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Abstract: We previously reported that Ultra nattokinase™
showed high fibrinolytic activity and revealed antithrombotic
effect in rat blood plasma based on its ability to suppress
collagen-induced platelet aggregation. This research was
carried out to verify the clot lysing act1V1ty and blood flow
enhancing effects of Ultra nattokinase” via monitoring and
comparing the antithrombotic effects in rat artery between
oral administration of Ultra nattokinase and maltodextrin.
SD rats were fed with 1.11 mg/kg of Ultra nattokinase™ for
4 weeks. The effect on arterial thrombosis was then evaluated
using an antithrombotic model after induction by FeCls.
Detected fibrinolytic activity was proportional to the content of
Ultra nattokinase™ and statistical extents of the antithrombotic
activity was enhanced strongly twice rather than control
group. The PT and the aPTT, however, showed only a small
difference between two groups. The results suggest that Ultra
nattokinase™ can effectively treat thromboembollsm and
enhance blood flow, and that Ultra nattokinase” can also
prevent venous occlusion by aiding clot lysis.
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o] A, 7_64;172}01‘% 28 FaHA 5 ofrloke] AHE
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i&ﬂﬂwm.%WWMWHﬁﬂ
Ex o7 2l3] ]-/Hx%o]
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Natto (WE)T 9] HAF 5202 T8 ¥a AlA v
= Ao E A Y A3 A3 ool o3t 28-S sk
74j =31 g1 o, A blood thinner (¥& A 3k
2 2 g S 91@]’ 71%5°] A= 2% (Alternative
medicine) ©= Y] ARME 31 Q) [3,4]. Nattokinase+ natto
(FE)olX F2¥ Bacillus subtilis Natto 1] /‘g’\}é}-‘:
AEEL] FRPY G4 olH, o) -t EARE el 5
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2 A et [5,6].

o] A HAAW ARl ot 59 gkl
A4 o] s50] AR SRR oA, o] I
520 Mgk <lste] Pavt @A S5 A F3 Uy
o] HaiEe] Addto] AR 7sg sk Sl El=
ZoF gRlE L Qlrt. o] He] T o) s Ads),
AN, s EAs 9 WA s 2L A Agk
o] Rlo] H= Aow deA vt [5-8]. A EA
234 == tPA (tissue plasminogen activator)} urokinase
S g3l A4 Fsta gleH, ol F falAlE AR
Al o uhgl o] Ay o] Q1A|9] A 7] el
oJgt A g8l A8 A3k AA Edolu vk FAE-
= ol Al =

Nattokinase 2] “Z37) 9 FH-g31 SA]of T
s AT 4 E o] vk SAoA 3 Ha
Nattokinase 2] & (AFA83l) 289 7142
plasminogen activator inhibitor-1 (PAI-1)¢] &2
oA 5ol AL 310, plasmin¥} 72o] 24 A
3 (fibrin clots)oll #8310 {35 oF7|5h= 7%
A= Ao Buwa ok [9,10].

Nattot= in vitro’3ol|A fibring A#|5k= &7} urokinase
 plasmin 20F FHojubckar e %] §1S.H [1], Nattokinase
+= pro-urokinase2h= FH &l G40 AdAl=H 243}
S8 7L Atk 4 A A3 nattokinase 415 ©ll
osl dawa) WidTre] FA kA, A A, 9ol s
72, tPA S7F, EFA (euglobulin fibrinolytic activity: &
A &3l &) A<, FDP (Fibrinogen degradation product:
Ak 571 59 N aat veRdtt [5,7,8].
U u]=ol| A= nattokinase S A7 52AE R HHE
skal Qlovt, A eluRlelM = o5 vitel vlal AF%F
o] WA ¢k ot}

Ultra nattokinase*= Bacillus subtilis Natto 7+2] T 7
F i s Alste] hEold a4 BIMEEA [11],
19 B AT 44.0~66.7 mg/day (¥ B iAo
2 1,200 FU)E RIS} (sH71525d7¢, A7 Hs
10-011, 2010). ¥ 17| 4]3= Ultra nattokinase”2 1%
60 kg’dQl ol A4FEER) 66.7 mg 7IEOE 477 AT
Folo] o3t w= 29 8o oJs) AN 55 At A
7= 213 sl
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Ultra nattokinase= Bacillus subtilis Natto 755 ©]-&-3}
S0 2% dextrin, 2% soybean meal, 0.5% yeast extract,
0.02% MgSOs4- 7H,0, 0.02% CaCl,, 0.2% KoHPOs, 0.02%
Na,HPO, & EHiah= vllA] 23 0= pH 7.0= 274 $-37C
ol 10A1XF &Rt wha vieFeIitt. Aol ARE-E Al
Ultra nattokinase® A% 2ol F=3) o3} &3 54 7%
=& ©]83F31. 9™ nattokinasei= Anson' [12]= ©]8-31]

aa 7R Ssislon dal gl &@/de] 20,000 FU/gS!
Ultra nattokinase(KPX Bio-Tech Co., LTD)E #|%5}lt}.

2.2. 55 9 A=A 9

Adle]] o]-8-% Sprague Dawley (SD) rat-> 5752 4%
42 (A4 (FAADE stlom AT 176 +6 g2
Ao ® Aeigict. o3t sk d5Us i 13]
AS7d dEE Ao, vigl 9 A9t =371k
TE A ATS st Al Aol A3t A3 s
ATt

Table 1. Dosage and selection of test animals

Group Dosage (mg/kg) No
Maltodextrin (control) 0.74 16
Ultra nattokinase™ (sample) 1.11 16

(a) 350 A
300 A
E 250 A
£ 200
z
- 150 4 g Maltodextrin
L=]
@ 100 o <« -+ UltraNattokinase ©
50 o
v]
1 2 3 4 5 {whks)
(b) 40 1
30 o
LT3
£ 20 4
=
3
= —p [laltodextrin
10 1 <+« 4+« UltraNattokinase ©
o

1 2 3 4 5 {whks)

Fig. 1. The body weight increased similarly between the two groups
with the accumulated feeding amounts. The feeding rate showed same
pattern between the maltodextrin (control) and Ultra nattokinase™
(sample) group during the 4 weeks of oral administration.

Control group®lli= maltodextrin 0.74 mg/kg (n= 16),
nattokinase group< Ultra nattokinase” 1.11 mg/kg (n=16)
S 47 B3k o] SIStk (Table 1). A3 49 AlxE A=
£ 12} Gt Frell Selste] Sonde s o183t 6/
= TR F 477 2405 AT 7o SISt w= A
& S 25 22~24C, M7= 1241%) Light/12 h
dark® 3Flom, 2T 150~300 lux, F55 30~50%,
317] 319 10~153)/AIRECZ aF9lal AR dAtel W
AE AAFAE (260 W x 350 L x 210 H, mm)oll 37}
B7} BE5-S ASSISIT) (Fig. 1). AFaE 285 13AL
Harlan Laboratory Inc. (Indianapolis, Indiana, USA)
8% T 40 AlRE Felglon 557 0.1 um
LEI9} fATE71 5 ol g3to] ofat % it FAFE
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W8S Hat st & werelSith. s AT E A
A5 skl

AR ] W e F=0 A= AHY, =3 VIR R
Al Al F7FEel oPde] sl 7HAE AHsIgloH, Ales
g 02y eien, 1 Hat W BFHAE Allsted
TR Sl FE wiAIEkIT. B7F W A o] s
27= COE ©f&sto] QFEA} slslnt. Ao vlE=
Zoletille® (Virbac, France) 30 mg/kg, Rompun® (H}o]<l
o}, =) 10 mg/kg® 233107 ip (intraperitoneal)
injection SF3ATE.

2.3. Arterial thrombosis model

Ultra nattokinase® 2] 7 Fool] o)&t gal/|H &% 3ol
2 FeCl;= ©]8-9} carotid arterial thrombosis model=-
TSR [13,14]. 17 A5-9] F5 Q12 izl Hieh
AR Folzrie] A A4 Aolz AEaint.

Ratd] % 28 4% 5 st} A% 297
ZA7.0m A% ool Gl AR 4] 1A s
welehelt, 7S HA21ek7] 9Astel, @RS probe
(Transonic Flowprobe®, Transonic systems Inc., Ithaca,
NY,USA)E =29 ™ F3F 2l f1AIste], 1081F
Flowmeter (TS420, Transonic systems Inc., Ithaca, NY,
USA)E o]&3te] SAs0ltt. dRdo] ddsh 52+
A& <2l ¥, 1 mm x | mm whatman paper (Whatman 4,
GE,UK)°ll 70% FeCls (Iron (III) chloride hexahydrate,
Sigma Chemical Co., St. Louis, MO, USA)S 2|5} 5%
7AWl S8l Ho] WVEF s &R
ok 53 sQF e el &5 + ¥, whatman paper=
AABIOH, 44 F probeE Fitoll AIYA] 31, 75
SAsI8IT) [13,14].
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2.4. Platelet aggregation assay

RatollX] AH&3t &L BD Vacutainer” (ONC Plus Blood
Collection Tube (Citrate tube) BD, Franklin Lakes, NJ, USA)
of] gotra] Gollo] ZA] A wbeE 10+ Bt =0 T3
t}. Plasma2 7] 9151 1,000 rpmO.2 153 FoF 94
F2]5}¢] platelet rich plasma (PRP) F-21F #-2]5193 11 7o
AE H752 3,000 rpm O 54 53 A2 shoq platelet
poor plasma (PPP)E ¥#-2]3 W{t}h PPP 1.0 mL< 1.5 mL
tube® %71 ¥ 12,000 rpmolA] 3% FoF QAR s}
PRPS} PPPE 24|71t} PPPYF 51573191 1.5 mL tube®]
#7131L Aggregometer (Whole blood aggregometer, Chrono-
log, Havertown, PA, USA)E ©]-83}°] platelet aggregation
assay= %13 3}SITE PPP+= platelet aggregation assay 2]
negative control = AF-3}3It}F PRPL= test sample = ADP
(Chrono-log, Havertown, PA, USA) 10 uLE 214 platelet
aggregation J =5 ERISIITY

2.5. Blood coagulation assay
Rat®] dEolA plasmas =] § sample cup®l 1.0 mL2]
plasma® -3}t ACL 717] (ACL-100, Instrumentation

Laboratory, Spain)& AF2-5}°1, normal control plasma$}
PT, aPPT reagent (Instrumentation Laboratory, Spain)
= 0]8-3}9] control clotting time= =7 AT} Sample
plasma®} PT % aPPT reagentE HH-3-A17 PT (prothrombin
time) 2} aPPT (activated partial thromboplastin time) clotting
times 57 sISlth

2.6. Fibrinolytic activity assay

Nattokinase 2] fibrin w3l &4 &RI8t7] 91t in vitro
2818 Jang 5 [15]3} Astrup 5 [16]2] HH-S HE5o]
g1t 100 mm dish©ll 50 unit/mL 2] thrombin (Hyphen
biomed, Neuville sur-oise, France)S 200 uL o EH &
0.5% fibrinogen solution (Sigma Chemical Co., St. Louis,
MO, USA)< 10 mL = 3F3AT}. Thrombin#} fibrinogen
solution®] 4o|Al =5 & ¥ plated 30L1F A=29
1A1ZF ®X] 3 plate”} =] fibrin plate”} Y5017 A&
13}k tPA (Actylase®, Boeringer Ingelheim Pharma
GmbH & Co, Germany), Ultra nattokinase" S 5EH =
20 uLE plateo] @AEH 37C ol 4A413F GXAIZ] S plate
X< fibrin®] Sl =l silth.

2.7. BAEA

o] A= tZ7+Q maltodextrin A3F 73} A|¥++2l Ultra
nattokinase® AF 7+9] H ¥} HEHAE A=) 1)
walitt FAEHE WS dnfx] FAREA (One-way
ANOVA test)= 3310 7t 7244 ERlsIgion Ayj=
mean =+ SD (standard deviation) ©% 3A] ST} 7244 ¢]
G2 p<0.05Q1 A= i3l om, SAE Qs Ak 2w
1318 SPSS18S ]33t

2.8. 3EAH LAY &5

AT = 2oy (AW 19919 5€ 319 HE Al
4379%, A 714 2008 d 22 29 HE Al 88528)°)
Agt 97 BSC AH] FEaE 1 As]el SAHATY (T E
A8 1S WIIACUC20120405-1-07).

3.89 9 g

3.1. Arterial Thrombosis model assay
Ultra nattokinase™ 7} A A 84S oJAlsH=A] €<l
3}7] 915} arterial thrombosis modelS #|2}ste] &2
HA AZRS 574 siitt. o] FAE = AlRkS S
A7}, maltodextrine 2]°]% control group?] 7-¢ Ht
630+243 sec, Ultra nattokinase™ < 2]0]3F group2] 75
1244 £ 808 sec©. % Yt} Control group} H] W }S]
S ] Ultra nattokinase™ = 4133 groupoll A tfEae
3 A E = A7) o2k onl] A% EolWit) o]i= Ultra
nattokinase® 457} A A Aol £&& F= HoR
o€t} (Fig. 2).

7150 Q1A W AR FE A0 F 3t nattokinase I 37N
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1 A4, nattokinase “dTFHA] o] AES 2l
H ATt [5,7,18-20]. 3 AAFE dFSZ S in vivo,
in vitro F= 5 AAE2] A7} T AE gldasEl
Douchi®lX 2% Bacillus subtilis7} "8A8R= 74 F-3ll
ool ol 5 2552 22 bleeding time®] FHoj 1.38)] *]¢1
HRAL gaL AR 1.58) A|dsE daE YERISIE [201].

2500 1
2000
1500 A

1000

Blood occlusion time (s}

Maltodextrin Ultra Mattokinase =

Fig. 2. Arterial thrombosis model was induced using a topically
applied filter paper soaked in 70% FeCls for 5 min. Thrombotic
occlusion time was presented as the mean + SD and any difference
was determined by one-way ANOVA (p < 0.05). Mean blood
occlusion time for sample group (Ultra nattokinase ™) was inhibited
two times more strongly than in the control group.

3.2. Platelet aggregation assay

Ultra nattokinase™ 2] E2°14] 7|2+ 2118171 9130 platelet
aggregation assayE SFSAT}. Platelet<- agonist%! thrombin,
ADP, collagen 5ol 2J5to] A=< wrow G443} o] &
7] W-go] elojul=d], control group® Ultra nattokinase™
5 45K A3 rat9] platelet aggregation J =5 &1 $F
A}, control 46+ 5%, Ultra nattokinase®™ - 48 +3%2]
A3}Z e}, o] A= Ultra nattokinase ™ 5 4133
group} control group?+2] aggregation 2015 & = QIS
| ©]%= Ultra nattokinase™ 7} platelete]] %J3FS Fe0] A
A Al FEE wRl= Aol obds 2w|shtt (Fig. 3).
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Fig. 3. Inhibition rate of platelet aggregation in rat plasma was
similar between the control and sample group, although some small
differences were detected.

3.3. Blood coagulation assay

Ultra nattokinase™ 7} blood coagulation cascadel] W] %]3=
G3ES EIs] fEliA PT, aPPTE S73IITE WA 5
31 Q1A Factor V, VII, Xef| %935 Wh= extrinsic pathway
= 2Rls] flste] PTE =4 si3lth. 574 2 control
17+0.5 sec, Ultra nattokinase®< 17+0.3 sec. .= LFgic}.
Group?te] PTO] Wsl= 37 WA &SI, Factor 1T, V,
VIL IX, X, XTI, XI o] #o38H= intrinsic pathway©ll 3k
S FA EAsH] flEke] aPPTE &21s A3} control
36+5.2 sec, Ultra nattokinase® 37+7.3 secO&E T group
Zrell xfo]7F UbA] QkSkTh (Fig. 4). o]+ & A g eolA AR
& 413] =% olA] Ultra nattokinase™ 7} blood coagulation
cascade°ll FF= MIAA ke HERITH
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Fig. 4. Variation of prothrombin time (PT) and activated partial
prothrombin time (aPPT) value of the maltodextrin and Ultra
nattokinase * group. The PT values (n =8, mean + SD) for maltodextrin
group was 16.59 + 0.54 sec, Ultra nattokinase” group was 16.48 +
0.33 sec (a). The aPPT values (n = 8, mean + SD) for maltodextrin
group was 36.14 + 5.2 sec, Ultra nattokinase”™ group was 37.13 +
7.27 sec (b).

3.4. Fibrinolytic activity

FAgaf A2 2 LA 9= tPA= plasminogen=- plasmin
O F activation A|#A fibring 7153l 3} fibrin clot=
o= okE® <A Qlth. Ultra nattokinase” 7} tPA %%
fibring lysis Al71E%] &R1st7] 918k, tPA 2 unit/mL
9} Al Hot AHF 71 66.7 mg/dayE 7] O % Ultra
nattokinase " 0.5 % fibrin plate®l] *]2]8}% fibrinolytic
activity = &1819It}. 71 A7}, tPAS} Ultra nattokinase ™ +=
fibrinolytic activity ¥--= Rt (Fig. 5).
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Fig. 5. Detection of the fibrinolytic activity of Ultra nattokinase”
on plate containing 0.5% fibrin. Size of the clear zone produced by
the fibrinolytic enzyme was proportional to the concentration of
nattokinase after incubation for 4 hr at 37°C.

Fibrin 87 o2 g4 3449 #k [21]09 &
e 442 A4S doNe] 358 gttt Fibrino
St nattokinase 2] 22 712t thgt 7] 712l tsh ot
2J&1H nattokinase+= fibrins 244 02 FallsbA), Pt
714 A 3EAA -2l %)= urokinase©l] 28t plasminogen £
3}= 53 plasmin -5 2 tPA TA31E 53 fibrin F-al
P 9 [22] B Eafiste] e sk A
o2 odejA] it} & A8 Av}e] )5k Ultra nattokinase ™
7} fibring A4 02 Fallshz Aoz gR1xglowm, o]
L= Ultra nattokinase ™7} fibring 5-3l|510] P8-S 714147
= As on|sitt.

4. 2E

Ultra nattokinase™ 7} @371 &%50] gl E1lab] 18]
Ultra nattokinase™ S 421 A% 715 (66.7 mg/day)°l]
9k ratol] 45°7F 43 A1Z] - arterial thrombosis model,
platelet aggregation assay, blood coagulation assay %!
fibrinolytic activity test= 3F31C}. ~1 23} Ultra nattokinase™
7h A A A3 o=k 2n] G 7 AR RPAE, platelet
aggregation X aPPT, PToll= &S WIX|A] kShet. st
fibrin plate®] ]2]8}%1-2 w Ultra nattokinase® & 2|8t
73 fibrinS lysis A1Z1:=6] ©]= Ultra nattokinase™ 7} I3
A ol B FE e E50) ls= ¢Jv gt Ultra
nattokinase " 7} platelet aggregation %! aPPT, PToll 93-S
n]2]4] ¢k 7S Ko} Ultra nattokinase™ 7} platelet -3-17
I 4 blood coagulation cascadeol]i= #o] 3R] kit
fibring 234 0% GalAA 3N a9E vehdl= A
o7 gkt o] A7E E310] Ultra nattokinase ™= 3
A avel vrd &3l avE /AL Qe Blow ¥l
59101, Ultra nattokinase® 2 4133 2<% fibrin clot]]
ot At HH7F A3 W= A oY v, B ebdE
At Faf x13o] Hi= Ale A AA & A oE o dvt

QAo 2]-gato] NS SIsh A5 HA] W ook
A5 24 71543 B2l 3 nattokinase™ 21502 AAFHH
ol qlar, AHs Al 33 AdEske] folid& 7HA
I 3o, FdgaA olekE?l tPAY urokinas®] F-2HE-
Ql oyt AT Fhgel tist Burt glo 1 8§
A3} obiAdo] Hzbkw] a1 Qo v g A% 4l ook o 7 o] Ag
7FsAde] =2 Ao o Hr

ode] A7E ulEO Z Ultra nattokinase” = SJoFE0 2
AREE]IL Q1= tPAY urokinase 9 20] F#E] 7| A AL
o 72 gk AF ft SOl st F-zhgo oist ®avt
P, LFFE AFo T A S P} XIS
Q1 EA 9 AR el o g A-E Al 37
o] oJ&k AFE3le] gol o Qe vl 1 84 ¢kA
do] H-Z4w a1 Qlof [4,23] A% W SR e Rl A Vs
o] BlS gl & A o% wE™ Ultra nattokinase™ 7}
A A ool A 2 AAE $sh AR FAEFS
Z 8 7FsAdo] =2 A oR ERIFQILE o] AaEit
nattokinase 2] & ¥}Zo|al Qs A 3ol st 11
g1} 18] ol &4V el &% % pHell tigh =2
QP el BlF=o] [15] AAA & 4 Aol H22] )
As et AFR A 9 SRR nEAe] TFe R =&
Ao FRIHt

HE o2
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