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The Study of Antitumor Secondary Metabolites from Penicillium oxalicum
a Fungus Residingin Acrida cinerea

YU Meng-lan,XU Bang, CHENG Fan,ZOU Kun,CHEN Jian-feng *
Hubet Key Laboratory of Natural Products Research and Development ,China Three Gorges University , Yichang 443002 ,China

Abstract: A dimeric naphthopyrones were activity-guided isolated by MTT method from the fermentation broth extract of
Penicillium oxalicum ,a fungus residing in Acrida cinerea. On the basis of spectral data and physicochemical properties,, it
was identified as secalonic acid A that isolated for the first time from the endophytic fungus of Penicillium oxalicum. Se-
calonic acid A showed significant cytotoxicity to several human cancer cell lines such as HepG2,A549,Ca Ski,CNE2,
MDA-MB-231 with ICs, values of 1.12,2.23,4.16,20. 18,22.65 pM,but slightly cytotoxicity to normal cell lines such
as HaCAT and MDCK with ICy, values greater than 100 M. Flow cytometry assay confirmed that secalonic acid A caused
a dose-dependent early apoptotic effect with a highest-level of 40. 6% . Furthermore , secalonic acid A triggered a rapid
decrease of the mitochondrial membrane potential by 97.3% relatively. These findings suggested that secalonic acid A
induced mitochondrial-mediated apoptosis in HepG cells.
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BT 335 A, 1 I A7 & 52 - JB R 2\ 7 5 Dionex Ulti-
mate 3000 7 5 R0 AH (L3543, 58 [ # % N 7] 5 Cos-
mosil MS-IT RP-C ;{6 i% 4+ (5 wm,250 x 10 mm 2§ i
55 um, 250 x 4.6 mm 43Hp %) s EPICS X1L4 7Y
WA ML A, 55 E Beckman Coulte 2 & ; Stat Fax-
2100 BIFGHRAX , 36 [ Awareness 23 ) ; {5 8 12 G55,
HZ< Olympus CKX41 23] 5 DY FH BB w3k (MTT)
W H Sigma /Nl 3 Annexin V-FITC 2 R T A T
F & JC-1 20 S 1A r A A6 I 350 60 0 ) R e
LAY
1.2 FEHRAGRERE

SEH AR B B ARSI R I, B AURE T
2011 4F 7 HRAR T WAL A b A 22 KU [ 520
oo TR R = R A T T I M O R R T
( Penicillium oxalicum) , ff-AET =W K24 R IR = W) T
SE5 A AL A AR S0 % AR AR AR B AN i
HaCAT KB 4 i MDCK | A JHi 40 il HepG2 | A Jili
FEAN L AS49 | N SR 40 L Ca Sk | & W 95 41 g
CNE2 FIAFL IR 98 40 il (MDA-MB-231) Iy 5 2GR
o ] SRR SR DR rh O, SR 2 KRR )
WF5E 5 R FHIAC A B 200 2 A2 AR
1.3 EHFE

Bi g : SDA REFREE (294 40 o, BRI 10 g,
Bl 20 g,7K 1000 mL, pH {f [ 4% ) s SD 55 97 5 ()
B 40 ¢, F A 10 g, 7K 1000 mL, pH {5 F1 448,
1.25 x 10° Pa K% 20 min,,
1.4 B #k Penicillium oxalicum W& B

I ARZE SDA B3R FERHINE AL 5 , #F T SD Fh
TRFREE, T 28 °C 125 pm R HEIR 3 d R EE SR
YRR DL 5% R HEERR R T SD R BESE IR Ak
F 28 C 125 rpm ¥R{% 595 16 d, Tk EE 40 L,

1.5 FEMHIBIRFES BRI Penicillium oxalicum By
EEORFRE =

R 40 L it 08, F 218 & B8 2 BB, 98
Wedits 12.2 g MY 224K 2 37 CHETAbHES
FHEAT-PBE(L: 1) 2 PEHET R 2244, o i, BV
WUEWR AT 10. 6 g HLHEY) . ¥ LRKIRY S IF, &
IEARRER A A3 (800 g 1EAHAE i, 200 ~ 300 H ) 4
B, A5 -HEE(100: 0 ~ 502 50% , v/v) B B2 BEN , 75
SAPEBEIRF (1 ~5) o XEIFRRLEEH AN S A>T
RO UL T ORI IR PERR 5T (MTT 357) o R4
B BUR AT T — 2008, Hobh 1 3 el R A
H— @A AL 59 (36. 6 mg) |, 8 P37 i 5
e ) SCHRGT iAW HEA T 4510 S 08, IF e AR S
PR TG
1.6 BEYEHHRMBEENEVSRR

BT 1R S BB SR AL G W% HepG2
20 LA TS P AR B, B0 LA Hep G2 200 it Ay A6 T A
AL, RS BRI AN M TR A e
g OR NG oRIER Vi N7 e S ES % A% N RSN VAT a2 P 1 0}
JAT- H AnnexinV-PI XUH% i ka0 , £ 14 B B A7
JC-1 REFEA I, 2050 & W A g st LA W), 4%
MR UL A3 SR LA O R R A

2 ZREHH

2.1 EHRARMES o BEBAHEHERIESER

TR S ) B 28 TE AR AR IR AE (3 73 B IR Y 1 ~
5,5 AVEBEER 2>, F DMSO 5 fif ic il 5% 100 mg/mL
BT U , SR I FH 40 M 15 5% 7 B 100,50 .25
% 1.56 pg/mL, 73558 i MTT 3k 7E47 (R SM7C R
TR, LA 22 2% 38 0 B A 25 Wy ) IR, AR 46 SPSS
B 1 fH . HERWZ 1 PR,

R 1 ERMRESEBES TR E MR 1Cy (pg/mL) (n = 3,7 %5)

Table 1 ICy,( ug/mL) of total extract and its eluted fractions against tumor cells (n = 3, x s )

Ve 4 Eluted fractions

i TEs 48 I ZREER ikt

Tumor cells Mitomycin Total extract 1 2 3 4 5
HepG2 7.18 £0.42 34.39 +£3.95 9.34 +£0.59 85.96 +6.89 89.34 +5.21 90.67 +6.33 > 100
A549 6.26 +0.39 77.58 £5.36 17.14 £0.78 >100 > 100 >100 >100
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F100:0 (v/v) By S P5-H BB IERAL (1 380 ) ,1Cs,
{ELIAH] 9. 34 wg/mL, A X HAR 73 100 5 3% M 4F
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S PORIEEAE S i R LT f a7
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2.2 BEUBSYHIEHRETE

a1 A BRACE DA R Bs a0 R - v g
i mp. 244 ~248 C;ESI-MS m/z:639 [M +1]*;'H
NMR (400 MHz, CDCl,)68:13.78(2H,s,8,8'-OH) ,
11.74(2H,s.1,1’-0H) ,7.45(2H.d,J = 8.5Hz, H-
3,3"),6.63(2H,d,J = 8.5 Hz,H4,4") ,3.93(2H,
d,J = 11 Hz,H-5,5') ,3.72(6H,s,13,13'-0CH, ) ,
2.73(2H,dd,J = 6.0,19.1 Hz,H-7a,7a"),2. 41
(2H,m,H-6,6"),2.31(2H,dd,J = 10.5,19.2 Hz,
H-7b,7b"),1.17(6H,d,J = 6.6 Hz,H-11,11");"C
NMR (100 MHz,CDCI, )8:187.2(C9,9') ,177.5(C-
8,8'),170.3(C-12,12"),159.4(C-1,1"),158.3(C-
4a 4a’) ,140.2(C3.3') ,117.3(C=2,2") ,107.5(C-
4,4"),106.3(C9a,9a’),101.7(C-8a,8a"),84.7
(C-10a,10a’) ,77.0(C-5,5'),53.2(13,13'-OCH, ) ,
36.3(C-7,7"),29.3(C-6,6"),18.0(C-11,11") , %5
B SCHRARE T BB T A 1 T AR secal-
onic acid A(SAA) 1¥, secalonic acid D(SAD) , FiE A
[FZ AT 5.6.10a F1 576" 10a" fi EHEAG BIA
), ik et B 5 SCRRELAH LU 4, e & 1
M HBESEEE [ 2] T'- 73.3°(c = 0.10,5444) ,

SCHRH, SAD (B HEBEEEE [ ] +88°(c = 0.10, %
P7) 5% SAA [ HLBEEE [a]h-75° (¢ = 0. 10, 5
P, BAYEEA Y 1 H secalonic acid A, 554z
g 1 s,

1 secalonic acid A BI{LFE 4

Fig. 1  The structure of secalonic acid A

2.3 secalonic acid A Y5 g iE 1%

K T PEHY secalonic acid A (SAA) RSN yEE
P FRATTY O T IR A A, IR T 2 Fh e A
Mkk , 25 RN 2 P, secalonic acid A X 22 F i J&
20 B R X EL A A Y A L T P G X g
HepG2 21 AR S o, 1Cs, fEL N 1. 12 wM, 1M XS
2 FE A AN B K I 1C, T E 100 M LT
PIEA22 100 {5224, 7] DL, secalonic acid A ELff —
AR

%R 2 secalonic acid A XA EEHAEE ICs, (uM) (n = 3, X s )
Table 2 1Cso (M) of secalonic acid A against tumor cells (n = 3, xts )

i g2d 40} Tumor cells TEH 4 Ordinary cells
HepG2 A549 Ca Ski CNE2 MDA-MB-231 HaCAT MDCK
SAA 1.12 £0.054 2.23 £0.093 4.16 £0.26 20.18 £0.57 22.65 +0.86 >100 >100

2.4 secalonic acid A Xt HepG2 ZHBaTZSHI =20
AR (5.0.2.5.1. 25 uM) [Y) secalonic
acid A fEH] HepG2 ZHfid 48 /NI, 70502 B U5 &
WLE A L 25 728k CIORAE % 10 x 10) , & 2 i
N, FARINZG X RBZH B AH HE , 1. 25 uM Secalonic
acid A VR, AT LA L sc4a 722 51 , 200 e I e 8 07 0k
55, WA 25 A I B R 40, 200 i i) A 1 2 )
OV, 200 2 T 328 ¥ S T /N R A DR 3t 7% ek
TAMET TR . 5.0 wM Secalonic acid A fEH T
HepG2 ZH/ig 48 h J5 , 4 g i S0 K & A 40 B 14 17, 24
JEIRFE . Tt B2 At A K R4
2.5 secalonic acid A Xt HepG2 4B E - #I =2 M
HepG2 44 AN [R]H¢ B 1Y Secalonic acid A (5.
0.2.5.1.25 pM)FEH] 24 h J5, FH i =X 28 A SR 0 24
MJH T A8 4k FITC + /PI-h HHYE T 4 fifg , FITC

B2 A .IEE HepG2 ZHkf;
Fig. 2 A:normal HepG2 cell;
B.C.D:5.0.2.5.1.25 uM Secalonic acid A ZbFH 48 h (1) HepG2 4Hjitg

B.C.D:HepG2 cell were treated with 5.0,2.5,1.25 pM Secalonic
acid A of 48 h
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+/PL+ Ry T4 i, 25 SR A&l 3 BT 7, Secalon-
ic acid A 55 HepG2 4ififl &L T WE T, HA
GV BEAR I, 0.1.25 2.5 F15.0 wM f# Secalonic
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17.2%
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(128 x 128)

1 1000

B3 A :IEE HepG2 4HHm
Fig. 3 A:normal HepG2 cell
B.C.D:5.0.2.5.1.25 pM Secalonic acid A 43T 24 /N HepG2 4 Jifg
B.C.D:HepG2 cell were treated with 5.0,2.5,1.25 uM Secalonic acid A of 24 h

2.6 secalonic acid A Xt HepG2 4 Bl &k fu {4 fE B ir
sl

HepG2 4 il 8 A~ [v] ¢ ¥ /Y Secalonic acid A

(5.0.2.5.1.25 pM)/EH 24 h J5, FH o =X 4 i {0

FITC

040 i 0 T B AR Ak (JC-1 485k , 45 SR Aan & 4 fr
78, Secalonic acid A I ZHIIR T HepG2 20 fu i £k k7
PRI HL A, A XS IR 32 15.3% (0 pM SAA) |7t
F97.3% (5.0 pM SAA),

1000 1000
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(128 x 128)
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L1000 11000

PI

4 A :IEE HepG2 4Hp8
Fig. 4 A:normal HepG2 cell
B.C.D:5.0.2.5.1.25 uM Secalonic acid A Zb¥f 24 /N ) HepG2 4 i1 ;
B .C.D:HepG2 cell were treated with 5.0,2.5,1.25 pM Secalonic acid A of 24 h;
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ARWFFORE 1 Bk R HOR IR 9 FE R 5 8% ( Penicillium
oxalicum ) T Pk 1Y) & TR V00N BT 24 1 (%) AL 90 26 1 AR
RERAE (i o3 8, S5-I BE(100: 0 ~50:50% ,v/v)
BEEEVERL 75 5 D UEBLER 43 (1 ~5) , 38 3o 40 ffg 75 7k
MTT LA TG PEIE B 50 85, N 1 BRI ER 434845 1 1
NS VRN SR AL &) Secalonic acid A, iZ L&
Y E RN ZE P 4 2515 3], Secalonic acid A
X 22 o 9 A M Ak 1) 5L A 1 2 i e, G X
NI Hep G2, IC fEIAF) 1. 12 wM, 1} HXFIE
B YNMORR BRI, B T — R B BE R 40 i
J1o B HIHLEI BT 58 45 S 2 B, Secalonic acid A &
BEIE AT L A B AR 15 e g 20 B R T DT & B b

FVE . 380 2L G AR, o0 8 J7 vk T B (IR
HES AT ) B SRR, BT LA — 22 AT
H AT I AR AR AL ATSE , LAZR & IFAL Se-
calonic acid A [ FHME,

A= IR AR ) Z (B AEAE AR 25 M4t
s R IRIVE L, DR HORL A 9 1) 05 4 5 0 3 ) B A4 £k
BT Z IR 2 0 I 2R, 2% il PR Ok g AR g8
PR P A N B A 5 23 A AT eI R
TARUE W 09 R P A AL ) R BT Ak A1 BR 55
A T AT RS HATER A AL S AT 43 B
APEHMNARTH 2 ~5 BB eg 2l s MMes
ANy} asperpyrones A | asperpyrones B asper-
pyrones C . asperpyrones D 1 aurasperone A, ¥4 42K
JEmLmEn — R ARG Y. B MTT 452R 2o, bik
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5 MG Y A9 40 Hep G2 1A i 925 41
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cum BRRRUGAIE 7 ) B DB R 16 P 32 22 Secal-
onic acid A {RI, IR S0 A 1) B A e —
AR 12 5347 T H 35 R0 ) Ja8 1R A U AR
FEP R MR SCHR AR 3 Ak A X R LA
NI PR 2 R G B A e E Y 3R A
Xf Taq DNA 54 B B A M GIEH . o DUHH &%
PEH AT — DT
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