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Abstract: Objective To reveal the secondary metabolites of the fermentation of marine sponge associated Penicillium sp. LHW5975.
Methods The organic extract and fractions were separated and purified by silica vacuum liquid chromatography (VLC),
octadecylsilyl silica (ODS) medium-pressure column chromatography (MPLC) and semi-preparative high-performance liquid
chromatography (HPLC). The obtained purified compounds were identified by high-resolution-electrospray-mass spectrometry (HR-
ESI-MS), nuclear magnetic resonance spectroscopy (NMR) and literature data comparison. Results Nine compounds were isolated
from Penicillium sp. LHW5975, including one new compound penicindoline A (1) and eight known compounds, which are 17-
hydroxybrevianamide N (2), benzomalvin A (3), benzomalvin B (4), benzomalvin C (5), benzomalvin D (6), benzomalvin E (7), (-)-
benzomalvin E (8), and N-methylnovobenzomalvin A (9). Proangiogenesis activity evaluation of the isolated compounds using zebra
fish model showed that benzodiazepines 2 and 7 promoted the angiogenesis at the concentration of 50 pg/mL. Conclusion Compound
1 is a new compound, and compound 2 and 9 are isolated from Penicillium sp. for the first time. Compound 2 and 7 have
proangiogenesis activity.
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35000 4>, #EGLiE, 0 2022 4F 1 4, RRMIFER
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Fig. 1 Structures of compounds 1—9

1 {UEEMH
1.1 XE5RH

Waters 1525/2996 - ffill % i Z0GHAH 3% (Waters
AFE, FED, il AR YMC-Pack Pro Cis RS
(250 mmX 10 mm, 5 pm, YMC 2A#], HA), Waters

Xevo G2-XS Q-Tof. Waters Q-Tof micro YA019 ¥ Jii
PRHIX (Waters 2 7], 3G[H ), Bruker AVANCE-600
MHz i3RI (Bruker A 5], f%[E), Interchim
puriflash 450 instruments H & 154X (Interchim 2
&, £ ED, JASCO FT/IR-4100 43676 i (JASCO
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AF, HAD, FEEERR (200~300. 300~400 H,
WWARF BB TAHRARD, SR TEMCNE.
TR (MR TR A D, kg
A2 (Merck A7), fEE), FHLAMHR Gits
22111047, WWARPHIHIZARA D
1.2 BEHRKIR

#H % Penicillium sp. LHW5975 MR [ TG VbH#E S
TS 4% Dysidea sp FEAR T 43 B354, @I W %2
TER PRI G 0 T FHEAR (18STRNA) %
5EHN Penicillium sp.. H BZHERGAE T EgEAC#E
K2 M SR A= B B bR e 25 it F 0o
2 FE
2.1 KEEEFR
211 HEMRRGFRIE  PDA B59R3E: BiAiME DR EN
% (PDB) 17.5¢g. ##0.5g. 23 FIK 500 mL.

KK R IR 5 B 0.6 g« Z2FIREY) 0.6
g MRS 0.2 g MEEh 3.4 o KK 107 g EETK
225 mL,
212 Bk AE M-80 CUKFFELH Penicillium
sp. LHWS5975 HilAAEE , H/MEMBGE UK,
BRATE TR R UK 08 A - F L A & PDA 1
R, HEINEL. bt GO 28 CREF:
Fe, iR 3~5d. TEIEAEFBIPAR ERETE S R 4F
{) Penicillium sp. LHWS5975 B[ &7% , #:M & PDA F
R, F 28 CHFEFEPHFE 3~5 do KHaitbirm
Penicillium sp. LHW5975 B g bz U e g, $efh 1
KAKBFREE QLR 50 ) b, =i 25 CH
B} FF 35d.
22 ERESSH

W ROK R ) B R P AR B, 19 2R 97
go PR E FESIR 45K (10 1D TR, 153
BER O FEHEEY) 40 go IS EAWAR A (VLO), A
THIEE-BERR 2.8 (100 2 0 100 : 1. 50 : 1. 20 : 1.
10:1.5:1.221.1: 1.0 :100) FIEERER 2 fig-H
f¥ (50:1.20:1. 10:1. 5:1. 1:1. 0:100)
BhEEGEL, 433 83 MIAGIR 43, 18 TLC 5 HPLC
30T, BHA IR 6 N> G1~G6, G3(638.1 mg)
2 ODS Wkt ZfF-7K (10%—100%, 490
min) BfEELEILIRA 11 MR (Fr. 1~11). i Fr.
3 (124.5mg) &5t ¥l HPLC (ZJiE-0.1%H R/K
50 : 500 4k, BEIMEAY) 1 (3.8 mg, R=16min).
6 (4.1mg, r=8min) M9 (7.2mg, RrR=21min);
WA Fr.4 (70.4 mg) 2544 HPLC ( Z/5-0.1%

FERIK 40 © 60) 2iifk, HRILEY) 2 (5.6 mg, =
17min). 3 (6.6mg, ®R=25min); Jis; Fr.6 (88.5
mg) Zid 24 HPLC (ZM5-0.1%F R /K 60 © 40)
aifk, B8AEY 4 (4.8 mg, rR=13.5min). 5 (5.2
mg, ®R=15.5min); 5 Fr.7 (158.4mg) AHE
Y1 7; 4 Fr.9 (182 mg) Zid2Hil4 HPLC (&4
(5-0.1%H R/K 50 : 50) 4ith, B2MLEY) 8 (2.9
mg, R=13 min),
3 HlkE

WEM1: BEMAR, GIET HEF & .
HRESI (#5776 m/z218.080 6 [M—H]™ G5
18 218.0817, CioH2NO3) 25 H43F3 0~ CioHisNOs,
PORE T MR . UV (MeOH) JGiEfE 224, 319
nm AAILYIE, IR (KBr) Hik7E 1600 1440, 1302,
1243, 1191 cm™' SFE AL A SRS, $Rongsttrh
A SRR RIS B

IH-NMR (600 MHz, DMSO-ds) (£ 1) &/
BARFES: 1/MEREES (0r9.51, 1H,s); 3
MNFEEFRT1ES H-2 (0n 6.48, 1H, s). H-6 (Jy 6.62,
1H,d,J=3.0Hz) A1 H-8 (én 6.56, 1H, d, J=3.0 Hz);
2 MNHEREES Ha-12 (0n 3.58, 3H, s) Ml Hi-13
(0u 3.51, 3H, s) LA 1 A5 0UEEAH 2 (1) Foge R L &
55 Hi-11 (0n 2.23, 3H, s). MR AH BN H-6
T H-8 & 1 MR EATRIFI 2 AN HEES
13C-NMR (150 MHz, DMSO-ds) il DEPT135 i & 7R
GBS 12 DMK 1 DMRERES C-10 (dc
165.5); 8 MRS S C-2 (dc 112.2). C-3 (¢

#z1 EY1H NMRHEIE (600150 MHz, DMSO-ds)
Table1 NMR data for compound 1 (600/150 MHz,

DMSO-ds)
WAL de, type n HMBC (H—C)
2 112.2,CH 6.48 (s) C-3,5,11
3 113.8,C
4 1379,C
5 111.5,C
6 107.4, CH 6.62 (d,J=3.0 Hz) C-4,8,10
7 1519, C
8 104.9, CH 6.56 (d, J=3.0 Hz) C-4,6,7,9
9 152.8,C
10 165.5,C
11 202,CH; 223 (s) C-2,3,4
12 51.6,CHs  3.58(s) C-10
13 563,CHs  3.51(s) C-7,9
1-NH 9.51 (s)
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113.8). C-4 (c 137.9) C-5 (dc 111.5)- C-6 (oc 107.4)+
C-7 (6c 151.9). C-8 (dc 104.9) F1C-9 (6¢c 152.8); 2
A FSEEERIE S C-12 (6 51.6) F1 C-13 (¢ 56.3) LA
J 1 ASHEERRIE S C-11 (6¢ 20.2).

£ HMBC it (& 2) H, H-6 /n5 C-4 il C-
8 LIS, H-8 Al C-4. C-6. C-7 PAJZ C-9 Z [
BRI, vT DA 1 NIRIFEE  BU A (B
2). H-6/C-10 F1 H-13/C-7 2 [a]ff] HMBC #H5<$¢R
TAZRIAE 14 1,3.4,5-DUHURZKIR . H3-11/C-2 C-
3. C-4 flH-2/C-3. C-5 2 [8ff HMBC #i%, &i&
C-9 WA R H RIS WS (Oc 152.8), $eongtitt
TAMMCESE, FRHE T CHs-11 7 T WA 1)
C-3 {37, H-6/C-10 2 [f] ) HMBC AH%H 52 T kIt C-
10 A7 FW[RIR C-5 AL, HEAMEAES Hi-12 Fl Hs-
13 7375 C-10 1 C-7 f#7£ HMBC %, i€ 11X
2 ANHEIES EREE C-10 A C-7 fi7. ARIELAE—
YR RSB, e T AW Mg, &
i SciFinder £ % KL, %A YIE KA CHRIRIE 1)
&Y, i NE BT (penicindoline A).

B2 &% 18 HMBC %

Fig. 2 Key HMBC correlations of compound 1

&Y 2: A EFE A, 'TH-NMR (600 MHz, CDCl3)
0:7.96 (1H,d,J=7.8 Hz, H-6), 7.86 (1H, t, /= 7.8 Hz,
H-7),7.65 (1H, t,J="7.8 Hz, H-8), 8.39 (1H,d, /= 8.4
Hz, H-9),5.96 (1H, dd, /=4.8,3.6 Hz, H-13), 3.31 (1H,
dd, J=14.4,3.0 Hz, H-152), 3.79 (1H, dd, J=14.4, 4.8
Hz, H-15b), 6.75 (2H, d, J = 5.4 Hz, H-17, 18), 7.10
(1H, m, H-19), 6.59 (1H, d, /= 8.4 Hz, H-20), 3.18 (3H,
s, H3-22); BBC-NMR (150 MHz, CDCls) d: 156.9 (C,
C-2), 134.7 (C, C-3), 146.6 (C, C-5), 129.5 (CH, C-6,
C-8), 135.2 (CH, C-7), 127.1 (CH, C-9), 121.8 (C, C-
10), 160.1 (C, C-11), 56.9 (CH, C-13), 167.8 (C, C-14),
33.1 (CHy, C-15), 119.4 (C, C-16), 131.7 (CH, C-17),
121.4 (CH, C-18), 130.2 (CH, C-19), 116.0 (CH, C-20),
154.6 (C, H-21), 27.5 (CH3, C-22), UL NMR #i#f
5k hkoE — 2, et &YW 2 o~ 17-
hydroxybrevianamide N.

&Y 3: Tota o AL 4, "H-NMR (600 MHz,

DMSO-ds) d: 7.83 (2H, m, H-4, 15), 7.63 (2H, m, H-5,
13), 7.69 (1H, m, H-6), 7.71 (1H, m, H-7), 8.35 (1H, t,
J=8.4Hz, H-12),7.93 (1H, d, J= 7.8 Hz, H-14), 4.90
(1H, t, J= 7.2 Hz, H-19), 3.82 (1H, dd, J = 14.4, 7.8
Hz, H-20a), 3.44 (1H, dd, J= 14.4, 7.2 Hz, H-20b), 7.56
(3H, m, H-22, 24, 26), 7.28 (2H, m, H-23, 25), 3.11
(3H, s, H3-27); BC-NMR (150 MHz, DMSO-ds) -
167.5 (C, C-2), 133.1 (C, C-3, 8), 130.0 (CH, C-4),
129.1 (CH, C-5, 22, 26), 131.1 (CH, C-6), 128.8 (CH,
C-7, 23, 25), 161.4 (C, C-10), 121.8 (C, C-11), 127.8
(CH, C-12, 15), 127.6 (CH, C-13), 135.0 (CH, C-14),
146.1 (C, C-16), 152.0 (C, C-18), 58.4 (CH, C-19), 33.3
(CH,, C-20), 136.8 (C, C-21), 127.0 (CH, C-24), 28.4
(CHs, C-27). LA_E NMR %4l 5 STk b i i — 50,
e &4 3 N benzomalvin A«

th &Y 4. FEOMHE A, 'H-NMR (600 MHz,
DMSO-ds) J: 7.86 (2H, m, H-4, 14), 7.63 (3H, m, H-
5~7), 8.25 (1H, dd, J= 7.9, 1.6 Hz, H-12), 7.54 (1H,
d, J=17.6 Hz, H-13), 7.78 (1H, dd, J= 7.2, 1.7 Hz, H-
15), 7.05 (1H, s, H-20), 7.26 (5H, m, H-22~26), 3.33
(3H, s, H3-27); 3C-NMR (150 MHz, DMSO-ds) o
164.8 (C, C-2), 133.0 (C, C-3), 130.8 (CH, C-4), 131.6
(CH, C-5), 128.8 (CH, C-6), 126.9 (CH, C-7), 132.2 (C,
C-8), 160.7 (C, C-10), 121.8 (C, C-11, C-21), 127.6
(CH, C-12), 128.2 (CH, C-13), 135.0 (CH, C-14), 127.9
(CH, C-15), 146.6 (C, C-16), 151.5 (C, C-18), 129.1 (C,
C-19), 132.4 (CH, C-20), 128.6 (CH, C-22, C-26),
128.9 (CH, C-23, 25), 129.3 (CH, C-24), 35.6 (CH3, C-
27). LA b NMR Hdls 5 30k v il — 35080, e fk
&%) 4 N benzomalvin B.

&Y 5. AEEk, 'H-NMR (600 MHz,
DMSO-ds) 6: 7.95 (1H, dd, J= 7.8, 1.5 Hz, H-4), 7.56
(1H, brdd, J=7.8, 7.8 Hz, H-5), 7.43 (1H, m, H-6), 6.87
(1H, m, H-7), 8.09 (1H, dd, J=7.6, 2.0 Hz, H-12), 7.54
(1H, dd, J = 7.6, 7.0 Hz, H-13), 7.86 (1H, m, H-14),
7.89 (1H, m, H-15), 3.42 (1H, s, H-20), 6.59 (1H, d,
J=17.5Hz, H-22),7.09 (2H, m, H-23, 25), 7.17 (1H, m,
H-24), 6.60 (1H, d, J = 7.5 Hz, H-26), 3.17 (3H, s, H-
27); 3C-NMR (150 MHz, DMSO-ds) : 164.9 (C, C-
2), 131.4 (C, C-3), 129.5 (CH, C-4), 129.0 (CH, C-5),
130.9 (CH, C-6), 126.8 (CH, C-7), 131.5 (C, C-8),
160.0 (C, C-10), 121.6 (C, C-11), 127.8 (CH, C-12),
128.3 (CH, C-13), 135.3 (CH, C-14), 128.2 (CH, C-15),
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145.5 (C, C-16), 147.7 (C, C-18), 72.1 (C, C-19), 66.7
(CH, C-20), 130.6 (C, C-21), 125.6 (CH, C-22, 26),
128.1 (CH, C-23, 25), 129.1 (CH, C-24), 28.7 (CH3, C-
27). LA NMR 4 5 Sk i i — 200, et
41 5 N benzomalvin C.

&Y 6: L4k, 'H-NMR (600 MHz,
DMSO-de) : 7.28 (4H, m, H-4, 14, 22, 26), 7.84 (1H,
m, H-5), 7.63 (1H, m, H-6), 7.83 (1H, m, H-7), 7.69
(1H, m, H-8), 8.06 (1H, d, J= 7.8 Hz, H-13), 7.63 (1H,
m, H-15), 4.80 (1H, dd, J = 10.8, 6.0 Hz, H-19), 2.80
(1H, dd, J = 13.8, 5.4 Hz, H-20a), 2.39 (1H, dd, J =
13.8, 10.8 Hz, H-20b), 7.96 (2H, d, J = 7.8 Hz, H-23,
25),7.56 (1H, m, H-24),2.97 (3H, s, H3-27); 3C-NMR
(150 MHz, DMSO-ds) d: 165.6 (C, C-2), 133.2 (C, C-
3), 130.8 (CH, C-4), 131.3 (CH, C-5), 129.1 (CH, C-6),
128.3 (CH, C-7), 136.0 (C, C-8), 161.7 (C, C-10), 121.6
(C, C-11), 127.9 (CH, C-12), 127.5 (CH, C-13), 129.0
(CH, C-14, C-22, 26), 135.2 (CH, C-15), 146.5 (C, C-
16), 153.9 (C, C-18), 70.5 (CH, C-19), 36.0 (CH,, C-
20), 132.3 (C, C-21), 127.8 (CH, C-23, 25), 129.2 (CH,
C-24), 38.4 (CH3, C-27). LA NMR % 5 Sk
&, HiEtk &%) 6 N benzomalvin Do

&Y 7: HEFE R, 'H-NMR (600 MHz,
DMSO-ds) 6: 7.97 (1H, td, J = 8.4, 1.2 Hz, H-4), 7.70
(1H, dd, J= 8.4, 1.2 Hz, H-5), 7.80 (1H, td, J=8.4, 1.2
Hz, H-6), 7.64 (1H, td, J= 7.8, 1.8 Hz, H-7), 8.32 (1H,
dd,J=7.8, 1.2 Hz, H-12),7.75 (1H, dd, J= 8.4, 1.2 Hz,
H-13), 7.33 (3H, m, H-14, 15, 24), 4.63 (1H, d, J=10.2
Hz, H-19), 4.07 (1H, d, J = 10.8 Hz, H-20), 7.15 (2H,
dd, J=17.8, 1.8 Hz, H-22, 26), 7.54 (2H, td, J= 7.8 Hz,
2.4 Hz, H-23, 25),2.71 (3H, s, CH3-27); '3C-NMR (150
MHz, DMSO-ds) d: 165.6 (C, C-2), 132.1 (C, C-3), 130.7
(CH, C-4), 129.2 (CH, C-5), 131.4 (CH, C-6), 128.7 (CH,
C-7), 132.9 (C, C-8), 161.7 (C, C-10), 121.5 (C, C-11),
127.6 (CH, C-12), 127.9 (CH, C-13), 135.1 (CH, C-14),
127.8 (CH, C-15), 146.6 (C, C-16), 153.0 (C, C-18), 74.9
(CH, C-19), 71.6 (CH, C-20), 140.4 (C, C-21), 126.3 (CH,
C-22,26), 129.1 (CH, C-23, 25), 129.3 (CH, C-24), 38.1
(CHs, C-27). LA I NMR 4 5 SCik i iE — By,
EAL &Y 7 N benzomalvin E.

&Y 8: A4k, 'H-NMR (600 MHz,
DMSO-de) 5: 7.97 (1H, td, J = 8.4, 1.2 Hz, H-4), 7.70
(1H, dd, J= 8.4, 1.2 Hz, H-5), 7.80 (1H, td, J= 8.4, 1.2

Hz, H-6), 7.64 (1H, td, J= 7.8, 1.8 Hz, H-7), 8.32 (1H,
dd,J=7.8,1.2Hz H-12),7.75 (1H, dd, J=8.4, 1.2 Hz,
H-13),7.33 (3H, m, H-14, 15, 24), 4.63 (1H, d, J=10.2
Hz, H-19), 4.07 (1H, d, J = 10.8 Hz, H-20), 7.15 (2H,
dd, J=7.8, 1.8 Hz, H-22, 26), 7.54 (2H, td, J= 7.8, 2.4
Hz, H-23, 25), 2.91 (3H, s, H3-27); *C-NMR (150
MHz, DMSO-ds) d: 166.6 (C, C-2), 131.1 (C, C-3),
132.7 (CH, C-4), 127.2 (CH, C-5), 130.4 (CH, C-6),
128.7 (CH, C-7), 132.9 (C, C-8), 161.7 (C, C-10), 121.5
(C, C-11), 127.6 (CH, C-12), 127.9 (CH, C-13), 135.1
(CH, C-14), 127.8 (CH, C-15), 146.6 (C, C-16), 153.0
(C, C-18), 60.9 (CH, C-19), 71.6 (CH, C-20), 140.4 (C,
C-21), 126.3 (CH, C-22, 26), 129.1 (CH, C-23, 25),
129.3 (CH, C-24), 31.1 (CH3, C-27), DAL NMR %idis
HCwk b kiE — 250, et EY 8 N (-
benzomalvin E.

A& 9: ALK, 'H-NMR (600 MHz,
DMSO-de) J: 7.84 (1H, m, H-4), 7.63 (1H, m, H-5),
7.68 (2H, m, H-6, 7), 8.33 (1H, dd, J= 7.8, 1.8 Hz, H-
12), 7.54 (1H, m, H-13), 7.86 (1H, m, H-14), 7.78 (1H,
dd,J=7.8,1.6 Hz, H-15), 4.94 (1H, dd, J=8.4, 6.6 Hz,
H-19),3.48 (1H, dd, J=15.0, 8.4 Hz, H-20a), 3.58 (1H,
dd, J = 15.0, 6.6 Hz, H-20b), 7.30 (2H, m, H-22, 26),
7.62 (2H, m, H-23, 25), 7.25 (1H, m, H-24), 2.90 (3H,
s, H3-27); 13C-NMR (150 MHz, DMSO-ds) J: 166.7
(C, C-2), 131.3 (C, C-3), 129.1 (CH, C-4), 128.9 (CH,
C-5, 22, 26), 132.8 (CH, C-6), 128.6 (CH, C-7), 132.9
(C, C-8), 160.8 (C, C-10), 121.3 (C, C-11), 128.2 (CH,
C-12), 127.7 (CH, C-13), 135.2 (CH, C-14), 127.7 (CH,
C-15), 145.6 (C, C-16), 152.7 (C, C-18), 58.0 (CH, C-
19), 32.3 (CHa, C-20), 137.2 (C, C-21), 128.5 (CH, C-
23, 25), 127.5 (CH, C-24), 27.6 (CH3, C-27). Ll |
NMR ¥55 SCik i foE — 35033, #Eth &9 9 A
N-methylnovobenzomalvin A .

4 RIMES RN TFERLESR

MERFEDE 5y 1 43 ISR, REBH 14 h 5 805 10h &2
BradbAT, 8 I N TTROREIR DR LA K G i 1) i
HTCATY A o EU AR 1 oA %) B e 42 R L A1)
121 JRAZHECEL A, KH 9:00~10:00 3R1F5Z4E
G X SZ ARG O T I IR 2 R NPT f IR AR R
FEH 7K (& 0.17 mmol/L KCI. 5.0 mmol/L NaCl. 0.16
mmol/L MgSO4. 0.4 mmol/L CaCl,) #1, 28 CF
B TR . BUZRS 24 h IR ES RfG Te (vegfi2:
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GFP), f#F] 1 mg/mL /g5 I B V0022 0P,
BEALS>2H, RO HEZH . A AH GEARLIRT PTK787)
FHIEXTRRZH (PRS0 SFESh 4L, &4 10 4%,
2 NMPATEE. SR, PEMXIRA, RS T
PTK787 (0.2 ug/mL), BHMEXTRRZHZS T FHIESR (10
pL/mL), FEaHZS THEYIFE (50 pg/mL), FEGHR
BRFRA 28 CHEFR. 452 24 h Ja TUOL R T
SRPEL A AR KB AR, TR 28 45
RER (E 3, FEY 2 17 AB B a5 i
EE KB H AR IR N 50 pg/mL i %, il
7 50 pg/mL JiuEIRE TGN 2 A7 0T 5k £ 1) 1
EHEKAIEIER.

EM 2 50 pgmLt

&7 50 pgrmL?

301
zg 20" \ — *k
: \ =
2 10 \ —ﬁ#—
N\ 7
0 & A -
pagict B PRS2 7
50 pg'mL™*

A-BED R E SOE SRR B- R 240 (ISV index);
SRR LR #P<0.01; SEBALLLE: "P<0.05 “P<0.01.
A-fluorescence microscopy of intersegmental vessels in zebrafish; B-
number of intersegmental vessels (ISV index); #P < 0.01 vs control

group; "P<0.05 *P<0.01 vs model group.

E3 mEafRmEEEESER
Fig. 3 Results of proangiogenesis activity in zebrafish

5 ifig

AW I MG 4 Dysidea sp. ) 35 it 4 F &
Penicillium sp. LHWS5975 [R5 55155 9
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N BN WL (penicindoline A). tb&4 2 il
7 KBy £ TR H R AR TS, 7E 50 pg/mL i
EIRFENE R S I B A 2 . ST SR
SRS I B AT MR IR0 R DL BRI, AR
TERANMEAI A ST 5
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