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Abstract: In order to study the chemical constituents from Carpesium cernuum and their inhibitory effects on leukemia
cells in vitro. The chemical constituents from ethyl acetate fraction of C. cernuum were isolated and purified by silica gel
column chromatography, Sephadex LH-20 column chromatography and macroporous adsorption resin, and their structures
were identified by means of various spectroscopic techniques such as '"H NMR, "C NMR and MS. The inhibitory effects
of compounds 1-10 on leukemia cells (K562, HEL) in vitro were determined by MTT assay. The results were as
follows: (1) Eleven compounds were isolated and identified as 2, 9-epoxy-5, 9-dihydroxy-8-angeloyloxy-11-
methoxymethyl-4( 15) -germacraen-6, 12-olide (1), cardivin D (2), cernuumolide T (3), cernuumolide J (4), 8-
hydroxy-9, 10-diisobutyryloxythymol (5), (2E, 6Z, 10E, 12R)-7-[ (acetyloxy) methyl ]-3, 11, 15-trimethylhexadeca-
2, 6, 10, Il4-tetraene-1, 12-diol (6), 9, 10-dihydroxyoctadecanoate (7), 1, 6-dihydroxy-8-hydroxymethyl-
anthraquinone (8), emodin (9), 4-megastigmen-3, 9-dione (10), B-sitosterol (11). Among them, Compound 1 was
identified as a new compound, compounds 5, 7—10 were isolated from Carpesium for the first time, compounds 2, 5-10
were isolated from C. cernuum for the first time. (2) The results of activity test showed that cardivin D (2),
cernuumolide I (3) and cernuumolide J (4) had good inhibitory effects on leukemia cells in wvitro. The ICy, of
compounds 2—4 against K562 cells and HEL cells were (2.27 + 0.46), (5.53 + 0.41), (3.90 + 0.80) pmol « L and
(1.84 £ 0.14), (2.36 = 0.90), (2.31 = 1.17) wmol - L', respectively. The study enriches the chemical constituents
of C. cernuum, and provides a material basis for the development of anti-leukemia drugs.
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WK 45 3k B ( Carpesium cernuum ) X £ #J JL3¢ |
JHAS SR R A K & ( Carpesium ) FH ) 1)L =X Ff |
FEAMAERE W =55 5N TR B B PS5
My, 2E T S Ll B 3 i A AL A R RO
5 &3 H AR — A i 1] (b E R B b B A
BB E N 4,1979) . &R AN R, A
ANEE IRIERE MR 5 AP R S, AR IR R
P TR B EE BN (3K SRR, 2005)  BLAR
250 2% B 5 % W, B ELAT 50 R ( Kim et al.,
2007 ; Liu et al., 2016; Dang et al., 2019) . $T &
(Liu et al., 2010) ¥t % 4= H ( Chung & Moon,
2009;Kim et al., 2009) 25 #I/EH . A W5
B, MRS Sk B A Ao o B A R il B
W R SR ORIER R B R
Wy WEF IS4 b EE N MR E& Y
(Ma et al., 2008; Zhang et al., 2015; F 3 4§
2019 ; H B B4 2022)

KNG R W) & A £ 5 A5 28 1o,
VT PIAE [ A Ah 2 b L5 B AR 3 51 A 2 il
RACEY BG5BT 7 B b BUA% 2 il T F Y
T HPUIRE PR ST (Wu et al., 2021; Yan et

al., 2021; ¥ % 7% %5, 2021; Zhong et al., 2022;
Wang et al., 2022; Yang et al., 2022; Shen et al.,
20225 BRIE A, 2022) DR A AT A ] 2 A
LW AR AR Sk b o B M T 5 AN B
B ALASF 5 2R A A W, 0 I R B B —
PRI IR T35 e, R 1) X 1 I o 0 N R AT AR Y
HIVEH (Yan et al., 2018,2021) , 4R, ALK
A4 & W 5 30 W A [ PN A2 LA S R A2 T
13 30 BT e LA~ AR A5 A A — R B 22
5, BERM NS WA I — AN, I
Ab T I R BIZOR AL & W TE B R B i R
T

WA i SRR B L MR8 25 ) 02 B2 7 A7 ol i 0
fiff DR 1) O B M ) AT, A R 2 BT O,
TR ) Y 00 A8 Sk e 1) T e 9 % 1 00 Jo SRR Al A AF
FELAAAE Sk B BIF ST R 5 HOHE Bt M R R B2 24
K- A AR S 7 AR B A, SR 2 A3 )
BEOR BB 27 4 R DL R B2 B e 4
AT LU UL (1) H8 98 Sk 5 L R £ B AL
AL T 5 (2) 73 8545 B B &8 2046 & Pkt 1 1M
20 B AR SRR



11 3

PR R A MR Sk B A A R SO SN A I PRI T 2141

I RN

1.1 #F#}

bt A SR M T 2016 4 10 H 7E S
LA T B R AR i BN v IR 24 R 2 5 B Fh
ROC AR % R AR B HEYME k&=
( Carpesium cernuum) , FRAAEIL T 50 M 4 22 M TH A\
ROBE e 2527 S 30 % BRSO Assrmyy201608

2R - I 40 (K562 A HEL) 35 T
ATCC 4P A7 1T 5t M A b B2 e KR 4
o2 B LG 2 AR My R IR A
1.2 KB UERFIRXF

¥ #% : INOVA-400 MHz il INOVA-500 MHz #
A% W A YR U 35 AY (32 B Varian 23 F]) ; Bruker
HCT/Esquire il Waters Autospec Premier P776 Jiiji%
A (75 [F Bruker 2 7, 9% [E Waters 2\ 7] ) ; Bruker
Tensor-27 B 2T 7R 3% AL (2 [E Bruker A H]) ;
Shimadzu UV-2401PC % 4ha] UL 4356 6 BE AR ( H A%
Shimadzu 2% 7 ) ; JASCO P-1020 Jig ) % ( H 4
JASCO A H)) ; Waters 1525 EF 55 % ¥ AH 8, i X
(2 E Waters 23 7)) ; 0SB-2200 B fig#% 7% &% X ( |
1 % WA AT BRA ) ) 5 18 67 U (Zeiss 24
Al) 5 5 3 m R E 0 HL ( Backman 24 &) 5 Al
5 B W A% ( Eppendorf 23 F] ) ; 4 il 55 3% 44
(Thermo Scientific Forma 23 ) ; £ 1 GE B t5 1L
(Gene ~H])

iR : Sephadex LH-20 #ij 2 bl BE I ( H AR =32
2B R S EEETRERE (300~400 H 75 & 1L
TT7) s MG GF s W2 AR (T SR T ) 5 ik
WARFT FH 0 SN P (o3 4 (B AL HoR A
BRZT]) 5 AR 50555 R 70 A 2 (FE R AR P T AR
P BRA R ) = FHE AR ( DMSO, A& T A9 T 7%
( L) e AT BRZS B ) s WEMKEE (MTT, bt R 3K E
FHEA R W) 5 G 4 1L (FBS, HyClone A ) ;
ARG 7R 5L RPMI 1640( Gibeo A H]) .

2 KRk

21 REESH

PRI 20.0 kg T 98 19 K0 A5 S B0 205 M3 I
95% L FEAE 80 °C T INFA IR $RE 3 WK (B 3 /AT 1
W) K BT SRR A IS e , i 2,18, 1551 2.0

kg R, WU 1.0 g BHE B, HARAR B KSR
ZEBETFRE, HH RO, 53 LR L
BIZFIKIZE, B 960.0 g 22 L. TG A B H 40~ 80
HHEERCFERE , e dh T8 )5, i3 FH 300 ~ 400 H 1Y
RERCAEJZAT, A s - (60 = 1—1 = 1) 4T3k
J, RIS F TLC W2 A R TT , 7 5 AN BT T
WMEE TLC WEZ RO EAE L, 3T H 10%BiE £ B 1R
WA A IFDEO0 K A RIS 43, FT R B Ak 3 JE
K158 7 MBS (Fr~Fr.7)

B —1 ) Fr.1(64.0 o) FIRLGER FERE S B
RERE HEJZ BT, R FH A i it - 2 R 4 g (60 @ 1—
1 D) AE R BERE R AT BRI, 15 2] 4 S84 (Fr.1-
1~Fr.1-4), Fr.1-1 2620, 8 H A i k-
NEA(60 : 1—10 = 1) fE AR IEAT 20 2, IF
WMk — L aife, B EfL AP 11(16.5
mg) . Fr.1-2 HEERAEZHr, DA k- 2 R 2 1
(30 = 1—1 = 1) 1E ¥k B 500 32k 47 4 2, OF M
Sephadex LH-20 #1241, LA FH R Sk 5 Jd 1) ik — 2
aifk, BB S 6(12.4 mg)

B DULES) Fr.4(103.5 g) R LW BF g A3
JEHT, DL B - K (20% .40% .60% .80% .95% ) F
e W ) AT VR, AR B S Ay (Fr.d-1 ~
Fr.4-5) . Fr.4-3 ZaERAEZ BT, HA i k-7 R
(15 :1—3 = 1) #EATH6 BE Ve, 159 2 3 18 &
(Fr.4-3-1~Fr.4-3-3), Fr.4-3-2 B ZE
Mr, DA - R (10 = 13 = 1) EAER RSk
P8 S ELEW 1(2.0 mg) . Fr.4-4 ZRERHE
RN, LI - IR (8 ¢ 1—1 = 1) 4E g Bk i 5
FFVEmi 1558 5 DB (Fr.4d-4-1~Fr.4-4-5)
Fr.4—4-2 2 Sephadex LH-20 ¥ 28T, LA &40 - H i%
(1= D VERVEBR AT 50 85,15 8] 6 A~ 4 (Fr.4
~4-2-1~Fr.4-4-2-6), Fr.4-4-2-3 R (f1
Wl : NEI =10 : 1—3 : 1) F Sephadex LH-20
(CHCL; : MeOH=1: 1) REMEZHr, 52465 5
(5.0 mg) .7(6.0 mg) #110(4.5 mg), Fr.4-4-2-4
ZREIE (A1 M EE © TS =10 : 1—3 : 1) F Sephadex
LH-20( MeOH) S Z#E 27, I FH il £ 2 S0 AH 235
(CH,CN : H,0=40% : 60%) #lifk, 153 F1b & ¥ 2
(10.6 mg) 3(6.5 mg) f14(4.0 mg), Fr.4-5 LK
FEENT, LA - LR ABR (10 : 11 = 1) BAEESE
i, F53 5 MBSy (Fr.4-5-1~Fr.4-5-5) , Fr.4-5-
1 ZRERATJENT, LAk (10 : 1—1 = 1)
578 35k A ) 8(3.5 mg) F19(2.0 mg) ,
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2.2 B4 & ¥ 3t 3 e 2 B A 4R S 30 %0 45

K MTT 246 G 9 1-10 5% 11 i s 48 A
(K562 Fl HEL) A& SR 0 I AE H . B0 $04E K
i) K562 F1 HEL 4fijfd , 76 8 & o fsE i 40s | #%
AL 8x10* 4 1 96 FLAR H 4 ~6 h, FF gl i fa
J& A A B R 2.5.5.,10.,20 pmol - L7 A1k
H90, LA DMSO Xt Bed , i gl ' 5 MR AL, 78
37 °C 5% CO, 4N F=4 H 455 72 h J& , WA 10
pL B MTT(5 mg - mL™") ¥, k220 F 4 h J5
A B (=B 500 mL & SDS 50 g 5 T B 25
ml FIVEERIR 0.5 mL) K5 3214 ¢, iz H 2 T 68 il A
G E 570 nm b 4 IS B TSR 20 T RNk 4k
PRI BE 1C, .

HO1

=

H
o »
HO

o
_ 0\0\
1
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OJ\iO O)\io OH
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P OH O  OH

HO O‘O HO CHS o
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2.3 ZitELHH

A5 BT AT B 243 i Excel 2013 2B FI|
SPSS 20.0 #4748 1% 3 Hr, ffi | GraphPad Prism
9.0 FRAFAEE, 2o gl R BB bRl 22 (was) R
7N, K Student” s T-Test A8 56577 21 7] 22 5 L %%
AR P<0.05 B EH A ST X (7 P<0.05 A &
TR, T P<0.01 A H LETERE) |

3 £R5400

3.1 &HEE
LGP 1-11 HARSS WA 1,

10 1

B1 k&% 1-11 HLEER

Fig. 1

a1 HOBAE, [«],?°-50.7 (¢ 0.1,
MeOH) ; UV (MeOH) A, :195 nm;IR (KBr) v,
3423,1753,1 717,1 643 em™ . H¥E & 40 9% i 1%
HRESIMS " # 7 T 85 71§ m/z 433.183 0 [ M+

Chemical structures of compounds 1-11

Nal® (3 & {H: C,, H,y Oy Na, 31 & 4> T & N
433.183 3) iR AW HI S TR N €, Hy Oy, 1T
BHORMURNEE N 7., MW'H NMR 3% 0] LW 34k &
WA 4 PHRAES6,3.38 (3H, s, H-16),1.99
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(3H, m, H-4") .1.84 (3H, m, H-5") .1.01 (3H,
d, J = 6.0 Hz, H-14) , Hify 1 Mg AP REA(GE
SRHBERETES6,6.15 (1H, ¢, J = 7.5
Hz, H-3') .5.39 (1H, s, H-15a) .5.30 (1H, s,
H-158) . 7E"C NMR i W 2k & WA 21 4~
57, 454 DEPT & il HIAL4E 4 A H B (5 5 o,
59.3 (C-16) .16.0 (C-4') .18.9 (C-14) .20.5 (C-
5% A LA A B AE T 2 AU R
8. 141.8 (C-4) 141.4 (C-3") .126.1 (C-2') .123.4
(C-15) ;2 MR FEBRF 5 8. 176.5 (C-12) . 166.1
(C-1"),

Z54 1D 2D NMR B 5t ik & 9 i i 05 5 it
IT7 a8, HiEgdE W3k 1, W'H-"H COSY i%
AT DO BIME G M a5t A e AE 4 a5t R B, o
%1% H-14 / H-10 / H-1/ H-2 / H-3 H-5 / H-6 / H-
7 / H-8 H-7 / H-11 / H-13 #l H-3' / H-4', W& 2,
7£ HMBC 3%, H-14 (8, 1.01) 5 C-1 (8, 45.6) .C-
9 (8.106.9) .C-10 (8, 34.7) M FEAF SR Me-14
5 C-10 fiAH#E ; H-2 (8, 4.20) 5 C-9 (8. 106.9) FH
XK, H-130(8,,3.81) 5 C-16 (8. 59.3) A AHK, IF
454 HRESIMS ¥, ##/R8 €2 5 €-9.C-13 5 C-16
W E A IE  H-3a (8, 2.40) 5 C-4 (6. 141.8) |
C-5 (6. 80.6) .C-15 (6. 123.4) H M X, H-5 (8,
4.22)5 C-4 (6,141.8) C-15 (8. 123.4) H I,
LR FR AN WU T C-4 i1 ; H-6 (8, 5.05) 5 C-7
(6.37.5) .C-12 (8. 176.5) WA K55 R 1o
y-INEEH 5 T JCi A E ; H-4 (8, 1.99) 5 C-2
(8,126.1) .C-3" (8. 141.4) A&, H-5" (5, 1.
84) 5 C-1" (6.166.1) .C-2" (6.126.1) .C-3" (8,
141.4) A MK, H-8 (5,5.34) 5 C-1' (6.166.1)F
FHOG, P& 7R A AE — > 24 VA Bk 56 JF % H2 78 C-8 i,
VL EEE 546 A% carpescernolide C Y 3 # ( Yan
et al., 2021) AL, $& /7 ML G E A MR B
IG5 PRS2 A A W) S e A 2 i Y
fi. ROESY i i i& 1 b & ) 0y A X 44 #, MA
ROESY i, Al LAE #] H-15a 5 H-5 H-5 5 H-7,
H-38 5 H-6 .H-6 5 H-8 .H-8 5 H-11 H-2 5 H-14
FASE, RILAE H-2 . H-6 H-8 H-11 H-14 4 B 4
ALH-5 H-7 4 o #97 BUAN i AEA PR 525 ECD
5115 ECD BIE Ll Xt 8 T 16 & 90 i 4 X+
ALULIE 3, P BES Y 1 2, 9-epoxy-5, 9-
dihydroxy-8-angeloyloxy-11-methoxymethyl-4 (15 )-

germacraen-6, 12-olide,

£1 EW1H'H (500 MHz) 70
BC (125 MHz) NMR %38

Table 1 'H (500 MHz) and "C (125 MHz) NMR
data of Compound 1 (in CDCL,)
(DA H fL22 8% (A 550 C AL
Position 8,(J in Hz) S
la 1.80, m 45.6
18 2.54, m
2 4.20, m 83.1
3a 2.40, d (13.5) 41.0
38 2.89, d (13.5)
4 — 141.8
5 422, m 80.6
6 5.05, dd (8.5, 4.0) 83.0
7 2.81,m 37.5
8 5.34, dd (12.0, 5.0) 73.3
9 — 106.9
10 2.44, m 34.7
11 2.54, m 45.7
12 — 176.5
Ba 3.81, dd (9.0, 2.5) 71.8
138 3.42, dd (9.0, 3.0)
14 1.01, d (6.0) 18.9
15a 5.39, s 123.4
158 5.30, s
16 3.38, s 59.3
1’ — 166.1
2' — 126.1
3 6.15, q (7.5) 141.4
4 1.9, d (7.5) 16.0
5’ 1.84, s 20.5
k&Y 2 Ak R, > T CyH,O,,

"H NMR (400 MHz, CDCL,) &: 6.48 (1H, d, ] =
2.0 Hz, H-138), 5.67 (1H, d, J = 1.6 Hz, H-
13a), 5.05 (1H, d, J = 7.2 Hz, H9), 4.72
(1H, s, H-6), 4.34 (1H, s, H-8), 3.79 (1H,
m, H-2), 3.02 (1H, m, H-7), 2.70 (1H, m, H-
2'),2.70 (1H, s, H-2"), 2.26 (2H, m, H-1),
1.96 (1H, d, J = 6.4 Hz, H-4), 1.85 (2H, m,
H-3), 1.32 (3H, s, H-14), 1.26 (3H, d, J =
5.8 Hz, H-3"), 1.26 (3H, d, J = 5.8 Hz, H-3"),
1.26 (3H, d, J = 5.8 Hz, H-4'), 1.26 (3H, d,
J = 5.8 Hz, H-4"), 1.02 (3H, d, J = 6.8 Hz, H-
15); "C NMR (100 MHz, CDCl,) &: 214.7 (C-5),
178.1 (C-1"), 178.1 (C-1"), 168.2 (C-12), 132.6
(C-11), 124.6 (C-13), 81.2 (C-10), 79.0 (C-8),
78.6 (C-6), 78.5 (C-9), 71.8 (C-2), 42.1 (C-7),
34.3 (C-2"), 34.1 (C-2"), 33.9 (C-1), 29.6 (C-
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4),25.6 (C-3), 25.3 (C-14), 20.8 (C-15), 19.3
(C-3"), 19.0 (C-3"), 18.9 (C-4'), 18.9 (C-4"),
DL %03 5 5308k (Kim et al., 1997 ) #0388l — 2k,
B ENEY) 2 M cardivin D,

&3 HEBK, 5 F X CyHy, 04,
'"H NMR (400 MHz, CDCl,) 8: 6.46 (1H, d, J =
1.2 Hz, H-138), 5.89 (1H, d, J = 0.8 Hz, H-
13a), 5.26 (1H, d, J = 1.2 Hz, H-8), 4.76
(1H, dd, J = 4.4, 1.2 Hz, H-6), 4.60 (1H, d,
J = 4.4 Hz, H-5), 3.81 (1H, m, H-7), 2.83
(1H, m, H-10), 2.67 (1H, m, H-2"), 2.64
(1H, m, H-2"), 1.80 (1H, m, H-18), 1.79
(1H, m, H-28), 1.70 (1H, m, H-la), 1.
(1H, m, H-3a), 1.35 (1H, m, H-38), 1.21
(3H, m, H-3"), 1.21 (3H, m, H-3"), 1.
(3H, m, H-4"), 1.21 (3H, m, H- 4"), 1.18
(3H, d, J = 6.4 Hz, H-14), 1.15 (3H, s, H-
15), 1.04 (1H, m, H-2a); "C NMR (100 MHz,
CDCL,) 8: 208.5 (C-9), 177.0 (C-1"), 175.9 (C-
1), 168.6 (C-12), 135.0 (C-11), 124.1 (C-
13), 80.8 (C-8), 77.6 (C-5), 73.1 (C-4), 71.4
(C-6), 44.2 (C-7), 43.7 (C-10), 34.8 (C-3),
33.9 (C-2"), 33.7 (C-2"), 32.9 (C-1), 24.6 (C-
15), 23.1 (C-2), 20.0 (C-14), 18.8 (C-3"),
18.8 (C-4"), 18.7 (C-4"), 18.6 (C-3"), VI %k
P& 5 3CHK ( Dang et al., 2019) 41 18 K — 2, fil %
ENEY 3 M cernuumolide 1,

E&Ew4 HEamAK, 513X C,Hy O
"H NMR (400 MHz, CDCl,) 8: 6.45 (1H, d, J =
1.2 Hz, H-13a), 6.14 (1H, m, H-3"), 5.89
(1H, d, J = 1.2 Hz, H-138), 5.33 (1H, d, J =
1.2 Hz, H-8), 4.75 (1H, dd, J = 4.4, 1.2 Hz,
H-6), 4.59 (1H, d, J = 4.4 Hz, H-5), 3.8l
(1H, m, H-7), 2.84 (1H, m, H-10), 2.67 (1H,
m, H-2"), 1.95 (3H, dd, J = 4.8, 1.2 Hz, H-
4’y,1.87 (3H, m, H-14), 1.80 (1H, m, H-28),
1.70 (2H, m, H-1), 1.57 (1H, m, H-3a), 1.36
(1H, m, H-38), 1.25 (1H, s, H2a), 1.23
(3H, d, J = 4.8 Hz, H-4"), 1.21 (3H, s, H-
3"y, 1.20 (3H, s, H-15), 1.14 (3H, s, H-5");
"C NMR (100 MHz, CDCl,) &; 208.5 (C-9),
177.0 (C-1"), 168.7 (C-12), 166.3 (C-1"),
140.7 (C-3"), 135.0 (C-11), 126.6 (C-2"),

124.2 (C-13), 81.2 (C-8), 77.7 (C-5), 73.1 (C-
4), 71.5 (C-6), 44.2 (C-7), 43.8 (C-10), 34.8
(C-3), 33.9 (C-2"), 32.8 (C-1), 24.6 (C-15),
23.1 (C-2), 20.3 (C-14), 20.0 (C-5"), 18.9 (C-
4"y, 18.8 (C-3"), 15.8 (C-4') . VI ¥4 5 ik
(Dang et al., 2019) i B4l — 20, S € b 59
4 °fy cernuumolide ],

& s wamRY, 571X C Hy, 04
"H NMR (400 MHz, CDCL,) &: 6.89 (1H, d, J =
5.6 Hz, H-5), 6.68 (1H, s, H-2), 6.63 (1H, d,
J = 5.6 Hz, H-6), 4.47 (1H, d, J = 8.0 Hz, H-
9a), 4.47 (1H, d, J = 8.0 Hz, H-10a), 4.27
(1H, d, J = 8.0 Hz, H-98), 4.27 (1H, d, J =
8.0 Hz, H-108), 2.55 (1H, m, H-2'), 2.55
(1H, m, H-2"), 2.25 (3H, s, H,-7), 1.12 (3H,
s, H-3"), 1.12 (3H, s, H-3"), 1.10 (3H, s, H-
4"y, 1.10 (3H, s, H-4"); “C NMR (100 MHz,
CDCl,) &: 177.4 (C-1'), 177.4 (C-1"), 156.4
(C-3), 140.0 (C-1), 126.5 (C-5), 120.4 (C-6) ,
119.0 (C-4), 118.4 (C-2), 78.4 (C-8), 67.1 (C-
9), 67.1 (C-10), 33.9 (C-2"), 33.9 (C-2"),
20.9 (C-7), 18.8 (C-3"), 18.8 (C-4"), 18.8 (C-
3"), 18.8 (C-4"), DL ¥ 5 Scmk (X4 %%,
2020; /R4, 2021 ) IIEBHE — B, R E G Y
5 24 8-hydroxy-9, 10-diisobutyryloxythymol ,

fk&Ew e HaWARY, 5T CLH,0,.
'"H NMR (400 MHz, CDCl,) &; 5.42 (1H, t, J =
8.0 Hz, H-2), 5.40 (1H, t, J = 8.0 Hz, H-6),
538 (1H, t, J = 8.0 Hz, H-10), 5.08 (1H, t,
J = 8.0 Hz, H-14), 4.59 (2H, s, H-19), 4.14
(2H, d, J = 8.0 Hz, H-1), 3.97 (1H, t, J = 8.0
Hz, H-12), 2.22 (2H, s, H-5), 2.20 (2H, s, H-
13), 2.13 (2H, s, H9), 2.09 (2H, s, H4),
2.08 (3H, s, H-AcO), 2.07 (2H, s, H-8), 1.72
(3H, s, H-16), 1.64 (3H, s, H-17), 1.63 (3H,
s, H-20), 1.62 (3H, s, H-18); “C NMR (100
MHz, CDCl,) &; 171.2 ( COO-AcO), 137.3 (C-
11), 137.2 (C-3), 134.7 (C-15), 133.6 (C-7),
130.4 (C-6), 125.3 (C-10), 124.0 (C-2), 120.1
(C-14),77.0 (C-12), 61.9 (C-19), 59.3 (C-1),
39.3 (C-4), 34.7 (C-13), 34.5 (C-8), 26.1 (C-
5),25.9 (C-9), 25.8 (C-16), 20.0 (CH,-AcO),
18.0 (C-17), 16.2 (C-20), 11.8 (C-18), L) I
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B2 #&%1$KEE HMBC, H-"H COSY #1 ROESY #HXE 5
Fig. 2 Key HMBC, 'H-'H COSY and ROESY correlation signals of Compound 1

(C-13),29.3 (C-6), 29.1 (C-5), 29.0 (C-4),
25.7 (C-12), 25.5 (C-7), 24.9 (C-3), 22.6 (C-
17), 14.1 (C-18) . Lk L% ¥s 5 SCHR ( Dailey et
al., 2009; Wu et al., 2019) HiiE 50— 2, ML E
&M 7 4 9, 10-dihydroxyoctadecanoate

eaw 8 HE AR, 5+ CsH,Os,
"H NMR (400 MHz, CD,0D) &: 7.96 (1H, s, H-
7), 7.87 (1H, m, H-2), 7.87 (1H, m, H-4) 7.82
(1H, m, H-5), 7.40 (1H, m, H-3), 4.78 (2H, s,

11 #
HMBC(—>), 'H-'HCOSY (===)and ROESY(=<->)
157 — S2BECD Experimental ECD
— % ECD Calculated ECD
100~
w I\
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oS \
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; / \_
R -5
=
£.101
#
-157
220 - \ \ : \ \ .
200 225 250 275 300 325 350 375 400

K X (mm)

3 A1 XK ECD 5 E ECD EEME
Fig. 3 Comparison of the experimental ECD and
calculated ECD spectra of Compound 1

BE 5 SCHR ( Gao et al., 2008) 5% 18 £ s — 2, WOk
E & W 6 h (2, 6Z, 10E, 12R)-7-
[ (acetyloxy ) methyl ]-3, 11, 15-trimethylhexadeca-
2,6, 10, 14-tetraene-1, 12-diol,

k&1 AGKAK, TR CyH, 0,
'"H NMR (400 MHz, CDCl,) &: 3.67 (3H, s,
OCH,), 3.40 (1H, m, OH), 2.30 (2H, t, J =
5.2 Hz, H-2), 1.62 (2H, s, H-3), 0.88 (3H, t,
J = 4.4 Hz, H-18); "C NMR (100 MHz, CDCIl,)
8:174.3 (C-1), 74.5 (C-9), 74.4 (C-10), 51.4
(OCH,), 34.1 (C-11), 33.7 (C-8), 33.6 (C-2),
31.8 (C-16), 29.6 (C-15), 29.5 (C-14), 29.4

HOCH,); "C NMR (100 MHz, CD,0D) &: 194.1
(C-9), 183.1 (C-10), 164.0 (C-1), 163.4 (C-6),
152.8 (C-8a), 138.3 (C-5a), 135.1 (C-3), 134.9
(C-4a), 125.5 (C-2), 122.2 (C-7), 120.7 (C-8),
118.6 (C-4), 117.2 (C-la), 113.2 (C-5), 64.1
(HOCH,-8) . DA E%#8 5 SCHk (Cui et al., 2008) i
EEE — B, s e G 8 1, 6-dihydroxy-8-
hydroxymethyl-anthraquinone,

k&9 HBEKmAK, 51 C5H, O
'"H NMR (500 MHz, DMSO) §: 12.08 (1H, s, OH-
1), 12.01 (1H, s, OH-8), 7.48 (1H, s, H-5),
7.16 (1H, s, H-7), 7.11 (1H, d, J = 2.4 Hz, H-
4),6.59 (1H, d, J = 2.4 Hz, H-2), 2.41(3H, s, -
CH,); "C NMR (125 MHz, DMSO) &: 190.7 (C-
9), 182.3 (C-10), 166.5 (C-3), 165.4 (C-1),
162.3 (C-8), 149.2 (C-6), 136.0 (C-14), 133.8
(C-11), 125.1 (C-7), 121.4 (C-5), 114.3 (C-
12), 110.0 (C-13), 109.7 (C-4), 108.9 (C-2),
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22.4 (-CHy), VL EE S SCHR (Knut et al., 1992)
o E B — 2, MU EAR B 9 O emodin,
A0 B a4 TR C,H, 0,
'"H NMR (400 MHz, CDClL,) &: 5.85 (1H, s, H-
4), 2.54 (1H, m, H-8a), 2.53 (1H, m, H-88),
2.37 (1H, d, J = 11.6 Hz, H-2a), 2.16 (3H, s,
H-10), 2.04 (1H, d, J = 11.6 Hz, H-28), 1.99
(3H, s, H-13), 1.98 (1H, m, H-7a), 1.89
(1H,t, J = 3.6 Hz, H-6), 1.71 (1H, m, H-
78), 1.06 (3H, s, H-12), 1.02 (3H, s, H-11);
"C NMR (100 MHz, CDCl,) &: 207.2 (C-9),
198.8 (C-3), 164.5 (C-5), 125.6 (C-4), 50.1
(C-6), 47.0 (C-2), 42.6 (C-1), 36.3 (C-8),

30.1 (C-10), 28.8 (C-11), 27.3 (C-12), 24.6
(C-7), 23.5 (C-13), VI % ¥s 5 3CHR (Xiao et
al., 2016) 28 B8 — 2, i E L& 10 y 4-
megastigmen-3, 9-dione,

feEw 11 HE AR (FFEE) ,mp. 135~
137 C, 5 T30 CpyH, O, 7E A Ik - 9 R A7 3
ik — 2, R < T AV — P B = s 57 2 40 v 40 3ol
1T TLC )2 i8R , 28 28 5 d 254 nm T W0
Z2 TLC #)Z R TCDEINGE, 10% Bt B2 £ BV W
L [FRZAL G W RAES B4 S B AR U
— 3 LAY 11 Dy B4 S R
3.2 EMENLR G R

i & 4 AT K562 F HEL 4 i 28 A [R) 9k BE 1)

K562
150
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—
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Compared with DMSO group, * means significant differences (P<0.05),

4
Fig. 4 Effects of compounds 1-10

& 1-10 3B MFHEME A

* % means extremely significant differences (P<0.01).

kA

on viabilities of leukemia cells
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EEWALEE 72 h J5 , H 20 M s O o S R (P <
0.05) . A A& Wy B (014 i, 200 1 52 400 ) 1) 7
JEBA] . 5 DMSO 4L LE, L& 4 1-10 7E 20
wmol - LIt K562 F1 HEL 4 g 2414 — =& Y 3 1
YERT, Horh b 5 40 2— 4 X6k W3R 20 1t i 400 okl V6 B
N BFH(P<0.01)

& 2 0, %6 A& Y cardivin D (2),
cernuumolide 1(3) Fl cernuumolide J(4) X} K562 FI
HEL 4 i EL A7 30 08 00 ] 4 JHG v R X 5 5 1Y
FALE Y 2,10, 53 910 (2.27+0.46) wmol - L7 F
(1.84+0.14) pwmol - L',

x2 KEW1-1081C, &

Table 2 IC,, values of compounds 1-10
ey RN R IC4,( pmol - L'l)
Compound K562 HEL
1 >20 >20
2 2.27+0.46 1.84+0.14
3 5.53+0.41 2.36+0.90
4 3.90+0.80 2.31+ 1.17
5 >20 >20
6 >20 >20
7 >20 >20
8 >20 >20
9 >20 >20
10 >20 >20
PP Eh % J2 Imatinib 0.09+0.01 4.24+0.04

TE: A EL R JE Sy B X B

Note : Imatinib is positive control.

4 WG R

AHIFGE i 3 A ) A A T B HR A Sk B4
e i e se 45880 7 11 Mea W, s s 4
FRpigE 1A T 2 D EEESE A EE A
IFEREI N A hekeZ, Hoh LB 1 R
M REE RS Y . WA PP M s
PgE LRI L&Y cardivin D(2) | cernuumolide 1
(3) F1 cernuumolide J(4) % K562 Fl HEL 4fl fifd 2
B A RIAE T, IC (B AE 1.84~5.53 pmol - L
Z 08]RS (A i HEL 4 A 30 i 4E F AR T
BRAEXT BB S5 T, B 1R AT A LR w25 )
ARV 3, 33K Ry BIF 7 28 v 280 A 1 I 24 0 4 fiE
TRRBEA TS 1), e S AL R R R AR TR AL
G W2 BT e ) B — A R AR

AT — 2L X A& W) 2 -4 JEAT ) 2% 24 B
A SR 2R 2 R BT I Y S AR AL R
WFSE, IRF AT % B VR HTHE 1, A A8 Sk iy
M THL A iRy 3R AL IR 25 B~ K Al . 456 3¢
BROT 98 & B, tb & ¥ cernuumolide I (3) i
cernuumolide J(4) X1 '& &ifi HeLa T Hep G2 Jili
S AS49 Z5 )l HCT116 25 b8 40 i A — 2 1Y
M E T, 1C,, fE 7 0.87 ~42.73 pmol - L' 2 [H]
(Liu et al., 2016 ;Zhang et al., 2019) , 4R K&
T e LA 2 i 2 R HAT MR A K 5 A
POt TR RS P, R AR DT Bt MR 245 0
ERFAL I BB W T H AR 2R, AR
—EREEE FON G 25 B SR AL T ARG W ok
I8 AW IR SR RE SR8 TT R BE T A

SE .
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