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Chemical constituents and in vitro hypoglycemic activity of Urtica cannabina
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Abstract: Objective To investigate the chemical constituents of Urtica cannabina and their hypoglycemic activity in vitro. Methods
The compounds were isolated and purified by column chromatography of HPD-600 macroporous resin, silica gel, preparative TLC,
and semi-preparative HPLC. Their structures were elucidated by physicochemical properties and spectral analyses. The hypoglycemic
activity was evaluated in vitro through their inhibitory effects on a-glucosidase, sucrase, and maltase. Results Twenty compounds
were isolated and identified from the 70% ethanol extract of U. cannabina, including cis-p-hydroxycinnamic acid (1), trans-p-
hydroxycinnamic acid (2), dimethyl glansreginate (3), kaempferol 3-O-B-D-glucopyranoside (4), caffeic acid (5), chlorogenic acid
methyl ester (6), 4-O-feruloylquinic methyl ester (7), hydroxycinnamic acid methyl ester (8), (E)-p-coumaroyl dimethyl malate (9),
fraxidin (10), trams-caffeic acid methyl ester (11), trans-caffeic acid ethyl ester (12), 3,4-dihydroxy-acetophenone (13), 4-
caffeoylquinic acid (14), 3-O-p-coumaroyl quinic acid methyl ester (15), 3-O-feruloylquinic methyl ester (16), hydroxybenzoic acid
(17), phaseic acid (18), 5-O-p-coumaroylquinic methyl ester (19), 5-O-feruloylquinic methyl ester (20). The in vitro activity screening
revealed that compounds 5 and 7 exhibited significant inhibitory activity against a-glucosidase, while compounds 5, 6, 11, 12 and 14
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displayed considerable inhibitory effects on both sucrase and maltase. Conclusion Compounds 1, 2, 5—12, and 14—20 are phenolic

acids, compound 4 is a flavonoid, and compound 13 is a ketophenol. Among these, compounds 3, 7, 9, 10, 13, 15, 16, and 18—20 were

isolated from U. cannabina for the first time. Compound 5 demonstrated notable inhibitory activity against all three enzymes,

suggesting that it may serve as the core pharmacophoric structure for the hypoglycemic effect. Structure-activity relationship analysis

indicated that the catechol structure and the caffeic acid esterification motif collectively constitute the key structural basis for the

glycosidase inhibitory activity of these phenolic acids.

Key words: Urticaceae; Urtica cannabina L.; type 2 diabetes mellitus; hypoglycemic activity in vitro; dimethyl glansreginate; 4-O-

feruloylquinic methyl ester; fraxidin; phaseic acid
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R M 5 BR Urtica cannabina L. N 5 J§K B
(Urticaceae) FKJE Urtica L. ZFEEEAMEY), |
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i X} 2 35 PATAERR (cis-p-hydroxycinnamic acid, 1)+
JRAXTRIERAER (trans-p-hydroxycinnamic acid,
2). HIEIERNE (dimethyl glansreginate, 3). LI
AW-3-0-B-D-ME i & B (kaempferol 3-O-B-D-
glucopyranoside, 4). WIHER (caffeic acid, 5). %k
JRER H i (chlorogenic acid methyl ester, 6)+ 4-O-fi]
B2 TR WIS (4-O-feruloylquinic methyl ester,
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Fig.1 Chemical structures of compounds 1—20

coumaroyl dimethyl malate, 9]+ Z 5 %0 (fraxidin,
10). [ AMNHERR FF I8 (trans-caffeic acid methyl ester,
11). AMNHEERR 418 (trans-caffeic acid ethyl ester,
12 ) . 34- = 8 3 K 4 W ( 3,4-dihydroxy-
acetophenone, 13 ) 4-MIHERE 242 7 i (4-caffeoylquinic
acid, 14). 3-O-X HFEBZE TR FEE (3-0-p-
coumaroyl quinic acid methyl ester, 15). 3-O-Fi %k
ZE TR E (3-O-feruloylquinic methyl ester, 16)

K. (hydroxybenzoic acid, 17)+ 25 R (phaseic
acid, 18) . 5-O-X & G % TRl (5-O-p-
coumaroylquinic methyl ester, 19). 5-O-FiZ{ /4= 7
TR H i (5-O-feruloylquinic methyl ester, 20). HH,
AP 3. 7. 9. 10, 13, 15, 16, 18~20 N
IR MBI S5 RR 23 B A5 21 o P8 otk 4/ Nl A0 3
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SRR I B RE 25 Dk T e £ R SR AR AR

1 NBES5HH

1.1 HM5FE#

R SERRRE AL T 2024 4F 7 AR A E A T
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HERE U. cannabina L. .

RS (100~200. 200~300 H, 553
Il ARM B AR AT KILEH# i HPD-
600 C FIFHSEBREFMRIE R A FD; & H bt
L, BT gelsR GRS RHE LA TR A
"Dy IR (P, 2B, WIRRAZIE, R
PUBLL SR E R AT o A A (REREE R
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U, BRI AR TR A D s 4-1H ) -a-D-iik
M F % FEFF (4-nitrophenyl a-D-glucopyranoside, p-
NPG, [ Sigma AF]); BRI (254 H1L 25K
T BRA T BB CEEEN AR A TR A
A, 5 S11190); FEFERG . 22 2 BERG (5256 %= KR
ANFFREOD RERE . 222 (B R E R IR
AFD; PBS PR (R B AR AR A FD;
AT PER IR (R R SRR AR 2 A IR A D
1.2 Y&

Agilent 12060 B =y 280 /BAH (4 1% A (HPLC, 24
WRHLER AT ); NP7005C HY i) 4% w0 (4
WA R GLIFPIBFHEA R A FD; N-1210BV-
WB e & kAL (HA EYELA A7]); ZF-20D 7
R = AN T A (R B 2 B A 38 A PR 2
F]); UPT-11-100L ZY#BZE/KAC (PO )12 AR 4l R+
HIRATD; BE9010 BUEEIR G2 G HAR
IRAX AR I A PR AR D5 ARIR B O GBI RE A 2SO
WU ZE PR A D : Epoch2 BRI (3£ Bio Tek 2y
7]); HPLC 2k N Megres Cis thiift (250X20
mm, 10 pum, JEEEEEFH IR RAF D). Dubhe
Cis it F: (250 mmX20 mm, 10 pm, JbE{HEEHE)
RIEAIRAT); Nucifera CisA ik (250 mmX 20
mm, 5um, {LHPIBEHEARAFD.

2 7k
21 REEESE

T-HRBRI TR 8 kg M5, LA 6 fii & 70% &
B2 50 CHNAIZIEILE 4 ¥k, &K 4h, &IFREL
B WIERGHET R R . BiZEBET 6 L
aiker, SHFERIEMRG, ISR T
TR R b B, DU BN EE, 7EA
TMEAA, REFERE A MBI O, WY
M, WRAEES 0> 10 min, I 5% HCL 17T pH {4
# 3 kA, FREE HPD-600 K AL A HERE, #HRk
KR pH 1B 7K &2 5% 15%. 20%- 40%- 60%.
95% B AT S, L4520 7 AN .

20% L FE e ERAL (Fr.4) RARERAE (100~
200 H) g, DA HE-HEE (50 0 1~1: D B
FEVERL, 2R GREE (TLC) MiRJE &R,
B3] 4 NSY Fr.4-1~4-4. Fr. 4-1 & IEARRERFE
EVEHASE] 4 MEAWH D Fr.4-1-1~4-1-4, Fr.4-
1-2 % Dubhe Cs il FE [20%~30% Zfif-0.2% F iR
7K, 10.0 mL/min] 7 B3 EHEY 10 (8mg, ®r=
9.5min). 11 (100 mg, &x=15min). 12 (14 mg,

k=29 min). Fr. 4-1-3 2 Megres Cis (oA [13%
ZJ5-0.2%F 2K, 10.0 mL/min] 2> EEEMAEY 5
(11 mg, ®R=9min). 6 (882.6mg, /R=15min). 7
(30mg, k=18 min), 13 (2mg, /R=10min) 5
53 Fr. 4-1-3-5~Fr. 4-1-3-7. Fr. 4-1-3-5 {348 Megres
Cis (Ot AE [10% 2 BE-0.2% R /K, 10.0 mL/min]
itk 5 3EY) 14 (76.4mg, rR=16min). 15 (4.5
mg, R=33min). 16 (10 mg, ~R=45min).

40% L BESE BT (Fr. 5) L IEAHEERF: (i,
PLG W E-FEE (300 1~3 1 1) BRI, 2
IR IR GG IR 2, 53] 6 NS Fr. 5-1~
5-6. Fr. 5-1 & IEMRERRHE (O BEVE LS 2 3 MEED
9y Fr. 5-1-1~5-1-3. Fr. 5-1-1 Z2F4145 24 = 00
M [25%~40%Z.J5-0.2%F 37K , 10.0 mL/min]
VeMiAE 2l 6 MREWH S Fr. 5-1-1-1~5-1-1-6.. Fr.
5-1-1-3 5 Fr. 5-1-1-5 £ Dubhe Cis (il [25% M-
0.2% M lZ7K, 10.0 mL/min] ZifL5 316547 8 (88
mg, k=23 min) 19 (4243 mg, r=25min). Fr.
5-1-2 £ Nucifera C18A il F:[22% 2. E-0.2% F &
7K, 10.0mL/min] 7 EAEMLEY 1 (S5mg, ==20
min). 2 (39.4mg, /=18 min). 3 (163.5mg, =
21 min).4(160 mg, r =19 min) . Fr. 5-1-3 £ Nucifera
CI8A it [20%~40%ME-0.2% F R /K, 10.0
mL/min] Y53l 9 N Fr. 5-1-3-1~5-1-3-9.
Hrp Fr. 5-1-3-2 5 Fr. 5-1-3-4 & Megres Cis i
[17%Z.5-0.2%F 27K, 10.0 mL/min] 4> %5301k
EY 17 (5mg, k=8 min)+ 18 (11 mg, rR=19 min).
19 (160 mg, tr=14 min). 20 (160 mg, R=16 min).
2.2 RINERETEMERR
221 oA EEIENEVESLE o~ AR T
FNH 206 S IR AR B C ST TT i, TR R Sehs
15 DL AT & B M0, B RESR IR B o- T %) B
(G5003-100 UN) 1 iH A 2 mL PBS il % 50 U/mL
Wi, B 0.1 mL EBREIN 0.4 mL PBS iAW, BCHIK 10
U/mL i %7, FFABE 0.4 UmL l4&H .. FREX
JEE¥Y) 2 mg, I 7mLPBS ¥, ECHIA 1 mmoL/L
(P BRER, BUCRRR S mL A 5 mL PBS & AR 15 2]
0.5 mmoL/L MR FREXBT R K 19 Pk
), F PBS RACH] SR B35 1 mmol/L ()%
o 171 96 FLER PN 50 uL 2653, 50 uL0.5 mmoL/L
JEA, TN 37 CHEIERG&WE (FHEA 600
r/min) 10 min. VKIFAHIE 2~3 min J5, A 50
uL B EL PBS ¥R - B2 S B A R (I 244K H 150
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ul, HAFFER. JEY (pNPG) K o~ A FE T BRI
AR5 0.333 0.167 mmol/L Al 3.33 U/mL.
FIFESEAE R E 20 min, .RIUKIBALE 5 min, B
RBHEYE, I 50 uL0.1 mol/L NayCOs iE W 1E
Lo FREE Ja A8 AR AR 405 nm KAL)
WHRE (AD A, IEFEIE . B E 3 AT
L. R Prism FAFXTEAE AT ACEE,  FEAREAH
R A ST HH S A AP 2.

IR =1—(4 s — A s)(4 se— A 01
A s NE AR BRRAEYIA AL A 1l A w S BRE
S ATEEAE L, FEUR S5 PBS ABTLI 4 {H: 4 weky
AR YER, RS SRR PBS AUB LI A 1
A= NREH PBS fLH A (&
222 KER/NGPEEBERGE DM E S ESCER T
PR B ] W RS WK 7 5 ) 2 R R (5.55
mmol/L) 1 mL, B 7 MRERER (1. 0.5,
0.25. 0.125. 0.062 5. 0.03125. 0.015 625 mmol/L),
53 5 AR RIS B FE AE 505 nm SR IE
AME, LHIRES A EbsEMZ. B S50 uL (MR
HURT 50 pl 0.25 mol/L [ ERE/Z2 2808 (2R FBEN
0.125 mol/L) I E] 48 FLAH, 7E 37 “C. 600
r/min [R50 R E 20 min J5, 100 C4A4F T &
20 min il AR HARE, BT UK EARAHGE NN % b
RO RS 15 min, FAESFRAXTE 505 nm 3K T
Moy YN THEA A NEIREE . EVERG A 22 28 pE
RS 70 (1 LV &R0 =4 1 pmol 17 %) 4
N 1U BEE T briEdIZ y=0.247 5x+0.041 8,
R>=0.999 2. FEHUHE P 1) E A B AN 22 25 W 4075 7
SN 77.38. 55.12 U/mL. &4 3 MFATE L.
2.2.3  FEWE R S B HDHGE S A S
R JTV21420, 05 JRR 5K A B 0t E B R 22 2
PEBE AN ENEE . )% 50 mmoL/L FEREIAWL. 1
mmoL/L F ZFHEVA . 17.5 U/mL REMERGVA . 11.56
U/mL 2 2B . 1 mmoL/L L&l (¥
PBS ). 4 50 uL & 1 mmoL/L Ff i Al 50ul
SHEGEN 109 GERD /105 (GEZERD BN
N 48 fLIR, JFE 37 CHEIRZ: L% E 10 min. 7EUK
LA HIE 2~3min 5, I 50 uL 50 mmoL/L
PEEE B 1mmoL/L £ ZEFAHR e LB &Y, [F
FEFAT T E 20 min. G SN AR 28 A0 K
150 pL, FLAREdh . FERE AR e I 29K FE 43 3l R
0.333. 16.67 mmol/L A1 5.83 U/mL; 2% 2f i /e
R RLARTBUN 150 L, FLARRE S 222008 M 22 28 b

il (1 24K FE 73 5 0.3331 0.330 mmol/L A 3.850
U/mL. £ 100 ‘C N7 20 min, JEIK LA HIFE
PR, IINHE &9 B8 DU 8 VU B 15 min, RV 2501 f5
FABGFAMXAE 505 nm P TN 4 . HHKE 3
ANPATE L. ] Prism BAEG BEHEAT IO,
FRYEAH R 2 20Tt S5 A S A i 22

3 #R

3.1 SZHEE

& 1. WK, 772N CoHsOs. 'H-
NMR (600 MHz, MeOD) 6: 7.57 (2H, d, J= 8.4 Hz, H-
2,6), 6.74 (1H, d, J = 12.7 Hz, H-7), 6.72 2H, d, J =
8.4 Hz, H-3, 5), 5.77 (1H, d, J = 12.7 Hz, H-8); 13C-
NMR (150 MHz, MeOD) §: 171.2 (C-9), 159.6 (C-4),
142.3 (C-7), 133.1 (C-2, 6), 127.9 (C-1), 118.4 (C-8),
115.7 (C-3, 5). LA R iBHHR 2 53R ikiE A —
), WA 1 NI R AR

wEY 2: WEMAK, 5N CoH0s. 'H-
NMR (600 MHz, MeOD) &: 7.55 (1H, d, J=15.9 Hz,
H-8), 7.40 (2H, d, J = 8.3 Hz, H-2, 6), 6.76 (2H, d, J =
8.3 Hz, H-3, 5), 6.24 (1H, d, J= 15.9 Hz, H-7); 3C-
NMR (150 MHz, MeOD) 6: 171.1 (C-9), 161.1 (C-4),
146.5 (C-1), 131.0 (C-2, 6), 127.2 (C-7), 116.7 (C-3, 5),
115.6 (C-8)o LA ByRIEEGHE 2 5 SCRkAROE SEA —F44),
WS B A 2 R AR 2 I -

WEW 3. FEmRY, 7578 CisH2Os.
IH-NMR (600 MHz, MeOD) §: 7.18 (1H, d, J = 11.3
Hz, H-3), 6.46 (1H, dd, J = 14.8, 11.5 Hz, H-4), 6.10
(1H, dt, J = 14.9, 7.4 Hz, H-5), 3.99 (1H, dt, J = 8.5,
4.0 Hz, H-8), 3.68 (3H, s, -OCH3), 2.51 (1H, dd, J =
15.1, 4.1 Hz, H-9a), 2.46 (1H, m, H-6a), 2.39 (1H, dd,
J=13.8, 6.8 Hz, H-9b), 2.08 (1H, dt, /= 14.8, 7.9 Hz,
H-6b), 1.90 (3H, s, H-11), 1.67 (1H, m, H-7), 0.92 (3H,
d,J=6.9 Hz, H-12); '3C-NMR (150 MHz, MeOD) ¢:
174.3 (C-10), 172.1 (C-1), 142.5 (C-5), 140.0 (C-3),
128.7 (C-4), 126.5 (C-2), 71.7 (C-8), 52.1 (-OCH3),
40.5 (C-9), 39.7 (C-7), 38.0 (C-6), 14.1 (C-12), 12.6 (C-
11)o DA by il B 22 5 SOk Aol J AR — U, i
EAEY) 3 N T RIL IR .

e 4: FEMAK, 45T RN CHpO1- 'H-
NMR (600 MHz, MeOD) ¢: 8.06 (2H, d, J= 8.4 Hz, H-
2',6", 6.89 (2H, d, J = 8.4 Hz, H-3", 5), 6.40 (1H, s, H-
8), 6.21 (1H, s, H-6), 5.26 (1H, d, J = 7.2 Hz, H-1"),
3.69 (1H, d,J=11.8 Hz, H-6"b), 3.53 (1H, dd, J=11.8,
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5.3 Hz, H-6"a), 3.43 (2H, m, H-2", 5", 3.21 (1H, m, H-
4"); BC-NMR (150 MHz, MeOD) 8: 179.5 (C-4), 166.1
(C-7),163.1 (C-5), 161.5 (C-4'), 159.0 (C-9), 158.5 (C-
2), 135.4 (C-3), 132.2 (C-2, 6), 122.8 (C-1"), 116.0 (C-
3',5", 105.7 (C-10), 104.0 (C-1"), 99.9 (C-6), 94.7 (C-
8), 78.4 (C-5"), 78.0 (C-3"), 75.7 (C-2"), 71.3 (C-4"),
62.6 (C-6"). VL EPIEHIEL 5 CHRRIEREA —
o, WA 4 il Z2W-3-0-B-D-ME iR
BT

EY 5. BEHAKR, 57N CoHsOso 'H-
NMR (600 MHz, MeOD) &: 7.48 (1H, d, J = 15.8 Hz,
H-7), 7.00 (1H, s, H-2), 6.89 (1H, d, J = 8.0 Hz, H-6),
6.74 (1H, d, J = 8.1 Hz, H-5), 6.19 (1H, d, J= 15.7 Hz,
H-8); 3C-NMR (150 MHz, MeOD) &: 171.1 (C-9),
149.3 (C-4), 146.7 (C-7), 146.7 (C-3), 127.8 (C-1),
122.7 (C-6), 116.4 (C-5), 115.7 (C-2), 115.0 (C-8). LA
SRS S ORI E AR ), S et
V)5 WMHERR .

WEY 6: EMRY, 75T A CisH200.
IH-NMR (600 MHz, MeOD) §: 7.54 (1H, d, J = 15.9
Hz, H-7"), 7.06 (1H, d, J = 1.9 Hz, H-2"), 6.96 (1H, d,
J=8.2Hz, H-6"), 6.80 (1H, d, J = 8.2 Hz, H-5), 6.23
(1H, d, J=15.9 Hz, H-8"), 5.30 (1H, d, J = 4.2 Hz, H-
5),4.15 ( 1H, m, H-3), 3.75 (1H, dd, J = 7.5, 2.9 Hz,
H-4), 3.70 (3H, s, 7-OCH3), 2.22 (1H, dd, J=13.0, 8.4
Hz, H-6b), 2.14 (2H, m, H-2), 2.03 (1H, dd, J = 13.6,
6.7 Hz, H-6a); 3C-NMR (150 MHz, MeOD) 6: 175.3
(C-7), 168.2 (C-9), 149.6 (C-4"), 147.1 (C-7"), 146.7
(C-3"), 127.6 (C-1"), 122.9 (C-6"), 116.5 (C-5"), 115.1
(C-2'), 115.0 (C-8'), 75.8 (C-1), 72.5 (C-4), 72.0 (C-3),
70.3 (C-5), 52.9 (7-OCH3), 37.9 (C-6), 37.8 (C-2). LA
SRR A SO TE AR — B, S A
Y 6 5k 5 IR R .

W& 7. WY, 7578 CisHnOo.
'H-NMR (600 MHz, MeOD) d: 7.70 (1H, d, J = 15.9
Hz, H-3), 7.21 (1H, s, H-5"), 7.10 (1H, d, J = 8.0 Hz,
H-9"), 6.82 (1H, d, J = 8.0 Hz, H-8'), 6.46 (1H, d, J =
15.9 Hz, H-2"), 4.83 (1H, d, J=9.5 Hz, H-4), 4.27 (1H,
s, H-5), 4.30 (1H, m, H-3), 3.90 (3H, s, 6'-“OCH3), 3.75
(3H, s, 7-OCH3), 2.19 (2H, m, H-2), 2.04 (2H, m, Ha-
6); 3C-NMR (150 MHz, MeOD) 6: 175.6 (C-7), 168.8
(C-1"), 150.6 (C-7"), 149.3 (C-6'), 147.0 (C-3"), 127.8
(C-4"), 124.0 (C-9"), 116.4 (C-8'), 115.7 (C-2'), 111.7

(C-5", 78.5 (C-1), 76.4 (C-4), 68.9 (C-5), 65.7 (C-3),
56.4 (6-OCHs), 52.9 (7-OCHs), 42.1 (C-6), 38.4 (C-
2)o VL BB EIR S S SO IRGE B A — B,
SEAETN T 9 4-O-F BRI ZE T 1R TP

& 8: wEMAK, 7 CioHio0s. 'H-
NMR (600 MHz, MeOD) ¢: 7.62 (1H, d, J = 15.9 Hz,
H-8), 7.46 (2H, d, /= 8.2 Hz, H-2, 6), 6.81 (2H, d, J =
8.2 Hz, H-3, 5), 6.34 (1H, m, H-7), 3.76 (3H, d, J= 1.0
Hz, -OCH3); 3C-NMR (150 MHz, MeOD) 8: 169.7 (C-
9), 161.2 (C-4), 146.5 (C-7), 131.1 (C-2, 6), 127.1 (C-
1), 116.8 (C-3, 5), 114.9 (C-8), 51.9 (-OCHz). b _FJf
IR 5 ORI TE A — B0, HeEEEY) 8
N AR B PHERR H IR

wEw 9. sy, 750N CisHig07.
'H-NMR (600 MHz, MeOD) &: 7.66 (1H, d, J = 15.8
Hz, H-7), 7.48 (2H, d, J = 8.3 Hz, H-2', 6'), 6.81 (2H,
d,J=8.3 Hz, H-3", 5), 6.36 (1H, d,J = 15.9 Hz, H-8"),
5.52 (1H, dd, J = 7.0, 5.3 Hz, H-2), 3.76 (3H, s, 3-
COOMe), 3.71 (3H, s, 2-COOMe), 2.97 (2H, m, H-3);
3C-NMR (150 MHz, MeOD) 6: 171.5 (C-1), 171.1 (C-
4), 167.8 (C-9"), 161.5 (C-4"), 147.8 (C-7"), 131.4 (C-
2/, 6%), 126.9 (C-1"), 116.8 (C-3', 5, 113.9 (C-8"), 69.6
(C-2), 53.1 (3-COOMe), 52.6 (2-COOMe), 36.8 (C-3).
DA b i i s 22 5 SRR B A — BN, e A
Y19 N (E)-X 7 B0k — FIESE SRS .

&Y 10: MR AR, 737208 CiHigOs. 'H-
NMR (600 MHz, MeOD) ¢: 7.86 (1H, d, J=9.5 Hz, H-
4),6.73 (1H, s, H-5), 6.33 (1H, d, J=9.5 Hz, H-3), 4.29
(3H, s, 6-OMe), 4.29 (3H, s, 7-OMe); '3C-NMR (150
MHz, MeOD) &: 163.1 (C-2), 151.7 (C-6), 146.2 (C-4),
141.7 (C-7), 139.9 (C-9), 139.8 (C-8), 116.0 (C-3),
115.3 (C-10), 101.1 (C-5), 61.4 (7-OMe), 56.6 (6-
OMe). LA i iS5 28 5 S0k 1 He A — 3521, %
ENAY) 10 NEFEFEE.

& 11: WK, 71N CioHi10040 'H-
NMR (600 MHz, MeOD) &: 7.55 (1H, d, J = 15.9 Hz,
H-7), 7.04 (1H, d, J = 2.1 Hz, H-2), 6.94 (1H, dd, J =
8.2, 2.1 Hz, H-5), 6.78 (1H, d, J = 8.1 Hz, H-6), 6.26
(1H, d, J = 15.9 Hz, H-8), 442 (3H, s, -OCH3); 1C-
NMR (150 MHz, MeOD) 6: 169.7 (C-9), 149.5 (C-7),
146.9 (C-4), 146.8 (C-3), 127.6 (C-1), 122.9 (C-6),
116.4 (C-5), 115.1 (C-2), 114.8 (C-8), 51.9 (-OCHs).
DA b i i s 22 5 SRR B AR — B3, e A
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&Y 12: BORY, 108 CiHi2040
"H-NMR (600 MHz, MeOD) §: 7.54 (1H, d, J = 15.9
Hz, H-7), 7.04 (1H, s, H-2), 6.94 (1H, d, /= 8.3 Hz, H-
6), 6.79 (1H, d, J = 8.3 Hz, H-5), 6.25 (1H, d, /= 15.8
Hz, H-8), 4.22 (2H, q, J = 7.1 Hz, -OCH,CH3), 1.31
(3H, t,J=7.1 Hz, -OCH>CH3); *C-NMR (150 MHz,
MeOD) ¢: 169.3 (C-9), 149.5 (C-7), 146.8 (C-3), 146.7
(C-4), 127.7 (C-1), 122.8 (C-6), 116.4 (C-5), 115.2 (C-
2), 115.0 (C-8), 61.4 (-OCH2CH3), 14.6 (-OCH2CH3).
DA b e il s 22 5 SORR OB R A — 34, e s
Y12 SRR 2,056 -

WEY 13: W ARY), 777208 CsHsOs0
"H-NMR (600 MHz, MeOD) é: 7.44 (1H, dd, J = 8.2,
2.1 Hz, H-6), 7.41 (1H, d, J = 2.1 Hz, H-2), 6.82 (1H,
d, J= 8.2 Hz, H-5), 2.50 (3H, s, H-8); '*C-NMR (150
MHz, MeOD) ¢: 199.6 (C-7), 152.3 (C-4), 146.4 (C-3),
130.6 (C-1), 123.5 (C-6), 116.0 (C-5), 115.7 (C-2),26.2
(C-8). LL LBl Hdse 530 E A — 5, %
EWE 13 N3, 4-FHFEIK N,

& 14: wEKH K, 7373108 CieHisOo. 'H-
NMR (600 MHz, MeOD) ¢: 7.63 (1H, d, J = 15.8 Hz,
H-7", 7.07 (1H, d, J= 1.8 Hz, H-2"), 6.97 (1H, d, J =
8.0 Hz, H-6"), 6.78 (1H, d, J = 8.0 Hz, H-5"), 6.36 (1H,
d, J = 15.8 Hz, H-8'), 4.82 (1H, d, J = 9.0 Hz, H-4),
4.31 (1H, dd, J = 3.0, 4.0 Hz, H-3), 4.20 (1H, dd, J =
4.0, 9.0 Hz, H-5), 2.18 (1H, s, H-6eq), 2.11 (1H, s, H-
2ax), 2.04 (1H, s, H-2eq), 1.94 (1H, s, H-6ax); '3C-
NMR (150 MHz, MeOD) ¢: 168.9 (C-9"), 149.5 (C-4"),
147.0 (C-7"), 146.8 (C-3"), 127.8 (C-1"), 122.9 (C-6"),
116.4 (C-5"), 1154 (C-8'), 115.1 (C-2"), 78.6 (C-4),
72.6 (C-1), 69.2 (C-3), 66.5 (C-5), 41.7 (C-6), 39.2 (C-
2). VL bl EdE e 5 akE A —Fb, K
&Y 14 9 4-WMHERE2E T .

EY15: MEHPIRY), 28 Ci7H0s-
'H-NMR (600 MHz, MeOD) §: 7.65 (1H, d, J = 15.9
Hz, H-7"), 7.46 (2H, d, J = 8.4 Hz, H-2', 6'), 6.81 (2H,
d,J=8.4Hz H-3',5),6.36 (1H, d,J=15.9 Hz, H-8'),
5.36 (1H, dd, J = 5.9, 3.1 Hz, H-5), 4.12 (1H, dq, J =
8.1, 3.8 Hz, H-3), 3.72 (3H, s, H-8), 3.69 (1H, dd, J =
7.6, 3.0 Hz, H-4), 2.22 (1H, dd, J = 14.2, 3.8 Hz, H-
6ax), 2.13~2.11 (1H, m, H-6eq), 2.11~2.07 (1H, m,
H-2eq),2.01 (1H, q,J= 8.8 Hz, H-2ax); 3C-NMR (150

MHz, MeOD) §: 176.4 (C-7), 168.8 (C-9"), 161.1 (C-
4", 146.4 (C-7), 131.1 (C-2', 6"), 127.3 (C-1"), 116.7
(C-5,3"), 115.8 (C-8"), 75.3 (C-4), 73.8 (C-1), 72.6 (C-
5), 68.6 (C-3), 52.8 (C-8), 40.8 (C-2), 36.3 (C-6). LA
BRSSO TE AR — T, A
15 4 3-O-% & S TR B

A 16: KK, 5 F 2N CisHnOg. 'H-
NMR (600 MHz, MeOD) &: 7.66 (1H, d, J = 15.9 Hz,
H-3'), 7.20 (1H, d, J = 1.8 Hz, H-5"), 7.08 (1H, dd, J =
8.4, 1.8 Hz, H-9'), 6.81 (1H, d, J = 8.4 Hz, H-8), 6.41
(1H, d, J=15.9 Hz, H-2"), 5.37 (1H, m, H-3), 4.13 (1H,
d, J=4.4Hz, H-5),3.90 (3H, s, 6'-OCH3), 3.74 3H, s,
7-OCH3), 3.70 (1H, d, J = 6.6 Hz, H-4), 2.22 (2H, m,
H-2), 2.13 (1H, m, H-6a), 2.02 (1H, m, H-6b); 13C-
NMR (150 MHz, MeOD) §: 176.4 (C-7), 168.8 (C-1"),
150.5 (C-7'), 149.3 (C-6"), 146.7 (C-3'), 127.9 (C-4"),
124.0 (C-9"), 116.4 (C-2'), 116.1 (C-8"), 111.6 (C-5"),
75.3 (C-1), 73.8 (C-4), 72.6 (C-3), 68.6 (C-5), 56.4 (6'-
OCH3), 52.8 (7-OCH3), 40.8 (C-6), 36.3 (C-2). LA
WA 4 5 SRR IE FE AR — ), et &9 16
N 3-O-F B IEZE T T H e -

EW 17 BEKK, 57U CHOs. 'H-
NMR (600 MHz, MeOD) ¢: 7.87 (1H, d, J= 8.6 Hz, H-
2),6.80 (1H, d,J=8.6 Hz, H-3); 3C-NMR (150 MHz,
MeOD) 6: 171.2 (1-COOH), 162.8 (C-4), 132.8 (C-2,
6), 124.2 (C-1), 115.8 (C-3,5). LA LiRiEHIEAL 5
BRARTE B AR — 8, B ED 17 KGR .

AW 18: BENK, 57N CisH00s. 'H-
NMR (600 MHz, MeOD) §: 8.10 (1H, d, J = 15.8 Hz,
H-4), 6.46 (1H, d, J=15.9 Hz, H-5), 5.80 (1H, s, H-2),
3.95 (1H, dd, J = 7.6, 2.9 Hz, H-8'a), 3.67 (1H, d, J =
7.6 Hz, H-8'b), 2.82 (1H, d, J = 17.9 Hz, H-3'a), 2.71
(1H, dd,J=18.0,2.7 Hz, H-5'a), 2.47 (1H, dd, J= 17.9,
2.6 Hz, H-3'b), 2.39 (1H, dd, J = 18.0, 2.6 Hz, H-5'b),
2.07 (3H, d, J= 1.1 Hz, 6-CH3), 1.22 (3H, s, 7'-CH3),
1.01 (3H, s, 9'-CH3); '3C-NMR (150 MHz, MeOD) 6:
210.8 (C-4"), 169.7 (C-1), 150.8 (C-3), 133.4 (C-5),
132.9 (C-4), 120.1 (C-2), 87.8 (C-2'), 82.9 (C-1"), 78.5
(C-8"), 54.0 (C-3'), 53.2 (C-5"), 21.1 (6-CH3), 19.4 (7
CH3), 15.7 (9'-CHs). A L35 A0 46 5 SCik s
A, BENED 18 NHKEIR.

WA 19: EEW K, 5T N Ci7H00s. 'H-
NMR (600 MHz, MeOD) &: 7.60 (1H, d, J = 15.9 Hz,
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H-7), 7.47 (2H, d, J = 8.6 Hz, H-2', 6"), 6.82 (2H, d,
J=8.6 Hz, H-3', 5'), 6.29 (1H, d, J = 15.9 Hz, H-8),
5.29 (1H, m, H-5), 4.14 (1H, m, H-3), 3.74 (1H, m, H-
4),3.70 (3H, s, 7-OCH3), 2.23~1.99 (4H, m, H-2, 6);
13C-NMR (150 MHz, MeOD) ¢: 175.4 (C-7), 168.2 (C-
9", 161.3 (C-4'), 146.8 (C-7"), 131.1 (C-2', 6"), 127.0
(C-1"), 116.8 (C-3', 5", 115.1 (C-8"), 75.8 (C-1), 72.5
(C-4), 72.1 (C-5), 70.3 (C-3), 52.9 (7-OCH3), 38.0 (C-
2),37.7(C-6) LA byl s 22 5 SOk AR 1 F AR —
ool K5z fb 5 19 0N 5-0-%F & 5 25 7 B H S
G 20: EEARY, 7139 CisHOo.
'H-NMR (600 MHz, MeOD) ¢: 7.60 (1H, d, J = 15.9
Hz, H-3"), 7.20 (1H, d, J = 1.7 Hz, H-5"), 7.09 (1H, dd,
J=282, 1.8 Hz, H-9"), 6.82 ( 1H, d, J = 8.2 Hz, H-8),
6.33 (1H, d, J=15.9 Hz, H-2"), 5.29 (1H, td, J = 7.7,
4.4 Hz, H-5), 4.15 (1H, d, J = 3.3 Hz, H-3), 3.90 (3H,
s, 6'-OCH3), 3.74 (1H, dd, J = 7.6, 2.9 Hz, H-4), 3.70
(3H, s, 7-OCH3), 2.23 ( 1H, m, H-6a), 2.20 ( 1H, m, H-
2a),2.15 (1H, dd, J=13.3, 8.3 Hz, H-2b), 2.02 (1H, dd,
J=13.5,6.7Hz, H-6b); *C-NMR (150 MHz, MeOD)
8:175.4 (C-7), 168.2 (C-1"), 150.7 (C-7"), 149.4 (C-6"),
147.0 (C-3"), 127.6 (C-4"), 124.1 (C-9'), 116.5 (C-8"),
115.4 (C-2'), 111.6 (C-5"), 75.8 (C-1), 72.6 (C-4), 72.1
(C-3),70.3 (C-5), 56.4 (6'-OCH3), 52.9 (7-OCH3), 38.0
(C-2,6)o DA Wi HEL 5 SClkiE A — 34,
Y E A 20 N 5-O-F BEIEZE TR G -
32 WIERPUEYIT o-EEEEERAIHIHE T
X BRI 19 B &Y (EW 17 /&
AR AT oM BEE RS ESES . 25 R
2 Fi, MGG 5 AT ARHIZIITE 70% LA F. T
HAR ARG R IET 50%. H—Lles
Y5 F 7 B EEMEIREE (ICso), KILIX 2 MR
FAb AP BERE RV IR o7 47 W5 B A S 1 4
FETE, HICso 20518 107.8 umol/L (EAZ X 8]y
100.8~113.3 pmol/L) £ 373.1 pmol/L (EFX AN
354.4~407.3 pmol/L), ¥ T-FH 2R <R bE (& 3)
3.3 HMERPEEY TR HHIE M
B0 X B 19 P A YA T REFERG S0 &V
PESER . iR E 2 Pos, EW S, 6. 11, 12 #
14 X0 LB D AR 1) E R BB R 250 T 50% o 4
5 ML EYREAT ICso BT RE , 7379 4 93.04 pmol/L
(ESX1A4 84.83~101.7 pmol/L)+ 119.50 umol/L
(B FX A~ 109.10~131.10 umol/L )+ 69.93 umol/L

1007
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o 2 B T R 22/ %

123456 78 9101112131415161819 20

1007

50

REMEREEMH2</%

123456 7 8 9101112131415161819 20

100+
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I RERENIH 2/ %
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2 WAEYRT o-FEVEHES. FUEEE. ZIFIEEBRHNIGIZ
Fig. 2 Inhibition rates of compounds against a-

glucosidase, sucrase, and maltase

(BAZ XN 65.70~74.34 yumol/L). 109.30 pmol/L
(EEIX A4 102.20~116.40 pmol/L) - 52.88 umol/L
(BAZX N 46.77~59.45 umol/L) (& 3), FHM:X}
FE AT < R B Y TCs0 {HM 0.710 umol/L CEAF X 8] M
0.652~0.778 umol/L) (K 3D, Likgh R 5 Fhily
R AL A 0] REWE G A — 2 BADHIVE - ARHE ICso
ERHEY, XL S REEIT N 14>11>5>
12>6.
3.4 FRMERPUEYITEFEEBAINGEE
TEZZ SERERGIRE SR T, IR S Mk E
(5. 6. 11, 12 F1 14) [FRIFERILH — & R HHIGEE,
IR 50%. 1Cso ME 45 R TR, HAA 5 7
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51C5=107.8 pmol-L~" (100.8~113.3 pmol-L™")

# 71Cso=373.1 pmol-L! (354.4~407.3 pmol-L™")
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& s
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o
0 T T 1
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lg C/(umol-L™)
s 51C5=93.04 umol-L™! (84.83~101.7 umol-L 1)
6 1C5o=119.50 umol-L™! (109.10~131.10 umol-L~
11 IC50=69.93 umol-L™! (65.70~74.34 umol-L™")
e 12 IC5o=109.30 pmol-L™! (102.20~116.40 pmol-L~
14 IC5p=>52.88 pmol-L™! (46.77~59.45 pmol-L™")
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% 407 2
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11 IC50=284.98 umol-L™! (76.70~93.75 umol-L™")
e 12 1Cso=118.3 pmol-L' (108.9~128.8 pmol-L ")
14 IC5p=>52.85 pmol-L™! (46.85~59.27 pmol-L™")
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Fig. 3

489.99 umol/LC E AF X [A] 24 79.31~101.3 pmol/L)-
78.11 pmol/L (EAFIX[H]4 65.91~92.45 pmol/L).
84.98 umol/L (E{F X [A]4 76.70~93.75 pmol/L)
118.3 pmol/L C(E {5 X [H]4 108.9~128.8 umol/L)-
52.85 umol/L (EAFX[A2A 46.85~59.27 umol/L)
(B 3), FHMEZRT-RIEHER 1Cso 54 0.505 pmol/L

ICso value of a-glucosidase, sucrase, maltase of compounds

(BZIX]AN 0.444~0.579 umol/L) (& 3)., F ZiHiifil
FHENETER NN 6>11>5>12>14, HALEaY)
6 (IC5o=78.11 pmol/L) FFIHINEMEf®, Pz
GYRTEE LRGN A — 5 B e

WIS KRG VE MR SRR 2 A RE) 19
AT oM BRI WERE A S 2 R 4
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TG, RIAEY S (IHEER ). 7 (4-O-Fi 2R Bt ZE 7
PR PG T BT AR A - 267 0 AV 5 2 2
s MG 5. 6 CRIERE S 11 O Mk
FIFE) . 12 O aUINEERR 2./5) A1 14 (4-DmHEmEZs 5
T2 ) o Wil LN SRR () T Tl R 2 2 ) SR A
BEMHEE . WICCRS RN, HsBEnsg
P A R Z A B ST — &5 1 3,
448 TR AL (ARIE WY S5MY. FEFEAELEAE
BT, HEWN RS RENLEY (s,
11 12) (1) RE TGN 22 25 R 1) 3% 2 3 v T
TR EY (W11, 2. 8). FFFEAAE
TRENAR NG ZE TR S (416 A1 14) [
R 22 25 B 1) M B A T R SR AR B
A R Rl R AR I R AL A Cin 7. 15,
16 19, 200, RIS AEIL L1040 R R4 1 2 b
PR 22 MR S A6 9 1 () R B R R ] . 5 & 3F
VAR R IR SRR E I AN R IR IS A
1] o- B B A A% 00 2520 ], 3X 5 ACHIF A i R 2
AT AR BIHE (0  l S A ) e A EpIE 01621,
UbAbh, kR K FLATAE A AR R AL CE A A
FATFENWI0 [ A3, 2 ERR 1 Ee L A 4544
O e i Y T P R R R 22 2 A o) ¥ 1 5 T ol
WERR AR 2.0, R BAERIL A RT3 Itk S
e, SRIMREE B LIS A K, a5
SEAT AL BEAR K, IHIEEREAG. AR 5
Wt S A 2 IR RIS, BT R R ERL e
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