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Secondary metabolites and their activities of Penicillium terrigenum RD 4-3
isolated from saline-alkali soil in the Yellow River Delta

ZHANG Zhen', MIAO Shuang', QI Shizhou', WU Yan', CAI Guowei’, GONG Kaikai'
(1. Medical Research Center, Binzhou Medical University Hospital, Binzhou 256603, Shandong, China;
2. CFDA Certified Clinical Trials Institution, Binzhou Medical University Hospital, Binzhou 256603, Shandong, China)

Abstract: Objective To study the secondary metabolites and biological activities of fungus Penicillium terrigenum RD
4-3 isolated from saline-alkali soil in the Yellow River Delta. Methods The secondary metabolites were isolated and
purified using various chromatographic methods from culture broth, and the structures of the pure compounds were iden-
tified based on their physicochemical properties and spectral data. Cytotoxic activity and NO detection were performed to
explore antineoplastic activity and anti-inflammatory activity. Results Fourteen pure compounds were isolated and
identified from the extracts of Penicillium terrigenum RD 4-3, including sesquiterpenes 14-hydroxypetasol (1), 6-dehy-
dropetasol (2), isopetasol (3), acremeremophilane G (4), phomenone (6), 7-hydroxypetasol (7), sporogen-AOl
(9), petasol (10), JBIR-28 (11), JBIR-27 (12), 3-acetyl-13-deoxyphome (13) and penicilleremophilane A (14) ,
and benzene derivatives 3-chloro-4-hydroxypheylacetamide (5) and phenols (8), among which 14-hydroxypetasol was
a new compound. The activity results showed that phomenone (6) and sporogen-AO1 (9) exhibited significant antitu-

mor activities against non-small cell lung cancer cells A549 and H1299, with IC,, values below 10 pmol/L. At a con-
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centration of 50 wmol/L, phomenone, petasol and JBIR-28 exhibited anti-inflammatory activity in the LPS-induced in-

flammation model. Preliminary structure-activity relationship revealed that the 6, 7-epoxyl structure could significantly

increase the antitumor and anti-inflammatory activities of the compounds. Conclusion The sesquiterpenes of the sec-

ondary metabolitesfrom fungus Penicillium terrigenum RD 4-3 from the Yellow River Delta exhibit great potential in the

discovery of antitumor and anti-inflammatory lead compounds.
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The chemical structures of compounds 1-14

Figure 1

2.1 AR

AW 1. AR K, HR-ESI-MS 75 HiE 4y
T T m/z 251.1642 [M + H]* g H 17X
H CsHy, 0, AN R S, B hNEREF 252 nm A4k
I KRN, W53+ FTRRAAAE o, B- AN AR 1Y
B, "H NMR 38l o, o F & 3 A 3.5,
1.07 (d, J=15.0 Hz, CH,-15), 1.80 (s, CH,-13)
M1.98 (d, J=1.8 Hz, CH,-12) ; — MR 715
268,574 (d, J=1.7Hz, H-9) ;&4 P A5
5 6,3.64 (1H, HE),8,3.41 (1H, dd, J=10.7,
4.5Hz) , — AKX P HEEAF S 6, 3.65 (1H, H
#).°C NMR $dig R th 15 A5 5 .3 A 3AE
5 8. 11.8 (C-15) 22.3 (C-13) F122.6 (C-12) ;4 4~
sp” S F AU FE— AN A H 3 5. 32.2 (C-1) .36.0

2Ky

(C-2) .37.5 (C-6) F1 64.5 (C-14) ;2 4~ sp® K 3L
AL — AR H 3 6. 48.8 (C-4) Fi169.8 (C-3);
14 sp? IR EE 8. 127.0 (C-9) ;5 DFERRAHE 3 AL
BEZSORAN 1 NRFEZR 6. 46.9 (C-5) 127.9 (C-7) .
167.2 (C-10) .141.5 (C-11) F1 190.6 (C-8) . it X
LbSCHR, A6 G 1 ZREEEE 5 2 G ) isopetasol
(3)"HEF AL, X BRI A Y 1 A EET isopetasol
(3) DT — ARG HIE T 22 T — > 3% U H 3
8. 64.5 (C-14) ,'H-'H COSY Fll HMBC % [ & 7~
59 1 F isopetasol #1144 AH [F] A% 3L L 5 75 b A% 2
B4 AR Z A TE TR AP 1 14 467 F g 48 AL
SE R, i HMBC it 14 £ 1 4057 56, 3.64
M 3.41 5 C-4 (6.48.8) .C-5 (6.46.9) .C-6 (8.3
7.5) LA K C-10 (6. 167.2) i) HMBC A 5& 7] 3iF B
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C-140 72 H %L, NOESY & H1,6,, 1.07 (CH,-15) 5
3.44 (CH,-14) il 2.15/2.93 (CH,-6) #H 3%, 2. 15
(CH,-6) 5 1.27 (CH-4) #H5¢ DL & WA AE P Fh
AAXFFI——3R*4S*5R* fI 3R*4R*58" . L) I
PRI AEXT A AU EA T NMR 1155 \DP4+43#H7 (3R4S5R,

100% ;3RAR5S,0% ) , Wi € 1 A& ¥ 09 AH X 44 284
3R*4S*5R" ,#t— i@t ECD i1, i E b Wy
YRR RISy 3SARSS 22 SCHRIG R Bl & 1AL & h
Bk &Y, f44 M 14-hydroxyisopetasol (1), W 1,
Kl 2,

F1 1AW 1 H H(600 MHz) FI® C-NMR #i4fE (150 MHz ) # R4 (#5774 Methanol-d4)
Table 1 'H-NMR (600 MHz) and "C-NMR (150 MHz) data of compound 1 in Methanol-d4
(AR Sy 8¢ HMBC NOESY
1 2.57 (1H, m) 32.2 2,9, 10
2.25 (1H, m)
2 1.99 (1H, m) 36.0
1.21 (1H, m)
3 3.65 (1H,E=EH) 69.8 4,1,5 15
4 1.27 (1H, m) 48.8 3,5, 14 6 (2.15)
5 46.9
6 2.93 (1H, d, J=14.3 Hz) 37.5 5,7
2.15 (1H, d, J=14.3 Hz)
7 127.9
8 190.6
9 5.74 (1H, d, J=1.7 Hz) 127.0 1,5,7
10 167.2
11 141.5
12 1.98 (3H, d, J=1.8 Hz) 22.6 7,11, 13
13 1.80 (3H, s) 223 7,11, 12
14 3.64 (1H, FA) 64.5 4,5
3.41 (1H, dd, J=10.7, 4.5 Hz)
15 1.07 (3H, d, J=15.0 Hz) 11.8 3,4,5 14 (3.41), 3-OH, 6 (2.15, 2.93), 3
3-OH 450 (1H, d, J=5.9 Hz) 15, 4
14-OH 4.66 (1H, t, J=4.8 Hz) 15

&Y 2. kKR, 432 CsH,0,; ESI-MS:
m/z 233.2 [M+H]";'H NMR (600 MHz, DMSO-d, )
Sy: 696 (1H, s , H-6), 598 (1H, d, J= 13.5 Hz,
H-9), 5.24 (1H, dd, J= 2.52, 1.02 Hz, H-2),
5.03 (1H, dt, J=3.96, 1.5 Hz, H-12), 4.68 (1H,
s, 3-OH), 3.49 (1H, dd, J=12.06, 4.2 Hz, H-3),
2.31 (1H, dq, J=13.56, 2.64 Hz, H-1), 2.09 (1H,
m, H-1), 1.90 (3H, s, H-13), 1.24 (1H, m, H-4),
1.23 (1H, m, H-2), 1.18 (1H, m, H-2); "C NMR
(150 MHz, DMSO-d,) 6.: 184.2 (C-8), 167.0
(C-10), 151.3 (C-6), 141.1 (C-11), 137.2
(C-7), 123.8 (C9), 115.9 (C-12), 69.0 (C-3),
473 (C-4), 42.8 (C-5), 36.5 (C-2), 29.8 (C-1),
22.2 (C-13), 18.4 (C-14), 11.7 (C-15), I ik¥
T EE 5 SCHk [ 14 ] H)3E 19 6-dehydropetasol %Y &
AR—E A 2 A 6-dehydropetasol ,

&5 3. Fak R, 55 C H,,0,; ESI-MS:
m/z 2352 [M+H]";'"H NMR (600 MHz, DMSO-d, )
8,:5.64 (1H, d, J=1.8 Hz, H-9), 4.61 (3H, d,
J=5.7Hz, 3-OH), 3.35 (1H, m, H-3), 2.86 ( 1H,
d, J=13.7Hz, H-6), 2.37 (1H, tdd, J=14.5, 5.2,
2.0 Hz, H-1), 2.24 (1H, ddd, J=14.7, 3.2,
2.4Hz, H-1), 2.05 (1H, d, J=13.9 Hz, H-6),
1.97 (3H, m, H-2), 1.81 (3H, s, H-13), 1.26
(1H, m, H4), 1.24 (1H, m, H-2), 1.00 (3H, d,
J=6.7, H-15), 0.90 (3H, s, H-14); “C NMR
(150 MHz, DMSO-d,) &.: 190.6 (C-8), 167.7
(C-10), 141.5 (C-11), 127.4 (C-7), 125.4 (C-9),
69.1 (C-3), 489 (C-4), 41.7 (C-5), 40.7 (C-6), 354
(C-2), 300 (C-1), 22.1 (C-12), 21.7 (C-13), 17.0
(C-14), 109 (C-15), by %ds 5 k[ 13 1)
1A 1) isopetasol g A —2, ML ELEY 3 N

isopetasol,
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Figure 2 Information related to the structural elucidation of compound 1
A The selected 'H-'"H COSY and HMBC related signals of compound 1; B Relative configurations of C4 and C5; C.
Two relative comfigurations; D: Experimental and calculated ECD spectra of compound 1.

L&Y 4. T ERY), 737X CsH, 0, ; ESI-MS:
m/z 2352 [M+H]";'H NMR (600 MHz, DMSO-d, )
by: 5.69 (1H, s, H-9), 4.75 (2H, s, H-12), 4.74
(1H, s, H-12), 3.41 (1H, s, H-2), 3.40 (1H, s,
H-7), 2.43 (1H, s, H-1), 2.33 (1H, s, H-1),
2.30 (3H, d, J=13.9Hz, H-3), 2.05 (1H, dd, J=
16.8, 3.8 Hz, H-13), 1.88 (1H, m, H-4), 1.70
(1H, dd, J=16.8, 3.8 Hz, H-6), 1.66 (3H, s,
H-15), 1.21 (3H, t, J=13.3 Hz, H-6), 1.07 (3H,
s, H-14), 0.88 (3H, d, J=6.8 Hz, H4);
BC NMR (150 MHz, DMSO-d, ) 8,.: 1983 (C-8), 1688
(C-10), 1468 (C-11), 1247 (C-9), 111.7 (C-12), 70.4
(C-2),48.1 (C-7),41.8 (C-1), 41.7 (C-6), 415 (C-4),
39.0 (C-3), 38.4 (C-5), 19.5 (C-13), 16.4 (C-14),
15.0 (C-15) . b3 i 33 Ko dhs 5 SChik [ 15 ] 4 18 1
acremeremophilane G ¥4 34—, i 2 b 59
4 H acremeremophilane G,

&Y 5. FE A, 7 F 3 CHCINO,; ESI-MS.
m/z 1860 [M+H]";'"H NMR (600 MHz, DMSO-d,.) 8, :
10.06 (1H, s, H-4), 7.43 (1H, s, H-8), 7.21
(1H, d, J=1.5 Hz, H-2), 6.99 (1H, dd, J=8.0,

1.5 Hz, HS), 6.88 (1H, d, J=1.0 Hz, H-5), 3.25
(2H, s, H-7); "C NMR (151 MHz, DMSO-d,) §,:
172.6 (C-8), 151.8 (C4), 130.4 (C-2),
128.8 (C-6), 128.3 (C-1), 119.4 (C-3), 116.5
(C-5), 41.1 (C-7), biRdoil st 530k 16 ] 4
i f¥) 3-chloro-4-hydroxypheylacetamide %§ #Ji & X —
LM E A Y 5 A 3-chloro-4-hydroxypheylacet-
amide

A 6. AL, 7T C g Hy0,; ESI-MS.
m/z 265.1 [M+H];'"H NMR (600 MHz, DMSO-d, )
8,:5.68 (1H, d, J=1.8 Hz, H-9), 5.18 (1H, m,
H-12), 506 (1H, m, H-12), 487 (1H, t, J=5.4 Hz,
OH-13), 4.68 (1H, d, /=594 Hz, OH-3), 4.08 (1H,
dd, J=14.1, 5.0 Hz, H-13), 4.02 (1H, t, J=14.4
Hz, H-13), 3.42 (1H, t, J=6.0 Hz, H-3), 3.34
(IH, d, J=2.7 Hz, H-6), 2.49 (1H, m, H-12),
2.25 (1H, m, H-1), 1.97 (1H, m, H-2), 1.51
(1H, dd, J=17.1, 6.78 Hz, H-2), 1.20 (1H, m,
H-4), 1.18 (3H, m, CH-14), 1.12 (3H, d, J=
6.72 Hz, CH-15); "C NMR (150 MHz, DMSO-d,)
Oq: 192.0 (C-8), 165.3 (C-10), 145.1 (C-11),
119.7 (C-9), 111.2 (C-11), 68.7 (C-3), 68.3
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(C-6), 61.7 (C-7), 61.1 (C-11), 44.3 (C-4),
40.7 (C-5), 35.4 (C-2), 30.3 (C-1), 17.9 (C-14),
11.3 (C-15) LIRUEHE- 5 SCHk[ 17 J4R3IE ) phome-
none FHEFEA—E, W4 E A 6 7 phomenone,

EW 7. HEBK, 701X CsH,05; ESI-MS:
m/z251.2 [M+H]*;'"H NMR (600 MHz, DMSO-d, )
8,: 573 (1H, d, J=1.6 Hz, H-9), 5.35 (1H, d,
J=1.4Hz, OH-7), 5.01 (1H, dd, J=2.1, 0.9 Hz,
H-12), 4.89 (1H, t, J=1.62 Hz, H-12), 4.57
(1H, d, J=5.64 Hz, OH-3), 3.38 (1H, m, H-3),
2.45 (1H, t, J=1.86 Hz, H-1), 2.26 (1H, dq, J=
147, 2.52 Hz, H-1), 2.01 (1H, m, H-2), 1.92
(1H, d, J=14.5 Hz, H-6), 1.62 (1H, s, H-13),
124 (1H, m, H-2), 1.22 (1H, m, H-4), 1.19
(3H, s, H1-4), 0.94 (3H, d, J=6.72 Hz, H-15);
B NMR (150 MHz, DMSO-d,) 8.: 197.0 (C-8),
169.5 (C-10), 147.8 (C-11), 121.8 (C-9), 112.0
(C-12), 76.3 (C-7), 68.9 (C-3), 49.4 (C-4),
454 (C-6), 39.1 (C-5), 35.9 (C-2), 30.8 (C-1),
20.9 (C-14), 19.3 (C-13), 11.0 (C-15), ik
TR 5 SCHk [ 14 ] R3E B9 7-hydroxypetasol %5 5 %
A—F, BEE AW T 4 T-hydroxypetasol ,

&Y 8. AEKA, 41X CH 0,Cl; ESI-MS;
m/z 201.0 [M+H]*;'"H NMR (600 MHz, DMSO-d, ) 8, :
722 (1H, d, J=2.1 Hz, H-2), 7.00 (1H, dd, J=
8.3, 2.2 Hz, H-6), 6.90 (1H, d, /J=8.3 Hz, H-5),
3.59 (3H, s, H-3),3.56 (2H, s, H-7); “C NMR
(150 MHz, DMSO-d,) 8: 172.0 (C-8), 152.3 (C-4),
130.9 (C-2), 129.3 (C-6), 126.2 (C-1), 119.5
(C-3), 116.7 (C-5), 52.0 (C9), 38.9 (C-7). I
IR TR 5 SCRk [ 18 ] H23E AY phenols £ 5 3 AN —
B, LS 8 A phenols,

&M 9. AELE 5, 773 CsHy 0,5 ESI-MS:
m/z249.1 [M+H]*;'"H NMR (600 MHz, DMSO-d, )
éy: 5.70 (1H, d, J=1.9 Hz, H-9), 5.03 (1H, m,
H-12), 5.00 (1H, m, H-12), 468 (1H, d, J=6.0 Hz,
OH-3), 342 (1H, m, H-3), 3.33 (1H, s, H-6), 2.50
(1H, m, H-1), 2.22 (1H, m, H-1), 1.96 (1H, m,
H-12), 1.76 (3H, s, H-13), 1.52 (1H, d, J =
2.1 Hz, H-2), 1.19 (H, t, J= 1.02 Hz, H-4) , 1.17
(3H, s, H-14), 1.12 (3H, d, J=6.7 Hz, H-15) ;
“C NMR (150 MHz, DMSO-d,) &.: 192.5 (C-8),
165.7 (C-10), 139.7 (C-11), 120.1 (C-9), 113.9
(C-12), 69.0 (C-3), 68.3 (C-6), 63.1 (C-7),
445 (C-4), 40.9 (C-5), 35.6 (C-2), 30.6 (C-1),

19.9 (C-14), 18.7 (C-13), 11.6 (C-15), kK
T EE 5 SCHK [ 19 ] H-3E 1Y) sporogen-AO1 45 A
— 3, LB Y 9 M sporogen-AO1

& 10 Ak K, 43X C5H,0,; ESI-
MS: m/z235.1 [M+H]";'"H NMR (600 MHz, DM-
SO-d,) 8,: 5.64 (1H, d, J=1.74 Hz, H-9), 4.84
(1H, q, J=1.38 Hz, H-12), 4.77 (1H, d, J=2.22
Hz, H-12), 4.62 (1H, d, J=5.64 Hz, OH-3), 3.39
(1H, m, H-3), 3.15 (1H, dd, J=14.4, 4.5 Hz,
H-7), 2.39 (1H, m, H-1), 2.25 (1H, m, H-1),
1.98 (1H, m, H-12), 1.96 (1H, dd, J=13.0,
4.6 Hz, H-6), 1.78 (1H, t, J=13.8 Hz, H-6),
1.63 (3H, t, J=1.08 Hz, H-13), 1.24 (1H, m,
H-2), 1.11 (3H, s, H-14), 0.95 (3H, d, J=6.72
Hz, H-15); "C NMR (150 MHz, DMSO-d,) &,:
198.0 (C-8), 169.3 (C-10), 144.1 (C-11), 123.6
(C-9), 113.9 (C-12), 69.2 (C-3), 50.3 (C-4),
49.7 (C-7), 41.5 (C-6), 35.6 (C-2), 30.7 (C-1),
20.3 (C-13), 17.0 (C-14), 10.8 (C-15), LRk
T 5 3CHR [ 20 ] IrfiRiB 1Y petasol ¥ JEAC — 3K,
W EAL A 10 N petasol .

&Y 11 FERR, 73730 CsHy 0,5 ESI-MS:
m/z265.1 [M+H]";'"H NMR (600 MHz, DMSO-d, )
8,:5.80 (1H, d, J=1.9 Hz, H-9), 5.00 (1H, m,
H-12), 4.98 (1H, m, H-12), 4.76 (1H, t, J=
5.1 Hz, OH-14), 4.68 (1H, d, J=5.8 Hz, OH-3)
3.78 (1H, d, J=10.9 Hz, H-14), 3.67 (1H, d, J=
11.2 Hz, H-14), 3.42 (1H, m, H-3), 3.41 (1H, t,
H-6), 2.47 (1H, m, H-1), 2.26 (1H, m, H-1), 1.
97 (1H, m, H-2), 1.77 (3H, s, H-13), 1.57 (1H,
m, H-2), 1.13 (1H, s, H-4), 1.12 (3H, d, J=6.9
Hz, H-15); "C NMR (150 MHz, DMSO-d,) 8 193.2
(C-8), 161.2 (C-10), 140.6 (C-11), 123.4 (C-9),
113.2 (C-12), 69.3 (C-3), 67.4 (C-6), 63.1 (C-7),
60.7 (C-14), 47.4 (C-5), 44.3 (C-4), 35.5 (C-2),
30.6 (C-1), 19.6 (C-13), 11.8 (C-15), FiRiiEE
P 553k 17 ] FrRE B9 TBIR-28 $id Se A — 3, i %
ELAY 11 9 JBIR-28,

EY 12 Ak K, 0+ CsH,O0,; ESI-
MS: m/z251.1 [M+H]";'"H NMR (600 MHz, DM-
SO-d,) 6,: 5.76 (1H, d, J=1.68 Hz, H-9), 4.82
(1H, m, H-12), 4.81 (1H, m, H-12), 4.72 (1H,
d, J=2.28 Hz, OH-14), 4.58 (1H, d, J=5.64 Hz,
H-3), 3.75 (1H, dd, J=10.98, 3.78 Hz, H-14),
3.70 (1H, dd, J=11.04, 4.62 Hz, H-14), 3.50
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(1H, m, H-3), 3.49 (1H, t, J=5.31 Hz, H-7),
2.48 (1H, m, H-1), 2.27 (1H, m, H-1), 2.16
(1H, dd, J=13.2, 5.1 Hz, H-6), 1.98 (1H, m,
H-2), 1.79 (1H, t, J=13.5 Hz, H-6), 1.60 (3H,
s, CH3-13), 1.25 (1H, m, H-3), 1.20 (1H, m, H-
4),0.99 (3H, d, J=6.9 Hz, H-15); “C NMR (600
MHz, DMSO-d,) 8.: 198 (C-8), 166.8 (C-10), 144.6
(C-11), 125.7 (C-9), 113.8 (C-12), 69.5 (C-3),
64.3 (C-14), 51.0 (C-7), 50.6 (C4),
44.8 (C-5), 40.0 (C-6), 35.6 (C-2), 31.7 (C-1),
20.1 (C-13), 11.1 (C-15), iR iE%cdR 5 Scmt
[ 11 ]4RIE 1Y JBIR-27 s HeA — 2, i S8 @b &)
12 2 JBIR-27,

wEW 13 Ak, 2+ C,H,0,; ESI-
MS: m/z291.1 [M+H]";'H NMR (600 MHz, DM-
SO-d,) 6,: 5.76 (1H, d, J=1.92 Hz, H-9), 5.05
(1H, m, H-12), 5.01 (1H, m, H-12), 4.83 (1H,
dt, J=17.88, 4.44 Hz, H-3), 3.49 (1H, s, H-6),
2.64 (1H, m, H-1), 2.35 (1H, m, H-1), 2.06
(1H, m, H-2), 2.05 (3H, m, H-13), 1.81 (1H,
m, H-2), 1.80 (3H, m, H-13), 1.31 (1H, m,
H-4), 1.26 (3H, m, H-14), 1.05 (3H, d, J=6.72
Hz, H-15); “C NMR (150 MHz, DMSO-d,) &.:
192.0 (C-8), 170.0 (C-16), 163.4 (C-10), 139.2
(C-11), 120.3 (C-9), 113.9 (C-12), 72.3 (C-3),
67.5 (C-6), 62.8 (C-7), 41.3 (C-4), 40.7 (C-5),
312 (C-2), 29.5 (C-1), 20.8 (C-17), 19.5 (C-13),
18.1 (C-14), 10.9 (C-15), iR ¥ 3% B 55 Scik
[ 214} 3B Y 3-acetyl-13-deoxyphome %5 & FE A — 2,
W E LA 13 24 3-acetyl-13-deoxyphome

& 14, FEFER, 707X C,HyClO,; ESI-
MS: m/z 417.1 [M+H]";'H NMR (600 MHz, DM-
SO-d,) 8,: 7.24 (1H, d, J=2.16 Hz, H-19), 7.03
(1H, q, J=2.16 Hz, H-23), 6.91 (1H, d, J=8.34
Hz, H-22), 5.75 (1H, d, J=1.80 Hz, H-9), 5.05
(1H, m, H-12), 5.01 (1H, m, H-12), 4.82 (1H,
m, H-3), 3.58 (2H, q, J=15.54 Hz, H-17), 3.47
(1H, s, H-6), 2.63 (1H, m, H-1), 2.34 (1H, m,
H-1), 2.04 (1H, m, H-12), 1.84 (1H, m, H-4),
1.77 (3H, m, H-13), 1.27 (H, m, H-21), 1.26
(1H, m, H-2), 1.25 (3H, m, H-4), 0.99 (3H, d,
J=6.9 Hz, H-15); “C NMR (600 MHz, DMSO-d,)
8.:192.0 (C-8), 170.8 (C-16), 163.4 (C-10),
152.0 (C-21), 139.2 (C-11), 130.5 (C-19), 128.9
(C-23), 125.9 (C-18), 120.3 (C-9), 119.2 (C-20),

116.5 (C-22), 1139 (C-12), 72.8 (C-3), 674 (C-6),
629 (C-7), 41.4 (C-4), 40.7 (C-5), 40.0 (C-17),
312 (C-2),29.4 (C-1), 19.5 (C-13), 18.1 (C-14),
10.8 (C-15), R EEdE 5 Sk [ 22 1 HiRIE ) peni-
cilleremophilane A {#i 54 — B, Wi 4 e b5 ) 14
A penicilleremophilane A,
22 HHEEE
XA Y 1~ 12 SE47 IO 40 BE 1 A 45 SR %
B, L& % 6 ( phomenone ) 1 9 ( sporogen-AO1) X} JE
JINZH R e A L AS49 A1 H1299 349 8 H 58 11 1
HIHEE, LA 6 (phomenone ) Xt A549 FI H299 4
Y 1C, (53 1 5.1 1 7.9 pmol/L; L5 4 9
( sporogen-AO1) X} A549 1 H299 LAY 1C ,, (E 5753
A 1.2 Fl 3.8 pmol/L, 1k & ¥ 10 ( petasol ) Fl
11(JBIR-28) X} A549 4 il B A v 55 i BE (14 410 1 1%
PEIC (4354 15.4 F113.1 wmol/L; XF H1299 4
JRLE 7 5 60 00 4 T P IC, 15 0 B 27,6 FN
28.9 pmol/L, W3 2,
2 ALEW 1~ 12 XFE/ N 98 1) 40 M 333 P/ ( umol /L)

Table 2 Cytotoxic activity of compound 1 to 12 in non-small
cell lung cancer / ( umol/L)

1C,,
(&Ex?

A549 H1299
1 NA NA
2 25.5 NA
3 NA NA
4 28.8 NA
5 26.4 NA
6 5.1 7.9
7 NA NA
8 NA NA
9 1.2 3.8
10 15.4 27.6
11 13.1 28.9
12 NA NA

H:NA #5% 1C,,>30.0 wmol/L,

2.3 NO JzE

FEARIZ] RAW264.7 41l NO 7K (4.13+0.48)
SRR IS 4 (2.21£0.00) Z RS 2EE X
(P=0.422) ; 5HAIA] NO /K- (4.13+0.48) A 1L,
5 6 LG 10 fL-E9 11 (1) NO 7K F-HBEAR
(1.56+0.07 ,1.56+0.07 .1.60+0.00) , 2 %4 4t i 2#
X (P=0.007,P=0.007,P=0.013) , M4 5K
62.20% .62.20% 1 61.22% , ¥ FIFI R 5 RAFFE
RI,6,7 M EA e M PL R TG, @A 6
11 P ZEA RS PR AR A I, 12, 14 {7 1Y F2 55
W BEXG P R G, LA 3,
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Figure 3  Effect of compounds 1 to 12 on NO formation in
RAW264.7 cells (" P<0.05, “"P<0.01 vs model
group)
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Bl B 2 SR i I 2 i 58 R I, I 4% R B
RN LR S R ARG
X T A PR R A AR M RO S Bl
THESHIT A . AT R, BT = A Y i
HIESIEIN ST RS I (IR NENT R/ T AW I TR 7/ PO DN
FL IR I 240 i HL-60 1A 92 48 i BEL-7402
BT BAT AR

ARWFFERT X — Bk 3 B8 F B = A U Eh i - S 1
R Penicillium terrigenum RD 4-3 PEAT IR AR it
), 13 (0 RE IS, ODS Al HPLC 4% (5 3% M A
BBy B AR T 14 DRI S, T
Wil Fe AR xF H AT 1 %, 3 O A 2k s 2R
14-hydroxypetasol (1) ,6-dehydropetasol (2) .isopeta-
sol (3) .acremeremophilane G (4) ,phomenone (6) .
7-hydroxypetasol (7). sporogen-AO1 (9) . petasol
(10) ,JBIR-28 (11) . JBIR-27 (12)  3-acetyl-13-de-
oxyphome (13) .penicilleremophilane A (14) , L) J& 7K
{7 4= ¥ 3-chloro-4-hydroxypheylacetamide (5) .
phenols (8) , 315 R M k7> B 45 21, Horpfl
S /R Wk LR S e (At I E NP N a2 £ I
RIE E T Penicillium terrigenum RD 4-3 AR AR5
P AR UARGE T R IR AR
FI % SRR R34 G W) HA B s AT 23 1, R OR
=& T EHE Penicillium terrigenum RD 4-3 HYR %

R Z ST

f s e F AR AR A AT Tz AR T T
A AN BT B B AL S A g R 0 e
KB B SR AR s A E 2 A Y
THRE, NP bR BB PO B L BT ARV AE
AT X 43 B AR B IR G A = WA T T T AN
PUR AW s PR ST, e DO G R I T e A
2.4.5.6.9 .10 11 Xt /IN2H it i s 4 B AS549 34 5H
BAMBAER, /LAY 6.9 .10 F1 11 XF3E /N0 i fiti
RN H1299 3855 BAMEIER, ik &9 6 A
O X /N2 L 9 4 D AS49 T H1299 ¥ LA B 3%
AIBC IR IS M T LA G I AR R I AR B
6.7 M9 6,7 (¥ &AH AL, U 6,7 fi%
AT RS B e W R 22— TR B X
AL &Y 6.9 Fl 11 &5 FE PEZ5 SR & B, 14 1
LT RERAR TR Te M, ek &9 2 4
10 FYZER B, BRI A0 B DL S 3,4 vr B 6 ) g 751
AT REL S BT IR 1 1 . AR BT AR TE A DU B
&Y 1 F 4 5h A — PR E M, e a Y
6.10 Fi1 11 3852 LPS 55 RAW264.7 4 fift R AE 5L
T RO R RY], I 6.7 (PR R LS BEHS 5k
G 25 A0 G BP0 e Rt 48 T M, SR LT
Penicillium terrigenum RD 4-3 BJIRFACHH =4 B
B BT e R 28 16 1, Ji 300 R R L R R S R
AR AR5 o AT BT 250 & S
I3 IR SRyt —20 T R ) BT = A YN R e 1 4
F R R T 5%

SEH .
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