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24R) -38,5a-dihydroxy-ergosta-7 , 22-dien-6-one (10 ) | (22E,24R)-38, Sa, Ya-trihydroxy-ergosta-7 , 22-diene-6-one (11) |
(22E ,24R) -3a-ureido-ergosta-4 ,6,8 (14 ) ,22-tetraene (12 ) | (22F,24R) -ergosta-7 ,22-dien-38, 5a, 68-triol (13) | (22F,
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1~7.12 .14 ~ 16 HEH RN A. terreus H1 3 B4 5] . ARSI I PRI W, (6590 6.7 Fi1 14 X5 A i 240 A
A549 BT-549 HeLa il THP-1 2 BH HH 4550 A 4 35 4 (1C,, <10 pM)
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Antitumor secondary metabolites of an endophytic fungus Aspergillus terreus
TZS-201607 from Pseudostellaria heterophylla

HU Xiao-feng, CHAI Hai-quan,JIA Lin-chuan,SHAO Lu” ,LIU Xiao-xiao* ,CHEN Ye

Qingdao Hospital of Traditional Chinese Medicine ,(Qingdao 266071 ,China

Abstract: The secondary metabolites of the endophytic fungus Aspergillus terreus TZS-201607 isolated from Pseudostellaria
heterophylla were fully studied. A total of 16 compounds were isolated from the EtOAc extracts of the PDB culture broth by
means of chromatographic techniques, including silica gel, Sephadex LH-20 gel, reversed-phase and semi-preparative HPLC
column chromatography. Their structures were identified as sterigmatocystin (1) ,5-methoxysterigmatocystin (2) , variecoxan-
thone A (3) ,chryxanthone A (4),6,8-di-O-methylaverufin (5) ,6,8-di-O-methylnidurufin (6) ,6,8,1'-tri-O-methyl aver-
antin (7),(22E,24R) -ergosta-7,9(11) ,22-trien-38-o0l (8) , (22E,24R) -ergosta4,6,8(14) ,22-triraen-3-one (9) , (22F,
24R) -38,5a-dihydroxy-ergosta-7 ,22-dien-6-one (10), (22E,24R)-38,5a,9a-trihydroxy-ergosta-7 ,22-diene-6-one (11),
(22E ,24R) -3a-ureido-ergosta-4 ,6 ,8 (14) ,22-tetraene (12), (22E,24R) -ergosta-7,22-dien-38,5a,68-triol (13), (22F,
24R) -5a,8a-epidioxyergosta-6 ,22-dien-38-0l (14 ) , demethylincisterol A; (15),and (17R)-17-methylincisterol (16 ) , by
spectroscopic analysis and by comparison with previously reported literatures. Compounds 1-7,12, and 14-16 were isolated
from the fungus A. terreus for the first time. The cytotoxicity of compounds 1-16 against A549 ,BT-549 ,HelLa, HepG2 ,MCF-7,
and THP-1 cell lines was evaluated. Compounds 6,7 ,and 14 showed strong inhibitory activity against A549,BT-549, Hel.a,
and THP-1 cell lines, respectively (ICsy <10 pM).
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H9) A AE ELT (plant endophyte ) S 45 2R 1 75 i
AT ) 20 2 PR b A 95 S ) — B B A TS AR A A
ZURN X AR A 51 B 0 3 R i — 28
MR o LRk, R BB O IR S
BA G ORI GAE = Y B BE 1, Ry T L4
TR = W AT 58 ) B R P B IR
AR B A S5 K 20 TR R E R A B
EMNNAEE PRI T BA MR SR J B
S AT B R AR W, TR T SRR 2R (3
RS R 2E % IR 2R 45 ) (i 28 L AR W e | ik
REGZFEEMIN ARSI FHYK
W p IR AR b, BERE 7 A 5 e AR ) sORE A
TSR o IR, 2 R PN B S|
BT MR 2 56T R B MR P A
FLR PR T RZ U e AL S W EES Y, s
FZBE (taxol) | % F1 2 3 ( podophyllotoxin ) | 5 ## i
(ccamptothecin ) 55 , & ] 245 HIFE ) P4 A5 T078 P 4
BRI e S B W HAT BRI )

KT HAVTRHEY)1% L2 Pseudostellaria het-
erophylla (Miq) Pax ()T 1HAR , 3 F % A& 5t
2l B g MM A eI i A5 DRk, T TR T I
BET % A OV MR R ORISR
SHABZ PRI, & T R TSN AE W B %
SERIBFFE R D, Cai %0 K F 2P 40 B 3515 18
PR BT, HP A 6 tRE bk A= R A &1
PR 6 1, 3 Bk TRk K I 7 ) BAT B Y P A Ak
i S EP S S 117 S 0 N R e SN SRR €2 €4
TR IR A ST o A T ST N AR LR — Rk
AIE TR, AT KR 7S rh i B R 15 1 12 tR N
A LA, IR IR G 4 1) 22 R RS VAT
T 0% % 2> Mo HoH B ER Aspergillus terreus TZS-
201607 RARE Y HA 5 1AL F S5 2R,
TEPUII RS % P 7 e vpy, 20 Ak D 4% SR A0 N
(PDB) & Fr= 4%t HeLa 20 0 36 B H — 2 A 30 361 15
PE(48 h il 3 > 50% ) o 4 iz Ak R A AT
BRI PE B UG AR 7 ), AR SO AR 27 1o B
TR T 3 — 5 .

1 #E5FEZ®
1.1 UFE5i7H

FEBAULS : UV-2700 25143566 11 ( Shimadzu
UNGINIEV N ; Agilent DD2-500 MHz UK R AR I i
AL (Agilent 23 5], £ [H) , TMS PNF5; LTQ Orbitrap XL
RS LRAE R T BB {X (Thermo Scientific 23], 3¢

[E) ; Waters Acquity UPLC /= 30/ AH 2,335 43 ( TiC ¥
PDA — R AE FEFN K25 , Waters 23 F], 2 [E ) ; Waters
2545 il £ (O35 (Waters 23 7], 56 [ ) 5 PR 4l 4 il
A3 Flash Isolera one ( Biotage 2\ &] , Fi i) ;
R-100 #YJie#% 7% & AL (Buchi 23 7], Jii 1) s MD 4C NT
B B AL (Vacuubrand 22 7], F81H )

FZ{X 57 : Lobar LiChroprep RP-18 fifi it (40 ~
63 wm, Merck 72y ], £ [ ) ; ] 5 B #E iX Sephadex
LH-20(Merck 23], fE[E ) ; 2 (15 GFy, ik 2 T3
MR AAE: (3% IR e (100 ~200 H #1200 ~300 H, &
AL T ) 5 (S A R 43 A 2K SN L B
TR B A AL R (2 A AR R A R
Al) o
1.2 WM

LR B A 2016 4 7 J] R4 T il Ur i i
AXEWEITEXANNKFZ (AR
20160722A , 25 vh [ Al B 25 B 40 e AIF 5 e e IS )
WF3E B % %€ K T £ Pseudostellaria  heterophylla
(Miq) Pax), $#REMRKFSERMFEEE, 75
AR RN A B, B SIS ITS 75 &
GERE 9T, AR R S TE Tl AL terreus o TR B R
7T v s A DR T VR A i 2 BE (D 5« Aspergillus
terreus TZS-201607 )

HEORIBT 4 ©C B TR IR HE b 38 D 44 S8 2 2 3
Jig (PDA, {73 : T2 By 6 o/ L, A4 K% 20 ¢/ L, B5ifig
20 g/L) PAl EiEATIE AL, 28 °C ik 3EFR 5 ~T Ko
SRIGH] 6 mm FTALERRE R A (B 8 R0 ) 3R A
400 mL IR A AN 17 35 97 5L (PDB, 103 : 548
b S /LA 10 o/L %NS 15 /L, BALHN S
g L)1 LI, 5T 28 °C #E 557 30 X,
1.3 REHSE

RIESEHIG W KW S T 22 AR50 1 . R T
TR CBRZEIN 3 3, 2208 e e 4 Je 15 B 4 A
3£10.6 g, WKL TG, RN & B B 1T
LA, SR e P 75 I 20 LR R4 T 95 % B rh
HEATAEHL, PR3 5 ARSI B 2 15.2 o0 &
FEHIAEY A 1 B 1545575 25.8 g

W AIAF IR 100 ~200 F RERCHEEE , 25 1F A
FERCAE (200 ~ 300 H ) >R F A il k- £ 2 £ 15 (300 1
—1: 1 KRR V/V) LA - R (20: 1101,
V/V) MR FE VB 5 28 TLC A1 HPLC Al 5 9145
6 AU (Fro 1 ~Fr.6) o R FHIE HEIE EE 1Y S0
LA HeLa 20l 4y 3% PE IR AR, 25 48 h I 3% 57 )5
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HEAT AT, BRI 3 Fr. 3 Fr. 4 Fl Fr. 5 R B —
SE BT PE (RE A BE S 20 g/ mL i 410 7 8535310 Ky
62.5% \715.6% Fl159.3% ), KL, % Lk 3 Niisr
AT T ARG B alift. Wi Fr.3(1.6 g, £1 k-
LR TR 2: 1R 43 ) 22 — & F be-F 5 (50: 1,30
21.10: 1, V/V) BREEGEIE, B )T 8 3 A~F 343 (Fr.
3.1~Fr.3.3), Fr.3.1(0.5 g) &4+ 228
(pTLC, IR Z o — 5 H be-H B 20: 1,80 mL) , 4%
JFi 4 Sephadex LH-20 27 ( H EEPEN) 2lifb15 5
A 2(5.6 mg) f15(6.3 mg), Fr.3.2(0.2 g)
{5 FH2F il % HPLC ( B 7K 45% 2 55% , Jii i 2 mL/
min) 7B EEA P 1(11.3 mg) o s Fr.4(3.5
g, A1k R LR 10 1R ER 43 ) 48% He Lobar Li-
Chroprep RP-18 ( [z #H C18) #: )2 #f, LA FH isi- 7K B FF
BEWE(109% —100% ) , &5 31455 6 D50 (Fr. 4.1
~Fr.4.6), Fr.4.3(1.0 ¢) &K & EZEEN
(pTLC, IR Ry S H e-H i 15: 1,40 mL) , 4K
J& 4 Sephadex LH-20 #2477 ( H B UE ) 4 fb 15 5
59 6(8.8 mg) F111(5.0 mg), Fr.4.5(0.2 ¢g)
2% pTLC(JRIF R ZR o — S W BE-P9 i 10: 1,40 mL)
aifb G2 A Y 5(6.2 mg) . Fr.4.6(1.3 g) £k
AT S AT ( U Be-HH 2 300 1YEJBE) L SR J5 48 Seph-
adex LH-20 # )2 #7 ( H EEVENG) 264k 15 2L 54 7
(12.6 mg) 12(20.3 mg) F113(9.6 mg) . Jis Fr.
5(2.2 g, —GA M fe-HEE 20 1UEEER 73 ) 28 ) Al C18
FEJZT, DA -7k B2 B (10% —100% ) , & 545
F4ANFHA(Fr.5.1 ~Fr.5.4), Fr.5.2(0.2 g)
fifi FH 2= il 4 HPLC ( Ffis-7K 35%: 65% , i % 2 mL/
min) 3 B3 ELA Y 3(20.1 mg) . Fr.5.3(0.2 g)
28 pTLC(JRIFAR Ry — S H - 2 152 1,40 mL)
SrEREMLEY 4(7.8 mg) F18(9.9 mg) . Fr.5.4

(1.1 g) 2Rk AT 24T ( U Y e -H B 400 TR
SRJG 28 Sephadex LH-20 A% 24 ( IR ) 2liAb 15
#b4H 9(6.8 mg) 10(16.2 mg) \14(7.7 mg) Fl
16(15.2 mg) .,
1.4 pEEENR

SR MTT 5% 53 85 3845 1 S AL & Wy k47 20
PRSI AR R A0 AT AR/
Jits e 24 JHL ( AS49) (LR 9 40 i ( BT-549) \ NE
HUEEANM (HeLa) AT 40 L (HepG2 ) | A FL 194
A0 (MCF-7 ) R A8 £ 11 L9 B A% 40 i ( THP-1)
RN A E R B SR SR R D1 2
MNEPE . A RFINAE S 2015 2 4 .8 16 .32 1 64 g/
mL b 6 VBB RO B0A 4 I A 4 A o3 i) 4
e 96 FLAR L, BEFLINAAS [R) ¥ 4k A9 100 pL,
FiF% 24 ~T72 h 5 1E WA T SR IE S . AR
J&  BALINA 10 pL ¥ EE Ny 5 mg/mL 1) MTT, & T
37 °C T4 hy 3% BIEH, BT INA 150 L
1) DMSO #7121, 490 nm T I FR A0 & AL
f9 OD {H, PAZEF%: 2 (epirubicin) Jy FHEXS R, T
FAFE DI 1C, fH.
2 HR
2.1 EKRETE

PR FRTE PDA PR ERI0h R 2244, 5728
WEFEE(E 1), HAE/N B2, eIk, 8
S (O, K 8 ITS JP 3 1E GenBank | 17
BLAST Fb X}, 45 R A B, X H k5 A. terreus EBF108
(MF377552. 1) | A. terreus JJGG-54 ( MK644096. 1) |
A. terreus GKF25 ( MK713427. 1) ZE ¥R AB L 35 4
99% ., R, %5 12 R Bk Ry A Ml F AL terreus ( Gen-
Bank JF12 . MW534402) .

1 H#k A. terreus 7€ PDA AR _EHIFE
Fig. 1  Morphology of strain A. terreus on PDA plate
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2.2 ZMETE

WEW 1 R [ 4 'H NMR (500 MHz,
CDCL,)5:13.21(1H,s,8-0H) ,7.48(1H,t,J = 8.3
Hz,H-6),6.81(1H,dd,J = 8.3,0.7 Hz,H-5) ,6. 81
(1H,d,J = 7.0 Hz,H-1") ,6.74(1H,dd,] = 8.3,
0.7 Hz,H-7),6.49 (1H,dd,J = 2.0,2.6 Hz, H-
4'),6.42(1H,s,H-2),5.44(1H,t,J = 2.6 Hz, H-
3'),4.78 (1H, dt,J = 7.0,2.0 Hz, H2'),3.98
(3H,s,1-OMe) ;°C NMR (125 MHz,CDCl,)8:181.3

OH 0 0~ }
on g®° o O
O |
Ny CLIO ®
R
o
O Ot
1R=H 3
2R=0Me

HO
94
4

(s,€9),164.5(s,C-3),163.3(s,C-1),162.3(s,C-
8),154.9(s,C-10a),154.0(s,C4a),145.4(d, C-
4'),135.6 (d,C-6),113.2(d, C2"),111.2(d, C-
7),108.9(s,C-8a),106.5(s,C4),105.9(s,C9a),
105.9(d,C-5),102.5(d,C-3"),90.5(d,C-2),56.8
(q,1-OMe ) ,48.0(d, C-1") . DL A% 0804 5 3
BRU PR — B MO B A 1 A il R
(Kl2),

~, R
0 O O o o oH o7
COCLY 010
~,
S Q ~o OH
e o
5R=H 7
6R=0H

16 R=Me

B2 {La¥1~16 MLZEE

Fig.2  The chemical structures of compounds 1-16

WEW?2 REOIEEFA;'H NMR (500
MHz,CDCl,)§:12.60 (1H,s,8-OH) ,7.19(1H,d, J
= 8.9 Hz,H6),6.83(1H,d,J = 7.2 Hz,H-1"),
6.68(1H,d,J = 9.0 Hz,H-7),6.49(1H,dd,J =
2.7,2.2 Hz,H4') ,6.44(1H,s,H-2) ,5.51 (1H,t,J
= 2.7 Hz,H3") ,4.86(1H,d,J = 7.1 Hz,H2"),
3.99(3H,s,1-OMe) ,3.92(3H,s,5-OMe) ;" C NMR
(125 MHz,CDCI,)5:181.4(s,C9),164.7(s,C-3),
163.5(s, C-1),155.5 (s, C-8),154.2 (s, C-10),
145.4(d,C4"),144.9 (s, C-13),139.6 (s, C5),
120.7(d, C-6),113.5(d, C-1"),109.8 (d, C-7),
109.7(s, C-11),107.0 (s, C4),106.3 (s, C-12),
102.7(d, C-3"),90.8 (d, C2),57.9 (q,5-OMe) ,
57.0(q,1-OMe) ,48.3(d,C-2") . DI B mE%R S
SR A — B B A 2 O S5-I
M=,

EWM3  REAHIRY ;' H NMR (500 MHz,

CDCl,)é6:12.65(1H,s,1-OH) ,7.59(1H,t,J = 8.3
Hz,H-7),7.30(1H,s,H-1),6.90(1H,dd,/J = 8.4,
0.8 Hz,H-8),6.79(1H,dd,J = 8.2,0.8 Hz,H-6),
5.61(1H,m,H-16),5.09(2H,s,H-20) ,4.45 (2H,
d,J = 7.2 Hz,H-15),2.46 (3H, s, H-14), 1. 81
(3H,s,H-18),1.72 (3H, s, H-19) ;" C NMR ( 125
MHz,CDCl, ) 6. 184.4 (s, C-13),161.8 (s, C-5),
155.6(s, C-12),154.0 (s,C-3),152.6 (s, C9),
142.8(s,C-2),139.1 (s, C-17),136.8 (d, C-7),
134.3(s,C4),119.6 (d, C-16),119.4 (d, C-1),
118.0(s, C-10),110.5(d, C-8),106.5 (s, C-6),
72.2(t,C-15),57.1(1,C-20),25.9(q,C-18),18. 1
(q,C-19),17.7 (q, C-14) , DL %45 3k 4z
T HEA—F, MU e &9 3 Sl variecoxanthone A,

wEWm4a REARY ;' H NMR (500 MHz,
DMSO-d,)68:7.12(1H,d,J = 8.3 Hz,H-3),6.58
(1H,s,H-5),6.38(1H,d,J = 8.3 Hz,H4),6.26
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(1H,d,J = 9.9 Hz,H-14),5.43(1H,d,J = 9.9
Hz,H-15),4.82 (1H, s, H22a) ,4.60 (1H, s, H-
228),4.52(1H,br s,H-25) ,4. 18 (1H, m,H-19«) ,
4.12(1H,m,H-198) ,2.33(1H,br d,J = 11.2 Hz,
H-20),2.10(3H,s,H-24) ,1.69(3H,s,H-23) ,0. 99
(3H,s,H-17),0.93 (3H, s, H-18) ;" C NMR (125
MHz,DMSO-d, )§:200. 6 (s,C-13) ,161.4(s,C-10),
154.1(s, C-1),146.4 (s, C-11),144.2 (s, C-7),
142.1(s, C21),132.8(d, C3),128.3 (s, C6),
127.0(d, C-15),126.3 (s,C-12),121.6(d, C-14) ,
121.3(s,C9),117.4 (d, C5),113.5 (s, C8),
112.6(s,C2),111.7(t,C22),108.5(d,C4),76. 8
(s,C-16),62.9(t,C-19),61.5(d,C-25) ,44.5(d,
C-20),27.3(q,C-17),26.6 (q,C-18),22.2(q, C-
23),16. 1(q,C24) . DI 5 3ok "™ 4o A
—3, i E# LA 4 A chryxanthone A

wEW S EEAE{K;'H NMR (500 MHz,
CDCL,)8:13.54(1H,s,1-OH) ,7.43(1H,d,J = 2.1
Hz,H-5),7.19(1H,s,H4) ,6.75(1H,d,J = 2.0
Hz,H-7),5.37 (1H,d,J = 3.1 Hz, H-1"),4.00
(3H,s,8-OMe) ,3.96 (3H,s,6-OMe) ,2. 06 (1H,m,
H-2'a),2.05(1H,m,H4'a),1. 88 (1H,m,H-2'B) ,
1.84(1H, m,H4'8),1.66 (1H, m, H-3" ), 1. 59
(1H,m,H-3'B),1.58 (3H,s,H-6") ;" C NMR (125
MHz,CDCL, ) §:186.7 (s, C9),182.5 (s, C-10),
164.9(s,C-6),162.7(s,C-8),159.5(s,C-1),159. 5
(s,C3),137.5(s,C-10a),132.5(s,C4a),116.8
(s,C2),115.2(s,C-8a),110.0(s,C9a) ,107.0(d,
C4),104.8(d,C-7),103.9(d, C-5),100.8 (s, C-
5'),67.1(d, C-1"),56.6 (q,8-OMe), 56.0 (q,6-
OMe) ,35.9(t,C4"),27.8(q,C-6") ,27.4(1,C2"),
16.0(1,C-3") o LI ¥ 5 ekt il A — 3,
W ENEY) S N 6,8-di-O-methylaverufin,

WE&® 6 ¥ [F&;'H NMR (500 MHz,
CDCL,)8:13.57(1H,s,1-OH) ,7.43(1H,d,] = 2.4
Hz,H-5),7.20(1H,s,H4),6.76 (1H,d,J = 2.4
Hz,H-7),5.24(1H,s,H-1") ,4.06(1H,d,J = 2.4
Hz, H2'),4.01 (3H, s, 8-OMe ), 3.96 (3H, s, 6-
OMe),2.19(1H,ddd,J = 11.8,6.7,2.9 Hz,H-3’
a),1.93(1H, m,H-3'8),1.74(2H, m,H4") ,1. 63
(3H,s,H-6") ;" C NMR (125 MHz, CDCl, ) §:186.7
(s,C9),182.4(s,C-10),165.0(s,C-6),162.8(s,
C-8),159.7 (s,C-1),159.2(s,C-3),137.4 (s, C-

10a),132.9(s,C4a),115.1(s,C-2),114.7 (s, C-
8a),110.0(s,C9a),107.2(d,C4),104.8 (d, C-
7),104.0(d,C-5),100.8(s,C-5"),71.3(d,C-1"),
65.2(d,C-2"),56.6(q,8-OMe) ,56.0(q,6-OMe) ,
30.8(t,C4"),27.6(q,C-6"),23.2(1,C-3"), DI I
Bl 5 S3Cmk T R AR — 5, O B 6 M 6,
8-di-0-methylnidurufin,,

&7 # AR AH NMR (500 MHz,
CDCl;)6:13.76(1H,s,1-0H) ,9.43(1H,s,3-OH) ,
7.39(1H,s,H-5) ,7. 19(1H,s,H4) ,6. 73 (1H,s,H-
7),4.94(1H, m,H-1"),3.99(3H,s,8-OMe) ,3.94
(3H,s,9-OMe) ,3.45(3H,s,1’-OMe ) ,1. 83 (1H,m,
H2'a),1.75(1H,m,H-2’8),1.49(1H,m,H-3"a) ,
1.39(1H,m,H-3'8) ,1.26(2H,m,H4") ,1.25(2H,
s,H-5"),0.86 (3H, m,H-6");"” C NMR (125 MHz,
CDCl,)6:186.7(s,C-9),182.4(s,C-10),164.9(s,
C-6),162.8(s,C-8),162.2(s,C-1),162.1(s,C-3),
137.4(s,C-10a),133.0(s,C4a),119.0(s,C-2),
115.1(s,C-8a),110.2(s,C9a),108.4 (d, C4),
104.8(d,C-7),103.8(d,C-5),79.6(d,C-1"),58.0
(q,1'-OMe ), 56.6 ( q, 8-OMe ) , 56.0 ( q, 6-OMe ) ,
34.6(t,C-2"),31.6(t,C4"),25.0(t,C-3"),22.5
(1,C-5"),14.0(q,C6") o LA b ¥d 530k i il
BB MO EAEY T N 6,8, 1 -ri-0-methyl
averantin ,

&w8 Ak A;'H NMR (500 MHz,
CDCL;)6:3.63 (1H, m,H-3),5.57(1H,br d,J =
4.9 Hz,H-6),5.38(1H,br s,H-7),0.94(3H, s, H-
18),0.63(3H,s,H-19),1.03(3H,d,J = 6.6 Hz,
H-21),5.17,5.24(2H,dd,J = 11.2,7.6 Hz,H-22/
H-23),0.83(6H,t,/ = 7.1 Hz, H-26/H-27) ,0.91
(3H,d,J = 6.1 Hz,H28);"” C NMR (125 MHz,
CDCl,)6:38.4(t,C-1),32.0(t,C-2),70.4(d,C-3),
40.8(t,C4),139.8(s,C-5),119.6(d,C-6),116.3
(d,C-7),141.3(s,C-8),46.2(d,C-9),37.0(s, C-
10),21.1(t,C-11),39.1(t,C-12),42.8(s,C-13),
54.5(d,C-14),23.0(t,C-15),28.3(t,C-16),55.7
(d,C-17),12.0(q,C-18),16.3(q,C-19) ,40.4(d,
C-20),21.1(q,C-21),135.5(d,C-22),132.0(d, C-
23),42.8(d,C-24),33.1(d,C-25),19.6(q,C-26) ,
19.9(q, C27),17.6 (q,C28), LI L% 5 X
R A — B, S EL A Y 8 O (22F,
24R) -ergosta-7,9(11) ,22-trien-38-ol,
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WEW9 REMKAK;'H NMR (500 MHz,
CDCL)8:5.73 (1H,s, H4) ,6.03 (1H,d,J = 9.5
Hz,H-6),6.60(1H,d,J = 9.5 Hz,H-7) ,0.96(3H,
s,H-18),0.99(3H,s,H-19),1.05(3H,d,J = 6.4
Hz,H-21),5.21(1H,dd,J = 14.1,7.2 Hz,H-22),
5.24(1H,dd,J = 14.1,8.3 Hz,H-23),0. 83(6H,t,
J = 7.1 Hz,H-26/H-27) ,0.93(3H,d,/ = 6.6 Hz,
H-28) ;" C NMR (125 MHz,CDCL,)8:34. 1(t,C-1),
34.2(t,C2),199.5(s,C-3),123.0(d,C4),164. 4
(s,C-5),124.4(d,C-6),134.0(d,C-7),124.4 (s,
C-8),44.3(d,C9),36.8(s,C-10),19.0(t,C-11),
35.6(t,C-12) ,44.0(s,C-13),156.1(s,C-14) ,25. 4
(t,C-15),27.7(t,C-16),55.7(d,C-17),19.0(q,C-
18),16.6(q,C-19),39.3(d,C-20),21.2(q,C-21),
135.0(d, C22),132.5(d,C23),42.9(d, C24),
33.1(d,C-25),20.0(q,C-26),19.7(q,C-27),17.6
(q,C-28) . LA REOES5 3k Ja S A — 2, i
FEEY9 H(22E ,24R) -ergosta4 ,6,8 (14) ,22-tr-
traen-3-one,

& 10 [k ;'H NMR (500 MHz,
CDCL,)8:4.03(1H,m,H-3),5.63(1H,s,H-7) ,0. 59
(3H,s,H-18),0.93(3H,s,H-19),1.03(3H,d,J =
6.6 Hz,H-21),5.15(1H,dd,J = 15.3,8.3 Hz, H-
22),5.23(1H,dd,J = 15.2,7.6 Hz,H-23),0. 82
(6H,t,J] = 7.0 Hz,H26/H-27),0.92(3H,d,J =
6.7 Hz,H-28) ;" C NMR (125 MHz, CDCl;) §:27. 8
(t,C-1),30.3(t,C2),67.4(d,C-3),38.7(1,C4),
77.6(s,C-5),198.7(s,C-6),119.7(d,C-7),165.6
(s,C-8),38.8(s,C9),42.8(s,C-10),27.8(t,C-
11),33.0(t,C-12) ,44.7(s,C-13),55.8(d,C-14),
22.5(t,C-15),27.7(t,C-16),56.0(d,C-17) ,12.7
(q,C-18),16.4(q,C-19),40.3(d,C-20),21.1(q,
C-21),135.0(d,C-22),132.4(d,C-23) ,43.8(d, C-
24),33.0(d,C-25),19.6(q,C26),19.9(q,C-27),
17.6(q,C-28) . LA EHd 53k ™ Hias w4 — 3,
O EAL A 10 4 (22E ,24R) -38,5a-dihydroxy-er-
gosta-7,22-dien-6-one

& 11 [k R;'H NMR (500 MHz,
(CD,),C0)8:3.95(1H,m,H-3),5.64(1H,s,H-7) ,
0.67(3H,s,H-18),0.99(3H,s,H-19) ,1.06(3H,d,
J = 6.6 Hz,H21),5.24(1H,dd,J = 15.3,8.0
Hz,H-22),5.30(1H,dd,J = 15.3,7.4 Hz,H-=23),
0.85(6H,t,J = 6.9 Hz,H26/H-27) ,0.95(3H,d,J

= 6.8 Hz,H-28) ;" C NMR (125 MHz, (CD,),CO)
5:26.3(t,C-1),31.2(t,C2),67.0(d,C-3),37.6
(1,64),79.9(s,C-5),197.9(s,C-6) ,120.5(d, C-
7),163.4(s,C-8),75.4(s,C9),42.4(s,C-10),
29.2(t,C-11),35.8(t,C-12),45.7(s,C-13),52.2
(d,C-14),23.0(t,C-15),28.7(t,C-16),56.8(d,C-
17),12.5(q,C-18),20.6(q,C-19) ,41.2(d,C-20) ,
21.5(q,C-21),136.3(d,C22),133.0(d, C-23),
43.7(d,C-24),33.8(d,C-25),20.0(q,C-26),20.3
(q,C27),18.1(q,C28) . DA 45 3Cik™ 4
EHA — 3 OB GY 11 R (22E,24R) 38,
Sa,9a-trihydroxy-ergosta-7 ,22-diene-6-one

&W 12 [k AK;'H NMR (500 MHz,
(CD,),C0)8:4.27(1H, m,H-3),5.44(1H,d,] =
4.9 Hz,H4),6.18(1H,d,J = 9.7 Hz,H-6) ,5. 88
(1H,d,J = 9.7 Hz,H-7),0.99(3H,s,H-18) ,0. 84
(3H,s,H-19),1.07 (3H,d,J = 6.7 Hz, H21),
5.26(1H,dd,J = 14.9,7.4 Hz,H-22),5.30(1H,
dd,J = 14.7,6.7 Hz,H-23) ,0.86(3H,d,J = 6.8
Hz,H-26),0.87 (3H,d,J = 6.8 Hz, H-27),0.95
(3H,d,J = 6.8 Hz, H28);"” C NMR (125 MHz,
(CD,),C0)8:30.4(t,C-1),26.9(t,C2),44.3(d,
C-3),124.1(d,C4),146.4 (s,C-5),127.2(d, C-
6),126.5(d,C-7),125.8(s,C-8),46.4(d,C9),
36.5(s,C-10),20.3(t,C-11),37.6(t,C-12),44. 4
(s,C-13),149.8(s,C-14),25.3(t,C-15),28.7(t,
C-16),57.0(d,C-17),19.6 (q, C-18),17.8 (q, C-
19),40.3(d, C20),21.7(q,C-21),136.5(d, C-
22),133.0(d, C-23),43.9(d, C24),33.9(d, C-
25),20.1(q,C26),20.4(q,C27),18.2(q,C-28),
158.6(s,C29) . Lh b %4 5 Scik ™ 218 s A —
BLHOE AW 12 F5(22E,24R) -3a-ureido-ergos-
ta-4 ,6,8(14) ,22-tetraene ,

wEm13 [ERER;'H NMR(500 MHz, DM-
S0-dy)8:3.75(1H, m,H-3) ,3.58 (1H,br s, H-6) ,
5.06(1H,m,H-7),0.52(3H,s,H-18),0.89(3H,s,
H-19),0.97(3H,d,J = 6.5 Hz,H-21),5.15(1H,
dd,J = 15.3,8.1 Hz, H-22),5.21 (1H,dd,J =
15.3,7.2 Hz,H-23) ,0. 79(6H,t,J = 6.6 Hz,H-26/
H-27),0.87(3H,d,J = 6.8 Hz, H28);"”C NMR
(125 MHz,DMSO-d,)6§:31.6(t,C-1),32.9(t,C-2),
66.4(d,C-3),40.6(t,C4),74.9(s,C-5),72.6(d,
C-6),119.9(d,C-7),140. 1(s,C-8) ,42.7(d,C9),
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37.1(s,C-10),21.8(t,C-11),40.6(t,C-12),43. 4
(s,C-13),54.6(d,C-14),23.0(t,C-15) ,28.2(t,C-
16),55.8(d,C-17),12.5(q,C-18),18.2(q,C-19),
40.5(d, C20),21.4(q,C21),135.8(d, C22),
131.8(d, C-23),42.5(d, C24),32.9(d, C25),
20.2(q,C26),19.9(q,C27),17.7(q,C28), VI
R SRR R AR — B O e RS 13
M (22E ,24R) -ergosta-7 ,22-dien-38,5a ,68-triol ,

& 14 [k ER;'H NMR (500 MHz,
CDCL)6:3.93 (1H, m,H-3) ,6.48(1H,d,J = 8.5
Hz,H-6),6.22(1H,d,J = 8.5 Hz,H-7),0.79(3H,
s,H-18),0.82(3H,s,H-19),0.89(3H,d,J = 6.8
Hz,H21),5.12(1H,dd,J = 15.3,8.3 Hz,H-22),
5.20(1H,dd,J = 15.3,7.6 Hz,H-23),0.80(3H,
d,J = 6.8 Hz,H-26),0.88(3H,d,J = 6.8 Hz, H-
27),0.98(3H,d,J = 6.6 Hz,H-28) ;" C NMR(125
MHz,CDCL,)8:34.7(t,C-1),30.0(t,C-2) ,66.3(d,
C-3),39.3(t,C4),82.2(s,C-5),135.2(d,C-6),
130.7(d,C-7),79.4(s,C-8),51.6(d,C-9),36.9
(s,C-10),20.6(t,C-11),36.9(t,C-12) ,44.5(s,C-
13),51.6(d,C-14) ,23.4(t,C-15),28.6(t,C-16),
56.1(d,C-17),12.9(q,C-18),18.2(q,C-19),39.7
(d,C20),20.9(q,C-21),135.4(d,C-22),132.2
(d,C23),42.7(d,C-24),33.0(d,C-25),19.6(q,
C-26),19.9(q,C-27),17.6(q,C28) ., LI %5
SCHR IR A — B O B LAY 14 9 (22E,
24R) -5« ,8a-epidioxyergosta-6 ,22-dien-38-ol ,

wE&m15 [k H NMR (500 MHz, DM-
S0-dy)8:5.74(1H,d,J = 1.2 Hz,H-2) ,0.52(3H,
s,H-12),0.98 (3H,d,J = 6.6 Hz, H-14),5.17
(1H,dd,J = 15.3,8.2 Hz,H-15),5.25(1H,dd,J
= 15.3,7.4 Hz,H-16) ,0.79(6H,t,J = 7.0 Hz, H-
19/H-20),0.88 (3H,d,J = 6.8 Hz, H21);" C
NMR (125 MHz, DMSO-d,)8:171.1(s,C-1),112.0
(d,C2),171.1(s,C-3),105.5(s,C4),35.2(t,C-
5),35.4(1,C-6),48.7(s,C-7),50.3(d,C-8),21.3
(t,€9),29.0(t,C-10),55.1(d,C-11),11.9(q, C-
12),40.0(d, C-13),21.3(q, C-14),135.4 (d, C-
15),132.2(d, C-16),42.5(d, C-17),32.9(d, C-
18),19.9(q,C-19),20.2(q,C-20),17.8(q,C-21),
LB d 5 Sk o AR — B s e A
15 *#y demethylincisterol A,

wE&mi16 [EEFk;'H NMR (500 MHz, DM-

S0-d,)8:6.01 (1H,s, H2),0.54 (3H, s, H-12),
0.98(3H,d,J = 6.6 Hz,H-14),5.17(1H,dd,J =
15.3,8.2 Hz,H-15),5.25(1H,dd,J = 15.3,7.5
Hz,H-16),0.79 (6H,t,J = 7.2 Hz, H-19/H-20),
0.88(3H,d,J = 6.8 Hz, H21),2.99 (3H, s,
OCH,) ;" C NMR (125 MHz, DMSO-d, ) §:170.4 (s,
C-1),114.7(d,C2),169.1 (s, C-3),107.7 (s, C-
4),34.6(t,C-5),35.0(t,C-6),48.7(s,C-7),50.6
(d,C-8),21.1(t,C9),28.9(t,C-10),55.1(d, C-
11),12.0(q,C-12),40.0(d,C-13),21.2(q,C-14),
135.4(d, C-15),132.3(d, C-16) ,42.5(d, C-17),
32.9(d,C-18),19.9(q,C-19) ,20.3(q,C-20),17.8
(q,C-21),50.1(q,0CH;) . DA k%5 3ck™ 3
EEA B, MU E LAY 16 25 (17R) -17-methyl-
incisterol .
2.3 WS EEMNRER

BT BRI A 1 ~16 P47 T 4R 76 1k
MK DA Az 28 240 Iy 25 R Bl 85 2 (epirubicin )
Sy BAEXT R, DL A549 (BT-549  HeLa HepG2 . MCF-7
A1 THP-1 A R4, iR R g 1, (kA1 ~
7 .12 14 ~ 16 XFAS[A] Y fif o 240 M 2 0 i — 28 5 1
Hor  ERHZEEY 6 X AS549 Fil BT-549 KRB ¢
SR A A EETE PR ICS, (HA ) 9.8 + 0.2 F19.8 =
1.3 pM, EERZEIA Y 7 %) HeLa F30 H #0558 19 41
MIBEIG T, ICH 8 9.9 + 1.1 pM, §EILEY
14 X} THP-1 0 3808 (1 36 P, IC, fE R 9.0 =
0.5 pM,
3 WitE&R

24 HIAE ) 5 N A L a3 0 o [ R4
TER TR BB AR AR G R, Horh i AR O B
FERALAE K ORI 37 Bl RIS SR A5, T PN A LR
B AR BACH = PR A A K 5 . X
SR AR ) B A 3 B AR W iE e A BB 2 9
RS, P24 PR 0 P A TR DR B IR S —
MBI REE, 130 452k, © 2 WBCA Fh 2 H]
T, I AT 15 Pk s, e alifh 7R
WAE B, RIS E FE N ERR
PR, KSR R E T e g b2y, HOCTNE
FLR GBS s 3, BRI 4 B3R 15 T
18 BRI B o Mk, K T2 A4 R A 5
HE— RN R

245 A N A ELTRT R A8 7 AE 2540 Z2 RE (RIS PRI
AR, A S35 o B IR A P B A e
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Table 1  Cytotoxic activity of the isolated compounds
feim [Cso (D
Compound A549 BT-549 Hela HepG2 MCF-7 THP-1
1 23.2 £ 1.6 18.8 £ 1.6 36.5 £ 0.8 20.6 = 1.4 17.3 = 2.0 >50
2 26.6 = 1.1 >50 >50 32.1 £ 1.8 40.5 + 1.5 >50
3 28.6 = 1.0 30.5 £ 0.8 49.2 + 1.2 >50 >50 46.2 + 0.9
4 40.0 + 0.4 30.1 = 1.7 20.3 £ 1.2 31.0 £ 1.6 >50 >50
5 19.8 + 0.8 10.5 = 1.2 22.9 +2.0 19.6 = 1.5 290.8 = 1.0 >50
6 9.8 +0.2 9.8 + 1.3 18.0 = 1.4 17.8 =+ 0.5 36.3 = 1.9 48.3 + 0.6
7 20.5 = 0.9 20.9 = 1.2 9.9 + 1.1 10.6 = 1.0 23.5 £ 0.1 >50
8 >50 >50 >50 >50 >50 >50
9 >50 45.6 = 0.8 >50 >50 39.7 £ 0.3 >50
10 >50 >50 >50 >50 >50 >50
11 >50 >50 19.7 + 1.2 >50 >50 >50
12 25.6 = 0.2 38.9 £ 0.9 43.1 = 1.0 22.3 = 1.1 >50 >50
13 >50 30.1 £ 1.5 >50 >50 >50 >50
14 10.9 = 0.3 29.6 = 0.5 30.6 £ 1.0 19.0 £ 0.8 46.7 + 1.8 9.0 £ 0.5
15 15.5 £ 1.0 40.0 = 1.2 29.7 + 0.8 35.5 £ 1.5 10.5 £ 0.3 20.5 = 1.2
16 48.9 + 1.6 >50 >50 >50 16.8 = 0.5 23.6 = 1.3
élﬁi’ﬁ;ﬁ 5.9 £0.3 4.9 = 0.1 1.1 £0.1 3.8 £0.3 5.0 £ 0.1 5.0 £0.3

g 24 PR M, R Y AE B N AN (E . X SRt
PRI GEA SR AL G A MRS | S RIS IS
2 EBRZESE . B KRB S iR ZE
W R H N — KA, BA A YIE T, U
Hpe g st HEA KRMNE R R s, 51k
THRANGZHRE. B TR K FSNAERR
FE N BRAT 1 1 J 2 A R A 1, R = e B
BRI S Y, AR 2 R a0 4
RMINKFZ N4 EF A terreus TZS-201607 H 435
aifb 15580 16 MG, 73 e (fhE% 1 ~4) |
B G5 ~7) LIRS BE(fL G 8 ~16) 251k
G AERERNLEY 1 ~T7 12,14 ~16 HEH
NN A BLTA Al terreus W53 B ARAS . FEIRSMITIPIE
T, fe AW 6.7 F1 14 X N i I A0 Y Bk
A549 BT-549 HelLa F1 THP-1 & Bl H 455 0 1 40 L 75

HPE(IC, <10 pM) . AR FE TR TS NER
WA, fE—E R L FE T HIE A terreus
IRGACHT= DA 2 S5 SR A W) 1 o TR, AR
WFFE B T PO i 1 2 R R B Y, N
L) e AL B W ISR AL T A A W ok
(L
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