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Abstract: Objective: Exploring the anti-thrombotic effect and mechanism of nattokinase(NK) in vitro and vivo. Methods:
The thrombolytic effect of NK on old thrombus was studied by blood clot lysis method in vitro, the rat carotid artery
thrombosis model induced by ferric chloride and the rat venous thrombosis model induced by inferior vena cava ligation
method were used to study the thrombolytic effect of NK in vivo. Thromboxane(TXB,), 6-keto-prostaglandin F1a(6-K-
PGFla), prostaglandin E,(PGE,), tissue type plasminogenactivator(t-PA), -O5, -OH, xanthine oxidase(XOD) and other
indicators were detected to explore the antithrombotic mechanism of NK. Results: Nattokinase could significantly dissolve
old thrombus (P<0.05) in vitro, and had a strong thrombolytic effect in vivo, and its thrombolytic effect was stronger than
that of urokinase. Nattokinase could significantly affect the values of TXB,, 6-K-PGFla, PGE,, t-PA, -O3, -OH and XOD.
The values of TXB,, PEG,, ‘03, ‘OH and XOD increased significantly(P<0.05) , while the values of 6-K-PGF1a and t-PA
decreased significantly(P<0.05) . Conclusion: NK had strong thrombolytic activity in vivo and vitro, and had effect on fresh
thrombus and old thrombus. NK could inhibit thrombosis by inhibiting platelet aggregation, reducing oxidative damage and
reducing the level of coagulation factors. NK could also play a direct thrombolytic role by stimulating the production of
t-PA, dissolving fibrin, and might play an indirect thrombolytic role by inhibiting the production of plasminogen activator
inhibitor 1(PAI-1).
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28, ANEEVE N BRI 24, 10000 1U/kg, REH FAPESE SR, B
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51, F 10% KA SR (0.3 mL/100 g), 5 )7, 47
BEPHANSSIS K, ZEM53 3525 2 em, HOF BN SERRE
5L, FHF i B BRI 2, S 35% —&fkigk 20 L
B F AR S R A A B ER KO B/ A 2 g 4R
(1 emx1 em)BFH b, A METEShIKHERZAREH, 30 min
Ja R RIEAC ), RRUELCH 1.5 h &, T MRS
kUL, BT HEEE0 EP &9, 4 °C 3000 r/min
B0 15 min, B LR MK, FHF MgFErreE . 4541
ZEAMEIA KOG S, FHBELR ) e IFREE .
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A HRER K, BHPEXT B 2H 25 5 PRI (10000 TU/Kg) -
2525 1 h J&, BT 3.5% AREFEIER(1 mL/100 g)
PRI B BERRI S 10 R BRI EMNET 2, TR )
FFRZ R 249 1.5 cm, M FIZUITFIE BSE, 4325 T s i
fik, F22 B ik T 7 A 222k 5 a5 4L ik (5
FARAALEFL), L2HENE. 4 h JFEPFTHIE R, 76
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1.2.4 KRR MEFERIE B 100 SRR R
TE 16 BB H (5 A= B ER K ) | AU A (VS AR B ER
7K. 7 A~ NK FlE2H(67.5. 100, 125,250, 500, 1000,
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W25 25 (R KIE ST ) . 10% 7K & SO JRR g
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Table 1 Effect of NK on 1 d old thrombus of rat in vitro(n=10, X+SD)
1A (mg)
415 & (NK, FU/kg; UK, IU/Kkg)
Oh 0.5h 2h 4h 8h 12h 24 h 36h 48 h

NaCl - 213.81+3.33 210.51+4.82 205.42+3.71 202.40£1.90 192.41+0.80 191.70+1.12 186.31+2.50 176.40+2.20 174.01£2.61
NK 20 252.91+1.62 214.61+£2.32 193.82+2.21 153.11£2.50 123.50+1.71 79.12+6.23  0.00+0.00  0.00+0.00  0.00+0.00
NK 50 251.52+1.70 193.30+1.71 103.40+4.41 23.91+£2.01 22.50+2.80 12.81£1.82 0.00+0.00  0.00+0.00  0.00+0.00
NK 100 254.91+3.92 222.21+1.70 213.01£2.62 175.3242.71 14.32+2.41 0.00+£0.00  0.00+0.00  0.00+0.00  0.00+0.00
NK 500 255.42+1.50 196.22+£1.90 92.62+3.93 0.00+£0.00  0.00£0.00  0.00+£0.00  0.00+0.00  0.00+0.00  0.00+0.00
NK 1000 249.01+1.71 166.81+£6.82 22.42+2.41 0.00+£0.00  0.00£0.00  0.00+£0.00  0.00+0.00  0.00+0.00  0.00+0.00
NK 2000 257.62+3.30 124.33+£1.00 0.00+£0.00  0.00+0.00  0.00£0.00  0.00+£0.00  0.00+0.00  0.00+0.00  0.00+0.00
UK 1000 252.83+3.81 213.81£1.62 193.90+3.11 153.60+1.60 133.01+1.71 92.50+1.21 13.90+2.20 3.71x1.72  0.00+0.00
UK 10000 241.83+1.92 232.01+2.33 223.02+2.80 203.11£3.71 173.21+1.81 142.41+0.82 93.21+2.50 40.62+1.70 0.00+0.00

JHE 35% =548k 20 pL (B T AR LAl F 452 A
HERO /MR E IRl cmx1 ecm) T HE B, A
2 Sh R IRLR 157, 30 min J52ERIEAE A, EHERuE
AC R 1.5 h i, TAa I E5S sh ik 4 UL, B T AFER
EIER) EP 45, 4 °C 3000 r/min 250> 15 min, B,
SR FHTHCER e ke BRI S Ui W 5 b i A E 2D BRI
24 75 I R BRI i i A2 22 B,(TXB,), 6-1
AIFIHE 2 Fla(6-K-PGFla) | RIS AR 2 E,(PGE,) .
FAMBEGCOH) . LFR#EZR) . MAEITEF(0;) .
S S AL g (XOD) 7K - | 2H 21 2T 3% il I i s 4
(t-PA),
1.3 B

SEES R R F SPSS #4:(11.0 W) #4758 11,
£ H B R Y H (X+£SD) FR 7~ , 5255 >R HH One-Way
ANOVA A8 dasb 3, (i LSD 474 a4 Lk
B (2457225501, 1] Dunnett’s T3 4740 8] B 7R L
BOCHITZEARSTR]) .
2 HBRESH
2.1 NS HEERIRRIAMAE AN B RR SIS

4 BT R TH I A 4 A S i S 56 485 SR D
1., 3 1 77 UL, 0~4 h A, NK 100 FU/kg HJi5H:
YEFAN UK 10000 IU/kg JLAFAHYS, )F UK 1000 IU/kg
FTA #2876 8 h B J5, NK100 FU/kg Xof IfiL A4 (4345
% A/E FH B i 38 T UK 1000 IU/kg., %455 NK 2000
FU/kg, 2 h J5, LA 58 & f#; 455 100 FU/kg NK
12 h J& A% 58 29 455 UK, T 22 48 h A Rl am
1 TE VM. AR BEER KT AR VE AN B 2, AR 7E
48 h Je & SE AT, BT A iy B SR W 4s , B H i
8, MR A TR, BRI, NK XA R R
[H A4 B S B AR FH -5 NK B9 57 2 A VE FH B ) B e
b, NK FIEOR VR B, o R ik, |
NK A I 4T [R5 1 i UK
2.2 NS HEEF kISR AR

2 IR T B ik iRV F i g 45 2R L3R 2.
FHER 2 W] 0L, S AH b, AR ARTE Al B b i
1, NK 7E 125 FU/kg 5l 3 B A BH S B R UK,
M 250 FU/kg I F IR RL, F 5 %] 2000 FU/Kkg
B, AR —2, B R S5 aakir e, 7

FRIKE ST NK OO = S Ak i75 = 1 R SR8 bk
MR ] (n=10, X+SD)

Table 2 Effect of NK injected on carotid arterial thrombosis

induced by FeCl, in rats(n=10, X+SD)

#*=2

2157 4 (NK, FU/kg; UK, IU/kg) M e (mg)
BFARH - 0.00+0.00
R ZH - 4.91+0.62"
NK 125 5.01+0.31
NK 250 4.4240.31"
NK 500 3.6240.117
NK 1000 3.0140.22"
NK 2000 2.3140.42"
UK 10000 4.3140.54"

T #P<0.01, 523 (AXHIRZHAH L “P<0.05, " P<0.01, SHEIZHAH L ; NK:
Y 5 UK. PRIE; #3~3%6[,

T, AR Ik, 49 30 250 FU/kg
] i 2 (P<0.05) FFEIL =& 18155 S 10 R BR3Pk ifin.
Fe i, BH A H A E A, H NK 500 FU/kg $LifL
AR RRCERAE T UK 10000 TU/Kg
2.3 NI HEEXTERRK ISR EER

2 P e K o AR A g 25 SR LR 3.
% 3 71 OL, SAERIZHAH Lb, AR ARIE B HH i
. 45T NK 500 FU/kg J5 T ia %k, BACRm T
10000 TU/kg 14 UK; fK. . & =520 NK 7]
R 55 (P<0.01) BAIREs FLIE5 T 00 R BRU T s i ik i
TR, IS 2000 FU/Kg B, e TR A HABTRIZE
W2 73% PRI, 40 S AT R S T e bk
A BT AR, ELHT ARS8 R0 T PR I

27 I, NS BERAEAAR N T Bl | K RS 4T B8

F3 FPKEST NK X E kS HL 55
1A B EH (n=10, X+SD)

Table 3 Effect of NK on abdominal vein thrombosis induced
by ligation in rats(n=10, X+SD)

25 FI4: (NK, FU/kg; UK, TU/kg) Ifi 4 5 i (mg)
BFAR4 - 0.00+0.00
ERIL - 11.5145.30%
NK 500 5.62+3.31"
NK 1000 5.62+£3.41"
NK 2000 3.10£1.717
UK 10000 7.71£1.82"
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ST SR BRAIG, UERH AR ATy . SRR ZH T RRURE L, 4
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IR B 19 PGE, Al TXB, BYZK -, 44 & 35 it
7 100~500 FU/kg JE N, 1] i 2 (P<0.05) FH ik
BRI 3% P Y 6-K-PGF 1o 7K 3, Ff 52 51 4K 4 s
10000 FU/kg %) BRI Ml o) A% 780 25 SR BRI 2% 70 780 14
PGE, J TXB, 7KV JCH AR
2.4.2 NG EA LB sEN -0, OH. LF
J XOD 22 58 AN B BB o 99 BT
R IR H 1 S A R SR bR i g0 g5 SR N =k S
JTs

ZEIR LR, 525 PG BB L AR Eb, AR ZH K Rt 2%
F1114-0; . -OH. LF il XOD /K FH 00 i Il . S
UL AH E, 90 34 125 FU/kg 7] i 35 BEAK-O; f
-OH 7K I-(P<0.05 8%, P<0.01), 45340 67.5 FU/kg
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10000 IU/kg %§-O; Fil: OH 7K FASEIRAS ik 3 (P>0.05)
2.4.3 YNGIAERXT -PA SN 22N ET R
W) (PA) W] S LTS B IR AL EF S Il . AN S0
B R BRI HP Y P A K2 iR g8 25 SR a3 6
TR o

H 22 6 1] UL, 525 X BRZE AR L, AU ZH B,
Y -PA B AR 2 (P<0.01) BEAIG; S AYZH
AL, 20T BT 45 25400 +-PA KA T T,
9 IR R R 4H (125 FU/kg) RPZEE0H B 25
(P<0.05) HbFHE7 t-PA KPR, 505 BHP: 25 PR
BiAE T - DAk, 99 LU T B RGN - PA i,
PG LTSI, RAERIRA R
3 g
3.1 YN BN mAS 2 B O
3.1.1 il R A ERAE I/ SR AR SR E 1 i
TR AR, A SRARZS A I/ IV I AR 1) S B 20 s 4
Z Ul AR (TXB,) J&5 | & I/ MR R AE, e Sk i
FETE W) EE ) I A BRI TSR 2R E,(PGE,)
AT I VIEREE; 11T 6-HR-RiZiREE (6-K-PGF la)
AT AR IR ERAE . FEAFSE D, 9N S T LA
FEARA AL S I 2K Th T Y TXB, . PGE, BUZKF,
$&Ft+ 6-K-PGF 1o 7K~V DA BH 1 1fin/)VBg 2R AR, $10 i) ifin.
R PRI, 40 38t T (e S e WA ishads A &

T4 YT B K UM% TXB,. 6-K-PGFla Fil PGE, /KA (n=10, X+SD)
Table 4 Effect of NK on the level of TXB,. 6-K-PGFla, and PGE,(n=10, X£SD)

215 4 (NK, FU/kg; UK, TU/kg) 6-K-PGFla(pg/mL) PGE, (pg/mL) TXB, (pg/mL)
25 X IR - 73.32+14.53 20.54+4.55 91.29+£25.97
LRI - 66.64+14.69" 27.61+3.81% 131.1115.19%
NK 67.5 - - 71.29+4.64
NK 100 74.00£15.20” - -
NK 125 87.09+15.27" - 75.62+5.06"
NK 250 95.27427.64° - 71.10£12.48
NK 500 109.92+34.57" 18.18+3.40™ 78.67+7.66"
NK 1000 - 18.68+3.62" 76.94+14.44
NK 2000 - 18.42+1.79™ 77.72+4.86"
UK 10000 125.74+8.05™ 32.10£4.10 132.16+36.94

K5 QNEHERN RBUMLE T A9-05 . -OH K& LF K-FHI520 (n=10, X£SD)
Table 5 Effect of NK on the level of -O;, -OH, LF, and XOD(n=10, X+SD)

5 Fl+ (NK, FU/kg; UK, TU/kg) 05 (U/mL) -OH (U/mL) LF (pg/mL) XOD (U/mL)
25 N IR - 131.31£10.67 453.65+305.31 7.50+2.79 4.14+0.19
FRAIZ - 179.73+21.98* 603.26+228.48™ 16.64+2.82% 5.78+1.02%
NK 67.5 168.79+19.11 654.73+327.55 5.21+1.30™ 4.63+0.21™
NK 125 162.24+7.32" 737.23+161.97™ 5.52+0.81" 4.55+1.04™
NK 250 157.93+15.12" 762.26+213.13™ 5.43+0.57" 4.10£0.46™
NK 500 153.11426.44" 774.64+199.28" 6.38+1.217 3.98+0.65™
NK 1000 151.91+13.71" 791.79+102.81° 6.92+0.31" 3.72+0.25™
NK 2000 12.13+12.717 858.66+82.29" 5.76+0.51" 3.5240.26™
UK 10000 163.95+16.10 496.50+165.09 5.08+2.86™ 4.85+0.24™




. 344 - é’uﬁ&TWﬂ*ﬁ

2021 4F 12 A

6 TR BUNIEH -PA KRR
(n=10, X£SD)

Table 6 Effect of NK on the level of t-PA(n=10, X+SD)

205 Fl+H (NK, FU/kg; UK, IU/kg) t-PA (ng/mL)
25 X IR - 4.58+0.24
TR - 3.39+0.26"
NK 100 5.00+0.59
NK 125 5.66+0.41"
NK 250 5.75+1.06"
NK 500 5.53+0.54"
UK 10000 5.61+0.69"
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