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Effect of ulinastatin on the activity of matrix metalloproteinase-9 and the expression of extracellular
matrix in brain tissues of rats with cerebral ischemia-reperfusion

LI Qing' , BAI Hongying” ,XU Zhixiu' ,ZHAO Panpan',ZHAO Jianhua', YUAN Bin',JI Sibei'

(1. Department of Neurology ,the First Affiliated Hospital of Xinxiang Medical University , Henan Joint International Research
Laboratory of Neurorestoratology For Senile Dementia , Weithui 453100, Henan Province , China ;2. Department of Neurology ,the
Second Affiliated Hospital of Zhengzhou University , Zhengzhou 450014 , Henan Province ,China)

Abstract: Objective To observe the effect of ulinastatin (UTI) on the activity of matrix metalloproteinase-9 ( MMP-9)
and the expression of extracellular matrix component laminin (LN) and type IV collagen (Col IV ) in brain tissues of rats with
focal cerebral ischemia-reperfusion. Methods Seventy-two male Sprague Dawley rats without specific pathogens were randomly
divided into the sham operation group,model group and UTI group,with 24 rats in each group. The rats in the model group and
UTI group were made the local cerebral ischemia-reperfusion injury model by using the improved Zea Longa suture method. The
procedure of the rats in the sham operation group was the same as that in the model group,but no fishing line was inserted. Rats
in the UTI group were intraperitoneally injected with UTI (10 kU + kg™') within 5 minutes of reperfusion,once a day until
sacrificed ;rats in the model group were intraperitoneally injected with a corresponding volume of normal saline,and the rats in
the sham operation group was not given any intervention. Rats in each group were sacrificed at reperfusion 6,24 48 72 h after
ischemia for 2 h. Gelatin zymography was used to determine the activity of MMP-9 in the ischemic brain tissue of rats,and the
expression levels of LN and Col IV in the brain tissue were determined by enzyme linked immunosorbent assay. Results The
activity of MMP-9 in the brain tissue of rats in the model group and UTI group at each time point was significantly higher than
that in the sham operation group (P <0.05). The activity of MMP-9 in the brain tissue of rats in the UTI group was signifi-
cantly lower than that in the model group at each time point (P <0.05). The levels of LN and Col IV in the brain tissue of rats
in the model group and UTI group at each time point were significantly lower than those in the sham operation group (P <0.05).
The content of LN and Col IV in the brain tissue in the UTI group was significantly higher than that in the model group (P <0.05).
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Conclusion UTI can inhibit the activity of MMP-9 in the brain tissue of rats after cerebral ischemia-reperfusion, reduce the

degradation of LN and Col IV ,thereby reducing the damage of the blood-brain barrier and exerting a protective effect on brain tissue.
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4> J@ 2 M [ ( matrix metalloproteinase, MMP ) -9 2% 1A
BN, MMP-9 i FH I 4 J22 K % 2 14 (laminin,
LN) FV AL 5 (collagen IV, Col IV ) S i i fif 57
F&% ( blood brain-barrier, BBB ) & Ji§ I 40 g 4 3% 5
(extracellular matrix , ECM) [%) 3= 52 )i 43, FHL B S i 75
PRI A4 K 26 35 R B, 5 BBB i kI,
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300 g, 1 KB I K2 S5 g 4 vh o 3R 8, VF AT IR
SCXK( #)2010-0002

L2 FERF IR ECRIE) 1 B 5 Sigma
o E) UTHIE AT AR RS A 25 ey A BR A R, —
sk B iR ( bicinchoninic acid , BCA ) 2% [ ¢ )% € T i
A&\ A AR YRR 2 E] TG
Marker MW 3 b 50 R EAR A E], K LN A1
Col IV i HE 072 T fifi 56 ( enzyme linked immunosor-
bent assay , ELASA) i&G1 &) B i ZRAE A=) 24 =]
BEHR A [ 25 B SR A e 2 = S A BR A ED
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1.3.1 ZWHERTHEE 172 DKL
BFFRIE BT AR A AR A UTL 4, R4 24
Ho BEAIZHFN UTE 20 K BRUR 35 B0H Y Zea Longa 25
e 1 T B8 DR B e e DA v 30 i ke ot P 0
R BLRER T A R DL 100 g - LKA
(300 mg - kg™ ) Ji v SRR I A R, DU R L S 3 AT
EMEE T FAR G B R 2 50885 U)K, To kg
BRI B R U UL, 7850 2 5% 22 SR B K (lefit
common carotid artery, LCCA) 2= 500N 3 ik M 22 541
Sk, e Bk E 2. 4530 LCCA J A 3i4h 3)
PKAEFS , F LCCA 43 UALH A HAZ K 0.26 mm 1A

ulinastatin ; cerebral ischemia-reperfusion ; matrix metalloproteinase-9 ; laminin; collagen 1V ; gelatin zymog-

LR shk, TEHRE 18 ~20 mm LhFL % [ E |
JRyEkaE S BT 2 h 5k 2 LCCA KK
MR E R SRR EE S 2 h N
PIHEFHAIRTE(37.0 £0.5)°C , BRI IS A M
PSR A8 I 1) A e A b B il A R BR Ak 2
S, BT ARA L RFE AL, B A A 4,
UTT 20 K BT #F 3 1 5 min N & 7 55 UTI
(10 kU - kg™") B H 1 3K, B EALFE R 1k ; BEAI 2
R BRI I 3 S 4 AR B A BRER K T AR AN 45
TATAufF B R

1.3.2 RALARERE AR H T HH#EE
6.24 48 72 h, R HIAFHENG A FE K R (A B[]
RAA 6 LK) , w2 &h OET ALK, 2
ORI T SE WA Lk, B T P BRUIR 4 21, AR AT fiki
ZHAUHER T ok b st A2 2 mm, FRiC)E
BT -80 CIUKFEN 74 .
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ISP (40 L) BY 1 AEE —20 CFIRAT,
JH BCA 0 25 1 e i (4 BN & vl W] A 20
BRHAT) A - 80 CLRAFE

1.3.4 BARERIE AN & H X RNA L H MMP-9
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BRI (5 x )RS, FEAE B BIK
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X100 W, R Ve 3 (20,2030 min) , HH[A]
XZEMKIRYE,37 CHEE 72 h J5 B E T 6
W R23% 30 min, BRI, B 2B ] LA B
5T B BARE W] 554 MMP-9, FAHEBEIR S , >k
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Col IV/KFE  HUH FIGWARA, >k AT ELISA 4
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UL T HEA T HRAE , W AR AR 450 nm i < Ak
JCREAE, T ARVl 28, AR R S O G BE(E3H5E LN
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1.4 Git=240I8 W SPSS22. 0 #1481t
S3AT, R BOR DUIER  ARifERE (x +5) R, 24110
FUHER R 2 7 2540 MT , 2L 18] 1 1 L 5K FH /N i
SR Bk ¢ KIS, P <0.05 HESA G L,

2 #R

2.1 3AKXRMALS MMP-9 FHEEEER ZPR0
1, BT ARAKE AL H MMP-O {7 P 75 45 i)
) g ) 22 S R GE i 8 L (F =0.417,P >0.05) .
BRI A UTT 20 K UG ZH 2L e i 9 13 24 48 72 h
LA MMP-O G PR T 6 h i, 22 5% A 4e it
FRX(P<0.05) , FEAYZH I ERUAR 2H 2R e o143
48 h A1 72 h I MMP-9 i 1 5 T 24 ho i,
ZEFA TR (P <0.05) o FERIZR UK 2R
SRIALAFETE 72 h IR Zh MMP-O FEHEART 48 h
(P <0.05) , 5T AR A& WA 5, BEALZH
1 UTT 21K U 2H 2 MMP-O & P 35 T g, 22 5
G (P <0.05), SHAIL 25 a] A AL,
UTI 20 A BUIRZH 2 MMP-O 35 PR REAIR, 22 5 4
AR (P <0.05),

x1 3HKRMARH MMPI F LR

Tab.1 Comparison of the MMP-9 activity in brain tissue

of rats among the three groups (x+s)
. MMP-9 b (WRORE ()

A 6h 2% h 8h 7 h
BFEARH  0.121£0.052  0.126+0.013  0.139 £0.017 0.135 +0.027

BRIAL 1.845£0.322%  6.552£0.524% 6.823 £0.351%¢ 5,723 £0. 142%¢d¢
UTI 41 1.166 £0.1392" 5067 +0.509°> 5.095 £0.348> 5,113 +0. 140"

S RTFARU AP <0. 053 SERAL AP <0. 053 5 ]2
6 hit4P <0.05; 52 24 h [:I:BZ"P <0.05; 5[ 4H 48 h AP <
0.05,
2.2 3AKBRMAL D LN KFELLE 458 0LE
2, BRFARA K RMZHZ b LN 7K P76 £5 B 1] 5[]
Feii e RIS it L (F =0.372,P >0.05), ##
RUZE AT UTI 20 K BRUG 28 2Lk 1L 598 7 24 .48 .72 h
A2 LN ZKSFIMT 6 h, 2 A gt X
(P<0.05), AL 5N 2 228k il P9 7 48 h
72 h B ARZHZ T LN KT 24 h, ERA S
TR (P <0.05) o FERYZ KGN 2H 2Lk 1l P
172 h B2 H LN KSR 48 h, 2R B Gt
2T L(P<0.05), UTL 41 K 5l 4 29 e ot 7594 1
48 h I fZHZ LN K5 1 24 h, 2 5% A it
X (P<0.05), UTI 24K BUIKZHZR Bk il FEE 7T 72 h
IPARZHZA R LN KT 48 h, 2R A Geit i L (P <
0.05) . ST AR ] sAH L, BRI ZH A0 UTT 20K
FURZHZ Y LN ZKFRAG, 22 A et B (P <
0.05) . SARIZH AR SAH LG, UTT 25 K BRI ZH 21
LN KPR g0, 22 A Seit2 L (P <0.05)

®2 3HKRRMAR/H LN KFEE

Tab.2 Comparison of LN level in brain tissues of rats

among the three groups (x x5)
LN/ (pg- L")

HE

Al 6h 2% h 48h 7h

MFARL 29.235+0.830 28.976 £0.601  28.921£0.403  29.003 £0.159

B4l 20,554 £0.591% 16.757 £0.469% 15.719 £0.538% 15.609 £0.519%®
UTT4  21.186 £0.053% 19.096 +0.198>°19. 121 0. 106°>°¢ 19.031 +0.4532¢

VE ST AR AP <0.05; SRR L AP < 0. 05; 5] 21
6 hlL#P <0.05; 5[R141 24 h [LAP <0.05, 5640 48 h [LE°P <
0.05,

2.3 3AKRMALF Col IVAKELLE Z5HR
33 BRFARAIKEMLLLH Col IV AKF-45 Hif [] 55,
] b 25 5 TG L (F =0.677,P >0.05)
TR ZH I UTT 28 A SN A sl i P 7 24 (48 .72 h
B2 Col VACEEET 6 h, 22 R A G4
X (P <0.05), HERIZHF UTL 41 K BRUG 2H 23 fte 1 -
HETE48 hfl 72 h B 4L 2 Col IV /K34 F
24 h, ZRAGIFE L (P <0.05) , AL A UTI
ZH AR L 2B IS 72 h B i 20 Col IV
KT 48 h, 2R A G H#E L (P <0.05),
SHERF AL B[R] 2 A B, AR AT UTT 21K B
A Col VKRG, ZRAGITFEE L (P <
0.05) . SHIRIZH & B[] s5UAH L, UTT 21 K B 4148
1 Col IV/K TR, 2 F A ST L (P <0.05)
%3 SAXRKMARS Col VKFELLE

Tab.3 Comparison of Col IV level in brain tissues of rats

among the three groups (x %s)
Col IV/(pg- L")

HE

A1 6h %h 48h 7h

BFARM 1.885+0.051  1.927+0.056  1.914 +0.065 1.906 £0. 032

BB 0.901£0.024"  0.685 £0.046™ 0.603 £0.041"  0.592 £0. 014
UTTAL 1.012£0.011°" 0.961 +0.049*™ 0.882+0.017°¢ 0.814 +0.013*>

S PARA RSP <0.05; SH M4 H P <0.05; 57 41
6 hIL#°P <0.05; 5[4 24 h [L4:"'P <0.05; 5[FIZH 48 h [L#HP <
0.05,

3 e

i e LT Y 50005 5 U I 4 AR e A 5
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HX M 28 LR I 0 22 18] LA 98 1 4 S PR A o s o
P PN R T M TR T s I 4T 2 5 285 i
PR LN I Col IV ECM 9 T3 4%, 7645 1
B S A TR R R ST S, XoF 1A K 200 B BE F A1t
2R S, 4 BBB [ 52 8 . HAMANN 457
BF9E % B, R e L F98E 3 24 b J5 , LN Al Col IV Y
FIR YU B A, BT B IS R B0 25 U6 I M e
L S5 O RN B SR . R b, 4R
LN 1 Col IV A ¥ )7 12, LAZE s BBB (5 5 45 44
FIE S DIRE, AT AP Ak 4n ™
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MMPs J&—2H [%fft ECM [ 8% B 7 MO & 1
it , BFF 5 B, ke T P ¥ 5 E A5 R A R
A TR IRFE A T-o , AR LA 1B VR A %%
(38, i MMP-9 R34 00, 1fif MMP-9 5 BBB il i
PP 5 s HAMANN 2570 F1 GU 25 BiF 58 1A
i, MMP-9 1] R At 1fi 5 SIS B ) ECM, 22202 LN A1
Col IV, T8t WK &L . AWFFE B, B2
MMP-9 i P F e i, FE T 24 h FF4R T ,48 h ik
I ,72 h A BT R, X5 BBB i iR I il R — 3K,
UESE MMP-9 2 5 BBB 3 1% 1 (9 8 5 A5 78 41 K FR
Jiki 2H 27 v &% A] 5 LN # Col IV (19 & BE BT R
IR R, TS 24 h, LN 1 Col IV & &
TP AR A, LI P T i ) R i /b , 2 I B
ML G LN A1 Col IV &KW, X 5 MMP9 i
PEAS AL A o DA b 25 SRR, il ot o, P8 T )
MMP-9 %3k 38 fin, 3 17 B fiff 3L I ECM (1) LN Al
Col IV, {fifsf i 35 % 45 44 32 451, BBB 38 125 14 3% in , 1fiL
W ATHNE , 4k & A DR 7K B AN 3R B 25001, 2F i
TP 0

UTI & 5 8 B e i —Fpi R A, H
LA P e Pk R R R A Eh S B
JFR AR 2 PR FH . UTL AN T30 2k g i
9T, B AT RS ] ks R R S L E R
WF5E & B, UTL 76 R 0o 45 22 ol 2 e ot 790 7
P o 2L A AR B 1 R 5 ) A 2 27 Gl o,
FERRA AR P LR o R SE B . CHEN 281
1 CHO 251 5 5k Kk Ui e 1t 5 789 AF 55 % B, UTI
REZA /NG AR AL L2 5 K i Ve S g R T, K%
MR ER . B AT ZE Nk, UTIL 75 AT 38 35 7 R 41
P R A TR b B R
R PA] A 2 IR e 5 3 A0 DR I e I 9 0
Bt KIERER . EE RTARESE iR, UTI A]
AP0 MMP-9 & 4 98 4% BBB [l 3R, {H H AR LR
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XiFEE, UTT 4145 B (8] 57 K BUA8 495 ) g 20 2 - MMP-9
THPERIFEAR, LN F1 Col IV 55 i 2 18 M0, 48 7% i ok
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LN Al Col V& &2, HAHLHI v fE5 UTI ) i MMP-9
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P

e W L RS R E S R b S
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F BBB #{ IR, i 45 7 UTL + 15 A {ff MMP-9
TGP T, LN A1 Col IV A ek 2>, DT I8 48 Al 1L 457
SEFREIRN , O BBB (R e o (FL G Bl i P TR fS
BBB BRI 43 & 2%, UTL 275 n] UG i B 4
Sl LN A1 Col IV fy ek 38 i , 310 ak ip [ HAth PR 25 2
AT BB B 2 — AR MMPs 253
LB RER T ER R HE— SRR
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