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Research advances in the study of anticoagulant active molecules
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Abstract: The incidence of thrombosis-induced cardiovascular diseases is increasing worldwide and poses a
serious threat to human health. Three factors, slow speed of blood flow, hypercoagulable blood and vascular
damage, have been considered to be causes of thrombosis. Antithrombotic drugs have been classified into three
categories based on the mechanism of thrombosis, including anticoagulants, platelet inhibitors and fibrinolytics.
The coagulation and anticoagulation systems have drawn increasing attention because of the important role they
play in the process of thrombosis. Novel compounds with anticoagulant activity are now emerging, alleviating to
some extent some of the problems associated with the clinical use of early approved thrombotic drugs, such as high
bleeding risk, slow onset of action and narrow therapeutic windows. In this review, we initially describe the
mechanisms of coagulation as well as thrombosis. Meanwhile, a wide range of bioactive compounds and potential
antithrombotic candidates reported in recent years have been summarized. In addition, the structure-activity
relationship of certain compounds has been discussed, expecting to facilitate the development of molecules with
anticoagulant biological activity for the treatment of thrombotic diseases.
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Figure 1 The coagulation process and the principles of thrombo-
sis. vVWF: Willibrand factor; ADP: Adenosine diphosphate; TXA2:
Thromboxane A2; GPs: Glycoproteins; LMWH: Low molecular
weight heparin; UFH: Unfractionated heparin; II: Prothrombin; II
a: Thrombin; TF: Tissue factor; VII, VIla, IX, X, XI, XII, Xa, XIa,
Xlla: Factor VII, VIIa, IX, X, XI, XII, Xa, Xla, XIla
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(1) The introduction of oxyg ining groups prod more active compounds.
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(2) The 2-hydroxyphenyl substitution at the 3-position of the 3-cart
scaffold result in highly active compounds.

Figure 2 (A) Anticoagulant compounds of the coumarins; (B)
Structural relationships of anticoagulant coumarin derivatives and

dabigatran derivatives
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Table 1

The anticoagulant mechanism of polysaccharides. Rha: Rhamnose; Ara: Arabinose; Xyl: Xylopyranose; Man: Mannose; Glu:

Glucose; Gal: Galactose; Fuc: Fucose; GlcN: 2-Amino-2-deoxy-D-glucose; GlcA: Gluconic acid; GaINAC: N-Acetylgalactosamine

No. Comp. Mw/Da Monosaccharide composition Bioactivity Ref.
1 Vp2a-l 7x10° Rha, Ara, Xyl, Man, Glu, Gal = Anticoagulant activity [16]
1.94:16.7:0.38:1.76:0.17:15.4
2 Vp3 9x10’ Rha, Xyl, Man, Glu, Gal = Anticoagulant activity [16]
8.09:7.87:2.12:2.46:0.41:8.43
3 mCVP-1S - p-D-glucan Anticoagulant activity [17,18]
4 FEP 5.11x10° Ara, Rha, Gal, Glu=280.5:10.7:4.8:4.0 Anticoagulant and [19]
antithrombotic activity
5 LP 4.63x10*-3.45x10*  Ara, Rha, Rib, Xyl, Man, Gal, Glu = Anticoagulant activity [20]
4.4:2.0:7.0:1.0:3.1:6.8:13.4 and anti-platelet activity
6 PP-PLE5 6x10°-6.42x10°  Ara, Fuc, Gal, Glu, Man, Rha, Xyl = Anticoagulant activity [21]
10.22:3.64:22.87:20.16:8.93:29.22:4.38
7 HUP-2 25.296x10° Rha: Man: Gal: Glu=1.96:16.51:22.76:19.43 Antioxidant and [22]
anticoagulant activity
8 Fucogalactan (E) - - anticoagulant activity [23]
9 F2-A - Gal, Ara, Glu, Rha, Fuc, Man, Xyl = Anticoagulant activity [24]
5.314.5143:3.7:1.5:1.0: 1.0
10 Crude extracts - - Anticoagulant activity [25]
11 Polysaccharides@ZIF-8 - - Anticoagulant activity [26]
12 SFI 4.7x10° GlcA, GalNAc, Fuc=0:0:1 Anticoagulant activity [27]
13 SFII 3.68x10* GlcA, GalNAc, Fuc=0:0:1 Anticoagulant activity [27]
14 FCS 4.26x10* GlcA, GalNAc, Fuc=1.0:1.18:1.0 Anticoagulant activity [27]
15  WSC, NOscs - - Anticoagulant activity [28]
16 Native FS 6.46x10* Fuc, SO ,/Fuc =1.0:0.74 Anticoagulant activity [29]
17 Acetone Fractions 2.15%x10* Fuc, Xyl, Gal, Sulate =1.0:0.25:2.0::2.0 Anticoagulant activity [30]
18 SVP2-1 - GIcN, GalN, Rha, Fuc, Ara, Xyl, Man, Glu, Gal = Anticoagulant activity [31]
5.85:2.44:8.54:12.20:7.80:17.07:12.93:10.24:22.92
19 SVP2-2 - GIcN, GalN, Rha, Fuc, Ara, Xyl, Man, Glu, Gal = Anticoagulant activity [31]
3.76:3.76:8.27:11.28:6.39:9.40:16.92:11.65:28.57
20 FI 9.5x10* Ara, Gal, Rha=153:25:9 Anticoagulant activity [32]
21 FII 1.4x10° Ara, Gal, Rha=72:17:2 Anticoagulant activity [32]
22 PF2 8.81x10* Rha (98.7%), with trace amounts of Gal and Xyl Anticoagulant activity [33]
23  GaSP 2.848x10° - Anticoagulant activity [34,35]
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FH R 7 SR IR (RO 1%, HF HAE25 245 8 h e i& PRIk
Bl R . R X PR BRI A A EEAR S Uk i
T, AE AR R B 40 B R LA AR R I 2R T
T LG 3050 2 1%, 3X A R 55 3 o 22 W 1 “ A4 A 7 B I
FEVEPEA DG FEIX PRGN, HH A B 40 A = A 1 e
T R A %) JHT- 1k i Sz o B A 470 ot A 50 ) A R4
I, X PR R AL FURE AT e B A R A Bt L 25 W () T
5 B P

Song ZEBU N Patinopecten yessoensis W T /43 25
-2l A 45 3] Py A £ %, SVP2-1 F1 SVP2-2. 1 7 22 4
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SVP2-1 # SVP2-2 # fig & 3 4L K APTT M TT, H 1J LA
AR FE ARG 1 b 00 ) 21 4 2 1 LA 4k O FIB, X R B
AT DAIE s A AE A A ) sk L B AR . (B TE R
(142, Z 8% SVP2-2 Lt SVP2-1 B 58 55 [ Bt 5k 1 v 4
HE— 20 e AT IR SRS A A AR G LR, 45 R BoR
SVP2-1 1 SVP2-2 B A [A (4% 0 45 K HFAE, PR I 4
DN v ) B PR 6 2 B RT AR IR 0 1 B AT g A2 SVP2-2
HAEBMBPUEGE DRRR .. 2.5, ZokE B AT
(IR 22 B J I 1 30 9%t ) e et i, % FH T 5%

de Araujo ZEP X} Caesalpinia (Libidibia) ferrea &
B IR 22 B R AT 0 B A 4 ) R AE FE VR A Xk if
RAMIFE . &5 A% 15-DEAE-4F 4 3 155
TG 1% EH 2 HE R I (PE-CF) 74 T = ME o
(FI.FII.FII), 43 55 A Bk KA &9 (14.3%~38%) 41
a5, IRIE (5%~16%) FZ W (0.94~1.7 mg'g' GAE).
C. ferrea % ¥ Wz HESLHREIE SR, RO 0 £ 2 H
5 AH B £ 1 a-Araf 1 a-Rhap fl a-GalAp %5 /0 Bk,
SR RAMP APTT 3058 27, 2 Bl T [ A 1 Fi/sk
LRI E SR A IHEIER 2.0~3.76%). f£4&N, 2
O 0081 E T 0 98 v P bR S RS L 55 A P e i I A T
B (36%~69%). i b FTIR, & A BT A0 0 2 LA |
SR 2= W R R BB 1) C. ferrea B K2 1) 22 W5 B Pkt ML bt
/SRR LA R 45 M, 2% BH X 22 B AE I A A 2 1
9 R B T LR IR IE A

Li &5 W 7K A R 1 55 M\ 2% 1 5 Monostroma
angicava P T —FPTEE L 7E M £ B8 PF2, JFid A
BT AR R ST bR i vk gt — b 4tk . PF2 & —F
AP R B IR 1L 2 B, 4> TR 204 8.81x10" Da. fi [k
1 2 0% PF2 B A & m Pt i AE A, A 5 0 bkt
I PAE AL 1) = S0 R JH 2 il B 8] XORE 26 I, g 1) 5%
FUSERAE o PF2 3k 3R 30 H 6 Bt 46 i 8 5 Xa DX - 417
TS E R o 28 1, PF2 & —Flosn 24 0 im IR 4k R 2%
BE, BT LAE N —F0 i 78 Bt i 77 2 08 35 E R -

Liang ZP7E AR (1 2640 T, 3 ) SR R 5 ik we 1
AR TR B IR 22 0 AT B R A Sk, I ELIE W T
e JI 2 B B SLER IR AT AE W LE LA AS A AR 4 R Se 1
Prgt g vE . Scin s MR, fEfE 2 & MDA St
5] 1) SRS R /L g T DA v e IS 22 B A BOARRE , 9 HL
P AT S 0 o 1) 22 M Sl R s PR L v E M. M 2
BEHLBE ) DS PREFER R K, By s iE i 2
BE B A BT ) A -

AIF 50 2 0 0L B v P B, M2 9% Gelidiella acerosa
(GaSP) H3kfH T —Fhi g (L 2 ¥E . il HPSEC. Jt
F M VFT-IR AT NMR 6 185 X0) 3 i B8 A4 22 W4T T
2R AL . E3E APTT A PT R EGHF 7T 1 GaSP K Ji it

M3, FHEd I B DA T IR I SRR B . P
LA R L3351 7 30 36 e A R S A e A5 2
1T VFAf o FT-IR AINMR i B, GaSP & —Ffii FR 14 (1) B
Jli e HPSEC FJC & Ao i o, FLBE IR ot & U fE Ay
2.86x10° Da, Wi FR AL FE BE N 0.63 . 1% 7 1 K B L 1) (]
FERK T 2.1 £, KL /INSCREE I 28 45% . EAh, 78
FEH0.1.0.5 81 1 mg-kg™ I, B 7 HY B 35 (K 7 B4
P T IR R, 20 A 40% < 64% 1 80%, H. G HY ift.
BB, iXeegs L], GaSP B A IR I Pkt M1 FHE,

Ghlissi ZEP\ Globularia alypum L. HEEL T —Fl
TR 1L £ BE GASP, 72 54 14.2%. GASP F % i fif iR
LRI NCBELL R (20 R 13.29% 1 71.56%), I &4 /D&
R R ARS8 4040 6 A1 GC-MS B 7t T
b 2f G5 R HRFAE, 45 8 78 GASP I B i1 8 i K4k &
WDZHL R, A - U0 2 BE AN H R b A Dy A
Iy, oy N 33.47%.26.71% F1 18.21%.  7£ K BR
RSN FIAR N 34T T APTTSTT M PT IR . 45 5 BoR,
5 i 751 2 1) GASP (200 #1500 mg-kg™) 7E 44 4k o H
) APTTTT # PT 7 7 43 il 4 1.22 A1 1.33 £%, 1.17 #I
1.27 f%, LA S 1.21 Fi11.26 1% #2448 N & 7s H 1 APTT.
TT FIPT 2 543 B~ 1.47 F12.52 4%, 1.20 A1 1.43 f%, LL
Fe 121 F11.40 1%, S3PIRAM LY RIH BEEZE R,
WE A, A ORI 5 H 2 S ) A A T 1 AL R
b BRI IE TS AT T RS R 7T, 45 2R
2 BH IX 9 R 7 = 1) GASP #8 % #tE, X R iz S
WA N — P B A A B A Pust s PR 2. R
B Ak 2 0 B 5 K AR, 2R T2 20
T R A 2 P AR AT B DA % B 1 ) % 8 52 1) 5 i PR 2
B (A= R

Wang %557 H U B2 % ok B 1 L5 Enteromorpha
linza $1 1) 2 B (LEP) 1 1K 7> T = 2 W4T T BiiR
o B JE 0T 1% 22 BE B IR 5 10 0 S AT 1 AN g I 3
HEAT 7 V-4, F845 B35 APTT.TT FIPT %5, Bmf £
A B2 A mh S A 231 o1 B TR AR A 22 0 B e 1
Pt A, T He S AR X2 R R AR 2 B R
/S ETIR IR ET AR ARy
2.3 JALLMBEATHEY A HINEE R — Rl BB B L
A (IR Ma) #0550, F 5w ik 75 S99 pRAE S 2 IR
i1, It HEA 5 HoAth 259 50 & A B A B A Ao
I LU T 5 B AR 2 1) HR XURH 4 B I AR 4 ZE0E LA S TR
BiAVGRST VIEA 8. %4 BA RiFr) w4, 55905
FRAH B, 8 B I vT DL 2% I AR P P D H I A B
3 LI G A2 — b BB 10 AT (1 S JOA S i 1 410 1
7, 5 IA IR X AR AR R B A AR AE — A O, 1E
MoK P 56 ] A — A O S B I, ok 75 1 RS 119 A=
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YR T DLARAS B (29 6.5%), 1R i i i T e
AR i8R S5 AE I3 0 B AR s B m B AT 7 AR AR
I, 22 Ji5 325 B e 6 1 K S AE 1~2 h Nk B
AT LGS Ty FLAT U RS P Rk b R AR
W B IRE L AR 1 AT 2 S5 4, % HE SAR #E4T 1 ik
G (K3).

e I P 2 — P 22 B R £ 1 B, 7E I 0 [ bl R
CHRAE L, 1k FE N R B ) L A R . BR
T SRR AT AN AR ) H T A A B 4 )5 B, Chen SEME
T B T P RIE LE I R (L&Y 8 FIAL &)
9), bk BB BB R JIE 73 13— A = A S B &
I FTEUR (B3). EAMFER N IR I T R4 1 Bk
I EEH GV . A& 8 (IC,, = 9.20 nmol- L) Flfk &
Y19 (IC,, = 7.48 nmol-L™") /& B #4219 sk 1L g 410 4]
o TEURFEA b, %R 4 T o R R SR
SRR T RR G S AT AR, FE Hpuge A F AT T OF
flio EREREH2-F2H H-3,5,6- = H g (2-
hydroxymethyl-3,5,6-trimethylpyrazine, HTMP) ] X{ T}
R S5 24 4k A 1 10 7E KRR K i i 1 i 56 o B R
S RIPUMAR T SE 1 (B3). BhAh, /N BB H i k5
UEB T 37 RUL A 10 B LU R ARyD I8 58 47 1) 22 4
25 b, A B 10 FTAVE NI AE I B i 25 ) R AT 1t — 2D
A 2 DAk, T T ROIR 7 I A A 2 1 5 3 DA %
A R o

PR 26 9 H 7 SR e R, Li 2 T 214
B IE LEINAEAT A2, IR AE A A1 0k JF B I Al £ 400 )
WEPEIEAT TRl . fEX A S, A& 10.11.12
A 13 B A 58 R L B S0 RS 1 (] 3). ZER A I
I S SEI6 LA 14 R S LN BEEE A 2
(VA T (I 3), o vt g 175 5 1 AL /DN A R B s R AH 24
SR F, AT T 3l 6 K AR T A, FC A 2

S
N/”\NH o4

(;1 N NH >_<¥4<:>~<
7
HO\[(\/N NWNHZ N NHe
o

HsCN<_CHs

[0
’ T X
8X=N
- N j\'ro \N CHs
o
1

0
1.
N,
N>_/ , MO NJ\@[ — NH
o
x| % NH,

16 X =2-CL, Y = CHj
17 X =2-C, Y = CH,CH,
18 X =3-Cl, Y = CH,CH,

2 o o NH,
HOJ\/\N N, HN—@—<
D NH
K N
—
28

3
o o i
Ho S N HN—< 4
3
2\ — NH.
A X N
R Ry

25X =C, Ry =2,6-(CHy)y, Ry = -CH,CHy, Ry =F
26 X =C, R; = 2,4-F, Ry = -CH,CHy, Ry = F
27X =N, R; =6-CHy, R, = -CH,CHy, Ry =F

N H

X el
N Rs (o} [}
o N \
NH;
ﬁj@ﬁm@_« G 0 6o
" R; NH

7S °
N CHs N N HNO—’(
SN
Hee \([3(\/ o

N (T3 + 6)%.

AR HFE 0 1) 10 T A D 247 B 2 A 1 S s A R AR b
PEAT AR W0 10 285 R 5 P D6 R F AL, Ren S™8I 7 — 2%
N-CFEBLINBERTAEY) o HRHE CoMFA 5 B % 1% 46 7
A IS VEEAT T TN, DR 43 A G 0 R TR 3
ik mBEAH Y . XL G, (& 15 (IC,, =
0.96 nmol-L™") &I H Lt A A& b FE 5 Iy i 0 1) 3 14 (11
3)e ULAN, A EH 1538 %5 2 i K AR T B2 30 HH AH 24
UF P P, FLAN R (85.35 £ 0.72)%, 5 Hikfth
PE (85.07 £ 0.61)%AH Y. X Lgh B EFRAMH K 2
SFHEERIE AL, o] LN HE— B AL G 1S HE —FP A 2
(1% 4% i 6 400 1) 75 42 it A ZEAKHE . Huang S5™RH T
THE NG B 254 BT BOR SRIR Rk LB AT A )
SERMRIAL SRR, I BT B AT AR . BT Sr
= Y 5E F M R % R (3D-quantitative structure-activity
relationship, 3D-QSAR) # A B A & 3 F 4t 11 i 2 A H
EITRIMEE /7. 3T QSAR KI5 K, R4 Bt T
TFFA R T 1R BE L B AT £, il it ] A
Hg 3L AR B C W LR A HR-MS S5 2 il 1 44 4 40 45 4
BHTRAE . PRAMUEE M SE I e AT AT T iRVl .
PRSI BOR, SR 10ME SR 5 5% 24
K P IBEAR S g . BEIETE = MEA Y16, 17 F118,
(IC,,=11.19 £ 1.70 nmol-L™, IC,, = 10.94 + 1.85 nmol-L"!
FIIC,, = 11.19 £ 1.70 nmol-L™") - #E4T 437X A5 1l 52
5, I E TN E B hRe (B3). 4RER, X=
Tl ik &9 5 ¢ 7% 5 Gly219. Asp189 Al Trp60D 2 |7
FAEBRAMAEMN - A EAERM . Bk, k15
(1) 10 AN 387 B L I AT A= 40 AT DAAE 4708 i 7] 46 3k
WEHATIE— DT . Yang ™M E I T — R 5 ik
Eb B R 232 F 5E-3,5,6- — F S M 21 Rl 1 3 AR DR 24
H %6, G RSN BRI S, i — IR S )

F
>\ Hz
N HN:

\ N
o<

10X =N, R, =H,R,=-CH;,R; =F %
NN

11 X=C,R, = 2.F, R, = -CH,CH;, R; = F
12X =C,R,=-CHy, R,=H,R; =H
13X =N,R, =H, R, = -CH,CHy, R; =F

z
T
Oii

; Zz
e

i
z
z iz
I T

Sy

21X=C,R=2-CH; 3-CH;
22X=C,R=2F 4F
23X=C,R=3-F,5-F
24X =N,R=6-CH;

19 R = Tert-butyl
20 R = n-Hexyl

Z

R@ 2 . o O Physical characteristics
N,
X N
J\@\h S N "

r N HN N> e @ Sl
) N \ NH
07 oH 2

Bulk and hydrophobic groups
lead to increased activity

Active sites to bind Asp 189

29X=H,R=H
30X=H,R=2F
31X=N,R=H

Large and hydrophobic groups lead
to increased activity

Figure 3 Dabigatran derivatives with anticoagulant activity and structural relationships of anticoagulant dabigatran derivatives. Asp189:

Aspartic acid residue 189



- 1110 - 242224 Acta Pharmaceutica Sinica 2023, 58(5): 1103-1116

(112 %505 20 (median effective dose, ED,), 45 %t 7w
tE&%119 (ED,, = 1.8 + 1.4 mg-kg") A120 (ED,, = 2.1+
1.3 mg-kg") S5 HINM#ERE (ED,, = 4.4 2.2 mgkg") fH
bt B SR R ) A T e . K, B ADP
511 i /N AR R ARG 1 45 SRR W, HTMP 4 T 1] fig 2
SECHEEEER R . w5, 2930 1 IEAIE I, A
A4 20 7T LR 938 LG EE AT HTMP
Yang 2|45 T — RYNE LINEATAEY IR T A
[Fb AP NSSEE AR I8 7). AEIX e &
Y, A&7 21~24 [ 1C, fH 53 71108 1.54.0.84 . 1.18 Al
1.42 nmol-L", /R " 5i& W N#E (IC,, = 1.20 nmol'L™)
A s (B 3). 75 SD R IAP, i ki i1k
A0 21 1 24 A] 2 F0 AR AR K, SR 4
(84.24 £ 1.53)%F1 (84.57 + 0.45)%, 5k Lb i Ay 41 1)
K (85.07 £0.61)%H 4. IbAb, iEPEL &Y 22 F123 1)
TR AR T — NEBIE M SRR AR,
AT DARE X B4k A Wi — 2t 5 AR e g 1
Wang 380 1 T SEHL AR BB 1T T — R AR
i I B SR AR LB R . BT ) B RS
#B38 i+ 'H NMR. "C NMR. “F NMR Al HRMS #4171
RAE . MRYE ISR B2 ik s R, 114K 30
12 > 90%) # FI A BA B I AR ST e I i i 1
I 25 AR B, BT A (R R AL &0 2 7 th oot 4t If 8 R 4F
R o R A 25.26.27 HLIC, fEH 73 71 A
1.81.3.21 F12.16 nmol-L", &7~ Hi & 2 B 0 EE I v5 1t
(E3). BN, b &9 26 F1 27 H T 2 HL Sk DARE 72 e 41
TEAR A I PLEE Mg Y . Forb, A& 27 X 3l bk i i
(R TR 1 2 T HE A =4 i 0 0 ) VR R, 0 2R 0 84.66%,
5535 Fe N EE B34 2 (85.07%) AH 2 (8 3). 4 1 Xf 42
DL SR B, X Le Al A W] AR Ayadk — 28 JF B B ik
L2540 A% E 259 . Chen 459745 F1) F 1 5 ML 4 B
P TEFE A BT 9 T AL 1 Ak B ot i 40 1) AT A
Yo XA A PiE S 61 0 (‘H NMR, “C NMR %u
FT-ICR-MS) 53 2 #f I\ o AT 5% i il 1 40 st i 14 3
R AEONEAT TVl . TR E@fﬁi%’i%%%ﬁﬁ%mﬂjéﬁ
M EGRAPHIEE . 5% 200t PEXT L, 15428
(IC,, = 3.52 = 0.32 nmol-L™") /& —AN LBl n ih BF (1C,, =
9.46 + 0.92 nmol-L™") 5 A7 R M2 51757 (K1 3).
Li SEWI 11 G i T — R AT AL 2,5-HUR
1- L HE-1H-ZR FERRMEAT AR ), IX Se A & W) 2 TR G IR
TR RE 21 1) e LA = 96 HR BB R A A A 9 ) 6 T A T
i 9ONBIR, LG T O AT . T XA A
%ﬁ?ﬂ“%%i&ﬁ?ié%mlﬁﬁffﬂﬁ%wﬁ PPl BEAb, %
R A ZH I A T A [R] ) i 2 AR A o A AT K
18, CAVPAR B ATIE Dy 1 2 5 AL g 400 1) 70 1) &5 R TG PR K

o FTE MALG A& R e B H0 ) 77 (B 3),
IC,, {5 ¥ 4 3.39~23.30 nmol- L. tL&931 2 5A
St L A 1) 77, FL1C,, 158 3.39 nmol L s 4 T4
IO F W, B A A AL A ) 2930 F1 31 5B AT &
5 % 4k (PDB ID: 1KTS) o] ¢ fEEAH HLAFE . X%
K S VA P kot I ) 4 i) 7 3R R s b
7 b AS A BIE g 4 il 7 AR AL
24 HHAMERY LS4 T TIRKIRIT M
PRI 2 48, om0 B8 H R I RO 23 an s A 28 AR
RR R EEI AR E A A R 2R LUME NG
AT 38 15 S Ak B9, SRk A7 i oLt 4900 ) 750 £ FF R 7
HRERRE MR, LA AW H R RE R H
(Glycyrrhiza glabra L.) F &84 U H I R A8 7 i, 1X
Fi 2 aAE RS AR ) BA BB s E . R T 3R
e R R i BT, Paulair4“i&i+#AﬁiT£$¢H$
AT . HEW 32 R BRI R Z HIREEATE
Y (&l 4), BRI R (C,, = 236><105 nmol-L’ )E
S5 1) 5k i 0 1)/ L (IC,, = 1.14x10° nmol-L™).
VIR HEAT T 1E— B I 0 1 X A AL, LM%MJCA
W 32 AN 2 6] 1) 43 AR BLAE L, DA 5 H B R vk
i it A 1) ) FH A A AL

O OH OH
HO. o. O
HO. 0. | OH O | OH _0. Q. |
E OCH; !
OH O o_© oH
33
O OH OH OH
. O O
-0 O °| on O . | on  © °© | oH
=

OH O oL © [ g
36 37 38

Figure 4 Structures of compound 32-38

Wt R ARAE T U 2R I ZE R A6 I R
TR, ZUFMEREE, A T MR 2
PR S, SRR/ T 15 BIM R 3R . Wi RAEIE 1l
A 7 H S5 i 1 R L A )RR Shi SR T
WIF T Rz 22 AR 7 O I 5 595 FP AR, MR A P
ARG R T 17 B H M AT A, IR VR E AT
I A A 3 o 4 R R, 6 B R SR R RATAEWY
(33~38) FLA LU Bz 2 5 5 (4 ) vE 1 (B 4) . Hj
FIHENE Y . W45 1) SARs 4T &R, #E BRI C-3'
1 C-4' 7 B IR ¥R FE RN C 3A b 19 C-3 F 5 8 U6 1t 1 1) 410
il L A o AT T IR 45 SR SR R AR F Al
P 2 A A it L T A0 #0551 FH T IR T 9 (TR T 4R
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fFE.
WFARRW, # (R0 Fg) &7 2 Fha % B
J, Fovp— Sy B8 )RR IR £ 4 B 1 VA A ) B
] Jir I XoF P s I R G LA I s 2 e g I
TETE R EE RSy . BRI O A RN E R
B2 88 afiAb J & i e T, FE HLOGS B A R T A
A BN I, B DR 253 BB R B oy 146
W R, Ml B L T ) O A B 43 S L Al
SINE MRS . L R T DL BRI T
LR YRR AR B (R, O AT DAL 0 AT VA I R T
RAEAVER o [FIRT, B 20 1 Wit 0] 30 ) if /MR 4R, 12
I8 P B 200 i 43 9 2 4R R A 5 T UG ) (6-PA), K
il % 1 2 R ¥ B AR . Yang ZECYHIE FUAIE B
R 12 P b e £ 3 i el e A K R ) 4 4 B 1 )R T B,
AT DL JE K I i (], fHL s 7 R b e A VA B RR T R
) S B AR 2T 44 2 1 Jir 0 S K 6% I Pl ) 1) 4k, o ] e vk
I SIS 1A FE K, I A B A gt afiL DA 7 10 VI, 26 3] 5 25k
PUEER . HRT, BT P A 5 3 0 b e e I
WIIR 5y 1 KIS B 25T THI IR TSR ANE RN, Hh e bt
Y I PR R L AR O AL el — D IR A A .
KR, IRARIGIE . BRI, 5, PP, FLOZUA A HR
SETNA. BT IR AL, WS LS IR K BT
5% AT 30024 FH RO K IR 2, 7K 3R 1) R = 4 45
Fag o L T M A RS B e s 1k O L, iR T
28 7 000, & —NEREEL K, KA & 654
SRR 25 P A, B TR TR A T 5 B I T AL AT
GRS S 3 R 1% R SR KR 3R
B BT EEVE Y, X VR T R e MR 1Y 63 A 1) B S TR il IR
b, A5 b S B 5 T I K R A A
TR AR R AT} ey SR e R AR A v e AR, A
— R G B2, EIR YT I RRK B RN PR S
i BE BEREH . Wang S5 I E BB IET
fit 35 S 43 (BES) A /K A4 B 3T 1 3% W56 43 (WEAE),
AR By 5K i NEMPTEtm /e . 76t L, R
AH F H LC/MS I /N AR BB AT S 35 061355 14 8
(WEAE-M30% 1 BES-M30%) #E 17 1k 2% i 43 70 #r, FF
XS B B A AT IR B B R 1 S e, oy B Ak
FEBE] 12 MEB Y, F5T X b AP AR AT T R
AN R SR 5206, 45 R B R B TR KSR SE
24 0K WA BEEY T (sorgholide A) 1L &4, VLK BE
AR S5 2 v SRR A P e 58 AL V% 1 20 )
LT LGS AL 25, BB AT <@
Z b BT A . Zhang %5 5K G I 28 58S ) [A) 7%
e L it P ) 9 B AR A A ¥ 4 i BRI, 43 % 3 A4
RIRFERRUEYE R R EHERLEER NEH

AR Z TR RSN BRI S P AR S PR AT I E . S
Wa RN, BHR CEHEELZER WEHAIESE
TR REAE K K G M H S AL F] (P < 0.01) St I 7y
I [6] (P < 0.01), HEREMPRASM MLAE (P < 0.01) Je 4
MR AR (P < 0.01), Horp 2 H A 22 3 1 AR
e IX Ul B 22 B8 Z R A V) B A BT AR APt i
Pl tEH, DEAXN RGN EE R R RS
V2L BERZ (R L v 12k
25 MERBREGTEY HRZ & EmRit
()W Ji SR 0, oA 2R Ly A 2 Fh, 4R &R (un-
fractionated heparin, UFH). fiii iR It 2 (heparan sulfate,
HS). f& 7 F &= #T & (low molecular weight heparin,
LMWH). & 5 F &I & (ultra low molecular weight
heparin, ULWH), H A F & & —ME 2049, wTH T
YBIT 2 MR S22 25, W FH TR 9T R/ BT B TR
ok AL A TR S i e 22 e i AN A e 2R 0 80 (1) I R E
A B HoAh 55 5 I S5 5 G R R %, ] RAAE D9 Ak ok
YRYT IR) E B A T AR S T AT R AR N R
IT A, AE B AT AL A AR T IR R R .
JH 25 2K 259096 97 Rk I I 32 008 i 40 ) LB (Flla)
/B FXa KIEMEH . BEFCERM, 135 + B BRI &
i JH 22 B o R T Xa/dt Ha LUAED Y

Brito PVt 78 T — Fl 5K B Litopenaeus vannamei
WSk R VR A I 2 R I 2 Ak &) (sH/HS), R R
B HaiGEMBU MR R tE . IREMF R/ RNE
WAl CATE S A ARV E (0.5 pg-mL ™) B 02k 21 % ¢ 1 fifg
T M 90.7% [ #2838 e A Bz 4 1 AR B AR
177 A P BRI 2= . RAb SRR R B, R H
BN PR 23 - Y2 7 H 5K B e oL A AR A, 7E 71 B 50
100 pg I, AT LAY 2D 80% LA b FRY AR 25 44 1 TF 1t
WA, TR A T 2R /B IR I 2 10 5 1) RE A% A5 AN 52 1 48 i 1)
TE IR N AE BIF10 4l iE R« ARzt &
VIAE 24 h P OREIX S8 20 B 1R B9 B % A s e, (HE R
K WP IG5 /E L, 76 50 F1100 pg-mL" ¥R E R, Jk/b
T 21 80% I B V& T BRI i e MR E ARG . HAEA N
IRE G SRR, I B sH/HS 2 32E 7 90% LA - (1 fi
AR o HS AT LU SR8 15 BT 2R % i BRORE 1 44 2
N T . HS B an s i B 22, 18 0 1
FAE AT O-TR R AL FN N-B R A AB A4, Ik T
BACE-1 FFI#HIVE A PT Xa R FImEPE. LR E
R, T N- LA AN 2-0-F1 6-O-F 9 6 11 JIF 2= (177 4=
Y EAT P BACE-1 R Xa i o L 2610,
2.6 HftpuBmEY Xall T (FXa) & —Fh 2%
AN, (£ MR g B b s OCBEE F . [RI ke, 407
FXa 1F N &8 T e 25 P (i 15 B br, 452 3|
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1AW 46 15 1 I 5 30 37 Ak Sy AR L %) 7 260 % T T T
B 47, XL LR, LAY 46 AV AL =
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Figure 6 Structures of antithrombotic compounds
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