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O AR AL AL, [ H. E Qe @ 2000 R R i B2 O WLEF 4 58 . FGFCL 9 2.5.5. 0 LA K 10. 0 mg/
kg 5 45 24 2H R BUM K DG I8 Plg T KCE B 28T 28 140, FDP /K7 \D-D K- B 2w T2 H . IRk
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1.1 Sz

SD K F 48 H,SPF 2, fat Fe e , BRI 8 Jil
BTt R (150+5) g, WL T g8 B AE S0 3)
Prrbots [ AR 7778 Al Ik : SCXK (977) 2018-0004 ], 45
TR SR PRSI (25+1) °C, HERBK, HARIRE
SCRIT R A R OR S WA B B W
i AE (LS5 : SHOU-DW-2022-008 ) |, /™45 4% it
Sl A AR B HEA T o
1.2 #H5RH

FGFC1 fy A5 50 % $ B 2l A 45 21 5 BRI Y
2% B R 3 3E 77 ( Urokinase type plasminogen
activator, u-PA) , |-} A P AATHA ] 52
& M. 92 % &£ ( Fluorescein 5-isothiocyanate,
FITC) | £F 4 # M Ji ( Fibrinogen, FIB), 3¢
SIGMA 3R] 5 £ 4 £ 11 3 A 7= 1) (FDP ) 3050 &
D-Z K (D-D) 5] & 27 i i It (Plg) 57 &
b s Bl AR A R AW

HoAt A 2R R B 00 A 3 A 4
1.3 FENHF

Z I BEMEFR X (Synergy Mx B, 3¢ [ (1§ 2~
A]) ; H YKL ( PowerPacTM Basic Power Supply %,
FEARA W) ;9% W i B (TH4-200 AU, H A
BRI A ) 5 BB (Eclipse ci Y, H A JE
N A A HL(RM235 B, B ABRRA A ;
VKR A AL(CM1520 7, B ARBR-R AR s Bt
PR AZR AL (MesoMR23-060H-1 £, |1 41 15 Hi
FHEARRA ) .
1.4 ZWHE
141 RERRIOCRIMCLT 4RIk

KM FITC AR 8 B 9 75 206 FIB #4778
fric o Hf FIB W R T 25 mL B R ZE b
(100 mmol/L. NaCl, 50 mmol/L, pH 8. 5), il ji%
20 mg/mlL, 4 CEREEHHEFE 15 min i 2 56 40
fifto BEFEIA 45 mg FITC,4 CRIEEHEFE 18 h, i
FESE US55 FITC-FIB 4 C 40 N 3 d, il
12, 5% 3 B Hgt A1 SDS-PAGE #4E

FITC-FIB 455 5¢ S , TEBEM A 121
1000 U/mL EE il /i ,22 mL 2. 58% CaCl, ,4 °C W
2h, &N R 2 h, fif FITC-FIB 4k s M 25 4R350
VEY) FITC-£F 4 & 1 ( FITC-fibrin ) , 4 FITC-
fibrin [ 5257 (B0, O RIF IR, RO

BAE.
14,2 SRR I A8 it A S 7 g <7 Rk 7 v

FITC-fibrin #t ik {3 5 , #4 & A B0 1L A5 1l 44
B, W NPERSE 1S, FESE T 12 h X KR
HEATAS 1 AR OK AL B, K R BRSO B B v 2P
30 min, 28 51 # Ik 13 5 FITC-fibrin, 73 5 71 & 4
10 mL/kg, 30 min J5 , B REEBE AL SE R R, 58
SO TS Al 10% 22 5 I [ 2 vt 3
AT E . HIECIEA L) F % k790 B
BRSNS G iR R HL E e 2%
SRR R ELOIELH L 45 R AT XS L, B A 5
Mo MIEHARSE N JZE 3.0mm, ZE
2.0 mm,TR/TE >} 300 ms/20. 0 ms,
1.4.3 525505t S ik

W LA i AR A B K R BE ML 23R 5 4, 430l
Hh7s F(NC) 41, BHE X BE (PC) 41, FGFC1 &
(FGFC1-H) . #1 (FGFC1-M) & (FGFC1-L) 7| &
AFREH  FE2H 8 N MAR ISR B B AL ik
B8 Hfd AR, 1 X I (CK) 41, Horr: NC
ZH AR AR K AR PC HAE RS 30 min 22
TV B PR AR £ VS Tl A ) (u-PA) | 3 53
FIHE 4 5 000 U/kg; FGFC1-H 41, FGFC1-M 41 .
FGFC1-L 44> 75 B A5 5 30 min 28 2 & ik i 5
10.5.2. 5 mg/kg FGFC1 1A= FER KWL o
1.4.4 GO ERN J5 ik

25 0.1.2.3.4.5 F1 6 h 43 5515% K Rtk
AT R KL, i AT R A A T P, S,
3500 r/min Z.0> 10 min, 75 3] K B . BOK R
w4 Il 3 AE H 2 ) fig W Aw A 2 Tk UK
485 nm R FHE K 520 nm AbRYHEOGAE
1.4.5 FDP D-D Plg $5H5illl & 7k

B BCRE 28 B TH] 8 Y 45 20 K Bl 2%, AR 4
ELISA Fifg A ) R ORI S AR S A R
FE&h,37 CHEE 30 min, AR 5 K, I AR br it
7,37 CHEE 30 min, Pk 5 0, A A5 A Fi
WA B,37 CHER 10 min, T AZ LW, 15 min
PZEC OD fA, 355 K BRI 2% 4 FDP  D-D Plg
Ko
L5 FitZEQESHH

fdi 1] GraphPad 8. 0 B {747 £ 4h 4k B 5 43
BT, SE R LA e bR i 25 3R0R SR T o R
PR 25, P<0.05 AR ER B2, HA 5T

TN =N
%4§\XO
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2 GiRE0r
2.1 FITC-FIB fj SDS-PAGE % FITC-fibrin

KA BRRIEE BT
i 3d SDS-PAGE #6:ill FITC-FIB #Ric Bl , i

FITC-FIB
5,0 5.0 5.0 2.5

Marker

2.5 uL

150 ku —
100 ku —

70 ku —
50 ku —

40 ku —
35 ku —

25 ku —
20 ku —

15 ku —

(a) FITC-FIBf¥ISDS-PAGER
The SDS-PAGE diagram of FITC-FIB

Bl la 050 7€ 60 ku ZE45 47 3 4B I8 &7k, W £F
YE T AR RE SR T8, 4390 A FITC-« i | FITC-B 4%
FFITC-y 4%, 38 3 96 0% o flU5E M8 FITC f5id
fibrin f5 80, W& 1b FioR, o HAA 26, IE
FITC s%T#Ric fibrin,

(b) FITC-fibrinfI3%)6EMEE G

The fluorescence microscopy of FITC—fibrin

1 FITC #ri2 A EZ BB BRI
Fig.1 Image analysis of FITC-fibrin

2.2 M MR Y E AT S FAFE

2.2.1  RELO IS MRS g S A
X i A 2 R B B T R B IE 2 S 47 Dk

ROV IR 9O WIS, 45 R ILIAL 2, 1E R

ML ZUR DL HE N 5 38 A5 20 R Bl M 20 280 2% 1.
RO B WO (8] 2b 2L Fi Sk ) o &
A 3o o S0 K T 4 O vk, FITCfibrin 18 53 1L A8
PAEACCHEIRLAE 72O U R T SR AR AT

(a) IEH KR Normal rat

(b) EHEKR Modeled rat

B2 kEVRRERRMER

Fig.2 Fluorescence microscope observation

2.2.2 KR LA i A AR 7 A% i 3L U B
Xl

X i A A B T R RO 2 AT IR
DR AEAR AR, A5 R IR 3, MR T IEH R,

http://www. shhydxxb.com

YRR ZH A B A i % 15 5 5 04 K L I
LA G E R (8 3b B LR ) , it
W R R e e e B ERSIE o 14
MR .



4 34 KU XU AL S ) FGFCL XhC iU A8 MU AR SRR B ¢ FDP \D-D | Plg F) 5215 877

(a) IEH KR Normal rat

B 250

200
150
100

50
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(b) KR Modeled rat

3 WA LRGZE IR G E

Fig.3 Low field magnetic resonance imaging

2.2.3 RO LA AR AR LA H. E e (6 B
Rk

X T AR A R PR T R RO HE L AT A
DI E HOE et SR 4, 8] 4a BoRIEH
RO WU U0 R 25 K IE 3, o0 JULER 2 HE B 4

% [ 4b R 3 B R BG4 LU A B0
JUVA AL A2 /0 e B L0 i S B s 3
FEAZ (1 4b JR A HT K B ) 55 0 JJURE 26 5 1
H. E Qe 45 R R WIE o {1 45 FITCfibrin, K JE
JiC ML A AR AL

4 H.E:RazE(x200)
Fig.4 H. E staining results( x200)
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2.3 FGFC1 X1t 2% 5% S BT 220

WY KW FITC 55 F145 A i i ik &
JefE 1 B TS S FITC, Kt AT LA i K B
22 CAE P W75 & A i . L3R 9L E T
ERFRAA N FITC-fibrin BRI AR TE BN 5 9
HBEAL IR FR FITC 5 fibrin fif 25 5505 WA i 25
A, FITC-fibrin X5 185 B ARV 5 o

TE425)5 0.1.2.3 4.5 F1 6 h 4350 K I X) 18
.75 4. FH M & B4l FGFCT 2. 5.5. 0,
10. 0 mg/kg Z5 2541 K FUMIK DA, &5 5K 3% 1,
B IA] g NC 4 i 2K S CE AR T CK 435 8 3
FHE5(P<0.001) , Z2 0 FITC-fibrin ik A Il % 16 5
JE S AN I RGO 10045 I A4 o

Bk 0 h &b, 45 B[] B Ab B 4H K BRI K 9 Y6 (E
5 NC AR B R (P<0.001) , LA 1h Ry
i), W %% 45 4b B2 8 S & B, PC 4 FGFCI1-L
44 .FGFC1-M 4 .FGFC1-H #H%¢ 3R iF 5 NC 4
A 2> BIFEAR T 34. 67% . 16. 60% . 18. 73% .
27.93% (P<0.001,P<0.001,P<0.001) , %I 7E
1 h B ,u-PA J FGFC1 34T K 4% 21 V5 1 PR U fif
43 FITC-fibrin, XFHb Oh K 1 h Il 3286585, 1 h
1 FGFC1-L 41 . FGFC1-M 41 F1 FGFC1-H # 1l 3%
DGR3 0 h 19 2,93 4% .2. 77 £ F01 2. 43
%, 26W7E 0~ 1 h FGFC1 %t FITC-fibrin (137 %
AR5 SR A G

®1 JRAMRFAMEEN(MeanzSD)

Tab.1 Changes of serum fluorescence value in each group ( Mean+SD)

PEGIREE Fluorescence intensity

2151 Group

Oh 1h 2h 3h 4h 5h 6h

o B ZH 11.33+
. 13.00£2.45  16.33+£1.70  13.00+1.63  17.33x1.70  17.33+2.05 16.67+1.70
Control group 1.25
ZHA 318. 00 1098. 00+ 1592.67+ 1387.67+ 1102. 67+ 877.33% 654.33+
Blank group 3. 56" 14. 72" 8. 73" 16. 21" 15. 63" 21. 64" 15. 627
B X A 20 324.33% 717.33% 413.33% 328. 67+ 167.33+ 73.33+ 58.33+
Positive control group 9.28 11.15*%* 6.85% ** 14.06* * * 20.95% % * 11.52% % * 386 " *
FGFCI ik 7 & 4b
L] 312.33+ 915. 67 723. + 600. 33+ 402. 00+ 171. 67+ 102. 00+
FGFC1  low  dose 8.99 11,57 AAA 5 [ AAA 15 g5 v rAAA §] g5 rrAAL 5 gAML 5 35v v rAAA
treatment group
FGFC1 h %] & &b
BLIEAE| 322. 00+ 892. 33z 707. 67+ 591.33z 375. 00 148.33+ 95. 67+
FGFC1 medium dose ~ 8.16 ~ 9.98***4AA |3 577" *AhL 7 767 =AML 7 g7=x=AAL || gqr=rAhh g go Al
treatment group
FGFC1 & #| & &b
BLIEAE| 325.33z 791. 33z 599. 67+ 439. 00+ 225. 66+ 121. 67+ 78. 67
FGFC1 high dose 9. 46 g 37***AAA 4.99***AAA 10.42% * *AAA ¢ gu+ = AAA g |7xxxAAA 6.02" " *AA
treatment group

Ha# 2 A SR BRA A GE T BT # P<0.001; + . FGFC1 Ab3RAH 528 BG40 #T, + P<0.05, % + P<0.01, % % % P<0.001; A.

FGFC1 g3 2H 55 fM: o BRZH A9 S0 34347, AP<0.05, A AP<0.01, A A AP<0.001,

Notes; #. Statistical analysis of blank group vs. control group,### P<0.001; =* .

Statistical analysis of FGFC1-treated group vs. blank group,

#* P<0.05, = % P<0.01, % % % P<0.001; A. Statistical analysis of FGFC1-treated group vs. positive control group, A P<0.05, A A P<

0.01, A A AP<0.001.

2.4 FGFCl {EHFHEZERRBHZI
2.4.1 FGFCI %3¢ FDP (520

FDP 2 £ 2 25 11 2 KB (1) 1 24 R 45 & BB AL
Wr SIS A F 7 A R A P 00, B A o £ 4 2R
TR, A e B 1 7 00 1) 0t /N Al 68 B 2R A RN R
IVEH . FDP & &2 0 S AR AT Sz AR o 27 35 005 1
MISREE . X245 2505 1 h 45 4L 3K 17 FDP £
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), 45 5 LK Sa, PC 4 FGFC1-L 4 . FGFC1-M
ZH A1 FGFC1-H 41K Rl FDP {f 4351 kb NC 41
=5 18. 63% . 16. 72% . 19. 06% 1 15. 34% (P <
0.001) ;FGFC1 4bFEA1 5 PC 270 i & 1 2 5 .
VLIHZE 1 h B} FGFC1 4b 3 41 K BRUAR N 5 £ 1 &1
AR 0 FDP  BAA B A ROR .
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2.4.2 FGFC1 X} D-D {5200 K,
D-D J2 0 5 T 21 55 il /K fiff 28 K 41 4 75 1 2.4.3 FGFCI1 X% Plg f5200
Yt — s R 4 4 B B R AR 7=, B T Plg J2& IfiL 2% 21 4 85 [ /K At i G 36 PR I RTAA,

YRPELFER S TARED' Y, FER Mg SN WTLUES I Plg & BRFF RN LG, &
WIRINRE, A EIRR TP D-D Jhi, FR LA Plg & AR, 27 4 55 A oK B 2035 1k, BLA Y
WHABEMAEETE. M425/E 1h ffdim BABSMAEETE. 42555 1 h l&HInK
AT D-D K, 25 R WL Sb, PC 20 FGFC1-L 47 Plg kil , 25 5L WKl 5S¢, PC 24 \FGFCI-L 41 |
2] \FGFC1-M 4] \FGFC1-H Z1 KL% D-D {4  FGFC1-M 44 fil FGFC1-H 4 K FUIfiL 3¢ Plg {HAHER
e T NC 4 76. 87% 41.26% 66. 70% 72. 45% T NC 21 53 REAR 25. 78% 14. 42% 17. 16% Fil
(P<0.001) ;FGFC1-L 44 .FGFC1-M ¢H 5 PC #H4H  20.95%(P<0.001) ; FGFC1-H £HAH% T PC A
A BIBRAR 20. 13% 5. 75% ( P<0.001) ,FGFC1- 255 SCUiBZE 1 h Bf FGFC1 4b ¥ 41 34
H5 PCAHAXE EMEZER XV 1 h B BER I £F 48 8 (K i &k 5 il 4T e 8 E
FGFC1 Ab 3 R R AR TE VE, R e e CR, Hirh FGFCL &5l i 41 ik ) PC 41 AH T )
S D R, o FGFCL Sl 4l ge g ik 8] PC HIRCR .

E 800 15 ¢ 150
B *xk
2 i . 3 T AAA = i
> 600 i F > - E
a - E 10 N 100 Fokk
= w | — | | ==
f 400 | I i =
g § 5r E 50
200 | &
{0 11
B & W
: MLILIEN] | m 0 ENL
y CK NC 2.5 5 10 CK NC 2.5 5 10 CK NC PC 2.5 5 10
FGFC1/ (mg/ke) FGFC1/ (mg/kg) FGFC1/ (mg/kg)
(a) %51 hER4LMKFDP AR (b) %1 hWES4mHKD-DER (c) #4751 hjR &4 MKPleiEHE
Plasma FDP levels in each group 1 h Plasma D-D levels in each group 1 h Plasma Plg activity in each group 1 h
after drug administration after drug administration after drug administration

# S A S IRA ST 5007, ###P<0. 0015 * . FGFCL A FRAL 5725 A W S i1 4341, = P<0.05, # % P<0.01, * * % P<0.001; A.
FGFCI AbFZL 55 B XS BRAL 1 5214347, AP<0.05, A AP<0.01, A A AP<0.001,
#. Statistical analysis of blank group vs. control group, ###P<0. 001; = . Statistical analysis of FGFCI-treated group vs. blank group, #* P<
0.05, = * P<0.01, % % % P<0.001; A. Statistical analysis of FGFC1-treated group vs. positive control group, AP<0.05, A AP<0.01, A A
A P<0.001.
B 5 FGFCI X 3R £F 4 & B PR R 4T 7 B IR RO R
Fig.5 Effects of FGFC1 on plasma fibrin degradation and fibrinogen

3 i SR U A0 N

e

FGFC1 43 T4 869, 43 T3t Cy HeN,0,,, 43

O AR SO U RE VI 5 O A R R R S e WA , S S R 4 S
FEAEIR B SCRAE M AT RSB oMl o R Al v | DGR 25 44 356 3 S Ak s (it
[l e 32 s Bk A A AR B ke S Ze AT RSBk Wi S o e 225 3 3 2 57 3R Ty, LA SR
T ZER, SRR AT S S Ik A AR TR ZE I 2l = 2GRS
Pz 1 BE B O JIUREBE , G SR i e S 00 s 1 2K A B 20 K A Dk R 4 FITC-fibrin 35§ K
W25t L ) BE A AE 5 2 20 ) ] @ S s Bk ke 2 BUB RO 4 A A A, R 2052 Bl 23 5 1 KR
B, 23 R B o 0 RO JURE B 2 A SR Bl R AR B S e M4 PSR 2 0 W A T 385 5, 0 3R
i, TR LT RO WUSESE S A 2 O WURESE ™ . bR, i 5 FITCfibrin B 7E 0 UE , 3 — 259 1
A S 2 e IR Bl Pk i 26 GO URESE S 3= iR Bk, @ M S FITCfibrin 355 1§
BN U A O IR N AR BB ORI LR R R
AU W50 LA TG V5 iR 1) T 39 20 TRk 1 25 e FITC-fibrin 3#F A A J5 23 & HE B K i
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6 3 G I ¢ DI 56 JBE S 1 e bR A 2K )
M5 SR AP, 24 )5 A E] B FGFCL Ak 2
e B2 AR T2 A 41, R W] FGFCI fig

PE LT 4 5 R i, HL2T I RCR 5 50 2 IR A
Koo MR IMAR LI, 110K FDP it D-D i
M Plg #EVEAF EAIEARAG A A W A8k, ani&l 6
B #4525 FGFCL J& , Plg 156 1452 UM, 21 45 i

Thrombolytic Process

é_,.

OH
HO :
N & A 0 :
=0 N 9 Blood M

N OHC—, =
\(\/\(\/h. 0 0
HO
OH Thrombus
FGFC1

T PERG In, T£F v T LK IV OV, X
XI5 2o M BE AL X5 R I gk 27 4 4 I BE B4
Lys-Arg M H2 (OO, (45 27 48 26 1 WA
FDP frBe, FDP it —22 51 g D-D FHA A BL.
FDP 1 D-D i 3 e 32 W 7 US| e e 5 9
FGFC1 BEREfie o O 1L/ I A 47 4k 2R i, om
i FCRCT MR e i p ik 25 ) 0 e o

After Thrombolysis

»
ey

e
ceeeep

>

L]
M Fibrin @ Plasminogen

T
' Plasnin @) FeFC1

~vea

. p @@= D-Diner

Bl 6 FGFCl 4@ nER
Fig. 6 Schematic diagram of FGFC1 thrombolysis process

S T B T A A R RS Wi A W FGRC L A
FI7F FITCfibrin 375 5 O ML 10 A K SRR ZRY I
REFRARHLIAR Plg 154k , (075 £T IR B PR T, 2 A
LA HH PR 24 2 M, T 42 35 kO I L
A, 9 FGFCL ey ikin O WU L i 25 4
BEOR Py SIS FERE H FGFCT 0o 145 1 A A 75
RERA Plg TG PERIHLEIT T E— 4RI

SR
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Effects of marine bisindole compound FGFC1 on plasma FDP, D-D and Plg
in rats with cardiovascular thrombosis model

ZHANG Tian', ZHANG Huishu', ZHANG Linling', GAO Chunli', ZHANG Haixing', ZHU Yuping®,
WU Wenhui'

(1. Marine Medicine and Health Food Research Center, Shanghai Ocean University, Shanghai 201306, China; 2. Basic
Medicine Experimental Teaching Center, Naval Medical University, Shanghai 200433, China)

Abstract; To establish a rat cardiovascular thrombosis model and to observe the fibrinolytic properties of the
marine bisindole alkaloid FGFC1 ( Fungi Fibrinolytic Compound 1) in dissolving rat cardiovascular thrombus,
a rat cardiovascular thrombosis model was established using fluorescein 5-isothiocyanate ( FITC) -labeled fibrin
induction method. Myocardial tissue morphology was imaged by low-field NMR, fluorescence scanning of
frozen sections and hematoxylin-eosin staining ( HE) of paraffin sections. Plasma fluorescence intensity was
measured in the blank group, control group, u-PA positive control group and FGFC1 low, medium and high
dose groups. , and plasma fibrin degradation product (FDP), D-dimer (D-D) and plasminogen (Plg) were
measured by ELISA. FITC-FIB was successfully labeled as FITC-a, FITC-B, FITC-y peptide chains by
reduced SDS-PAGE, and the FITC-fibrin showed green fluorescence under fluorescence microscopy. Low-
field NMR imaging showed increased density of cardiac tissue in the modeling group, and fluorescence
scanning of frozen sections showed the presence of fluorescent material plaques in cardiac vessels, indicating
the establishment of a cardiovascular thrombosis model, while HE staining of tissue sections showed abnormal
myocardial fibers in the modeling group. activity levels were significantly lower than those of the blank group,
and FDP levels and D-D levels were significantly higher than those of the blank group. FITC-fibrin induced
the formation of cardiovascular thrombosis model in rats, and the marine bisindole alkaloid FGFC1 could
reduce the Plg activity and promote the degradation of thrombus fibrin in rats.
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