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Chemical constituents from barks of Salix nigra and its anti-adipogenic activity
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Abstract: Objective To study the chemical composition from the barks of Salix nigra Marshall and its anti-adipogenic activity.
Methods The chemical constituents from the barks of S. nigra were isolated by chromatographic methods and the structures of the
isolated compounds were elucidated on the basis of NMR spectroscopic analyses. The anti-adipogenic activity of some compounds
was evaluated in Caenorhabditis elegans by oil red O and Sudan black B staining methods. Results A total of 12 compounds were
isolated from barks of S. nigra and identified as salicortin (1), tremulacin (2), salicyloyltremuloidin (3), cochinchiside A (4),
tremuloidin (5), daucosterol (6), rosin (7), salicin (8), chalcononaringenin-2'-O-p-D-glucopyranoside (9), 3,4-dihydroxybenzoic acid
(10), benzoic acid (11), and salicylic acid (12), respectively. Among them, compounds 1, 2, 5 and 9 could significantly reduce
adipose accumulation in C. elegans. Conclusion All twelve compounds were isolated from S. nigra for the first time. Compound 5
exhibited the strongest effect to reduce adipose accumulation in C. elegans.
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SR A Y Re Rt £ TR E R o NI
kNI R s Lee SR\ EAEETEM] Salix
pseudo-lasiogyne L& B 5 ok B F AT A4 5 1%
oy WL 5 C/EBPo il SREBPLc i, &3
MR, I ET AR 4 3T3-L1 734k
I, 8 A 2R R I JE R RT e A RK ILRIE 254
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M) Salix nigra Marshall (black willow) 44
A6 M. FEEN. VO R R TR SR A,
SRR, TR . KGR, R R
FEE RSB, PR 25 B A A TR B SR iR ) B
PuA . PUBEIEME. Verma ZEENESL M ELSEE
BAPRIEYE; BeAh, Sharma 2501014 B SEAG) B 2
B3 wI DAE 3 40t T A8 0E DR 1 R A4 e 2 A e i
P53 0575 JEIR s Tahir SRR S A 2 B3 EU
BA YU PR AN S IV RS . SR, R
D, FEAGIARS B2 A4 2 1 o e A g 07 A s P 7 T8 1)
FHOCHRGE . PRE, AW 58 % FH 22 Fh AR E i A 1%
T3 VN BARIBR KAk 5 B o3 1EAT 43 85 A RN 45 ) 45
5, AN R4 B Caenorhabditis elegans 45k
IRRTRL, FIATMAL O FITRFHE B Jeth, K917 B9
FER A YA G D7 A e, DU Ik
TSR Z I R AR S . DRI
700% FEEER B 23 85 45 08 12 AMEEWD, 435l
FH (salicortin, 1), FEEME (tremulacin, 2).
7- /K E-2"- A KB Csalicyloyltremuloidin,
3). cochinchiside A (4). 2-Z H /K # ¥
(tremuloidin, 5). #1% M (daucosterol, 6). rosin
(7). /K#H# (salicin, 8). chalcononaringenin-2'-O-
B-D-glucopyranoside (9). 3,4- "I IKHE (3,4-
dihydroxybenzoic acid, 10). #H# (benzoic acid,
11) FUK#¥®R (salicylic acid, 12). 12 MEAYIY)
NERN BN ESE] Hhik& 1. 2. 50
9 HAG BN F5 N B AT 28 B IR D AR R A, Ak
“Y) 5 BIVEH fi.
1. U5
11 U5

ME204E ! Hi 1 R-F (4 Mettler Toledo 2
m)D; CBHEEIER (250 mmX 10 mm, 5 pm, H
A& YMC A7]; 250 mmX21.2mm, 10 um, 75/H4
WAEM R R AT ; LC-P100 B m 20RH (i A%
(_EH RG] : AVANCE 111-400 7
B3R (#%E Bruker A ]); Leica DM750 74

BAEE (FEE Leica 247]); LDZX-50KBS A7 3K
JZERKE A (L2 F); DH-600 B! HL#E
B (AL R XA AR A A D
ZHWY-211B. ZHWY-2102C AUEIE R E G4 (-
WA IR IS A R AF]D; H1650-W Y B0
WL CGHIR LS AR KA BRAF]D

KRR (80~100. 200~300 H ). #/ZfE
FEHR. GFasa (5 533746 T.) ) ; Sephadex LH-20 (GE
Healthcare Bio-Sciences AB); ST (IR 484
EVIREHRATD; WL O FIFTE B (S
P T T AT Hidkamss = st all . BUR] A
fih AL IE 2 I A RR A s Bikg: 0.12 9/F)-
1.2 ##

SRR B 2544 T R R AR s E B A R A
A, HH P R RO K 5 24 2 B AT+ R 20 2 5
R EAEY) B S, nigra Marshall ()18} Bz , bras
MAEEHZER P AR AE, FHWERATLSR
Caenorhabditis elegans Al -k 7 #F OP50
(Escherichia coli OP50) 5T [E R} 2 5 il A=
Yk Fi i R SRR
2. FH&
21 REBS5SE

BT J5 1 SE MR 52 2544 20 kg, #rf)s, I 70%
F - /KPR EL 3 Wk, €, Rk4E, BEJE/KE S
MR, FIE T RER S SR8 (1005 9). MIRE
iR fRIG, AT A, 73Rk 40% -
IR 60% HEE-/KBEATHENL, 15 40%HEE-/K (A,
10.59). 60%H -7k (B, 15.39) 2 N5

A0% I E- /K47 (A, 105 @), FIEMRERA:
3% (200~300 H) 705, L& Obe-Pil (25 -
1. 15:1.10:1. 5: 1. 3: 1) ¥Mt, 355404
7y Al~A5. L&Y 6 (3mg) M A2 (8mg) [HH
B DL AR AT HE s A3 (3 g) & etfil %%
WA (12%205-7K, 30 mL/min) 2 B3 314k
£ 8(1.1 g, tk=6 min) fil 10(15 mg, tk=24 min);
A4 (1.2 @) 347 Sephadex LH-20 k:¢i, L&
LJe- T (LD DB, 7343 3 MH > A3-1~A3-3,
H A3-3 (300 mg) £l A EBIE 42 (15
mL/min), LAY 9 (22 mg, k=16 min); A5
(3g) HIEARERAE S (200~300 H) 43&, B
FER-TI R (2 0 DIBEIARIVEN, 13 A5-1(2.4 @),
AB5-1 282 5 AR €2 1% (229% 21§ -7K 5 30 mL/min)
4y B85 A5-1-1 (0.659, tr=9.5min) F{L&H
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7 (9 mg, tr=13 min), A5-1-1 F#£1T Sephadex
LH-20 i, DLREE-/K (10 1) ¥, 531k
&1 (0619,

60% FHEE- /K415y (B, 15.3 g), &Pl 4
il (60%H EE-/K, 50 mL/min) >EEE] 6 N4
4> B1~B6. Bl (2.29) Z&FHl% Mt (30%2
Ji§-7K, 30 mL/min) 73 &45 B1-1 (1g, k=5 min),
B1-1 I IEAHRERAE (il (200~300 H ) 438, HKIK
PLoS k- (10 01, 3 1) Hell, BbEaw
11 (12mg). 4 (61.6 mg) 15 (130 mg); B6 (2.9
0) FIIEMEERFE i (200~300 H) 402, 245l
DL 2 0-TE (25 1. 15 1. 31 1) IBEVEF
e, #3 B6-1~B6-3, . B6-1 [ FELIE M i
LAY 12 (1.7 9D, B6-2 #H4T Sephadex LH-20 £
i, DLEEE-K (101D ATV, 255210
A2 (0699 A3 (8mg).

2.2 HDHIBERAE BUE IR

221 C.elegans 357 5L ¥ C. elegans #2
FhFK3% E. coli OP50 )£k dh 4= K 8% 9% 3 (nematode
growth medium, NGM) E, T 185 CHIEIRE I
FahR59% 3~5d, £33 dHEMR 1k, BiibgkhitE
BUE TIUVRINRPIRES,  [FIR ZEORUF 2R 02, 1
FR5ERUE, 1EHL 50~70 % C. elegans F 700 uL M9
SRR S A 15 mL EP &, B ERE b
TEW. F MO Ml E 2 A 500 pl, JINZEARFR T
PRRCRR, O3 E BIET. TN M9 ZEnf
W, WL 12h, 19 L1 C.elegans. B0 5, UL
T NS E. coli OP50 ) NGM kst FRio%
48~72h, BP[13E] L4 HI C. elegans.

222 JFERRFE TSRS SE R BN A YR B
9 50 pg/mL 411 C. elegans 44 P g i A= B T
o PRI, 1 EBFE T EIR BN 50 ng/mL BA &
X R 2B R A 1 o R A R P A L R R IR
TFITE AL J5 ) E. coli OP50 T EP & iR &4551, %)
LA T NGM 55775 1, B TEREH M (37 T)
i, Ki9% 18 h, £F NGM K5 773E K3 E. coli OP50
Ja, BRI E L1 K C. elegans 42 3% 15 75 3
FCATIHHEX 5, REFT NGM #3256 112D,
THEIR R4 (18,5 C) 555 3~5d HI Al 347 5 48
SEG . WLELRE SN C. elegans JIig AL B2, BH
AT BN B 4 6T B8 43 S5 A BRI =] A AT DMSO

223 W O Yt 4%3~5d )5, HRiEH 50 %
C.elegans & EP &+, fE=iR T, JIA 500 uL 4%

Z KR E, 30 min f5, REEFE2-80 CTHIA
URAE NV 15 min, BHESE UK B T/KIB#H(43 C)
Rz mlfe, FEIIN 700 L M9 g2kt C.
elegans, F£F 1500 r/min &> 3 min J5 % L,
HIF VAR 3 I MAIAL O Ll et 12 h J5,
H PBS S iiiEbe 3 ¥k, BT Wi T, 41
RS
224 FFHEB M 45753~5d /5, Phiktl 50
% C. elegans % EP &, fEE IR, I 500 pL 4%
KRR E, 30minj5, B.OIFEELER, JFK
UK 25% FREIE I . 50% H BEVA RN 70% H BV R
(500 pL) X} C. elegans #EAT i /K AL (8~10 min),
WK RS, BT 1500 r/imin B0 E O 3
min, FFE EER. BKAEE TR B Guilige
o, R, FFdAJEH 70% e, SRS RN
MO ZZnrte 3 vk, BT R T g, e,
3 H#R
31 HEMETE

EY 1. AtERaetmLR, S%ETH
%o 7930 C20H24010. *H-NMR (400 MHz, CD30D)
8t 7.32 (1H, m, H-5), 7.30 (1H, d, J = 7.52 Hz, H-3),
7.20 (1H, d, J = 8.1 Hz, H-6), 7.01 (1H, t, J = 7.4 Hz,
H-4), 6.14 (1H, dt, J = 9.7, 3.8 Hz, H-11), 5.75 (1H,
dt, J = 9.8, 1.6 Hz, H-10), 5.37, 5.26 (% 1H, d, J =
12.4 Hz, H-7), 492 (1H, d, J = 7.5 Hz, H-1"), 3.88
(1H, dd, J = 12.0, 1.8 Hz, H-6a’), 3.69 (1H, dd, J =
12.0, 5.2 Hz, H-6b"), 3.37~3.47 (4H, m, H-2'~5),
2.89 (1H, m, H-13a), 2.71~2.60 (3H, m, H-12, 13b);
13C-NMR (100 MHz, CD30D) 6: 207.5 (C-14), 171.4
(C-8), 157.0 (C-1), 133.2 (C-10), 131.1 (C-5), 130.7
(C-11), 129.4 (C-3), 125.9 (C-6), 123.4 (C-4), 117.0
(C-2), 1023 (C-1"), 79.5 (C-9), 78.1 (C-3"), 78.0
(C-5"), 74.9 (C-2"), 71.2 (C-4'), 64.4 (C-7), 62.5 (C-6"),
36.8 (C-13), 27.2 (C-12)., ik ¥¥li 5 iRk LA —
FUs18), WE A 1 O .

WEY 2. ABKERAR, TR 7
%ﬁ C27H280110 1H-NMR (400 MHZ, CDC|3) 0. 8.00
(2H, d, J = 7.3 Hz, H-3"", 7", 7.51 (1H, t, J = 7.4 Hz,
H-5"), 7.36 (2H, t, J = 7.7 Hz, H-4"", 6'"), 7.24 (1H,
td, J=7.9, 1.4 Hz, H-5), 7.16 (1H, dd, J = 7.5, 1.0 Hz,
H-3), 7.02 (1H, d, J = 8.2 Hz, H-6), 6.98 (1H, t, J =
7.5 Hz, H-4), 6.03 (1H, dt, J = 9.6, 3.7 Hz, H-3"), 5.69
(1H, d, J = 9.8 Hz, H-2"), 532 (1H, t, J = 8.5 Hz,
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H-2"), 5.15 (1H, d, J = 7.8 Hz, H-1"), 5.09, 4.95 (%%
1H, d, J = 125 Hz, H-7a, 7b), 3.90 (3H, m, H-3"~
6'), 3.52 (1H, m, H-5""), 2.94 (1H, dt, J = 14.7, 8.0 Hz,
H-5"), 2.39~2.66 (3H, m, H-5, 4'); ¥C-NMR (100
MHz, CDCl3) §: 207.6 (C-6"), 170.0 (C-7'), 166.2
(C-1"), 156.1 (C-1), 133.5 (C-5""), 132.1 (C-3'), 130.0
(C-5), 129.9 (C-3", 7"), 129.6 (C-2""), 129.5 (C-3),
128.7 (C-4", 6", 127.6 (C-2), 127.4 (C-2)), 1232
(C-4), 115.7 (C-6), 99.7 (C-1"), 783 (C-1"), 76.1
(C-5"), 75.0 (C-3"), 74.0 (C-2"), 70.1 (C-4"), 63.5
(C-7), 60.9 (C-6"), 35.4 (C-5"), 26.7 (C-4"). Lid%E 5
SCERHRIE A — I, e A 2 R .

&Y 3. At ERHM AR, WETHEE. 77
T3 CarH26010. H-NMR (400 MHz, DMSO-ds) §:
10.43 (1H, s, 10-OH), 7.93 (2H, d, J = 7.3 Hz, H-2",
6"), 7.41~7.55 (3H, m, H-12, 14, 4"), 7.40 (2H, t, J =
7.8 Hz, H-3", 5"), 7.35 (2H, m, H-3, 5), 7.25 (1H, d,
J = 8.2 Hz, H-6), 7.04 (1H, t, J = 7.4 Hz, H-4), 6.95
(1H, d, J = 8.3 Hz, H-11), 6.80 (1H, t, J = 7.5 Hz,
H-13), 5.51 (1H, d, J = 5.8 Hz, 3'-OH), 5.33~5.41
(2H, m, 4'-OH, H-1"), 5.12 (2H, s, H-7), 5.05~5.11
(1H, m, H-2), 4.74 (1H, t, J = 5.5 Hz, 6'-OH), 3.78
(1H, dd, J = 9.8, 5.3 Hz, H-6'), 3.71 (1H, td, J = 9.2,
5.9 Hz, H-3"), 3.51~3.59 (2H, m, H-5', 6"), 3.35 (1H,
m, H-4"); BC-NMR (100 MHz, DMSO-dg) ¢: 168.7
(C-8), 165.2 (C-7"), 160.4 (C-10), 155.0 (C-1), 135.7
(C-12), 133.0 (C-4"), 130.1 (C-3, 5), 129.7 (C-14),
129.5 (C-1"), 129.3 (C-2", 6"), 128.5 (C-3", 5"), 124.0
(C-2), 122.2 (C-4), 119.5 (C-11), 117.3 (C-13), 115.0
(C-6), 112.7 (C-9), 98.5 (C-1'), 77.5 (C-5'), 74.3
(C-2"), 74.0 (C-3"), 70.1 (C4"), 61.7 (C-7), 60.2 (C-6').
L IREE 5 SRR TE B A — 18, WS 3
R T-IK W Be-2"- K K 1

WEY 4: REOTETHAR, WETHEE.
ﬁ%fﬁ C27H230110 lH-NMR (600 MHZ, DMSO-de) o:
7.95 (2H, dd, J = 8.2, 1.2 Hz, H-2"", 6'"), 7.58 (1H, t,
J=7.4Hz, H-4"), 7.46 (2H, 1, J = 7.8 Hz, H-3"", 5"),
7.24 (1H,t,J = 6.8 Hz, H-5), 7.17 (1H, dd, J = 7.6, 1.3
Hz, H-3), 7.12 (1H, d, J = 8.1 Hz, H-6), 6.96 (1H, t,
J = 7.3 Hz, H-4), 6.03 (1H, dt, J = 9.8, 3.8 Hz, H-3"),
5.66 (1H, dt, J = 9.8, 1.8 Hz, H-2"), 5.18 (1H, d, J =
13.1 Hz, H-7a), 5.14~5.07 (2H, m, H-7b, 3"), 5.02
(1H, d, J = 7.7 Hz, H-1"), 3.45~3.65 (5H, m, H-2,

4'~6"), 2.46~2.64 (4H, m, H-4" 5"); 3C-NMR (150
MHz, DMSO-ds) d: 206.1 (C-6"), 170.1 (C-7"), 165.4
(C-7"), 154.7 (C-1), 133.1 (C-4"7, 131.7 (C-3"),
130.4 (C-5), 129.5 (C-3, 2", 6'"), 128.8 (C-1""), 128.6
(C-3", 5"), 128.4 (C-2"), 124.6 (C-2), 122.1 (C-4),
115.1 (C-6), 100.4 (C-1"), 78.5 (C-1"), 77.4 (C-5"),
76.7 (C-3"), 71.5 (C-2"), 67.6 (C-4"), 62.2 (C-7), 60.4
(C-6"), 35.7 (C-5"), 26.0 (C-4"). iR 5 Cilikik
TEHE A —F, MU A 4 4 cochinchiside A
&M 5. AR, HETHE. 57K
C20H220s. H-NMR (400 MHz, DMSO-dg) J: 7.99
(2H, d, J=7.5Hz, H-2",6"), 7.65 (1H, t, J = 7.3 Hz,
H-4"), 7.52 (2H, t, J = 7.7 Hz, H-3", 5"), 7.30 (1H, d,
J =7.4 Hz, H-3), 7.17 (1H, t, J = 7.5 Hz, H-5), 7.08
(1H, d, J=8.1 Hz, H-6), 6.98 (1H, t, J = 7.4 Hz, H-4),
5.49 (1H, d, J = 5.7 Hz, 3'-OH), 5.34 (1H, d, J=5.4
Hz, 4'-OH), 5.24 (1H, d, J = 8.0 Hz, H-1), 5.06 (1H, t,
J = 8.8 Hz, H-2"), 4.89 (1H, t, J = 5.6 Hz, 7-OH), 4.71
(1H, t, J = 5.3 Hz, 6'-OH), 4.38, 4.11 (% 1H, dd, J =
15.1, 5.5 Hz, H-7), 3.76 (1H, dd, J = 10.3, 5.1 Hz,
H-6"), 3.65~3.72 (1H, m, H-3'), 3.49~3.57 (3H, m,
H-6'~4"); 13C-NMR (100 MHz, DMSO-d¢) J: 165.5
(C-7"), 153.8 (C-1), 133.8 (C-4"), 131.6 (C-2), 130.3
(C-17), 129.8 (C-2", 6"), 129.2 (C-3", 5"), 127.8
(C-5), 126.8 (C-3), 122.4 (C-4), 114.4 (C-6), 98.7
(C-1), 77.7 (C-5"), 74.7 (C-2"), 74.3 (C-3"), 70.4
(C-4), 61.0 (C-6"), 57.7 (C-7). _EiR¥IE 5 CEkiRE
FAR—HOE, WS EY) 5 N 2- KBRS .
WwE? 6. B, WETHE. 727K
C35H60060 1H-NMR (400 MHZ, DMSO-de) 0. 5.32
(1H, brs, H-6), 4.87 (3H, m, OH), 4.43 (1H, t, J = 5.7
Hz, H-3), 4.20 (1H, d, J = 7.7 Hz, H-1"), 2.88~3.63
(m, 5H of glucose), 0.94 (3H, s, H-19), 0.89 (3H, d,
J = 6.3 Hz, H-21), 0.80 (9H, overlapped, H-26, 27,
29), 0.64 (3H, s, H-18). iR 5 S ikIRiE H A —
o, HEHAE MR, SMEITTART
TLC M) RffH—3, MEEWEY 6 NEE M.
WEw 7. ABKEHRAR, SHETHE. 7
T3 CisH2006. H NMR (400 MHz, CD;0D) 6: 7.40
(2H, d, J = 7.3 Hz, H-2, 6), 7.28 (2H, t, J = 7.5 Hz,
H-3, 5), 7.20 (1H, m, H-4), 6.67 (1H, d, J = 16.0 Hz,
H-7), 6.36 (1H, dt, J = 16.0, 6.1 Hz, H-8), 4.52 (1H,
ddd, J = 12.8, 5.6, 1.3 Hz, H-9a), 4.35 (1H,d, J = 7.8
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Hz, H-1"), 4.31 (1H, ddd, J = 12.9, 9.6, 1.1 Hz, H-9b),
3.87 (1H, d, J = 11.9 Hz, H-6a’), 3.66 (1H, dd, J =
11.9, 5.4 Hz, H-6b"), 3.20~3.37 (4H, overlapped,
H-2'~5"); 13C-NMR (100 MHz, CDsOD) ¢§: 136.8
(C-1), 132.4 (C-7), 128.2 (C-3, 5), 127.3 (C-4), 126.1
(C-2, 6), 125.3 (C-8), 101.9 (C-1"), 76.7 (C-3"), 76.6
(C-5"), 73.7 (C-2"), 70.3 (C-4"), 69.3 (C-9), 61.4
(C-6"). LRHHE 5 SR IE R A — 2, e 1k
EW 7 A rosin.

HEY) 8: BEERRGE W (HEE), 53T HEE.
773 C13H1807. *H-NMR (400 MHz, DMSO-ds) 6:
7.36 (1H, d, J = 7.3 Hz, H-3), 7.19 (1H, t, J = 7.2 Hz,
H-5), 7.09 (1H, d, J = 8.0 Hz, H-6), 7.00 (1H, t, J =
7.3 Hz, H-4), 5.35 (1H, d, J = 4.0 Hz, 4'-OH), 5.09
(1H, d, J = 3.4 Hz, 3’-OH), 5.03 (1H, d, J = 5.2 Hz,
2'-OH), 4.99 (1H, t, J = 5.9 Hz, 7-OH), 4.76 (1H, d,
J = 7.2 Hz, H-1"), 4.64 (1H, dd, J = 14.3, 5.5 Hz,
H-7a), 4.59 (1H, t, J = 5.7 Hz, 6'-OH), 4.46 (1H, dd,
J = 14.3, 6.2 Hz, H-7b), 3.74~3.66 (1H, m, H-6a’),
3.47 (1H, dt, J = 11.8, 6.0 Hz, H-6b"), 3.33~3.16 (4H,
m, H-2'~5"; 3C-NMR (100 MHz, DMSO-ds) J:
155.1 (C-1), 132.4 (C-2), 128.1 (C-5), 127.7 (C-3),
122.5 (C-4), 115.4 (C-6), 101.6 (C-1'), 82.9 (C-5"),
82.3 (C-37), 73.7 (C-2"), 70.0 (C-4"), 61.0 (C-6"), 58.8
(C-7)o EIREE 5OCHRIRIE R A — 302, W e s
) 8 NIk

a9 BEERE W (HEE), HETHE.
730 C2oH208. H-NMR (400 MHz, DMSO-dg) 6:
7.99 (1H, d, J = 15,5 Hz, H-a), 7.64 (2H, d, J = 8.4
Hz, H-2, 6), 7.60 (1H, d, J = 15.6 Hz, H-B), 6.82 (2H,
d, J = 8.2 Hz, H-3, 5), 6.15 (1H, brs, H-5"), 5.94 (1H,
brs, H-3"), 5.07 (1H, d, J = 7.3 Hz, H-1"), 3.23~3.71
(6H, m, of glucose); '*C-NMR (100 MHz, DMSO-ds)
5 191.9 (C=0), 166.1 (C-2'), 164.8 (C-4"), 160.4
(C-4), 160.0 (C-6"), 142.7 (C-B), 130.8 (C-2, 6), 126.3
(C-1), 1243 (C-m), 116.02 (C-3, 5), 105.3 (C-1"),
100.4 (C-1"), 97.1 (C-3"), 94.9 (C-5'), 77.4 (C-5"), 76.8
(C-3"),73.7 (C-2"), 69.5 (C-4"), 60.5 (C-6"). &%z 5
LHEREAE BB, MEELLED 9N
chalcononaringenin-2'-O-B-D-glucopyranoside.

&w 10 AEHAKR, HETHE. 777X
C7HgO4. *H-NMR (400 MHz, CD30D) §: 7.46 (1H, d,
J =21Hz, H-2), 7.43 (1H, dd, J = 7.9, 2.1 Hz, H-6),

6.82 (1H, d, J = 7.9 Hz, H-5); ¥C-NMR (100 MHz,
CD3;0D) 4: 170.3 (C-7), 151.5 (C-4), 146.0 (C-3),
123.9 (C-1), 123.0 (C-6), 117.7 (C-2), 115.7 (C-5). I
RS IR E FE A B, S EN G 10
N 34- R EEHIR .

a1 BtmR, SETHE. 27K
C7Hg02. H-NMR (400 MHz, CDCls) §: 8.12 (2H, m,
H-2, 6), 7.59 (1H, m, H-4), 7.46 (2H, m, H-3, 5); 13C-
NMR (100 MHz, CDCls) ¢: 172.4 (C-7), 134.0 (C-4),
130.5 (C-2, 6), 129.5 (C-1), 128.5 (C-3,5). k¥ 5
SRR IE FEA—FB), #EENEY) 11 NRHR .

& 12. AOERRE S (HEE), mp 160~
161 C. £ 3 FfE T4k R rh TLC 17 9 57Kl %t i
an— B, HIREE AA TR, #88E KR .
3.2 HDHIBERASE BE M TFIALE R

M TR OB R BV N BRI B b o 145
BTy, PrUARBTRGESE 3 MRS
BUMIRE (D, R (20 M 22K HBK S
(5D FEATH0HI AR A2 B VE G 8, [F) I ke 4 1 3
fil 2% 4k & 4% chalcononaringenin-2’-O-B-D-
glucopyranoside (9), LIXfEL 2 LSV R4H] G
DA s T, AR RS
321 Jh4r O BetgiR  Jhil O BetaghiRani 1
7, RR I 2 AR e 7 kL & 2 e AR A R L A5
WE . SLIFESLIER T C. elegans J&, 5B M:X}HE
AIEE (IR N 42.05%), C. elegans A& Py gl e e
F o WD, B HUAAR N TR R O B AR a0 B
11.77%. FFEAGH 25.23%. 2 “KHEKAZH 11.35%F1
chalcononaringenin-2'-O-B-D-glucopyranoside 15.98%, it
B 4 MEEYX C. elegans 14 4 Hg 5 AE R 45 1 5
e, Hb & 1. 5 109 Mg MR TRH
PEXTIE IR0y 21.57%).
322 JFHEB LR JRFHE B X C. elegans
Getn 25 RN 1E 2 fros, SR BEEAE L IR DT
N 26.70%), FJFEF] C. elegans 4 P e i 2B €4
FAY IR I A B S k2>, 2 e A P I M 2 2 ) B O
MR 13.35%. ¢ A1 14.15%. 2"- K H Bk
H 10.15% F1 chalcononaringenin-2'-O-B-D-gluco-
pyranoside 11.75%, XK 4 MLEYI%T C. elegans
VRN BRI A2 XA R, BT PHAAE R
(I 14.46%) .
4 T1ie

AHIF TN BRI B 7y B % TE T 12 MR
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Fig. 1 Compounds 1, 2, 5 and 9 reducing adipose accumulation in C. elegans by oil red O staining method
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Fig. 2 Compounds 1, 2, 5 and 9 reducing adipose accumulation in C. elegans by Sudan black B staining method
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B0 C. elegans ig i A iI/E R, Hrh
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SER PRI A1)V 12

BeAh, JEI SR g REE, KB O g
VR IR, By MgE, MiJrFHE B R NR G
LR R B R, B 2PN AR, EET
B REM K C. elegans A I 7 w7 (1) 58 52 4 . R,
ghity 2 PPt ik, A REE T HLER C. elegans

A4 PN i 07 B AT R B
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