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[Abstract] Objective To investigate the chemical composition of the underground parts of Ferula
songarica Pall. ex Schult., and to evaluate the antiproliferative activity of its isolated compounds on gastric cancer
HGC-27 cells. Methods The air-dried, powdered underground parts of Ferula songarica Pall. ex Schult. were
extracted with 95% ethanol, followed by sequential liquid-liquid partition with petroleum ether,
dichloromethane, and ethyl acetate. The dichloromethane fraction was systematically isolated and purified by
silica gel column chromatography combined with semi-preparative HPLC. The structures of the obtained
compounds were elucidated by NMR, MS, and other spectroscopic analyses, together with their
physicochemical properties. The in vitro anti-proliferative activity of the obtained compounds against human
gastric cancer HGC-27 cells was evaluated using the MTT assay. Results 5 monomeric compounds were
isolated and identified, namely (5R,6R,9S,10S,115)-1,1,5,6-tetramethyldecahydro-6,10-methanoazulen-11-yl-4-
hydroxybenzoate (1), jaeschkeanadiol (2), 6-angeloyl-10-hydroxy-jaeschkeanadiol (3) lancerdiol vanillate (4),
and 10-epi-y-eudesmol (5). The evaluation results of anti-gastric cancer activity showed that compounds 1, 3,
and 4 had significant inhibitory effects on the proliferation of gastric cancer HGC-27 cells, with half-maximal
inhibitory concentrations (IC,,) of 18.55, 32.82, and 19.17 mmol/L, respectively; compound 5 exhibited only
weak inhibitory activity (IC;>50 mmol/L), while compound 2 showed no significant inhibitory activity (IC,>
100 mmol/L). Conclusion Compound 1 is a new compound, and compounds 2 to 5 were isolated for the first
time from Ferula songarica Pall. ex Schult.. In vitro antiproliferative activity evaluation shows that compounds 1,
3, and 4 have significant inhibitory effects on human gastric cancer HGC-27 cells. This study provides
experimental evidence for the in-depth exploration of anti-gastric cancer active ingredients in Ferula songarica

Pall. ex Schult. and the development of medicinal substitute resources for Ferula.

[Keywords] Ferula songarica Pall. ex Schult.; Chemical composition; Spectral identification; HGC-27

cells; Anti-proliferative activity
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1.1 FENEH
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ILER B A R AR ) s BT-125D 8 1 KF (b
AL R R 2R A RS F] ) 5 LC3050N #4>:
Hl AR O (bR flFnE R A BRA A 5
Bruker Avance Il 600 %Y #% 0 3 % 1 i 4L (&
Bruker /AH] ) ; ZF-7 BUF-HE LI B4 (T e
JRAXER A BRAF] ) 5 Epoch 4 I K il 47 X
([ BioTek A H] ) o
1.2 FEHRGIKF

AGRES T FH 2568 R AR TR iR 4t 57k AR X
W XA R ELTAR I &, g R R HIR X 2
Yy BIF 9% B A7 % U BIF 9% B S5 Ry o RE O BT AR
(Ferula songarica Pall. ex Schult.) FJ# N4, &
WG M FRA (654225240717024LY) 547 T 57 5
AeEIR AR XIS BE 250 % 5 b (A RE AR
(F R EATARAR); AR Lichroprep
Rp-18 (At iBHRHEAFRAF) s Ryoung Cq il
#H (150 mmx10 mm, 5 pm, 3 E KR
ARRAF); WL (A6 2R AR AP ARAT R
oA, iS5 DR0O540, ZiifE >99%); DMEM k3
IRt (27 i MR B ey A R A R, it
5 D917524); Fede s (TR S X RE 5L
¥ A s, 5. 164210-50); —HI LA
(DMSO, dt s KEERHE AR AR, #H5 .
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(100 : 1 —5:1) F_E@PE-—AmBHAR (50:
1—0: 1) HATEEEVENL, A IRV A 2
7AW (Fra~Fr.7).

Fr.3 (295.38 ¢) Zf1illit-Z MR LERER (1:
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1~Fr.3-12), Fr.3-2 (17.04 g) 4k&zLIAHIRIAR 2456
BEPEE, 458 11 A 4 (Fr.3-2-1~Fr. 3-
2-11),
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W4y (Fr.3-2-7-1~ Fr.3-2-7-5) ., H(Fr.3-2-7-
4 (618.4 mg) ZHIFAVHZ AL (Al : 4R
ZEE=3:1) /a8 8 (Fr.3-2-7-4-
I~ Fr.3-2-7-4-8) . M, 21l 25 WA 3
(76% HEEAK) 2ifh, BEEY3 [1.5 mg,
BARHE] (1) =20.9 min]; Fr.3-2-7-4-2 22 [A)kES%
1 (76% WEEAK) difk, 15252 (37.6 mg,
tx =39.8 min),
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(62 mg) LVl (s (82% HREK) 78S,
55 8 M4y (Fr.3.2.11.35.1~Fr.3.2.11.35.8) .
Hrr, Fr.3.2.11.353 (162 mg) #F—L 224
WAH S (719 FEEK) difth, BEAEY 4
(4.5 mg, t;=41.8 min),

Fr.2 (264.9 ¢) ZATME-ZL R OTRIER (1:
0—0: 1) #EEVER, & JF1% % 94 ¥ 4
(Fr.2-1~Fr.2-9), Fr.2-2 (24.421 ¢) F-RLIAR
IRZBREEVENG, 19847 M (Fr.2-2-1~Fr.2-
2-47), Hrp, Fr.2-2-37 &HI8REE AR (4
MWt LR OTR=30: 1) /&, BELEYS
(58.1 mg).
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U, AR 120 CoH,005, AUFEER 9, IR
REEIFA WL (3344 em™) FIERIE (1603 em™)
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Bz WEA 4N HEGS, §: 077 (1H,
s, H-12), 094 (1H, s, H-13), 0.86 (1H, s,
H-14), 0.84 (1H, s, H-15); 14 1,4-_—HUft
#6.87 (2H, d, J=8.8Hz, H-3'/H-5") F17.99
(2H, d, J=8.8Hz, H-2'/H-6"), LI 5 IH
BG5S (RD. AR R TR C-
NMR (150 MHz, CDCly) ¥, &% 22 k(s
5, Hiafhie N FmEs . 7MRES . 54
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PE, B R T A ) R e TH-
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[ H-1115 C-7"#M12¢, FBIZ L % B2 7e W
M L, 5CH A Y tschimgin (bornyl p-
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B B HIOR E 7 A b 3R A% R B ZE RN
(ROESY) ik 765 1 BYAHX Y . 7E'H
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11 5 H-13/H-14/H-15 H1¢ . H-9 5 H-12/H-14/
H-15/H-10/H-8B #H ¢ . H-8B 5 H-2B/H-4B/H-
TBAHA, WEWIH-9, H-10. H-11. H-14. H-15
[FAbF B P (E2), Rik—SHEuenh e ks
Y1 L XA R ARG SR R G SR AE 5 Be T
BAHLE AR . B el s T e e 54
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ECD) $#, ARAGFHRRIE RS e i 7 B L R R
Cotton AN A5 53 [RIB}, iz FHIET% 1z R e
(density functional theory, DFT) [ A [ A4 i 2355
7z P B i (time—dependent density functional
theory, TD-DFT) J5i%, 7EG B /KFFXF
&Y G R T R, LG
FIR 5 ECD 3% & 5 TD-DFT i34 fr 5 1Y #H18 ECD
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F1 &4 15 'H-NMR 1 °*C-NMR #1E
(600 MHz/150 MHz, CDCl,)
Table 1. '"H-NMR and "*C-NMR spectral data of
compound 1 (600 MHz/150 MHz, CDCl,)

Tieis 8y 5

1 33.4
2 1.43 (m) 40.7
2B 1.38 (m)

3a 1.56 (m) 225
3B 1.56 (m)

4o 151 (m) 35.3
4B 1.43 (m)

5 50.7
6 52.0
ZE 2.00 (dddl,.2?4.(3n,l)9.4, 4.8) 211
zg 1.32 (dddl,.8(1)3.(ln,l)9.4, 4.1) 204
9 1.96 (d, 4.3) el
10 1.36 (d, 5.0) 61.0
11 542 (dd, 5.0, 2.2) 81.0
12 0.77 (s) 28.9
13 0.94 (s) 28.9
14 0.86 (s) 22.4
15 0.84 (s) 13.4
1 1235
2 7.98 (d, 8.8) 131.9
3 6.87 (d, 8.8) 115.1
4 159.4
5 6.87 (d, 8.8) 115.1
6 7.98 (d, 8.8) 131.9
7 166.1

B1 &% 1/EE 'H-"H COSY FnHMBC #5%
Figure 1. Key '"H-"H COSY and HMBC
correlations of compound 1

WU 37 . TR T3 BE K Cotton 50N 1) T fik b1 52
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MS S5 F AR AR XS R RS, i — 20 0 E T A 7R
WS aal SEPE . PSR E S 1 -5,
C-6. C-9. C-10, C-11 i /Y 45 %} ¥ % 4 SR,
6R, 9S, 108, 11S. ZEAVI LT, WEib&Y1
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E2 &% 1 MEZNOESYHX
Figure 2. Key NOESY correlations of compound 1
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compound 1

JHACEY) . fivds M Ferulasong D
222 A2

e &2 R EHRY) . ESI-MS:  m/z 238.19
[M+Na]*, 7138 CsHy,0,. 'HNMR (600 MHz,
CDCl;) &: 5.43 (1H, brt, J=9.0 Hz, H-9), 3.90
(1H, t, J=10.2, 3.0 Hz, H-6), 2.35 (1H, m,
H-7a), 221 (1H, dd, J=14.4, 2.4 Hz, H-7b),
2.12 (1H, sept, J=6.6 Hz, H-11), 2.01 (1H, dd,
J=15, 9.0 Hz, H-10a), 1.96 (1H, dd, J=13.8,
8.4 Hz, H-3a), 1.84 (1H, dd, J=15, 3.0 Hz, H-
10b), 1.78 (3H, s, H-14), 1.68 (1H, d, J=
10.2, H-5), 1.54 (1H, d, J=13.8, 7.8 Hz, H-
3b), 145 (1H, d, J=12.0, 7.8 Hz, H-2a), 1.18
(1H, m J=12.0, 7.8 Hz, H-2b), 0.99 (3H, s, H-
15), 094 (3H, d, J=6.6Hz, H-13), 0.90 (3H,
d, J=6.6 Hz, H-12), “"CNMR (150 MHz, CDCl,)
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8: 43.1 (C-1), 41.3 (C-2), 32.5 (C-3), 87.1 (C-
4), 62.0 (C-5), 68.1 (C-6), 42.2 (C-7), 133.6 (C-
8), 124.1 (C-9), 45.3 (C-10), 38.2 (C-11), 17.3
(C-12), 185 (C-13), 27.9 (C-14), 19.9 (C-15).
DL St Sk 0 R AR B, SRS
¥ 2 A jaeschkeanadiol .
223 &3

&Y 3 M T ETRY . ESI-MS: m/ 336.23
[M+Na]*, 73 F M CyHs 0,0 "HNMR (600 MHz,
CDCly) 8: 6.10 (1H, qq, J=7.2, 1.2 Hz, H-3'),
574 (1H, brd, J=7.8Hz, H-9), 528 (1H, d,
J=10.8, 3.6 Hz, H-6), 3.83 (I1H, dd, J=7.2,
3.0 Hz, H-10), 2.72 (2H, m, H-5/7a), 2.18
(1H, dd, J=14.4, 3.6 Hz, H-7b), 2.00 (1H, qq,
J=72, 1.2Hz, H-4"), 1.93 (I1H, m, H-11), 1.88
(3H, qd, J=1.2Hz, H-5"), 1.82 (3H, s, H-14),
1.76 (1H, m, H-3a), 1.59 (1H, m, H-3b), 1.42
(1H, m, H-2a), 1.36 (1H, m, H-2b), 1.10
(3H, s, H-15), 0.94 (3H, d, J=6.6 Hz, H-13),
091 (3H, d, J=6.6Hz, H-12), "CNMR (150 MHz,
CDCly) &: 47.8 (C-1), 362 (C-2), 31.1 (C-3),
86.4 (C-4), 495 (C-5), 709 (C-6), 404 (C-
7), 136.5 (C-8), 127.2 (C-9), 73.1 (C-10), 374
(C-11), 17.6 (C-12), 18.6 (C-13), 27.7 (C-
14), 209 (C-15), 1684 (C-1"), 127.5 (C-2'),
139.2 (C-3'), 16.0 (C-4"), 20.7 (C-5"). LI L%k
P53k ) R RA S, WE R A I3 N 6-
angeloyl-10-hydroxy—jaeschkeanadlol .
224 o4

& 4 I EiRYr . ESI-MS: m/z 402.20
[M+Na] *, 43T CuHy040 'HNMR (700 MHz,
CDCL,) 6: 7.65 (1H, d, J=8.4, 2.1 Hz, H-6'),
7.57 (1H, d, J=2.1 Hz, H-2"), 697 (1H, d, J
=8.4 Hz, H-5'), 6.18 (1H, m, H-7), 6.08 (1H,
dt, J=11.2, 2.1 Hz, H-6), 3.96 (3H, s, 3’
-0CH,;) 2.73 (1H, d, J=16.1 Hz, H-10a), 2.62
(1H, d, J=16.1 Hz, H-10b), 2.49 (1H, d, J=11.2
Hz, H-5), 2.01 (IH, m, H-11), 1.89 (3H, t,
J=2.1Hz, H-14), 1.81 (1H, m, H-3a), 1.67 (2H,
m, H-3b/2b), 1.40 (1H, m, H-2a), 1.25 (3H,
s, H-15), 0.95 (3H, d, J=7.0 Hz, H-13), 0.86
(3H, d, J=7.0 Hz, H-12), "“C NMR (175 MHz,
CDCLy) &: 42.3 (C-1), 413 (C-2), 323 (C-3),
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86.7 (C-4), 54.7 (C-5), 72.6 (C-6), 1385
(C-7), 136.0 (C-8), 201.3 (C-9), 58.6 (C-10),
37.0 (C-11), 17.5 (C-12), 185 (C-13), 21.9
(C-14), 20.5 (C-15), 124.6 (C-1"), 1219 (C-2"),
112.1 (C-3"), 56.3 (3'-OMe), 150.7 (C-4"),
146.6 (C-5"), 1144 (C-6'), 166.2 (C-7"), LI I
B scmk T I RAR B, MUERE A4k
lancerdiol vanillate ,
225 &5

A5 I EMPIRY) . ESI-MS: m/ 222.20
[M+Nal*, 1=k CH,0. '"HNMR (700 MHz,
DMSO-d,) &: 2.54 (1H, m), 2.04 (1H, m), 1.95

947

(1H, m), 1.90 (1H, m), 1.75 (1H,
(1H, m), 1.65 (1H, m), 1.56 (1H, m), 1.46
(IH, m), 1.37 (2H, m), 1.31 (1H, m), 1.62
(3H, s, H-15), 1.09 (3H, s, H-14), 1.08 (6H,
d, J=2.8 Hz, H-12/13) . "C NMR (175 MHz,
DMSO-d,) &8: 38.8 (C-1), 18.7 (C-2), 31.9 (C-3),
1238 (C-4), 1314 (C-5), 247 (C-6), 447
(C-7), 21.5 (C-8), 380 (C-9), 33.7 (C-10), 71.8
(C-11), 264 (C-12), 273 (C-13), 194 (C-14),
28.4 (C-15). DA b%ode 5 3k % 4l 34—
H, WEEMEYS M 10-epi—y—eudesmol .
B 1~5 A S5 R ULIE 4.

m), 1.68

15 OH
' 1.0
9
109 5 } 14
5 S 1 HO=-38 !
» HO=—"-\§8_Z 12—y H':
Z.3 12— H : "\ 0o
Y .y . 11\ OH 13 1"
\ OH 2 s
&7 X
1 2 3
15 0
@ 10 9 14
8 14
s s -
HO= H 67/ 5
2 N s 107 8
1 11\ , O o $ 67 1M _12
. \
N OH
» 13
5 15
I *“ocH
HO 3

B4 {LEW1~5HL
Figure 4. The chemical structures of compounds 1-5

2.3 {EIMARAEEEEM
231 Fik

K I MTT 2600 5 A6 G 90 1~5 %5 A i 40 i
HGC-27 MR A EE TG 4 o OGS 2R R A A
B HGC-27 4, VRN i 2 8x10*4/mL,
PLEEAL 100 wL B9 FREERD T 96 LA ML 1 b
W RERN IS 1 96 FLMR B T4 ML 37 9, 78 HLES
FsAF (37 °CL 5% CO,) FHiFR24h, FAIETE
SYIRE . REANMEIGRESS , 10145 SEOG AL b 2 im
AEE Y 1~5, MREFL2G P LMk BEAR IR N 6.25
12.5. 25, 50, 100 pmol/L, FMHERE 3 NE
flo BT EZS A (UNEEFREE, ASngne
25%)) . PAVEXTHRAL CImamp ke Bs 373, Nnfs
WAL D) . PHMEXTHRAL Cngnft . B3R K
PEXTRRZG 5 o AT 32140 A B BH P X R
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2P EA A DL DMSO % i, I8 s R LB %)
T B BT, W45 45 25 9L+ DMSO 12k
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