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Chemical constituents of Solidago virgaurea and their anti-inflammatory activities
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Abstract: Objective To study the chemical constituents of Solidago virgaurea and their pharmacological activities. Methods The
compounds were isolated and purified from the plant with chromatography techniques and the chemical structures were identified on
the basis of spectrascopic analyses and physicochemical properties, and the anti-inflammatory effects of obtained benzyl benzoate
compounds were evaluated by ELISA. Results Nine compounds were isolated from 90% ethanol extract of S. virgaurea and their
structures were identified as 2'-methoxybenzyl-2-methoxy-6-hydroxybenzoate (1), 2'-methoxybenzyl-2, 6-dimethoxybenzoate (2),
solidagobenzofuran (3), hexadecanoic acid (4), salicylic acid (§), p-hydroxybenzoic acid (6), solidago virgaurea glycoside (7),
kaempferol-3-O-B-D-rutinoside (8), and rutin (9). Conclusion Compounds 3 and 7 are new compounds; Compounds 4 and 6 are
obtained from the plants of Solidago L. for the first time; Compounds 1 and 2 are isolated from this species for the first time.
Anti-inflammatory studies show that compounds 1 and 2 could inhibit the TNF-a and IL-6 release of LPS-induced RAW?264.7 murine
monocytes, while compound 7 shows no significant inhibitory effect.
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FBR—H w4 Solidago virgaurea L. X4 15k
—REAE, AR R R BB
TR, ZAEARCARRY), F TR PR K
28 L AR e M DX R AR R AR A, 7R3
Ry HEARHLX UURRT ARG bt Y. B
R—FE A MY, RFINZ, W R
KA HEEA Ay kP sl e,
RN SR Y IR S K R R TR A S A
HAPEMN R PR PUmESEER- . AR N E
R—Be TR 393 9 Muad, 45
Yk 2 FAR R OR HH -2 - F AR 2 -6- 2 K F R I
( 2'-methoxybenzyl-2-methoxy-6-hydroxybenzoate ,
D, 2-HFEIEKHEE-2, 6- ALK HF RN (2'-
methoxybenzyl-2, 6-dimethoxybenzoate, 2). ER—
¥ 3% {£ & (solidagobenzofuran, 3). |75kt R
(hexadecanoic acid, 4). /K#% (salicylic acid, 5).
KRR R (p-hydroxybenzoic acid, 6). BHR—
KB AEBEEF (solidago virgaurea glycoside, 7). 114%
My -3-O0-B-D- 2 # B # ( kaempferol-3-O-B-D-
rutinoside, 8). /] (rutin, 9). ', (&Y 3
AT G Y. PLais ey, a1 f
2 X EZHE (LPS) 53 1/ il A% A RAW 264.7
BB IR RSB R F - (TNF-00 R 140 A 326
(IL-6) BAHHIER, ik &9 7 oW 23HIER
1 UE5HR

Agilent Trap VL B Jitif{ (HP Agilent), Agilent
1100 %4 LC-MS 5k HIAL, Bruker Avance 600 %
R AR (it Bruker A %)), INOVA—600 7!
R SEARA (31 Varian A F]), X—6 B RS
M5 A CIE RO BREEME 22 7D o ZE el 30~60 H ([
ZPERD, HEERER (200~300. 300~400 ).
R CIERENE GFase (I EERFEALT) ), ODS Cig
A8 3% #, Sephadex LH-20 ( GE Healthcare Bio-
Sciences AB), KAFLHAE D-101 CLUZREHIH AR Do

BRI AT T 201048 H W B ZHE =
MR PR AR, &L RE R B2
WE 5P R SC HREE 1 2 o B R — B 4E Solidago
virgaurea L. T,
2 RBSSE

BRI TR 20 kg, H 95% 4[4
BHEH 3 K, Bk R T ds WURFNORR %A, 15

B 1 kg, BEMKRSE, KIKHEN BE L
FRAIE T REAC, W4, 1930 3 NSRRI

ST 28 W R (3% , sk K- 2B (100
0—0:100), 733 A. B WISy, A Hr2 kiR
FEEE & E-HEE 100 0 0—0 1 100) FIFE4E
R AP 1 (150 mg). 2 (10 mg)+ 3 (7 mg);
B i &I AE AR CAyhEE- ] 100 © 0—0 ¢
100) 2EHLEY) 4 (20 mg). X IR 206 5B A7 HEAT
RERCAE (L (& e-BE 100 @ 0—50 © 50), JFiE
it e Sephadex LH-20 S AH . ODS #4115 24k A
Y5 (7 mg). 6 (30 mg). X T EEHBAIZ D101
TR LB RV I 5 R AT ek b i (G - T
99 : 10 : 100, Hl i HER Sephadex LH-20 < AH+
ODS HEIEM LAY 7 (25mg). 8 (21 mg). 9
(18 mg). WAL 1.
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Fig. 1 Structures of compounds 1—3 and 7
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EW 1: Jotmsh i C & fe-HEE), ESI-MS
m/z: 289 [M+H]", 311 [M+Na]", X4 75N
288, 'H-NMR (600 MHz, CDCl;) 6: 3.90 (6H, s, 2,
2'-OCHj3), 5.49 (2H, s, -CH,-), 6.46 (1H, d, J = 8.4 Hz,
H-5), 6.62 (1H, d, J = 8.4 Hz, H-3), 6.93 (1H, d, J =
8.4 Hz, H-3"), 7.01 (1H, t, J = 7.6 Hz, H-5'), 7.35 (1H,
td, J= 8.4, 1.8 Hz, H-4"), 7.36 (1H, t, J = 8.4 Hz, H-4),
7.56 (1H, d, J = 7.6 Hz, H-6'); "*C-NMR (150 MHz,
CDCl3) 0: 56.1 (2-OCHs), 55.3 (2'-OCH3), 124.2
(C-1), 163.3 (C-2), 103.7 (C-3), 135.0 (C-4), 102.5
(C-5), 161.1 (C-6), 170.3 (C-7), 62.8 (C-8), 110.1
(C-1"), 156.9 (C-2"), 110.2 (C-3"), 128.5 (C-4'), 120.5
(C-5"),129.2 (C-6"). L E%# 5 scikdiis —5'™,
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teew 2. otadidh (Z&HED, mp 100 C.
ESI-MS m/z: 303 [M+H]", 325 [M+Na]", %51
JiiA 302, "H-NMR (600 MHz, CDCl3) 6: 3.83 (6H,
s, 2, 6-OCH3), 3.87 (3H, s, 2'-OCH;), 5.47 (2H, s,
-CH»-), 6.57 (2H, d, J = 8.4 Hz, H-3, 5), 6.90 (1H, d,
J =18 Hz, H-3"), 6.97 (1H, t, J = 7.8 Hz, H-5"), 7.29
(1H, t, J= 8.4 Hz, H-4), 7.31 (1H, t, J = 7.8 Hz, H-4"),
7.50 (1H, d, J = 7.8 Hz, H-6"); *C-NMR (150 MHz,
DMSO-dg) 0: 56.2 (2, 6-OCH3), 55.6 (2'-OCHj), 124.8
(C-1), 158.8 (C-2), 104.3 (C-3), 131.4 (C-4), 104.2 (C-5),
157.7 (C-6), 166.8 (C-7), 62.5 (C-8), 113.5 (C-1"), 157.5
(C-2'), 110.5 (C-3"), 129.4 (C-4"), 120.6 (C-5'), 129.5
(C-6)o LA X5 s — 2, Mese b 2
g 2- AR FEOR -2, 6- - H AR OK R R TS

EW 3. kR (R bE-NED,
ESI-MS m/z: 465 [M+H]", 487 [M+Na]", 463 [M—
H] . 'H-NMR (600 MHz, CD;COCD3) §: 2.39~2.41
(2H, m, -CH»-), 2.40 (3H, s, -CH3), 4.17~4.19 (2H,
m, -CH,-), 6.61 (1H, s, H-3), 6.80 (1H, s, H-4), 7.64
(1H, s, H-7), 12.06 (1H, s, -OH); >C-NMR (150 MHz,
CD;COCDs) 6: 24.1 (C-13), 26.7 (C-11), 51.8 (C-12),
63.9 (C-14), 104.1 (C-3), 106.5 (C-4), 111.9 (C-7),
115.4 (C-6), 136.7 (C-9), 147.6 (C-8), 158.0 (C-5),
166.8 (C-2), 204.4 (C=0). &I AIE(5 54 HSQC
AITHMBC ))&, 454 muksoh, KUz eayh
XIFRE5H) . HMBC i (& 2) 27K oy 7.64 (H-7) Al
C-5,8,9, 10 #15€, dy6.80 (H-4) F1C-6,3 #1%, oy
6.61 (H-3) F1 C-8,9 #1%, oy 2.59 (-CH3) 1 C-6, 10
FHOG, HEMIAAAE AR YRR R 454, HIEAR SE.
Sy 4.20 (-CH,-) Al C-2, C-12 (ZFh%) LA Jz C-13 A
5, LM 0y 2.41 5 C-2, 12, 14 M6, Al FEALGAE |
AR IERTE . BAAEDY T, RSO R 145
FIAKGE, AR AT IR UE, AR IR IE AR AT
. 2 Sciencefinder K%, #iEib &Y 3 AFLA

v, ﬁ*ﬁ%ﬁv%%*ﬁﬁ%%o
OH
HO > ﬁl} OH
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Fig. 2 Key HMBC correlations of compound 3

& 4: Aag iy (&P EE-HED, ESI-MS
m/z: 255 [M—H] » AEX N 256, AN
C16H3,0,. "H-NMR (600 MHz, CDCls) 6: 0.89 (3H, t,
J =172 Hz ,-CHj), 1.31 (2H, m, -CH,CHs), 2.36 (2H,
t, J = 7.2 Hz, -CH,COOH); “C-NMR (150 MHz,
CDCl;) &: 14.1 (-CH3), 24.7 (-CH,CHj), 34.0
(-CH,COOH), 21.1~31.9 (12X -CH,), 180.0 (-C=0-).
g4 UL BRI A Y 4 TSR .

WA 5: ToEEPIRE: &5, ESI-MS m/z:
139 [M-+H]", 137 [M—H], X} 7FFiEA 138,
'H-NMR (600 MHz, CDCl;) 6: 6.97 (1H, td, J = 8.4, 1.0
Hz, H-4), 7.04 (1H, dd, J = 8.4, 1.0 Hz, H-6), 7.56 (1H,
td, J = 8.4, 1.0 Hz, H-5), 7.96 (1H, dd, J = 8.4, 1.0 Hz,
H-3). ZRG UL EGEEdE, et a5 hkimig

EW 6: FEFA (A HL-HEE), ESI-MS
m/z: 139 [M+H]', 137 [M—H], X5 7 A
138. "H-NMR (600 MHz, CD;0D) 8: 6.70 (2H, d, J =
8.4 Hz, H-3, 5), 7.88 (2H, d, J = 8.4 Hz, H-2, 6);
BC-NMR (150 MHz, CD;0D) ¢: 114.6 (C-3, 5), 121.3
(C-1), 131.6 (C-2, 6), 161.9 (C-4), 168.7 (-COOH) . %5
A SCHRRIED, S A 6 N R R

W& 7. AR CE R LE-HED, ESI-MS
m/z: 637 [M+Na]’, 653 [M+K]", AHX 4> 7 J5iie A
614. 'H-NMR (600 MHz, CD;0D) 1 §3.80 (3 H, s)
$ERAFAE-OCH;, 6 4.81 F14.99 (1H, d, J = 7.8 Hz)
BRI SEAE S, 65.54 QH, s) PRRAEAERR TR, o
6.62 (1H, d, J= 9.0 Hz, H-6), 7.29 (1H, d, J = 9.0 Hz,
H-5) AVYBAR B4 A E S, 6 7.07 (1H, t, J =
7.5 Hz, H-4'), 7.25(1H, d, J = 7.5 Hz, H-3'), 7.34 (1H,
t,J=7.5Hz, H-5'), 7.51 (1H, d, J= 7.5 Hz, H-6), %
W A7 7E AR B K 450 . PC-NMR (150 MHz,
CD;0D) 6: 61.4 (-CH,), 62.4 (-OCH3), 61.0 (Glc-
C-6), 61.1 (Gle-C-6'), 69.9 (Glc-C-5), 69.9 (Glc-C-5"),
73.5 (Gle-C-4), 73.6 (Gle-C-4'), 76.6 (Glc-C-3), 76.6
(Gle-C-3"), 76.7 (Gle-C-2), 76.7 (Glc-C-2"), 101.2
(Gle-C-1), 102.3 (Gle-C-1"), 111.2 (C-6), 113.2 (C-1),
115.2 (C-3"), 122.0 (C-4), 122.9 (C-5), 125.2 (C-1"),
129.4 (C-5', 6"), 143.3 (C-3), 149.1 (C-2), 153.3 (C-4),
155.5 (C-2'), 167.8 (-C=0). H:*} dc 62.4 (-OCH3) [t
FELER BT ORFRrp AR PN A B AR, S0 A e
W5 54 HSQC F1 HMBC ##H)8, HSQC %k %
B, 0y 6.62 F 5c 111.3 LU 0y 7.29 F 5¢ 122.9 437
BHEAMEN A R REIARAE S, ou 7.07 F ¢
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121.7, 84 7.25 M1 6¢ 1152, 0y 7.34,7.51 Fl 6¢ 129.4
(C-5',6") 73 A EHBARE, Jy B AR PR PE AR 1)
Ji T M Hofs 5 . HMBC (] 3) oK oy 3.87 Al oc
149.1 MOCA S A ZRMAER A S S, on 4.79
55 6c 143.3 (C-3) MKRAFTH A FENAHIE ) #1400k
55, on 6.62 5 dc 113.2 (C-1), 149.1 (C-2), 153.3
(C-4) LUK 167.8 (C=0) MmWf5 5K, KIHZEA
155 SIERRGS (C-3) AR, 5 C-1 HARAL,
Su 7.29 5 ¢ 153.3 (C-4), 149.1 (C-2), 143.3 (C-3),
113.2 (C-1) FraltfoR. &% LRt A 3 C-1~C4
S BTEFE A 4 ) -COO-. -OCH;. -OGle. -OH,
gh £y Sk Ao PO o v B R B e B
(leiocarposide) [ TCHIBE D GIEEHE, H51xE&Y)
FHACL, WO 52 e 2 %A B B R — BTN T

OH
HOXOQ_ 4
0.3
5
\ “a
HO ~ (0) 6
OH O 27
(0] (0]

3 HEWMTHEE HMBC XX FE
Fig.3 Key HMBC correlations of compound 7

a8 A AR (ZEFL-HED, ESI-MS
m/z: 595 [M+H]", 617 [M+Na]", 593 [M—H], #
Xf 437 i 594, 'H-NMR (600 MHz, CD;0D) §:
1.45 (3H, d, J = 6.0 Hz, H-6""), 4.65 (1H, s, H-1""),
5.50 (1H, d, J = 7.2 Hz, H-1"), 6.54 (1H, d, J = 1.5
Hz, H-6), 6.76 (1H, d, J = 1.5 Hz, H-8), 7.25 (2H, d,
J=9.0 Hz, H-3", 5"), 845 (2H, d, J= 9.0 Hz, H-2', 6'),
g U sl EdE, IRt A5 L 25 19-3-0-B-D-
ZEAREFOA S IS, I RE(E SR AT 38—
WEENEY) 8 LA -3-0-B-D- =Wl 1

EY 9: TR AR (& -, ESI-MS
m/z:611 [M+H]", 609 [M—H] , X517 A
610. S T ILE)E, WoRH RE(ES WA
PUEIMIIA, &5 SCRRARERY, S te M 9 AR T,
4 ER—REURBYPERERTEXRLSYMN
RIEMMR

KALLK, BR B — PP sEH 210
D AR Z A, JUE RS IT

M. KRR E S YL B R MY
P EE RS2 —, T 3HZ R P S R
KPEFIHLHIHEAT RN B9, A SEH6 38 ] i I o
W BRI 272 (enzyme-linked immunosorbent assay s
ELISA), JBLAIH LPS 7 SAASNIERAY, Kl
25 IR RS S LPS 15508 Bl k% [0 4
RAW264.7 BIUIAEN T IL-6 il TNF-a FIF0HI1E
M, SRR RE BT PERILE] .
4.1 SRR SES
4.1.1 RS RHRREERAY: 2-HARR
A -2 FH AU -6- R SRR IR (1), 2'-FRAJE R
-2, 6- WA FLIRHRES (2) FIBR—F o ieh
W (D, HEBER BRI EAH .
4.1.2 X7l DMEM 8375506 H & H Gibgo A Fl;
JR2E s, fb5 120602, W AT RUAEDR A
FRAT]; RS AN, LPS W H3EME Sigma A F]; /)
f. TNF-a 1 IL-6 ELISA il 7 &0 H BERHEY)
HARER A
4.1.3 X% Forma3lll /KERX BRI
%, [ Forma 2 #)ZEF%; 1420Victor £ brid ki
WAL, FEE PerkinElmer /A )77 f; XDS—IB {8 &
YRS, EPOCAER T 96 FLERFRIR,
2 [E Becton Dickinson A & 4E77,
4.1.4  difobk: /DR ANR RAW264.7 MUK
SO E L
42 FWHZE

K ELISA ¥, AT A WS TR 5T
421 PEHAS IS AEFFREIEAS S 1 mg, 0
20 uL DMSO %%, FH& 10%015 4 L35 i) DMEM 15
TR B LRI 1X107%, 1X107°, 1X
10° 1X107, 1X10 ¥ mol/L, #%H.
4.2.2 ELISA ¥&ill5E TNF-o Al IL-6 /K°F  HUSE4L
K RAW264.7 4100, FHE& 10% M6 25 L35 1)
DMEM K5 F5 ¥ il e B 40 PR s, R A 4 2 4
5X10°/mL, #%4E£L 200 L BRI E] 96 FLESFRHUA
T37 C. 5% CO B F-M G 9% 24 h J&, Zr il A
AN AR B 50 wL, BT IR AT 1< 107
mol/L ST RFAV L, 2% O AL LPS B4
3 S IAH ) 45 5 ) 4 3 IR, A 3 A PAT AL,
Uk S AR 3R 24 he

RS E S 4 i, LA AN 50 pL
LPS, &JREWE N 0.1 pg/mL, 25 (X R4 InAH A
FE M MEG TR, R MR IR 18 he WLAR 4N
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IER, 4 ELISA WRAE B ke, R4 b
e H S AR 7R B TNF-o FTIL-6 FE .
43 JEMHENIRER

W2 1 i7m, 1X 107 mol/L Ab-54) 1 F12 %} LPS
TSN AN RAW 264.7 B4 TNF-o A 304
EH, WEY 7 SRS ERARE, X 3 Mb

B AR FH 4 S 30 S A P Ml o

WFE 1R, 1X10  mol/L &1 fl 1} 107
mol/L1X 107> mol/L tk 454 2 i, %} LPS % § RAW
264.7 MBI IL-6 HAFIHIER, a4 7 %3
FIHIERA S X 3 MEEDRIFIEILE S0
P b PO A

F1 kEWM1L. 27073 LPS 55 RAW264.7 LHAETEH TNF-o 1 IL-6 BOIIHIMER (Xx+s5,n=3)
Table 1 Inhibition of compounds 1, 2, and 7 on RAW264.7 cells releasing TNF-a and IL-6 induced by LPS (x £5, n=3)

2853 I/ (mol'L ™ TNF-o./ (pgrmL ) IL-6/ (pg'mL ")
75 4 5 — 122221+  55.07 65.48+16.55
i — 11 641.09+ 409.26 335.25+10.01
SALTT AR 1x107* 7674.58+ 268.73" 162.01+18.89"
a1 1x107* 931549+ 917.87" 207.05+32.92"
1X107° 10902.80+ 774.33 299.51+34.17
1X107° 11 240.66+ 917.84 319.73+25.55
1X1077 11352.49+ 888.35 341.124+36.85
1X10°° 11 409.07+ 808.34 345.18+11.16
a2 1x107* 9203.61+ 891.29" 227.31+10.96™
1X107° 10 388.98+ 771.74 252.69+30.71"
1X107° 10 878.85+1 160.99 279.80+36.15
1X1077 1110127+ 717.30 284.71+32.75
1X10°° 11 340.54+ 691.30 310.374+46.65
ey 7 1x107* 10 187.72+1 239.57 313.62+24.94
1X107° 10 772.43+1 052.15 340.24+21.06
1X10° 1111472+ 785.84 346.55+20.96
1X1077 11223.67+ 153.23 354.66+51.29
1X10°° 11 748.09+ 1 435.89 419.40+40.63

SRMALLE: P<005 P<0.01
P <005 "P<0.01 vs model group

5 &g

MBI — A B A 1 T A v SRy B el 4L O
W T 9OMEAY, S b AW 3 BT LAY .
A 3 (RIS B R R it iR AL B, DAk
A g2 DU TGRS 8 A7 1 (1) JU A

B R R AR B AT B 3 MR HR
WEERA G YHAT T RIS, S RENLED 1
A2 X LPS #5341 RAW 264.7 FEIK
TNF-a PL &% IL-6 S HAHNER, 16549 7 % LPS
753 RAW 264.7 41 R 8 TNF-o Al IL-6 JGH 5410
HER, H 3 AMEAEPaEIfE 3 2300 Bk
FEMCHE 14 BB b B RS IR RN
BeRAb 54, HEWNZIA ST R BAR e
PURIGTEN EEE R Y 2

SE Ik
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