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Abstract: Objective To investigate the chemical constituents from the inflorescences of Inula japonica and their in vitro anti-
hepatocellular carcinoma activity. Methods The compounds were isolated and purified by multiple chromatographic techniques..
Their structures were identified by HRESIMS, NMR, IR, UV spectroscopic methods, and the absolute configurations of new
compounds were determined by calculated NMR and ECD. The inhibitory effects of the compounds on the proliferation of HepG2
cells were evaluated by MTT assay and colony formation assay. Results Six sesquiterpenoid dimers were isolated from the ethyl
acetate fraction of the 90% ethanol extract of /. japonica, among which compounds 1 (inujaponolide T) and 3 (inujaponolide U) were

identified as new compounds. The bioactivity screening results showed that compounds 1—6 exhibited potent cytotoxicity against
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HepG2 cells, with ICso values ranging from 2.61 to 13.94 umol/L. Furthermore, compounds 1 and 3 inhibited the cell viability and

reduced the colony formation of HepG2 cells in a dose-dependent manner. Conclusion Compounds 1 and 3 are new sesquiterpenoid

dimers with anti-hepatocellular carcinoma activity, and may serve as potential antitumor lead compounds for further in-depth

investigation.

Key words: /nula Thunb.; Inula japonica Thunb.; sesquiterpenoid dimers; inujaponolides T; inujaponolides Uj; anti-hepatocellular

carcinoma activity
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Fig.1 Chemical structures of compounds 1—6
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5um) 2k, BEHLEY 4 (13 mg, ®R=27.5min).
D2.3.5 (1.32g) Z&2F#l#% HPLC (45%ZME-/K, 1k
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(2 mg, t,R=27.0 min).
2.2 IRHEIEMIRIE

KH MTT X TS . HiE i i
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d, LU 4] WAV fS, /INOIW LG 772,
BN 1 mL JoK FEERESE 30 min, PR 1%45 8
LI 15mine. Jetasi )5, H PBS 2252000 3
W, BT HIRAREEE, FHUH Image J
X BRI T AT s B oA T H R AR TR A,
WA A YA R S HepG2 41 M 1 A 14 5t
3 #R
3.1 HmEE

a1 BEEMHR (FED, [a]ly-13.8
(¢ 0.090, MeOH). UV A" (nm): 200 (2.99); ECD
A1 (Ae-5.69), 233 (Aet1.56) nm; IR v o (cm™):
3437,2934,1764, 1743, 1632, 1439, 1234, 1 029;
(+) HRESIMS m/z (537.285 8 [M+H]*, it5 18N
537.2857), HEMIH 731 CaHaoO7, AMLFIEE N
13, 3C-NMR (150 MHz, CDCls) il DEPT i (%
1 45 32 Mkl s, AFE 4 MHERES, 94
W ERAE  (2 AN O F SR 7 AN i3 T
HED, 9 NMRHERES (4 MEFRFE, 54
E IR A DU 10 M2 (3 AMREkEE . 4 M
KL 3 A sp? -6 ZEHK ) . 'H-NMR (600 MHz,
CDCls) i1, AKI7X T B g R 4 AR+
559 0un 6.24 (1H, d, J = 3.3 Hz, H-13a), 5.56 (1H, d,
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x1 L& 1503 8 'H-F1 PC-NMREIEHIE (600/150 MHz, CDCls)
Table 1 'H- and '*C-NMR spectroscopic data of compounds 1 and 3 (600/150 MHz, CDCls)
. 1 3
il OH oc OH dc
1 61.9,C 63.8,C
2 4.56 (brs) 81.9,CH  3.63 (brs) 82.7,CH
3 290 (d, J=1.2 Hz) 544,CH  268(d,J=12Hz) 59.8, CH
4 134.0,C 133.9,C
5 136.4,C 137.1,C
6 3.04 (d, J = 15.6 Hz), 2.12 (overlapped) 26.0,CH2  2.98(d, J = 15.0 Hz), 2.04 (overlapped) 26.3, CH2
7 2.82 (t,J=10.2 Hz) 45.3,CH 2.75 (overlapped) 45.3,CH
8 4.21 (m) 825 CH  4.18(m) 82.6, CH
9 2.37 (m), 2.00 (overlapped) 36.0,CHz2  2.38 (m), 2.00 (overlapped) 36.1, CH2
10 2.14 (overlapped) 29.7,CH 2.27 (m) 29.5, CH
11 139.3,C 139.6,C
12 170.1,C 1703,C
13 6.24 (d, J=3.3Hz), 5.56 (d, J = 3.3 Hz) 119.7,CH.  6.21(d, J=3.0 Hz), 5,52 (d, J = 3.0 Hz) 119.5, CHz
14 1.04 (d, J=7.2 Hz) 17.0,CHs  1.07(d,J=7.2Hz) 17.2,CHs
15 1.66 (S) 14.2,CHs  1.62(5) 14.4,CHs
1 3.39 (m) 79.6,CH  3.59 (m), 3.36 (m) 62.8, CH2
2 1.81 (m), 1.55 (m) 31.1,CH2  1.27 (m), 1.23 (m) 29.7, CH2
3 2.34 (overlapped), 2.11 (m) 34.0,CH2  1.35(m), 1.26 (m) 32.4, CH2
4 147.2,C 2.75 (overlapped) 34.3,CH
5' 170 (d, J=12.6 Hz) 44.7,CH 136.6,C
6' 1.76 (m) 23.0,CH2  4.32(s) 64.7,CH
7 2.20 (m) 427,CH  3.16(d, J=6.6 Hz) 50.2, CH
8 4.71 (m) 75.9,CH  4.19 (m) 76.8, CH
9 2.62 (dd, J = 15.6, 1.2 Hz), 1.45 (dd, J = 15.6, 3.6 Hz) 38.1,CHz2  2.75 (overlapped), 2.52 (d, J = 3.0 Hz) 34.2, CH2
10’ 39.0,C 130.8,C
11 57.9,C 55.2,C
12' 179.5,C 180.1,C
13' 2.37 (overlapped), 1.95 (overlapped) 36.5,CHz2  2.74 (overlapped), 2.50 (d, J = 3.0 Hz) 35.5, CH2
14' 0.75 (s) 11.3,CHs  1.76 (s) 20.6, CHs
15' 4.86 (s), 4.59 (s) 108.1, CH2  1.14(d,J=7.2Hz) 20.2, CHs
1" 170.1,C
2" 2.06 (5) 21.3, CHs

J = 3.3 Hz, H-13b), ou 4.86 (1H, s, H-15'), 4.59 (1H,
s, H-15b), 4 MESK P EER 55 ou 4.71 (1H, m,
H-8'), 4.56 (1H, brs, H-2), 4.21 (1H, m, H-8), 3.39 (1H,
m, H-1"); =37 XAl W] 3 Mg R E R 755
ou 2.06 (3H, s, H-2"), 1.66 (3H, s, H-15), 0.75 (3H, s,
H-14") il 1 AW RIS 15 5 on 1.04 (3H, d, J =
7.2 Hz, H-14).

HRHELL_E1E B If454 2D NMR (‘H-'H COSY .
HSQC 1 HMBC) #i#ft, KILX 32 Mfs5 115
&R A, B2 MARPfEE B (B 2). 'H-'H
COSY iRt %| /B A #F H-14/H-10/H-9/H-8/H-

7/H-6 AT H-2/H-3 %5 2 /> 3 ieff & 4544 v Bt . /£ HMBC
e, H2 5C-1. C4 M C-5 M5, H3 5C-1. C-
4, C-5 M C-15 %, BLK H-155 C-3. C4 FC-5
A, FHENIER Py S AL T C-4/C-5 fi7; H-7 5 C-12 1)
MFAS5S, H-13 5 C-7. C-11 fil C-12 M55,

PLA H-14 5 C-1. C-9 F1 C-10 IMIRAZE S, 454 1D
NMR 3SR BREPE ) o0 B 3 -p- P 1 22 4]
55 (dc 170.1, 139.3 1 119.7, oy 6.24, 5.56), Hfi5E
THE A KPS K. '"H-'H COSY Higs) B
B 2 A~ E el & 4504 B B H-9/H-8/H-7'/H-6/H-5"#ll
H-3/H-2/H-1'. 454 HMBC it H-7'5 C-6'. C-
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—— 'H-'HCOSY

“~ HMBC # "% ROESY

2 A1 K% HMBC, 'H-'H COSY #1 ROESY #%
Fig.2 Key HMBC, 'H-'"H COSY and ROESY correlations of compound 1

5F1 C-8', H-14"5 C-1'. C-5'. C-9A1 C-10’, H-15'5
C-3'\ C-4'HM C5HIMFRAE T, S5 EFHER A A
dc 39.0 MIZEmE T B B RGBS G . 78
HMBC i, I3 H-3 5 C-7'A C-11"HIAI%AE
5, H-13"5 C-1 KRGS, WHIREB A M B
FEE C-1-C-13'. C-3-C-11" #7771 AN
75768k (C-11-C-3—C-4-C-5-C-1-C-13").

R4 LA EAE S, KIALEH 1 5 japonicone AR
BEAMBM-FmEE. WE AR &ET
japonicone A FIASCSUEIEM G 1 i AAYS
WoH g, HAMEMKSAMNE 5140 E5W
japonicone A A —%, 7 ROESY &+, H-8/H;-
14/H-2/H-3 \H-3/H-7'/H-8'F1 H-7'/H-5"/H-1"[1] i 54
KX AT I E—, B EEN o
RS, HRHE Samek DT, AR 40703 FIFE G H 2L
(5518 3.6 Hz Fi 3.0 Hz), ¥ H-7 F1 H-8 43 7 &
B HRLAT o #9BY, 7E ROESY i, W%2%E| H-
TMH-13"1M A5 S, R H-13"8 B M8, 25 EFT
w, B TAEY 1 AR AR YE TS ECD il
LIS A LR, RATE AT
AN (1S,2S,3R,7R,85,108,1'R,5'S,7'R,8'R,10'R,11'S), fiiy
GNNEB AR ik SRR NEE T

a3 AtEmR (FED, [oli-1.2 (c

0.050, MeOH). UV 2" (nm): 198 (2.99); ECD A"

211 (Ae-3.52), 232 (Ae+2.04) nm; IR vio: (cm™!): 3 435,
2930,1759,1631, 1435, 1256, 1 170; (+) HRESIMS
m/z (513.284 7 [M+H]*, 1158k 513.2847), i
M3 CaoHaoO7, AMEAIEER 11. BC-NMR
(DEPT) i (3R 1) 44t 30 MikfES, WHE 4 4H
FirfEs, 8 MEHERES (1 ARy T H
B 1 ANER A 6 NI L), 9 MKH

BWAET (4 MEERF R, S A mRBIREE Dk
9 NERR (2 MEEBREE. 5 MERTERLLL 2 4 sp?
IO . TH-NMR i1, ik X AT 55 2
AR 55 on 6.21 (1H, d, J = 3.0 Hz, H-13a),
5.52 (1H, d, J = 3.0 Hz, H-13b), 4 &K P ILE T
55 ou 4.32 (1H, s, H-6), 4.19 (1H, m, H-8"), 4.18
(1H, m, H-8), 3.63 (1H, brs, H-2); 37X il W55 2
AL L 755 0u 1.76 (3H, s, H-14"), 1.62 (3H,
s, H-15) Al 2 DMXUEHET 755 ou 1.14 (3H, d,
J=7.2Hz, H-15", 1.06 3H, d, J= 7.2 Hz, H-14), 1R
LA A5 B IF454 2D NMR (‘H-'H COSY. HSQC
A HMBC) #¥ia(El 3), kI EH) 3 5 inulanolide
AP E AR T T 4544 o

Wi AN A 2 A E T BC-NMR i C-2 F1 C-
VISR 53 ) = 345 5)) 6 0.8 MR IR £ 3) o
1.3, HRM Bt ZA % 5459 inulanolide A 2
A=, EWED 3 M FHES inulanolide
A M T 84, HHEMIFL C-2 AT C-1"HLI1) £ W5 5
WeFHEEUAR . 7F ROESY #Erf, H-8/Hs-14/H-2/H-3
H-3/H-7'/H-8'F1 H-7'/H-5"/H-1"[{)HH 5 11 22 B 3 L4 Jii
FALFAFRIE M, e A o AL R4
Samek B, KA 4715 IR G HE (55008 3.0Hz
M 3.0 Hz), ¥ H-7 F1 H-8 73 BIHfiE N p HELA o
¥R fE ROESY %, M%< 5| H-7/H-13"F1 H-13/H-
6'/Hs-15"AHRAE 5, R H-13', H-6'F Hs-15"K B
R, it — DR S 3 1) Ha-15 BRI A L,
SRR B AR (H3-158 Al H3-15'a) #E47 T &
TAL2: DFT HAEH LTS, DP4 45 KW, 24 H-
15 B BU] (4'S) W5 S 0 B ARTT, mTRePE N
100.00%, MIMUESE 73T ROESY IR B AW (]
4), [FINF, di T bS5 ECD i (Bl 5), %
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Fig. 3 Key HMBC, 'H-'H COSY and ROESY correlations of compound 3
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LENEY 3 WA N (152S,3R,7R,8S,
10S,4'S, 6'S,7'S,8'R,11'S), fir & NIEE I G — 5
AAEE U.

& 2. Atk R (FEE) . 2 17RXA
CsoH380s; H-NMR (600 MHz, CDC|3) 0: 7.21 (1H,
brs, OOH-5"), 6.23 (1H, d, J = 3.3 Hz, H-13a), 5.56

(1H, d, J = 3.1 Hz, H-13b), 5.20 (1H, s, H-15'3), 4.97
(1H, s, H-15'), 4.79 (1H, m, H-8"), 4.55 (1H, s, H-2),
4.22 (1H, ddd, J= 12.0, 8.5, 3.0 Hz, H-8), 3.87 (1H, dd,
J=11.7,4.8 Hz, H-1", 3.05 (1H, dd, J = 15.8, 2.0 Hz,
H-6a), 2.94 (1H, s, H-3), 2.81 (1H, m, H-7), 2.68 (1H,
m, H-7), 2.45 (1H, m, H-3'a), 2.37 (1H, m, H-6'a), 2.34
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(1H, m, H-9a), 2.31 (1H, m, H-9'), 2.27 (1H, m, H-
3b), 2.14 (1H, m, H-10), 2.09 (1H, m, H-6b), 2.05 (1H,
s, H-2"), 1.99 (1H, m, H-13"a), 1.97 (1H, m, H-9b), 1.95
(1H, m, H-13'b), 1.90 (1H, dd, J = 15.5, 4.9 Hz, H-9'b)
1.83 (1H, m, H-2"a), 1.66 (1H, s, H-15), 1.55 (1H, m,
H-2'b), 1.32(1H, t, J = 13.2 Hz, H-6'), 1.04 (1H, d,
J=17.3Hz, H-14),0.90 (1H, s, H-14"); 3C-NMR (150
MHz, CDCls) 6: 179.8 (C-12"), 170.9 (C-1"), 170.3 (C-
12), 144.9 (C-4", 139.4 (C-11), 136.5 (C-5), 134.2 (C-
4),119.8 (C-13), 114.8 (C-15"), 87.2 (C-5"), 82.7 (C-8),
81.9(C-2), 76.4 (C-8"), 72.7 (C-1"), 62.0 (C-1), 57.4 (C-
117), 54.7 (C-3), 45.5 (C-7), 42.2 (C-10"), 39.5 (C-7),
36.8 (C-13"), 36.2 (C-9), 32.9 (C-9'), 30.4 (C-27), 30.0
(C-3"),29.8 (C-10), 26.2 (C-6), 24.1 (C-6"), 21.1 (C-2"),
17.1(C-14), 15.0 (C-14"), 14.4 (C-15). LA EH¥IE 5
R E — 218, W E & 2 4 japonicone E.

E&m 4. AkHAR (HEE . 757 RA
C34H4409; lH-NMR (400 MHZ, CDC|3) 0:6.21 (lH, t,
J = 2.9 Hz, H-13a), 5.52 (1H, d, J = 2.9 Hz, H-13h),
5.33 (1H, s, H-6"), 4.86 (1H, brs, H-8", 4.60 (1H, s, H-
2),4.20 (1H, td, J = 11.2, 10.1, 3.3 Hz, H-8), 4.07 (1H,
m, H-11), 3.91 (1H, m, H-1), 3.00 (1H, d, J = 15.8
Hz, H-6a), 2.91 (1H, m, H-3), 2.91 (1H, m, H-7), 2.78
(1H,dd, J=4.6,2.4Hz, H-7", 2.56 (1H, d, J = 3.6 Hz,
H-9%a), 2.51 (1H, m, H-4", 2.36 (1H, dt, J = 13.3, 4.2
Hz, H-9a), 2.16 (1H, m, H-10), 2.11 (1H, m, H-6b),
2.07 (1H, s, H-2""), 2.04 (1H, m, H-13"), 2.00 (1H, m,
H-9b), 1.95 (1H, m, H-13’b), 1.92 (1H, s, H-2"), 1.86
(1H, dd, J = 15.4, 2.2 Hz, H-9h), 1.65 (1H, d, J = 1.2
Hz, H-15), 1.44 (1H, m, H-2), 1.41 (1H, m, H-3"), 1.31
(1H, s, H-14'b), 1.07 ( 1H, d, J = 6.6 Hz, H-15"), 1.05
(1H,d,J=7.6 Hz, H-14); 3C-NMR (100 MHz, CDCl3)
8:178.1 (C-12%, 171.1 (C-1"), 170.2 (C-12), 170.1 (C-
1”), 150.7 (C-5"), 139.7 (C-11), 137.2 (C-5), 133.9 (C-
4), 119.4 (C-13), 116.2 (C-6"), 82.6 (C-8), 81.8 (C-2),
75.3 (C-8"), 67.5 (C-10"), 64.4 (C-1"), 62.5 (C-1), 58.2
(C-11"), 55.3 (C-3), 45.1 (C-7), 42.9 (C-7'), 39.4 (C-9"),
36.2 (C-137), 36.0 (C-9), 34.5 (C-3"), 32.6 (C-4"), 29.9
(C-10), 27.2 (C-14"), 26.8 (C-2"), 26.1 (C-6), 22.9 (C-
157, 21.4 (C-2"), 21.1 (C-2""), 17.1 (C-14), 14.3 (C-
15). PR3 5 kil —30, s s 4
“A japonicone D

EY 5. AEH AR (HE . 2708

Cs2H420s; 'H-NMR (600 MHz, CD3OD) 0. 6.23 (1H,
d, J=3.3 Hz, H-13a), 5.54 (1H, d, J = 3.0 Hz, H-13h),
5.37 (1H, s, H-6"), 4.88 (1H, brs, H-8", 4.61 (1H, s, H-
2), 4.20 (1H, ddd, J = 12.6, 10.1, 3.3 Hz, H-8), 3.58
(1H, tt, J = 6.0, 1.5 Hz, H-1"), 3.01 (1H, dd, J = 15.9,
1.9 Hz, H-6a), 2.93 (1H, d, J = 1.8 Hz, H-3), 2.79 (1H,
m, H-7), 2.77 (1H, m, H-7"), 2.75 (1H, m, H-9"), 2.56
(1H, m, H-4", 2.37 (1H, dt, J = 13.2, 4.2 Hz, H-9a),
2.16 (1H, m, H-6b), 2.11 (1H, m, H-10), 2.08 (1H, m,
H-13%), 2.04 (3H, s, H-2"), 1.97 (1H, m, H-9b), 1.91
(1H, m, H-13"b), 1.87 (1H, m, H-9b), 1.66 (1H, d, J =
1.8 Hz, H-15), 1.50 (1H, m, H-3"), 1.45 (1H, m, H-2"),
1.33(1H, s, H-14"),1.09 (1H,d, J=6.8 Hz, H-15"), 1.05
(1H, d, J = 7.3 Hz, H-14); BC-NMR (150 MHz,
CDs0D) ¢: 178.6 (C-12", 170.2 (C-12), 170.2 (C-1"),
151.1 (C-5'), 139.5 (C-11), 137.1 (C-5), 133.9 (C-4),
119.7 (C-13), 116.2 (C-6", 82.5 (C-8), 81.8 (C-2), 75.5
(C-8), 67.7 (C-10", 63.1 (C-1", 62.4 (C-1), 58.3 (C-
11", 55.2 (C-3), 45.4 (C-7), 42.9 (C-7"), 39.5 (C-9),
36.4 (C-13", 36.2 (C-9), 35.4 (C-3"), 32.7 (C-4", 30.4
(C-2,29.9 (C-10), 27.3 (C-14"), 26.2 (C-6), 23.0 (C-15",
21.4 (C-2"),17.2 (C-14), 14.3 (C-15). LA ¥ 5 ik
HiE—20e, #EE LAY 5 N japonicone 1o
& 6: AR (FEE) . 1A
C34H420s; 'H-NMR (600 MHz, CDCls) ¢: 6.19 (1H,
brs, H-13b), 5.51 (1H, brs, H-13a), 5.37 (1H, brs, H-6,
5.18 (1H, s, H-14"3), 4.99 (1H, s, H-14'b), 4.83 (1H, m,
H-8"), 4.59 (1H, s, H-2), 4.19 (1H, m, H-8), 4.04 (1H,
m, H-13a), 3.97 (1H, m, H-1b), 3.00 (1H, m, H-6a),
2.91 (1H, m, H-9'), 2.90 (1H, m, H-7"), 2.89 (1H, brs,
H-3), 2.81 (1H, m, H-7), 2.55 (1H, m, H-4, 2.48 (1H,
m, H-9), 2.35 (1H, m, H-9b), 2.15 (1H, m, H-10),
2.08 (1H, m, H-6b), 2.06 (1H, s, H-2""), 2.04 (1H, s, H-
2, 1.98 (1H, m, H-13%b), 1.95 (1H, m, H-9a), 1.86
(1H, m, H-13a), 1.65 (1H, s, H-15), 1.54 (1H, m, H-
2", 1.52 (1H, m, H-3'), 1.38 (1H, m, H-3"), 1.05 (1H,
d, J= 6.9 Hz, H-15", 1.04 (1H, d, J = 7.3 Hz, H-14);
13C NMR (150 MHz, CDCl3) 6: 178.5 (C-127), 171.2
(C-1,170.2 (C-12), 170.1 (C-1""), 144.4 (C-5'), 139.5
(C-11), 136.7 (C-5), 136.1 (C-10"), 134.1 (C-4), 119.6
(C-13),118.1(C-6", 113.3(C-14",82.5(C-8),81.9 (C-
2), 74.7 (C-8", 64.5 (C-1", 62.4 (C-1), 57.0 (C-11),
55.7 (C-3), 45.3 ( C-7), 43.0 (C-7", 36.5 (C-13", 36.0
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(C-9), 35.6 (C-97), 34.2 (C-4"), 32.5 (C-3", 29.9 (C-10),
26.7 (C-2"), 26.1 (C-6", 21.4 (C-2"), 21.1 (C-2"), 21.0
(C-15%,17.1(C-14), 14.4 (C-15). LA E#¥5 5 0 lkiRk
E—5, e LAY 6 2N japonicone X
3.2 HftEEN

XEEY) 1~6 HIRSNTUIT TS PEEAT IEA -
W 2 i, FrA &Y% HepG2 234 I H AL
SN EPE, 1Cso {HAE 2.61~13.94 pmol/L iz [#l
N, e EY) 6 RIEPERNEZ (ICs=2.61
umol/L) . WD IR R MR, LBE RN,
e R el Ge A AT B sm PR S R, vt
P S BUITEE . SR SE BT S S A
ARG A R ST . S5 RRY], fbav 1 3
AENE LIGT B A7 A HepG2 AL fR% 719
> BT I AR (B 6).
4 e

RBEAEE Nt g g, BT (AR
20), PRAFEITILE, HTRRTer A %
S IR ATKS IEMRZIhA R H F TiR97 %

2 WA HepG2 AANIIFIEME

Table 2 Inhibitory activity of compounds against HepG2 cells

EY  1Cso/(umol LY | &Y ICsf/(umol 171
1 3.82+£0.21 4 3.57£0.16
2 8.88+1.12 5 3.68+£0.28
3 13.94+0.28 6 2.61£0.75
TS 0.82+0.14
DMSO C/(umol-L™"
125 250 5.00
£ D | 1
ex X I
& 150 < 150 *:**
@ 100 @ 1004 & |
N 50. =2 50
2 o s
DMSO 1.252.505.00 #  DMSO 125250500
1/(umol-L™) 3/(umol-L1)

5 DMSO L EbEE: **P<<0.001,
P <0.001 vs DMSO group.

Bl6 1L&41 703 %) HepG2 4HARTERER LA
Fig. 6 Effects of compounds 1 and 3 on colony formation
of HepG2 cells
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