¢EH 2024118 $#53% H21#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21 * 6653

* LEFERS ¢
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2. WEIRHR BE 257 I 4 AR QR L, TR M 450046

% E. BE WA TEMI Lycium barbarum 55 GUfdF) IETEESAFIGERSY . A3k 12 D101 KALIR R AE
i, ODS Al Sephadex LH-20 &4 (03 L K S A il 45 8 HPLC 25 & AR (o ilh 7 BEROR BEAT R G0 70 B 4k, ARIRIL G
(6 0 B AN B AL PE R AT 5 % e . BER MRS T IE T BB AL b 20 2549 3 11 MEEY), 28 5l%5E A (3S,5R)-allenic
ketodiol 5-O-B-D-glucosyl-(1—3)-p-D-glucoside (1), citroside B (2). alangionoside D (3). turpinionoside D (4). & %5 5*-7-0O-p-D-
AKBEIE-(1—-6)-B-D-MERGRIE HEE (5D, 2-2K LE-B-D-HI A B (6D, 2-7K LWE-B-4F 4 —HE4F (7). tuberonoid A (8). XI¥%
FAEER (9). 3-FEH-4- KRR (10D, MR (1. &t &YW 18 1 DNFRIREHHEZRGE, &2 gL C.
WEY 2 F1 3 NE IR EHE 3 B85 (RSN IUMEEESEIe L], A& 1A 4 7EUKEE 10.0 pmol/L I, w] LAKE AN
i % R HET HepG2 41 it fr) 46 421 Bl e ==

K4 MR T MG Cs citroside B; turpinionoside D; %% 55-7-O-B-D- A £ -(1—6)-B-D-Mt IR &1 & BH £ ; 2-% £ %--D-
G RS R  FRIE
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A new cyclogeraniane monoterpenoid from fruits of Lycium barbarum
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Abstract: Objective To isolate and identify the chemical constituents from the n-butanol part of the fruits of Lycium barbarum.
Methods The compounds were isolated and purified by various modern chromatographies, and their structures were identified by
physiochemical properties and spectroscopic data. Results Eleven compounds were isolated from the n-butanol part of the fruits of
L. barbarum, and elucidated as (3S, 5R)-allenic ketodiol 5-O-B-D-glucosyl-(1—3)-B-D-glucoside (1), citroside B (2), alangionoside
D (3), turpinionoside D (4), scopoletin 7-O-B-D-xylopyranosyl-(1—6)-p-D-glucopyranoside (5), 2-phenylethyl-B-D-glucoside (6),
2-phenylethyl B-cellobioside (7), tuberonoid A (8), p-hydroxycinnamic acid (9), 3-methoxy-4-hydroxyphenylpropionic acid (10) and
ferulic acid (11). Conclusion Compound 1 is a new cyclogeraniane monoterpenoid, named citroside C. Compounds 2 and 3 are
isolated from Lycium genus for the first time. Compounds 1 and 4 could increase the glucose consumption in insulin-resistant HepG2
cells at a concentration of 10.0 pmol/L.
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AR F N ARMEY) T B AAE Lycium barbarum
L. WP iRe, FEMAERETE. il
Brem. HESEHLIXEA, 68T (PURAREL), #
Iy b, HuRH, W, B B, BAUA
FFE . K50 H 2 Zhat, Mifd Pt g 2 & w
FHZR 44 B 25 FIEEAN B i, B R 82 o™ Bl
DA BLSLER A LR B, MAC T B ST, Bt
A, uR. R, s RS EE G EER M,
W R, Wil Fh EESH 2. &Y
Bl BEEE. RHEZR . wEREER B AUREAH A
ORI S IR £ BR AL AL 22 Lo i AT T W12t
FuN, Ryt — B FE M s A, e
HA I Ssail, ARSI gk B0 Ml 1T B Ar
AT T, S %E T 11 Meaw, H
ZER Sy % E A (3S, 5R)-allenic ketodiol 5-O-B-D-
glucosyl-(1—3)-p-D-glucoside (1). citroside B (2),
alangionoside D (3). turpinionoside D (4). BE75%-
7-O-B-D- & ¥# ¥ -(1—6)-p-D- Mt W i % k¥ £
[scopoletin 7-O-B-D-xylopyranosyl-(1—6)-p-D-gluco-
pyranoside , 5] . 2- % Z W% -B-D- i &) M ( 2-
phenylethyl-B-D-glucoside, 6). 2-7K Z[#-B-4F4E —
BEEF (2-phenylethyl B-cellobioside, 7). tuberonoid A
(8). XFFEWER (p-hydroxycinnamic acid, 9)
(10) . 3-H S -4- 2 H K N R ( 3-methoxy-4-
hydroxyphenylpropionic acid, 10). Fi%{fg (ferulic
acid, 11, HAk&EW 1 N 1AL EY), 8N
MHEE Co AW 2 F1 3 A IR B 4>
BRI ARSI R R G 1 A 4
FEMRFE 10.0 pmol/L I, AT ASE N &5 = AKHT HepG2
MR R PEEFER, A — e PRSI
1 UEEH

Bruker AVANCE 111 500 ZUA% i 3E4R4% . Bruker
maxis HD 2 RATHS [T 1% (FEE, Bruker 2] );
Autopol IV 2 HIEG (EH, &ERAHFD;
Chirascan q CD Yailf C(He[E R e A 7]);
LC52 70 ey s i) 44 VRUMH B A (SR B AL s R
AR~ ], SP-5030 A4 -] %% 7 i i A % » UV200
T AR K %%, Easychrom U 3 T4 i
YMC-Pack ODS-A 4if4E, 250 mmX20 mm, 5
um). HE EIERER GFoss A EIERER (200~300
H, #&#PE1T)); Sephadex LH-20 (Pharmacia
Biotech A %] ); RP-Cig (40~60 pm, YMC); KAL
PR D101; I, ol ORI DU AR b 2 5

BIRAFD; HARRFNL g DPHEFIE (s
17825A, JbR AR AR AR,

NI HepG2 i)l T ERFERE g 4HpE .

Mifc T 2017 4 9 H R B H WA IR, &
TAT B TR 25K 2 24 5 B R B T 2804 S 8 AR R AT
JERY) T EHMIAC L. barbarum L. [T s SR sz,
HEFEAS (20170906A) A7JHC -] B R 25 K5 2
2T
2 Hik
21 REBS5SEH

T MIFC F 2544 50 kg, 95% 2B [F] R HEEL 37,
eI, GIRUEM, RS, 199EE 32.58 kg 2
BIKIRE, 2RI D101 A i/ &,
WIXRAK 95% LB TABRABEATHEmL, 75307K 5
#BA7 30 kg 95% LBEBE ML AT 1336 g A BE M 35
£ 52.5 go 95% L FFHEBLERALIIAKIR &, MR
g CBE BT EEAEHG, e RIS 7, ARESIR £ B
AL (183 @) IE T HEEHRAL (386 ). IE T BEHALE
RALIR BAAR FE AT (53 5, I 2B -7K (0~95%
CEE) BEEELERL, 193] 6 N5 (Fr.A~E). Fr.D
(168 g, 30% £ BE-7K P AL ) & MCIAE B 73 5,
MR I EE 7K (10%~100%) BRFEBEML, 7535 6
A4S (Fr. D-1~D-6). Fr. D-4 (40% G
AL, 1.93 @) SRERAEEIEE, AR A H k-
FEE(80 & 10 © LBEML, 15316 A 73 (Fr. D-4-1~
D-4-6). Fr. D-4-3 £ffi| &4 HPLC fil& (HEE-/K
40%) 154K 44 9(78.34 mg, tr = 23.0 min). 10(6.84
mg, tr = 21.0 min). Fr.D-3 (30% FF 3G i 84
14.79 g) %4 ODS a4 B AR I HEE-7K (5%~
100% ) #6 BE i , 15 21 8 M4 (Fr. D-3-1~D-3-8).
Fr. D-3-2 (10%HEESEMEAL, 1.039) SRERA A
TRy, MKCH Z & W bE-HEE (801 150 1 1) ¥
i, 2% 6 N (Fr. D-3-2-1~D-3-2-6). Fr.
D-3-2-5 il &4 HPLC % (ZMif-7K 12%) 154k
A5 (216 mg, tr=18.0min). 8 (3.34mg, tr=
24.0 min), Fr. D-3-3 (15%H EE¥eiff, 3.759)
£ Sephadex LH-20 #E ATtk 70 2545 4 /Moy (Fr.
D-3-3-1~D-3-3-4), Fr. D-3-3-3 &4l % % HPLC #
% (FEE-/K 25%) 134644 11 (10.78 mg, tr = 34.0
min). Fr. D-3-3-2 £l &4 HPLC i€ (HIEE-/K
20%) 3459 7 (5.79 mg, tr =27.0 min). 6 (5.72
mg, tr=16.0 min). Fr.D-3-4 (20% FFEEHEAHEAL,
5.89 9) ZLAEAE IS B, KR =& bi-
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(80 : 10 : 1) P, 53] 8 MMiis (Fr. D-3-4-1~
D-3-4-8). Fr. D-3-4-5 £l %8 HPLC ffil & (M-
K 13%) BaY 1 (213 mg, tr = 25.0 min)., 2
(2.19 mg, tr = 24.0 min).Fr. D-3-4-6 Z:#i1| 4 HPLC
il (ZHE-7K 10%) 1344654 3 (3.23 mg, tr = 15.0
min). 4 (299 mg, tr=14.0 min).
22 LEY 1 WEBRKERENEE

&1 (1.5 mg) ¥#%T 5 mL 2.0 mol/L #51%-
FEEIE, 90 CAKIBTFE M 2 he KAV H
AT )G, DABSER OB K3EAT ZEEL . ZKAH LA
AgCOs FHIZ RN G, WYG TIRAFHET 5, 7
TN 1 mLAkRE. 2 mg -t EER A Bg Eh iR £, %
i1 60 CHid: 1h, SR/ 0.2 mL = FAEmERRE,
4 60 CIRAEIA0.5h, PAUECKEFI/KER, 1F
O ERME AN 2 [ E Finnigan
TSQ7000 AU AH %A, FID ¥l %%, DB-5 B4
FE (30 mX0.25 mmX<0.25 pm) 1. 38 Flbx e R 1)
FTEEDREAT LU, MK MR = DRE 73 % 5E HH B-D-7i
ZiFE (tr=19.8 min).
2.3 HpRiER

HepG2 4iijig & 10% FBS ft) DMEM 15 7& 1%
I, JUET 37 “C. 5% CO, BiF-Mf rhis 7% . MR E4H
FAE KRB, A MRl B2y 80%KT, FH 0.25%01)
JEREE G AL USSR A R IR AR, BOG B A KT 48
L T 5258
24 CCK-8 LIUAGIL ST HepG2 HAAEE RIS

BAEKIRESRE, BAREEA 90%1) HepG2 4
g, LA 5X10%mL BT 96 LIk b, HFL 100 pL
YHML B, T 37 C. 5% CO 3546, & 10%
FBS ) DMEM }: #2755 5% 4 ho f4iiElGEEfs, 7
FIRIEFRW, NG IR, 5595 24 he [F2D
e, 35 EERFRI IR HILF 254 100 uL (10
umol/L), [FII W B AN 25 5 55 TR AN 4 i (1) %
MRH, FHi24h. 24 h JFHREEEEFRE, N 10%
CCK-8 5773 100 L, WETHA RS 4,
H 4 10% CCK-8 [#53:1), £ 37 C. 5% CO, K%
FAETE 1h 5, FEPRACR IILAE 450 nm AL 1)
W (A) H. SLIRMAHARE 3 MR, EE 3
R, FRYE A B THE & 2 A0 A X

ARSI = (A s — A e ) (A s — A 1)
25 HepG2 iafR B RIMIMIRELAIHI ZFIEEHE
EAEE RN

SRR TT VAR, R A ik FE g 5 5 ) 4%

HepG2 4 i fifk & 2= HEPTRE AL, 3 HUAh T 550 £l A= 4 40
) HepG2 4fit, LA 5X104mL 48T 96 FLAK I,
4L 100 pL ZHfREIE, T 37 C. 5% CO 157748
R NEEE, FRAMRNGRESS, A REIEIR, IS
1 pmol/L JiE & R B F AL FH 9% 36 h, &
HepG2 ZHfu ik & s BT AY o IERER TN fE, PO
M., B, PR PRSI AM S EH, FF
WA HH . BATEZ D SR AN &AL S A S
10 umol/L W& Zjs5773E. W11 24 h J5, Fhn
£ 100 nmol/L g5 Z 1597 30 min, T-F4 H a4
FLEIE, F TR NI . AT E R AR
SEARFEATI . LI E 3 MEFL, EHE 3K,

RS R = R R A S R — R i
R
26 ECDit#E

&) 1 4T L 2 i8S TDDFT ECD 1HE
555G ECD X HRIEM . & 1 1o
%S\ Gaussview 6.0.16 #FH1) MMFF94s f£f¢,
1% F 10 kcal/mol (1 kcal/mol=4.18 kd/mol) f{jfit &
AT RAR R o R R IO 4 A8 A
Gaussian 16 {2474k B3LYP/6-31G (d, p),
Ak G R R 7E B3LYP/6-31G (d, p) /K°F FEAH
BE R34 T ECD 1HE, 4RJ57E SpecDis 1701 &
Xt ECD tHES R AT &
3 HMETE

WEY 1. AR, GIETHE, [o) +17.2°
(¢ 0.02, MeOH) . UV o1z & WI7E R 1)
By 204, 229, 281 nm. IR Jgilk@onA 2
B (3387 cm™) AipkKEE (1668 cm™) ML UL .
HR-ESI-MS 145 itk 525 1 U m/z 547.237 7 [M—
H]™ (iH54E 9 547.238 5), #iEbad 1 1913
N CasHaoO13. H-NMR i (£ 1), B 14
KRR 5 [0n5.92 (1H, s, H-8)]; 2 Ml
B TS5 [on 4.62 (1H, d, J = 7.8 Hz, H-1"), 4.54
(1H,d,J=7.8 Hz, H-1"]; 1 MERKHFEETES
[0n 4.39 (1H, m, H-3)];: 2 ML H BT 7155 [0n 1.89
(AH, m, H-2a), 1.29 (1H, m, H-2b), 2.50 (1H, m,
H-4a), 1.27 (1H, m, H-4b)]; 4 MHEFRTFES [on
2.27 (3H, s, H-10), 1.45 (6H, s, H-12, 13), 1.13 (3H, s,
H-11)]. 43#7 °C-NMR Jz DEPT i %n, ZLE&Y)
FELE 25 MR JE T, BLFE LBk B [0 212.9 (C-9)];
3 MEE [oc 119.5 (C-6), 202.0 (C-7), 101.6
(C-8)]; 2 MFZEmR [oc 37.0 (C-1), 79.7 (C-5)]; 1
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ANRHF I [6c 63.7 (C-3)]; 2 NEFHE [5c 46.3
(C-4), 49.9 (C-2)]; 4 MH%: [oc 27.2 (C-10), 27.5
(C-13), 29.6 (C-12), 32.7 (C-11)]. FaZ:ULl btz S,
& 1 g hies 12 MpfE s, #—ba8s
IH-1H COSY .HSQC F1HMBC & [ AH A5 5 (K 1),

#1 &% 189 H-NMR F1 BC-NMR JiL#4E (500/125

MHz, CD3OD)

Table 1 !'H-NMR and *C-NMR data of compound 1

(500/125 MHz, CDsOD)

B S &  DEPT
1 37.0 C
2 1.89(1H,d, J=7.2 Hz), 1.29 (1H, m) 499 CH.
3 439 (1H, m) 63.7 CH
4 250 (1H, d, J=12.0 Hz), 1.27 (1H, m) 463  CH.
5 79.7 C
6 119.5
7 202.0 C
8 5.92(lH,s) 1016  CH
9 212.9 C
10 2.27(3H,s) 272 CHs
11 1.13(3H,s) 327 CHs
12 145 (6H, ) 296  CHs
13 145 (6H, ) 275  CHs
1" 4.62(1H,d,J=7.8Hz) 98.0 CH
2’ 3.27(1H,m) 745  CH
3’ 354 (1H,m) 890 CH
4" 3.37(1H,m) 700 CH
5" 3.37(1H,m) 774  CH
6 388(lH,dd, J=11.822Hz),365(1H,m) 626 CH:
1" 454 (1H,d,J=7.8Hz) 105.3 CH
2" 327 (1H,m) 754  CH
3" 337 (1H,m) 782  CH
4" 337 (1H,m) 716  CH
5" 3.27 (1H, m) 778  CH

6" 381(IH,dd,J=118,22Hz),362(IH,m) 626  CH;

E1 &Y 1mEHE

Fig.1 Structure of compound 1

MR 12 MAE 58 2 MR LRI E 5. DL RS
SE BRI A 1o LA RE R B s 2R
“W

a1 A KBRS &Y
citroside B LLAZAAMARO, FEXHIETEY 1L
citroside B % i 1 A & MRS 5. £ HMBC K&
H, HAT R AR A H-17 (0 4.62) 5T C-5
LA IR FEAH ST 5, U0 IR A B R 5 AL
Bk bo 7 LANE GRS RS H-1" (0n 4.54) 5
C-3"AAHG, UESE 2 AN AT S AL 1)+ 07 U2 153
Rz, @b tH-1H COSY. HMBC i (& 2)
ESE TACEY) L P gs i an i 1 . iR 2 A
R T A HE Onr = 7.8 Hz, I e =
7.8 Hz) W] HABX A RIS B A AL . X &4 1
BT K MR FIATAE AL S A (i 0 AT, BEth &9 1
H) 2 A& BERL 38N B-D-Hi %I % . ROESY i,
KI H-8 5 H-13 5 NOE #>%, 1M H-8 5 H-3 &
NOE 5%, 1 H-8 5 H-13 T [H{I, H-3 5 H-8
RrF5 M, Al T 3-OH/H-13/H-8 25 [a] B 5] —
B, NpMEL. HTALEY 1 IS citroside AL
citroside B Jz H:F Ju4k &4 allenic ketodiol SCHRHR 1&
LW HIE ECD #dE, Jovudid i =W
ECD #fie HAaxiiil, FibawEi@Edit% ECD
FISLES ECD HCECRHEM G 1 A, 25
FEEL A 1 P PRE S 40 % 3L Cotton 2B 65T
Bk, ASCZIGXGEY) 1 T G T T ECD it
B fEALEY) 1 Hses ECD b, ATAMERI7E
200~250 nm 4t H BILIE Cotton %45, 7E 250~300 nm
Ab B FL Cotton RN, IX—45 55 3S, 5R AT
%i ECD kw4 (3D, Hik#eEihs 1t

IHILET R TR 3S, B5R. 45 EANR, a1 %
E jﬂ (3S,5R)-allenic  ketodiol 5-O-p-D-glucosyl-
(1—3)-p-D-glucoside (B 1), @& MitiEE C, N
1 /NHTHIAE e RS

/

H% H

2 &Y 1 RYXE H-'H COSY F1 HMBC #3%
Fig. 2 Key 'H-'H COSY and HMBC correlations of
compound 1
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8 Exp. ECD Spectrum of 1
10+ i Calcd. ECD Spectrum of the aglycone of 1 (3S,5R)

S
S
E 04 f je— e
[a)
O
Q f

-10 |

T r T X T ¥ T X 1
200 250 300 350 400

Alnm

B3 L& 1K ECD L& 1 HehyitE ECD it
Fig. 3 Experimental ECD spectrum of compound 1 and
calculated ECD spectrum of aglycone of compound 1

EY 2. AEHAR, 5inT HEE. ESI-MS m/z:
409 [M+Na]*. H-NMR (500 MHz, CD30D) ¢: 5.94
(1H, s, H-8), 457 (1H, d, J = 7.7 Hz, H-1"), 4.37
(1H,m, H-3), 3.81 (1H, dd, J = 11.8, 2.0 Hz, H-6'a),
3.64 (1H, dd, J = 11.8, 5.0 Hz, H-6'b), 3.37 (1H, m,
H-3", 3.29 (2H, m, H-4', 5'), 3.16 (1H, m, H-2'), 2.50
(1H, m, H-4a), 2.29 (3H, s, H-10), 1.90 (1H, m, H-2a),
1.46 (6H, s, H-12, 13), 1.31 (1H, m, H-2b), 1.27 (1H,
m, H-4b), 1.14 (3H, s, H-11); 3C-NMR (125 MHz,
CDs0D) §: 212.9 (C-9), 202.0 (C-7), 119.4 (C-6),
101.5 (C-8), 98.4 (C-1'), 79.4 (C-3"), 78.7 (C-5), 77.7
(C-5"), 75.3 (C-2"), 71.5 (C-4"), 63.7 (C-6"), 62.7 (C-3),
49.8 (C-2), 46.8 (C-4), 36.9 (C-1), 32.7 (C-13), 29.8
(C-12), 27.4 (C-11), 27.2 (C-10).ECD i, 7F 200~
250 nm 4bERIE Cotton &4, 7E 250~300 nm 4k
7 Cotton 8, H5HEY 1 —8, RHUNLEY
2 IR 7R 3S, BR, LA Hidf 5 ks — 2o,
WL e & 2 M citroside B

&) 3: AR, 5T HEE. ESI-MS m/z:
411 [M+Na]*. H-NMR (500 MHz, CD30D) ¢: 6.02
(1H, dd, J = 16.0, 1.0 Hz, H-7), 5.49 (1H, dd, J = 16.0,
6.1 Hz, H-8), 4.57 (1H, d, J = 7.8 Hz, H-1"), 4.30 (1H,
m, H-9), 3.99 (1H, qd, J = 7.5, 1.4 Hz, H-4), 3.86 (1H,
dd, J = 11.9, 2.0 Hz, H-6'b), 3.83 (1H, ddd, J = 13.0,
7.5, 35 Hz, H-3), 3.68 (1H, dd, J = 11.9, 5.1 Hz,
H-6'a), 3.36 (1H, m, H-3"), 3.21 (1H, dd, J = 9.0, 7.9
Hz, H-2'), 1.98 (1H, dd, J = 13.0, 3.5 Hz, H-2a), 1.75
(3H, d, J = 6.8 Hz, H-13), 1.55 (1H, t, J = 12.8 Hz,
H-2b), 1.26 (3H, d, J = 6.4 Hz, H-10), 1.09 (3H, s,
H-12), 1.02 (3H, s, H-11); ¥C-NMR (125 MHz,
CDs0D) §: 141.1 (C-6), 140.6 (C-8), 129.6 (C-5),
126.9 (C-7), 105.3 (C-1"), 81.9 (C-3), 78.1 (C-5'), 77.9

(C-3"), 76.9 (C-2'), 75.6 (C-4), 71.6 (C-4'), 69.4 (C-9),
62.7 (C-6), 44.8 (C-2), 37.6 (C-1), 30.6 (C-12), 28.0
(C-11), 23.9 (C-10), 16.9 (C-13). VL ¥ 5 kR
H—FM, #E e G493 4 alangionoside D

&Y 4: AR, 5T HEEL. ESI-MS m/z:
413 [M+Na]*. H-NMR (500 MHz, CD30D) 6: 4.57
(1H, d, J = 7.8 Hz, H-1"), 3.94 (1H, d, J = 4.0 Hz,
H-4), 3.84 (1H, dt, J = 13.0, 3.9 Hz, H-3), 3.78 (1H,
dd, J = 11.9, 2.0 Hz, H-6'b), 3.73 (1H, dd, J = 11.9,
5.1 Hz, H-6a), 3.68 (1H, m, H-9), 3.37 (1H, m, H-3"),
3.23 (1H, m, H-2"), 2.14 (1H, m, H-7a), 2.04 (1H, m,
H-7b), 1.94 (1H, m, H-2a), 1.72 (3H, s, H-13), 1.52
(3H, m, H-2b, 8), 1.19 (3H, d, J = 6.4 Hz, H-10), 1.10
(3H, s, H-11), 1.07 (3H, s, H-12); 3C-NMR (125
MHz, CD;0D) §: 141.7 (C-6), 128.7 (C-5), 105.3 (C-1"),
82.2 (C-3'), 78.1 (C-5"), 77.9 (C-3), 76.8 (C-2'), 75.6
(C-4)), 71.6 (C-4), 69.2 (C-9), 62.7 (C-6"), 40.0 (C-2),
40.1 (C-8), 38.6 (C-1), 30.3 (C-12), 28.1 (C-11), 26.1
(C-7), 23.3 (C-10), 15.0 (C-13). LA EHIE 5 ClikiRiE
—8l, W e AW 4 O turpinionoside D

& 5. Ak A. ESI-MS m/z: 509 [M+
Na]*. H-NMR (500 MHz, DMSO-dg) d: 7.96 (1H, d,
J = 9.5 Hz, H-4), 7.30 (1H, s, H-5), 7.20 (1H, s, H-8),
6.33 (1H, d, J = 9.5 Hz, H-3), 5.36 (1H, d, J = 4.4 Hz,
OH), 5.18 (1H, d, J = 3.2 Hz, OH), 5.11 (1H, d, J =
4.8 Hz, OH), 5.10 (1H, d, J = 6.8 Hz, H-1"), 4.89 (1H,
d, J = 4.8 Hz, OH), 4.84 (1H, d, J = 5.2 Hz, OH), 4.80
(1H, d, J = 4.8 Hz, OH), 4.12 (1H, d, J = 7.8 Hz,
H-1"), 3.89 (1H, dd, J = 13.6, 4.4 Hz, H-6"), 3.82 (3H,
s, 6-OCH3), 3.68 (1H, dd, J = 12.0, 8.0 Hz, H-5"),
3.61 (2H, dd, J = 12.4, 4.4 Hz, H-5', 6'), 3.28 (4H, m,
H-2'~4',4"),3.05 (1H, t, J = 8.0 Hz, H-3"), 2.96 (2H,
m, H-2", 5”); 1BC-NMR (125 MHz, DMSO-ds) &:
160.5 (C-2), 149.8 (C-7), 148.9 (C-9), 146.0 (C-6),
144.1 (C-4), 113.4 (C-3), 112.3 (C-10), 109.7 (C-5),
104.0 (C-1"), 103.0 (C-8), 99.5 (C-1"), 76.6 (C-3', 3"),
75.3 (C-5'), 73.3 (C-2"), 73.00 (C-2'), 69.4 (C-4"),
69.2 (C-4'), 68.2 (C-6"), 65.6 (C-5"), 56.0 (6-OCHs).
DA b 2d 5 Sk aE — S04, MUS e A 5 NE
75 2-7-0-B-D-AMEFE-(1—6)-B-D- i 38 2 BE .

&) 6: BEMAK, 5inT HEE. ESI-MS m/z:
307 [M+Na]*. *H-NMR (500 MHz, CD30D) 6: 7.27
(4H, m, H-2, 3, 5, 6), 7.18 (1H, m, H-4), 4.31 (1H, d,
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J = 7.8 Hz, H-1"), 4.10 (1H, m, H-8a), 3.87 (1H, dd,
J = 11.9, 1.7 Hz, H-6'b), 3.77 (1H, m, H-8b), 3.67
(1H, dd, J = 11.9, 5.3 Hz, H-6'a), 3.35 (1H, dd, J =
14.9, 5.9 Hz, H-3), 3.27 (2H, m, H-4', 5'), 3.20 (1H,
dd, J = 9.0, 7.9 Hz, H-2), 2.94 (2H, m, H-7);
3C-NMR (125 MHz, CDs0D) §: 140.9 (C-1), 130.9
(C-2, 6), 130.2 (C-3, 5), 128.1 (C-4), 105.2 (C-1"),
79.0 (C-3), 78.8 (C-5"), 76.0 (C-2'), 72.6 (C-8), 72.5
(C-4'), 63.6 (C-6'), 38.1 (C-7)o A F%E 5 ClfiRiE—
), M EAY) 6 0N 2- K L TE-B-D-H AL .

a7 AtkR, 5T HEE. ESI-MS m/z:
469 [M+Na]*. H-NMR (500 MHz, CDs0D) &: 7.30
(4H, m, H-2, 3, 5, 6), 7.20 (1H, m, H-4), 4.44 (1H, d,
J=7.8Hz H-1"),4.36 (1H, d, J = 7.8 Hz, H-1"), 4.10
(1H, dt, J = 9.7, 7.8 Hz, H-8b), 3.90 (3H, m, H-6",
6'b), 3.77 (1H, dt, J = 9.7, 7.8 Hz, H-8a), 3.69 (1H, dd,
J=11.9, 6.3 Hz, H-6a), 3.56 (1H, t, J = 9.0 Hz, H-4"),
3.50 (1H, t, J = 9.0 Hz, H-3'), 3.40 (1H, m, H-5"), 3.35
(3H, m, H-3", 4", 5), 3.26 (1H, dd, J = 9.0, 7.8 Hz,
H-2"), 3.23 (1H, dd, J = 8.0, 7.8 Hz, H-2"), 2.94 (2H,
m, H-7); BBC-NMR (125 MHz, CDsOD) ¢: 140.9
(C-1), 130.9 (C-2, 6), 130.2 (C-3, 5), 128.1 (C-4),
105.5 (C-1"), 105.1 (C-1), 81.6 (C-4'), 79.0 (C-5"),
78.7 (C-3"), 77.3 (C-5"), 77.3 (C-3"), 75.8 (C-2"), 75.7
(C-2"), 72.6 (C-8), 72.2 (C-4"), 63.3 (C-6"), 62.7
(C-6"), 38.1 (C-7). LA EHGHE 5 30kl iE — S 0e],
YEAY T N 2-2K L IE-B-AF 4k 3R BHT

&Y 8: AENK, 5T HEE. ESI-MS m/z:
541 [M+Na]*. H-NMR (500 MHz, CDs0D) &: 7.72
(1H, d, J = 15.9 Hz, H-7), 7.24 (1H, d, J = 1.7 Hz,
H-2), 7.12 (1H, dd, J = 8.2, 1.7 Hz, H-6), 6.82 (1H, d,
J = 8.2 Hz, H-5), 6.43 (1H, d, J = 15.9 Hz, H-8), 5.74
(1H, d, J = 7.8 Hz, H-1"), 4.62 (1H, d, J = 7.8 Hz,
H-1"), 3.90 (3H, s, 3-OCH3), 3.89 (1H, m, H-3"), 3.83
(2H, m, H-6"), 3.73 (2H, m, H-6'), 3.72 (1H, m, H-2"),
3.66 (1H, m, H-4"), 3.65 (1H, m, H-5"), 3.41 (1H, m,
H-4"), 3.31 (1H, m, H-3"), 3.21 (1H, m, H-2"), 3.20
(1H, m, H-5"); 3C-NMR (125 MHz, CD30D) ¢: 168.5
(C-9), 151.8 (C-3), 150.3 (C-4), 148.9 (C-7), 128.5
(C-1), 125.3 (C-6), 117.4 (C-5), 115.8 (C-8), 112.7
(C-2), 106.0 (C-1"), 94.1 (C-1"), 82.6 (C-2"), 78.0
(C-3", 77.8 (C-3"), 77.7 (C-5"), 771.7 (C-5"), 76.1
(C-2"), 72.5 (C-4), 72.3 (C-4"), 63.6 (C-6), 63.1 (C-6"),

57.4 (3-OCHs). DL ¥ 5 ik —30n, e
1k &%) 8 Ay tuberonoid A.

WEM9: AtEkAR, 5inT HEE, ESI-MS m/z:
165 [M—+H]*. H-NMR (500 MHz, CD30D) 6: 7.62
(1H, d, J = 15.9 Hz, H-7), 7.45 (2H, d, J = 8.4 Hz,
H-2, 6), 6.82 (2H, d, J = 8.4 Hz, H-3, 5), 6.29 (1H, d,
J =159 Hz, H-8); 3C-NMR (125 MHz, CD30D) ¢:
171.3 (C-9), 161.8 (C-4), 146.8 (C-7), 131.2 (C-2, 6),
127.3 (C-1), 116.9 (C-3, 5), 115.7 (C-8). LA F¥¥i 5
SCHRIRIE — 208, S B A 9 X SRR AR

&Y 10: AR AR, 5T HEE . ESI-MS m/z:
197 [M+H]*. H-NMR (500 MHz, CDsOD) &: 6.82
(1H, d, J = 1.7 Hz, H-2), 6.72 (1H, d, J = 8.0 Hz, H-5),
6.66 (1H, dd, J = 8.0, 1.7 Hz, H-6), 3.85 (3H, s,
3-OCHs), 2.84 (2H, t, J = 7.7 Hz, H-7), 2.57 (2H, t,
J = 7.7 Hz, H-8); BC-NMR (125 MHz, CD30D) ¢:
177.3 (C-9), 148.9 (C-4), 145.8 (C-3), 133.8 (C-1),
121.7 (C-6), 116.1 (C-5), 113.0 (C-2), 56.3 (3-OCHy),
37.4 (C-8), 31.8 (C-7). LA - #diE 5 ki iE — a5,
M A 10 O 3-HESE-4- IR TR IR -

&) 11: okt ah (FEE . ESI-MS m/z: 195
[M—+H]*. H-NMR (500 MHz, CD3;0D) ¢: 7.58 (1H,
d, J = 15.9 Hz, H-7), 7.15 (1H, d, J = 1.8 Hz, H-2),
7.03 (1H, dd, J = 8.2, 1.8 Hz, H-6), 6.79 (1H, d, J =
8.2 Hz, H-5), 6.29 (1H, d, J = 15.9 Hz, H-8), 3.87 (3H,
s, 3-OCH3); BBC-NMR (125 MHz, CD;0OD) §: 170.9
(C-9), 150.5 (C-3), 149.3 (C-4), 146.9 (C-7), 127.8
(C-1), 124.0 (C-6), 116.4 (C-5), 115.9 (C-8), 111.7
(C-2), 56.4 (3-OCHa). LA I %¥i 5 sCkfiiE — 29,
s A 11 BT ERER .
4 EMMEDERIT HepG2 AMEEENES
opA

H %6 KA CCK-8 ikl fb &4 1~11 % HepG2
R, AR, S5RRW, 1k
A4 9 A1 10 7 10.0 pmol/L i % HepG2 2 Jfd (1 AH %+
TEESY BN 86.32%. 62.24%, HALA VIR I4R A
XHE MESAAE 100%0A 1, B BRIk &4 9 AT 10 4F,
HAALA YN HepG2 4l i ¥4 To 40 i 5 1

A 1~11 % HepG2 21 it figh 55 2 HK 0 461 461 b
HFEESLIAS IR (B 4) KB, 7EIKFE 10.0 pmol/L
T, LAY 1A 4 BT LU SR I0 R 5 AT HepG2
SR AT AR, SRR L B B
5 (P<0.05).
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#HH

TR FE R/ (mmol LY

MEBEHTK 1 2 3 4 5 6
Vil %]

5% B L #P<0.01: SRR LS : "P<<0.05
#P < 0.01 vs control group; P <0.05 ™P <0.01 vs model group
B 4 EYMRSERIRI HepG2 MBI B ERENT
M (x+s,n=3)
Fig. 4 Effect of different compounds on glucose
consumption of insulin-resistant HepG2 cells (x +s ,n = 3)
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