f0

CHEQAX 2007:40:329-340 ’ U A0

E 7oA Myocardial Infarction X Left Ventricular Remodeling©il
LBt Matrix Metalloproteinase®] X ¥t

21

A =] AL o = =
U5E - BAN - HES - IR

rek

The Effect of Matrix Metalloproteinase Inhibitor for Left Ventricular Remodeling after
Myocardial Infarction in a Rabbit Model

Soo Hyun Kim, M.D.*, Sung Sae Han, M.D.**, Tae Eun Jung, M.D.**, Geu Ru Hong, M.D.***

Background: Matrix Metalloproteinase (MMP) inhibition has emerged as a potential therapeutic strategy for the left
ventricular dilatation that occurs after myocardial infarction. This study is designed to evaluate which treatment is
better for attenuating the left ventricular remodeling via MMP inhibition 1) during the early, short highly MMP
producing period of the initial phase or 2) during most of the period of the initial phase after myocardial infarction.
Material and Method: Myocardial infarction was induced by ligation of the left anterior descending coronary artery
in rabbits. The experimental group was divided into 3 groups. The myocardial infarction only (Mi only) group con-
sisted of 7 cases. The MMP inhibitor administered for 5 days after Ml (MMPI 5d) group had 6 cases, and these
rabbits were given MMP inhibitor for 5 days after myocardial infarction, beginning with the postoperative first day.
MMP inhibitor administered for 9 days (MMP! 9d) group consisted of 5 cases and these rabbits were given MMPI
for 9 days the same manner as above. CG2300 was used as a selective MMPI; this is a potent MMP-2 and -9
inhibitor. Two-D echocardiograms were performed on all the groups at the time of preoperative period, the post-
operative 1st week, the postoperative 2d week and the postoperative 3d week, and we measured the end-diastolic
dimension (EDD), the end-systolic dimension (ESD), and the ejection fraction (EF). Result: The echocardiograms
generally showed postoperative left ventricular dilatation in the Ml only group. The EDD was increased significantly
higher in the postoperative 1 week compared to the preoperative value (p<<0.05). The ESD was also increased
significantly higher in the postoperative 1st week, the postoperative 2d week and the postoperative 3d week
compared to the preoperative value (p<0.05). Left ventricular dilatation was noted to be less In the MMPI 9d
group than in the MI only and MMPI 5d groups. In the MMPI 9d group, there was no significant change of EF
postoperatively compared to the preoperative period. MMP-2 and MMP-9 were measured from the infarcted
myocardial tissue at post-MI 4 weeks by performing western blotting and zymography. The changes the of protein
expression and activity of MMP-2 and MMP-9 were not significant in the three MI groups and the normal heart
group. Histopathologic examination revealed severe collagen deposition in the MI only group. Collagen accumulation
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was reduced in both the MMPI groups. The MMPI 9d group revealed an increased number of capillaries. Conclusion:
Left ventricular dilatation developed rapidly after, M from ligation of the coronary artery and MMPI attenuated the
ventricular dilatation. The effect of MMPI seemed to have befter a result from its usage during most of the period
of the initial phase after myocardial infarction. This suggested that increased neovascularization by MMPI may also
contribute to attenuation of the left ventricular remodeling.

(Korean J Thorac Cardiovasc Surg 2007;40:329-340)
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Table 1. Numbers
groups

and average weights

of experimental three

Group No. of case Weight (kg)*
MI only 7 42+0.35
MMPI 5d 6 4.1+0.65
MMPI 9d 5 391022

MI=Myocardial infarction; MMPI=Matrix metalloproteinase inhibitor;
5d=5 days; 9d=9 days. *p=ns.
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Fig. 1. Changes of end-diastolic dimension (EDD: A),

end-systolic dimension (ESD: B), and ejection fraction (EF:
C) at the preoperative, postoperative 1 week, 2 week, and 3
week in the MI only group. EDD was increased higher
postoperatively than preoperative period. EDD at postop-
erative 1 week was increased significantly higher than preop-
erative value. ESD was increased significantly higher at post-
operative 1 week, 2 week and 3 week than preoperative val-
ue. EF was decreased more significantly at postoperative 1
week and 2 week than preoperative value.
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Fig. 2. Changes of end-diastolic dimension (EDD: A), end-
systolic dimension (ESD: B), and ejection fraction (EF: C) at
the preoperative, postoperative 1 week, 2 week, and 3 week
in the MMP inhibitor 5 days group. EDD and ESD were
increased at postoperative times, but there were not sig-
nificant statistically. EF was decreased at postoperative times
without statistical significance.
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Fig. 3. Changes of end-diastolic dimension (EDD: A),
end-systalic dimension (ESD: B), and ejection fraction (EF:
C) at the preoperative, postoperative 1 week, 2 week, and 3
week in the MMP inhibitor 9 days group. EDD, ESD, and
EF were no differences between preoperative and postop-
erative periods.
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Fig. 4. Changes of end-diastolic dimension (EDD: A), end-
systolic dimension (ESD: B), and ejection fraction (EF: C) at
the preoperative, postoperative 1 week, 2 week, and 3 week
in the experimental three groups. EDD was no difference
between each experimental group. ESD was decreased sig-
nificantly lower at postoperative 1 week in the MMPI 9d
group than Ml only group. EF was increased significantly
higher at postoperative 1 week in the MMPI 9d group than
MI only group.
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Fig. 6. MMP-2 activity from the infarcted heart tissue in the
three experimental groups. MMP-2 activity is not noted in the
three experimental groups. There is no statistical difference
between normal heart group and three experimental groups.
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Fig. 7. Severe collagen deposition is in Ml only group. Collagen accumulation is reduced in both MMPI groups (upper: H&E stain,
100; lower: Masson’s trichrome stain, x100). (A) M only group. (B) MMPI 5d group. (C) MMPI 9d group.

Fig. 8. Subendocardial neovascularization (black arrow) of MI only group is prominent. Angiogenesis is decreased in MMP! 5d group.
MMP! 9d group reveals increased number of capillaries (black arrow)(H&E stain, x100). (A) MI only group. (B) MMPI 5d group. (C)

MMP! 9d group.
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ALAA F AdH MMP XA E Fol3t dElA+
rastgdeta $19i k. Ducharme 5[6]- MMP-9 knockout
(KO) mice7} wild-type (WT) micet} M Zdof|A] col-
lgen %740] ¥ Agchz sgich & ATl WeloA
24748 2, A2 F 450 Q2R BETo
A collagene] 43k Aol G Ae wol ARA A%
o) 54g ngout MMP AekAl 59 2 99 FolEelA
29 F4o] e 2t AR HAEH, olE 47

o“ﬁ. m{n n) rlr ox Y

AtEH AT ABE A4HA

Sund} Weber[18]= A7 & APAAL A A
o A] 3ol Aj#Fste] 2o FAGAH 8F o] H-E
A8t 3 819l e}l Lindsey $[19] E7]ol)4] MMP X}gh
AL FolghozA MMPY #HEo] 74Fo]l HAA

(neovascularization)o] Z£7}8la1, e 7|E g HE £
2 Slulehe A4 A2 ajshzel Qe 57 Sk
Ak ik B odFollA MMP xbehA] 99 Fof Frofl A
2ARRY F4 Z7F BABEY, ol 4AA F
MMP Zheto] 13 A4 A4S B3t Aldos B
T g Aoy Bolr

MMP 2}elk-& 14 s Z o] wound-healing 248 &
olatAl %3 & AJA T obF &R A % JhrH14].
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Creemers 52018 A7 A & Hdeld MMP 2ohA] Fof
ol mjsto] A2 Aol Foik FellA ¥ 2 o))
T 79 g vehigith ol AL Aol MMP

AAlS Folsle= Aol £7] wound-healing 34 -& Aol
SAZE Aeka 3 4 9ok ey MMP %}
A & 7ﬂ Folsld, AT 744 Ao AT AAF
a4l B2 FEelx, A7 A A9 MMP g4]&
HaAomA AR 3‘2”0"% s3tsiA = Aot E
Roleha AeHal. o5 ATAA ¥ 5B Foldt
MMP X}A|7E A2 AL73 A A7) A4 S35
ZaAZPeta slgeh B QAo A F ulE 195

E| MMP ZghAlE Foldt MMP XehA] 9 FofgollA
A4 F4e A3l BFY 745 RolA %gkeh
SE MMP 2hAle] 27] Fof of ol ek o] e A7
9} 2’27}24 o] A¥Eo] i]g_tl— 74 o= AI71—QT;].
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2 =

FLEAS Bl ATHAS FEIWE £ F 02
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SEEIEE %ﬂ%‘% % 4 Qgleh. 2E MMP A
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HH%: Matrix metalloproteinase (MMP) k-2 Al-ZA A & 2 A4 shale)] Y3l 7153l X8 Hzto g
s 3 Qlek A MMP XebA|e] Fofrl AFAM & 27] gilo] MMP7L ke 2 ZulEE:
B 717HE Adksle o] £ AR, 7] AA 7|7 Fob Axkslolof & AQUAE dolR A}
sick QY X BE: E7E o] &slo] 73 4tk sloll AA ulHE otz FF AZAHAMNG 2 A
slax] HAAdswe At AZHME et AdTe 372 Urgdh AEAN gEMI
only )72 74|, MMP 3h4] 59 Fof Z(MMPI 5d 7)& 64], MMP X}thA] 99 o] F(MMPI 9d
T Seflo] ity MMP XpebA] 2= MMP-2¢} MMP-9¢]] tigk A=) xulA|el CG23002 A-$3l9it).
7t 32 AR SHE AAE 43 A, € A, & T 1F, 23 9 3Fd gl AAE 2D
Axg g ALsto] EDD, ESD 3 EFE ZH3I3th & % 45 A48 E79 A4S western
blotting@} zymographyE 3lo] MMP-29} MMP-9¢] whwfAs} Aol wistE =Aslga, AMRYE
Welhd 22 A4S sk Bl A2 % A4, MI onlydoll A& A2 & Aol nlste] &
% EDDS} ESD7} 5718t A #A44o] g8l S8 & 4 Itk MMP 2behA] 99 Fof Fol| 4]
© AL 5T MMP XjchA] 59 Fol ol vl A ghato] Zhast 734k Hich EF
+ MMP zehAl] 90U FofFollA] & ol & A & HFo] glgle, & FEHT & H3kolgd
th MMP whuA o] wliz) A w3tE Buy A2 gEF MMP 25hA] 59 g9 9 ol &
3T AY AT v 23S wf MMP-2 whald wkEla) g4 s dojuba] gkgiel aelx
MMP-99] thull wte] 1] A4S AZE|A) okghel Weldhd =232 £74S 2w A2 ghEFolA)
Ash 293 A#e] 9tk MMP XehA] 5¢U Fol 73 9Y FolFolAE 2 4o 7aH 7
g Kotk MMP 99 FojfellA e BAEE 71 E718 AL ¥ ¢ Jdck B2 BAEWS
7AAsle] ALAAE F 23 & F w2 A7 Yol Ado] g MMP (kA S Sold A9
AA ¢ Fate] A3tE S & ¢ ggith. MMP XekA]e] &I x7|e glEE

Frh3 AZE Y MMP XAz R8-S STMAA AA AEAS 991d 5 9 Aes B

& H0f L AZAA
2. Matrix metalloproteinase
3. A4 ARA
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