KZF=PHEREL TR

RE, BREE2Z, 22, BN, F 2 ESR YRR TR, P8 810007; 2. JPEEL
K2, BT 5302005 3.0 RGEKFZ R, i 430074)

WE: BR A EEFZ PO ERS AL HRERETMT., FE KA DI0L, HP20 K3L#HAE, #ikaEE#%, AR
BRREE, HACRMEEST S5 EHHFHE, MS. 'H-NMR #= BC-NMR ¥ % # % %3 K A& ECD i F 5 o4
L4y, IR RIA MTT k39 B 13 5] 69 Bk S AT i e Z B ey fhik, R MR ZF 2 95% LB RN 69 6 id Bt A= T
B LBs IR P 5 FF 5] 10 Mes, 2% % A F 28 D). thymoquinol 5-O-8-glucopyranoside(2). thymoquinol
2-0-p-glucopyranoside(3). 2R",3S"-toxol-7-O-B-D-glucopyranoside(4) . 6- ¥ £ k-1 R E8-7-O-p-D-F E ¥ (5). T H P F-4'-
Y & K -7-0-p-D- & & # ¥ (6) . 6-hydroxykaempferol-7-O-p-D-glucopyranoside(7) . eupatonriochromene(8) .
demethoxyencecalin(9), encecalin(10), 1t&-4 10 3% 4nfed ICsofE 4 178.4 pmol-L~', £5i®  H P4ddh 1 Ak
Ly, AW 6 ABRANEFEZEFTS BB, AW 2, 3, TAHBRANEZFZP 5 E/3, 00 10 S FRmi
Eca-109 LA — 5 4 fm fL & 7% % .

KR REFZ; LF Ry HAIREAEERE; BB
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Study on Terpenoids from Eupatorium Adenophorum Spreng.

SONG Ping', CHEN Minyu?, WANG Yan', YANG Xinzhou?3, LIANG Xu>?*", YUAN Jingquan®"(1.School of
Chemistry and Chemical Engineering, Qinghai University for Nationalities, Xining 810007, China; 2.Guangxi University of
Chinese Medicine, Nanning 530200, China; 3.School of Pharmaceutical Sciences, South-Central University for Nationalities,
Wuhan 430074, China)

ABSTRACT: OBJECTIVE To study on the terpenoids and their pharmacological activities in Eupatorium adenophorum
Spreng. METHODS D101, HP20 macroporous resin, silica gel columnchromatography, dextran gel chromatography, high
performance liquid chromatography and other methods were used for separation analysis. Their structures were determined by
MS, 'H-NMR and 3C-NMR and other spectrographic techniques, as well as ECD calculation. The cytotoxic activity of these
compounds were screened by the MTT method. RESULTS Ten compounds were isolated from the petroleum ether and ethyl
acetate extraction fractions of 95% ethanolic extracts of Eupatorium adenophorum Spreng, and they were identified as
eupatorinone D(1), thymoquinol 5-O-B-glucopyranoside(2), thymoquinol 2-O-B-glucopyranoside(3), 2R*,3S"-toxol-7-
O-B-D-glucopyranoside(4), 6-methoxy-kaempferol-7-O-5-D-glucoside(5), patuletin-4’-methoxyl-7-O-f-D-glucopyranoside(6),
6-hydroxykaempferol-7-O-f-D-glucopyranoside(7), eupatonriochromene(8), demethoxyencecalin(9) and encecalin(10). Among
them, the ICso value of compound 10 against esophageal cancer cells was 178.4 pmol-L"!. CONCLUSION Compound 1
is a newcadinane-type sesquiterpene, and compound 6 was isolated from genus Eupatorium for the first time, compounds 2, 3
and 7 were isolated from Eupatorium adenophorum Spreng for the first time. Compound 10 has certain cytotoxic activity
against esophageal cancer cells Eca-109.

KEYWORDS: Eupatorium adenophorum Spreng.; chemical constituent; cadinane-type sesquiterpenoid; activity study

2L 22 (Eupatorium adenophorum Spreng.) Pms . S EEER . Wb, pail. PSP .
NAMEIREL WPPE22 RS, N3G 5 (Asteraceae) BVESEH )2 00 . SRRV AR ot A R A
FR A r Al 2R RpEANSRA R, ARKBESHEE . ROk, EEXTA
RYF S E R A E MY Z —, T T3E RAERERAEE T E TR K aER, (=2 I
AL B =i R ) BT B 7N < B S TS E e o Sl £ Y445k ) BAICEE R L IIRL: L, R,

EEWH. HEEARRFIETH (81660656, 81573561); 4 f AW & 5L H (2020-HZ-802)
TEEEN: K, &, 242 E-mail: spzhe@126.com BIEEE: U, &, Wk E-mail: 17863252335@163.com  FZHL,
B, W+, s Email: yjqgx@163.com
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BAGNMR . HAE I, MRz, T
WIERE , PR Z R, A2, M2z,
il , TARRE, PR, WA, BLACaT
FRPEZRFZHARIER . JUE . Al 5T
R PUMRAEAE T, K, IR 5 A % —
AERI, MHAZRAE, WEEFZHFEIT
KEMARBES %
REFZPEAMENE . B =, i
A AN TN 2R B 2R A AL S iy, DAAR - 5 A S i 2
A E, AT AR, Elf
FEME IR, R YT ARZ N —
X, HEADR ., MR . PUw . PURTESE 2
A= P PR o Oeh 50251 22 vh B SR AT
5T, LAy 5600 M FZ B IR R L 2R

1 ##
1.1 245

S AR 2R L 20T 2016 4E 7 AR AT
T, GV B 2R 2 AR W O E A S
OB E N B W) R ZE B 22 (Eupatorium
adenophorum Spreng.) W) 4 & , 2§ M fx &
(No.SCO862)f7ilt T H R R K2 2 Behn AR o
1.2 1438

Finnigan MAT-95 R 53 { (##[¥ Finnigan 2\
H]); Waters ACQUITY SQD & AH Fi 1% A% (3 [
Waters /> Fl); Nicolet 380 {837 2L AMEIEA (32 H
Thermo Nicolet 2 F]); ZF-6 I = H 4k 3BT iX
(L 5 WS B8 A B2 )3 Bruker Avance 11
600 MHz #Z#EILIRAL(FERE Bruker 2AF]); TR
T RGLCE & Alga A w)); Waters 2535 il £
T E OB G154 . Waters 2998 DAD #6:1 #% |
Waters 2707 H shitFEas ) B 3¢ E Waters 2N ;
3% H S COSMOSIL-Cs. Cs (250 mmx10 mm,
5 pum); Galaksil BF-CN IEAH#(250 mmx10 mm,
5 um, M AR A RAF]); HZ AR
RERE H. A58 5k i (IR 15 V1A RE T & A FR 2
Al); HP20 BF3cH#eii s (H AR =224k 22 A )
D101 KA AR CREE AR B E B AR FRA A ;
s 5% RSP RHA DA BRA D
G (IR N TR S B A A BRA 7] ; MX-S Al =
TR 2 (A 3 K e 2% B 52 55 A A% A R A W) 5
RQ-500DE ZUE 88 7 v e (B LR A AN AR A
R F]); D3024R Yy 8 Vi v 20 250 BIL (S [
SCILOGEX 2\ l); Multiskan Go %4> i K lihrRiX

P E AR 2 2022 48 7 A5 39 5 14 1

(FEER R RBHE A Do
1.3 k5]

Wl ZI5(&E=99.0%, (@igkal, vEEER
B BRA T 95% LB Hrat) . NE(Y =
99.5%). IECHE(=97.0%). FNEE(=99.7%)¥4
H 1 24 4 A b2 R0 A BR Rl s A dl ek (G
60~90 °C, #ix=90%). LR LHR(F i =99.5%) .
ETEE(EE =99.5%). 5 T he(&#2>99.5%)1
W AR TR A A FRA R
2 RROTRVIREVREE
2.1 RIS ES

HEFE2(9ke), TH, BEE, M 95%L 8
BIREEEL(3x20 L), JEERIET, 155 20 R
. BREHPOKEIE, MR AT S
60~90 C), LR . IETEEHEATAIL, [l
R, A B A T A R (170.0 g), LR TR
EROIRE(180.0 g), 1E T REHALIR T (38.0 g)o

LRI E 180.0 g, 4 D101 KALH
BTSRRI K -2 (10%—85%), 43
5 3 1~ 43 Fry 1~Fry 3.

Fry 3(34 g, 70%~85%Z.WEH47), LAA k-
IR ZBE100 = 1—0 = 100)FF 3k i 77 38 1o ik Jie
A (300~400 H)orES, it st G55 9
ANy (Fry 3.1~Fry 3.9). Fry 3.6(0.6 mg)iz JH#j
RUEEERAEZHT A B (R . B, BT Fry
3.6.3(0.2 mg)i o ~f il & = AW AH (FHE SEHT Cis
¥, ZNE-/K, 40 : 60—85 : 15, 20 min, WAFH
& 0.1%W R, WiE N 4mL-min ) E LS Y
120 mg, =12.96 min, 0.000 106%).

Fry 1(108 g, 10%~50%ZBEiB4r), I A
LE-INEA(100 = 12 = DAEFUEBIR, @i ik AT
B 357(300~400 H)/ &, i TCL fSts I3
18 N44Y, Fry 1.12(300 mg)i 3o > i 4 e AR A
EREFRHEIENT Cs i, LMK, 5:95-45: 55,
25 min, WA 0.1%H R, WiEH 4 mL-min')
H2MLEY) 2(23 mg, =7.18 min, 0.000 121%)F
3(102 mg, =7.63min, 0.000054%), Fry 1.15
(135 mg) i 3 > il & = OB AH 3% (BHE BT Cs
¥, ZHE-/K, 3 :97—45 55, 30 min, PIAHIE
0.1% W, W# N 4mL-min )15 31L& W
4(23 mg, =13.93 min, 0.000 121%).

Fry 2(30 g, 50%~70%Z. B4y, LI &AW
Fe-HEE(100 = 0—0 = 100)WE UM , 8 ik At
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{0 3%1:(300~400 H)4rES, TLC Stk EI, 153 16
A5y, Hif, Fry 2.9(400 mg)ii i 2 il & ik
HERERHEENT CsHE, ZIE-/K, 10 : 90—50 : 50,
20 min, PIFHIIE 0.1%H R, Jid A 4 mL-min)fF
FMLAY 52 mg, =14.02 min, 0.000 011%). Fr.y 2.8
1 Fry 2.12 oy 5la B ATiiEht i, & &P s
vEfhuEs, BEAY 6(13 mg, 0.000 089%)F
7(30 mg, 0.000 158%).

AT I EER AT I 170.0 g, JH HP 20 KFLF G
RSB, VR K- 2 FE(0%—30%—50%—
70%—85%>90%—95%)— Jo/K LWE— N, 7315
9 I~ 43 Fr. 1~Fr. 9,

Fr. 6(17 g, 70%~85% . T3 43) 1 1t 7] 3 1 ik
JReRE 631514 (300~400 H)4r8, Hfilad TLC A&
JFEA53] 11 AN4H75) Fr. 6.1~Fr. 6.11 %% Fr. 6.3~Fr. 6.8
GIF, FRRHEER H #- 175385, 384 TLC Stk G
IfIE, Hdr, 53 53100 me)idid i & EAH
AR A (53843 25 [ Galaksil BF-CN 1EAHAEFE, EC
ft : (EC K-SR 7 ¢ 3)95 : 5—50 : 50, 30 min,
W A~ 4mL-min'], 52 ASY 813 mg,
=5.26 min, 0.000 068%). f 4 Z4143(33 mg)ilidF
il 25 R AR RS (BHEZERT Cis #E, ZM-K, 40 -
60—0 : 100, 30 min, PIFHIIEH 0.1%H R, FiHN
4 mL-min Y3 2{L &Y 9(2.2mg, +=12.23 min,
0.000 012%), 45 5 4143200 mg)id =2 il £ 2 BOR
AR (BHE SEHT Cis i, ZHE-7K,40 : 60—0 : 100,
30 min, PIAHIE 0.1%H R, W#H A 4 mL-min™)
H3EAH 1080 mg, =11.87 min, 0.000 421%).
2.2 7[R {43 (electronic circular dichroism,
ECD)I1&

Merck 43+ 713 (Merck molecular force field,
MMFF)#l DFT/TD-DFT 15343 5iz ] Spartan’14
(Wavefunction Inc., Irvine, CA, USA)#F1 Gaussian
09 AT . fdi i B3LYP/ 6-31G(d, p)/K 1% &
12 BRHE DFT X} 2 Fiib & WAz iR Ae 52 S 4 ik sk
1riifk , ¥ Boltzmann 43 Mi>1% MR #17 ECD
VR, 205 B B ] AR Ak ) 2 R 1 e P
(TD-DFT) 5%, 7€ B3LYP/6-311+G(d, p)f) MeOH
KETIFEMRA R MR, &5, RH
SpecDis! M S UGBS A A T AL
23 HWEE

&Y 1. FEMRY ., HR-ESI-MS %44 1
AT B TG [M+H] I m/z: 235.169 2 [M+H] (HT
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A 235.169 2), R HIr 720 CisH0:, A
AHIEE R 5. HMEIEAR)TE 3 460 cm ™! ZbFF7E
% OH WYM4a4R3h, 76 1 676 cm™ b ik S8 U fi
FRNERA o, P AMWABRIEAAE, T % s
Yo o as B, H SR A B B AR R 3-
hydroxymuurola-4,7(11)-dien-8-one AH{LIM2!, HE
THEEBRNAR T REE TR . "TH-NMR
PRZAEWA 4 W, JF H DL R R I
IR AFEAE . H BC-NMR WoRn, ket
15 MR, 456 SISz & YT e AL
BERUAERE, IF HazAb & 1| DIRERGS 8
204.8 F1 2 XU 4 AfE S, 43018 6 141.9,
136.2, 135.1, 127.2, H: 'H-'H COSY % &/~ H-1
5 H-2 fH¢, H-2 #1 H-3 ¢, $#2/~ C(1)H-C(2)H,-
C(3)H IFFAE, H-1 15 H-10 fil H-6 M5, H-10 5
H-9 #¢, #2/~R C(6)H-C(1)H-C(10)H,-C(9)H %,
HMBC i /8 H-15 5 C-3. C-4. C-5 4%, H-3
5 C2. C4. C5 MK, #/R C-2-C-3-C4-C-5 i
HArAE, JF RS EE .3 7, W 1.

— 'H-'HCOSY
/ "\ HMBC
¢~ "\ ROESY

1 4% 18 1H-1H COSY. HMBC # ROESY #H % 1+
Fig. 1 1H-1H COSY, HMBC and ROESY correlations of
compound 1

a1 AR SRS E— 2038 i ROESY
TEHAE . H-1 5 H-14, H-3 771E ROE #H¢, H-3 Fl
H-14 . H-6 1 H-14 7#7£ ROE A6, $2/5 H-1, H-3,
H-6. H-14 7E[RIM(E 2). 43 ECD HHE(E 3)ifiE
#i Rk 15,3S,6R,10R i) ECD HiZk 55256 (HM)
G, w2, HEE® 1 H(18,3S,6R,10R)-
3-hydroxy-4,10-dimethyl-7-(propan-2-ylidene)-1,2,3,
6,9,10-hexahydronaphthalen-2(1H)-one, ¥fL&%) 1
144 NP 2B D(eupatorinone D), L&) 1 (45
UL 1,

L&Y 1. FEMRY . [0]19.6 D+84.26 (c
0.06, MeOH); UV (MeOH) Amax (log £): 250.0
(1.57) nm; ECD (CDCls): 208(de 4.01), 220(4e
2.60), 246( Ade 4.18), 326(A&—0.50); IR v max:
3460.3, 2870.1, 1 676.1, 1 041.6 cm™'; HRESIMS
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2 WA 1~10 £
Fig. 2 Structures of compounds 1-10

25 -

— Exp.of1
20 — Cal.of (1R3R65,108)-1A
— Cal.of (15,35,6R,10R)-1B
15
10
25
i
g 0 e
O
_5 -
_10 i
_15 -
20 T T T 1
200 250 300 350 400

K /m

B3 e 1eERfitH ECD
Fig.3 Experimental and calculated ECD of compound 1
m/z 235.169 2 [M+H]"; '"H-NMR(CDCl3, 600 MHz)
A1 BC-NMR(CDCl;, 150 MHz)%(# /L3 1.

Ey 2. BEEEMRY . ESI-MS m/z: 327
[M-H]", 'H-NMR (CD;OD, 600 MHz): &6 1.15 fll
1.16(3H each, d, J=6.9 Hz, isopropyl), 2.13 (3H,
s,H-7),3.43 (1H, m,H-8),3.44 (1H, m, glucose-H),
3.71 (1H, dd, J=12.1, 5.2 Hz, H-6’), 3.88 (1H,
dd, J=12.1, 2.2 Hz, H-6’), 4.70 (1H, d, J=7.6 Hz,
anomeric), 6.61 (1H, s, H-3), 6.92 (1H, s, H-6);
BC-NMR (CD;OD, 150 MHz): 6 123.2 (C-1),
151.8 (C-2), 113.0 (C-3), 138.2 (C-4), 149.2 (C-5),
120.3 (C-6), 16.1 (C-7), 27.0 (C-8), 23.5 Fi123.4

P E AR 2 2022 48 7 A5 39 5 14 1

£1 W44 15 'H-NMR(600 MHz)#1 13C-NMR(150 MHz)

# 4% (CDCl)

Tab. 1 'H-NMR(600 MHz) and '*C-NMR(150 MHz) data of

compound 1(CDCls)

i 8 S dc
1 1.77 (1H, m) 38.9
2 1.87(1H, ddd, J= 9.3, 5.3, 3.9 Hz) 33.4
2.27(1H, m)

3 3.98(1H,d, J=5.3 Hz) 67.0
4 135.1
5 5.11(1H, brs) 127.2
6 3.52(1H, m) 423
7 136.2
8 204.8
9 2.05(1H, m) 51.2

2.39(1H, dd, J = 14.1, 4.1 Hz)

10 2.32(1H, m) 30.2
11 141.9
12 1.97 (3H, s) 23.2
13 1.82(3H, s) 21.8
14 1.07(3H, d, J = 6.5 Hz) 20.5
15 1.74 (3H, br s) 20.4

(isopropyl), 104.4 (C-17), 75.2 (C-2’), 78.0 (C-37),
71.5 (C-4%), 78.0 (C-5)1 62.7 (C-6"). K+iZib&W
(R TSR 5 SCR[ 13 14 T8 X R A — B, e
1tE%) 2 24 thymoquinol 5-O--D-glucopyranoside,
ity LK 2,
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&Y 3. EBEARY . ESI-MS m/z: 327
[M-H] . '"H-NMR (CD;OD, 600 MHz): ¢ 1.17 il
1.19 (3H each, d, J=6.9 Hz, isopropyl), 2.18 (3H,
s,H-7),3.43 (1H,m, H-8),3.44 (1H, m, glucose-H),
3.70 (1H, dd, J=12.0, 5.5Hz, H-6"), 3.87 (IH,
dd, J=12.0, 2.3 Hz, H-6"), 4.67 (1H, d, J=7.7 Hz,
anomeric), 6.52 (1H, s, H-3), 6.98 (1H, s, H-6);
BC-NMR (CD;0D, 150 MHz): ¢ 127.2 (C-1), 150.5
(C-2), 117.8 (C-3), 134.1 (C-4), 150.6 (C-5), 116.1
(C-6), 162 (C-7), 27.9 (C-8), 23.2 Al 23.1
(isopropyl), 104.5 (C-1°), 75.1 (C-2°), 78.0 (C-3"),
71.6 (C-4°), 78.3 (C-5")F 62.6 (C-6"), ZILEWIHY
PV B 5 SCRR[ 13148 X HR AR — 3%, s e fh
&%) 3 A thymoquinol 2-0O-B-D-glucopyranoside,
it =S 2,

&Y 4: BHMCARY, ESI-MS m/z: 397
[M+H]", 'H-NMR (CD;0D, 600 MHz): § 7.79 (1H,
d, J=1.6 Hz, H-6), 7.77 (1H, m, H-4), 5.14 (1H,
d, J=7.5Hz, H-1°), 5.13 (2H, m, H-3,11b), 4.98
(1H, d, J=3.9Hz, H-2), 495 (1H, s, H-1la),
3.86 (1H, dd, J=1.4, 12.0 Hz, H-6’b), 3.71(1H,
dd, J=4.8, 12.0 Hz, H-6’a), 3.51 (2H, m, H-2",3"),
3.45 (2H, m, H-4,5"),2.56 (3H, s, H-14), 1.75(3H,
s, H-12); 3C-NMR (CD;OD, 150 MHz): J 96.8
(C-2), 76.6 (C-3), 122.0 (C-4), 132.9 (C-5), 120.2
(C-6), 142.7 (C-7), 154.7 (C-8), 132.1 (C-9), 142.9
(C-10), 113.4(C-11), 17.4(C-12), 199.0 (C-13),
26.7 (C-14), 102.7 (C-1°), 74.8 (C-27), 77.8 (C-3°),
71.2 (C-4%), 78.3 (C-5"), 62.3 (C-6"). ZAiLGHIH
BEIEEE 5 SCHR 143008 A —2, R ER B
4}y 2R" 35 -toxol-7-O-p-D-glucopyranoside, 2%+
KL 2,

&Y 5. Bk AR  ESI-MS m/z: 479[M+H]",
'"H-NMR (CD;OD, 600 MHz): 6 6.90(1H, s, H-8),
8.13 (2H, d, J=8.8 Hz, H-2’, H-6"), 6.91 (2H, d,
J=8.9 Hz H-3’, H-5"), 5.11 (I1H, d, J=7.7 Hz,
H-1°), 3.57 2H, m, J=7.6 Hz, Glc H-2”, H-5"),
3.51 (1H, t,J=9.0 Hz, H-3"), 3.41 (1H, ¢, J=9.2 Hz,
H-4), 3.95(1H, dd, J=6.1, 12.2 Hz, H-6a"),
3.71(1H, dd, J=2.2, 12.2 Hz, H-6b>"), 3.89 (3H,
s, —OCH3), '*C-NMR (CD;0D, 150 MHz): J 149.1
(C-2), 137.3 (C-3), 177.7 (C-4), 153.2 (C-5), 133.3
(C-6), 157.7 (C-7), 95.4 (C-8), 153.1 (C-9), 106.7

- 1800 - Chin J Mod Appl Pharm, 2022 July, Vol.39 No.14

(C-10), 123.5(C-1°), 116.3 (C-2), 131.0 (C-3"),
160.8 (C-4), 131.0 (C-5"), 116.3 (C-6"), Glc: 102.0
(C-1),74.8 (C-2),78.0 (C-3),71.3 (C-4), 78.5(C-5),
62.5 (C-6), 61.5 (OCH3). Bz AW P 5
ESCHRIISTX L, Z5REA B, WG S
g 6-H R I I ZS W -7-0-p-D-H BT, S5F
Kl 2,

L& 6: BAHA, ESI-MS m/z: 507 [M -
H] . 'H-NMR (DMSO-ds, 600 MHz): 6 7.71 (1H,
d, J=2.3 Hz, H-2"), 7.66 (1H, dd, J=8.6, 2.2 Hz,
H-6"), 7.10 (1H, d, J=8.7 Hz, H-5"), 6.96 (1H,
s, H-8), 5.13 (1H, d, J=7.6 Hz, Glc H-1), 3.86 (3H,
s, —OCH3), 3.78 (3H, s, —OCH;). 3C-NMR
(DMSO-ds, 150 MHz): d 147.2 (C-2), 136.2 (C-3),
176.3 (C-4), 146.2 (C-5), 131.8 (C-6), 151.4 (C-7),
93.9 (C-8), 149.5 (C-9), 105.0 (C-10), 123.4 (C-17),
114.9 (C-2°), 1472 (C-3"), 151.2 (C-4%), 111.8
(C-5°), 119.9 (C-6”), Gle: 100.1 (C-1), 73.2 (C-2),
76.7 (C-3), 69.6 (C-4), 77.3 (C-5), 60.6 (C-6), 60.4
(—-OCH3), 55.7 (-OCHs). LB YIRS G S
SCHR[ L6 IE HEA—2, B Eb G 6 HTT 4%
24 -HEIL-7-0-p-D-HEE, A5 2,

L&Y 7. EEMAK, ESI-MS m/z: 463 [M -
H]. 'H-NMR (CD;OD, 600 MHz): 6 6.97(1H, s,
H-8), 8.14 2H, d, J=9.0 Hz, H-2",6"), 6.91 (2H,
d, J=9.0 Hz, H-3’,5’), 5.05 (1H, d, J=7.5 Hz,
Gle H-1"), 3.59 (1H, m, Glc H-2"), 3.52 (1H,
m, Glc H-3"), 3.42 (1H, ¢, J=9.3 Hz, Glc H-4"),
3.55 (1H, m, Glc H-5"), 3.96 (I1H, dd, J=2.2,
12.2 Hz Gle H-6a"), 3.72 (1H, dd, J=6.1, 12.1 Hz,
Glc H-6b"), *C-NMR (CD;OD, 150 MHz): § 149.1
(C-2), 137.2 (C-3), 177.7 (C-4), 146.8 (C-5), 130.9
(C-6), 152.9 (C-7), 95.4 (C-8), 150.4 (C-9), 106.7
(C-10), 123.7(C-1°), 130.9 (C-2°), 116.3 (C-3"),
160.8 (C-4°), 116.3 (C-57), 130.9 (C-6"); Glc: 102.6
(C-1),74.7 (C-2),77.5 (C-3),71.4 (C-4),78.6 (C-5),
62.5 (C-6). AL A YIHY "H-NMR F1 *C-NMR ¥z
5 SCHER 7] A -2, WS Ew T R
6-hydroxykaempferol-7-O-4-D-glucopyranoside , Z544
AL 2,

&Y 8: BAMIMRY . ESI-MS m/z: 219
[M+H]", 'H-NMR (CDCls, 600 MHz): 6 12.7(1H,
s, OH), 7.31(1H, s, H-5), 6.32(1H, s, H-8),

B T2 2022 4F 7 A 4R 39 #5414 1)



6.27(1H, d, J=9.9 Hz, H-4), 5.57(1H, d, J=9.9 Hz,
H-3), 2.52(3H, s, Me-13), 1.44(6H, s, Me-11,12);
BC-NMR(CDCl3, 150 MHz); § 202.5 (C-11),
165.2(C-9), 160.6(C-7), 129.0(C-3), 128.7 (C-5),
121.1(C-4), 114.1(C-6), 113.7(C-10), 104.6 (C-8),
78.0(C-2), 28.7(C-13,14), 26.4(C-12), ZALE&W
(1R T 5 5 SOk [ 1 8 4RI A — B, MU kA
%) 8 "M eupatonriochromene, ZEFAZCILIA 2,

&% 9 @R Y . ESIMS m/z:
203[M+H]", 'H-NMR (CDCls, 600 MHz): ¢ 7.74
(1H,dd,J=2.2,8.5 Hz,H-7),7.62 (1H,d,J=2.2 Hz,
H-5), 6.79 (1H, d, J=8.4 Hz, H-8), 6.35(1H, d,
J=9.9 Hz, H-3), 5.66 (1H, d, J=9.9 Hz, H-4),
2.53(3H, s, Me-12), 1.46 (6H, s, Me-13,14);
3C-NMR(CDCls, 150 MHz): 6 197.0 (C-11), 157.6
(C-9), 131.4 (C-5), 130.5 (C-6), 130.4 (C-7), 127.1
(C-3), 121.8 (C-4), 120.8 (C-10), 116.3 (C-8), 77.1
(C-2), 28.5(C-13,14), 26.5 (C-12), ZLEYHIIE
TERE 5 SRR GE AR —B),) e A 9
A demethoxyencecalin, Z5HJ=CILIE 2,

fk&® 10: TEMmARY . ESI-MS m/z:
233[M+H]", 'H-NMR (CDCl3, 600 MHz): 6 7.52
(1H, s, H-5), 637 (1H, s, H-8), 6.28 (1H, d,
J=9.8 Hz, H-4), 5.51 (1H, d, J=9.9 Hz, H-3),
3.86 3H, s, 7-OMe), 2.55 3H, s, Me-12), 1.43
(6H, s, Me-13,14); '*C-NMR (CDCls, 600 MHz):
5 197.8 (C-11), 161.2 (C-7), 158.6 (C-9), 129.2
(C-5), 128.5 (C-4), 121.4 (C-6), 120.7 (C-3), 114.1
(C-10), 99.7 (C-8), 77.8 (C-2), 28.5(C-12), 32.1
(C-13,14), 55.7 (7-OMe). Zzfb-&WNEEE S5
SCHR[20] 4B A — 2, WAy 10 4
encecalin, it ILE 2.
3 EiEMNRK
3.1 SR

BERAM Eca-109. A HepG2 W H
ATCC. DMEM 1E R Halids 77 3 T A i A=
[ FE AR AR 10% 464 134 (FBS) . 100 U-mL~175 %%
FH 100 pg mLBER RE AT 2R R Ak
R FRAE CO MM 3746 (5% COa, 37 °C)o MK
REEDE I, Fenfe 3 ik, FHAERR
EJE, HITIR
3.2 YA EEPERY I E

i MTT W s PPAk Ak G W A £ 78 4t

P E AR 2 2022 48 7 A5 39 5 14 1

Eca-109. #4008 HepG2 Hibath . K db T X%k
AR A RN TE 96 LR, JEREFRZ 90%Hil
G o KRR T WA(DMSO) ke 5k
0 50 mg-mL', 235 H] DMEM 85 3% Hofg A 5 i
BERIGEUSE, FALHIIMARES 200 pL 4RLE1H;
F 48 h, Tk, ¥ 5 mgmL ' MTT A4
AL, JRRANETE 37 C T E 0.5 h, HiJE, 7
E¥EFE, IFmBEASLT A 150 uL DMSO. it
FHBEFRMUAE 562 nm AP & A FLAIOLEE . 1A
AN )R AT

AN A% (%)=[1+(OD X HEZ-OD i
20 )/(OD X} H8 41 -OD =5 [ 41)]x100%21 . fif F
GraphPad Prism 6.0 FAFHEALE WY 1C 50 o

22 MTT 238, UL 10 A 5500 4 EE s
P, ICso fHJ2: 178.4 pmol- L', HAfb AWML
WIHEA A T, 1Cs0 fH>200 pmol- L',
4 g

ST A N —FINR AR YR, B AE
W, VU IX AR o AR Ol s 1 e L
ARG E o BReeSE 02l i R LS 253 21
LR CTRFRA BE I 2 0TS ZORLUAR A T3 P8 A 45T
JHFdRE s P, 5 AL T LAE 4 i STAT3 F
AKT WAL AR AT, Wik, ShsEnFi
X PR, A ST XA 2R 22 95% LR
S A I E AN S TR S BRER L HEATHESE, b gy
B 104ME &Y, 4393 AP 24 I D(eupatorinone
D, 1). thymoquinol 5-O-f-glucopyranoside(2).
thymoquinol 2-O-f-glucopyranoside(3). 2R",3S"-toxol-
7-0-pB-D-glucopyranoside(4) . 6-H & Fk- 11 25 f3-7-
O-B-D-H ZHHET (5). 1 A AR -4-H A H-7-0-
p-D- i % B 1 (6) . 6-hydroxykaempferol-7-O-
S-D-glucopyranoside(7) . eupatonriochromene(8).
demethoxyencecalin(9) . encecalin(10), H: L5497 1
RIS TR, LB 6 N EIRNE
B s, EW 2, 3, 7 NERMEZERE
2B AR, X AR RIS W AT I 2
ffl HepG2 F R84 A Eca-109 F4H 15 M A
g8, KBALEY 10 XA Eca-109 HA—
SE RO AT 0 e, DU HC IR AS S % T A e 40 i
HREA AN TGP, O L HOG A e 40 A 1 4
BEIE T BE 2 T S AETE, S5 gl dkZix)
HAE AL A RO RAATIRANIGE , itk —2
TERFNH I 28 255 22 SR AL BB AR
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