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B E:. B XA Inula racemosa MR MPTE I HER AT . Fik N HZ PR AR XA R AT 43 85 4l
b, FEA I R AL 2 5 A A S R ST A I T RSN R FT 8 Escherichia coli A& (ORI Z BRI Staphylococcus
aureus WPENI. SR WBAER LR IPINIFEIR LA G520 B3R 31 12 MEEY), alse A EEAARETNER (D,
lo, SaH-13-F 3L @B AR-4(15), 10(14), 7(11)-=H-60, 12-NEE (2). 1a, Sa, 7a, 11aH-EEIAR-4(15), 10(14)- —JF-6a, 12-WHE (3).
lo, Sa, 7aH-3B-F2 I @AY AR-4(15), 10(14), 11(13)-=4H%-60, 12-W G (4. 1a, S0, 7a, 11BH-3B-FRIETAIAR- 4(15), 10(14)-—%-60,
12-AHE (5). 75 DEE-1(10), 4(5), 11(13)-=4Hi-60, 12-AHE (6). (E)-3-(4-F2E2E5E) W (7). T-RHEFGTE (8). HHEE
(9). 3p-F2¥E-5a, 8a- “HIRFEM (-6, 22- 4 (10D, B-BHHiEE (11D, lo, SaH-2a, 60- —-(4-F2%E-3, 5- A FEFFR)-3, 7-—
AR [3.3.0]-SFk (12). £5iE WG 2~5. 100 12 A EIRNEEY) T 8531, X130 12 MG YT Hs s,
Hotb &9 1. 4 K 6 BoRBsRIIpTE s

EGEE: AT, EEAKRFNEE: lo, SaH-13-IERAIAK-4(15), 10(14), 7(11)-=Ki-60, 12-HE: 7 DkE-1(10), 4(5), 11(13)-
fi-6a, 12-HE; 7-3HIEFEE; PUEETE
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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 Inula 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), lo, SaH-13-hydroxyguaia-4(15), 10(14), 7(11)-trien-60,
12-olide (2), la, 5a, 7a, 11H-guaia-4(15), 10(14)-dien-60.,, 12-olide (3), 1a, 5a, 7aH-3B-hydroxyguaia-4(15), 10(14), 11(13)-trien-6a.,
12-olide (4), 1a, Sa, 7a, 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 la, SaH-20, 60-bis-(4-hydroxy-3, 5-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; 10, SaH-13-hydroxyguaia-4(15), 10(14), 7(11)-trien-60.,, 12-olide; germacra-
1(10), 4(5), 11(13)-trien-6a, 12-olide; 7-hydroxycoumarin; antibacterial activity

S A FF Inula racemosa Hook. f. X %4 H K7 . RTF AL 2 12 N E i M IS U e P, 7
AT, W “HW”, 2 FEA R R, B RARPUB AP R, TR ER &
DIHRRZENZ o R TEIRSE . o, PRV, A B 32 B 09 5 1R & IR 26 BB 40 % K g
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o2 AMMeEw, ol EENZAKRET N
(dehydrocostus lactone, 1)+ lo, SaH-13-F5E @A)
K-4(15), 10(14), 7(11)-=4)-6a, 12-NHE [la, SoH-
13-hydroxyguaia-4(15), 10(14), 7(11)-trien-6a, 12-
olide, 2]+ lo, Sa, 7a, 11aH-RAIAR-4(15), 10(14)-—
Jfi-6a, 12-PHE [la, Sa, 7a, 11H-guaia-4(15), 10(14)-
dien-6a, 12-olide, 3]+ la, S0, 7aH-3B-F23E AT AIAR-
4(15), 10(14), 11(13)- = %-6a, 12-HNEE [lo, Sa,
70H-3B-hydroxyguaia-4(15), 10(14), 11(13)-trien-6a,
12-olide, 4]+ la, 50, 70, 11pH-3B-F23E A G AR-4(15),
10(14)- — /i -60, 12- M g [la, Sa, 7a, 11BH-3B-
hydroxyguaia-4(15), 10(14)-dien-6a, 12-olide, 5]+
B4e-1(10), 4(5), 11(13)-—4i-60, 12-NE [germacra-
1(10), 4(5), 11(13)-trien-6a, 12-olide, 6] (E)-3-(4-¥%
HRIKL) WHHIR [(E)-3-(4-hydroxyphenyl)-propenoic
acid, 7]v 7-523EF T E (7-hydroxylcoumarin, 8).
FHEE (vanillin, 9). 3B-F23E-50, Sa- I
$§§-6, 22- )% (3B-hydroxy-5a, 8a-epidioxy ergosta-6,
22-dien, 10). B-#+ il (B-sitosterol, 11)+ 1a, S0H-2a,
60- -(4-F2H-3, 5- AL R EL)-3, 7- AN
[3.3.0]- ¥ % (la, SaH-2a, 60-bis-(4-hydroxy-3, 5-
dihydroxyben)-3, 7-dioxabicyclo [3.3.0]-octane, 12),
H b &1 2~5. 104 12 5 E RMIZHIYIH 7315
PR PENNR SR LIS 1. 4 ) 6 WoRim
HOE7IN: Iy
1 EFES5HH

X—4 B WA A Agilent1100 LC /MSD
Trap SL ! )itii{ (Agilent /A %] ); Varian Mercury
plus-400 (400 MHz) /1 Varian Mercury-300BB (300
MHz) A SR (Varian A #]D; FEEEE
2 (200~300 H ) LARHR S RERL GFase 2075 5
WAL LT Hdh s Sephadex LH-20 (Pharmacia /A ) ) o

S A Inula racemosa Hook. f. 8T 2010 4F 8
HRBEHMER, F54 (20100805) Hi2 MK L
b ek ER B %€« KIWATIE Escherichia
coli (Migula) Castellani et Chalmers 143 % {77 25 Bk
Staphylococcus aureus Rosenbach R A bk
FA RN R
2 RBSSE

TR (3 kg) WWEE, H4 L R
ARSI 3 R, BHR T d, ISR B R
300 g, BB REIFT 1L Z&MAK (50 C)H, #IKH
ATHTE L B O OE T EEASEL, SR LR 2> (85

g) SRERAE TS LA EE-TI M (100 2 1. 50 & 1.
3001, 1001 50 1) BAEEVEN, 1525440
Hh gl 1 & R RERA s oy 55, FE4hfalith,
HBEUMEW 1 (50mg) F16 (10mg). 44 2 &kt
WRFE T AT I 2 s AR EI A 3 (10
mg) 112 (6 mg). 415> 3 SLrERF . BT
Bk R E N EEEEY 4 (8mg). 5 (10 mg). 8
(6mg) A 11 (5mg). U 4 LRI AN, HE
S 2 B AR A Y 2 (11 mg)s 7 (7 mg)-
9 (8mg) 110 (4mg).
3 HMETE

WEW 1. LEYCREA, 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 L% 5 3CHk
il P, M A1 hEEAARFNE.

e 2. JEEMARY), 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). VL % 5 SRR IE—
HM, WEEAEY 2 h 1o, SeH-13-FFERBIA-
4(15), 10(14), 7(11)-=4%-6a, 12-P g,

& 3. LEA, mp 106~107 °C; ESI-MS
m/z: 233 [M+H]". 'H-NMR (300 MHz, CDCl;)
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). LI I
Kl 5 ScuikIE — 830, e A 3 M la, Sa,
Ta, 11aH-EAIAKR-4(15), 10(14)-—Hi-60, 12-NFE,

EY) 4: TEEMIRY, ESI-MS m/z: 269 [M+
Na]”. 'H-NMR (300 MHz, CDCls) 8: 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); "
NMR (75 MHz, CDCls) 6: 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),
170.2 (C-12), 120.2 (C-13), 114.5 (C-14), 1112
(C-15). DA% 5 scikapaE — 8309, s e s
4 4 la, S0, TaH-3p-FEHEmAIAR-4(15), 10(14), 11(13)-
—J-60, 12- 1.

EY s JTLEMARY, ESI-MS m/z: 271 [M+
Na]". 'H-NMR (300 MHz, CDCl) J: 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, CDCly) J: 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). bh_b-%edfs 55 ok — 5,
WS LAY 5 8 1a, Sa, 7a, 11BH-3B-FA3E @A) K-
4(15), 10(14)-—4-6a, 12-N 1.

WwEW 6: JLtARR I, mp 113~114 C.
'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), 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), 136 (3H, s, H-14); “C-NMR (75 MHz,
CDCls) 6: 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), 158(C 14), 17.1 (C-15). LA -3 5 3¢
kR — 2, WO A 6 4 T ki-1(10), 4(5),
11(13)-—JF-6a, 12-PI i

&YW 7. LMY . 'TH.NMR (300 MHz,

CDCls) d: 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,
CDCl3) 6: 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). LA
Rl ScmkaaE 8, M e ST (E)-3-
(4-FRHEAHL) NIRTR .

WY 8: IOk . 'HNMR (300 MHz,
CD;COCDs) 8: 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;COCDs) d: 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 -F¥i 5 SCiikdfiE —
U, MR 8 h T RAER TR,

&Y 9. LEMERY. 'H-.NMR (300 MHz,
CDCls) 6: 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). LA ¥k
HazipdE 8, e e 9 N FEHRE .

A 10: LRy . "H-NMR (300 MHz,
CDCl3) d: 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). DL -%¥dfs 5 scikdiis— 510, s e &
10 g 3p-FRdE-50, 8a- AEINFE A1 £59-6, 22- M.

tEw 11 ot A REE, mp 140~142 C;
EI-MS m/z: 414 [M]" (12), 399(19), 381(13), 27(53).
PA_EHed 5 ScikdE — 3, TLC Rl & iz 0&\
s B-2r I NS RE AEARTR, HPNE RS
MARTNRE. S 114 B-45 (5B

WEw12: LEMRY. 'TH-NMR (300 MHz,
CDCl3) &: 6.58 (4H, brs, H-1", 5', 17, 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-OCHs), 3.09 (2H, m,
H-1,5). VLR35 oscmapis —s80™, e s
Y12 4 la, SaH-2a, 60- —~(4-F2HE-3, 5- A IR
)3, T- XA [3.3.0]-F K.

4 MEFEEER
KBS PARE I & A 5 1~12 X KT i
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R B0 A 2 BR B (R A 1, KR 5 H DMSO
Wi, H 2 fRRRE HARR A 0.1~500 umol/L
IR TCHSAE T, ¥ 1 mL BERINAL 15 mL
B IFAEI 2 50~60 CHY YPDA [ fAR 736,

RSP, FrBRERE S, KR AT
B2 M (Oxford cup, 0.8 ecm X 1.0 cm) 25T [
VAR b, AT A S . RS IRAS R HN EIR AN Rk
FEWIE 200 pL, BASIAAEAR T K npfE s te
FREFRILE T 28 CIHBRTFRFA IR 12 h 50
e TEMEINRSE R AT 1. 4 71 6 AIRUF
AN BT S, JL ICs {H 23k 4.81 3.2 F13.2 pg/mL.
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