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SR TR AR . SRR TR ek (ECD) HEH ARz, [ CANFHE HepG2 41
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Study on chemical constituents from Ferula teterrima
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Abstract: Objective To study the chemical constituents from Ferula teterrima and their antitumor activities. Methods The
chemical constituents were separated and purified by silica gel, Sephadex LH-20, semi-prepared HPLC and other chromatography
techniques. The structures of monomer compounds were determined by MS, 'H-NMR, 3C-NMR, DEPT, 2D NMR and other
spectroscopic methods. The absolute configuration of new compound was determined by ECD. The cytotoxic activity of isolated
compounds on human liver cancer (HepG2) cell line was determined. Results Nine compounds (1—9) were isolated, and were
identified as teterrimanol A (1), falcarindiol (2), ferulic acid (3), coniferyl ferulate (4), badrakemin acetate (5), fekolone (6), mogoltadone
(7), vanillin (8), 2-methoxy-4-(3-methoxy-1-propenyl)-phenol (9). Compounds 1 were lignans, 2 were polyacetylene, 5—7 were
sesquiterpene coumarins, and 3 and 4 were phenylpropanes Conclusion Compound 1 is a new compound; Compounds 2, 4 and 9
are isolated from the genus Ferula for the first time; Compounds 3, 6—8 are isolated from this plant for the first time. Compounds 4, 6 and
7 showed potential antitumor activity with 50% inhibitory concentration (ICso) values of 11.09, 17.95 and 23.06 umol/L, respectively.
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A B R BR S PR S, T BT R SR AT
AR, A0 K FHE R HE (1% . Sephadex
LH-20 HBERAT: il K 2] % e ROBUH (38545 (3 /)
BE S BA AR B ARG S, RS
o SR 1 2 7 VR S E SR B I 2k, R
THR BT AL (ECD) FEH & 4xt
7L [ AN HepG2 4 M Ay i e AR %t 43 5
15 B AR SV AT DU RIS PRI . AR R 2R
AR T 9 MEEY), 434 5E A teterrimanol
A (D 8 —BE (falcarindiol, 2)+ B4R (ferulic
acid, 3). BUELERFAMAEE (coniferyl ferulate, 4).
badrakemin acetate (5). fekolone (6). mogoltadone
(7). HFEEE (vanillin, 8). y-FEER T EHH
[2-methoxy-4-(3-methoxy-1-propenyl)-phenol, 9],
TG 1 N EY), B TREARIEERIEN T, R
F ECD #5€ 1 ¥t & i Zaxt 18, 40246 I
Lo WEPEMILAIREN], a4, 6 1 7 RILHE
FERIFU R E 1 -
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Fig.1 Chemical structure of compound 1

1 {EEMH

Bruker AVANCE 400 ( 'H-NMR, 400MHz;
BC-NMR, 100MHz). Agilent 6200 series TOF/6500
series (QTOF B.06.01) BSR4 . LC3000 il
B = BB A, iy YMC-Pack ODS-A
(250 mmX20 mm, 5 um; YMC Co. Ltd., Kyoto,
Japan). {#ZRER GF254 Akl eEfR (5 Sifgee
£ . ), Sephadex LH-20 3H ¥l ( Amersham
Biosciences A ]), JAH ODS HE (Merck A F]).
S BT A3 R o i A WLAGR, R EER
RIERE AR 7 dhs iARIGR (Cambridge
Isotope Laboratories, Inc. 3£ [H ).,

N4 HepG2 20 itk (oGS vh 28 4= dn Bt

FHERATD; MTT (LR REEREHRAFD;
DMEM #5753 (£[E Gibco A7); PBS (JLHZE
SEERMEAIRATD; JHEEAN (3£E Gibeo A F);
A [P0 TR (Rl BER A ]; DMSO (Fif
P TR R ARAFD; 5% CO, 4l ks 7246
(R E B CHRBH A FD; CKX31 58 Rt
(HZA Olympus A@); 96 FLANMIE:FEM ([
Corning A H]).

BB 24 A SR R B R IR H R X S8R
FeilT s BRIEDRNR S A 2 B R 4 e R B
B F teterrima Kar. et Kir. W g ILRAE T RIEER:
BEREAERRRAGMNELRE, W5 N
CAW20201022.

2 RESHE

SEMEM AR (1.0 kg) FTEEME, FHH R [l 52
I BT L IR 2 h, JE3REL 3 IR A IRFRIRIK
i J5 155 703.0 g FEEUY) . SREUI R KR &, I
A, BERR NS, IETEEREH, SFEW 3K, &
KSR A MRS 30.0 g BEER LR ERAL 343.0 o
1E T EREHAL 31.0 go

BEL 62 A H) (343.0 g) & IEMIRERHE (B
REAA, A LA T EE-BETER 056 (50 1,20 1 1,10 ¢
1L 501, 20016 10D BTRAEEBEM, 5a FARIR
FH 100%BEET Z.156 - 100% H B, 4 Fr A it 704 TLC
IHTE IR B3] 16 NS 0101~0116.

W7 0112 (24.0 g) SRS RERAE (A 70 2,
PAF I BE-BERR 206 (40 1. 20 1. 10 1) NEHE
BEATREEE e, S5 3 17 N 0201~0217; 4
430210 (125.0 mg) 4 AH -1l HPLC 435, LA
HlE-/K (75 1250 Nimshtl, AR E 5 mL/min,
BEMAEY) 3 (k=13 min, 23.0 mg). 4 (rr=15min,
1.3 mg). HUBFAIAH I LLR N FHEE-ZK (80 & 20),
AR 5 mL/min, HX 0205 (248.0 mg) £ AHF
#il# HPLC 2 B4t ), #3346 54 1 (=18 min,
3.0mg). 2 (k=40 min, 2.2mg). 5 (zx=94 min,
5.0mg). 6 (k=46 min, 9.1 mg). 7 (=50 min,
8.2mg). 8 (1rg=13 min, 14.9 mg) 1 9 (rg=14 min,
6.6 mg).

3 HHkE

WEY 1: RE AR [o]r-1.807 (¢ 0.83,
CH;OH); £ HR-ESIMS m/z: [M+Na]*335.126 3 (it
HAA 335.125 9, CioH204Na) #fi € H 70 7K h
CioH2004, AHEAIE N 10, '"H-NMR (R 1) IR,
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#£1 A41HH NMR (400 MHz) 1 3C NMR (100
MHz) ##& (in CDCl)

Table 1 'H and '3C-NMR spectral data of compound 1
(400/100 MHz, in CDCl3)

/30 du de
1 134.7
2 6.75 (1H, d, J=1.6 Hz) 110.6
3 146.6
4 144.3
5 6.86 (1H, d, /= 8.1 Hz) 114.3
6 6.76 (1H, dd, J=8.1, 1.6 Hz) 120.7
7 4.13 (1H, dd, J=6.6, 6.8 Hz) 52.0
8 6.09 (1H, ddd, J=6.8, 10.4, 17.2 Hz) 140.4
9 5.13 (1H,d,J=17.2 Hz) 115.4
5.17 (1H, d, J=10.4 Hz)
1 130.0
2' 6.89 (1H, brs) 108.2
3 146.5
4’ 145.2
5 6.86 (1H, d, /= 8.1 Hz) 114.3
6’ 6.88 (1H, overlapped) 119.9
7' 6.33 (1H, d, J=15.6 Hz) 130.3
8’ 6.20 (1H, dd, J=15.6, 6.6 Hz) 129.8
3-OCHs 3.89 3H, s) 55.94
3"-OCH3 3.88 (3H, s) 55.90

e XL H I 2 HHEEAE S [ou 3.88 (BH, s,
3-OMe), 3.89 (3H, s, 3-OMe)]; FEAKI7 X A7 6 N AHL
RIERE 7155 [0u 6.86 (2H, d, J = 8.1 Hz,
H-5")5), 6.88 (1H, overlapped, H-6"), 6.89 (1H, brs,
H-2"), 6.76 (1H, dd, J=8.1, 1.6 Hz, H-6) #16.75 (1H,
d,J=1.6 Hz, H-2)]; ZALEWEM I BTG 5 AN
JRFA5S [on 6.33 (1H, d, J = 15.6 Hz, H-7"), 6.20
(1H, dd, J = 6.6, 15.6 Hz, H-8"), 6.09 (1H, ddd, J =
6.8, 10.4, 17.2 Hz, H-8), 5.13 (1H, d, J = 17.2 Hz,
H-9a), 5.17 (1H, d, J = 10.4 Hz, H-9b)]; 1 MK XL
=5 [on 4.13 (1H, dd, J = 6.6, 6.8 Hz, H-7)]; 44
13C NMR. DEPT M HSQC i, KIZb&EW&H
19 M55, K ss 2 MHEEE S [6c 55.90
(3-OMe), 55.94 (3-OMe)], 1 Mé&EWE CH, 185 dc
115.4 (C-9), 101 CHE'S [dc 114.3 (C-5), 119.9
(C-6"), 108.2 (C-2"), 130.3 (C-7", 129.8 (C-8"), 52.0
(C-7), 140.4 (C-8), 114.3 (C-5), 120.7 (C-6), 110.6
(C-2)], 6 1 C155 [dc 146.5 (C-3"), 145.2 (C-4'),

130.0 (C-1"), 146.6 (C-3), 144.3 (C-4), 134.7 (C-1)].

RN & 1 B 'H-"H COSY i, L&k 3 41
H it 1§ & & & . H-2/H-5/H-6, H-2/H-5/H-6',
H-9/H-8/H-7/H-7/H-8's izt &4 HMBC 1
ORI 8 HImFAEMKAE S, H2 5 C-3,C4, H5 5
C-4, H-7 5 C-1, C-2, C-6, H-2'5 C-3',C-4', H-5'
5 C-4', H-7'5 C-1',C-2", C-6"- fiftHfr 2 NHEIEN)
HMBC #2555 &3, 3-OCH; Al 3-OCH; 435 5
146.6 (C-3)F1 146.5 (C-3"HH%, #fie HAA L7l %
BT C3 M C-37. Z7E FiR¥dR S R ik &
Y1 TS . LA 2.

'H-'H COSY

,—~ HMBC

2 &1 KMEE 'H-'H COSY #1 HMBC HXES5
Fig. 2 Key 'H-'H COSY and HMBC correlations for

compound 1

1t Discovery studio 4.0 94, RABEHIER
(17575, SRAS REETE 10 keal/mol A K REEMIZ,
PSRN IR RLE Gaussian 09UV A v D)% FE V2 bRy
i (DFT) N3, {E cam-b3lyp/6-31g /K7 T it
1Tk . B AL E B iz Y R — Be KF B3EAT 4
BIME, P34 R R IX e R A, X REE
£ 0~2.5 keal/mol WIS, ML & I fl b 26 B vz
BELS (TDDFT), & BRI HIKF BT 40 A
BRI T ZERIEFIX ECD & 1520,
THE R TR IE S A ALY (polarizable
continuum model, PCM). #Ja, NI H %25
HidEAT 7 ECD #4L), 5 2% ECD it i SpecDis 1.63[1]
TR A o

AR ITEEEAC S 1 KPS ECD Jbi,
I HL 5 I AR SERROGIE REAT HEX . ] 3
fi7n, 1E TD-cam-b3lyp/6-31g// cam-b3lyp/6-31g 7K
BT R ) ECD i B 5 LR A& R AT AR
Kt ECD e, ATRAKHLE) 1 b Pk 4
AR BR8N R ML . 2 S58ARIEY, e
HNRERIE R EY), R NRTEIER A.

b &Y 2: TEMRY) . ESI-MS m/z: 261 [M+
HI", 73 73N C17H2402. 'H-NMR (400 MHz, CDCl5)
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Fig. 3 Experimental and calculated ECD spectra of

compound 1

d: 5.94 (1H, ddd, J = 5.6, 10.4, 16.0 Hz, H-2), 5.63
(1H, m, H-10), 5.52 (1H, brd, J = 8.4 Hz, H-9), 5.48
(1H, d, J= 16.0 Hz, H-1a), 5.26 (1H, brd, J = 10.4 Hz,
H-1b ), 5.20 (1H, brd, J = 8.4 Hz, H-8), 4.94 (1H, brd,
J =752 Hz, H-3), 2.11 (2H, m, H-11), 0.88 3H, t, J =
6.5 Hz, H-17); '3C-NMR (100 MHz, CDCl;) J: 117.4
(C-1), 135.8 (C-2), 63.5 (C-3), 78.2 (C-4), 70.3 (C-5),
68.7 (C-6), 79.9 (C-7), 58.6 (C-8), 127.7 (C-9), 134.7
(C-10), 27.7 (C-11), 29.2 (C-12), 29.1 (C-13), 31.8
(C-15), 22.6 (C-16), 14.1 (C-17). VA% 5 CHkik
TEHEAR—F2), Kb &Y 2 R T R
&Y 3: I AE A, ESI-MS m/z: 195 [M+
HI*, 4> T3 A CioH1004. 'H-NMR (400 MHz,
pyridine-ds) o: 8.10 (1H, d, J = 15.8 Hz, H-7), 7.55
(1H, brs, H-2), 7.26 (1H, brd, J = 8.0 Hz, H-6), 7.18
(1H, d, J = 8.0 Hz, H-5), 6.86 (1H, d, J = 15.8 Hz,
H-0), 3.75 (3H, s, 3-OCH3); *C-NMR (100 MHz,
pyridine-ds) J: 127.4 (C-1), 117.3 (C-2), 149.4 (C-3),
151.2 (C-4), 117.8 (C-5), 123.8(C-6), 145.3 (C-7),
111.8 (C-8), 171.2 (C-9), 56.3 (3-OCH3). LA F#¥E 5
SCHRARE B A — Y, S E A 3 NFTEER .
&Y 4: I EE A, ESI-MS m/z: 357 [M+
H]", 43 T3 A CaH206. 'H-NMR (400 MHz,
pyridine-ds) 0: 8.00 (1H, d, J = 15.9 Hz, H-7), 7.33
(1H, d, J = 1.6 Hz, H-2"), 7.25 (1H, dd, J = 1.8, 8.2
Hz, H-6), 7.22 (1H, d, J = 8.2 Hz H-5"), 7.21 (1H, d,
J =82 Hz, H-5), 7.19 (1H, d, J = 1.8 Hz, H-2), 7.11
(1H, dd, J= 1.8, 8.2 Hz, H-6"), 6.80 (1H, brd, J = 15.9
Hz, H-7'), 6.69 (1H, d, J= 15.9 Hz, H-8), 6.44 (1H, dt,

J=6.4,15.9 Hz, H-8'), 5.00 (2H, d, J = 6.4 Hz, H-9),
3.77 (3H, s, -OMe), 3.76 (3H, s, -OMe); '3C-NMR
(100 MHz, pyridine-ds) J: 135.3 (C-1), 111.9 (C-2),
151.7 (C-3), 149.3 (C-4), 121.6 (C-5), 129.0 (C-6),
146.2 (C-7), 117.3 (C-8), 167.7 (C-9), 124.1 (C-1",
110.9 (C-27), 149.4 (C-3"), 149.3 (C-4"), 121.1 (C-5"),
127.6 (C-6", 117.1 (C-7'), 115.7 (C-8"), 65.9 (C-9",
56.3 (-OMe), 56.3 (-OMe). LA b %¥E 5 sCikikiE 3
A=Y, WEENEY) 4 NPTBLRRIAMNE

WA 5: FEEERAK . ESI-MS m/z: 425 M+
HJ*, 4> T 3N CaH3205. 'H-NMR (400 MHz, CDCl3)
d: 7.65 (1H, d, J = 9.6 Hz, H-4), 7.37 (1H, d, J = 8.6
Hz, H-5), 6.85 (1H, dd, J = 2.4, 8.6 Hz, H-6), 6.82
(1H, d, J=2.4 Hz, H-8), 6.25 (1H, d, J = 9.6 Hz, H-3),
4.93 (1H, brs, H-12'b), 4.70 (1H, brs, H-3"), 4.55 (1H,
brs, H-12'a), 4.23 (1H, dd, J = 4.1, 9.6 Hz, H-11'a),
4.18 (1H, dd, J=17.9, 9.6 Hz,H-11"), 2.48 (1H, d, J =
12.3 Hz, H-7), 2.34 (1H, m, H-9"), 2.16 (1H, dt, J =
4.6, 12.3 Hz,H-7"a), 0.93 (3H, s, H-14"), 0.89 (3H, s,
H-13"), 0.88 (3H, s, H-15"); *C-NMR (100 MHz,
CDCls) 6: 161.3 (C-2), 113.1 (C-3), 143.4 (C-4), 128.7
(C-5), 113.0 (C-6), 162.3 (C-7), 101.4 (C-8), 155.9
(C-9), 112.5 (C-10), 32.5 (C-1%, 23.3 (C-2", 77.8
(C-3"), 36.9 (C-4), 49.3 (C-5), 23.2 (C-6"), 37.4
(C-7"), 146.4 (C-8"), 54.8 (C-9", 38.7 (C-10"), 65.6
(C-11"), 107.8 (C-12"), 21.9 (C-13"), 28.1 (C-14"), 15.3
(C-15", 170.7 (C-1"), 21.3 (C-2"). LA E#¥E 5 ik
g A —FB], WEEHAEY) 5 N badrakemin
acetate.

thEY) 6: I E A, ESI-MS m/z: 381 [M—+
H]", 20 T 3N CasHas04. 'H-NMR (400 MHz, CDCl3)
d:7.65 (1H, d, J = 9.4 Hz, H-4), 7.37 (1H, d, J = 8.6
Hz, H-5), 6.85 (1H, dd, J = 2.4, 8.6 Hz, H-6), 6.82
(1H, d, J=2.4 Hz, H-8), 6.25 (1H, d, J = 9.4 Hz, H-3),
545 (1H, brt, J = 6.5 Hz, H-9'), 5.03 (1H, brs,
H-15"), 4.88 (1H, brs, H-15b), 4.61 (2H, d, J = 6.5
Hz, H-11'), 1.76 (3H, s, H-12", 1.02 (3H, s, H-13"),
0.7 (3H, s, H-14"; *C-NMR (100 MHz, CDCl3) o:
161.3 (C-2), 113.0 (C-3), 143.4 (C-4), 128.7 (C-5),
113.2 (C-6), 162.1 (C-7), 101.6 (C-8), 155.9 (C-9),
112.5 (C-10), 30.7 (C-1"), 37.6 (C-2"), 215.1 (C-3"),
49.0 (C-4", 55.9 (C-5'), 25.4 (C-6"), 37.3 (C-7"), 141.9
(C-8"), 118.8 (C-9'), 144.7 (C-10"), 65.4 (C-11"), 16.8
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(C-12%, 27.2 (C-13"), 21.3 (C-14"), 113.5 (C-15"). LA |
i 5 SR E F AR — S, WS ENEY) 6 R
fekolone.

b &907: Ak A ESI-MS m/z: 381 [M+H]',
313N CHz040 "H-NMR (400 MHz, CDCls) 4
7.63 (1H, d, J=9.5 Hz, H-4), 7.36 (1H, d, J = 8.3 Hz,
H-5), 6.80 (1H, dd, J = 2.4, 8.3 Hz, H-6), 6.78 (1H, d,
J = 2.4 Hz, H-8), 6.25 (1H, d, J = 9.5 Hz, H-3), 4.90
(1H, s, H-12'a), 4.81 (1H, s, H-12b), 4.26 (1H, dd, J =
6.2, 9.9 Hz, H-11"a), 4.04 (1H, dd, J = 5.8, 9.9 Hz,
H-11), 1.21 (3H, s, H-13"), 1.14 (3H, s, H-14"), 1.06
(3H, s, H-15"); '3C-NMR (100 MHz, CDCl;) ¢: 161.1
(C-2), 113.0 (C-3), 143.3 (C-4), 128.8 (C-5), 113.2
(C-6), 161.7 (C-7), 101.6 (C-8), 155.9 (C-9), 112.6
(C-10), 35.5 (C-17), 35.1 (C-2"), 215.7 (C-3"), 47.9
(C-4"), 47.7 (C-5"), 23.9 (C-6"), 32.1 (C-7"), 146.1
(C-8"), 56.1 (C-9"), 37.4 (C-10), 68.1 (C-117), 112.2
(C-127), 25.8 (C-13"), 21.1 (C-14"), 22.3 (C-15". LA
Bl 5 SRR E A — 00, WS ENEY T R
mogoltadone.

WE 8: AEEANA . ESI-MS m/z: 153 [M+
H]", 4 F30N CsHsOs3. 'H-NMR (400 MHz, CDCl3)
d: 9.83 (1H, s, H-7), 7.42 (1H, brd, J = 8.5 Hz, H-6),
7.42 (1H, brs, H-2), 7.04 (1H, d, J = 8.5 Hz, H-5),
3.96 (3H, s, 3-OCH3); *C-NMR (100 MHz, CDCls) ¢:
56.1 (3-OCH3), 108.8 (C-5), 114.4(C-2), 127.5 (C-6),
129.9 (C-1), 147.2 (C-3), 151.7 (C-4), 190.9 (C-7). LA
T HE S SRR IE S AR 0T, MU A 8 N
4-F2HE-3- AL R, R A i

&Y 9: I AE A, ESI-MS m/z: 195 [M+
HI*, 73 73N CiiH1405. 'H-NMR (400 MHz, CDCls)
d: 6.92 (1H, brs, H-2), 6.89 (1H, brd, J = 8.1 Hz, H-6),
6.86 (1H, d, J = 8.1 Hz, H-5), 6.53 (1H, d, J = 15.6
Hz, H-7), 6.13 (1H, dt, J = 15.6, 6.4 Hz, H-8), 4.07
(2H, d, J = 6.4 Hz, H-9), 3.90 (3H, s, 3-OMe), 3.38
(3H, s, 9-OMe); BC-NMR (100 MHz, CDCls) 6: 55.9
(9-OMe), 57.9 (3-OMe), 73.2 (C-9), 108.3 (C-7),
114.4 (C-2), 120.4 (C-5), 123.6 (C-6), 129.3 (C-1),
132.6 (C-8), 145.6 (C-4), 146.6 (C-3). LA -%¥E 5
PR IE AR — 820, SR E ) 9 O y-H A
R
4 pREEMHAR

KA MTT VER G 40 i e v KA Tx 4k

AR EUS, BLSX 10 AN /mL )% B
T 96 LB, FFLIA 200 pL (2R, ik
B2 ARG IR R DL 2% B 77 L 0 € %o B 2O B
(A) fHRIFZmE, FLARE I 200 uL PBS $H 78, JHCE
TEFRFE TR TR AP R EE 5, LD 0.5 uL 8
mmol/L [FFltk&4), BAPEXTBEFLIA 0.5 pL 8
mmol/L [ FH 1 25 A2 B (taxol), XFHEZH A 0.5 pL
(¥ DMSO, 4K HE 3 MEIL, B TWHET R,

24 h JEHUHALIR, fERERRIE T, FESEIR LRSI
A 20 uL MTT ¥, BI85 5 E T M. 4 h
J& o, BUH AL, B B3E R NGE 5, B 150 pL
DMSO, B THK LR, i HIas & s i e
FH B IEG G 2 A AE 490 nm KN AGI 4, FEFIFH 25K
THEL 2590508 120 B ) 2

B =1—(4 ss—A )4 ym—A 2r1)

=2 kA4, 6. 73 HepG2 APAIHNEIEM
Table 2 Inhibition effects of compounds 4, 6 and 7 on
HepG2 cells

&) ICso/(umol-L ™)
4 11.09
6 17.95
7 23.06
Taxol <<0.008

5 e
Jief g A2 7 L N 28 B R R I B K, T
) ST 2 L3R AT T VG YT — B2 2 A4k
e BRI . MBS IR 2 Hh Sk AT BT A
IT IR R 259 HLEE S A GBI RS T $i, AT
PN BB B G S AL B . ASHIE TR B & Fh (i o)
BIHARFIIAR W FHAR, ISR EE R 16 )2
EEH s et 9 MRy, HARha
RNFAEY, I BECD W E 2 T WA
1 4 RS . B R v 1 ik S a4 R L &
V) 4. 6 F1 7 X HepG2 40 Hu ik F I HVE 72 I 40 B B3
TR AN IR BRI 2 SRR B AE BT e 2454 77 THI (1)
BT RAR ML T — 5 R SCFF .
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