9 5] Fr. 2-3-1 1 Fr.2-3-2, 414 Fr.2-3-2
FHE & S BOR AR 24 (MG T B354, 15% -
K FEMEEY 9(15 mg, 1, = 25 min)

Fr.3(40% .15 )348 ¢ iR 2R &
fig/ L/ 7K (V/V/V = 100:2: 1 — 5:2: 1) | BEEEVE
WARFIZH 4y Fr. 3-1 ~3-10, Fr. 3-4 2% ODS M4 i
g, P B/ K(V/V = 1:9 — 10:0) B2 Ve
9% Fr.34-1 ~34-5 b5 10(16 mg) 11(8
mg) 12(12 mg) 13(7 mg) Ff114(15 mg) , 2443 Fr.
34-1 FfH & m RO A 44k (MG T (A% 4, 20%
CIE-K) B EMEE Y 5 (S mg, 1y = 25 min) F16(13
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mg,ty = 35 min) . 53 Fr. 3-4-5 F 24 45 5 200K
4tk (MG 11 {8354 ,20% ZHE-/K) 15846454 8
(10 mg,t, = 26 min) . ZH4) Fr. 3-10 A6 m sl
WARAIAE (MG I i, 15% ZH5-/K) 15381k &4
7(9 mg,t; = 33 min) ,
1.2.2 «SilZmpetkr SRR
1.2.2.1 4% 5258
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F0.25% 4 JpR T AL , i 78050 40 i 2 i O T T4 DA
AL 4 x 107 A8 EEHERP T 96 LR, F 37 C 5%
CO, WAl FRAR P 3% 24 ho e 4 O R
MU, 25 A A DMEM 58 4 55 5 100 wl,
SRS 0. 1% DMSO ({1552 3E 100 pL, 4424
HIMAEAFHE RS Y 1 ~ 14 (5575 100
plo 53224 h, FIEWFTE, BALIMA 10 % CCK-8
FEFREEWE 100 pL, J537% 1 h T 450 nm <Rl
TEWOEHE (A) JFHTRHAATER(R,) .
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41 HL-1 /NGO LTS 17 o
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581 [M+H]*, 47k C,,H,0,,'H NMR (400
MHz,CD,0D)8:7.33(2H,d,J = 8.2 Hz,H2',6"),
6.85(1H,d,J = 8.5 Hz,H-3",5") ,6.19(2H,d,J
=2.1Hz,H8),6.17(1H,d,J = 2.1 Hz,H-6),
5.38 (1H,dt,J = 12.8,2.5 Hz,H-2),5.27(1H,d,
J = 1.6 Hz,H-1""") ,5.26 (1H,d,J = 1.6 Hz, H-
1", 5. 12(1H,d,J = 7.2 Hz,H-1"") ,5.10 (1H,
d,J = 7.2 Hz,H-1"") ,3.98 ~3.84(3H,m,H-6"3,
37".5'"),3.73 ~3.58 (4H, m, H2"", 3" 6" «,
2'""),3.50 ~3.35(3H, m, H4'",5",4""),3.18
(1H,m,H-38),2.76 (1H,m,H-3a) ,1.31(3H,d,J
= 6.2 Hz,H-6""") ;" C NMR (100 MHz,CD,0D)§:
81.0/81.0(C-2),44.5/44.2 (C-3), 198.8/198.8
(C4), 165.3/165.2 (C-5), 98.1/98.1 ( C6),
166.9/166.8( C-7),97.0/97.0( C-8) ,164.9/164.9
(C9), 105.2/105.2 ( C-10), 131.12/131.02 ( C-
1'),129.5/129.4 (C-2",6"), 116.6/116.6 ( C-3",
5),159.4/159.4(C4"),99.6/99.6(C-1""),79. 4/
79.3(C2""),79.2/79.2(C-3"") ,71.5(C4"") ,78. 4
(C5""),62.5(C-6""),102.9/102.8 (C-1"""),72.5
(C2"""),72.4 (C3""),74.2 (C4""),70.3 (C-
5'),18.5(C6""") . LA b BEmERRLE A SCk
TN B AR RGBSR R LG 1 02 (2R) -hl 2 1
F(2S) Al K AR 2 1 1) LS B S T4 o

EW?2 BREEKA;ESI-MS: m/z 595 [M +
H]*,4F=H C,H,0,,'H NMR (400 MHz, DM-
S0-d¢)8:7.99(2H,d,J = 10.5 Hz,H-2',6"),6. 88
(2H,d,J = 11.0 Hz,H-3",5"),6.41(1H,s,H-8),
6.20(1H,d,J = 2.0 Hz,H-6),5.35(1H,d,J =
10.0 Hz, H-1"") ,4.38 (1H,s,H-1""") ,3.23 ~3.82
(10H, overlapped ,H-2"" ~6'",2""" ~5'"") ,0.98 (3H,
d,J] = 8.0Hz,H6"""); "C NMR(100 MHz, DMSO-
dy)8:157.0(C2),133.4(C-3),177.5(C4) ,161.5
(C-5),101.5(C-6),164.5(C-7),94.0(C-8),156.7
(C-9),105.6 (C-10),121.1 (C-1"),131. 1 (C-2",
6'),116.1(C-3",5"),161.4(C4"),104.1(C-1"),
74.4(C-2"),76.5(C-3"),70.1(C4"),75.9(C-5"),
67.1(C-6"),102.5(C-1"""),70.8(C-=2"""),70.6(C-
37'),72.0(C4""),68.4(C5"""),17.9(C-6"""),
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WwEW 3  EOTCER K K ESI-MS: m/z 565
[M+H]" 4758 CHy0,,,'H NMR (400 MHz,
DMSO-d, ) 8:13.86 (1H,s,5-0H) ,10.21 (1H,s,7-
OH),8.04(2H,d,J = 8.4 Hz,H2",6"),6.90(2H,
d,J] = 8.4 Hz,H3",5'),6.80(1H,s,H-3),5.29
(1H,brs,H-1") ,4.73(1H,d,J = 10.2 Hz,H-1""),
3.95 ~3.26 (11H, m, H2"" ~5"",2""" ~6""");" C
NMR (100 MHz,DMSO-d, )8:164. 1(C-2),102.5( C-
3),182.3(C4),157.6(C-5),107.3(C-6),163. 1
(C-7),105.2(C-8),155.2(C-9),103.2 (C-10),
121.8(C-1"),129.2 (C-2",6"),116.0 (C3",5"),
161.4(C4"),70.8(C-1""),63.4(C2""),72.2(C-
3'7),70.2(C4"") ,66.8(C-5""),73.6(C-1""") ,71.0
(C-2"""),78.9 (C-3"""),70.9 (C4"""),82.0 (C-
5'7),61.6(C-6"") ., DAE%dE5 Schk' ™ HaE—3K,
B EE Y 3 TR ER -6-C-B-L-FThL {1 bE-8-C-B-
D-HEHEH .

wEW 4 RE 0 TJCE B K ; ESI-MS: m/z
595 [M+H]", 4+ K C,H, 0,5."H NMR (400
MHz,CD,0D)§:7.43(2H,m,H-2",6") ,6.92(1H,d,
J = 8.2 Hz H-5'),6.77(1H,d,J = 2.2 Hz,H-8),
6.62(1H,s,H-3),6.45(1H,d,J = 2.2 Hz,H-6),
5.31(1H,s,H-1") ,5.22(1H,d,J = 7.6 Hz,H-1"),
3.98 ~3.90 (3H, m, H-2",5",6"a),3.74 ~3.71
(1H,m,H-6"8),3.71 ~3.68(1H,m,H=2"),3.67 ~
3.61(2H, m, H3",4"),3.54 (1H, m, H-5") , 3. 41
(2H,t,J = 9.5 Hz, H3”,4"),1.34 (3H, m, H-
6") ;" C NMR (100 MHz, CD,0D)§:167.1(C-2),
104.4(C-3),184.2(C4),163.2(C-5),100.0( C-
6),164.6(C-7),96.2(C-8),159.2(C9),107.3(C-
10),123.7 (C-1"), 114.5 (C2"), 147.3 (C-3"),
151.4(C4"),117.0(C-5") ,120.8(C-6") ,101.2( C-
17),79.3(C2"),79.4(C-3") ,71.6(C-4") ,78.5(C-
5"),62.7(C-6"),102.8 (C-1"),72.5(C2"),72.2
(C-3"),74.2(C4"),70.3(C-5"),18.5(C-6"), Lk
R S Sk Rl — B, O e A 4 KR
FR-T-0-B-D-Fiks B2 1 o

WwEWS WA ESI-MS: m/z 449 [ M +
H]*, 27N C, Hy O, ,'H NMR (400 MHz,
CD,0D)§: 12.96 (1H,s,5-0H) ,7.79 (1H,d,J =
2.2 Hz,H-2"),7.65(1H,dd,J = 8.8,2.4 Hz, H-

6'),7.01(1H,d,J = 8.4 Hz,H-5") ,6.81(1H,s,H-
3),6.53(1H,d,J = 2.0 Hz,H-8),6.20(1H,d,] =
2.1 Hz,H-6) ,4.90(1H,d,J = 7.2 Hz,H-1"") ,3.81
~3.20(6H, m,H2"" ~6"");” C NMR (100 MHz,
CD,0D)&:164.5(C2),103.4(C-3),181.9(C4),
161.6(C-5),99.1(C-6),163.6(C-7),94.4(C-8),
157.5(C9),103.8(C-10),122. 1(C-1") ,114. 6 ( C-
2'),145.9 (C3"), 151.0 (C4'), 116.6 ( C5"),
121.8(C-6"),102.1(C-1"") ,73.5(C=2"") ,76.2( C-
3'7),70.2(C4"),77.5(C-5""),61.1(C-6""), LI
B S Sk Rl — B, O e A 5 R R
R -3-0-B-D-HHHEH

WEW6 kK ; ESI-MS: m/z 433 [M +
H]*, 4+ H C,H,y0,,.,'H NMR (400 MHz, DM-
SO-d,) 8:12.98 (1H, s, 5-0H),10.43 (1H, s, 4'-
OH),7.97(2H,d,J = 8.8 Hz,H-2',6"),6.95(2H,
d,J = 8.8 Hz,H-3',5"),6.89 (1H,s, H-3),6.84
(1H,d,J = 2.4 Hz,H8),6.45(1H,d,J = 2.4
Hz,H-6),5.42(1H,d,J = 4.7 Hz,4"'-OH),5.16
(1H,d,J = 4.6 Hz,2"'-OH) ,5.09(1H,d,J = 4.4
Hz,3''-OH) ,5.08(1H,d,J = 7.2 Hz,H-1"") ,4.63
(1H,t,J = 4.6 Hz,6"'-OH) ,3. 80 ~3. 15(6H,m, H-
2" ~6");”C NMR (100 MHz, DMSO-d, ) §:164. 4 ( C-
2),102.9(C-3),182.2(C4),161.6(C-5),102.3
(C-6),163.1(C-7),95.0(C-8),157.1(C-9),108. 4
(C-10),121.2(C-1"),128.8(C2",6"),116.2(C-
3,5'),161.3(C4"),99.5(C-1"),73. 1(C-2") ,76. 4
(C-3"),69.6(C4"),77.2(C-5"),60.6 (C-6"), L
OGS SCRR S R — 3 WO R A 6 S
R-1-0-B-D-HE M

&7 AR ESI-MS: m/z 611 [M +
H]*, 3+ Hk CH,, 0,5.,"H NMR (400 MHz, DM-
SO-d,)8:12.01 (1H,s,5-0OH) ,6.94 (3H, m, H-2',
5'.6'),6.14(2H, m, H-6,8),5.50 (1H, m, H-2),
4.99(1H,d,J = 7.6 Hz,H-1") ,4.52(1H,d,] =
2.8 Hz,H-1""") ,3.78 (3H,s,4'-0OCH, ) , 3. 64 (2H,
m,H-6"),3.52 ~3.22(8H,m ,H2" ~5"2""" ~5"")
2.77(2H,m,H-3) ,1.09(3H,dd,J = 6.2,2.4 Hz,
H-6""") ;" C NMR (100 MHz, DMSO-d, ) 8:78. 4 ( C-
2),42.6(C-3),197.2(C4),163.2(C-5),99.6( C-
6),165.3(C-7),96.5(C-8),162.7(C9),103.5(C-
10), 131.1 (C-1"), 114.3 (C2"), 148.1 (C-3"),
146.6(C4"),55.9(4'-OCH, ) ,112.2(C-5"),118. 1
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(C6"),100.8 (C-1"),73.0 (C-2"),76.4 (C-3"),
69.8(C4"),75.8 (C-5"),66.2 (C-6"),95.7 (C-
1'"),70.7 (C-3"""),70.3(C2""),72.1 (C4""),
68.5(C-5"""),18.0(C-6"""), LA k- %#s 5 Scibk "™
1B — B B EG Y T B

a8 WA ESI-MS: m/z 565 [ M +
H] ",/ 7N CyxHy O, ."H NMR (400 MHz, DM-
S0-d,)6:13.73(1H,s,5-0H) ,10.45(1H,s,7-OH) ,
9.32(1H,s,4’-OH),7.95(1H,d,J = 8.4 Hz,H-=2',
6'),6.94(2H,d,J = 8.6 Hz,H-3",5") ,6.84(1H,
s,H-3),4.98(1H,d,J = 9.9 Hz,H-1"") ,4. 78 (1H,
d,J = 9.3 Hz,H-1""") ,3.94 ~3.24(11H, m,H-=2""
~5",2"" ~6""");”C NMR (100 MHz, DMSO-d, ) §:
164.3(C-2),102.8(C-3),182.5(C4),158.4(C-
5),108.3(C-6),161.4(C-7),105.3(C-8),155.3
(€C9),103.9(C-10),121.7 (C-1"),129.2 ( C-2',
6'),116.2(C-3",5"),161.2(C4"),74.4 (C-1""),
69.8(C-2""),74.0(C-3""),68.6(C4""),70.3 (C-
5'),73.5(C-1"""),71.1 (C2"""),79.1 (C3""),
70.7(C4""") ,82.1(C-5""") ,61.4(C-6""), Lk L%k
a5 SCmR O R — B, B A 8 S Bk
1o

WwEW9 H{akA; ESI-MS: m/z 521 [M +
H]*, 47k Cy Hy, O,,,'H NMR (400 MHz,
CD,0D)§:7.17 (1H,d,J = 8.3 Hz, H5),7.05
(IH,d,J = 1.9 Hz,H2),6.97 (1H,d,J = 1.9
Hz,H-2'),6.94 (1H,dd,J = 8.0,2.0 Hz, H6'),
6.83(1H,dd,J = 8.2,1.9 Hz,H-6) ,6.79(1H,d,J
= 8.1 Hz,H-5") ,4.90(1H,overlapped ,H-1"") ,4. 78
(1H,d,J = 3.9 Hz,H-7),4.73(1H,d,J = 4.1
Hz,H-7") ,4.26 (2H,m,H-98,9'8) ,3. 89 (3H,s,3'-
OCH,) ,3.87(3H,s,3-0CH,) ,3.75 ~3.67 (2H, m,
H9«,9'a),3.55 ~3.35(6H, m,H2"" ~6""),3.18
~3.10 (2H, m, H-8, 8");"” C NMR ( 100 MHz,
CD,0D)§:137.7(C-1),111.9(C2),147.6(C-3),
57.0(3-0CH;) ,149.4(C4) ,118.3(C-5),120. 1( C-
6),87.4(C-7),55.8(C-8),73.0(C9),134.0(C-
1'),111.2(C=2"),147.8 (C-3"),56.7 (3'-OCH, ) ,
151.3(C4"),116.3(C-5"),120.3(C-6"),87.8(C-
7'),55.7(C-8"),73.0(C9"),103.1(C-1""),75.2
(C-2""),78.1(C3""),71.6(C4""),78.5(C-5""),
62.8(C-6"), A L% 3ck' " il —3, dk s
EEY) 9 HINIER 4-0-B-D-H AT

wEWI0 OB A ESI-MS: m/z 327 [M +
H]", 4+ k C, Hy Oy ,'H NMR (400 MHz,
CD,0D)5:7.65(1H,d,J = 15.9 Hz,H-7),7.57
(2H,d,J = 8.4 Hz,H-2,6),7.14(2H,d,J = 8.5
Hz,H-3,5),6.38(1H,d,J = 16.0 Hz,H-8) ,4.99
(1H,overlapped,H-1") ,3.92(1H,dd,J = 12.1,2.0
Hz,H6'«a),3.73(1H,dd,J = 12.1,5.4 Hz,H-6’
B),3.46(3H,m,H-2",3",5'),3.43(1H, m,H4");
“C NMR (100 MHz, CD,0D)§:130.2(C-1),131.0
(C-2,6),118.2(C-3,5),161.0(C4),146.2(C-7),
117.7(C-8),171.0(C9),102.1 (C-1"),78.2 ( C-
2'),75.1(C-3"),71.6(C4"),78.5(C-5") ,62.7(C-
6') o LI REHE S Semk s — 80, O e e
10 Sy X} 75 R 4-0-B-D-F E W1

&1l HEE A ESI-MS: m/z 165 [M +
H]", 2+ K CH0,,'H NMR (400 MHz,
CD,0D)5:7.62 (1H,d,J = 15.9 Hz,H-7),7.45
(2H,d,J = 8.5 Hz,H-2,6),6.82(2H,d,J = 8.5
Hz,H-3,5),6.30(1H,d,J = 15.9 Hz,H-8);"C
NMR (100 MHz,CD,0D)6:127.5(C-1),131.4(C-2,
6),117.5(C-3,5),161.3(C4),146.9(C-7),115.8
(C8),171.4(C9), LI b ¥eds 5 3cik'™ il —
S EAEY 11 R ER

WEWI12 HEBAESI-MS:m/z 434 [M +
NH,]*,4> 73~ CyHyO0,.' H NMR (400 MHz,
CD,0D)§:7.35 ~7.25(4H, m, H-2,3,5,6),7.20
(1H,m,H4) ,4.98(1H,d,J = 1.3 Hz,H-1") ,4.33
(1H,d,J] = 7.7 Hz,H-1") ,4.11 ~3.36(11H,m, H-
2'~6",2"" ~5"),3.30(1H,t,J = 8.4 Hz,H-88),
3.22(1H,t,J = 8.4 Hz, H8«a),2.96 (2H, m, H-
7);" C NMR (100 MHz, CD,0D) §:140.3 (C-1),
130.3(C-2,6),129.6 (C-3,5),127.5(C4),37.6
(C-7),72.1(C-8),104.8(C-1"),75.4(C-2"),78.3
(C-3"),72.2(C4"),77.0 (C-5"),68.4 (C-6"),
110.2(C-1""),83.5(C-2""),79.2(C-3""),86.1(C-
4'),63.4(C5"") o L ds 5 Semk il — 3k,
WA B W) 12 R L FE 6-0-0- LW Wi BT a7 AP A
Be-B-D-HHEHETT

EW13  HOH K ESI-MS: m/z 434 [M +
NH,]*, %+ F 3k CyHyO,.'H NMR (400 MHz,
CD,OD) §:7.34 ~7.24(4H, m,H-2,3,5,6),7.22
(1H,m,H4),5.03(1H,d,J = 2.4 Hz,H-1""),
4.32(1H,d,J = 7.9 Hz,H-1") ,4.11 ~3.96 (3H,
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m,H-88,6'8,4"8),3.93 (1H,d,J = 2.5 Hz,H-  (3H,m,H3,4,5),5.08(1H,d,J = 2.5 Hz, H-

2'"),3.85 ~3.74(2H, m,H-8a,4"a) ,3. 63 (1H,dd,
J =11.2,6.0 Hz,H-6'a) ,3.59(2H,s,H-5"") ,3. 43
~3.27(3H,m,H-3" 4" ,5") 3.21(1H,dd,] = 9.0,
7.8 Hz, H2'),2.96 (2H, m, H-7) ;" C NMR ( 100
MHz,CD,0D) §:140.3(C-1),130.3(C-2,6),129.7
(C-3,5),127.5(C4),37.5(C-7),71.9(C-8),
104.7(C-1"),75.2(C2"),78.2(C-3"),72.2 ( C-
4'),77.1(C-5"),69.0(C-6"),111.2(C-1""),78.3
(C2"),80.8(C-3""),75.3(C4""),65.8(C-5""),
AL B 5 Sk s — B, MO E A 13 R
AT D1,

wEW14 OB A ESI-MS: m/z 420 [M +
NH,]*, %3+ H CyHy 0,0, H NMR (400 MHz,
CD,0D)§:7.48 ~7.38(2H,m,H-2,6),7.36 ~7.25

R,

HO.
k )
OH
R R, Ry R

1(2) p-D-Gle(2—1)-a-L-Rha OH H
7 B-D-Gle(6—1)-a-L-Rha OCH; OH

OH
o I

(0]

2 f-D-Gle(6—1)-a-L-Rha

1'),4.90(1H,s,H7a) ,4.68(1H,d,J = 11.9 Hz,
H-78) ,4.36(1H,d,J = 7.7 Hz,H-1") ,4.07 ~4.00
(2H,m,H4"B,6'B),3.98 (1H,d,J = 2.5 Hz, H-
2'"),3.82(1H,d,J = 9.7 Hz,H4"«) ,3.67 (2H,
dd,J = 11.2,6.0 Hz,H-6'«) ,3.62(2H,s,H-5"") ,
3.40(1H, m, H-3"),3.46 ~3.25(3H, m, H-2',4',
5');"C NMR (100 MHz, CD,0D)§:137.5(C-1),
128.0(C2,6),127.9(C-3,5),127.4(C4),70.5
(C-7),101.8(C-1"),73.6(C-2"),76.6(C-3"),70.3
(C4"),75.5(C-5"),67.3(C-6"),109.5(C-1""),
76.5(C-2""),79.2(C-3""),73.7(C4""),64.1(C-
5') 0 VA EEHE S S0k R 80, MU E A
14 R R8T F2,
a1 ~14 25 ILE 1,

OR,

3 p-L-Ara p-D-Glc H
8 a-L-Ara f-D-Glc H

1
4 p-D-Gle(2—1)-a-L-Rha OH
6 p-D-Glc H

-
H
O, 0l 3

57—, HO

OH A 7

SO
H
OH On 8 ~COOH l
10 11

COOH

1
Fig. 1

2.2 OALZRBERIPIEME
2.2.1 mpaEh FRER

KA CCK-8 SEEe kil {5 % HL-1 /) R0 UL
UG s AR MR 1, A1 ~8.9.10 ~
14 53 5 4E B R 50 .30 i1 15 wmol/L i, HAF 1% 2R
KT 90% , D] e e HRUAH gk B 00 4 7 J5 i PRI
2.2.2 WA stE A/ B RS 69 HL-1 s $0s L
am fieL o PR A7 AV R

K CCK-8 SEEG T A A x4/ &2 S8 40

5 0-f-D-Gle

RO _ALAs
Y\©
5
R
12 f-D-Gle(6—1)-a-L-Ara (f)
13 p-D-Gle(6—1)-a-L-Api

HO, ,00 ¢ 71 3
HE) i 3
OH OH H
OH
14

wEW1~14 BN

The structures of compounds 1-14

(1) HL-1 /RO LA B A R AP VE T, 5 SR WL 2, 7
RGN SERT, WSS 1 ~8 BRI R
2 kAR 2 AR HL-1 /N BRCo JLE L ) 47
TEHR M 47.79% $25 % 56.26% ~73.56% , 1 A
2R RN ERE RKOBEHEMEP R RS EY
Xtk S/ 5 AE A A3 1) HL-1 /)y BRLCs FIL 4 PR A UL W Sk
BIRPYER- . 0T %58 1R 8 DEESEAL A P Xt O
AR VE R S AEE R OC R, 43 A8 B 10,30 .50
pmol/L [ 245 2 e AT 5200, A R AR VE IR E
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&1 LEW1~14 3 HL-1 NRO AL RETFE R M0

Table 1  Effect of compounds 1-14 on cardiomyocyte survival in HL-1 mice (mean + standard deviation,n = 3)

20 531 M ﬁj:é%g"jmrg . YAETE 5 21531 ﬁﬁé@éﬁm@z . MIEAFIER
Group aximum concentration Cell Vldblllly( % ) Cmup MaXImum concentration CCH Vldblllly( % )
(pmol/L) (pmol/L)

%FH841 Control — 100. 00 +2. 73 8 50 97.88 +5.39
1 50 94.23 +1.48 9 30 94.311.23
2 50 99.27 +4.36 10 15 97.25 £2.63
3 50 95.06 +5. 08 1 15 95.48 +1.17
4 50 96.32 +1. 80 12 15 95.43 £2.56
5 50 98.91 £3.97 13 15 96.31 +1. 89
6 50 95.17 2. 48 14 15 98.56 +2.20
7 50 95. 68 +3. 63

=3 10pumol/L == 30 pmol/L EEE 50 pmol/L
100+

AMAFHEH Cell viability (%)

Control Model

2 EUWEBE/ ESREGN UL ARONEmEEPER
Fig. 2 Protective effect of compounds on HL-1 cells under hypoxia/reoxygenation injury
T TR LA, ¥ P <0.001 ; SHREHEIZH LA, P <0.05, " P <0.01,* ** P <0.001, F[F, Note:**P < 0.001 vs control group; * P <
0.05,"*P < 0.01,"**P < 0.001 vs model group,the same/ below.

oI I i
2.2.3 bt se B/ A A AR A5 69 HL-1-STAT3-
Luc %m & STAT3 %% 69% R

K 9 2R Bl AR 5 D9 S 35 2E A Ak A X ik
A/ A HL-1-STAT3-Luc 41 fifg STAT3 33k
Asm, G55 UL 3 FEi R4 25 FE AT, Lk 8 4>
B AL A W] i 3 O 2 B R B IR

HL-1-STAT3-Luc 4Hfifirf STAT3 ik, HE#F &K K
15.89% ~36.56% . H T %% H X STAT3 Rik &
AR, 7 HIEH 10,30 .50 pumol/L 145
2 e B EAT SR8, K B T B A/ B A A Y
HL-1-STAT3-Luc 4fififg STAT3 ik bifi 25 77 42 f) 48
P T=

= 10 pumol/L == 30 pmol/L WM 50 umol/L

40

STAT3 A i k3
Relative STAT3 regulatory activity (%)

FEAIZH 1 2 3
Model

3 EFOLAYMRE/ S RHRGH HL-1-STAT3-Luc 415 STAT3 FRiXHIF0
Fig. 3 Effect of compounds on STAT3 expression in HL-1-STAT3-Luc cells under hypoxia/reoxygenation injury
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3 Hit54iR

AWFFEE T L 80% LB h 7y 515 2
14 MEEY, GG 8 AN BB (2 A>Tk, 6 4>
AT ), T AARIERE(9),2 M HENEK(10,
11),2 AOR LB 26 (12,13 ) Al 1 A4S0 BT 2
) a2 M58 (1 ~6 .9 11 ~14)
HRMIET OB s, ATk A/ 2R
PO A SRS X 3 B A5 B R L& W kAT 10 LA
ORI PRI 1 , 45 R R T O I a 1,
2.4 ~T(EFAT) 3 8(H AR ) HA O
PR 35 o, HoOX4 T STAT3 X3k BA E AR M.
STAT3 J2Ar TN AR 5 5% T 00RESR N1, BF 5T 42
Nz I HIR O M R % A Wy~ S RE A EE R Y
TR FEBR/ A, O LA 2 A R
AT RS (ROS) |, HEMTF S A AL MR A A 2,
SO WA ™ F 0 T STAT3 36 48 B H ik
(GSH) i3 U R H 2, e F STAT3 iR IL 2K IR
JETF G GSH M /b ROS /K SF-, e 58 Bk 48/ 2 4
P05 B0 LA B8 T AR T AR A A Ak N
LU0 LA A ST R DR, R AT st
TO AL G Y] AR 1 A 5 STAT3 Ay
IR A HX O LR ) B AP 1
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