
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 185,262-266 (1987) 

Additive Beneficial Effects of Two Inhibitors of Vasoconstrictor Mediators 
in Acute Myocardial Ischemia' (42542) 

HAIM BITTERMAN,2 DAVID J. LEFER, AND ALLAN M. LEFER 

Department of Physiology, Jeferson Medical College, Thomas Jeferson University, 
Philadelphia, Pennsylvania 191 07 

Abstract. A specific inhibitor of thromboxane A2 (TxA2) synthesis, CGS-12970, a new angio- 
tensin-converting enzyme (ACE) inhibitor, CGS- 166 17, and a combination of both agents were 
evaluated for their ability to reduce the extension of myocardial infarct size in rats. Myocardial 
creatine kinase (CK) loss from the left ventricular free wall (LVFW) 48 hr after left coronary 
artery ligation was used as an index of ischemic damage. Treatment with either CGS-12970 
(4 mg/kg) or CGS- 166 17 ( 1 pg/kg) alone did not attenuate the loss of CK from LVFW significantly, 
compared with animals receiving only the vehicles for these drugs. However, the combined use 
of both agents significantly reduced CK depletion from LFVW (P < 0.0 1 ) .  These findings support 
the interrelated role of TxA2 and angiotensin I1 as mediators of myocardial ischemia and suggest 
that combined inhibition of their formation may be useful in the treatment of acute myocardial 
infarction. 0 1987 Society for Experimental Biology and Medicine. 

The renin-angiotensin system is activated 
following a variety of perturbations in circu- 
latory function including acute coronary artery 
ligation (1). Since angiotensin I1 is a potent 
systemic and coronary vasoconstrictor and a 
positive inotropic agent (2), activation of the 
renin-angiotensin system may increase myo- 
cardial oxygen demand, decrease myocardial 
oxygen supply, and thus contribute to the 
evolution of myocardial ischemic damage. 
Angiotensin-converting enzyme (ACE) in- 
hibitors have been shown to exert beneficial 
effects in several studies of acute myocardial 
ischemia (3-7). Thus, ACE inhibitors were re- 
ported to limit infarct size (3, 4), reduce re- 
perfusion arrhythmias ( 5 ,  6), and increase 
long-term survival during experimental myo- 
cardial infarction (7). These beneficial effects 
have been attributed to a variety of effects in- 
cluding an increase in collateral blood flow to 
the ischemic region (4), reduced myocardial 
oxygen consumption (4), and interference with 
norepinephrine release from presynaptic sym- 
pathetic nerve endings independent of angio- 
tensin I1 inhibition (5 ) .  
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Thromboxane A2 (TxA~), a major eicosa- 
noid produced by the cyclooxygenase pathway 
of arachidonic acid, is a very potent coronary 
vasoconstrictor, an inducer of platelet aggre- 
gation, and a cytolytic agent (8,9). Moreover, 
TxA2 production increases significantly during 
acute myocardial ischemia (10, 1 1). Coronary 
vasospasm, platelet aggregation, and loss of 
myocardial cell integrity induced by increased 
localized production of TxA2 could propagate 
ischemic damage once myocardial ischemia is 
initiated. In this regard, thromboxane synthe- 
tase inhibitors and thromboxane receptor an- 
tagonists have been reported to reduce the 
ischemic damage to the myocardium after 
acute coronary artery ligation ( 12- 14). 

The purpose of the present study is to eval- 
uate the combined effect of two new agents, 
CGS- 166 17 (3 [ 5-amino- 1 -carboxy- 1 s-pen- 
tyl]amino-2,3,4,5-tetrahydro-2-0~0-3S- 1 H- 1 - 
bensazepine- 1 -acetic acid), a selective ACE 
inhibitor ( 1 5) ,  and CGS- 12970 (3-methyl-2- 
[ 3-pyridyll- 1 -indoleoctanoic acid), a TxA2 
synthetase inhibitor, in a 48-hr model of myo- 
cardial infarction in rats. 

Materials and Methods. Male Sprague- 
Dawley rats (240-270 g) were anesthetized 
with ether prior to surgery. Myocardial in- 
farction (MI) was induced using a technique 
based on that of Selye et al. (1 6) with previ- 
ously published modifications (3). MI was 

262 

0037-9727/87 $1 S O  
Copyright 0 1987 by the Society for Experimental Biology and Medicine. 
All rights reserved. 



T x A ~  AND ACE INHIBITORS IN MI 263 

produced by briefly externalizing the heart 
from the thoracic cavity through a left thora- 
cotomy and ligating a 4-0 silk suture around 
the left coronary artery 2 to 3 mm from its 
origin. The heart was repositioned in the tho- 
racic cavity, air was evacuated from the thorax, 
and the chest wall was rapidly closed by a pre- 
viously placed purse-string suture. Sham-op- 
erated control rats (sham MI) underwent all 
the same surgical procedures except that the 
4-0  silk suture, which was passed under the 
left coronary artery, was not tied. The entire 
surgical procedure required 1 to 2 min and 
the rats regained consciousness 2 to 4 min after 
coronary artery ligation. In this study, 40 rats 
were subjected to coronary artery ligation. 
Three of these rats died over the 48-hr obser- 
vation period and 3 failed to develop an in- 
farct. Thus, the success rate was 85%. 

In a previous study (1 2), the thromboxane 
synthetase inhibitor CGS- 12970, given at a 
dose of 8 mg/kg, limited ischemic damage fol- 
lowing acute coronary artery occlusion in rats. 
When given at a dose of 4 mg/kg, CGS- 12970 
did not significantly attenuate creatine kinase 
(CK) loss from the ischemic tissue. In another 
study (17), CGS- 166 17 (10 pg/kg) exerted 
beneficial effects on hemorrhagic shock in rats. 
However, when given alone at a lower dose (1 
pg/kg) the effects were not significant. In view 
of these effects of each drug alone, we tested 
CGS-12970 at a dose of 4 mg/kg and CGS- 
166 17 at a dose of 1 pg/kg. 

Rats were divided into the following groups: 
(i) sham MI + CGS-12970 (4 mg/kg, n = 6), 
(ii) sham MI + CGS-16617 (1 pg/kg, n = 7), 
(iii) sham MI + combined treatment (CGS- 
12970, 4 mg/kg + CGS-16617, 1 pg/kg, n 
= 5) ,  (iv) MI + vehicle (70% ethanol, n = lo), 
(v) MI + CGS-12970 (4 mg/kg, n = 7), (vi) 
MI + CGS-166 17 (1 pg/kg, n = 7), and (vii) 
MI + combined treatment (n  = 10). Half of 
the total dose of each drug or their combina- 
tion was administered over 1 to 2 min (iv 
bolus) 10 min after coronary ligation and re- 
peated intraperitoneally 4 hr later. Rats given 
a vehicle received an equal volume of 70% 
ethanol (0.1 ml) at the same time intervals. 
Forty-eight hours after coronary artery ligation 
or sham ligation, the rats were killed by an 
overdose of ether and the hearts were excised 
and placed in ice-cold 0.9% NaCl for myo- 
cardial tissue analysis. 

Tissue analysis. In order to quantify isch- 
emic damage, we measured myocardial CK 
depletion of the left ventricular free wall 
(LVFW). This technique has been shown to 
be a sensitive index of the degree of ischemic 
damage and correlates well with histologic 
findings and morphometric measurements of 
infarct size ( 18, 19). Atrial and right ventricular 
free wall tissues were removed and discarded. 
The interventricular septum was then sepa- 
rated from the LVFW. Both septa1 and LVFW 
tissues were homogenized in cold 0.25 M su- 
crose (1: 10, w/v) containing 1 mMEDTA and 
0.1 mA4 mercaptoethanol using a Polytron 
(Brinkman PCU-2) homogenizer. Homoge- 
nates were centrifuged at 36,OOOg at 2°C for 
30 min. The supernatants were decanted and 
assayed for CK activity spectrophotometrically 
according to the method of Rosalki (20) and 
for protein concentration by the method of 
Gornall et al. (2 1). Tissue CK activity was ex- 
pressed as international units per milligram 
protein. 

Statistical analysis. All values in the text 
are expressed as mean -t SEM. Student’s t test 
for independent means was used for compar- 
ison between pairs. Differences among mul- 
tigroup means were compared by analysis of 
variance (ANOVA). P values of less than 0.05 
were considered significant. 

Results. In preliminary studies, we found 
that neither compound at the doses employed 
exerted any significant effect on arterial blood 
pressure or heart rate. Figure 1 illustrates the 
difference in CK activity (A myocardial CK) 
between nonischemic (septum) and ischemic 
(LVFW) myocardial tissue 48 hr after acute 
left coronary artery ligation. The three sham 
MI groups given CGS- 12970 or CGS- 166 17, 
or the drug combination, exhibited only min- 
imal differences in myocardial CK activity 
which were not significantly different from 
zero or from each other. However, acute cor- 
onary artery ligation resulted in a significant 
(P < 0.001) depletion of CK from the LVFW 
of rats given only the ethanol vehicle. The sep- 
tum-free wall difference (i.e., the A CK) myo- 
cardial CK values were 1.89 4 0.14 IU/mg 
protein. Administration of either CGS- 12970 
(4 mg/kg) or CGS-16617 (1 pg/kg) alone did 
not result in a significant attenuation of CK 
loss from the ischemic tissue. The corre- 
sponding myocardial A CK values in these 
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FIG. 1. Myocardial creatine kinase (CK) activities illustrated as the difference between nonischemic (septum) 
and ischemic (LVFW) myocardium and expressed as international units per milligram protein. Bar heights 
represent the means, brackets indicate +SEM. Numbers in or above the bars indicate the number of animals 
studied in each group. Statistical significance is indicated at the top of the bars. 

groups were 1.50 k 0.24 IU/mg protein (CGS- 
12970) and 1.56 k 0.13 IU/mg protein (CGS- 
16617). However, treatment with a combi- 
nation of both agents (CGS-12970 + CGS- 
16617) significantly reduced the loss of CK 
activity from the ischemic myocardium. The 
CK value in this group was 0.87 k 0.23 IU/ 
mg protein and was significantly lower than 
that of the vehicle group (P < 0.0 1). Thus, the 
combination of the ACE and the TxA2 inhib- 
itor was very effective in retarding the exten- 
sion of infarcted tissue under conditions in 
which each agent alone was ineffective. 

Discussion. In this study, we employed two 
pharmacologic agents which inhibit the syn- 
thesis of two separate vasoactive mediators of 
myocardial ischemia, angiotensin I1 and TxA2. 
These agents were studied separately and in 
combination during acute myocardial infarc- 
tion. The renin-angiotensin system and the 
eicosanoid system (e.g., TxA2), in addition to 
being two potent vasoactive mediator systems, 
may also have important interrelationships. 
In this regard, sufficient data are available to 
suggest that a mechanism involving vasodi- 
lator eicosanoids (e.g., prostacyclin) both cur- 
tails the pressor phase and mediates the de- 
pressor phase of the hemodynamic responses 
to angiotensin I1 (22). Moreover, specific in- 

hibition of TxA2 formation has been shown 
to reorient endoperoxide precursors toward 
the generation of prostacyclin and other va- 
sodilator prostaglandins (23) and, thus, addi- 
tion of a thromboxane synthetase inhibitor 
may result in attenuation of the vascular re- 
sponses to angiotensin I1 and may augment 
the effects of an ACE inhibitor on the periph- 
eral vasculature. 

Angiotensin 11-induced vasoconstriction 
can enhance local conditions favoring addi- 
tional TxA2 release. Furthermore, angiotensin 
I1 is an effective stimulus for eicosanoid syn- 
thesis in several tissues (22) and local release 
of TxA2 in the kidney by angiotensin I1 has 
recently been suggested (24). Addition of ACE 
inhibitors which block the synthesis of angio- 
tensin I1 might thus reduce local TxA2 pro- 
duction and could facilitate the effect of a 
thromboxane synthetase inhibitor. 

In a previous study (17), we found that 
CGS- 166 17 employed at the same dose ( 1 pg/ 
kg) markedly attenuated the angiotensin I-in- 
duced pressor response without exerting direct 
effects on blood pressure or heart rate, indi- 
cating that this dose effectively inhibits the 
conversion of angiotensin I to angiotensin I1 
in rats without altering myocardial oxygen de- 
mand. In the same study, CGS-16617 de- 
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creased proteolytic activity in vitro in pan- 
creatic homogenates. Addition of CGS- 166 1 7 
and a TxA2 synthetase inhibitor reduced the 
proteolytic activity even further than each 
agent given alone. This antiproteolytic action 
may retard the autolytic processes participat- 
ing in the extension of myocardial ischemic 
damage. In this regard, protease inhibitors 
have been found to limit the extension of 
ischemic damage in acute myocardial isch- 
emia (25). 

In the present study, treatment with either 
CGS-12970 or CGS-16617, at the doses em- 
ployed, did not have a significant effect upon 
the ischemic damage in the rat myocardium 
48 hr after acute coronary artery ligation. 
However, administration of both drugs sig- 
nificantly attenuated CK loss from the LVFW. 
Since this effect was present 48 hr after coro- 
nary artery ligation, when the necrotic process 
is at its peak (3), our findings suggest that the 
combined treatment is superior to each drug 
alone in reducing the infarcted tissue mass at 
this time. These data suggest an interaction 
between the renin-angiotensin and the eicos- 
anoid systems in the pathogenesis of acute 
myocardial ischemia and indicate that 
combined inhibition of angiotension I1 and 
TxA2 formation may be a useful approach to 
the treatment of acute myocardial infarction. 
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