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Abstract : This study aims to investigate the chemical components of Adina rubella and evaluate its a-glucosidase inhibitory
activity. The constituents from the ethyl acetate fraction of the root of A. rubella were separated and purified by chromatograph-
ic techniques including column chromatography of silica gel,Sephadex LH-20 and HPLC. Their structures were mainly eluci-
dated by NMR and MS spectroscopic techniques. Twenty-five compounds were isolated and purified, and use modern wave
spectroscopy methods to identify their structures as quinovic acid (1) ,quinovic acid 3-0-8-D-glucopyranoside (2) ,quinovic
acid 3-0-B-D-fucopyranoside (3) , quinovic acid 3-0-8-D-glucopyranosyl-28-0-8-D-glucopyranosyl ester (4) , gongganoside
C (5) ,gongganoside A (6) ,quinovic acid 3-0-8-D-fucopyranosyl-28-0-8-D-glucopyranosyl ester (7) ,quinovic acid 3-0-8-
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D-quinovopyranosyl-28-0-8-D-glucopyranosyl ester (8) ,oleanolic acid (9) ,sinapic aldehyde (10) ,coniferaldehyde (11),

3,5-di-0O-caffeoylquinic methyl ester (12) ,3,4-di-O-caffeoylquinic methyl ester (13) ,methyl 4 ,5-di-caffeoyl-quinate (14) ,
grandifloroside (15), undulatoside A (16), 5, 7-dihydroxy-2-methylchromone-7-0-B-D-apiosyl-( 1 — 6 ) -0-B-D-glucoside
(17) ,loganin (18) ,loganic acid (19),sitosterol (20),6'-0O-acetyl-B-daucosterol (21) , daucosterol (22), syringaldehyde
(23),3,4,5-trimethoxyphenyl-1-0-8-D-apiofuranosyl-( 1"'—6") -O-B-D-glucopyranoside (24 ) ,lucidol (25). Among which
compounds 2-8,10-14,16,17,19,21,23-25 were isolated from A. rubella for the first time. The results of a-glucosidase inhi-

bition activities showed that compounds 12 and 13 exhibited significant inhibitory activities against a-glucosidase, with 1Cy,

values of 8.83 = 0.54,8.36 = 1.01 pwmol/L,respectively. Enzyme kinetic analysis showed that the type of inhibition of a-

glucosidase by compounds 12 and 13 was mixed competitive inhibition, followed by molecular docking and molecular dynamics

simulation results showed that compounds 12 and 13 have superior binding capacities with a -glucosidase (binding energy ;-

10.08 and -10. 65 kcal/mol). Compounds 12 and 13 showed significant a-glucosidase inhibitory activities,and they might be

the material basis for the a -glucosidase inhibitory activity of eathy lacetata extract from the root of A. rubella.

Key words : Adina rubella ;chemical constituents ; hypoglycemic activity ; a-glucosidase ; molecular docking
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AW HEATIRIS - R AHETT B S HEPEA, R o
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1.1 {UF5iRH

Avance 1T 500 MHz # 5 #% 4 2L ¥R 1 . Avance
11T 600MHz #8 5 4% ik ¥z AL . UPLC-IT-TOF Y& #H- 25
TR AT A A5 BTk B A CEYELA Jief% 75 & AY
( HZRZR 5 B4L 2N 1) . DLSB-5L/25 UL L ¥4 H1
PEFRAE (Hh E LTSS A PR A R 3 Ak
(80 ~100 H.200 ~300 H ) K i )2 03 ik I ( GF-
254) (F AL T ) 5 YPS00IN AU+ K- (1
5% TP R AU A R F]) 5 SQP B 7 2
—HF R (AL R B 2= A R AR 5
AL104 BUJ7 73 2 — U~ RV (L i Mg -4 0] 2
{338 2N D) 5 2 i A B RO A 3 A ( Waters
€2695) (32 [F Waters /A F] ) , Bl PUICHE B2 L H
TNAE T A D 2 ( Waters 2998 ) R ZE A G HUS K
W25 (Waters 2424 ) 5 > il £ 750 = OB (L3 £ (LC-

2030 Plus, H 4% Shimadzu 22 #]) o

ArihEE AT b O LT DR |
(TP, B WItR A A g A BRA 7)) (FrHrat,
RER B #0535, Bl Al
AVA A R R 5 B R £ 52 #h i ( phosphate buff-
ered saline , PBS) (#lt-5-: C3850-0500, | ¥ ik 45 7 /K
PEIRHE A RN 1) 5 4-Fil§ 5 KB~ D- It I 2 25 T
( 4-nitrophenyl-B-D-glucopyranoside, PNPG ( it 5
K17A10B82914 , ¥ iE AR W) N T ) 5 -5 285 Bl LT il
(165 :J0715216853 , _EFIR A= 4)25 w) ) 5 BT i 4
(#L5 . F21514, BHFHEI/RAFR) o
1.2 &t

IR T 2022 4ERAE T VG Stk TP R 2
B\ =5, b ER A B YRR P
. Bl Q155 245 W) 58 A 7k EARIFE 53 3 o Rt
KA B K H5 (Adina rubella Hance) , FEIEFR
A% (No. 2022001 ) FrAF T P4 XU 44 F47 48 ) el B8
YT
1.3 XWHZE
1.3.1 #BBRE5455

K TR IS 1Y K B AR (50 ke) 7E % IR T
90% Tl CFERIHEI 3 K, 735 733 do &
JEHR IO, Wl Ve 4, 15 3 S BERE 8. 51 kg, ¥
8.51 kg WY LI H TR KB FEVE A, 420, R T 1
1.5 fE A 80 ~ 100 H REBCFERE, H AR T, BIFEE 22
TR HEA T IE AR RIS 23 15 o KU A itk | 2 1R
CBEANE T BEEAT VR, Wl ok 4 15 31 = ARAL 1Y
B8 oG YRR AL W2 CTRERAL AT R G0y 41
B HA-HEE(L 0002 1 ~0: 1, V/V) JEA7 80 Uk
Jito 1558 A4S (Fr. 1 ~Fr.8), Fr. 1 i@id #)2
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P15:1.2: 111, V/V) R E SR B OF  HE X
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RS S HT i A B FR A k- R (200 1
10:1.5:1.2: 1,121, V/V) YRS st 508, B
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HPLC 1554k 4% 12 (5.4 mg) (13 (4.5 mg) .14
(10.5 mg) \15(2.5 mg) , Fr.7 i@ f Sephadex LH-
20 il HPLC 73 #1524k 54 17 (22. 6 mg) .23
(8.4 mg) . Fr.8 i@ G P -HEE(5:1,V/V) 53
BAR , R RSl , PR £ HPLC 15 ]
A4 24(10.5 mg) 25(2.5 mg) .7(10.5 mg) .8
(2.5 mg),
1.3.2  o-%) E 4B SN ) B K 16
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JE 4 0. 27 wmol/L) iy BHAE ST R, XF 25 AN &4 (&
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W, 5 B RE 4 (80 WL PBS + 10 pL ke +50 pL il
VW) RS IEZH (130 L PBS + 10 pL A4 ) (B
PEXTHRZH (90 L PBS +50 wL B M) (25 X B4
(140 pL PBS) . 8432, SFATHAE =K, 7 96 fL
Wb AT R, 37. 5 CAMF T T 15 min, K5 5
fLIMA 40 L PNPG,4¢£20 5 30 min J5 /A 20 pL
Na, CO, 2% 1k )i, 75 405 nm T, fift FH AR AR 0] 8
JEEE(A)  F a5 () HHEIHIR(R) .
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XoF oo A W TR P A0 ) 28 Y, T TG, BRF I R HRUAK A
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R e AR TS 2, O o1 SIS R 3 ek U R P o
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K H Autodock B4 b B (1) -4 265 W
K43 (PDB ID:3A4A) 5 84k &4 1213
HEAT 0 1% e 45 R AR S5 & g, 85 R HH Gro-
macs YEAT 53 F 3l J1 F B, ¥ Ambertools 25 &
Acpype F&J EEBCAR ) F F NG5 8 SCH4F , >R A AmberFFO3
713 TIP3P /KA RS, 3l J) 2 el i & e 1
TR AN ES AR R A 24T 100 ns
A e AR BRI 1 53 3l g 2 4L ) (R 2P
2 fs, Xt ¥ 75 #R W 22 ( root mean square deviation,
RMSD) | DVESHR FAAE BAEH 13647 LE B #r o
2 H#R
2.1 HHETE

wEW1 HEOLELK K ESI-MS: m/z 485
[M-H] 4 7=~ C,H,, Os;'H NMR (500 MHe,
C;D;N)S:6.02 (1H, brs, H-12) ,3.30 (1H,dd, ] =
11.4,4.7 Hz,H-3),2.83(1H,m,H-18) ,1.22(3H,
d,J=6.2 Hz,H29),1.13(3H,s,H-30),1.06 (3H,
s,H23),0.98 (3H,s, H25),0.92(3H,s, H26),
0.79(3H,d,J = 6.4 Hz, H24);” C NMR (125
MHz,C,D;N)§:39.4(C-1),26.4(C-2),78.0(C-3),
39.2(C4),55.7(C5),18.3(C-6),37.1(C-7),
40.1(C-8),47.3(C9),37.2(C-10),23.4(C-11),
129.0(C-12),134.2(C-13),56.8(C-14) ,28.6 ( C-
15),25.6(C-16),48.8(C-17),55.0(C-18),37.4
(C-19),39.3(C-20),30.6(C-21),37.7(C-22),
28.2(C-23),16.6(C-24),16.6(C-25),19.0 (C-
26),178.0(C-27),180.1(C-28),18.9(C-29) ,21.4
(C-30) o Lk b %de 5 30kt i iy 3 A — 3, N
IR B YT

a2 HEOTLELKK;ESI-MS: m/z 671
[M + Nal]*, 4y FxX K Cy Hy O,p,'H NMR (500
MHz,CD,0D)§:5.59 (1H, m,H-12) ,4.29 (1H,d, J
= 7.8 Hz,H-1"),3.83(1H,dd,J=11.8,2. 1 Hz,H-
3),1.01 (3H,s, H-23),0.97 (3H, s, H25),0.92
(3H,d,J =5.0 Hz,H-30),0.90(3H,d,J =5.0 Hez,
H-29),0.89(3H,s,H26),0.82(3H,s, H-24);"C
NMR (125 MHz,CD,0D)§:40. 1(C-1),26.6(C-2),
90.8(C-3),40.3(C4),57.1(C-5),19.4(C6),
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38.2(C-7),40.8(C-8),48.2(C9),38.0 (C-10),
24.0 (C-11),130.6(C-12),134.0(C-13),57. 4(C-
14),27.2(C-15),25.9(C-16),55.7 (C-18) ,40.5
(C-19),38.5(C-20),31.4(C21),37.8(C=22),
28.7(C23),17.1(C24),17.2(C-25),18.3 (C-
26),179.1(C27),181.7(C-28),19.2(C-29) ,21.7
(C-30),106.8 (C-1"),75.8 (C-2"),78.4(C3"),
71.8(C4"),77.8(C-5"),62.9(C-6"), £ CHL#
Bl , A58 5 Sk R i AR — 3, PR A
ZAE W) R ZE VTR -3-0-B-D-ML I A A HE

wEW3I HOTILEEKK; ESI-MS: m/z 655
[M+Na] " ;201K C Hy Oy ,'H NMR (500 MHz,
CD,0D)§:5.60 (1H,dd, J =5.2,2.5 Hz, H-12),
4.22(1H,d, J=7.1 Hz,H-1") ,3.09(1H,dd, J =
11.6,4.7 Hz,H3),2.24 (1H,d, J = 10.0 Hz, H-
18),1.24(3H,d,J =6.4 Hz,H-6"),1.01 (3H,s, H-
23),0.96(3H,s,H-25),0.91(3H,d,J = 9.2 Hz,
H-29),0.91(3H,d,J =9.2 Hz,H-30),0. 88 (3H,s,
H-26),0.82 (3H, s, H24);"” C NMR (125 MHz,
CD,0D)5:40.0(C-1),27.1(C-2),90.6(C-3) ,40. 1
(C4),57.0(C-5),19.3(C-6) ,37.6(C-7) ,40.7( C-
8),48.0(C9),37.9(C-10),23.9(C-11),130. 4 ( C-
12),133.8(C-13),57.3(C-14) ,26.4(C-15),25.7
(C-16),49.5(C-17),55.5(C-18),40.4 (C-19),
38.3(C-20),31.2(C-21),38.0(C-22),28.6(C-
23),18.3(C24),16.9(C-25),18.2(C26),179. 1
(C-27),181.7(C28),17.1(C29),21.6(C-30),
107.1(C-1"),73.1(C-2"),71.6 (C3"),72.9 (C-
4"),75.3(C-5"),19. 1(C-6") . £ 3CHkEp, LA 15K
-5 Sk R AR — B R E %A A R
ZER-3-0-B-D-5 FEHETT

hEW4 ACKTKEEKA; ESI-MS: m/z 833
[M + Na]*; 43 F 2N Cp,He O5,"H NMR (500
MHz,CD,0D)8:5. 61 (1H,br s,H-12),5.37(1H,d,
J = 8.1 Hz,H-1"") ,4.30(1H,d,J = 7.8 Hz, H-
1'),3.14(1H,dd,J = 11.7,4.5 Hz,H3),1.01
(3H,s,H-23),0.96(3H,s,H25),0.90 (6H,t, ] =
5.9 Hz,H-29,H-30),0.87(3H,s,H-26),0.82(3H,
s,H24);” C NMR (125 MHz, CD,0D) §:39.9 ( C-
1),27.1(C-2),90.7(C-3),40.1(C4),56.9(C-5),
19.3(C-6),38.0(C-7),40.8(C-8),48.1(C9),
37.8(C-10),23.9(C-11),130.9(C-12),133.2( C-
13),57.3(C-14),25.8(C-15),26.4 (C-16) ,49. 8

(C-17),55.3(C-18),40.3(C-19),38.3(C-20),
31.2(C21),37.0(C-22),28.5(C-23),17. 1 (C-
24),17.0(C-25),19.2(C-26),179.1(C-27),177.9
(C-28),18.2(C-29),21.5(C-30),106.7 (C-1"),
75.6(C-2"),77.6(C-3"),71.2(C4"),78.2(C-5"),
62.5(C-6"),95.6 (C-1""),73.9(C=2""),78.2 (C-
3),71.6 (C4"),78.6 (C-5""),62.8(C-6""), %
SCHRAE 1), LA _E 508 5 Seik™ 4l i 3 AR — 3
BEHf A B ) R 45 145 TR -3 - O-B-D -1 Il 7] %6 % -28 -
O-B-D -1 e 75 255 W FEE 1 -

wEWS HETEEHAK; ESI-MS: m/z 949
[M+Nal]*, 5+ K C,H, O4;'H NMR (500
MHz,CD,0D)8:5. 61 (1H,br s,H-12),5.37(1H,d,
J =8.1Hz,H-1""") ,4.69(1H,d,J = 1.6 Hz, H-
1'),4.47(1H,d,J = 7.2 Hz,H-1"") ,3.05(1H,dd,
J = 11.2,4.7 Hz,H-3),1.23(3H,d,J = 6.2 Hz,
H-6"),0.98(3H,s,H-23),0.92(3H,s,H-25),0.90
(6H,d,J =5.6 Hz, H-29, H-30),0.88 (3H, s, H-
26),0.78 (3H, s, H-24);"” C NMR ( 125 MHz,
CD,0D)5:39.8(C-1),26.6(C-2),90.3(C-3),40.0
(C4),56.6(C-5),19.4(C-6),37.0(C-7) ,40. 8(C-
8),48.0(C-9),37.9(C-10),23.9(C-11),130. 8(C-
12),133.3(C-13),57.3(C-14),25.8(C-15) ,26. 4
(C-16),49.8 (C-17),55.3(C-18),40.3 (C-19),
38.3(C-20),31.2(C-21),38.0(C-22),28.7 (C-
23),17.1(C24),16.9(C-25),19.2(C-26),179. 1
(C-27),177.9(C28),18.1(C29),21.5(C-30),
104.0(C-1"),72.2(C-2"),82.2(C-3"),73.0 (C-
4'),69.8(C-5"),17.9(C-6"),106.6 (C-1""),75.3
(C2""),77.6(C3""),71.2(C4""),66.9(C-5""),
95.6(C-1"""),73.9(C-2"""),78.3(C-3""") ,71. 1(C-
4" 78.6(C-5""") ,62.5(C-6""") . ZCHkA [, LA
Rt SCERIRAE " BB AR — 2, R E e
)~ gongganoside C,

LEWme I EEHAK; ESI-MS: m/z 787
[M +Nal*, 4+ k C, Hy, O,;'H NMR (500
MHz,CD,0D)§:5.61 (1H,d,J = 2.6 Hz,H-12),
4.69(1H,d,J = 1.8 Hz,H-1"),4.47(1H,d,J =
7.3 Hz,H-1""),3.05(1H,dd,J = 11.2,4.7 Hz, H-
3),1.23(3H,d,J = 6.2 Hz,H-6"),0.97(3H,s,H-
23),0.91( 6H,d,J =3.1 Hz, H25, H26),0. 89
(6H,d,J =3.1 Hz, H-29,H-30),0.79 (3H, s, H-
24);" C NMR (125 MHz, CD,0D) §:39.9 (C-1),
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26.7(C-2),90.5(C-3),40.2(C4),56.8(C-5),
19.5(C6),37.8(C-7),40.8(C-8),48.2(C9),
38.0(C-10),24.0(C-11),130.4(C-12),134.1(C-
13),57.5(C-14),25.9(C-15),26.6 (C-16) ,49.7
(C-17),55.7(C-18),40.6 (C-19),38.5(C-20),
31.4(C-21),38.2(C-22),28.8(C-23),17.2(C-
24),17.0(C-25),19.2(C-26),182.0(C-27),179.2
(C-28),18.3(C-29),21.7(C-30),104.2(C-1"),
72.4(C-2"),82.4(C-3"),73.2(C4"),69.9(C-5"),
18.0(C-6"),106.7 (C-1""),75.4(C=2""),77.7(C-
3""),71.3(C4"),67.0(C-5"") , Z3CHkAr ], LA I
B 5 SCmk ™ HGH i S AR — B, R E %A
M gongganoside A,

WwEMT HETLEERHK; ESI-MS: m/z 817
[M + Na]*, 43 F 2N Cp,He Oy5'H NMR (600
MHz,CD,0D)8:5.59(1H,br s,H-12) ,5.37(1H,d,
J = 8.2 Hz H-1"") 4.22(1H,d,J =7.4 Hz,H-1") ,
3.10(1H,dd,J = 11.6,4.5 Hz,H-3),2.27(1H,d,
J = 11.1 Hz,H-18),1.24(3H,d,J = 6.4 Hz, H-
6'),1.01(3H,s,H-23),0.96(3H,d,J =1.6 Hz, H-
25),0.92 (6H,d, J = 4.6 Hz, H29, H-30), 0. 87
(3H,s,H-26),0.82(3H,s,H24);”C NMR (150
MHz,CD,0D) §:39.9 (C-1),27.3(C-2),90.8 ( C-
3),40.5(C4),57.0(C-5),19.5(C-6),38.0(C-7),
40.9(C-8),48.1(C9),38.2(C-10),24. 1(C-11),
130.7(C-12),133.8(C-13),57.0(C-14) ,26. 7 ( C-
15),26.1(C-16),50.0(C-17),55.6 (C-18),40.0
(C-19),38.4(C-20),31.3(C-21),37.2(C-22),
28.7(C-23),19.4(C-24),17.0(C-25),18.4 (C-
26),179.7(C-27),178.2(C-28),17.2(C-29) ,21.6
(C-30),107.3(C-1"),73.3(C-2"),71.7 (C3"),
73.0(C4"),75.4(C5"),17.1 (C-6"),95.7 ( C-
1'),74.1(C2""),78.8(C-3""),71.4(C4"") ,78.4
(C-5""),62.5(C-6""), &3Cmhari, LU £ 55
FRE1 R 0 A — 2, DR I S AL A R A
15 -3-0-B-D-5 5428 -0-3-D-NH W 5 2 BE g

wEWS HMOILEEHKAK;ESI-MS: m/z 817
[M + Nal]*, 4+ K C, Hg O,;'H NMR (600
MHz,CD,0D)§:5. 62(1H,br s,H-12) ,5.37(1H,d,
J = 8.2 Hz,H-1"") ,4.28(1H,d,J=7.4 Hz,H-1") ,
3.11(1H,dd,J = 11.6,4.5 Hz,H-3),2.28 (1H,d,
J=10.7 Hz,H-18),1.26 (3H,d,J = 6.2 Hz, H-
6'),1.01(3H,s,H-23),0.97(3H,s,/ = 1.6 Hz, H-

25),0.91 (6H,d,J = 4.6 Hz, H29,H-30),0. 87
(3H,s,H-26),0.82(3H, s, H-24) ;" C NMR (150
MHz,CD,0D) §:40.1 (C-1),26.6 (C-2),90.8 ( C-
3),40.4(C4),57.0(C-5),19.4(C-6),38.0(C-7),
40.9(C-8),48.2(C9),38.2(C-10),24.0(C-11),
131.1(C-12),133.4(C-13),57.5(C-14) ,27. 2 ( C-
15),26.0(C-16),40.9 (C-17),55.4(C-18),40.2
(C-19),38.4(C20),31.3(C21),37.1(C=22),
28.6(C-23),19.4(C-24),17.1(C-25),17.2 (C-
26),179.4(C-27),178.3(C-28),18.3(C-29) ,21.6
(C-30),106.6 (C-1"),75.9(C-2"),77.7 (C-3"),
73.1(C4"'),77.1 (C-5"),18.4 (C-6"),95.7 ( C-
1'),74.0(C2""),78.7(C-3""),71.3(C4""),78.2
(C-5""),62.6(C-6""), Z3Cmkerie, LA EdE 53
FRE R B R — B R A A
fi2-3-0-B-D-ZE Vi i5-28-0-B-D-Nk il 7 2 AR i
LEWMY  HETCEIEHAK; ESI-MS: m/z 479
[M+Nal]* %30 C,Hyg Oy 3 'H NMR (600 MHz,
CD,0D)§:5.24 (1H, brs, H-12) ,3.15(1H,dd, J =
11.4,4.8 Hz,H-3),2.85(1H,dd,J =11.4,4.2 Hz,
H-18),1.16(3H,s,H-27) ,0.97(3H,s,H-25) ,0. 94
(3H,s,H-23),0.93(3H,s,H-29),0.91 (3H, s, H-
30),0.82 (3H, s, H-24),0.78 (3H, s, H26) ;" C
NMR (150 MHz,CD,0D)§:40.0(C-1),28.0(C-2),
79.9(C-3),40.0(C4),56.9(C-5),19.7(C-6),
34.2(C-7),40.7(C-8),49.2(C9),38.3(C-10),
24.2(C-11),123.8(C-12),145.4(C-13) ,43.0(C-
14),29.0(C-15),24.7(C-16) ,47.8 (C-17),42.9
(C-18),47.4(C-19),31.8(C20),35.1(C-21),
34.0(C-22),28.9(C-23),16.5(C-24),16.0 (C-
25),17.9(C-26),26.5(C-27),182.1(C-28),33.7
(C-29),24.1(C-30) . £ 3CHkA D, DL L% 5
BRE 1 HRE Y AR — 2, D R AL A S B
wEW10 BT EEK A ESI-MS  m/z 231
[M+Nal]*, Z+F5k C, H,,0,;'H NMR (500 MHz,
CD,0D)5:9.58 (1H,d,J = 8.0 Hz, H-1),7.58
(1H,d,J = 16.0 Hz,H-3),7.00(2H,s, H-2', H-
6'),6.68 (1H,dd,J = 16.0,8.0 Hz, H-2),3.89
(6H, s, 3'-0CH,, 5'-OCH, ) ;" C NMR ( 125 MHz,
CD,0D)§:196.1(C-1),127.1(C2),156.5(C-3),
126.5(C-1"),156.5(C-2"),107.7(C-3"),57.0(3'-
OCH,), 149.6 (C4'), 107.7 (C-5"), 57.0 (5'-
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OCH;) ,156.5(C-6") . £ 3CHkAx B, DL L8 5 ¢
BkE D HGH 0 B A — 2, DR I A AR S R OT T
{38

LEW 11 BT E B AR ; ESI-MS: m/z 201
[M+Nal]", 1=k C, H,,0,;'H NMR (600 MHz,
CD,0D)5:9.58 (1H,d,J = 7.9 Hz, H-1),7.59
(1H,d,J = 15.7 Hz,H-3),7.26(1H,d,J =1.9 Hz,
H2'),7.17(1H,dd,J =1.9,8.2 Hz, H6') , 6. 86
(1H,d,J =8.2 Hz,H-3") ,6.68 (1H,m,H-2),3.91
(3H,s,5'-0OCH, ) ;" C NMR (150 MHz, CD,0D) §:
196.3(C-1),126.8(C-2),156.4(C-3),127.8(C-
1'),125.3 (C-2"), 149.8 (C3"), 151.9 (C4"),
116.8(C-5"),56.6(5'-0CH,) ,112.2(C-6") , &
Rk B, A B 5 Sk R i AR — 2k,
W A A Y R AR

wEmw12 O T EIRH A ESI-MS  m/z 553
[M+ Nal*, 4+ F3 K Cyx Hy O,;'H NMR (500
MHz,CD,0D)§:7.61 (1H,d, J = 15.9 Hz, H-7"),
7.54(1H,d,J =15.9 Hz,H-7"),7.01 (2H,d,J] =
2.2 Hz,H-2" H-2"),6.96(2H,dd,J =8.2,2.2 Hz,
H-6",H-6") ,6.78 (2H,d,J = 8.2 Hz,H-3" ,H-3"),
6.33(1H,d,J = 15.9 Hz,H-8"),6.21(1H,d,J =
15.9 Hz,H-8") ,5.39(1H,dt,/ =7.6,3.7 Hz,H-3) ,
5.30(1H,m,H-5),3.98(1H,dd,J = 6.6,3.2 Hz,
H4),3.68(3H,s,-OCH, ) ,2.34 ~2.27 (2H, m, H-
6),2.21 ~2.11(2H, m,H-2) ;" C NMR (125 MHz,
CD,0D)5:74.6(C-1),35.8(C-2),72.3(C-3),71.7
(C4),72.1(C-5),35.8(C-6),175.8(C-7),128.0
(C-1"),115.6(C2"),147.0(C-3"),149.9(C4"),
116.7(C-5"),123.2(C-6") ,147.6(C-7") ,115.2( C-
8),168.9 (C9'),127.8 (C-1""), 115.3 (C2""),
147.0(C-3""),149.7(C4""),116.6 (C-5"") ,123.2
(C-6""),147.3 (C-7""),115.0 (C-8""), 168.1 ( C-
9'),53.2(-0CH, ), Z3CHRA B, DL L %ds 5
Bk G AR — B, IR E AL A 3,5-
IS 2 T R R

LEWI3  EATE LK K ESI-MS: m/z 553
[M + Nal]*, 4»F XK CyHy O,;'H NMR (500
MHz,CD,0D)8:7.61(1H,d,J =6.4 Hz,H-7") ,7.53
(1H,d,J =6.3 Hz,H-7") ,7.02(1H,d,J = 2.0 Hz,
H-2"),7.00(1H,d,J = 2.0 Hz, H-2"),6.91(1H,
dd,/ = 8.0,2.0 Hz,H-6",H-6") ,6.76(2H,d,J =
8.0 Hz,H-3",H-3"),6.32(1H,d,J = 16.0 Hz, H-

8"),6.20(1H,d,J =16.0 Hz, H-8"),5.53 (1H, m,
H-3),5.12(1H,dd,J = 8.1,3.1 Hz,H4),4.35
(1H,dt,J=6.5,3.3 Hz,H-5) ,3.72(3H,s,-0CH,) ,
2.32(1H, m, H2"b),2.29 ~2.19 (2H, m, H6),
2.08(1H,dd,J = 13.8,6.4 Hz,H=2"a) ;" C NMR
(125 MHz,CD,0D)8:75.7(C-1),38.5(C-2),69. 1
(C-3),74.9(C4),68.6(C-5),38.4(C-6),175.2
(C-7),127.7(C-1"),115.2 (C2"),146.8 ( C-3"),
149.8(C4") ,116.5(C-5") ,123.2(C-6") ,147.7(C-
7", 114.7 ( C-8"), 168.4 ( C9"), 127.5 ( C-1"),
115.1(C-2"),146.8(C-3") ,149.7(C4") ,116.5(C-
5", 123.1 (C-6"), 147.7 ( C-7"), 114.5 ( C-8"),
167.9(C9"),53.1(-OCH, ) ., Z3CHk# B, LA 2L
355 SR A AR — B, D R A A R
3,4-0- —WmMERE R ZE TR H R

HEWM14 EOTLELH K ;ESI-MS: m/z 529
[M-H]", 43k C,yHy O,,;'H NMR (500 MHz,
CD,0D)§:7.61 (1H,d, J = 15.9 Hz, H-7"),7.51
(1H,d,J=15.9 Hz,H-7'),7.02(2H,dd,J = 10.8,
2.0 Hz,H-6' ,H-6"),6.92(2H,td, J=7.9,1.9 Hz,
H-2" H2"),6.76 (2H,d,J = 8.2 Hz, H-3',H-3"),
6.30(1H,d,J =15.9 Hz,H-8"),6.17 (1H,d,J =
15.9 Hz,H-8') ,5.54(1H,q,J =7.6 Hz,H-5) ,5. 12
(1H,dd,J =8.1,3.1 Hz,H4),4.35(1H, dt, J =
6.6,3.4 Hz,H-3),3.72(3H,s,-0CH,) ,2.33 (1H,
dd,J=13.9,3.4 Hz,H-6a) ,2.24(2H,1d, ] =12.8,
5.6 Hz,H2),2.09 (1H, dd, J = 13.8,6.4 Hz, H-
6b) ;" C NMR (125 MHz, CD,0D) §:75.9 (C-1),
38.5(C2),68.7(C3),75.0(C4),69.2(C-5),
38.5(C-6),175.3(C-7),127.7(C-1"),114.9 (C-
2'),146.9 (C-3"), 149.8 (C4'), 116.7 (C-5"),
123.3(C-6"),147.8(C-7") ,115.3(C-8") ,168.0( C-
9'),127.8 (C-1"") , 114.7 (C2""), 146.9 (C-3""),
149.9(C4""),116.7(C-5""),123.3(C-6""),147.9
(C-7""), 115.3 (C-8""), 168.6 (C9'"), 53.2 (-
OCH,) . Z3CHkA I, LA Kb 55 Scmk ™ 508 1o 2
A—3, HILHE1ZE Y8 methyl4 |, 5-di-caffeoyl-
quinate ,

wamw1s HEETERHAE; ESI-MS m/z 537
[M-H]", 7r 7R C25H30013;|H NMR (500 MHz,
CD,0D)§:7.54 (1H,d,J = 15.9 Hz, H-7"),7.45
(1H,d,J = 17.0 Hz,H-3),7.03(1H,d,J = 2.0
Hz,H-2"),6.94 (1H,dd,J = 8.2,2.0 Hz, H5"),
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6.78(1H,d,J = 8.2 Hz,H-6"),6.23(1H,d,J =
15.9 Hz,H-8"),5.80(1H,dd,J = 8.2,2.0 Hz, H-
1),5.55(1H,d,J = 6.3 Hz,H9),5.29(2H,m, H-
8),4.70(1H,d,J = 7.9 Hz,H-1") ,4.24(1H,dd,J
=11.6,5.4 Hz,H-7),3.90 (1H, m, H-6"b) , 3. 67
(1H,dd,J = 11.9,5.9 Hz,H-6"a) ,3.20(1H, m, H-
5),2.68 (1H,m,H-10),2.12(1H, m, H-6a) , 1. 86
(1H,m,H-6b) ;" C NMR (125 MHz,CD,0D)§:97.7
(C-1),153.2(C-3),112.0(C4),31.4(C-5),30.3
(C-6),64.3(C-7),136.0(C-8),45.5(C9),119.6
(C-10),169.4 (C-11),100.2(C-1"),74.7(C2"),
78.1(C-3"),71.7(C4"),78.6(C-5"),62.9(C-6") ,
127.9(C-1"") ,115.2(C-2""),146.9 (C-3""),149.7
(C4'),116.6 (C-5""),123.1 (C-6""), 146.9 ( C-
7'"),115.4(C-8"") ,168.6(C9"") , £ 3CHik#r M, LA
R S SRR B AR — B, e E %A
VI RAEZET .

wEWw16 HEJEEk AR ;ESI-MS: m/z 353
[M-H] 4+ 7=~ CH,;0,;'H NMR (500 MHz,
C;D,N)5:6.88(1H,d,J = 2.0 Hz,H9) ,6.83(1H,
d,J = 2.0 Hz,H-7),6.09(1H,s,H-3),5.78(1H,
d,J =8.0Hz,H-1") ,2.04(3H,s,H-11) ;" C NMR
(125 MHz, C,D,N) 6:167.5(C-2),108.6 (C-3),
182.5(C4),105.9(C-5),162.3(C-6),100.3 ( C-
7),163.7(C-8),94.9(C9),158.0(C-10),19.7(C-
11),101.5(C-1"),74.4(C-2"),78.1(C-3"),70.8
(C4),79.0(C-5"),62.0(C-6"), Z3CHkA M, LA
B SR R AR — B, R E %A
WA undulatoside A

wEW17T [AEIEER K, ESI-MS: m/z 509
[M+ Nal*, 5+ K C, Hy O,,"H NMR (500
MHz,C,D;N)8:6.93 (1H,d,J =1.8 Hz,H9) ,6.77
(1H,d,J =2.0 Hz,H-7),6.06 (1H,s, H-3),5.70
(1H,d,J=2.3 Hz,H-1"),5.63(1H,d,J =7.5 Hz,
H-1""),2.17 (3H, s, H-11) ;" C-NMR (125 MHz,
C;D,N)8:168.1(C-2),108.9(C-3),182.9(C4),
100.7(C-5) ,162.5(C-6) ,164.0(C-7) ,95.4(C-8),
158.4(C9),106.4(C-10),20.1(C-11),101.9(C-
1'),74.7(C2"),78.6(C-3"),71.6(C4") ,77.5(C-
5'),69.1(C-6"),111.2(C-1""),78.1(C-2""),80.5
(C-3"),75.2(C4""),65.8(C-5""), £ CHRA [,
DA 3 5 Sk R i AR — 3, R E % Ak
&%k 5 ,7-dihydroxy-2-methylchromone-7-0-8-D-api-

osyl-( 1—6) -B8-D-glucoside

wEWI8 HEJTELKHAK;ESI-MS: m/z 413
[M+Nal*, 4+ K C, Hy O,,'H NMR (500
MHz,CD,0D)8:7.40(1H,s,H-3) ,5.29(1H,d,J =
4.5 Hz,H-1) ,4.67(1H,d,J = 7.9 Hz,H-1") ,4.05
(1H,m,H-7),3.91(1H,dd,J = 11.9,1.8 Hz, H-
6'),3.70(3H,s,H-12) ,3.68(1H,dd,J = 11.9 Hz,
5.7 Hz, H-6a),3.40 (1H,d,J = 8.8 Hz, H-3'),
3.32(1H, m,H-5"),3.30(1H,d,J = 8.1 Hz, H-
4'),3.21(1H,dd,J=9.1,8.0 Hz,H2") ,3. 12(1H,
q,J=8.1Hz,H-5),2.24(1H,dd,J =14.1,7.9 Hgz,
H-6b) ,2.04 (1H,dt,J = 9.1,4.6 Hz,H-9),1.89
(1H,m,H-8),1.63(1H,dd,/ = 14.0,7.7 Hz, H-
6),1.11(3H,d,J =6.9 Hz,H-10) ;” C NMR (125
MHz,CD,0D)5:97.8(C-1),152.3(C-3),114.1(C-
4),32.3(C-5),42.8(C-6),75.2(C-7) ,42.3(C-8),
46.6(C-9),13.6 (C-10),169.7 (C-11),51.8 (C-
12),100.2(C-1"),74.8 (C-2"),78.1(C-3"),71.7
(C4"),78.5(C-5"),62.9(C-6") , £ 3CHkA M, LA
B SR R B AR — B, R E %A
VI ST

WwEM19 HEITLEFRHAK; ESI-MS: m/z 399
[M+Nal]*, 4+ K C,H, 0,;'H NMR (500
MHz,CD,0D)8:7.37(1H,s,H-3),5.26 (1H,d, ] =
4.4 Hz,H-1),4.64(1H,d,J =7.9 Hz,H-1") ,4.03
(1H,t,J =4.3 Hz,H-7),3.88(1H, m,H6") ,3. 65
(1H,dd,J=11.9,5.6 Hz,H-6") ,3.28(3H,m,H4",
H-5',H-3"),3.19(1H, m,H-2"),3.08 (1H, m, H-
5),2.23(1H,ddd, J =14.1,7.9,1.7 Hz, H-6a),
2.02(1H,dt,J =9.1,4.4 Hz,H9),1.87(1H,m, H-
8),1.65(1H,ddd, J =14.1,7.5,5.0 Hz, H-6b) ,
1.08(3H,d,J] =6.9 Hz,H-10) ;" C NMR (125 MHz,
CD,0D)§:97.7(C-1),152.1(C-3),114.5(C4),
32.3(C-5),42.8(C-6),75.3(C-7),42.3(C-8),
46.7(C9),13.6(C-10),171.3(C-11),100. 1 ( C-
1'),74.9(C-2"),78.2(C-3"),71.7(C4") ,78.5(C-
5'),62.9(C-6") , & 3CHkA B, LA E &R 5 SOk
T IR — 2, I E A A SRR

WwEW20 [T EKH A ESI-MS  m/z 413
[M-H]", 5+ ¥k C,Hyy O;'H NMR (500 MHz,
CDCL)8:5.36 (1H, m, H6),3.53 (1H, m, H-3),
1.02(3H,s,H-19) ,0.93(3H,d,J =6.5 Hz,H-21),
0.85(3H,d,J=2.0 Hz,H26),0.83(3H,d,J =4.5
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Hz,H-27),0.81 (3H, m, H29),0.70 (3H, s, H-
18);”C NMR (125 MHz,CDCl,)8:37.5(C-1),31.9
(C-2),72.1(C-3),42.5(C4),141.0(C-5),122.0
(C-6),32.1(C-7),32.1(C-8),50.4(C-9) ,36.7(C-
10),21.3(C-11),40.0(C-12),42.6(C-13),57.0
(C-14),24.5(C-15),28.5(C-16),56.3 (C-17),
12.1(C-18),19.6 (C-19),36.4 (C-20),19.0 ( C-
21),34.2(C22),26.3(C-23),46.1(C-24),29. 4
(C-25),20.1(C26),19.3(C27),23.3(C-28),
12.2(C29) . Z3CHkA B, L _E S5 Semk ™ )
(A — 3, PRI e AR S W A (S

wEW21 [ EEHAR;ESI-MS: m/z 641
[M+Nal]*, /+F5h C,H,0,;'H NMR (500 MHz,
CD,C1)8:5.38 (1H, m,H-6) ,4.38 (1H,d,J =7.8
H,,H-3),4.33(1H,d,J =3.6 Hz,H-1") ,2.09(3H,
s,-OCH,),1.01( 3H,s,H-19),0.92(3H,d,J =6.2
Hz,H-21),0.86 ~0.79(9H, m,H-26, H-27 ,H-29) ,
0.68(3H,s,H-18) ;" C NMR (125 MHz, CD,Cl)§:
37.2(C-1),29.6(C2),79.5(C-3),39.7(C4),
140.3(C-5),122.1(C-6),31.9(C-7),31.8(C-8),
50.1(C-9),36.7(C-10),21.0(C-11),38.3(C-12),
42.3(C-13),56.7 (C-14),24.3(C-15),28.2(C-
16),56.0(C-17),11.8(C-18),19.3(C-19),36. 1
(C-20),18.7(C-21),33.9(C-22),26.0(C-23),
45.8(C-24),29.1(C-25),19.8(C-26),19.0(C-
27),23.0(C-28),11.9(C-29),171.7(C-30),20. 8
(C-31),101.2(C-1"),73.4(C-2"),76.2 (C-3"),
70.0(C4"),73.7(C-5"),63.6 (C-6"), % LHk#
B, Db 55 SCmR Al AR — B, DN R
ZALE IR 6'-0- L T R-B-H MF

Ew22 HEIEEHA; ESI-MS m/z 599
[M +Nal", 273k CyHg, O, 3'H NMR (500
MHz,DMSO-d,) ,8,:5.31(1H,d,J =5.0 Hz,H-6) ,
4.41(1H,t,J = 5.8 Hz,H-3),4.20(1H,d,J=7.8
H,,H-1'),0.94(3H,s,H-19),0.89(3H,d, ] =6.5
Hz,H-21),0.80 (9H, m, H-26, H-27, H-29) , 0. 65
(3H,s, H-18);"” C NMR (125 MHz, DMSO-d, ) &:
36.2(C-1),29.3(C2),76.7(C-3),36.9(C4),
140.5(C-5),121.2(C-6) ,31.4(C-7),31.4(C-8),
49.6(C-9),36.2(C-10),20.6(C-11),38.3(C-12),
41.9(C-13),56.2(C-14),23.9(C-15),27.8 (C-
16),55.4(C-17),11.7(C-18),19.1(C-19),35.5
(C-20),18.7(C21),33.4(C-22),25.4(C-23),

45.1(C-24),28.7(C-25),19.8 (C-26),19.0 ( C-
27),22.6(C-28),11.8(C-29),100.8(C-1"),73.5
(C-2),76.9(C-3"),70.1(C4"),76.7(C-5"),61.1
(C-6") o Ze3Chkar b, LA b H0d 5 Semk ™ 41 i g
A, R & A S W A S M,

LEW23 AT E A ; ESI-MS: m/z 181
[M-H] , 4%k CH,0,;'H NMR (500 MHz,
CD,0D)5:9.74(1H,s,-CHO) ,7.21(2H,s,H-2 H-
6),3.91 (6H, s, 3-0CH,,5-0CH, ) ;" C NMR (125
MHz, CD,0D) §:129.3 (C-1),108.4 (C=2,C-6),
149.7(C-3,C-5),56.9(3-0OCH,) ,143.8(C4),56.9
(5-0CH;) ,193.1(-CHO) . £ SCHkE ), A L B i
5SRO R Y A — B N e E AL A o T
.

wEw24 HETEIEHE, ESI-MS: m/z 501
[M+Nal*, 4+ K CyH, O,;'H NMR (600
MHz,CD,0D) §:6.46 (2H,s,H-2,H-6) ,4.97 (1H,
d,J=2.6 Hz, H-1") ,4.79(1H,d,J = 7.2 Hz, H-
1'),3.95(1H,d,J =9.7 Hz,H4") ,3.88(1H,d, J
= 2.6 Hz, H-2"),3.82(6H,s,3-0CH,,5-OCH, ),
3.74(1H,d,J = 9.6 Hz, H4"),3.71 (3H, s, 4-
OCH,),3.55 (2H, s, H-5") ;" C-NMR ( 150 MHz,
CD,0D) §:156.0(C-1),96.3(C-2),154.8(C-3),
134.6(C4) ,154.8(C-5),56.7(3-0CH, ) ,61.3 (4-
OCH,),56.7(5-0CH;) ,96.3(C-6),103.2(C-1"),
74.9(C2"),77.9(C-3"),71.6(C4"),77.0(C-5"),
68.8(C-6"),110.9(C-1""),78.0(C=2""),80.5(C-
3'"),74.9(C4"),65.3(C-5"") , L 3CHkAr ], LA I
Hd 5 SCmk - AR A — 2 IR AR
A 3,4 ,5-trimethoxyphenyl-1-0-8-D-apiofuranosyl-( 1"’
—6") -0-B-D-glucopyranoside,

LEW25 AT E B A ESI-MS: m/z 217
[M+Nal]* 43+ % C,H,0,;'H NMR (500 MHz,
CD,0D)58:4.18(1H,t,J =2.7 Hz,H-6),3.68 (1H,
t,/=9.5 Hz,H-2),3.62(1H,t,J/ =9.5 Hz,H4),
3.46(3H,s,-OCH,) ,3.34(1H,d,J =2.8 Hz,H-5),
3.17(1H,t,J=2.7 Hz,H-3) ,3.01(1H,dd,J =9.7,
2.7 Hz,H-1);”C NMR (125 MHz, CD,0D) §:83. 1
(C-1),73.3(C2),76.4(C-3),74.1(C4) ,73.4(C-
5),69.6(C-6),57.6(-OCH,) ., Z3CHkA P, DL H2L
35 5 3CHR Y A B R — B, I E 1AL S R
AR

AW 1 ~25 g5 WA 1,
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Fig. 1 The chemical structures of the compounds 1-25

2.2 o-FHEBEHFHEIEFEELRER
2.2.1  o-) &) HH B4R Sh A0 4 7 AT T

ou- R} 20 Y TR AT ) 9 P 0 4 SR SR B (L3R
1) fbE9 12 13 A0 o8 2 BT B30 ) 75
P B2k (78,46 £2.30) % . (83.92 £0.08) % ,
HIC(E (LK 2) H48.83 £0.54 8.36 1. 01 pmol/
L BiT-Rip 1C, {47 0. 009 +0. 001 wmol/L) , HAx ik
Ykt - FAIRE TR 08T 50% .
2.2.2 BEFh A FHHT

R AAUEEERE (DLIE 3) , HES Y s

RAR R BN R (V) BB S XY
SRR B (K,) B EE (a9 12 BRI
SR, V., 380, K, 3K, Bl A
LTH—RIR, A 13 BiH H AL S Y 1 5
T, Vi S8 K, BN, B AR T2 e[RRI
G 12 13 A 2 B R S d], BE T ar A
S B AAS &, WA TR SR E S WS A .
i i HiF Dixon (ULIET 4) Kt — 2 T AL &9 12,
13 36F oI AR B o9 %60 B I - IR 4 ( PNPG)
EEWEERES TN, K ZMEIR S o- A
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Rl UEW1~253 - HEEFHEMEFME (2 25,0 =3)
Table 1 ~ a-Glucosidase inhibitory activities of compounds 1-25(x +s,n=3)
G oo AR R ) K o-HEIHETT B 2
Sample a-Glucosidase inhibitory activity( % ) Sample a-Glucosidase inhibitory activity( % )
1 - 14 37.32 + 9.34
2 1.16 + 7.18 15 17.89 + 2.81
3 - 16 -
4 - 17 -
5 - 18 -
6 - 19 116 + 1.82
7 - 20 -
8 1.89 + 7.58 21 1.66 + 2.29
9 46.12 £ 5.19 22 -
10 - 23 -
11 - 24 -
12 78.46 + 2.31 25 -
13 83.92 + 0.08 FAl < 5 B8 Acarbose 99.05 + 0.34
T =" FORX a- AT REICARIVE T
Note:“ =" shows no inhibition effect on « -glucosidase.
A B
~ 100— ~ 100
g < e s ¢
z 5
£ 50 £ 50
; ICs0=8.83 + 0.54 pmol/L 5 ICs5p=8.36 % 1.01 pmol/L
g g
0 T T T T T 0 * T T T T
0.0 0.5 1.0 1.5 20 25 0.0 0.5 1.0 1.5 2.0 2.5

RPECHRFE 1g C

XPEORE 1g C

B2 &Y I12(A)F13(B) Ay IC, H%k

Fig. 2

BERA) 245 65 P18 80 KA R R0 S oo 0
filt- iS4 (PNPG ) 52 5 W) B 285 5 1) ~F- 1 00, 5 R 3%

IC,, curves of compounds 12 (A) and 13 (B)

FANH-M-RE S . Nt E® 1213 5 o«
AR MEAS & 4 Rt — RS, A ) 1213

WK 1 < TR, SRR 5 g 0 455 25 A R

A

-9

-A

0 pmol/L
5 pmol/L

10 pmol/L
20 pmol/L

X - AR I R AR G Ss PR E

B .
: -® 0 pumol/L
% 60 ¥ 5pmollL
: -A 10 pmol/L
s 20 pmol/L
- 404
b
20 N —
..... --.-.=-.'.:‘- .-‘..
.' < . . ' |
0 06 02| 02 06 10

/A 1/[PNPG] (mmol/L™")

VI FE 1/[PNPG] (mmol/L™")

3 & 12(A) %0 13(B) A Lineweaver-Buck
Fig. 3 Lineweaver-Buck plots of compounds 12 (A) and 13 (B)
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A - B
z
) =
E -B 2.5 mmol/L PNPG £ B 2.5 mmol/L PNPG
< 1004 -A 125 mmol/L PNPG 2 100 A 1.25 mmol/L PNPG
= -¥. 0.625 mmol/L PNPG < -V 0.625 mmol/L PNPG
é — 0.3175 mmol/L. PNPG 2 0.3175 mmol/L. PNPG
= o =
T s VoA s 2
g - e
\k_. \_"‘-.4—:1?‘ &l Ji-'."-f‘i ---
s YL
20 20 s :lﬂ:- o 2
#Jt Concentration (pumol/L) P Conceniretion (umollL)
@ s
2 b :
2 ] -B 2.5 mmol/L PNPG 4 -B 2.5 mmollL PNPG
21004 n.’ A 1.25 mmol/L PNPG £ o0 -A 125 mmolL PNPG
B 57 .+ =¥ 0.625 mmol/L PNPG 2 N =¥ 0.625 mmol/L PNPG
= - ri 0.3175 mmol/L PNPG = R 0.3175 mmol/L PNPG
L e~ b S g
g L F 8 ) a T
TIBaent tad I _,111';}!13"'4
Tie '..;-‘»5'5" ) 0 ;2',«0.1,-; ji% 20
e #J% Concentration (umol/L) #J% Concentration (pmol/L)
8 . i . 4 Dixon [&
B4 HEWI2(A.C)FA13(B.D)H D
Fig. 4 Dixon plots of compounds 12 (A,C) and 13 (B,D)
A N - A e N - N
2.2.3 T SURE LB 13 A UMERE SR AR | AR S R

TE o~ 26 W Tl 410 o) 32X 460 R0 i 30 7 2 43 B 1
SRR B, R AutoDock B A% 43 i K UL AE 5 )
12 13 5 o5 %58 17 B W A0 545 G R, 90 Bl &
IZ RIS G RER/N , 455 REBIT, VLG St
TG R ER 1 4 A R [, SRR i
Ufo P FXHEGIR (LA S) b G 12 13 5 o-F
Ze WHET I 11 25 5 BB 4y 1) /2-10. 08 .-10. 65 kcal/mol ,
R A 12 13 59455 ReJ1iiem , R,
G 12 13 FZEEE TS o- M AT L G
RAFIMRITENE X 5 Msh 1750 Wr s R —3, 01 %F
P mE R R G Y 12 13 FZEZUARIEHNS
oo AR Y T T PR 6 S ) R SR PR AR LSS S (WA
6), LG 12 [ (i fpE B DR BRI i 7R i 5
fR5k 3L ASP-242 ASP-69 A[JE AN 4 4~ F 5 .4 TR Bk
gty B ry st 5 Z R Ak &L TYR-158 JE 6 1 4

Fe3 ASP-242 ASP-215 ASP-69 JE % 5 NS E T
PR BIAZ 4510 I R L S B IRk GLU411 JE % 1
A G
2.2.4 H5F A FEM

RMSD £ 4 73 #7 : RMSD J2 78 53 ¥ 31 J) 244
UrbvEy A — 302550, FH 4 45 R I 25 5 IR
EARREE, RIS AL R Y i B iR, AR S )
SEREDL S I B RS h , RMSD i8R 33 B 3% 5
BB NS R . 456X (ULE 6)
KB T AR (DL 7) K, WLE TA e G
P12 IEBSHEEIFE 0. 3 ~0.5 nm Z[i], Bl 2 v
R AR X R iz g A e A 13 (LA
7B)TE 16 000 ps i ELAH/ING U B, Bl 5 IE 4 4 AR AH
XA M A 7E 2R BTG P D A8 R, T iR AE 0.4
~0.6 nm AN SN, X R G 12 13 5 o-F

5 EWI12(A)F13(B) D FIHESER
Fig. 5 Molecular docking results of compounds 12 (A) and 13 (B)
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Fig. 6 Molecular docking plane diagram of compounds 12 (A) and 13 (B)
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Fig. 7 RMSD plots of compounds 12 (A) and 13 (B)
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Fig. 8 Number of hydrogen bonds for compounds 12 (A) and 13 (B)
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