2017 4 4 J o [ S 22 April 2017
o5 2 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 25 No. 2

Fe G Jm A 9 M HAH VRN 1 1 7R & LR
R BRIV S 2H 2P Y A2 Ak
MM, AR

(1. FATERIESE = ERe i 2R, M 5106305 2. B ERFRSBRVTE B 22N R, T 510280)

[FZE] B8 BT A R (RHR) L I B 48 412 JE 5 4 I 26 1 9 (MMP-9) gl 1
RISL IR & TR AR AR HI 7 1 (TIMP-1) B RA LRI S W H C R, Fik Mtk SD KEL 80 HEEHL Y i RHR
H(40 H) ABRFARA(40 H) . RHR 4R FHBUE -T2k A i i o BRSETY | BRURS I AR A 2 1l &, AR 4 Longa
5 P43 R BiL2A 45 LA 2 KA s Western blot A6 538 2H A0 22 i 20 2L A0 114 MMP-9 A1 TIMP-1 B9 3235 , iR
Je.0> ELISA A I3 MMP-9 F1 TIMP-1 K-, &R S5BTFARHILE, RHR ARKBEARE 2 .4.6.8.10,12 JH I
W1 TR [ (157 £9.0) L (128 £7.0), (176 £10.0) (122 +6.0), (194 £8.0) L (117 £6.5), (202 £12.0) [t
(124 £8.0), (218 £15.0) Hi(126. £8.5), (224 +20.0) H.(129. +9.0) mmHg, ¥ P < 0.057; KRJ5 12 J& ,RHR K
FUMTE MMP-9 = TR FARLL (783.4 +109.79) H(573.4 +109.59) ng/mL, P <0.05] ;i RHR K IfL 7% TIMP-1
R TARTARL (313.02 £83.9) [£(976.19 £191.1) pg/mL,P <0.05], [[IA}, RHR K BRI 20 4L H1 145 MMP-9 fi
FRH B ETFHFARA (3 P<0.05) 10 TIMP-1 #2535 BALTFHFARLA(H P <0.05), Pearson H35
BT R ISR 5 3 IR R A5 12 8 MMP- 9 K SE34 2 IEAESE (r=0. 557 ,r =0. 774 Fil r =0. 661,33 P <0.05) ,
M5 TIMP-1 /KR AMIE(r= -0.481,r= —0.535 il r= - 0.685,¥) P<0.01), Z5i& "B ifin B 1k v afn K R
ML A IS 22 MMP-9 3R3A Tt T TIMP-1 FRIBFEAR . P 7E ML R 20 23 b (9 28 Ak i PR 47— 30, 1R Y
FHE 5 MR ZH 2L A MMP-9 A F5 Fil TIMP-1 (I REAR AR

[SEEER] B AP i IR R R B4 Jm A 1 9 5 1 SR L 0T & J 2 g R 5 1

[HESFES] 095-33 [ XiktRiIRFG] A [XE4HS) 10054847(2017) 02-0138-08

Doi: 10. 3969/]. issn. 1005 —4847. 2017. 02. 005

Changes of matrix metalloproteinase-9 and tissue inhibitor of
metalloproteinase-1in serum and tissues in hypertensive rats

LI Huan-min', LI Chun-guang **

(1. Department of Neurology, Third Affiliated Hospital of Southern Medical University, Guangzhou 510630, China;
2. Department of Neurology, Zhujiang Hospital of Southern Medical University , Guangzhou 510280 )

[ Abstract] Objective To investigate the expressions of metalloproteinase-9 ( MMP-9)in serum, brain and aorta
matrix and tissue inhibitor of metalloproteinase-1 ( TIMP-1) in renovascular hypertensive rats (RHR) ,and to evaluate the
association between blood pressure and levels of matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloprotein-
ase-1(TIMP-1). Methods Eighty healthy male SD rats were randomly divided into RHR group (n =40) and sham-opera-
ted group (n =40). Hypertension was induced by two-kidney, two-clip (2K-2C) clamps. Systolic blood pressure ( SBP)
was measured every 2 weeks during 12 weeks using a tail pressure meter. Stroke was confirmed by Longa’ s five-point scale

and pathological examination. The expressions of MMP- 9 and TIMP-1 in the brain and aorta tissues were detected by West-
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ern blot and immunohistochemistry. The levels of serum MMP-9 and TIMP-1 were measured by double-antibody sandwich
enzyme-linked immunosorbent assay ( DAS-ELISA). Results
icantly elevated in the RHR group at 2, 4, 6, 8, 10 and 12weeks after the operation [ (157 £9.0) vs. (128 +7.0),
(176 £10.0) vs. (122 £6.0), (194 +£8.0)vs. (117 £6.5), (202 +£12.0)vs. (124 £8.0), (218 £15.0) vs.
(126. £8.5) ,and (224 £20.0)vs. (129. £9.0) mm Hg, all P< 0.05]. 12 weeks after the surgery, the level of ser-
um MMP-9 in the RHR group was kept significantly higher than that in the sham-operated group [ (783.4 +109.79) vs.
(573.4 £109.59) ng/mL, P <0.05],and the serum TIMP-1 level was lower in the RHR group than that in the sham-op-
erated group[ (313.02 £83.9) vs. (976.19 £191.1) pg/mL, P <0.05]. MMP-9 expressions were significantly higher
in the brain and aorta in the RHR group than that in the sham-operated group(both P <0.05), and TIMP-1 expressions

Compared with the sham-operated group, SBP stayed signif-

were lower than that in the sham-operated group(both P <0. 05). The Pearson correlation analysis showed that MMP-9 lev-
els in serum,brain and aorta were positively correlated with systolic blood pressure (r=0.557,r =0.774 and r =0. 661, all
P <0.05), and TIMP-1 levels were negatively correlated with systolic blood pressure(r= —0.481,r= -0.535 and r = -
0.685,all P<0.01). Conclusions Hypertension induces increased MMP-9 and decreased TIMP-1 in serum, brain and
aorta in renovascular hypertensive rats. There are consistent alterations of circulating and tissue MMP-9 and TIMP-1 levels

in renovascular hypertensive rats. There is a relationship between increased blood pressure and high MMP-9 and low TIMP-

1 in serum and tissues.
[ Key words]
nase-1

Corresponding

ey L 2o 6 1AL 1) 2 Ay PR 3%, R o 4
J& 75 1 i#-9 ( matrix metalloproteinase-9 , MMP-9 ) 7 /5
I AH 5 o 0 1487 9 114 B2 B A P R 4
FAEA L JEFR T MMP-9 K- 1] $50 0 56 0 5 Al
IR v SR O MU PRAE TR > AE T I A
PIRBIATE S, FH R ) MMPO 5 200 1fi & =5 14
A/ AR DM BRIk, AR R MMP-9 (1 T 5
AR B R B ) R O NG I A R . TIMP-1
(tissue inhibitor of metalloproteinase-1, TIMP-1) J&
MMP-9 == %2 (% P Y5 o 30 41 7501177, TIMP-1 38 1 5
MMP-9 B B 45 G 1T 3 o 78 HEI 1 oL R A 38
aob 3 (A7 BELAAONE IS ) A e 5 % 1k L 285 DT
FEIHIVE . TEAE IR PR TR N R 20 Rk
PLL:1 B U Ak, TER B AR X -l
AT 2 5 B0 R A BEBR E L AHIF ST S0
il VB B 1A P &7 1 K B (renovascular hypertensive
rats, RHR) &A1 M%< RHR A AU i3 ki 20 29 2% ifi
i rh MMP-9 1 TIMP-1 9784k, #5835 1l X MMP-
9 Fl TIMP-1 A,

1 #RE5HE

1.1 K&z

BEH] SPF gtk SD K EL 80 H A H 80 ~ 120
g, U 2 H %K RBEALSY B RHR 41 40 R
FARA 40 K, BT RAE BE2ESLE P o

Renovascular hypertensive rats; Stroke; Matrix metalloproteinase-9 ; Tissue inhibitor of metalloprotei-

author; LI Chun-guang,E-mail: lichunguang2005@ 126. com

[ SCXK(#)2013 - 0002 ], LA ik 4 K B ) ek
(A 23% Jgli 4. 7% HEE 0. 24% ) 3% Tk H]
H kK, 12 h fEFRET G, H R, = (23 £3)C,
S K R IR S LSV Y R 2R S s sh g h
DS B N BT SYXK ()2012 -0081] ,
1.2 7%
12,1 e I AR AR R R

RHR 41K Flde 0 -XJe vk il /. AR 7 i
T FARAT12 h 256, H 10% KA S (250 mg/kg)
I T ST JRR T, AV B 1, 8% RO BB 1, R MR AR I
FYATYI ARG BB B ik, A i Q7 %
BRSJE (AR A 0.2 mm) 43551 B e XU S B ik R b
W, 15 sh kR AR TR S5 F |, e FRENSTR B
Jik e st , I HIAXUE TG I B A I SR AE B 1, 4
ANFARS A T FUEE M B B #e ik, % AR
PR S8 5, l IR B2 & . AR5 I8 I 1
FRKEZ K (8000 Uskg) FipEYs, BFRLLK
BRI 43 B B Bl Ik, ANl R e, LA 20 R R] AT
ARG 4 ~6 h IRE WA, RJ5 BB, 5K 5050
SR RIS ) S s @A 1oL, 7E4m
S it A v L B A PR bR B AARAE R BR AT S o -
AT, RS54 JAR4E R > 150 mmHg Jhy 35 A%
Ui, BFARAMIT I, A FAR e, HoAth 25 B [F)
RHR 4, WiZHARJ5 M 8000 U/ kg PE K% R I I
ST, RS 4 ~6 h IRE RS R E



140 T E S B AR 2017 4R 4 4525 %% 2 W1 Acta Lab Anim Sci Sin, April 2017, Vol. 25. No. 2

PR B R 500 52 KBRS 16 20 Pl £
HaaEo,
1.2.2 IR E

R BT 37°CIRAR P HHAL 15 min, TG R
FH BP-98 A 7 Softron K Bl 1148 B2 5 ik DN
M, B HKERW 3 %, BOFSAE A iz R Ry i
JEAE, ARAT3 d e i AR B, K5 2.
4.6.8.10 12 JAI [ B[R] A5 45 00 1 4K,
1.2.3  FpARHilfE

R R s JRR P I 28 T 26 sl ok Rt i v I 2 Ak
FHELK (50 U/mL) 120 mL (734 10 mL/min) LA
1B R IS P IV, OB Sk JBOG , 3 B 2 sl ik, Mk 4 27
UKFE —20°C ¥ 10 min J5 tHWEON 22 AN EE 2 mm V]
B — AR R, S TR IR SR 25 o il 1 0, P TTC Y4 fh
WEEATFEAE ML, AR REHLI 8 H K AT West-
ern blot A5 . Y7 B 3= 2l Jok S 3B 43 A, P AR
R, BCE AR G i - 80°C VKA ARAE . # HAT K
10 S K 21T 4% 22 5 W IR s v [T 52, B
K, A b a3 % B2 U R AT g% 2 AR HE %
o, B IER
1.2.4 Western blot

FE £, BCA YA DN & 2 OV B, BE I (5% R
AiE,12% B S ), EFE(20 pg) ., DHLTK: 100V
fHHE 15 min, 150 V 8 HL K 22 75 B 3% W0 G ER
1E. QG HBIVERE =R 6% 100 V, MMP-9
(90 min), TIMP-1 (30 min), N 2. GAPDH (40
min) , FHT RS HOE K BCT 1T TBST 520 3
KBRS min, ARYE H 198 F AT GAPDH 2 1 K/
FEREYI I 4 B8 T 35 W TBST BRI 25 6 —
P 25K MMP-9 (1 Cell Signaling Technology 23
7)) 1 TIMP-1 44 (4 [ Santa Cruz A7) FH 5% it
e WK ATV 4 12 750 i BE 5 . GAPDH Hifkd% 1:
10 000 i BEJ , ¥ PVDF B Hrf 4C it &
TBST YA 5 min, =K. 4546 290 KBRS &4
FRAR L A AL B (HRP) FRic B F P T 2 v DA Y
BB PR D SR CE R PR IR b S 2%
FE5 40 min; TBST YEME 5 min, =YK, ZEME 7K ELYE
2 min, FEWA, =R, BRERE T —5BW
SRR [ ARG T R, H— T3 sk
A2 IR ) 35920 b 81 6 F) 2 T, - S 1
FREE S min, JHIRG G BE A0 UR R 25 SR 1 2 4R
R, G &, 5%
1.2.5 fEdfk

TR B 8 H IR, K B Fn 3= 3l ik 28
oA AR S 7R V) B ML L S Y) A fE MMP9
TIMP-1 e A , AL = 2R
I BREERE K AL, 3% H,0, B EA Py I i A AL 4
Wi, WO I EAE 2 10% 1EH IS E , i
Pt L MMP-O (I FI Cell Signaling Technology 3 Al )
B TIMP-1 —#i (1:100) (I H Santa Cruz 23 A)),
37°C ¥ E 50 min,0. 01 mol/L PBS ¥t A=Y Z
PR P (W [ Dako A T]) ,37°CH# 5 40 min,
0.01 mol/L PBS %t , DAB %, 5 ~ 10 min, 25187k
B, IIANE Y B EETORE K , R RS
PR R WA e yse 20 Ak FH 14 200 e e o s A o ]
DL UL sl A HOfR A I, 78 400 £56G5E T Bl
VR B2 2 A1 T Sk 20 AN AT B AL BRI IR
Jifr 1 X a5 A Bl K ER AU K2 2 1 20% ~ 30% |, 3
HAFRE AR RN 4% . FH Image-Pro plus 6. 0 X
PR
1.2.6 [fiLjE MMP-9 il TIMP-1 /K-l &

RJG 12 J8 B K EH 10% /KA 5 (300 mg/
kg) M VE SRR I S FIE 28 IR DK CR i, EDTA-
K2 P, 2.0 20 min(3000 r/min) , Y5 ik, R
ELISA ¥ (W A i v AR A BRA ) e
L3 MMP-9 1 TIMP-1 7K -,

1.3 Zitoth

JA et SPSS 13,0 BRab 3, i BORHEL
PEUARIE £ FRilE 22 R (x £5) o, PR ) LA R
FH ¢ ¥:56 , F3 54301 R A Pearson #5434, P <0. 05
INHZERAH BENE,

2 &R

2.1 RHREEHERMETHL

KA A JE A0 T, 5 A R i rp
Fers 5 HOHr 2 BB TR K L, 3 58 T 5
vy, T DR FE SR I AH [R]85t A A 9 4H ) A i
JRETC 222 5, s ME B R F ARG E 2 il RHR 41
KB R RITFGE TH e, B2 12 R TRe , A i %
i AR R AR LR BRI i R T A AR R, aniEl 1
/~,RHR ARG 2 4 .6 .8.10 12 J&IfiE I & & T
RFARH(HIP<0.05),
2.2 [F MMP-9 #1 TIMP-1 7k

AR5 12 J&,RHR K FUMLE MMP-9 & TERFAR4H
[(783.4 +109.79) I (573.4 +109.59) ng/mL, P <
0.057,



rp [ SR E YR 2017 4FE 4 HE525 5552 1 Acta Lab Anim Sci Sin, April 2017, Vol. 25 No. 2 141

300 -~ {BFARHA (Sham group)
—¥— RHR# (RHR group)

#
#

2004

W4 FE (mmHg)

Systolic Blood Pressure

100

I 1) (R

Time (weeks)

SR F RS, *P <0.05,
B1 WAIRR 12 N AFEB RS2 « £ s, mmHg)
Note. Compared with the sham group, P <0. 05.
Fig.1 Changes of SBP in the rats at different

time-points in 12weeks

Sham group RHR group

BFEARA RHR#

JMMP-9
Brain MMP-9

GAPDH

ILEMMP-9
Vessel MMP-9!

GAPDH

2.3 fuFIESHEK MMP-9 #1 TIMP-1 Bi&R %

il RHR K B I 3% TIMP-1 i T % F R 4
[(313.02 +83.9) (976.19 +191. 1) pg/mL,P <
0.05], ARJ5 12 J& ,Western blot IR fLI%E
UESE RHR 4106 A0 =E sh k414l MMP-9 )ik
TFHFARL(P<0.05), WLE 2 ~3; RHR 41 /i fl 3=
BIPKH L TIMP-1 (Y RB MR T R FARA (P <
0.05), LK 4 ~5,

2.4 M[E5 MMP-9 #1 TIMP-1 BJHEX 5%

GBI 1k 78 v Az i A v KRR, 4 )% i 4
RS ML L 2R A b MMP-9 T TIMP-1 /1 ¢
RUATHIE T W 6 ~ 8 Fizs , Wi e 15 1 7 K
A MMP-9 ik 2 IEAHE (r =0.557,r =0.774
il r=0.661,% P<0.05), 517 &4 41 TIMP-1
FIREMAMAE(r=-0.481,r = —0.535 Fl r =
-0.685,¥ P<0.01),

=z 4
g #
=
ﬂp‘%’ &
2 o
BZ 2
e
SEY T
=5
&3
g
£
20 T T
BFEREA RHR#A
Sham group RHR group
£ 038+
=
<
o #
B2 0.6
RE
= E 044
Q‘. =
ﬁmé 0.24 o
=x
g
§ 0.0 T T
BFRA RHR#A
Sham group RHR group

L HEFARG LR, P <0.05,
2 FHKEURAMESN K MMP-O FR AR L EM (x5 )

Note. Compared with the sham group,*P <0. 05.

Fig.2 Changes of the MMP-9 protein expression in the brain and vessels of rats in each group
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Fig.3 Changes of MMP-9 expression and distribution in the brain and vessels of rats in each group
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Fig.4 Changes of TIMP-1 protein expression in the brain and vessels of rats in each group
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