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Hepatoprotective Chemical Constituents from

Thylacetate Extract of Indigofera stachyoides Radix

LEI Zhong, ZHU Xin-yu, YANG Yu-sha, ZHOU Wei, LIANG Yan" , HAO Xiao-yan”
(School of Pharmaceutical Sciences, Guizhou Medical University, Guiyang 550025, China)

[ Abstract] Objective: To systematically screen the hepatoprotective compounds from ethyl acetate extract
of the roots of Indigofera stachyoides. Method; The roots of I. stachyoides were extracted by ethanol, and then its
extract was further divided into ethyl acetate fraction and n-butanol fraction. The hepatoprotective activity screening
was performed in mice in the normal control group, carbon tetrachloride ( CCl,) model group, bifendate ( DDB)
group, intragastric administration group and subcutaneous group of ethyl acetate fraction, intragastric administration
group and subcutaneous group of the n-butanol fraction. Glutamic pyruvic transaminase ( ALT) level was detected
in miceto evaluate the hepatoprotective activity of different samples. Then effective compounds of the

hepatoprotective sample had been isolated and their structures were identified by silica gel column chromatography,
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Sephadex LH-20, RP-18 column chromatography and other means. Screening of hepatoprotective activity of isolated
chemical compounds was performed in wvitro in CCl,-induced human HL-7702 cell damage model. Result:
Subcutaneous group of ethyl acetate fraction showed significant hepatoprotective effect on mice liver injury model
(P <0.05). Total 11 compounds were isolated from this ethyl acetate fraction of 1. stachyoides, which had been
identified as stigmasterol (compound 1), L-maackiain ( compound 2) , medicarpin ( compound 3) , stigmast-4-en-
3-one (compound 4), stigmastan-3-one ( compound 5), 3-hydroxy-8, 9-dimethoxypterocarpan ( compound 6) ,
( +) -epicatechin (compound 7), 2a, 3a-epoxyflavan-5, 7, 3’, 4'-tetraol- (48—8) -flavan-5", 7", 4"-
triol ( compound 8), 2a, 3a-epoxy-5, 7, 3', 4'-tetrahydroxyflavan- (48—8) -epicatechin ( compound 9),
( =) -epicatechin (compound 10) and schizandriside (compound 11). Compound 2 was isolated from this plant
for the first time. Compounds 3 and 6 were isolated from Indigofera for the first time. Compounds 8, 9 and 11 had
a certain degree of protective effect on CCl,-induced human HL-7702 cell damage model (P <0.05). The survival
rate of HL-7702 was significantly increased, suggesting that compound 8, compound 9 and compound 11 had
protective effects on hepatocyte injury in vitro. Conclusion: In this study, ethyl acetate fraction of I. stachyoides

was the main effective part of the hepatoprotective effect, and compound 8, 9 and 11 from this fraction were the

main effective compounds.
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1 N2 A R T (R R 2648 ) 1) il
LR LR (B 2g) ) o FERIE B
Taw, ML, S A Sk
ORI A2 B £ TR T KR B L
PEWE AT e N o MR L I T RE AL R Bk 4T B0
sl WP R A S E S A W R
B BRE AREH LAY BAAK .
I8¢ AL LR A AT B AR AR O BT i A
9 TT s ) FHARR A Ak I I 6 7 4, L ML 65
Hicwk . E N 2EF S 2 8 F B an HPLC-MS,
GC-MS %5005 B A W5 #5 % 1 0 4% B A Vs e i 4 ok
FEOFSE, S T — 58 B FE . SCRR IR 75 —
T XA S 6 AL 2 R4 HEAT 4R R . SR, [N
A2 % T LN 2 B AR B AT 9K e, HL R Ho Ak 2
JR A B R 5T R % 4 T, EL 25 BRI SY £ 45 b THUE
P 18 B A R S AR MR S R
LU PR B O N S 0 Ak 2 A 9 X 2 AT
T 355 1 075 0 B 40 B R X, A i — 4
() 25 B4 B 5 B8 5 W S AL R L A G AR S92 3 00 1t A
SR A2 A AT F SEF 5T, $0 B H AR O

WA SRR B Y.
1 #FE

AV-600 MHz, DRX-500 , AM-400 %I 4% i 4t 4 (Y
(Z£ [ Bruker 2 ®], N F5ly TMS) ; Autospec Premier
P776 B A (32 [ Waters 28 A ) s R-210 #UJiE 5% 2%
KA (Hi 4 Buchi 23 H]) ; UV-2000 %I %8 4h-A] W43

chemical constituents;

hepatoprotective effect; traditional

JCETH( E#EILJERE) s Epoch RIS pR AL (56
Biotek 2y 7] ) ; TS-100 %8 F AH 22 0 i 5% ( H A JE B
3] ) s HH-S2 %8 1 3R 7K v 4 (3% K AXAR ) 5 L-600
A5 20U 58 20 L () F A ) 5 Forma Series [I £
CO, ¥ 46 (£ E Thermo A7) o

LH-20 J2 N 5 1) 58 W 5E I € ¢ ( Sephadex LH-
20, % . Pharmacia 23 \] ) , 5 ZCfE B AR (7 [E Merck
O] R AN O I (T BE TR T RO
18l LichroprepRP-18 %5 (7 [E Merck /A #] ) , U4
B (5B 2, FF 3427300 ) | 156 R SR 1% L (dit 5
20150708, ¥ VL J7 F 250 ) , 4 9 % 2 ik ) &
(GPT b5 20160104 , g 50 & WL A= 90 T-REWF5E T ) 5
T GAEPE R WAL 75 H AR (20 £2) ¢, 3)
YIF AT HIE 5 SCXK (1) 20015-0008 , F Bk B £ /R
SEER BN, S gk AR v Bl A Ak T AK 4 BRSE 5 )
Wy B R et P 46 e (b BB, 2006 ) 7 #EAT I 4K
15 50 M BERF R 25 3 W A0 B 22 51 s At

DO HH ) G ke Eh (MTT, 4t %5 M8180, 48 3£ /4
Al) K B (AR, B PR AR S 446 1) , HL-7702
21 Bk (N IE 5 40 i, ik 20160401, v [ R} 2% B
A A BL S WF ST BE ) , RPMI-1640 85 37 Bk (4t 5
356308, 3% [& HyClone /] ) , JC 3 JE M4 i 4R i3 (35
[E Gibco A H]) , HHET RIR AW . (5
16000-044 , 22 [# HyClone 23 7)) . Il A % T 2014 4
10 F SR A SARRIX, 485 BH b 2 2 B o 158 2 00T % 1A
Y E S ORI T K R ) B K WE Indigofera
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stachyoides IR , bR A A BT BN B B R4 24522 B o
2 HESER
2.1 i ASRIF BRI 24 4 1
M ANS THRAH 40.0 kg, 0 FE LA (80 H )
J&i 0 95% 2 BERI R HEE 3 1R (4,4,3 h) J5 , JH 50%
S 2 h, A P2 BOR , Ml 2 B B =8
FAIE K A B, R R LB, IE T BEE AT R G
W, A5 8 2R £ 28 GRS IE T P 28 BGR AO

2 VA I S (AL ) 356 0« i B /N BRUBE AL 3
O IE 2R, B R A I R XU 20 (100 mg-kg '), Z
W2 £ T Vi 1 41 (200 mg-kg '), LM LR B F 4l
(200 mg-kg "), IE T M 20 (500 mg-kg™ '), IE
T F41(500 mg-kg ') L4254 d, KIRGAZY
8 h J5 I I VE S 0. 1% CCL,-3% 3 10 mL - kg ' 25 &
16 hJF4bFE . BN BB Bk il , % R % & 30 min, 1§
15 A7 HJF B0 10 min (45 32 000 remin~") B
M3, ¥ B8 ALT 03 & U W1 45 00 5 ALT K F . fiF
BEHE R 2 x5 Fox, R SPSS 19. 0 48 3| fk 14
B R Z o T Gt F A HE L P <0.05 Fon
A E L, SR E 1, 5IE W4 R, B R
AL/ BRI e ALT 7K P fik 25 T =5 /1N BURF 461 95 458 7Y
BN, LB CBE B R 4 25 41 0T L 3 G DY
AL G A ALT KV, SRR M L B B
25 W, 4R 4 BRI S 0 AT IS T
AL

1 DMASEMUNOSUBESFSHIFRGIORPIER (v 25,
n=10)

Table 1 Protective effects of different parts of extracts of Indigofera
stachyoides radix to carbon tetrachoride-induced liver injury(x =+ s,

n=10)

434 F 4t/ mg-kg ™! L ES ALT/g-L"!
EH - - 0.31 +0.02"
HL R - - 0.53 £0. 10
T R XU 100 WE 0.37 +0. 06"
2R 200 b 0.46 0. 10
IETmE 500 W 0.50 +0. 10
LR g 200 KT 0.33 +0.07"
iE T 500 BT 0.49 0. 06

T SRR EY P <0.05,

2.2 M ASRIFIE RO 2 0 3 B IO TR

LR (1 009 ) R FHIE AR Ak B AE (038, JH =

Hi e -H B2 (9505 ~ 50 50 ) B B2k i, 3L 42 i 280 4>

Wt o VBT BB A T SRR IR S Ao
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(A~E) Hrh 25 A RFRE A A 2 0E A 6
AMEE-C TR OBE (501 ~ 1 1) Pelifs AM, ~ AM,,,
AM, Sy R AR A, SR v R0 4 ke e A
HEREAsE, et ES Rk a w1
(805.1 mg), AM, & o oyl R W, & 8 It 3%
Sephadex LH-20 ( =45 H %e-H B 10 1) PEME, 21 i &5
HPLC (80% MWl ) ¥ H 43 1, 144654 4(60. 1 mg) .
AM, SRy 2145 60 5 B8 0 5 R 1A, E AR A e AT €8 3%
(AimBE-C R O 5+ 1) 3 — 20 43 & gl Ak J5 H 2
# HPLC (55% W B ) 4 H 73 JF, 14 2tk & 9 2
(19.2 mg) FMAL-E Y 3(21. 4 mg) . AM, £ BRI (1%
Sephadex LH-20 (5 ) Y flii , 28 ODS & He il % W AH
(95% W) 132459 5(80.6 mg) , H5r B &
SEEARME @ (=@ Le-P B 201 ~ 12 1) YR A
BM, ~ BM,,BM, £ ODS & H il £ W A0 (25% H %)
BALA Y 6(15.1 mg) , BM, 2% ik {4 1% Sephadex
LH-20 ( =% H be-F 12 1) Yl M2 s 52 IE AR AT €83
EMEEY 7(800.1 mg), Hsr CH D GlREE
I, &b R M AR A3 (10% ,15% ,20% ,30% ,40%
) et , P22 ODS oy He il £ W AH (15% W) 1%
LAY 8(710.1 mg) , L&Y 9(211.0 mg) ,fbA
¥ 10(10.1 mg) ,fb-&% 11(30.5 mg) .,
3 #£HEE

a1 TTEE R R (=AH ), EI-MS
m/z 412[ M] " ;'"H-NMR ( CDCL, ,400 MHz) §:5.32
(1H,d,J =5.2 Hz,H-6) ,3.52(1H, m, H-3),0.70
(3H,s,18-CH,) ; "C-NMR(CDCI, 100 MHz) §:37. 1
(C-1),31.3(C-2),71.5(C-3),42.1(C-4),140.5
(C-5),121.5(C-6),32.0(C-7),32.1(C-8),50.2
(€9),36.5(C-10),21.1(C-11),39.9(C-12) ,42.2
(C-13),56.9 (C-14),24.5(C-15),28.9 (C-16),
55.9(C-17),12.0(C-18),19.4 (C-19),40.5 ( C-
20),21.2(C-21),138.3(C-22),129.3(C-23),51.1
(C24),31.8(C-25),21.1(C26),19.0(C=27),
25.4(C-28),12.3(C-29) , [F3CHik[ 19 ] 4% %} A —
B, 80 1A G R S T (stigmasterol ) .

ka2 TEIRE & (=& EE) , ESI-MS
(-)m/z 283, [M - H]",100% ;' H-NMR ( 400
MHz,CDCL,) §:7.36(1H,d,J =8.4 Hz,H-1),6.55
(1H,dd,J =8.4,2.4 Hz,H-2),6.41 (1H,d, J =
2.4 Hz,H4),4.22 (1H,dd, J =10.0,4.0 Hz, H-
6a),3.63(1H,t,J =10.0 Hz,H-6B) ,6. 71(1H,s,H-
7),6.43 (1H, s, H-10),5.92 (2H, each d, J =
11.0 Hz,0CH,0) ,3.47(1H,m,H-6a) ,5.47(1H,d,
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J=6.8 Hz, H-11a) ; "C-NMR (125 MHz, CDCl,) &:
132.2(C-1),109.7 (€C-2),156.6 (C-3),103.6 ( C-
4),157.0(C-4a) ,66.4 (C-6),40.1(C-6a),117.9
(C-6b),104.7 (C-7),141.7(C-8),148.1(C-9),
93.8(C-10),154.2 (C-10a),78.4 (C-11a),112.7
(C-11b),101.3 (OCH,0) , ESI-MS i 5 F 41 = i
NGy R 283 4R MU 43 F &l 284, PC-NMR
(500 MHz,CDCl,) B/xiZib &¥IA 16 4~ CfF5,
454 DEPT 3% Al LIF X 26 C fF5 A 6 PFhk,2
AW, HP SRR XA 12 4 C fF 5. H-NMR
(500 MHz,CDCl,) ' § 5.47,3.47,3.63,4.22 it 4
MR FE S HEDN N E R LAY C 4 4E L85
U EERENZI G Y — SR LG, 5
T X BoRATE— 1 ABX M5 R G0 M A 3R
3-OH BUfC 454 ,8 6. 71 1 6.43 45 2 4~ e B
IEFEERALE, I AB G RS, 65.92 LAl
OCH,0 AR F (55, #EM K 8,9 fii iy OCH,0 1
8, "H-NMR J% "“C-NMR % #f& ] SC ik [ 20 ] 4% xf 3 A4
— W E G Y L-E P R (L-maackiain)
& W 3 ARk B AR EE ) . ESI-MS
(=)m/z269[M -1];'H-NMR (600 MHz,CH,0D)
8:7.28(1H,d,J=8.4 Hz,H-1),7.16 (1H,d, J =
8.2 Hz,H-7)6.48 (1H,dd,J =8.5,2.5 Hz, H-2),
6.43(1H,dd,J=8.4,2.4 Hz,H-8) ,6.37(1H,d,J =
2.0 Hz,H-10) ,6.29(1H,d,J =2.5 Hz,H-4) ,5.45
(1H,d,J=7.0 Hz,H-11a) ,4.21 (1H,dd,J =10.5,
4.5 Hz,H-6a),3.73(3H,s,9-0CH,) ,3.51(2H, m,
H-6a,H-63) ; "C-NMR (150 MHz, CH,0D)§: 162.6
(C-10a),162.0(C-9),160.1(C-3),158.0( C-4a),
133.2(C-1),125.9(C-7),120.9(C-6b) ,112.9(C-
11b),110.7(C-2),107.2(C-8),104.1(C4),97.5
(C-10),80.1(C-11a) ,67.6(C-6),55.9(9-0CH, ),
40.9(C-6a) , ESI-MS i 2 14 0 i 7 e 7y 1 & 1
N 269, 4 7R M X 4 F Bl 270, PC-NMR (600
MHz,CH,0D) /R ik & WA 16 4~ C 55, N
DEPT 3% rILIE th, 5G4 2 M, k&% 3 k&
R T 1A LS 40,9 R A AR SRR AL,
FiLEW 2 HA —% ,'H-NMR (600 MHz, CH,0D)
d1855.45,4.21,3.51,3.51 & 4 A7 F{ESHEM N
SHRELABY C 4 A HEMZE Y — %
MERRXUEY, 7 ERTXB/RFEE2 D ABX #i &
F4:,63.74(s,3H) FHEHEAF S, 918 FI W A 5B
S OH At , B 3 Ky OCH, Huft, H-NMR %2 [\ 3¢
BR[21 A0 A — 30, #0216 G W4 medicarpi,

ka4 HEOKAK; EI-MS m/z 412[M] ",
'"H-NMR ( CDCl,,400 MHz) §: 5.71 (1H,s, H4),
1.21(3H,s,CH;-19) ,0.93(3H,d,J =6.4 Hz,CH,-
21),0.87(3H,t,J=8.0 Hz,CH,29),0.86(3H,d,
J=8.0 Hz,CH,-26),0.83(3H,d,J =8.0 Hz, CH,-
27), 0.73 (3H, s, CH,-18 ); "C-NMR ( CDCl,,
125 MHz) §: 199.6(C-3),171.7(C-5),123.5(C-
4),56.0(C-17),55.8(C-14),53.6(C-9),45.8(C-
24),42.3(C-13),39.6 (C-12),38.5(C-10),36. 1
(€-20),35.7(C-1),5.6(C-8),34.0(C-2),33.8(C-
22),33.2(C-6),32.0(C-7),29.1(C-25),28.2(C-
16),26.0(C-23),21.0(C-11),24.2(C-15),23.0
(C28),19.8(C26),19.0(C-=27),18.7(C-21),
17.4(C-19),12.0(C-29),11.9(C-18) , M\'H-NMR
8§5.71 (1H,s,H-4) 3 XA NIE S, H o yHp
W, P L B A A S EMa. 6 1.21,
0.93,0.87,0.86,0.83,0.73 {ii T &3, A 6 4
FELE 15 5. MWUC-NMR o, fJLH 29 4~ C 5
5,6 199.6 (C-3) S i i 5L 19 ik {5 5, 6 123.5 Al
171.7 R 30 1 C-4 F0 C-5 fir |- Y BURHE ¢ fiF W g 0
DL Bods 55 SCmik [ 22 ] Hig i o Bt — 350, i o 9
8§ -4 475 -3 - ( stigmast-4-en-3-one)

&S AT E B KK ; ESI-MS m/z 414
[M]" (60%), 231 (100% ), 232 (50% ), 217
(30% ),123 (20% ), 163 (20% ) ;' H-NMR ( CDCI, ,
400 MHz) §: 0.97 (3H,s,H-19),0.89(3H,d,J =
6.4 Hz,H-21),0.83(3H,t,J =8.4 Hz,H-29) ,0. 82
(3H,d,J=7.0 Hz,H-26) ,0.79(3H,d,J =6.8 Hz,
H-27), 0.65 (3H, s, H-18 ); "C-NMR ( CDCl,,
400 MHz) 8§:212.2 (C-3),56.2(C-17),56.1 ( C-
14),53.8(C-9),46.6(C-5),45.8(C-24) ,44.7(C-
4),42.6(C-13),39.9(C-12),38.5(C-1),38.2(C-
2),36.1(C-20),35.5(C-10),35.4(C-8),33.9(C-
22),31.7(C-7),29.1(C-25),28.9(C-6),28.2(C-
16),26.0(C-23),24.2(C-15),23.0(C-28),21.3
(C-11),19.8(C26),19.0(C-27),18.7(C-21),
12.0(C-18) ,11.9(C-29),11.4(C-19) , M "C-NMR
EBE, BT 29 4 C 55,6 212.2(C-3) Jy il B
W CIES MG 4 R HEE A KRN 4,5
L BT 1 AU AR s A & L EEE S
SCHR 23 ] — 2, % @ b 5§ %e-3 - ( stigmastan-3-
one) o

G e PR (NE), ESI-MS
(+) m/z301.1[M + 1]";'"H-NMR ( 600 MHz,
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CDCl,) ,5:7.38(1H,d,J =8.0 Hz,H-1),6.82(1H,
s,H-7),6.55(1H,dd, J =8.2,2.0 Hz H-2),6.51
(1H,s,H-10),6.41 (1H,d,J =2.0 Hz,H4),5.48
(1H,d,J =7.0 Hz,H-11a) ,4.25(1H,dd,J =10.5,
4.5 Hz,H-6a) ,3.85(3H,s,9-0CH,) ,3.83(3H,s,8-
OCH,),3.60 (2H, m, H-6a, H-68) ; "C-NMR ( 150
MHz,CDCl,) 8:156.9 (C-3),156.6 (C4a), 153.7
(C-10a),150.1(C9),143.6(C-8),132.1(C-1),
116.7(C-6b),112.8 (C-11b),109.7 (C-2), 108.6
(C-7),103.6 (C4),95.5(C-10),78.1 (C-11a),
66.5(C-6),56.9 (8-0OCH,),56.0(9-0OCH, ), 40.4
(C-6a), ESI-MS IE&FEX BaREnyF& M+
H] "k 3011, 4 7% 4 X%t 4 F Ji & & 300,'H-NMR
(600 MHz,CDCl,) 1 8 5.48,4.25,3.60,3.60 1t 4
NP S HEDN Dy MR KA G C IR,
WA ZAE YR — EEREMEGY, X BN AF
TE—A ABX #4245 (5 7.38,6.55,6.41) f12 4
FEI bR T {55 (6 6.82,5,6.51,5),6 3.85
(s,3H) f13.83(s,3H) K 2 MHAHRES ' H-NMR
B[R] SCHR [ 24 ] A% 0 FE A — B0, 1 2 Z Gk 3-
hydroxy-8 ,9-dimethoxypterocarpan,

& 7 WRE AR (HEE) ; ESI-MS m/z
313 [M + Na] " ;'H-NMR (400 MHz, CD,0D) §:
4.81 (1H,s,H-2),4.16 (1H,dd,J =4.6,2.8 Hz,
H-3),2.85 (1H,dd,J =16.8,4.6 Hz, H4a) ,2.72
(1H,dd,J =16.8,2.8 Hz,H-4b),5.93 (1H,d,J =
2.3 Hz,H-6),5.90 (1H,d,J =2.3 Hz,H-8),6.96
(IH,d,J=1.6 Hz,H2') ,6.75 (1H,d,J =8.2 Hz,
H-5'),6.79 (1H,dd,J =8.2,1.6 Hz,H-6"), "C-
NMR (125 MHz,CD,0D) §: 79.9 (C-2),67.5 (C-
3),29.3 (C4),157.7 (C-5),96.3 (C-6),158.0
(C-7),95.8 (C-8),157.4 (C9),100.0 (C-10),
132.3 (C-1"),115.3 (C-2"),145.8 (C-3"),145.9
(C4"),119.4 (C-5"),115.8 (C-6") , \'H-NMR 7]
FESH,85.93(1H,d,J=2.3 Hz) fl 5.90(1H,d,
J =2.3 Hz) k& WAL B 26 5 4 H-6 F1 H-
8, I ULHH A BRh 5, 7- I . SRR T 6 6. 96
(IH,d,J =1.6 Hz),6.75(1H,d,J =8.2 Hz) &
6.79(1H,dd,J =8.2,1.6 Hz) f#4 i, T B ¥ ABX %
g, UL 37,4 TR HU . 5 SR [25 ] %kt
FEAR - e Z G R RILE R

LAY 8 Mar i BN K, ESI-MS m/z 583
[M + Na]*;'H-NMR (500 MHz, CH,0D) §:7.51
(1H,dd,J =8.6,1.9 Hz,H2") ,7.51 (1H,dd, J =

- 60 -

8.6,1.9 Hz,H-6") ,7.13(1H,d,J =2.0,2.0 Hz, H-
2'),7.01(1H,dd,J=8.3,2.2 Hz,H-6") ,6. 84 (1H,
dd,J =8.6,1.9 Hz, H-3") ,6.84 (1H,dd, ] =8.6,
1.9 Hz,H-5"),6.81(1H,d,J =8.3 Hz,H-5"),6.07
(1H,d,J =2.3 Hz,H-6),6.01 (1H,d,J =2.3 Hg,
H-8),4.99(1H,s, H2") ,4.41 (1H,d,J =3.4 Hz,
H-4),4.23(1H,s,H-3") ,4.05(1H,d,J =3.4 Hz,
H-3),2.77 (1H, m,H4") ,2.96 (1H,dd, J =17.0,
4.9 Hz, H4"); "C-NMR ( 125 MHz, CH,0H) §:
158.2 (C-4"),158.1 (C-7),157.0 (C9), 156.7
(C-7"),154.2(C-5"),152.3(C-5),152.2(C9"),
146.8 (C-4"),145.6 (C-3"),132.4 (C-1"),130.9
(C-1"),130.1(C-2"),130. 1(C-6") ,116.3(C-3"),
116.0(C-5"),119.8(C-6") ,116.0(C-5") ,115.9( C-
2'),107.2 (C-10), 104.2 ( C-8"), 102.8 ( C-10"),
100.4(C-2),96.5(C-6),98.3(C-8),96.6(C-6"),
81.8(C-2"),68.3(C-3),67.7(C-3"),30.1(C-4"),
29.4(C-4), M"C-NMR FiIl DEPT 3% 7] LA i, %1k
HWILA 30 N fE T, s 14 Sk, 15
Ak, MR XA 24 DMRAE S 388 A 4 DRI
Z54 ' H-NMR m] LA i, H 45k 14~ 1,2,3,5
DU A 3R [6.01 (1H,d,J =2.3 Hz, H-8),6.07
(1H,d,J=2.3 Hz,H-6) ],1 /1,3 4 KL 5 &
I [7.01 (1H,dd,J =8.3,2.2 Hz,H-6"),7.13
(1H,d,J=2.2 Hz,H-2"),6.81 (1H,d,J =8.3 Hg,
H-5) 1,14 1,4 BB 05 FF 43R [6.84 (2H, dd,
J=8.6,1.9 Hz,H-3"),7.51 (2H,dd,J=8.6,1.9
Hz,H-6") ] 1 DU S TR IR[6.09 (1H,s,
H-6") |, Ll B XRS5k G4 8 & — 1> B i
TR TR SCHER[26 ] A 6 B A — B, B 2 %4k
EW N 2a,3a-epoxyflavan-5,7,3", 4'-tetraol-( 48—
8) -flavan-5",7",4" -triol ,

fEAEW9 MR I8 B K K, ESI-MS m/z
577 [M +H] " ;'H-NMR (500 MHz,CH,0D) §:7.51
(1H,dd,J =8.6,1.9 Hz,H-2") ,7.51 (1H,dd, J =
8.6,1.9 Hz,H-6"),7.13(1H,d,J =2.0,2.0 Hz,
H2'),7.01 (1H,dd,J =8.3,2.2 Hz, H-6"),6. 84
(1H,dd,J =8.6,1.9 Hz,H-3") ,6.84 (1H,dd, J =
8.6,1.9 Hz,H-5") ,6.81(1H,d,J =8.3 Hz,H-5"),
6.07(1H,d,J =2.3 Hz, H6),6.01 (1H,d, J =
2.3 Hz,H-8),4.99 (1H,s,H2") ,4.41 (1H,d,J =
3.4 Hz,H-4) ,4.23(1H,s,H-3") ,4.05(1H,d, J =
3.4 Hz,H-3),2.77(1H,m ,H-4") ,2.96 (1H,dd, ] =
17.0,4.9 Hz,H-4") ; "C-NMR (125 MHz,CH,0H) §:
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158.5(C-4"),158.3(C-7),157.3(C9),156.8 (C-
7"),154.4(C-5") ,152.5(C-5),152.4(C9") ,146.9
(C-4"),145.8(C-3"),132.6(C-1"),130.8(C-1"),
130.1(C-2"),130.1(C-6"),116.0 (C-3"),116.0
(C-5"),119.9(C-6"),116.0(C-5"),115.6(C-=2"),
107.4(C-10),104.3 (C-8"),102.5 ( C-10"), 100. 3
(C-2),96.6(C-6),98.3(C-8),96.7(C-6"),81.8
(C-2"),68.3(C-3),67.2(C-3"),30.1(C-4"),29.4
(C-4) . MW'H-NMR AT LAFE H b G5 T ik
W8 Z T A OH-3", HoAb B 4fs B A — 3, [6] 1)
PC-NMR # C-3"JAfL&W) 8 (19 6 116.0 48 % 145.9,
PR 3"l Re A R AL EUA, 5 SCHR [ 27-28 | % ) B s
HEAR 3,

AP 10 HEasREs & (), EI-MS BoR
m/z 290 [M]", 4 ¥+ X C, H, O,, H-NMR
(500 MHz,CD,0D) ,8:6.76 (1H,d,J =1.5 Hz, H-
2'),6.72(1H,d,J =8.0 Hz, H-5") ,6.64 (1H, dd,
J=8.0,2.0 Hz,H-6"),5.87(1H,d,J =2.5 Hz, H-
8),5.80(1H,d,J=2.0 Hz,H-6) ,4.51(1H,d, J =
7.5 Hz,H-2),3.88(1H, m,H-3),2.79(1H,dd, ] =
5.5,16.5 Hz, H-4B),2.44 (1H,dd,J =8.0,16.0
Hz,H-4a) ,"”C-NMR (500 MHz, CD,0D) §:85.0(C-
2),68.9(C-3),28.6(C4),157.9(C-5),157.5(C-
7),157.1(C9) ,146.4(C-4"),132.1(C-1"),120.2
(C-6"),116.2(C-2"),115.2(C-5"),100.9(C-10) ,
96.4(C-6),95.5(C-8), LI %45 cHk[29] —
B, B AL B M R ILZEER (- ) -epicatechin

G 11 RS &S (B s ESI-MS m/z
491 [M-H] ;'H-NMR (500 MHz, pyridine-d; ) §:
7.31 (1H,d,J =1.3 Hz,H-2),7.19 (1H,d,J =
8.1 Hz,H-5),7.01 (1H,dd,J=8.1,1.3 Hz,H-6),
4.56 (1H, m,H-7),2.38 (1H, m, H-8),4.22 ~
4.29 (1H, m,H9a),3.13 (1H,dd,J =15.6,4.4
Hz,H9b) ,6.85 (1H,s,H-2"),6.83 (1H,s,H-5"),
3.58 ~3.64 (2H,m,H-7") ,2.35 ~2.51 (1H,m,H-
8),4.03 ~4.15 (2H, m, H9'),3.70 (3H, s, 3-
OCH,),3.77 (3H,s,3’-OCH,) ,4.62 (1H,d,J =
7.3 Hz,H-1") ,4.05 (1H,m ,H-2") ,4.12 (1H,m, H-
3"),4.18 ~4.21 (1H, m,H-4") ,4.58 (1H,m,H-5"
a),3.33 (1H,dd,J =16.0,11.4 Hz, H-5"b), "C-
NMR (125 MHz) §:138.0 (C-1),114.4 (C-=2),
148.6 (C-3),146.5 (C-4),116.6 (C-5),122.6 (C-
6),47.4 (C-7),45.5 (C-8),68.6 (C9),128.2
(C-1"),112.6 (C2"),147.0 (C-3"),146.1 (C-

47) ,118.0 (C-5") ,134.1 (C-6"),33.9 (C-7"),39.2
(C-8"),64.3 (€C9'),56.1 (3-0CH,),55.9 (3'-
OCH,),106.1 (C-1"),75.2 (C-2"),78.6 (C-3"),
71.2 (C-4"),67.3 (C-5"), P& 5 SCHk[30]
of B — 3, i 28 58 N schizandriside .
4 [ ASREFEMER S BITHE

¥ HL-7702 40 i bR B8 7.0 x 10* 4>/mL 3 Fh
T 96 £t , BALZAF 100 wL, 15 5% 24 h J5 , W H
B BB 2H S 0 & e A 45 R BE Y CC, By 57
F, 45 25 A oy Al m A R AR A W OR R T A v
(0.8,0.4,0.2 g- L") 25 50 wL, BH P41 A
0.2 g+ L™ 4 WUEG % AL 50w, [WIE A CCL,, fifi
CCl, &k B M I R O W B . IE B Al A & A
X I e B 2 BE ) RPMI-1640 #5352 B 100 wL, &
oM, hELIEIR 24 h Z )5, 17 96 fLIE 74k
FEEFLTATA S g- L7 B MTT ¥ 3 20 wL, A AR
WE 4 h 5, bR R LIE W, AL i A DMSO
150 wL,ZEFE R IR 10 min DL 55 (0 45 &,
S EGEFR YL 570 nm P KA IO FLIR G EE A # T
TSR 20 A 0% 3 O 3 1 0 25 4 0 DR TS M. A
MIAEWE R = SCdl Ay, /IE# 4 Ay, x 100% ,
DL 2, MTT 3 45 R 3R B, CCL, #5143 J5 1 A 7Y
2 240 B 3 T T SR R A TE R 2 Y 55, 98% |, Bk R
XURE AL B 0.2 gL~ I 2 XUTR o 41 A ) 20 SR 3%
&9 8,9,11 X CC, 75 5 1Y 45 s 40 g HoA7 B 12
PR VEHI (P <0.05)

x2 MASHELESWEIMRIFELE
Table 2 In vitro screening results of hepatoprotective effect of

compounds of Indigofera stachyoides Radix

24 5 TRt/ g L A Jif - 4 470 /%
E# - 100
iR - 55.98%
1B 4 AL T 0.2 94. 96
Nk 0.8 78. 56

0.4 65.20"
0.2 56.75
a9 0.8 76.92%
0.4 63.93"
0.2 59.77
e 11 0.8 84. 627
0.4 83.86%
0.2 61.79"

TE SR D P <0.05,2 P<0.01; 5IFEH4HE P<
0.05,YP<0.01,
.61 -
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AL ANZS LR OB B s 7 11
MEAEY P E Y 2 RN A S s,
G 3, LB 6 1R MR JE A3 3], F & 5
HTIMAS A 2E s 58 . st CCL, i 5 ik
Hb N HL-7702 4f g 483 475 455 A % i A 2 2018 0 Tk
TR 43 B A5 B B9 38 4310 & W R AT ORI T 0 3% , &
MALEWILEY 8 LEW 9 AlkE 11 A —
(14 A JHF 305 1 o

25 e 8 1) 32 B 3 o A4 M R A e A A
FPEC, SR 5 280 F 96 LG FRtlvh, B5 9% 24 h J57 )
WFERE IR i A LR B R H R 3 Rl A R
HWE 0.8 ~ 0.01 g L™ "MZ5% 50 wL, [F I A
CCl, 5535 3, fifi CCL, K 75 35 40uk Ji o0 fe (£ 460 40 Tk
LR 6 AN AL, Ak RT3 24 h MTT 35 K I 4%
Y1 AN B A A7 6 2R, 45 S e B0 v R0 A 96 P e e ot
FLAE R T A S 040 B e I e 4 R
IR BA S 1 LA I 35 2 AV ) o 2 VA R A S ) R
W PE, WO AR PR AL & W A B VR BE 0.8,0.. 4,
0.2 g- L™ JF )R LM 98 TAE

g A CCL, #eEE 20 mmol - L™ 5 Ay 41 i 48 405
B (e B [ R #E CCL, 10 mmol« L™, 41 I 25
AR AN B S R A 5 IR N A A NG R 94.37%
B 5 I 35 1 J 00, 200 L %) A7 305 S5 0 T T o, S e i 3k
% 30 mmol - L ™" Ft, 41 Jitd 77 15 R {L & 10.28% , HL-
7702 4 A S0 A0 AR A S A 2 R B B AL, A P 45 A
ANIGEREEIG MR E M-, 4 CCL, W&
N 20 mmol - L ™" B, 45— B 9 U8 T 40 MU AF A (HIE
SEAFTE— 2 B A PR FF 15 F A 40 0, MTT 32 46 I 40
JAETE 2R 55.98% , i S #2iE HL-7702 4 fifg i >
B B o A O SCR RS 2 £ BV B B AR
(50 mmol-L~") , HoXF i 41 ffg I A 2 B0 40 1 7
R T W 2 A SR v AR T A 40 4 R A R Y B
i), 256 o 3 A MITT 32 3000 52 400 B A7 16 356 ok U I 2, e
A A s R0 K I 49 A5 0 T Ay R 1) T 4, S B 45 R 3R
B AR S5 Hp T ) 2 T v B8 T 400 JE 1) 52 G 45 1 2
B S T 2 H OB AR R AT . AR K LS
W) T O N S AR I R By, S Il S TR A 2
2 KR SR A 5T B 2 W o He il o

[ &% k]
(1] Bue Rk b St R 2582 (M. BB ST A
[ R L 1978 465-466.
(2] mMEDEREMmMES mm P [M]. BI:
- 62 -

[5]

[6]

[7]

[9]

[10]

[12]

[13]

[14]

[16]

PRE 4, SCH0, B THAR. Bt M 2 i A 2 BT A 9 I
AT 2B R ,2014,42(11) :3235-3237.
FE R R E B R (R AR AR ) i e 2x . AR AR REL 5
PO [ M. bl B2 SOR H R4, 1999 . 3233-3234.
R B, FE SR, A AR R AL 2 R T Y
[J]. P25 ,2013,35(2) ; 320-323.
Rehman A U, Malik A, Riaz N, et al. Lipoxygenase
inhibiting Riazconstituents from [Indigofera hetrantha
[J]. Chem Pharm Bull ( Tokyo), 2005, 53 (3):
263-266.

SRR O a1 - P N U R e o o
WF5E[T]. 25 ,2009,40(3) : 356-360.

Selvam C, Jachak M S, Oli G R, et al. A new
cyclooxygenase ( COX ) inhibitory pterocarpan from
Indigofora aspalathoides: structure elucidation and
determination of binding orientations in the active sities
of the enzyme by molecular docking [ J]. Tetrahedron
Lett,2004 ,45(22) ; 4311-4314.

I TY BN B, i, . 9RO R AL A BT Y
[J]. 245 ,2004,35(6) :608-611.
LIY Y,LI C Q, XU Q T, et al. Antioxidant, a-
glucosidase inhibitory activities in vitro and alloxan-
induced diabetic rats’ protective effect of Indigofera
stachyodes Lindl. rtoot[J]. ] Med Plants Res,2012,6
(9) . 3321-3328.

Bakasso S, Lamien-Meda A, Lamien C E, et al.
Polyphenol contents and antioxidant activities of five
Indigofera species ( Fabaceae) from Burkina Faso[ J].
Pak J Biol Sci,2008,11(11) ; 1429-1435.

Farias-Silva E, Cola M, Calvo T R, et al. Antioxidant
activity of indigo and its preventive effect against
ethanol-induced DNA damage in rat gastric mucosa[ J].
Planta Med,2007,73(12) ;1241-1246.

Rajkapoor B, Jayakar B, Kavimani S, et al. Protective
effect of Indigofera asphathoides against CCl,-induced
hepatic damage in rats[ J]. J Herb Pharmacother,2006,
6(1). 49-54.

Shahjahan M, Vani G,Devi C S S. Protective effect of
Indigofera oblongifolia in CCl,-induced hepatotoxicity
[J]. J Med Food,2005,8(3) : 261-265.

Flavia C M Lopes a, Tamara R Calvo b, Lucas L
Colombo, et al. Immunostimulatory and
cytotoxicactivities of Indigofera suffruticosa ( Fabaceae)
[J]. Nat Prod Res,2011,25(19) : 1796-1806.

HEBEE S AT, £ 44,55 HS-SPME-GC-MS /347
BAWE AR A RO 35 S 43 [T v [ 52 38 77 )
7k ,2011,17 (6) : 86-88.



524 5 T RELEATFZERE Vol.24,No.7
2018 4£ 4 H Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2018
(17] FE/NR IR, TKREA , 2, 1 B AR U 47 S M i o) 19 4 Food Chem,2005,53(23) :9010-9016.

[18]

[19]

[20]

[21]

[22]

[24]

E SRR RSO - B AT [T ] R R
A $& Bl 27 1 ,2013,35(S2) :336-338.

R R L B 8, B KORR, S I S KO0 A 2 A
iy UHPLC-DAD-Q-TOF-MS/MS 43 #1[ J]. v [E SZ 5 7
24 75,2014 ,20(23) :63-67.

R, ERM, BREE, S SO A AL A A 1 B 5T
[J]. db st BE 25 e 2741 , 2008 ,31 (12) :844-846.
Gisho Honda, Mamoru Tabata. Antidermatophytic
substance from Sophora angustifolia [ J]. Planta Med,
1982,46(2) :122-123.

R B R B s [T
2y ,1999,34(1) 11-13.

Gaspar E M M,das Neves H J C. Steroidal constituents
from mature wheat straw [ J]. Phytochemistry, 1993 ,34
(2):523-527.

WA, BRAR, B IRAR, . B iRl A
Wi k& [T]. A HlLf ¥, 2005,25(9):
1100-1102.

Piccinelli A L, Fernandez M C, Cuesta-Rubio O, et al.

Isoflavonoides isolated from Cuban propolis [ J]. Agric

[25]

[26]

[27]

[28]

B AR IS TR A i A A ST ]
B 24,2012,43(5) ; 844-846.

QIU L,LIANG Y,TANG G H,et al. Two new flavonols
including one flavan dimer from the roots of Indigofera
stachyodes[ J]. Phytochem Lett,2013,6(3) :368-371.
MA X M, LIU Y,SHI Y P. Phenolic derivatives with
free-radical-scavenging activities from Ixeridium gracile
(DC.) Shih [ J]. Chem Biodivers, 2007, 4 (9):
2172-2181.

WANG L J, LOU G D, MA Z J, et al. Chemical
constituents with antioxidant activities from Litchi ( Litchi
chinensis Sonn. ) seeds[ J]. Food Chem,2011,126(3) :
1081-1087.

FEE ST S A ORI B 2% 1 Ab 2
SR, =R SE,2000,22 (3) ; 343-350.
Sadhu S, Khatun A, Phattanawasin P, et al. Lignan
from Saraca asoca with

(4):

and flavonoids

J Nat Med, 2007, 61

glycosides
antioxidant activity [ J].
480-482.

[REHRE MEM]

- 63 -



