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Effects of Converting Enzyme Inhibitor on the Left Ventricular Remodeling
after Coronary Artery Reperfusion in Rats

Byung-Hee Oh, M.D,, Jung-Don Seo, M.D., Young-Woo Lee, M.D.
Department of Medicine, Seoul National University College of Medicine, Seoul, Korea

Background © Angiotensin converting enzyme inhibitors have been shown to exert favorable
effects on the left ventricular remodeling process associated with ventricular dilation after coro-
nary occlusion. However, the effects of such therapy on global and regional left ventricular
remodeling after coronary artery reperfusion have not been characterized, nor have such effects
been assessed after exercise training.

Methods and Results | Female Sprague-Dawley rats(n=80) were randomized into 4 groups
at 5 days after 45 minutes of left coronary artery occlusion followed by reperfusion. Animals
completing the experiment included : Untreated Sedentary group(n=20), Untreated with Swim-
ming Exercise group(n=21), Captopril Treated Sedentary group(n=18) and Captopril Treated
with Exercise group(n=21). At 3 weeks after randomization, global and regional morphologic
changes of the left ventricle(LV) were examined from mid-ventricular transverse slices which
were perfusion-fixed at a constant aortic pressure of 60mmHg and a left ventricular cavity
pressure of 10mmHg. At rest and during exercise, compared to untreated rats, the captopril
treated animals showed significantly decreased LV weight/tibial length ratio(LV/TL)(p<<0.01),
increased LV cavity area and dimension(both p<(0.01), decreased total myocardial area and
noninfarcted area(both p<{0.001) and reduced wall thicknesses in the noninfarcted and infarcted
regions(both p<{0.001). Compared to treated and untreated sedentary rats, exercise significantly
increased LV/TL(p<<0.05) and epicardial and endocardial areas in the infarcted zone(both
p<0.05) and decreased transmurality(p<{0.01). Exercise decreased LV cavity area in the captop-
ril treated groups(42.3+ 104 vs. 404+ 6.0mm?), whereas exercise increased LV cavity area in
the untreated groups(33.5+89 vs. 39.1+ 6.5mm?) (p<{0.05).

Conclusion . These findings provide evidence in rats for exaggerated left ventricular dilation
*o] =& 199839 % XA E AT FEAA Arnle B HEd oitd JdTHUL.

— 499 —



and suppression of compensatory myocardial hypertrophy globally and in the infarct zone
with 3 weeks of captopril treatment following coronary artery reperfusion with acute nontrans-

mural myocardial infarction. In addition, the effects of captopril on LV dilation and suppression

of global and regional hypertrophic response were partially reversible by swimming exercise.

KEY WORDS : LV remodeling - Converting enzyme inhibitor - Myocardial hypertrophy -

Exercise + Coronary reperfusion.
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dAEFEEE dA YA (Sprague-Dawley rat, A
F 250~300gm) & AHEEn 4 B3 Y= ng
&€ vh3 89 (ketamine hydrochloride 100mg/kg
body weight, xylazine 10mg/kg, morphine 5mg/kg) &
FARSI] WAk Al o Bgo] He "gal(F
W) ¥ F 1BAE FHAHL LFES
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T3 RAIG.

54 #nu) 7 (dissecting microscope) 3Foll A A 4
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Fig. 1. Schematic representation of the method used
to measure the areas and thicknesses of left
ventricular(LV) slice.
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Table 1. Heart weights and tibial lengths 26 days after coronary occlusion and reperfusion in 4 groups

of rats
Sedentary Exercise Statistics(p value)
Control Captopril Control Captopril  Capto- Exer- Inter-
(n=20) (n=18) (n=21) (n=21) pril cdise  action
LvV(mg) 817 £388 692 +55* 848 *89 760 +89* <0.001 0.009 0.320
RV(mg) 181 +39 155 +18** 182 £27 181 32 v 0044 0044 0074
TL(mm) 40.0+ 0.6 39.5+ 0.7 39.8t 09 39.8+ 0.9 0.195 0.952 0.211
LV/TL(mg/mm) 204 23 17.5% 1.83* 21.3t 24 191+ 237 <0.001 0.010 0455
RV/TL(mg/mm) 45% 1.0 8.9+ 0.5%*  46% 0.7 45+ 08' 0058 0043 0.101

LV, left ventricular weight i RV, right ventricular weight ; TL, tbial length ; Untreated, untreated corntrol ;
Captopril, captopril treated for 3 weeks(2gm/liter drinking water) ; Exercise, swimming exercise for 3 weeks ;
Interaction, interaction of captopril treatment and exercise. All values are mean+ SD. Statistics(p values) were
obtained using two way ANOVA. Intergroup comparisons were done by Student t-test with Bonferroni correction.
*p<<0.01, **p<C0.05 vs. corresponding untreated control group 3 tp<0.05 vs. captopril treated sedentary group.

ARRRE 7NAEZC 2 25ume] FHAE transverse
section3?] v 40 A AW F v 1ecm TFHS HAHS
mount3td ZPZAE 583 & AFE F = Ma-
son trichrome FYY o2 &eol=8 e

4. Zpplde| FEEY 24

Trichrome P& FPAYTL E3¥0z udd
AL Fedoz gYNTIER H2B4d @
BE 23S A M8 E & Ak ZAA HE
sgtoles FANEY ENATE BAME o83ty
EYH oz EA3 T A AP A o]9 2
H e Aol oln] FYE vl Yo,

& elo] & slide projectorg o] &34 FAHE o
Fol 9o 2l3 o] computerized planimetry
ol-§3te] FAR-9o HAME, AUt HEAZ
HA, deunst &N WE 2 ), ZA4A WAy
A, u P ARG AARA A2 BF FA 5
238 (Fig. 1). = FHE @A % N7,
73¥ 4 (ransmurality), AW 4389 2EH2
£ 334 ¢ 7 A AL WA A A4599
HRAR9 A2y FA v & A

Fe e £ F98 A2 F4 S FusA gL
FEoU 437 =5 AARE de 24M A9
st

5. 8A a2

RE Fe g REUAZ BA 3 g FALo g
Aol & AAsta MtaLdAAY FYo 4§ &
F8HY IS Yriste & 2 way analysis of va-

0.
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=

| 418
RV/TL N

25 %

Heart Weight/Tibial Length(mg/mm)

Untreated  Captopril Unterated  Captopril

Sedentary Exercise

. Left ventricular weight/tibial length(LV/TL) and
right ventricular weight/tibial length(RV/TL) ra-
tios in four groups of rats with coronary reperfu-
sion. Captopril decreased LV/TL in sedentary and
exercised rats. Exercise increased both LV/TL
and RV/TL in untreated and captopril-treate? Id
rats. Values are meantSD. ¥p<<0.001 by
ANOVA, captopril-treated vs. untreated groups,
0 p<0.05, *p<<0.01 by ANOVA, sedentary vs.
exercised groups.
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Table 2. Topographic changes of the left ventricle 26 days after coronary occlusion and reperfusion in 4

groups of rats

Untreated Captopril Statistics(p value)
Sedentary Exercise Sedentary Exercise Capto- Exer- Inter-
(n=20) (n=21) (n=18) (n=21) pril  dse action
LV cavity area(mm?) 335 £89 39.1 *6.5 423 +104** 404 £6.0 0.007 0.305 0.041
LV dimension(mm) 6.43+0.87 7.01+0.63 731+ 0.96** 7.09%0.58 0.007 0.298 0.022
Total myocardial area(mm?) 48.6 +6.1 507 +5.1  39.7 + 54* 426 +6.7*  <0.001 0.064 0.760
Non-inf area(mm?) 313 £6.0 305 *6.2 232 + 5.0% 25.1 +6.1** <0.001 0.632 0.314
Infarcted scar area(mm?) 6.6 +22 63 *1.6 66 £ 2.0 6.1 1.6 0.841 0.319 0.821
Epi-inf area(mm?) 75 +32 99 +35% 72+ 23 83 +238 0.145 0.012 0.326
Endo-inf area(mm?) 33 1.2 40 £13 2.8 + 09 31 13 0.013 0.048 0.508
Epi+endo area(mm?) 108 £40 139 +38Y 100 + 3.0 114 £3.6 0.045 0.007 0.305
% infarct size(%) 138 £50 12.6 £3.6 16.8 + 54 14.5 £ 4.1 0.047 0.610 0.533
Transmurality( % ) 383 +86 315 +7.1% 401 + 93 357 £9.1 0.125 0.005 0.529
Wall thickness
Noninfarcted wall(mm) 1.95+0.29 1.81%0.23 1.55+ 0.34* 1.60+ 0.28** <0.001 0.455 0.145
Infarct wall(mm) 1.36+0.29 1.51+0.34 1.12+ 0.29** 1.28+0.33**  0.001 0.033 0.994
LV dimension/Wall thickness ratio
Non infarcted wall 3.40+0.83 3.95%+0.69 499+ 1.43* 4.60% 0.95** <0.001 0.722 0.038
Infarcted wall 499+ 155 491+135 7.05+ 2.30% 594+ 164 <0.001 0.129 0.189

Untreated, untreated control ; Captopril, captopril treated for 38 weeks(2gm/liter drinking water) ; Exerdise,
swimming exercise for 3 weeks ; Interaction, interaction of captopril treatment and exercise ; LV, left ventricle ;
Non-inf area, area of noninfarcted region ; Epi-inf area, epicardial area in the infarcted region ; Endo-inf
area, endocardial area in the infarcted region; Epi+Endo area, sum of epicardial and endocardial areas in
the infarcted region. All values are meanz SD. Statistics(p values) were obtained using two way ANOVA. Interg-
roup comparisons were done by Student t-test with bonferroni correction. *p<0.01, **p<{0.05 vs. corresponding
untreated group ; 'p<{0.05 vs. untreated sedentary group.

B

C

Fig. 3. Representative transverse left ventricular heart slices of 4 groups of rats with coronary reperfusion. A
untreated sedentary, B untreated exercised, C captopril-treated sedentary, D captopril-treated exercised

group.

o 14 E AT F 80 FEO] £A AL HAUT.
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- 503 —

AAT Ao ZAE GAE FAA g T
3 captopril FATNA FoloHA Fkod &
EZ3% ZAH9 FA] h capoprile] &FH
5 A @& o204 W 17.5mg/mm)
2 A3 (213 9 19.1mg/mm) EFA

do o fr o



A
60
T
50 J— +
E w
B
< 30
P
3 20
>
= 10
20 18 21 21

0
Untreated Captopril Untreated Captoprit

Sedentary Exercise

B W Infarcted region .
0 Noninfarcted region

25
- 2 ¥ . ¥
-t + o
2 15

Q

£

2

£ 1

3

= 05

Untreated Captopril
Exercise”

Untreated Captopril
Sedentary

Fig. 4. A) Left ventricular cavity area in 4 groups of rats with coronary reperfusion. Captopril increased left
ventricular cavity area. Values are mean+ SD. tp<0.01 by ANOVA, main effect captopril-treated
vs. untreated groups. * p<<0.01 in the sedentary groups, but not in the exercised groups.

B) Wall thicknesses of the infarcted and noninfarcted regions in 4 groups of rats with coronary reperfu-
sion. Captopril treatment reduced wall thicknesses in both infarcted and noninfarcted regions in
sedentary and exercised groups. Exercise increased the infarcted area wall thickness in captopril-
treated and untreated groups. Values are mean+ SD. ¥ p<0.005, $p<<0.001 by ANOVA, main
effect captopri-treated group vs. untreated groups. ®p<<0.05 by ANOVA, sedentary vs. exercise

groups.

g3tg oy FF +AAY FAE AHITAMT &
93y H(4.5 B 3.9mg/mm)(Fig. 2).

FEFOIA ZHalA XHA ™o CHEE Captopril®]
#5d AAFF 269 A FAA] FETAHA 2
B¥E Table 20 89oF3t99 o Fig. 3 & 79 WR
A HA4 HEE Jepl 2glch 2Tl ¥l 3§ ca-
ptopril FJ T A HA AW 277} ¥ (4234
33.5mm?, Fig. 4-A)< Fo3HA F7H3tgon 234
g v A 2o HEAR {3 Fisdtd
(Fig. 4-B) ¥ 5o tjg FAA A7 9] v &(LV di-
mension/wall thickness)& ZX%$ & u]Z AR
25 F713lG k. 18l tf =79 vl # captopril
FoFo)A AR A 2E3H (total myocardial area), ¥
A B9 W& (noninfarcted area) & 7 A H 99
A erst A WA (endocardial area) & #9434 2
ko) A Beolol wtE WA (infarcted scar area)
ojuf o uatiZ A (epicardial area)& ¥ Al
olof Aol7t glo] captoprild EdE FE H|AM
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Fig. 5. Scatterplots of absolute infarct area in four
groups of rats with coronary reperfusion showing
no differences in distribution of infarcted scar
area among groups.
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area) ol = Zo]7}F 1&ol(Fig. 5) ©]& A3t
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Fig. 6. Infarcted scar and epicardial areas of infarcted
region in four groups of rats with coronary reper-
fusion. Exercise increased epicardial area. Values
are mean+ SD. T p<<0.05 by ANOVA, main ef-
fect sedentary vs. exercise groups.
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FAA 3, HAA YFA A9 A AA

- 505 —



AT A uAARe WA L A4 BAY HaE
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