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Chemical constituents and anti-tuberculosis activity in vitro
from flowers of Inula hupehensis Ling

HU Xi-nan, XU Jian-long,ZHANG Shi-hao, LIU Zhao-xia* ,LIU Cheng-xiong, CHENG Fan,ZOU Kun "

Hubei Key Laboratory of Natural Products Research. and Development ,College of Biological and
Pharmaceutica Sciences ,China Three,Gorges University , Yichang 443002 ,China

Abstract : To investigate chemical constituents and anti-tuberculosis activity in vitro from the flowers of Inula hupehensis Ling,
various chromatographic techniques,including silica gel“column chromatography ,ODS and preparative HPLC were used. Anti-
tuberculosis activity in vitro was determined by double broth dilution method. Ten compounds were isolated. Their structures
were identified on the basis of NMR4MS as 7,8-epoxy-9-(isobutyryloxy) thymolisobutyrate (1) ,10-(2-methylbutyloxy)-8,9-
epoxythymolisobutyrate (2) ,stigmasterol (3) , ayapin (4) ,ergolide (5),5,10-epi-2,3-dihydroaromatin (6 ) , xanthalongin
(7) ,bigelovin (8).carpesiolin (9) , aromaticin (10). Compounds 1,2,5,6,8-10 were isolated from this plant for the first
time. Compounds 5-10 are sesquiterpenoids. Compounds 5,6,8-10 have coninhibitory activity against mycobacterium tubercu-
losis cell lines: Minimal inhibition' concentration MIC as follows:10. 00,30.00,5.00,3.15,3.15 uM.

Key words : lnula hupehensis Ling;chemical constituents ;structural identification ; anti-tuberculosis activity.
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1.1 E%

b B Bk N Y 25 K% 43 BOFF B M. tuberculosis
H37R, 443 BFF B M. bovis BCG, #4104 F L g /N It
PARR AL
1.2 FERFNENSE

MR IEHTREIR (4164510370245 5 12 AL T4
FRZAT]) s MCI GEL(#it%5 :3E804 H AR =251k2%) ;4
TSP BE(HE 117065112 S [3 TEDIA 23 +] ) 5 faii
KM (5117065094 3 [E] TEDIA 23 +]) ;5 3 Hrdk
FI (45 : 20140319 5 24 4 W1 Ak 27l 50 A IR 2
A 3 AT A ik (5. 20150930 [F 25 4E A1 {k 27
WANARRA A 5 i g L2 L g (45 : 20170422
KEFHE B 1800 A BRA R 5 20 S (Gt
5:2017111001 BB THARFRE AL 27 it A FRZY L) 5 Mid-
dlebrook 7H9 535 4L (5-.271310 3E[E BD A 5]
ik 80 (41645 :20170319 [ 24 48 A1 40 7357 A1 BR 22
A)) ; DMSO (1t°5:20170823 &2 Habl b2 1) A7 R
o)) s FARSE (A5 H32021677 & JH il 25 ) A BR
AP

Bruker AV 400 #%E ARG AL (Fi A6 & e
) ; SHIMADU LC-6AD-Ri 80 AR 4,354, ( By HEA
A8 H [ AR 2 7] ) 5 YMC-Pack ODA-A {53 41
(10 pm,250 x 10 mm 244755 wm,250 x4.6 mm
SRR HAS YMC 8F]) s FreeZone 2.5 L ARIE ¥ %
T #1( Z€ E-Labeonco 2\ H] ) ; Sartorius cp324s HiF
O3B RV ( AR - 4R 2 A IR 7] ) 5 GL-
H-100C fH i fE8 3% 5746 (£ [5 BINDER A w]) ; Hai-
er HR40- 11 A2 AEp 22 4ot (AR B {0 B A7 R
Z3w]) ;Unic 2000 a] W35 56 8 3 (B i B G PR
) s TOMY ss-325 i R K B i (365 A i ik B
BARATAD) .

1.3 ##Hf

2017 4 8 H R B Tl db A JEARIX., 28 = K

SR 22 B R S B B A AL e AR

(Inula hupehensis Ling) , FHIHR AR BARAE T =k K
SERIRP 5T SR AL 4 B S

2 KWHE

2.1 RESE

T M i@ B AL AE PP i 0 4. 51 ke, By )5 H
95% LBERYE 3 U, B 12 h, 2 BOR G I 2 ik, 9
JEZE 1R T A5 QB4R ) 685. T g, S RNy
15.2% . ¥ SEEHRIBCYIRE T oK b MU AT Il Bk |
LR CBEFNIE T BEA I, 1525 R AT « A T 7
Iy 121.97 g LR CTEFHEY 108. 48 g IF T WA
B 43.74 g,

B I AC Y 3764 ¢, B AR 2
Moz, LA hsE - 50 &2 48 (10001 ~1:1) %6
FEVRIE , MR Pl 26 3% B 0T 4% 20 N4y (Fr. 1~
20) . Fr.5 #AT A @5 w45 s sl (2

#-K =75:25,2. 5 mL/min) , 83859 1 (16.1
mg) 2(1.1 mg), Fr.6 £ MCI ZHiAEH -7k (10
190 ~1:0) 558 15 5 a4y (Fr6.1 ~5) , Fi6.3 48
H BRSS9 3(64.9 mg) . Fr. 7 2 AGE
WAL JZHT o0 B, A i k-2 R S (1051 ~1: 1) Pk
JBE AT R RO €3 2 1 25 o B a4k ( S -K =
51:49,2.5 ml/min) ,153{L5 9 4(3.0 mg) .6(28.
2 mg) \7(452.2 mg) \10(27.3 mg) ,

W2 R L BRAE U 103. 68 g, 28 TF Mk A 2
Mo s, LASEDT - BRA R 240 (1000 1 ~ 10 1) B2
Ve, 15 15 ANl TH. 1-15, TH. 2 28 I AR RE A A
MBE-CRR OBRRAMA R (3001 ~1: 1) S5 B 4l
b, 28 = RO (i il 25 - B 4k ( 2 -7k =40:
60,2.5 mL/min) , /53L& 5(85.3 mg) .8(22.6
me) 9(28.4 mg) .

e& W &5 kg 2 ok 1 o i (MS) | A% g At ik
(NMR) i I a5 0 , IF 5 3Gk B et 59 1
~10 451
2.2 WH_BERBEZSBREIMIGERY ZHEE
JE DI i 1
2.2.1 10% (v/v) & OADC &9 fe &

H,0 (375 mL),GS(10 g) ,NaCl(4.25 g) ,Oleic
acid (0.3 mL) ,BSA (25 g), FIRHIBEHE 1 h EH =
SEATEAR, VAL 500 mL, ] 0.22 wm JCH I I8
fEid g, T 4 CLRAF
2.2.2 BATHMRGES

R F Mk H37Rv fil BCG #£ Middlebrook 7H9
WM 0. 5% glycerol, 0. 25% 175 80 #1 10%
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OADC 37 CHi R 2 X EAE K (0Dg,0. 6 ~ 1) , W
K5 RS AR K T Middlebrook 7HO PR35 5+
FEIRA 343 0D, 2 0. 08 , B Ar 6l FH ) Bk
2.2.3 AH At EREL R

RIRTE 96 fL-F IR ML i b iff A7, =
SINIELE PN NP0 RO N R R A /R iy all|
=R fin200 pL JCEEZERK BRI SEFL Y, F
55 2 Z L N 200wl Middlebrook 7HO P17, 4k 4%
] 268 Z AL IE AL S YE W (100 wM) | FHPEZY
YRR I B4 DMSO , 36 4 £L rh AR 3G %k 100
L Middlebrook 7H9 P17, B —47Hilas 1% B, AT
AT o Hom s 2 5L, % R 9 AT R A AR R,
100 L AT 0 381 e A 4G 0L r o A T 3 YA 1Y
LU PE I 50 uM E] 0. 78 uM, FARE A E
IRHETE 37 C WIGEFRAE TR 7 ~9 K, M5 W%
MR . TCIR I LG B Ik B2 i S MIC,
3 IWER
3.1 kEMEHK

a1 ~10 MLZEE5H

Fig. 1 The chemical structures of compounds 1-10

3.2 U EMBENERE

wEW1 Ik Y (CHCL ) , EL-MS m/z
338 [MJ \ ,éi}’%itﬂ‘j C18H2606;1H NMR (CDC13,
400 MHz) 6:6.86 (1H,s,H-2),7.35 (1H,d,J =
8.0 Hz,H-5),7.04 (1H,dd,J =8.0 Hz,H-6),3.02
(1H,d,] =4.0 Hz,H-8a),2.79 (1H,d,] =4.0 Hz,
H-8b) ,4.57 (1H,d,J=12.0 Hz,H94a) ,4.19 (1H,
d,J =12.0 Hz, H9b),2.34 (3H,s, H-10),2.51
(1H,dt,/ =16.0,8.0,4.0 Hz,H-2") ,1.09 (3H,d,J
=8.0 Hz,H3"),1.10 (3H,dd,J =16.0,8.0 Hz,H-
4'),2.84 (1H,dt,J =16.0,8.0,4.0 Hz, H2"),

1.32 (3H,d,J =12.0 Hz,H-3"),1.32 (3H,d,J =
12.0 Hz, H4") ;" C NMR (CDCl,, 100 MHz) §:
139.88 (C-1),122.93 (C-=2), 148.56 (C3),
125.96 (C4),128.91 (C-5),126.70(C-6),56. 89
(C-7),50.68 (C-8),64.83 (C9),21.10 (C-10),
176.39 (C-1"),33.82 (C-2"),18.99 (C-3"),18.99
(C4'),175.30 (C-1"),34.17 (C-2"),18.87 (C-
3"),18.83 (C4") ., LI ¥ 53k Hfii—%k,
BOE EAL S WA T, 8-epoxy-9-(isobutyryloxy ) thy-
molisobutyrate .

E® 2 TEMRY (CHCL) , EI-MS m/z
334 [M]", 5 FxXh CyHy O ;' HINMR ( CDCL,,
400 MHz) §:6.87 (1H,s,H=2),7.35 (1H,d,J =
8.0 Hz,H-5)47.04 (IHyd,J =8.0 Hz,H-6),2.34
(3H,s,H-7),2.98°(1H,d,J =4.0 Hz,H9a) ,3.02
(1H,d,J =8.0 Hz; H9b),4.06 (1H,d,J =12.0
Hz,H10a) ,4.17 (1H,d,J =12.0 Hz,H-10b) ,2. 84
(TH,m,;H-2"),1.33 (3H,d,J=8.0 Hz,H-3"),1.33
(3H,d,J =8.0 Hz, H4') ,2.50 (1H, m, H2"),
1.59 (1H,m,J =8.0 Hz,H-3¢"),1.41 (1H,m,H-
3b6™),0.80 (3H,t,/=8.0 Hz,H4"),1.08 (3H,d,
J=8.0 Hz,H-5");"”C NMR (CDCl,,100 MHz) §:
139.89 (C-1),122.93 (C=2),148.56 (C3),
125.98 (C4),128.92 (C-5),126.73 (C-6),21.11
(C-7),56.95 (C-8),50.64 (C9),64.74 (C-10),
176.01 (C-1"),34.19 (C-2"),19.01 (C-3"),18.90
(C4'),175.33 (C-1"),40.85 (C-2"),26.59 (C-
3"),16.45 (C4"),11.37 (C-5"), DI %53
R R — B B E A A 10-(2-methylbu-
tyloxy ) -8 ,9-epoxythymolisobutyrate ,

EW3 [ I E IR E A (CHCL ), EI-MS
m/z 390 [M]*, 4+ = H C, Hg O;'H NMR
(CDCl, ,400 MHz) §:3.51 (m,H-3a),5.34 (d,J =
4.0 Hz,H-7),0.76 (s,H-18),0.83 (s,H-19),5.15
(1H,t,J =12.0,8.0 Hz,H21),5.01 (t,/=12.0,
8.0 Hz, H22),0.70 (d,J =8.0 Hz, H25),0.78
(d,J=8.0 Hz,H26),1.0 (d,J =8.0 Hz,H-28),
1.0 (d,J =8.0 Hz, H29) ;" C NMR ( CDCl,, 100
MHz) §:137.20 (C-1),31.60 (C-2),71.80 (C-3),
42.20 (C4),140.70 (C-5),121.73(C-6),31.89
(C-7),31.92 (C-8),50.81 (C9),36.58 (C-10),
21.07 (C-11),39.62 (C-12),42.23 (C-13),56. 83
(C-14),24.38 (C-15),28.91 (C-16),55.92 (C-
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17),12.07 (C-18),19.45 (C-19),40.51 (C-20),
21.22 (C21),138.31 (C-22),129.28 (C-23),
51.22 (C-24),31.89 (C-25),21.02 (C-26),18.89
(C-27),25.39 (C-28),12.29 (C29), VI ¥
SCHRT Rl — 2, MU E A stigmasterol

LEW4 TABEKHAK(CHCL) ,EI-MS m/z
190 [M]*,4FxHK C,,H,0,;'H NMR (CDCL, ,400
MHz) §:6.12 (2H,s,H-2),6.33 (1H,d,J=12.0
Hz,H-7),7.62 (1H,d,J=8.0 Hz,H-8) ,6.88 (1H,
s,J=8.0 Hz,H9);”C NMR (CDCl,,100 MHz) §:
151.32 (C-3a),161.35 (C-6),113.46 (C-7),
143.42 (C8),112.72 (C-8a), 105.04 (C9),
144.94 (C-9a),102.34 (OCH,0), L) %53
Bk R — 3, B E AL B I ayapin,

EWS TR RS (CHCL) EI-MS m/z
306 [M]", ¥k C,,H,05;'H NMR ( CDCI,,
400 MHz) §:2.29 (1H,J=16.0,12.0,4.0 Hz,ddt,
H-1),2.16 (1H, m,H2a),1.46 (1H, m, H-2b),
2.14 (1H,m,H-3a),2.39 (1H,dd,J =24.0,20.0,
8.0 Hz,H-3b),5.50 (1H,d,J =8.0 Hz,H-6) 3,04
(1H,m,H-7),4.49 (1H,ddd,J =12.0,10.0,4.0
Hz,H-8),1.57 (1H,d,J =12.0 Hz, H9a),2.51
(1H,m,H-95),1.86 (1H,m,H-10),5.85 (1H,d,J
=4.0 Hz,H-13a) ,6.21 (1H,d,J =4:0-Hz H-13b),,
1.11 (3H,d,J =8.0 Hz, H-14),1.07(3H, s; H-
15),2.02(3H,s,0Ac) ;"C.NMR (,€DCl;,100 MHz)
5:46.76 (C-1),24.49 (C-2),37.92 (C-3),218.66
(C4),56.08 (C-5),74.72°(C-6),52.70 (C-7),
76.25 (C-8),44:33 (C9),30.01(C-10),137.29
(C-11),169.39 (CG-12)5122. 14 (C-13),19.99 (C-
14), 18.43 (C-15),.169.14 ( MeCO ), 21.13
(COCH;) o A& Hedii-sscik' ™ it — 20, s ik
YIS ergolide

WA 6T F R4 (CHCL,) ,EI-MS m/z
248 M1, 1M C5H,0,;'"H NMR (CDCI,,
400 MHz) §:1.51 (2H,m,H-2b) ,4.31 (1H,ddd,J
=12.0,8.0,4.0 Hz,H-8),1.63 (1H, m, H9a),
2.49 (3H, m, H9b),1.96 (2H, m, H-10), 6. 21
(1H,d,J =4.0 Hz, H-13a),5.54 (1H,d,J =4.0
Hz,H-13b),1.12 (3H,d,J =8.0 Hz, H-14),1. 06
(3H,s,H-15) ;”C NMR (CDCL,,100 MHz) §:48. 69
(C-1),24.14 (C-2),35.22 (C-3),222.40 (C4),
50.02 (C-5),34.54 (C-6),44.76 (C-7),80.86 (C-

8),44.06 (C9),26.61 (C-10),140.25 (C-11),
169.88 (C-12),120.10 (C-13),20.00 (C-14),
22.04 (C-15) . DL -%odi 530k il — 8, i
EEYk 5,10-epi-2 ,3-dihydroaromatin

LEW T  EAAMWRY (CHCL) , EI-MS m/z
2438 [M] ' ,ﬁj\¥itﬂ‘7 C15H2003§]H NMR (CDC13’
400 MHz) 6:2.24 (2H,t,J =8.0 Hz, H-2),2.57
(1H,ddd,J=24.0,16.0,8.0 Hz,H3a),2.46 (1H,
m,H-3b),5.44 (1H,m,H-5),2.18 (1H,m,H-6a) ,
2.44 (1H,m,H-6b),3.33 (JH,m H-7),4.65 (1H,
m,H-8),2.03 (1H, m, H9a) ,1.92 (1H,ddd, ] =
12.0,8.0 Hz, H9b),2.36. (1H, m, H-10), 5.53
(1H,d,J =4.0 Hz,H-13a),6.25 (1H,d,J =4.0
Hz,H-13b) ,1.137(3H,d, J = 8.0 Hz, H-14) ,2. 16
(3H, s, H-15) 3C NMR ( CDCl,, 100 MHz) §:
144.42 (C-1),30.42 (C-2),42.61 (C-3),208.28
(C4Y,;120.10 (C-5),26.55 (C-6),42.10 (C-7),
79,32 (€-8).,36.64 (C9),35.42 (C-10),138.98
(C-11),170.29 (C-12),122.14 (C-13),20.95 (C-
14),29.93 (C-15) . DA% 530k i — 3,
WK EAL G R xanthalongin,

wEW8  JLasHRES & (CHCL)  EI-MS m/z
304 [M]", % F=xXk C,,HyyO5;'H NMR ( CDCl,,
400 MHz) 6:3.05(1H,m,H-1),7.75 (1H,dd,J =
6.0,4.0 Hz,H-2) ,6. 14 (1H,dd,J =8.0,4.0 Hz, H-
3),5.66 (1H,d,J=8.0 Hz,H-6),3.12 (1H, m,H-
7),4.65 (1H,ddd,J=12.0,8.0,4.0 Hz,H-8) ,2. 60
(1H,m,H-9a),1.60 (1H,ddd,J =24.0,12.0 Hz,
H-94),2.10 (1H,m,H-10),5.96 (1H,d,J =4.0
Hz,H-13a) ,6.27 (1H,d,J =4.0 Hz,H-13b),1.33
(3H,d,J =4.0 Hz,H-14) ,1.25 (3H,s,H-15) ,2.01
(3H,s,COCH,) ;" C NMR (CDClL,, 100 MHz) §:
52.22 (C-1),161.61 (C-2),130.82 (C-3),209.18
(C4),56.29 (C-5),73.12 (C-6),53.98 (C-7),
76.17 (C-8),44.41 (C9),27.23 (C-10),137.16
(C-11),169.63 (C-12),122.18 (C-13),19.82 (C-
14), 22.71 (C-15), 168.95 ( COCH, ), 21.13
(COCH,) o VA bt 5 ek ™ s —3, e e fb
41~ bigelovin,

wEMI  JE RS (CHCL, ) , EI-MS m/z
264 [M]", 51K C15H2004;1H NMR ( CDCly,
400 MHz) 8:4.05(1H,d,J =8.0 Hz, H-6),3.05
(1H,s, C-6-OH),2.91 (1H, m,H-7),4.42 (1H,
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ddd, J=12.0,10.0,4.0 Hz,H-8),6.02 (1H,d,J
=4.0 Hz,H-13a) ,6.24 (1H,d,J =4.0 Hz,H-13b) ,
1.12 (3H,d,J =4.0 Hz,H-14) ,1.06 (3H,s,H-15)
;”C NMR (CDCl,,100 MHz) §:50.06 (C-1) ,24. 60
(C-2),44.16 (C-3),223.20 (C4),57.75 (C5),
75.36 (C-6),45.19 (C-7),76.05 (C-8),37.70 (C-
9),30.18 (C-10),138.96 (C-11),169.68 (C-12),
121.86 (C-13),19.09 (C-14),20.10 (C-15), LA
ERd Sk R — B MU E AN carpe-
siolin,

WEW 10 (0 FRES & (CHCL,) ,EI-MS m/z
246 (M]", 4 F N CsH,0,;'"H NMR (CDCI,,
400 MHz) §:2.79(1H,dt,J =16.0,8.0 Hz,H-1),
7.68 (1H,dd,J=8.0,4.0 Hz,H-2),6.18 (1H,dd,
J=8.0,4.0 Hz,H-3),1.69 (1H,dd,J=16.0,12.0,
8.0 Hz,H-6a),2.52 (1H,d,H-6b),2.94 (1H,m,
H-7),4.55 (1H,ddd,J =12.0,8.0,4.0 Hz,H-8)
1.49 (1H,d,J =24.0,12.0,4.0 Hz, H9a),2.56
(1H,m,H9b),2.17 (1H,m,H-10),5.57 (1H,d,J

=4.0 Hz,H-13a) ,6.24 (1H,d,J =4.0 Hz,H-13b) ,
1.30 (3H,d,J =12.0 Hz,H-14),1.23 (3H,s, H-
15);"”C NMR (CDCl,, 100 MHz) §:54.23 (C-1),
161. 60 (C-2),130.35 (C-3),213.73 (C4),51.19
(C-5),32.07 (C-6),46.51 (C-7),79.62 (C-8),
44.21 (C9),27.97 (C-10), 140.31 (C-11),
169.64 (C-12),120.19 (C-13),19.87 (C-14),
27.20 (C-15) o LI b-%od5 Sciik o8 — 20, fok
-GN aromaticin,
3.3 FOMALERS AT EIEEINGIKIE R

283 SCHR VR B Sk s e A6 SR AR P A i 2k
BYEA BEWEYIEYE, A G L T 43 #5148
BRI A YS ~ 10 SRAT RSN S5 4% 4 3¢
FF PR HE B 40 3 o S R R AL S5 5,6,8 ~
10 X NRILE R IIAE R M. tuberculosis H3TR, 253
FAF IR M. bovis BCG ELAT B Uf iy 14 B4 o 1 M, O
LAY 9 110 ARG FE & TS i 2 b G 7 1%
AP ST SCFE RGN G T . HARIE PS5 0L
1,

K1 LEWS.6.7~10 WEZS T EAIEEINEISME (2 =3)

Table 1  Anti-tuberculosis, activity of compounds 5,6,7-10(n =3)
MIC( M)
it .
Strain 5 6 7 8 9 10 * | TBEI:F '
Rifampic-in
M. tuberculosis H3TRy 6.25 12. 50 >200 6.25 - - 0.39
M. bovis BCG 10.00 30. 00 >200 5.00 3.15 3.15 0. 006

TE - FIARF Dy B X 2

Note ; RIF of positive control.
4 HR

H A AGIEA A o gl i 25 3 E
WG AR X 19 JU € 75 A6 i 48 )7 54T 1T IR
AW e NI s e 1 10 ME 9. Hbd
& OB MG, 2 D E B2, 1 A BB 1 A
K EP1.2,5:6 .8 ~ 10 B IR % AE Y 43
BRI I R AR RN TR S o)
PR S s, S EGW 7 i, G W 5.
6.8 ~10 Xt AR G54 4 M FF & M. tuberculosis
H37R, 453 KiFF R M. bovis BCG # HA R 438 {E
PRSP A 0T R A =B AR A DL RS i H
e, H A A Y 9 A1 10 B FE TG M 0 3 vT R
578 M BUEA G,

W T 3 BRGSO R A Pgh % 2y
Wy T Tz 250k T 24 TR PRAR XE 4 245 1 AR B

ARSI AU E 7 A8 A 2 B o0 e P 45 4% 15 PE B Al 5T
MEEFATE A5 2B Y BA RIFMbi gz A
Vs, o AR SR AL A v i e A 35T 485 4 T 1
PIR ML T ik A8 . X0 T IF & H 20 R, AR SR
PR F IR RS AT R TE Y T A AR
SC AR ML BY A I 70 TR ROC R DL K SR
PEOL SR T S K

gt Al Lis T AN T A NG R TR B AT
RRAEREEERREFLTORIFFAH, A
AR
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