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# E: BB XEARE Inula racemosa R RIHTRIG M AT, FiE N 2 BT (03 R AN R B i AT 43 29 40
b, JE B AL T B A A H S PIAT RSN AT R Escherichia coli & 3 (ORI E KT Staphylococcus
aureus WHPENI. SR WBAER LR IPINIBE IR C B ARG 2> B34S 31 12 MEEY), s h EEARETNER (D,
lo, SoH-13-F5 @ AIAR-4(15), 10(14), 7(11)-=4-60, 12-NEE (2). 1la, 5o, 7o, 11aH-TEIAR-4(15), 10(14)- " 4i-6a, 12- N (3).
lo, 50, 70H-3B-F2EEAAIAR-4(15), 10(14), 11(13)-=Hi-6a, 12-N R (4). 1o, S0, 7o, 11BH-3B-FREEDAIAR- 4(15), 10(14)- —Ki-60,
12-9lE (5D, 5%e-1(10), 4(5), 11(13)-=45-60, 12-FIBE (6). (E)-3-(4-FRREZEIL) NIEEE (7). 7-RIEFE K (8). HHE
(9), 3B-F84k-50, 8a- IR LM 16, 22- 745 (10D, B-HHHEE (1), 1o, SaH-2a, 60- —-(4-F24E-3, 5- IR IE)-3, 7-—
FXIR [3.3.0]-FhE (12). 58 L&Y 2~5. 10, 12 B H RMZHEP o 2433, N80 12 Me ST s,
Hb &% 1. 4 K 6 BRBmmbEIE .

FER: WARTE; ZEARFAB: Lo, SaH-13-F2IE@EIAK-4(15), 10(14), 7(11)-=Hi-60, 12-P8E; 75 Dkt-1(10), 4(5), 11(13)-=
fi-60, 12-P B 7-FIEF W3R UG TE
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Study on antibacterial components in roots of Inula racemosa

LI Xiao-qiang, LI Zhi-qin, MENG Xian-hua, HAO Zhong-yan
Gansu Cheezheng Tibetan Medicine Co., Ltd., Lanzhou 730000, China

Abstract: Objective To study the antibacterial components in the roots of /nula racemosa. Methods The compounds were isolated
by various chromatographic methods and elucidated on the basis of spectroscopic data and their antibacterial activities for Escherichia
coli and Staphylococcus aureus were tested. Results Twelve components were obtained from EtOAc fraction in the ethanol extract
from the roots of I. racemosa and identified as dehydrocostus lactone (1), 1a, SaH-13-hydroxyguaia-4(15), 10(14), 7(11)-trien-6a.,
12-olide (2), 1a, 5a, 7a, 11H-guaia-4(15), 10(14)-dien-6a, 12-olide (3), la, Sa, 7aH-3B-hydroxyguaia-4(15), 10(14), 11(13)-trien-6a,
12-olide (4), la, 5a, 70, 11BH-3B-hydroxyguaia-4(15), 10(14)-dien-6a, 12-olide (5), germacra-1(10), 4(5), 11(13)-trien-6a, 12-olide
(6), (E)-3-(4-hydroxyphenyl)-propenoic acid (7), 7-hydroxycoumarin (8), vanillin (9), 3B-hydroxy-5a, 8a-epidioxy ergosta-6, 22-dien
(10), B-sitosterol (11), and lo, SoH-20, 6a-bis-(4-hydroxy-3, S-dihydroxyben)-3, 7-dioxabicyclo[3.3.0]-octane (12). Conclusion
Compounds 2—35, 10, and 12 are reported to be obtained from the roots of /. racemosa for the first time. Antibacterial activity results
of all the compounds show that compounds 1, 4, and 6 have strong antibacterial activity.

Key words: /nula racemosa Hook. f.; dehydrocostus lactone; 1a, SaH-13-hydroxyguaia-4(15), 10(14), 7(11)-trien-6a., 12-olide; germacra-
1(10), 4(5), 11(13)-trien-6a., 12-olide; 7-hydroxycoumarin; antibacterial activity

S A Inula racemosa Hook. f. X 4 H K7 . AT IAR 2 15053 I AE Wi v B SR e AP, 4
AT, I ", 2RI AR, HEHD AR B A S IR R, AR R &
DI ZENZ o JlOREIRSE . o, PR, AR B 32 B4 09 5 1R & B8 26 {8 40 % K i #F
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£ BWHIhREEREL. WA WEEEG AN Z R SO 4G BRI Staphylococcus aureus Rosenbach 5
Ve MBI R EAE . oAb, JRARF I TG A, BRI EIE o oA 1k — 25 [ B kAR 7 1355 1
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o2 MeEw, o EENLAKRE N
(dehydrocostus lactone, 1)+ lo, SaH-13-F25E @A)
AK-4(15), 10(14), 7(11)-—Ji-6a, 12-WlE [la, SoH-
13-hydroxyguaia-4(15), 10(14), 7(11)-trien-6a, 12-
olide, 2]+ lo, 5a, 7a, 11aH-7EIAR-4(15), 10(14)-—
Ji-60, 12- g [1o, S0, 7a, 11H-guaia-4(15), 10(14)-
dien-6a, 12-olide, 3]+ la, S0, 7aH-3B-F23E R AIA-
4(15), 10(14), 11(13)- = 4%-6a, 12-HNEE [lo, Sa,
7aH-3B-hydroxyguaia-4(15), 10(14), 11(13)-trien-60,
12-olide, 4]. la, Sa, 7a, 11pH-3p-F2RE MG AR-4(15),
10(14)- — /i -60, 12- W g [la, Sa, 7a, 11PH-3B-
hydroxyguaia-4(15), 10(14)-dien-6a, 12-olide, 5]+ #
Lhf5E-1(10), 4(5), 11(13)-=4%-6a, 12-HH§ [germacra-
1(10), 4(5), 11(13)-trien-60, 12-olide, 6] (EF)-3-(4-¥%
FERIL) NHMIE [(E)-3-(4-hydroxyphenyl)-propenoic
acid, 7]. 7-F23AF T E (7-hydroxylcoumarin, 8).
R (vanillin, 9). 3p-F85E-50, So- I E S
$§§-6, 22- )% (3B-hydroxy-5a, 8a-epidioxy ergosta-6,
22-dien, 10). B-#+ i i (B-sitosterol, 11)+ 1a, S0aH-2a,
60- —-(4-F2 -3, 5- RSO D)3, 7- AR
[3.3.0]- %%t (lo, SaH-20, 6a-bis-(4-hydroxy-3, 5-
dihydroxyben)-3, 7-dioxabicyclo [3.3.0]-octane, 12),
H b &9 2~5. 104 12 E RN ZEYIH 515 .
PUBEETEMNR S LR S 1. 4 & 6 Boriim
HOE7IN: BTy 8
1 XE5HH

X—4 B7 WA s A Agilent1100 LC /MSD
Trap SL ! )iiii{ (Agilent /A #]); Varian Mercury
plus-400 (400 MHz) A1 Varian Mercury-300BB (300
MHz) BB FAZILIRAC (Varian A v)); KOG
[ (200~300 H ) LA I GFose 20 H 1
WAL T i Sephadex LH-20 (Pharmacia 23] )

ST Inula racemosa Hook. f. 3T 2010 4 8
HREHRMER, 54 (20100805) Hi=2 K248
R Bk ER B %08 . KIWHAFIE Escherichia
coli (Migula) Castellani et Chalmers F143 3% (7,7 25 Bk
Staphylococcus aureus Rosenbach AR ALK
PR B iR At
2 RSN E

THEMEATN (3 k) WMIEE, JH4 L FEE
TG 3 X, BIR T 4, BUEIRAS R T
300 g, BREREIFT 1L &K (50 C)H, #IKH
ATTE L B AR IE T REASEL ., SR LR ER 2> (85

g) CEREMAT (B LA il k- (100 & 1. 50 © 1.
3001 1001 50 1) BREEVEM, 19315 AN4H 5.
gy | &R ERERAE g 2y, 4 dalifh,
BREEP 1 (50mg) F6 (10mg). 42 4k
IRFE T | AT I R 2 A EI A 3 (10
mg) 12 (6 mg). M7 3 KR AN, B
B RE S EEILAEY 4 (8mg). 5 (10mg). 8
(6mg) 111 (5mg). M 4 LAk, BR
O 2 2 B EE A Y 2 (11 mg). 7 (7 mg)-
9 (8§mg) 110 (4mg).
3 HFHEE

WEw 1. LOYUREA, mp 103~104 C;
ESI-MS m/z: 231 [M+H] . 'H-NMR (300 MHz,
CDCls) 8 6.13 (1H, d, J = 3.3 Hz, H-13a), 5.42 (1H,
d, J=3.3 Hz, H-13b), 5.01 (1H, brs, H-15a), 5.20 (1H,
brs, H-15b), 4.74 (1H, brs, H-14a), 4.86 (1H, brs,
H-14b), 3.92 (1H, t, J = 9.9 Hz H-6), 2.92 (1H, m,
H-5),2.91 (1H, m, H-1); C-NMR (75 MHz, CDCl;)
5: 44.8 (C-1), 30.2 (C-2), 36.4 (C-3), 149.1 (C-4), 51.7
(C-5), 85.2 (C-6), 47.4 (C-7), 30.6 (C-8), 32.5 (C-9),
139.6 (C-10), 151.1 (C-11), 170.0 (C-12), 120.1
(C-13), 109.4 (C-14), 112.4 (C-15). LA % 55 SCik
il 3P, M A1 N EEAARFTNEE.

& 2. LRy, ESI-MS m/z: 269 [M+
Na]*. 'H-NMR (300 MHz, CDCls) 6: 5.17 (1H, brs,
H-15a), 5.15 (1H, brs, H-15b), 4.98 (1H, brs, H-14a),
4.94 (1H, brs, H-14b), 4.69 (1H, d, J = 11.2 Hz, H-6),
4.37 (2H, brs, H-13); *C-NMR (75 MHz, CDCl;)
48.7 (C-1), 29.6 (C-2), 30.6 (C-3), 149.1 (C-4), 51.1
(C-5), 81.2 (C-6), 165.5 (C-7), 28.7 (C-8), 30.5 (C-9),
148.9 (C-10), 125.3 (C-11), 172.2 (C-12), 54.8 (C-13),
113.5 (C-14), 109.7 (C-15). LA % 5 SRR iE—
M, WEEASY 2 h la, SaH-13-FIE R AIAK-
4(15), 10(14), 7(11)-=4i-6a, 12-P g,

& 3. LA, mp 106~107 °C; ESI-MS
m/z: 233 [M+H]". 'H-NMR (300 MHz, CDCl3) ¢:
5.18 (1H, brs, H-15a), 5.02 (1H, brs, H-15b), 4.85
(1H, brs, H-14a), 4.76 (1H, brs, H-14b), 4.01 (1H, t,
J = 9.3 Hz, H-6), 2.86 (1H, m, H-5), 2.66 (1H, m,
H-1), 1.17 (3H, d, J = 8.1 Hz, H-13); "*C-NMR (75
MHz, CDCl;) d: 44.9 (C-1), 30.2 (C-2), 36.3 (C-3),
149.1 (C-4), 51.8 (C-5), 84.5 (C-6), 41.6 (C-7), 30.5
(C-8), 32.3 (C-9), 139.6 (C-10), 54.5 (C-11), 179.2
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(C-12), 17.1 (C-13), 1094(c 14), 112.4 (C-15). Ll I
Kot 5 ScmkioE 80, S A 3 8 1o, Sa,
Ta, 11aH-:@ﬁ'J7k-4(15), 10(14)- " -6a, 12-PITig.

a4 4: TEEMRY, ESI-MS m/z: 269 [M+
Na]". 'H-NMR (300 MHz, CDCl;) 6: 6.20 (1H, d, J =
3.3 Hz, H-13a), 5.48 (1H, d, J = 3.3 Hz, H-13b), 5.44
(1H, brs, H-15a), 5.33 (1H, brs, H-15b), 5.01 (1H, brs,
H-14a), 4.94 (1H, brs, H-14b), 4.56 (1H, dd, J = 7.8,
6.9 Hz, H-3), 4.09 (1H, t, J = 9.3 Hz, H-6), 2.92 (1H,
m, H-5), 2.87 (1H, m, H-1), 2.82 (1H, m, H-7); “C-
NMR (75 MHz, CDCl3) d: 44.1 (C-1), 39.1 (C-2), 73.6
(C-3), 153.1 (C-4), 49.8 (C-5), 83.9 (C-6), 45.7 (C-7),
30.5 (C-8), 34.1 (C-9), 147.9 (C-10), 139.7 (C-11),
1702 (C-12), 1202 (C-13), 114.5 (C-14), 111.2
(C-15)0 LL 30 5 Sciraion —80°, e v s
44 la, S0, TaH-3B-FERE@AIAR-4(15), 10(14), 11(13)-
=i-6a, 12- N,

tEw s: LRy, ESI-MS m/z: 271 [M+
Na]". 'H-NMR (300 MHz, CDCl;) 6: 5.48 (1H, brs,
H-15a), 5.35 (1H, brs, H-15b), 4.94 (1H, brs, H-14a),
4.91 (1H, brs, H-14b), 4.55 (1H, dd, J = 7.8, 6.9 Hz,
H-3), 4.01 (1H, t, J= 9.9 Hz, H-6), 2.88 (1H, m, H-5),
2.77 (1H, m, H-1), 2.83 (1H, m, H-7), 1.22 3H, d, J =
6.9 Hz, H-13); “C-NMR (75 MHz, CDCl;) §: 43.4
(C-1), 38.6 (C-2), 73.5 (C-3), 153.1 (C-4), 50.8 (C-5),
83.7 (C-6), 49.5 (C-7), 32.3 (C-8), 35.8 (C-9), 148.8
(C-10), 42.1 (C-11), 178.6 (C-12), 13.2 (C-13), 113.5
(C-14), 110.9 (C-15). Lh_b%df 55 ek — 5,
S EAY 5 M 1, 5a, Ta, 11BH-3B-F3E AT A-
4(15), 10(14)-—4%-60, 12- N 1.

WEY 6: TLEAERAA, mp 113~114 C.
'H-NMR (300 MHz, CDCl3) é: 6.20 (1H, d, J = 3.3
Hz, H-13a), 5.48 (1H, d, J = 3.3 Hz, H-13b), 4.78 (1H,
dd, J = 11.4, 4.5 Hz, H-1), 4.69 (1H, d, J = 9.9 Hz,
H-5), 4.52 (1H, dd, J = 9.9, 8.7 Hz, H-6), 1.64 (3H, s,
H-15), 1.36 (3H, s, H-14); "“C-NMR (75 MHz,
CDCly) d: 126.7 (C-1), 27.9 (C-2), 40.9 (C-3), 141.3
(C-4), 127.2 (C-5), 81.6 (C-6), 50.3 (C-7), 26.1 (C-8),
39.4 (C-9), 136.8 (C-10), 139.9 (C-11), 170.2 (C-12),
119.4 (C-13), 15.8 (C-14), 17.1 (C-15). L1 ¥ 53¢
kR IE 2, M e A 6 4 T D kE-1(10), 4(5),
11(13)-=4#i-6a, 12-H 5,

&YW 7. LOMRY . 'TH-NMR (300 MHz,

CDCls) 8: 7.56 (2H, d, J = 8.0 Hz, H-2, 6), 6.94 (2H,
d, J=8.3 Hz, H-3, 5), 7.73 (1H, d, J = 15.4 Hz, H-7),
6.40 (1H, d, J = 15.4 Hz, H-8); “C-NMR (75 MHz,
CDCly) d: 126.1 (C-1), 130.2 (C-2, 6), 115.8 (C-3, 5),
145.5 (C-4), 139.3 (C-7), 115.1 (C-8), 160.4 (C-9). LI
Rl ScikaaE — 8, M e ST (E)-3-
(4-FIERHL) NIRTR .

W& 8: LEMERY . '"HINMR (300 MHz,
CD;COCD;) d: 7.88 (1H, d, J = 9.6 Hz, H-4), 7.52 (1H,
d, J=8.1 Hz, H-5), 6.84 (1H, dd, J= 8.1, 2.1 Hz, H-6),
6.75 (1H, d, J = 2.1 Hz, H-8), 6.17 (1H, d, J = 9.6 Hz,
H-1); “C-NMR (75 MHz, CD;COCD3) &: 161.9 (C-2),
112.8 (C-3), 144.6 (C-4), 130.4 (C-5), 113.7 (C-6), 157.0
(C-7),103.3 (C-8), 112.9 (C-9). LA - H¥i 5 SCilikdfiE—
#, WA 8 A TR TR,

ﬁa%% 9. LrikY. 'H-NMR (300 MHz,
CDCls) d: 7.44 (1H, dd, J = 8.0, 1.6 Hz, H-5), 7.42
(1H, d, J= 1.6 Hz, H-2), 7.05 (1H, d, J = 8.0 Hz, H-4),
3.97 (3H, brs, -OCH3), 9.79 (1H, s, -CHO). VL ¥4k
ScwkapiE— 5, M A 9 W E .

A 10 LEMRY . "H-NMR (300 MHz,
CDCls) 8: 6.50 (1H, d, J = 8.5 Hz, H-7), 6.24 (1H, d,
J = 8.5 Hz, H-6), 5.18 (2H, m, H-22, 23), 3.97 (1H, m,
H-3), 1.00 (3H, d, J = 6.6 Hz, H-21), 0.91 (3H, d, J =
6.7 Hz, H-28), 0.88 (3H, s, H-19), 0.83 (3H, d, J = 6.8
Hz, H-27), 0.82 (3H, d, J = 6.7 Hz, H-26), 0.80 (3H, s,
H-18). LU -%¥df 5 scipdiis— 5, s e s
10 4 3B-F3L-50, 8- 4N A1 (-6, 22- 4

tEw 11 Lt R, mp 140~142 C;
EI-MS m/z: 414 [M]" (12), 399(19), 381(13), 27(53)-
DL $ods 5 scmkdionE 80, TLC #il 7;?%%&\
W5 B-2r ST S ) RE (EART, EW@%M =y
RN TR M e a1 4 B-A 5

w12 LEMIRY . "H-NMR (300 MHz,
CDCl;) d: 6.58 (4H, brs, H-1, 5', 1", 5"), 5.50 (2H,
brs, -OH), 4.73 (2H, d, J = 3.6 Hz, H-2, 6), 4.28 (2H,
dd, J = 9.0, 3.6 Hz, H-4a, 8a), 3.89 (2H, brd, J = 9.0
Hz, H-4b, 8b), 3.90 (12H, s, 4 X -OCH3), 3.09 (2H, m,
H-1,5). DL 30 5o —s80Y, se s
Y12 4 la, SaH-2a, 60- —-(4-F2%E-3, 5- 4 LR
H)-3, 7- I [3.3.0]-F ¢
4 MEFEEER

K FH B PR 52 A 1~12 X KT B
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R <53 e £ ] 2 BR R AR v, DA i H DMSO
Wi, H 2 AR HRR A 0.1~500 umol/L
I TCWAAE T, ¥ 1 mL WA AL 15 mL
AL A4 50~60 C 1) YPDA [l fAR: 73k,

AR ARG, AP B f, B KR BT
B 2FHA (Oxford cup, 0.8 ecmX 1.0 cm) 85 #k[i
PR b, AR FEAH S o RS WA IR IR AN A
FERIHH 200 pl, AN IIAZFEER . R SE e
PRFFRIVE T 28 CHEMIGFA T4 12 h 50
SRR WETENRAS KR A 1. 4 R 6 A
(PRS2, FE ICso fEL 2301 0 4.8+ 3.2 A1 3.2 pg/mL.
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