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 E. [¥%)E4EPyrolaincarnataFisch b Z o+ %, m AL EAH S A 5T, RS,
EHABIFE 2R, EHALLIALLBRREARS ZHeitakikiE. [B] s RGEEAL
A @ Penicillium solitum (P. solitum) &gk & K = it 470 B 5%, Tk BA AR KmEe &0
mar. Uik RAAR BN Fo ] &R 3 20aA8 E st BATE M A A B P. solitum R A K= H #AT
o B A b, BT EE R o PR IE AT S M S, R R G T RO TG R uar 2 K
JE & M A 1ea 4, KA PE % #E(lipopolysaccharide, LPS)# 349 BV-2 4ufie X e A2 A st A7809E. [4
FYMREAFZ AL ALRF P.osolitum K AR =W & 4B 52 B 12 Mes4, 49 %] H cyclopenin (1),
dehydrocyclopeptin (2). viridicatin (3). *t#Z KK F B (4). "%k ZE(5). methyl compactin (6)-

cyclopeptine (7). cyclopenol (8). /& JLEEL(9). viridicatol (10). N-[2-(3-indolyl)ethylJmalonamic acid
(11)#= solitumidine A (12). - FXH B LRI FEW 11 5 X EMXGLERENE O UM
(mitogen-activated protein kinase , MAPK) 1z 5 i@ 3% ¥ p38 £ Z R &1L & & ¥ 8 (p38
mitogen-activated protein kinase, {8 #& p38)Fn2m it sz 5 18 7 4B 1 (extracellular regulated protein
kinase 1, ERKI)VH K Z894 4% K, BV-2 @Rk £& 9, &4 11 (10. 20 umol/L)AE 2 F 4R 5
BV-2 &%, FHZIH EERFATBIRLE F-0. ONE-1p. ONE-6)f— AR H
. (#1108 11 ZFHRRZH, BHAANEKEEHE, HAERAIF TS 4 MAPK 13
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Isolation, identification, and neuroprotective activity
screening of secondary metabolites of endophytic Penicillium
solitum from Pyrola incarnata Fisch
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Abstract: [Background] Pyrola incarnata Fisch (P. incarnata) has been widely used in the fields of

food and medicine owing to the abundant chemical components with a variety of pharmacological

activities. However, no report on the secondary metabolites of its endophytic fungi is available.

[Objective] To isolate and identify the secondary metabolites of endophytic Penicillium solitum from P.

incarnata and screen out the ones with anti-neuroinflammatory activity. [Methods] They were isolated

and purified by column chromatography and preparative high performance liquid chromatography

(HPLC). The structures were identified by nuclear magnetic resonance (NMR) and high-resolution mass

spectrometry (HRMS). Moreover, the anti-neuroinflammatory activity was verified in LPS-induced

inflammatory BV-2 cells by reverse docking. [Results] A total of 12 compounds were isolated and

identified: cyclopenin (1), dehydrocyclopeptin (2), viridicatin (3), p-hydroxybenzoic acid (4),

indoleacetic acid (5), methyl compactin (6), cyclopeptine (7), cyclopenol (8), protocatechuic acid (9),

viridicatol (10), N-[2-(3-indolyl)ethyllmalonamicacid (11), solitumidine A (12). Molecular docking

showed that compound 11 had remarkable binding activity to p38 mitogen-activated protein kinase (p38)
and extracellular regulated protein kinase 1 (ERKI1) in mitogen-activated protein kinase (MAPK)
signaling pathway which was associated with inflammation. In the experiment on BV-2 cells, compound

11 (10, 20 umol/L) significantly improved the survival rate of BV-2 cells. Moreover, it inhibited the

release of inflammatory factors (tumor necrosis factor-a, interleukin-1f, and interleukin-6) and nitric

oxide (NO) in BV-2 cells induced by LPS. [Conclusion] Compound 11 is a new natural product with
potential anti-neuroinflammatory activities, and the mechanism is the likelihood that it inhibits the
expression of p38 and ERK proteins in MAPK signal pathway, which needs further investigation.

Keywords: Chinese herbal medicine; fungi; Penicillium; molecular docking; neuroinflammation
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W Ao E B 1S A S P T A 1) — AR EE B
wRP, BRI g Ry, HA AN S
BRI . srAEESEVE, BRIGY IR
KATHR . FILE . D IMEEEN, PEmUASRE T
SRS AR X A A T T RN R G
SEOTIEGE, TEAG G R 2l T I B A
FF, IS R A PR VR AT A 1Y 24
LI T T R T, E B, X R
B A LA AR I R R DL AR A

PN AN e A S - N R = N
Penicillium solitum (P. solitum), %% E &KX
A P AT B S, SR S I R R
BB LS Y5 Bl 2 SO0 A OC B 1 E T R
e, TEILAR 51 ik th P 28 90 W TE T 1
L&Y, FETENR £ B (lipopolysaccharide, LPS)
V51 BV-2 4 S AERE T b A B Uk AT 5T
DA Ay J 80 JEE AT 5 N A L T 1Y) 245 25500 Jo it M
HAE RS, [R5  p 22 1R AT
PR 2 R AR RS

1 #H57%

1.1 #$
1.1.1  #iXEY

JEATETF 2019 4E 10 A RSB Ap VT4 K% %
U 3ty DX AR Gk 7 DXOR AR, AR AR 220 T Ak
(G5 191001-01)F7 5 T sDURHEE R 27 B2 2 B
HERRRA TR %
1.1.2 EHEE

PDA Hi3i¥E(g/L): D4 200.0, HiZjHH
20.0, il 20.0, MZEWAERZE 1L, AN
&% PDB 3735, 0.1 MPa & % K% 30 min,
AHG . FOREEEE: 190 mL Z8487K, 1500 ¢
KoK, 0.1 MPa = K 30 min, RHGFH.
1.1.3  FERFIFLEE

FEZ M AL (200-300 H), 7 &L T

3]s MTT, Sigma 23 ) s BV-2 41 i, it Procell
oNaE] s BRAE ML A DMEM K535 3, Hyclone 24
Al — AL AR AR &, r A A
ELISA i &, Immunoway A ). #5305
AR, il £ Y = RO AR 3 . C18 OBD il
%1‘4\{(19 mmx250 mm/10 mmx250 mm, 5 um),
Waters A A 5 B#E3EPR{L, Brucker BioSpin £
AR BIEAHZE RS, Olympus Aw]; H
F TP, PR IR (TR ED A TR A ]
1.2 EHRBDEEN

W RET R IR T, R 75% ik
WERES , JCRKPYE 3 Wk, FKE RIS TR
IR 1 em ZEAG /N5, RS 2 KR R bt
W, A 5 mL JCRIK, FRAREEOtEES) . RS
AR PR IR AT AWAA 100 pL % PDA “FAi
b, FHICHEEDIE R E IR, ik
PRAFE AR S T4 1A 30 min 247, DMERTK
RE S BB AN, AR B, 28 °C
B 5d, WERIAR EARVRIE S, PR
T ZUFTEE SR AL |, 28 °CIEIRIESR 3 d, A HME,
H RSB REFEIRE, Faifbir i mih e 2|
HiiE s, g5 IR
1.3 BRI AR

AR A 2 PDA Pl B
1k, 28 °CH5F% 3 d, WG LIF R EEF 2 8 il
#4100 mL PDB }iFR AL HEIE P, 28 °C,
150 r/min G F7 48 h FRAZFN T, 4% 20%0)
PR RN 2 30 MK IR SR, TER Y
&), 28 °CHEOLFEFE SR 15 d.
1.4 BEHRXERE~IRR. 25HEE

RS G BMA 500 mL 2R 4 Bs, &
I, BEHE 2 hEERE, B3 W, PRSI
UE, GIFUEML, WURMRAIRENRE 1153 g, i
FrREE(200-300 EDHFEJEMT, A LR O
B F AR R L R 15:1:0-0:0:1 BEATARBEVRL
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3 3 A R ORI AT T AL Ay o b, A IEAE
[y, 24455 9 4143 (Fr.1-9). Fr.5 4143(8.3 g)
2211 £ B 2 AR 8,15 (high performance liquid
chromatography, HPLC)AH 1 B (i sh A3 Ry
ZHEFIIK) 30 min, ¥#E 24 mL/min, 152465
¥ 1 (2.61 mg, Tzg=7.69 min). 2 (62.77 mg,
Tr=8.91 min)# 3 (9.53 mg, Tr=10.76 min); Fr.6
H4r(18.3 g)ir 4 Sephadex LH-20 BERiHE)Z
Mr (e ), 45 % HPLC #6 5 PE % 30 min,
Wik 7.5 mL/min, 525 4 (18.05 mg,
Tr=9.45 min)#1 5 (5.81 mg, Tz=11.60 min); Fr.7
241 (45.3 g)%4 Sephadex LH-20 %L )2 M1 (H
FEVEL), B RAG4L4) Fr.7.1-7.6, Fr.7.1 £l
# % HPLC BB BEME 32 min, i 24 mL/min,
ik i858 59 6 (6.21 mg, Tr=16.72 min);
Fr.7.2 Z:4il &%) HPLC Ve 28 min, ¥k
20 mL/min, #Zifbf13 84L& 7 (531 mg,
Tr=15.89 min); Fr.7.4 £l %% HPLC #6 B PE M
30 min, Vi 20 mL/min, 4ifki53E4LEY 8
(6.21 mg, Tr=16.72 min); Fr.7.5 1457 HPLC
FAEEPENL 40 min, Vi 24 mL/min, ZE{L75%]
A9 9 (7.79 mg, Tr=7.24 min); Fr.7.6 214
R HPLC # B P 23 min, % 20 mL/min,
4tk 1534649 10 (4.01 mg, Tr=8.38 min);Fr.8
(5.3 )&l £ HPLC # 2 YL 28 min,
Ui 24 mL/min, 5245 11 (20.23 mg,
Tr=12.50 min); Fr.9 4145 (4.6 g)Z: il % % HPLC
BEEEVER 27 min, % 24 mL/min, 52L&
12 (2.86 mg, Tr=8.67 min). fL&¥IRH—4k.
NMR) }%
15543 i (high-resolution mass spectrometry,
HRMS)iFA 45 4508, I8 6 FH O SRR IE
1.5 EMEEMR
151 HWEMSHEREHRBESERD FXE
i A SCHk[6,8], P Ae e R A — AT

T YER% 0 (nuclear magnetic resonance,

T TR ANRE D, BAHE 6 S5
LHGEM R S E A HEZ R ER, 4
F5 5 Sk — A 4L & & B (inducible nitric oxide
iNOS) . W 5 Bt L B -3 B
(phosphatidylinositol 3-kinase, PI3K). L #4151k
1 ¥ B§ (stress-activated protein kinase ,
SAPK) . p38 2z ¢ J5 i 1k & 11 9 M (p38
mitogen-activated protein kinase, &#K p38). K
K2 Z K 2 (cannabinoid receptor 2, CNR2) 14
M AME = P15 B 1 (extracellular regulated
protein kinase 1, ERKI1), M PDB % #& %
(http://www.rcsb.org) T 282 [ fH IR Z5H) 10 pdb
SCf, f#H ChemOffice ML A 3D 45H4
iz i Discovery studio 4.0 ZA4 (G4 BRI T
oh [ 2 BE R 2 ) R AL W 45 ) AT A T A R AR
b, XSRS FINE . KoK, b B R kA
SERETRL, DU RCAA ) 23 TR] 25 44 Sy vt g SCTE
4%, HAXNESHCRIN. 2/ CDOCKER #
B A& Wy A0S 2 A T 2 SR 4 4T 48
M P8 #7 /3 f (-CDOCKER_ENERGY) ¥ # & H.
BIBTEDIM A RIE LG, TRk 55 AR
FUEB 3, HOS AT o (B A, 34975 i
7 (root-mean-square deviation, RMSD)<2 A Ui
BH 20 XoF e 245 R B 50 A b sz e i e A o 2R
FE A AT B E, w8
e S A EAAGSEENE, RZILETE
P i i BAT S TEDUR & RAETE MRS
FEXI M G AT AT AAL 23T
1.5.2 [ME E (B &M (terazolium, MTT)EL
BIENEMFEE

BV-2 4L & 10% 16 4 I 3 1 &5
DMEM B FBERE 3%, BT 37 °C. 5% CO, 51
TEESR, AN R IR B 80%I RN F 96 fLk
I (1x10* A /FL), 7E 37 °CH555E 24 h, R
RE, SCBGREZS 4], LPS (5 pg/mL)BERIZ |
PHPEZ 9 2 72Uk 57 (20 pgmL)4 FfL &9 1

synthase ,
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(5. 10, 20 pmolV/L)4, &4l 5 MEAfL. (k&Y
11 AINAK MR E MG Y, Bras fdss, 2
AEMA 5 pg/mL 1 LPS, 42254 ikt
B4 h J5FIN LPS 4b 3, 37 °CHi5F 24 h, EHAL
A 20 uL MTT ¥ #(5 mg/mL)7E 37 °CHi3%
4 h, WEBE LW, A 150 uL DMSO %,
P75 10 min FAFE5 &, 88 G ARASCIN i 20 1 7
490 nm AL EOG R, THE AN LA
1.5.3 Griess ;£ ZE NO 7K

SRR F, LS Y 11 A
WREEMLAY, Bras Adsh, HedmA
5 ug/mL [ LPS, 4ifEZ 25 At #E 4 h 5 Fm
LPS 43, 4 °CHFF 24 h, FHZH40MEH 100 uL
ISR S SRR Griess VIRFNES, Fik
FIFERFE 15 min, 4 [ SR E 55 FLTE
550 nm P AT BEE .
1.5.4 ELISA A% TNF-a. IL-1p #7 IL-6
K

S B R b, AREY 11 A
WML EY, B Adsh, EasamA

1 LXC-15EH¥ETFITS FIHMEMNARZLBR

PRI GenBank k55 {H 0.01 U374 i 25 (H
Figure 1

5 ug/mL LPS, ZHMiZ2yfiab ™ 4 h 5
LPS 4ZbFH . 4 °CH:[FEF 24 h, 3 000 r/min &0
20 min B35, M%E TNF-a., IL-1B A IL-6 7K.
1.5.5 HitF4E

Jir G B x+SD %75, >k GraphPad
Prism 6.0 F /AT 8RS o APEIEL, H ]
LR B IR 2R 7 22 53T (one-way  ANOVA),
P<0.05 NN Z R A G F R L

2 BEREAW

21 BEMETELR

AL G S5l LXC-15 BARIY ITS 41 (£
}5 ITS1. 5.8S Fll ITS2)K &N 491 bp, 3R
L% GenBank, 1535555 ON164812.1, #|
J BLAST XFi% 7 5 BEA AR 2387, 5 i 3k 5
HARRIF S8 3 Muscle®™ 17 2 591 He Xt
FexF s Jim i trimAl V1.2 (official release)#k
UM automated 75 1% 5%, 2 )5 il if MEGA-X
VIO R A W E R K LK E MW,
bootstrap {HH & 1154 1 000 (K 1). 45K E7w,

I SLAN BB R bootstrap {H; $55 NP5 N

Phylogenetic tree of LXC-15 strain based on ITS sequence similarity. Numbers at branch nodes

present bootstrap value; The serial number in brackets is the GenBank accession No. of the strain; The value

0.01 represents the sequence deviation.
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LXC-15 Wtk Penicillium solitum FRR 937
(AY373932.1) (ZFIMREATFH)) R LRI,
AL R 100% , BB # 2 Z Mk BE N
Penicillium solitum,

22 HUEMEMETEER

&Y 1 A EER, 78 C7HIuN,05,
ESI-MS mvz: 293 [M-H]"; 'H NMR (500 MHz,
CD;0D) 6 7.57 (1H, m, H-5), 7.30 (1H, t, J=7.2 Hz,
H-14), 7.25 (1H, dd, J=1.0, 7.8 Hz, H-4),
7.22 (2H, t, J=7.8 Hz, H-13,15), 7.16 (1H, td,
J=1.0, 7.8, 8.0 Hz, H-6), 7.14 (1H, dd, J=1.0,
7.8 Hz, H-7), 6.69 (2H, d, J=7.4 Hz, H-12,16),
4.17 (1H, s, H-17), 3.20 (3H, s, H-10); °C NMR
(125 MHz, CD;0D) ¢ 168.6 (C-1), 168.4 (C-3),
136.6 (C-8), 134.1 (C-5), 132.2 (C-4), 132.1
(C-11),130.1 (C-14),129.2 (C-13),129.2 (C-15),
128.0 (C-9), 127.3 (C-12), 127.3 (C-16), 126.1
(C-6), 122.4 (C-7), 71.8 (C-2), 66.0 (C-17),
31.6 (C-10) LA Eds 5 SCHR[12]A0 i 18 T A —
., HiSEa9 1 8 cyclopenin,

AW 2: A, 21208 CisHLN,O,,
ESI-MS mvz: 277 [M-H] ; 'HNMR (500 MHz,
CD;0D) 6 7.91 (1H, dd, J=1.4, 7.9 Hz, H-6),
7.53 (1H, t, J=7.0 Hz, H-8), 7.40 (2H, d, J=7.9 Hz,
H-12,16), 7.36 (IH, d, J=7.0 Hz, H-14),
7.34 (2H, d, J=7.0 Hz, H-13,15), 7.28 (1H, t,
J=7.0 Hz, H-7), 7.14 (1H, d, J=7.9 Hz, H-9),
6.91 (1H, s, H-10), 3.11 (3H, s, H-17); *C NMR
(125 MHz, CD;0D) d 172.3 (C-2), 169.0 (C-5),
137.9 (C-9a), 135.3 (C-11), 134.1 (C-8), 133.6
(C-5a), 131.8 (C-6), 131.8 (C-10), 130.9 (C-3),
130.2 (C-13,15), 130.1 (C-12,16), 126.7 (C-14),
125.9 (C-7), 122.0 (C-9), 36.1 (C-17), VA I3k
P 55 SCHR[ 131 ol Fe A — 20, I e b5
2 & dehydrocyclopeptin,

&Y 3. AR, 7308 CisH INO,,
ESI-MS nvz: 236 [M-H] ; '"HNMR (500 MHz,
DMSO-dq) 6 12.28 (1H, s, 1-NH), 9.25 (1H, s,
3-OH), 7.56 2H, t, J=7.4 Hz, H-3',5"), 7.49
(1H, t, J=7.4 Hz, H-4"), 7.39 (2H, m, H-7.8),
7.38 (2H, m, H-2',6"), 7.13 (2H, m, H-5,6);
BC NMR (125 MHz, DMSO-d¢) 6 158.5 (C-2),
142.7 (C-8a), 134.0 (C-1'), 133.3 (C-3), 130.0
(C-2',6"), 1285 (C-3,5"), 127.8 (C-4"), 126.6
(C-7), 124.5(C-5), 124.1 (C-4), 121.1 (C-4a),
122.3 (C-6), 115.5 (C-8), WA % 5 3Chik[14]
e S A —3%, WEEhkayw 3 K
viridicatin,

aEY 4. TasHs, 2208 CH6Os,
ESI-MS nvz: 137 [M-H] ; '"HNMR (500 MHz,
DMSO-dg) § 7.03 (2H, d, J=8.5 Hz, H-2,6),
6.69 (2H, d, J=8.5 Hz,H-3,5);"*C NMR (125 MHz,
DMSO-dg) o 173.4 (C-7), 1562 (C-4),
130.5 (C-2,6), 125.3 (C-1), 115.2(C-3,5), UL I
e 5 SCER[1S )0 B S AR — 30, Rk e b &
Y 4 T FRIERR .

Ew 5. wEAWMRY, 5FXH
C1oHoNO,, ESI-MS mvz: 174 [M-H] ; 'H NMR
(500 MHz, DMSO-ds) 6 9.93 (1H, s, NH), 7.49
(1H, dd, J=1.8, 7.5 Hz, H-4), 7.35(1H, dd,
J=1.8, 7.5Hz, H-7), 7.23 (1H, s, H-2), 7.07
(1H, m, H-6), 6.98 (1H, m, H-5), 3.63 (2H,
s, H-8);"°C NMR (125 MHz, DMSO-ds) § 173.3
(C-9), 136.3 (C-7a), 127.4 (C-3a), 124.1 (C-2),
121.1 (C-6), 118.7 (C-5), 118.6 (C-4), 111.5
(C-7), 107.8 (C-3), 31.2 (C-8), LA F%ids 53
Bk 161 A — 3%, LS e b & 5 A
WE-3-2.1R .

EY 6. Jotakrh, 4T3k CuHisO4,
ESI-MS m/z: 423 [M+H] ; 'H NMR (500 MHz,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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CD;0D) 6 5.96 (1H,d,J=9.9 Hz,H-4),5.74 (1H,
dd, J=6.3, 9.9 Hz, H-3), 5.52 (1H, brs, H-5),
5.34 (1H, brd, J=2.7 Hz, H-8), 4.18 (1H, m,
H-13), 3.79 (1H, m, H-11), 3.68 (3H, s, H-16),
3.48 (1H, s, Hy-14), 2.51 (1H, m, H,-14), 2.44
(1H, m, H,-12), 2.33-2.43 (SH, m, overlapped,
H-2,2',6,8a), 1.92 (2H.br s, 11,13-OH), 1.38-1.70
(9H, m, H,-7,9,12,3",
Hy-7,9,10,3"), 1.30 (1H, m, H,-10), 1.12 (3H,
d, J=7.8 Hz, 2'-Me), 091 (3H, d, J=3.6 Hz,
2-Me), 0.89 (3H, t, J=3.9 Hz, H-4"); *C NMR
(125 MHz,CD;0D) 6 176.8 (C-1"),172.2 (C-15),
133.8 (C-3), 132.3 (C-4a), 129.3 (C-5), 127.9
(C-4), 70.0 (C-11), 67.8 (C-13), 66.7 (C-8),
50.5 (C-16), 43.3 (C-14), 41.5 (C-12), 41.5
(C-2", 37.2 (C-8a), 36.9 (C-1), 35.0 (C-10),
31.5(C-7), 30.6 (C-2), 26.6 (C-6), 26.4 (C-3"),
25.6 (C-9), 159 (2'-Me), 12.9 (2-Me), 10.7
(C-4") DA b Hidh 55 R B 540 se bk K SCHR[17)
MHE L, EE 6 1 C-6 b — AN
R (522.8)F1 FH LA (81.08) (5 5, HoAh {7 B A%
TR 5 SRR A A0 R Y S SOk KRR —
#H, H%Ea 6 - methyl compactin,
& 7. ot gk, 4+ Ci7H N0,
ESI-MS mvz: 279 [M-H]"; 'H NMR (500 MHz,
CD;0D) 0 8.48 (1H, brs, H-1), 7.96 (1H, d,
J=7.68 Hz, H-6), 7.83 (1H, d, J=7.68 Hz, H-6),
7.60 (1H, t, J=7.68 Hz, H-8), 7.53 (1H, t,
J=7.68 Hz, H-8), 7.35 (2H, t, J=7.68 Hz, H-7),
7.23-7.29 (6H, m, H-12, 14, 16), 7.17 (4H,
d, J=8.28 Hz, H-13, 15), 7.08 (1H, d, J=7.68 Hz,
H-9), 7.04 (1H, d, J=7.68 Hz, H-9), 4.43
(1H, t, J=7.14 Hz, H-3), 4.33 (1H, dd, J=6.06,
11.04 Hz, H-3), 3.43 (1H, m, H-10), 3.27 (1H,
m, H-10), 3.08 (3H, s, H-17), 2.92 (3H, s,

overlapped , H-1,

H-17), 2.80 (1H, m, H-10), 2.68 (1H, m, H-10);
“C NMR (125 MHz, CD;OD) § 172.3 (C-2),
171.2 (C-2), 170.7 (C-5), 168.3 (C-5), 138.2
(C-11),138.0 (C-11), 137.2 (C-9a), 137.0 (C-9a),
1342 (C-8), 133.8 (C-8), 132.3 (C-6), 131.8
(C-6), 130.1 (C-12, 16), 130.0 (C-12, 16), 129.8
(C-13, 15), 129.7 (C-13, 15), 128.3 (C-14),
128.2 (C-14), 127.8 (C-5a), 127.7 (C-5a), 126.0
(C-7), 125.9 (C-7), 122.1(C-9), 121.6 (C-9),
69.8 (C-3), 57.9 (C-3), 39.8 (C-17), 29.6 (C-17),
32.9 (C-10), 30.6 (C-10). LI F%dE53CHR[18]
e SEA —%, HEechkaw 7 H
cyclopeptin,

&Y 8: kiR, 501X CsH 14N, Oy,
ESI-MS mvz: 309 [M-H] ; 'H NMR (500 MHz,
DMSO-dq) 6 9.47 (1H, s, 13-OH), 7.54 (1H,
td, J=1.8, 7.0, 7.0 Hz, H-5), 7.24 (1H, dd,
J=0.7, 7.8 Hz, H-7), 7.18 (1H, dd, J=1.7, 7.8 Hz,
H-4), 7.11 (IH, td, J=1.0, 7.2, 7.8 Hz,
H-6), 6.98 (1H, t, J=7.8 Hz, H-15), 6.67 (1H,
dt, J=1.8, 7.0, 7.8 Hz, H-14), 6.26 (1H, t,
J=1.8 Hz, H-12), 6.00 (1H, d, J=7.2 Hz, H-16),
4.61 (1H, s, NH), 4.24 (1H, s, H-17), 3.06 (3H,
s, H-10); °C NMR (125 MHz, DMSO-d¢) 6 166.1
(C-1), 165.5(C-3), 157.1 (C-13), 135.3(C-8),
132.5 (C-5), 132.5 (C-11), 130.7 (C-4), 129.1
(C-15), 126.6 (C-9), 124.4 (C-6), 121.2(C-7),
117.1 (C-16), 115.9 (C-14), 112.9 (C-12), 70.3
(C-2), 63.9 (C-17), 31.0 (C-10), VI ¥R 53
BROI2]AHGE A —3, HIEEEY 8
cyclopenol .

aEw 9: Jastih, 28 CHeOq,
ESI-MS nmvz: 153 [M-H]"; 'H NMR (500 MHz,
CD;0D) 6 7.44 (1H, brs, H-2), 7.42 (1H, d,
J=7.9 Hz, H-6), 6.79 (1H, d, J=7.9 Hz, H-5).
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3C NMR (125 MHz, CD50D) 170.3 (C=0), 151.5 N-[2-(3-indolyl)ethyl]malonamic acid . i 1

(C-4), 146.0 (C-3), 123.9 (C-6), 123.2 (C-1), 117.7
(C-5), 115.7 (C-2). LA b5ds 5 3CHER[15]/0 418
FA -3, HIEEREY 9 NIFILER .

G 10 W eam K, 41X h
CysH;;NO5, ESI-MS nvz: 252 [M-H]"; '"H NMR
(500 MHz, DMSO-d¢) 6 12.12 (1H, s, 1-NH),
9.52 (1H, s, 3-OH), 9.10 (1H, s, 3'-OH),
7.28-7.34 (3H, m, H-5',7,8), 7.06-7.11 2H, m,
H-5,6), 6.83 (1H, dd. J=1.5, 8.3 Hz, H-4'),
6.73 (1H, d, J=7.5 Hz, H-6'), 6.71 (1H, d,
J=1.2 Hz, H-2"); >C NMR (125 MHz, DMSO-dy)
§158.3 (C-2), 157.4(C-3), 140.9 (C-3"), 134.3
(-C1’), 133.1 (C-8a), 129.5 (C-5"), 126.4 (C-7),
124.5 (C-5), 124.1 (C-4), 122.2 (C-6), 120.9
(C-4a), 120.6 (C-6"), 116.9 (C-2'), 115.4 (C-8),
114.7 (C-4"). LA b 3548 5 SCHR 197 e 18 B A —
#H, HIL%EEbEY 10 4 viridicatol .

twE&® . gaEmoR, o FLHh
C3H4N,05, HR-MS mvz: 245.092 8 [M-H] (it
AN 245.092 5); 'H. C NMR Ll DEPT
KEIERW, tbEaWEa 2 A, 3 NI 3
SAWH I, 54, M4 'H M PC-NMR %L
P #fe0 B e Bk A, dE— 454 'H-'H
COSY #l HMBC K38 2), %5E H45 N

Scifinder ¥ %, L& 11 7 3CHk P A
AT IR, WA 11 B0 RR =Y,
OGP E R R WA . LAY 11 BB AL
PEUNFE 1 P,

e 12: BFEKBK, o FXLH
C,0H,7N;05, ESI-MS mvz: 356 [M-H] ; 'H NMR
(500 MHz, DMSO-d¢) 6 10.47 (1H, s, NH-1),
8.20 (1H, t, J=5.0 Hz, NH-15), 7.49 (1H, d,
J=7.8 Hz, H-7), 7.29 (1H, d, J=8.0 Hz, H-4),
7.00 (1H, ddd, J=1.0, 7.1, 8.3 Hz, H-6), 6.94
(1H, ddd, J=1.0, 7.1, 8.3 Hz, H-5), 6.13 (1H,
dd, J=10.6, 17.3 Hz, H-9), 5.06 (1H, dd, J=1.0,
17.3 Hz, H-10a), 5.05 (1H, dd, J=1.0, 10.6 Hz,
H-10b), 3.32 (1H, bt, J=5.4 Hz, H-19),3.17 (2H,
m, H-14), 2.85 (2H, dd, J=7.4, 8.3 Hz, H-13),
2.26 (2H, m, H-17), 1.90 (2H, m, H-18), 1.49
(3H, s, H-11), 1.49 3H, m, H-12); “C NMR
(125 MHz, DMSO-d¢) ¢ 172.0 (C-16), 170.7
(C-20), 146.4 (C-9), 140.2 (C-2), 134.8 (C-7a),
129.2 (C-3a), 120.5 (C-6), 118.4 (C-5), 117.7
(C-7), 111.1 (C-4), 111.1(C-10), 107.2 (C-3),
54.0 (C-19), 389 (C-8), 39.9 (C-14), 322
(C-17), 28.0(C-11), 28.0(C-12), 27.3 (C-18),
25.5(C-13). VI B85 SCRR[2 110 s 2 A —

x1 &% 11 8 "H-NMR (500 MHz)#1 *C-NMR (125 MHz) & £ 35 (DMSO-d)

Table 1 'H-NMR(500 MHz) and *C-NMR(125 MHz) of compound 11(DMSO-ds)

C Sc o LC ¢ O

1 / 10.82 (1H, br s) 7a 136.3 /

2 122.7 7.16 (1H, d, J=1.8 Hz) 8 25.1 2.84 (2H, t, J=7.4 Hz)
3 111.7 / 9 39.5 3.35 (2H, td, J=7.4, 5.2 Hz)
3a 127.2 / 10 / 8.19 (1H, t, J=5.2 Hz)
4 118.2 7.54 (1H, d, J=7.8 Hz) 11 165.8 /

5 118.3 6.98 (1H, t, J=7.4 Hz) 12 42.7 3.15 (2H, s)

6 120.9 7.07 (1H, t, J=7.4 Hz) 13 169.6 /

7 111.4 7.34 (1H, d, J=8.1 Hz)

H: /TG oc Ml oy
Note: /: No dc and dy.
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2 &YW 11 MEE 'H-'"H COSY #1 HMBC
BXES

Figure 2 Key 'H-'H COSY
correlations of compound 11.

and HMBC

H, WK EEY 12 4 solitumidine A,
MEEATEE N AE ELIE P. solitum 1 2,18 Z, g

12

3 hEaW1-12 B

Figure 3 The structures of compounds 1-12.

FLER B H o B ai AL R 2 12 MEB P4
L 3,
23 SFIEER

gER N, A 11 5 INOS., PI3K ., p38
FIERKI AT o288k BAE, i HA B S0
ZEATEPE(EE 2). p38 Ml ERKI & 22 2Lk 1k &
E%@i@@(mitogen—activated protein kinase, MAPK)
Bt EEEN, LAY 11 5 p38. ERKI
) 2 Pl SERR TR SEAEAEYE AR R J), 5 3DT1 %
IREIEBRFE L ALALLL, MET109 JE i &g, [H]
it 5 LEUL167 JE s KM BEAEH ; 5 220Q %
A E FR %K METI125, LYSI31, ASP184 i
ILE48 JE S48, [AItS LEU173. ALA69 Al
VAL56 JE Ui /K AHEAE T, WK 4.

OH
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x2 UEMIN HFHEEXER
Table 2 Related information of molecular docking model
Proteins PDB ID Site sphere —CDOCKER_ENERGY RMSD(A)
X y z r O.L. Compound 11
iNOS 2Y37 4.926 0 —73.7314  —22.8379 7.044 7 21.646 6  32.057 4 1.514 5
PI3K 1E7V 20.614 8 62.246 3 21.599 4 6.577 8 247878  46.107 4 0.739 6
SAPK 3V6R 21.9505 —59.127 5 —15.840 3 11.000 9 39.067 5 35.194 2 1.625 1
p38 3DT1 22.2955 11.013 2 29.603 7 11.856 6 229198  40.4361 1.701 0
CNR2 6KPC 10.510 4 1.3899 —45.075 4 9.5251 463719  42.0550 0.672 1
ERK1 220Q 0.701 2 —22.7514  49.4302 6.065 3 19.970 1 38.670 8 0.984 3
F: O.L.: FRPCik
Note: O.L.: original ligand.
A ASP
}&Léa A:168
i LEU
e Al67
ASP
A:l12
N |
M N N
fHT{ /.
k 0 _
i’ o LYS
DA ALA o i A:53
W a L (A5) GLU
N ﬁ(}g ‘ TH <
m LEU 'A:106 kE-,r%
A:30 3 LEU
HIS A:104
A:107 XI-% LEU
VAL : A:86
. A:105
Interactions
I3 Van Der Waals [ Pi-Cation
I Conventional Hydrogen Bond B Pi-Sigma
[ Carbon Hydrogen Bond 1 Pi-Alkyl
B LYS
B:71
ASP
. CYS.
B:184 B 183
GLY
B:49 b VAL
N B:56
/et ILE
_— A B:101
N :
H
QL W } GLN
N \}) B:122
-H(§ : "."E
T o W ASP
P B:28 SER o ALA Bu2
B:125 N . BATO 847 .
' : R rEu
B:124
GLU
. B:126
Interactions
[ Van Der Waals [ Pi-Sigma
[ Conventional Hydrogen Bond [] Pi-Alkyl

compound 11-2Z0Q.

[] Carbon Hydrogen Bond
4 k51N 5-FEQHEEIEM 2D
Figure 4 2D diagram of the interaction of compound 11 with target proteins. A: compound 11-3DT1; B:

A: 4% 11-3DT1; B: {644 11-2Z0Q
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2.4 L&Y 113 LPSiESE BV-2 HAaE
AN EATERE S

BV-2 4 i Rk (& 5N, 5
25 FIZHAA LG, LPS R4 BV-2 40 A7 15 K i 2
AL (P<0.001); 5 LPS #EIZHAA L, fL&8 11
(5. 10, 20 pmol/L)%5 24 J5 nJ . 25 32 = 40 A7 3%
#(P<0.001), BEELGY 11 W FETH, LA
IHRTE, FEWRE N 20 umol/L AU IAFIE R
(81.49%+9.08% )21 FH X} HRZH (83.47%+0.45%),
ARG Y 11 BERI LPS i S BV-2 41 il
25 EW 11 I KERF (TNF-a-
IL-1B. IL-6)FA % fiE 91 R (NO) 3= i &Y 4] il
ER

mE 6 pios, 2 H4H NO b FHARKF
[(4.058 0+0.294 4) pmol/L], 525 F14H Ho 4, LPS
2 BV-2 4iififd NO /K- i 3 38 Jin (P<0.001), fb &
¥ 11 (10, 20 pmol/L)4H NO /K- & 3 f&
fli(P<0.001), ZFEAHCH:, #RE6Y 11
X NO W7 A BA R difER . 04

5 &% 113 LPS iES BV-2 HARFERH
BM(X £SD, n=5) 57 4iter, "P<0.001;
5 LPS BRI L AL, ***P<0.001

Figure 5 Effect of the compound 11 on
LPS-induced BV-2 cell viability ( X £SD, n=5).
#¥P<0.001 vs blank control; ***P<0.001 vs LPS
model.

TNF-o., IL-1p Al IL-6 ¥J4b FHAKKTF-, H525 1
0%, LPS 41 TNF-a, IL-1B Fll IL-6 7K i
FTHE(P<0.001), L& 11 (10, 20 pumol/L)
2 TNF-a . IL-1B il IL-6 /K- i & %4 (P<0.05),
RS 11 ATAHl TNF-o, IL-1B 1 IL-6 (X
AU/

3 & #

P ZERAT BRI Tz, o Bl
FEW I APosss. MIEERIE . AN Tau &
14 Z R R 52 . P28 ST SN 2 A i 22
RGEHY—Fh G5 B BN, TEBT 7R 2% W 38R
R <5 AR S5 1 22 3R AT PR B v k44 B A O
TAE o /NS5 A M R 3 Ao RO i R AE
A JR(NO)YFI 44 [l F~(IL-1p. TNF-a., IL-6), M
TS B 28 R B Y A, Tl /N I T 4
Ik E Y A AT Rl 553 25 i 28 2R S8 H o BELE
T2, R BV-2 /INBE 50 240 e PR DA 2% Bl /oy
FALA WIS RAEVE AP, 4y H
il i FR 12 I R IRAL A 0 1 JUL 0 e e AR P

T 8 8 N AR EL R AR A W i 2 R
S RUEYITRE TIEM, CRM K
PG S R EOR A, a0l . AR
I E= 25 SUR AL AT 25132 (9 I i 55227200 AR
FEE YO JEEAE B N A LT B A AR M A T
TOrEs, XA P. solitum SRS L (4%
WL, KRR 1) R TR £ TR SRR o vh o3 B
#] 12 MEAW) cyclopenin (1) .dehydrocyclopeptin
(2). viridicatin (3). XJFRIEAKHER(4), MWL
f2(5). methyl compactin (6). cyclopeptine (7).
cyclopenol (8). it JLZEHR(9). viridicatol (10),
N-[2-(3-indolyl)ethyl]malonamic acid (11)H]1
solitumidine A (12), 1654 11 25 1 KK,
G 4.5 F1 9 T E KA P. solitum 73 21533,
FIFH 18] 535 % e B AR B 18 Y HAT IS TE B A 28
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QZO[

ittt

3 1500 |, HHH

6 &Y 113 LPS iFESH BV-2 MK EREF NO (A). TNF-o (B). IL-1p (C)#0 IL-6 (D)7K FH

2.M( X £SD, n=5)

sk, "P<0.001; 5 LPS BIRI4 A,

Hoksk

P<0.001, ~P<0.01, 'P<0.05

Figure 6 Effect of the compound 11 on NO (A), TNF-a (B), IL-1B (C) and IL-6 (D) level in LPS-induced
BV-2 cells (X+SD, n=5). “*P<0.001 vs blank control; ~~ P<0.001, “"P<0.01, ‘P<0.05 vs LPS model.

RIERIEEY) 11, FFAE AN K IE SE Hm] 2 i
BV-2 4l it £7 i 2 A0 i & 5E I+ (TNF-a .
IL-1B. IL-6)1 NO M Bl . MAPK i i 215 5
A i 2 T AL 5 B 240 B A N R 1 AL
SEANEIEEE . . RAEFRI TG S5 S0
HERE gz —, FEHOE INK, p38
1 ERK, —#FELIAEBRRILIE XAAAE T 40
Jo R BT g B A B /0N R S5 AN A B A L 2
MAPK F5EH 3 A (IR A /K -2 1 s o
ZRIEH T, SERIZRIEBI RAPY
Oy FIHER AN RAE LI 45 R EW, (AP 1

K HE A 28 98 AE 1 P 5 VR T AL AT RE -5 0
MAPK {55538 #% 4 p38 Fll ERK & BRI AT
5K, AHHHARR 2T IR LA et — 2B 0T

AR A B AL G PR 2, fE TR A
FB A HA ML 2, (EE N AMACIT S
HOEH D, HAL AR M A A R A
B PO R R IT A P TR
fer e N AR BRI OIS, IR S e B N A
FUTA B4 25 309 i SR aik Je Hd e wh e f it 7 =
%, [N g R 2B A T M 25 ) T K B
e rESea.
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