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acid, y-PGA), #14& NK-y-PGA L &4 iz4tik. RAEZHFRRE, A RLEHEHEARNE ., AAKREFIELHE 48 h
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Preparation and Toxicity Evaluation of a Novel Nattokinase-y-polyglutamic Acid Complex Injection

LI Jing', WANG Mengjing’, CHEN Jiepeng’, DUAN Lili*, LUO Xiang®, DENG Yihui’, SONG Yanzhi’ (1. The
Third Affiliated Hospital of Jinzhou Medical University, Jinzhou 121000, China; 2.School of Pharmacy, Shenyang
Pharmaceutical University, Shenyang 110016, China, 3.Sungen Biotech Co., Ltd., Shantou 515000, China)

ABSTRACT: OBJECTIVE To prepare a low toxicity nattokinase(NK) injection. METHODS By adding the y-polyglutamic
acid(y-PGA) to the NK solution, the NK-y-PGA complex injection was prepared. Taking survival time, survival state and the tail
state of the surviving mouse at 48 h after a single tail intravenous injection as toxicity evaluation indexes, the acute toxicity test
was used to study the effects of pH and y-PGA concentration on the complexation of NK and y-PGA separately. The in vitro
thrombolytic test was used to analyze the reason of the toxicity reduction of NK-y-PGA complex injection. RESULTS When
the NK-y-PGA complex injection(NK 10 kU-mL™', y-PGA 0.924 mg-mL™', pH 6.0) was administrated by a single tail
intravenous injection at a dose of 120 kU-kg™', the death rate of mice was 0, and the mouse tail had no swelling and necrosis,
which indicated that when the pH was 6.0 and the concentration of y-PGA was 0.924 mg-mL™', the complexation of NK and
v-PGA was the best. The results of in vitro thrombolytic test showed that the addition of y-PGA did not reduce the activity of the
NK, but had a sustained-release effect to reduce drug toxicity. CONCLUSION The NK-y-PGA complex injection(NK
10 kU-mL™", y-PGA 0.924 mg-mL™', pH 6.0) prepared in this study achieved the goal of reducing NK injection toxicity without
changing NK activity.

KEYWORDS: nattokinase; injection; y-polyglutamic acid; complex; acute toxicity test; in vitro thrombolytic test
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Yl F I ¥ (nattokinase, NK) & —Fh B A imZ14F
I 2 AR E A EE . 5 H TR R 2
ML, NKFBREGAEM T 2R SE., ety F2
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1P,

YT NK 757 A 1A% R TS A4 1 555 1 K
A SR T T M ST AL, I AR AR N T RE I
At RS R (077 S A Tt B NK R
HlFIAELLH RS a s, Bk, Xk,
IR LT % 1 S 7 5 A BT 2 A A R D
SR, ERAR NK M2 A i, HER ks 250 {747
FE25 2 I R, DR b ok 75 1) IR FE PR 1) NK
S

MEERY E 5, NK A& — Pt 8 B 8, ol 275
NEERREMR R Z K, + T8N
28 kDa, K HIA 8 M= IRk, 55 Hi i (isoelectric
point, pI)A 8.6+0.31"12, 24 pH<pl i, HHFIEH,
Fir LRI 2% J8A7E NK SR I & 710 &4, 18
HEFHL S, £ NK EEE R E, EEIgRE
FiI - AT PR NK #

V- E R (y-polyglutamic acid, y-PGA)J&H
L-A &R (L-Glu) Ml D-2 & & (D-Glu) i i Jik B 5
HICRHI—FhZ K51, 15 B SRR ENAR N B F4 AR
JE A TRPEYIR Glu, AS 507 A4 BRI ) wil,
y-PGA s E BA KEKFRIE(-COOH), pl N
2220 4 pH>pl [, MG, 51—z
di G ERENEAY, & REEREN A
W B AR A BE 25 FH i 40 A R,

ERFH, 23806 NK Al y-PGA i #
A7 N5 R NK-y-PGA &Y, LUkF|[#
fIX NK SRR R H 3.
1wk
1.1 fX3s

BS124s 7581 K7 PB-10 %Y pH ik H
1[5 22 2 W A 5] ; DH-2500 HLHVE IR B 9248 (R
T RIRHX AR AT TM-1 g KE A0
FH R R IE B A A PR A F]); Nicomp-380 AL
JEE£ 521X (3% [ Particle Sizing Systems /2 &) ).

1.2 255

NK VW (17.9 kU-mL™", |~ R EDFEA
AR, fits: 150316); y-PGA(F- ¥4 T &
1000 kD, Il ZRfEEGEEVRHEARAR, #its:
20131213); B AR HE(FUHE S Biowest, it 5 : 142075);
Ao B R (RS 90 mg, FRE 2 AR AR
SEFT, fit'5: GHSJ-FQPH); #tIfLEf(%5Z 500 U,
B GE R X A 25, #5: 20150402);

R E AR P 24524 2020 45 1 H 3 37 &5 2

5% 7 % BEIE B (5%Glu, R R 245\ 4y A TR 24
", LS. 1401210821); 50% % %5 ¥ V£ B W
(50%Glu, REZHVEEBIH A AR Aw], AT
1410183); K ESHAKAREWNAFIRA A,
ft5: 1509063204); FEREA(NasPO,- 12H,0, Fhpl
TR ARAF, 5. 150309); &K — 28
(NaH,PO4-2H,0, PEBft TIRMmARAA, #5:
131104); SALBAESR (LR B EHIZ5A R A,
fIL5: 7815073107).
1.3 ¥

EM/NR 18~22¢, &, 60 A, TRFHZERIK
2SI ARG, YERTE S . SCXK(3L)2010-0001;
W ARk EN 25 kg, &, 1R, JLBHZR
KEESEIG Y O, VFATIES : SCXK(3L)2014-0002.
2 HiE
2.1 NK SR 52

NK VESHB(10 KU-mL™") L - 45 35 7 B NK
YEW(17.9kU-mL™") 2.80 mL T 5 mL &3+, finA
0.50 mL 50%Glu JE 599K, KB VES HKMRE 2
205, %5, 1T 0.22 pm BISFLUERE, BIfS.

15 RU/NER, BEML R 5 H(ERRE 3 H), #
RIS NK S, 45 2550 &4 A 150,
120, 100, 80 H140 kU-kg "o HEHE 4524570 i 44
AR, RN, 23/ RA %GR
). ALPIREFIESE 48 h 7535/ R BB AR A
PAVFAN NK VE5H R 0351 .
2.2 y-PGA 8% 5

y-PGA ¥ ¥#(15.0 mg-mL™" 1 30.0 mg-mL ")
FC il 4 BKE S FREL y-PGA #i K 30.0 mg Fi
60.0 mg T 2 mL &JfiH, H 5%Glu Ik 2
7%, w®e, .

6 H/NER, BENLRR 2 (4 3 H), Bk
B # ik i 8 y-PGA ¥ W (30.0 mg-mL™ Al
15.0 mg-mL™"), ZAZARN 0.013 mL-g™' s 7EiR5
Wi, 0SR/NRA ZE AR AR
TG 48 h AE3E /N BB AR BLUFANY v-PGA ¥
W
2.3 pH X NK 5 y-PGA & & 15 LR 2% 52
2.3.1  AN[A| pH A NK 73 515 NK-y-PGA VE S
fIBCH]  NK IESB(NK 10 kU-mL™", pH 5.0, 6.0,
7.0, 8.0)KIHECH]: K2 F2HL NK #((17.9 kU-mL™)
2.80 mL T 5 mL &}, A IE 444 FR 1 NaH,PO,
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Y57 (833 mmol-L™")E{ NasPO, ¥ (158 mmol-L™)
W EW pH 7354 5.0, 6.0, 7.0 #18.0, fIA
0.50 mL 50%Glu {F5$H, F KRS KMok 22
7%, w5, .

NK-y-PGA VEFHK(NK 10 kU-mL™, pH 5.0, 6.0,
7.0, 8.0)IMCHI: K MEL NK #8i(17.9 kU-mL™)
2.80 mL T 5 mL &}, A IE 44451 1Y NaH,PO,
Y7 (833 mmol-L™")E{ NasPO, ¥ (158 mmol-L™)
WA pH 38 5.0, 6.0, 7.0 F18.0, fIA
756 uL y-PGA ¥ ¥(30.0 mg'mL™"), A 0.50 mL
50%Glu VES, FKEEFES KRR ZIE, %
5], Bifg.
2.3.2  AN[A pH 9 NK 73 5 NK-y-PGA VES
MEEEELEE B 24 HUNR, BN R 8 (54 3
Ry, 4y 5 8k R Bk S NK 3 i (NK
10 kU-mL™", pH 5.0, 6.0, 7.0 #1 8.0)F1 NK-y-PGA
FESHR(NK 10 kU-mL™, y-PGA 4.536 mg-mL™",
pH 5.0, 6.0, 7.0, 8.0), Z525/KF1 4 0.012 mL-g ' (Bl
NK HIZ45 25758 120 kU-kg™', y-PGA HIFIE N
54.30 mg-kg ). EIRIMANE], LR RALEH
AAEIT TR AEAPIRS AR G 48 h 7736 /N BE
R A AVEN AN [H] pH ) NK {ESHR AT NK-y-PGA
ST R EEE
2.3.3  ANJE pH B NK FESHRIEEXT L 75k %
F£HL 150 pL pH 5.0, 6.0, 7.0, 8.0 A NK iEHH
(10kU-mL™")F 5 mL &, FKEES KR
BRZIE, W5, BEBR EREEE 10 1L, 5
BTN AF 4 B A TAR IR FL A, s E T 37 C
TEIRAE R E 18 h, AR R TP I il
BB EE N ES (e b), THEEEEE MR
L S(S=axb)!',
2.4 y-PGA IKFEXT NK 5 y-PGA E &5 520 )
H5
2.4.1 ARFERE y-PGA (1) NK-y-PGA VE5 R I BC
#  NK-y-PGA JESENK 10 kU-mL™, y-PGA
0.084, 0.300, 0.924, 4.536 mg'mL™', pH 6.0)f]
Pl : ks E NK #(17.9 kU-mL™") 2.80 mL
T 5 mL & F, A 140 pL NaH,PO, ¥
(833 mmol-L™"), #HIIIA 14, 50, 154, 756 uL
y-PGA ¥ (30.0 mg-mL™"), 1A 0.50 mL 50%Glu
TSR, KBRS KRR 218, 125, BfS.
2.4.2 A[FREE y-PGA ) NK-y-PGA VE 415
PEFZLEE W15 HUNEL, BENL % S A(E 3 R),
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3 5l B VR R A MK B N Y S V(NK 10 kU-mL™,
pH 6.0)f1 NK-y-PGA JESHENNK 10 kU-mL™,
y-PGA 0.084, 0.300, 0.924, 4.536 mg'mL',
pH 6.0), Z5Z54AR14 0.012 mL-g (Bl NK #4524
FIEAN 120 KU-kg ™). ERIIINE], 1035/ N RS2
JE AL [A] . AEAPIRSFIES S 48 h A7 /N R
B HPIRES AV AN A EE v-PGA 1) NK-y-PGA
TESHB(NK 10 kU-mL™", pH 6.0)) 31

2.5 NK-y-PGA JESNK 10 kU-mL™', y-PGA
0.924 mg-mL™", pH 6.0)35 11 B A% 1 J5 R 40 #r
2.5.1 NK fl NK-y-PGA jE S ELH]  NK EHf
(200, 500 U-mL )IELH]: 20 HAE %R NK
FESHBE(NK 10 kU-mL™", pH 6.0) 0.10, 0.25 mL T
smL &=, H 5% Glu B EZ1E, %5, Wi,

500 U-mL™"' NK-0.046 2 mg-mL"" y-PGA {14/
WEC 1 . FE % B HL NK-y-PGA 7 4 il (NK
10kU'mL™", y-PGA 0.924 mgmL™"', pH 6.0)
0.25mL T 5mL &, H 5% Glu W2 %I,
51, BfE.

y-PGA VA #(0.924 mg-mL™") e il : K 25 F HY
y-PGA ¥A#(30.0 mg-mL™") 154 uL T 5 mL &+,
BN 140 pL NaH,PO4 AW (833 mmol-L™"), A
0.50 mL 50% Glu 715K, KB VES KR =
7%, w5, .

y-PGA VAW (0.046 2 mg-mL ™) HIBCH]: k%
B y-PGA VA (0.924 mg-mL ™ ")EHW 0.25mL T
smL 2, H 5%Glu MBEZE, #2251, RIS,
2.5.2 NK Fl NK-y-PGA 73 Sl A s s e /5
F ORI, 25T B RS IR, 78 Ny
INAEER, + 37 CHRAF 4d.

B A A 1 L st R IR DI R i 2498 0.2 g 1)
N, H 5% Glu B LRGeS, IEARIRT 5 RS %
FRE, 2 BIIMAZEEE 1.00 mL A [H S F) NK
8 NK-y-PGA SR I+, AR EL 5% Glu
1 0.046 2 mg'mL™" y-PGA EAE AT AN,
37 CHEFE, 25T 05, 1.0, 1.5, 2, 4, 6,
8, 10, 18, 24 h W HCHE F Bk, FHIELUE &
TR AR, HREHARE, MR A X 5B & e iy AT

YR NS mv - mn
T k8 RO s T e = —

x100% ).
m

N

=5 FAETIT FR) L ARE R 2 ()5 A AR AL A
AN IR I T8] s R EFR L R B () o
s BLAC S 252 2020 45 1 A4 37 %5 2 1




2.6 NK-y-PGA & A WiF SR R AE

TR B AR AL T i 4 NK-y-PGA & A Y07E 51
MREREEWRE, BUEEM THEM L, 1 min 5
TEAR 25 2 ARFE, 2% RS BRIAWGEAT L, 30s
JE IR E R, B, TSN M NK-y-PGA
HEMEAIEHE,

FJ H Nicomp-380 ¥ 56 Fi B I & A I 2
NK-y-PGA EEWHINARY Zeta AL
3 #R51e
3.1 NK ESNBEEHELE

PN BRB 205 AR AR AR S TR 5
J&i 48 h AR /N BB IPIR S A FE bR, X NK i
WEEERNER L 1 AE 1.

B 25 2RI R I PRAG, /N BRI AA TG I TR e 4
150 kU-kg™' FIELH/NRAZIE2 0.33 min JET;
120 kU-kg™' FIEHAPRALEL 9 min LT,
100 kU -kg ™" 7B 41/ 45 24 )5 fe b 138 min SET;
M <80 kU-kg ™' 720 /N R 45 24 J5 oL T

SAFEAR, DMROREBEAR,
1muwg%nmuwg%&ﬁ¢ﬁ%?Fﬁﬁ
Z 5k NS 0 N 1 AN 1.2
%3 100 kU'kgfl FEANRAHAE, RHEIOE
Wil ; <80 kU-kg™' FIRAL/INRAZ R BLIE 5
WD WEHE. DRI SRR .

6 25 25 245 75 PO PRI, N T /S B S 3 67 )
BRI /N o 24252577 80N 80 kU kg™ 1, /MR
REAEANFREERIRE; MUAAFEN
40 KU-kg ™" I, /NREBBICLL I J2 3R FE . 25 5 0 1,

F1 NKESE0KU mL YW EMEEZE En=3)
Tab. 1 Toxicity study results of NK injection(10 kU-mL™")

(n=3)

BEME sy 47EHmin s

kU-kg
150 100 0.25, 0.33, 0.33 cce
120 100 8, 9, 10 cce
100 100 138, 252, 312 bbb
80 0 v, A, A aaa
40 0 v, A, aaa

TE: N-48 h F/NRAKRICTS; a—iB83hkb . WERE. PR AL b3E3hIR
A EREE. IR SE . fhiE. FETT: o PRIREME. DB, HhE.
T,

Note: V—the mouse was not dead at 48 h; a—movement reduction,
drowsiness and shortness of breath; b—-movement reduction, drowsiness,
shortness of breath, tetany and death; c—shortness of breath, bleeding
from the mouth and nose, tetany and death.

op [E AR R 24525 2020 4E 1 H4E 37 B4 2

1 NK WL 48 h
A-80 kU-kg™'; B-40 kU-kg™'o
Fig. 1 Tail state of the surviving mice 48 h after NK injection
A-80 kU-kg™'; B-40 kU-kg .
3.2 y-PGA M E#%%

CLANER 25 2 Ja W AR AP ) . AR AP IR S A o
J& 48 h fE3E /N R B PR AT bR, XF y-PGA
PEE LRSI 2 FIE 2. 4 y-PGA WEHE
SRR <390 mg-kg B, VESE/DREPRELR
W, H/NBURHBTCLL i L3R 5E . R4 30.0 mg-mL™
y-PGA VBRI R LBy, RS B ITEOK,  FirbA
AT S R T
R2 y-PCGABREFNUL ELER(n=3)
Tab. 2 Toxicity study results of y-PGA solution(n=3)

& T iE AN BB HR A

B E/mg kg FETIHR/%  AEEIE/min KA
390 0 v, N, A T
195 0 v, A, A T

W V48 h R ARIET: .

Note: V-the mouse was not dead at 48 h after injection.

2 y-PGA ¥ 390 mgkg' 4575 48 h B HE/NREIH
A

Fig. 2 Tail state of the surviving mice 48 h after y-PGA
solution 390 mg-kg™" injection

3.3 pH X NK 5 y-PGA & & 15 50 1% 5%

3.3.1  AJFE pH 9 NK S AT NK-y-PGA 73 417
MRS UNRAZAEMNAEFRT . AR
BRES G 48 h A7 G/ DR IPIRE Nebs, Xt
ANTE] pH ) NK 33 5 0RT NK-y-PGA {3 5 d 1%
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LRI 3 A 3. B NK-y-PGA 1EHHR(NK
10kU-mL™", y-PGA 4.536 mg'mL™", pH 6.0)2H/]> i,
RIETZAL, HAhzs 2520/ BRISFE 11 min AETS, 7E
4 NK-y-PGA JEHF(NK 10 kU-mL™', y-PGA
4.536 mg-mL™', pH 6.0), 48 h J5/NRBELL M. LA
&R R, NK 55 y-PGA 7£ pH 6.0 I} 2 & 15 i
K25 NK il y-PGA 2@l FiAEHETE S
1, FTRARA 2 NK 2 I IERAT, y-PGA iy
B2 AT, EATTA BT AR E AW
R, B AN I, AN TE AR
EME AW . NK ) pl A 8.6£0.3, y-PGA ] pl &
2.22, {E pH 6.0 i} NK Fl y-PGA #5 A #: Z I
i, BIULTE B SRS E, FEACA B SN )
18 F it SR
&3 [ pH H# NK JE 4 A NK-y-PGA JE 41 7 09 % 1
F B &R (n=3)

Tab. 3 Toxicity study results of NK injection and NK-y-
PGA injection with different pH values(n=3)

71 BETH /% A3 0 ] /min KA
NK (pH 5.0) 100 8, 9, 10 cce
NK (pH 6.0) 100 8, 9, 11 cce
NK (pH 7.0) 100 8, 9, 9 cce
NK (pH 8.0) 100 8, 9, 8 cce
NK-y-PGA (pH 5.0) 100 8, 8§, 11 cce
NK-y-PGA (pH 6.0) 0 v, N, A aaa
NK-y-PGA (pH 7.0) 100 8, 10, 10 cce
NK-y-PGA (pH 8.0) 100 9, 9, 11 cce

FE: N-48 h W/NBURSET:: a—12@gd .
e BRI, HilifE. FETS.

Note: V—the mouse was not dead at 48 h; a—movement reduction,

WEHE ., PRIR AL IR

drowsiness and shortness of breath; c—shortness of breath, bleeding from
the mouth and nose, tetany and death.

3 Ok B FkOE S NK-y-PGA % 573 (NK 10 kU-mL™!,
y-PGA 4.536 mg-mL™", pH 6.0)48 h 5 % & /N R R F B A
Fig. 3 Tail state of the surviving mice 48 h after a single tail
intravenous injection of NK-y-PGA injection(NK 10 kU-mL™,
y-PGA 4.536 mg-mL™", pH 6.0)

ANF] pH B NK SRS XTI R 2F 4
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3.3.2

AP HE LA pH A NK VE SRR, 45
FOLE 4. S5ER, 4 F pH F4F T NK 5
W0 kKUmL ™Y S MY, Bl NK 75
(10 KU-mL™") {35 PELE pH 5.0~8.0 Vi B i o Aa i

4 pH 5.0, 6.0, 7.0 f7 8.0 ¥y NK £ & # (10 kU-mL™")
B 78 P X H

Fig. 4 Activity comparison of pH 5.0, 6.0, 7.0 and 8.0 NK
injection(10 kU-mL™")

3.4 A[FIREE y-PGA ) NK-y-PGA ¥ 55 il 8 0E
E7

PN R 20 AR AR ). AR S TR 5
J& 48 h ARG /N REBIVIRE N TabR, XA R
y-PGA 1) NK-y-PGA 73 5 85 VE 25 221 25 3 L3R 4
FE S,

4 NK-y-PGA VESE(NK 10 kU-mL™", pH 6.0)
i y-PGA HIIKE A 0.084~4.536 mg-mL™" I, /N
LT 2R 0. 4255 /N RBHPIRE S NK
SRR N y-PGA WK EE %, AT RERIJE IR N,
2 NK-y-PGA JEGHF y-PGA HIRERAKES, 40
0.084 F11 0.300 mg-mL™", %525 48 h Ja/MRHIEH
BRI =, U A K& 2 1) NK A77E
2 NK-y-PGA JEGHF y-PGA R E R E i, 4
4536 mg'mL ™', 4525 48 h Ja /N A LI A,
e = EZ IR IR R 2, y-PGA HIIR B =i,
NK-y-PGA ¥V 5 W 19 & B2 R, v 3 )5 3 &
NK-y-PGA ¥ AE 4 25300, NK RS S i i
FRA 24 NK-y-PGA S v-PGA K EN
0.924 mg-mL™" I§}, 4524 48 h J5/INBRUR #8945 1
CLR0 B SRAEIL R, W] b K #E4> NK 5 y-PGA
SERTERR T ZEY, & T /RIS NK A E UE
NI EIRGE, F4h, % NK-y-PGA FESHR %
[EiET, EREASTEERE, FPAEIME.

25 b, 24 NK-y-PGA 1ESHENK 10 kU-mL™,

oh [E AR R 2452 2020 4E 1 H58 37 B55 2



pH 6.0y y-PGA HIKE N 0.924 mg-mL™" T, I
AR BT -

#F4 T FEKE y-PGA #9 NK-y-PGA i 5t i il 1 % 2 4
B (n=3)

Tab. 4 Toxicity study results of NK-y-PGA injection with
different concentrations of y-PGA(n=3)

y-PGA HIFEN ZET-%/  17iG

#77(pH 6.0 ; N RE
R ) F & /mg-kg™ % B [E/min
NK 0 100 8, 9, 10 ccc
NK-y-PGA
! L. 1.008 0 NV, \ aza
(y-PGA 0.084 mg-mL™)
NK-y-PGA
! L 3629 0 N, V.V asa
(y-PGA 0.300 mg-mL™")
NK-y-PGA
Y L. 11.088 0 NV, \ aza
(y-PGA 0.924 mg-mL™")
NK-y-PGA
! 54.432 0 v, VsV am

(y-PGA 4.536 mg-mL™")

TE: N—48 h WANRARIET:: a—IBBHIRD . WERE. PPULEME: PRI
fe PRI, HilifE. FETS.

Note: V—the mouse was not dead at 48 h; a—movement reduction,

drowsiness and shortness of breath; c—shortness of breath, bleeding from
the mouth and nose, tetany and death.

[

5 #R R # O S NK-y-PGA 41 (NK 10 kU-mL™,
pH 6.0)48 h & 7 i& /N R B &

A-y-PGA  0.084 mg'mL™' ; B-y-PGA 0.300 mg'mL™" ;
C-y-PGA 0.924 mg-mL™"; D-y-PGA 4.536 mg-mL™",

Fig. 5 Tail state of the surviving mice 48 h after a single tail
intravenous injection of NK-y-PGA injection(NK 10 kU-mL™,
pH 6.0)

A-y-PGA 0.084 mg'mL™"; B-y-PGA 0.300 mg-mL™"; C-y-PGA
0.924 mg-mL™"; D-y-PGA 4.536 mg-mL™".

3.5 NK-y-PGA {EHHE(NK 10 kU-mL™', y-PGA
0.924 mg-mLﬁl, pH 6.0)E¢ 14 FE AR S5 PR 20 #fr

NK-y-PGA VESHB(NK 10 kU'mL™', y-PGA
0.924 mg-mL™", pH 6.0)& M B0 R IR 7T B 2
i Wy-PGA FIIIAFEAC T NK #ETE: @y-PGA
5 NK 4545 )5 , 1@ B NKo oA T [ 3] NK-y-PGA
ESSB(NK 10 kKU-mL™", y-PGA 0.924 mg-mL™",
pH 6.0)FEVEFEARM R R, SR A4 A 0 o5 5%
NK-y-PGA ¥ %t ¥ (NK 10 kU-mL™', v-PGA
0.924 mg'mL™', pH 6.0)4" NK % 1251k .

op [E AR R 24525 2020 4E 1 H4E 37 B4 2

3.6 NK Fl NK-y-PGA 5K 4k 7 g FeAE

NK FI NK-y-PGA 73 55 44 S g A 25 5 LI
6. NK S IfiL 5% B i 75 A 3 R 5 LS 5 2 I A OG
10 h 5, 500 U-mL™" NK VESF % 008 %o 7 itk 26 B ik
F 100%, 1M 200 U-mL™" NK 35N 69%. %
F 500 U-mL™" NK-0.046 2 mg-mL™" y-PGA {3 5
Ky, 7E 0~0.5 h PN, XTILEEH A s R AL T
200 U-mL™" NK 7ESHRG 2 J5 i il 26 ek 1
B, £ 0.5~2h B, & 200 U-mL™ NK VST
fi&F 500 U-mL™ {E4H#; 2 h J§5 500 U-mL™" &
SR .

PLEgE K, y-PGA WA KFEK NK )
i, MR EE R AR S NK R T ES
Y, BT ERRIER.

100
< 80 ~5%Glu
* 601 "8 ——0.046 2 mg-mL-'7-PGA
= o —-500U-mL"'NK
Z 40 o ——200U-mL"'NK
= Zo ——500U-mL~' NK-
= 2 00 03 T0T520 0,046 2 mg'mL~'Y-PGA
0.
0 s 10 15 20 25
t/h
6 24 h /§ NK #1 NK-y-PGA VE 41 & & 4 3h B9 75 4R 1%

W(n=3)
Fig. 6 Dissolution of blood clots in the NK and NK-y-PGA
injection within 24 h(n=3)
3.7 NK-y-PGA E&WIESHBENK 10 kU-mL™,
y-PGA 0.924 mg-mL™", pH 6.0)f1F/E

NK-y-PGA & WESBNK 10 kU-mL ™,
v-PGA 0.924 mg-mL™", pH 6.0) 97835 B VAW,
ZEAMBEHKEN, 2R, SR, R
w5 . BTRMER LA 7.

F F Nicomp-380 )t #iL & il 58 4 I %€ %
NK-y-PGA & & Y RL1E N (22.6+5.1)nm(n=3),
Zeta W47 N(=30.6£2.5)mV(n=3).

Sl el

7 NK-y-PGA £ &#17E 4 % (NK 10 kU-mL™', y-PGA
0.924 mg-mL™", pH 6.0)¥, F & # 4% &

Fig. 7  Electron micrograph of NK-y-PGA complex
injection (NK 10 kU-mL™, y-PGA 0.924 mg-mL™", pH 6.0)

Chin J Mod Appl Pharm, 2020 January, Vol.37 No.2 -185-



4 g

HH BT T PR o 0 R A B R 2T
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