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Abstract. Thromboxane A2 (TXA2) receptor antagonists can limit infarct size in models of 
coronary occlusion and reperfusion, but it was unknown if these compounds can mitigate 
reperfusion injury. Anesthetized open chest dogs were subjected to left circumflex coronary 
(LCX) occlusion for 90 min. Two minutes before reperfusion, the dogs were given iv saline 
(0.9% NaCl) or the TXA2 antagonist SQ 29,548 (0.2 mg/kg + 0.2 mg/kg/hr). Reperfusion was 
instituted for 5 hr at which time infarct size was determined. Regional myocardial blood flow 
was determined before, during, and after occlusion. SQ 29,548 treatment resulted in a signifi- 
cant reduction in infarct size (57 f 7 and 34 f 8% of the left ventricular area at risk infarcted in 
the saline and SQ 29,548 groups, resdectively). No differences in collateral flow during occlu- 
sion were observed between groups, but SQ 29,548 treatment resulted in a significantly higher 
subendocardial reperfusion flow (54 ? 10 and 93 f 14 ml/min/lOOg for the saline and SQ 
29,548 groups, respectively). Thus, TXA2 seems to play a role in exacerbating reperfusion 
injury and TXA2 receptor blockade may have potential as a mode of therapy for ischemia-re- 
perfUSiOn damage. 0 1988 Society for Experimental Biology and Medicine. 

Thromboxane A2 (TXA2) has been shown 
to be released in a variety of experimental 
myocardial ischemia models and in some 
forms of ischemia in humans (1-3). While 
TXA2 is released during the occlusive event, 
reperfusion is associated with a marked re- 
lease of TXA2, though it is unknown if this is 
due to an increased synthesis of TXA2 or a 
washout phenomenon (2). TXA2 has a host 
of physiological effects, many of which may 
aggravate myocardial ischemia, including 
coronary vasoconstriction and enhanced 
platelet aggregation (4). Inhibition of TXA2 
synthesis has been shown to reduce the sever- 
ity of myocardial ischemia in models of oc- 
clusion without reperfusion, indicating a del- 
eterious role for TXA2 during ischemia ( 5 ,  
6). Recently selective TXA2 receptor antago- 
nists have been developed which should not 
affect prostanoid production in parallel 
pathways (7, 8) and these compounds have 
been shown to reduce the severity of myo- 
cardial ischemia in animal models (9-1 1). 

In a recent study from our laboratory, we 
showed that a TXA2 receptor antagonist, SQ 
30,741, significantly limited infarct size in a 
model of occlusion and reperfusion with a 
concomitant increase in subendocardial re- 
perfusion flow (10). This compound was in- 
fused during occlusion and reperfusion and 
thus it was unknown if the beneficial effect of 

TXA2 antagonism on infarct size reduction 
and subendocardial reflow was occurring 
during the occlusion per se or during reper- 
fusion. Thus, the purpose of this study was to 
determine if antagonism of TXA2 receptors 
can result in myocardial infarct size reduc- 
tion and an improved subendocardial reflow 
when given immediately before reperfusion. 

Methods. Mongrel dogs of either sex 
( 12- 16 kg) were anesthetized with intrave- 
nous sodium pentobarbital (30 mg/kg). A 
catheter was placed into the right femoral 
vein for pentobarbital infusion and another 
was placed into the left femoral artery for 
collection of blood samples for blood gas and 
regional blood flow determinations. A Millar 
Mikrotip catheter pressure transducer was 
placed into the left femoral artery and was 
advanced into the aortic arch for the mea- 
surement of arterial blood pressure. An en- 
dotracheal tube was placed into the trachea 
and the animals were artificially respired 
such that eucapnia was maintained. 

A left thoracotomy was performed at the 
fifth intercostal space and the heart was ex- 
posed. The left circumflex coronary artery 
(LCX) was isolated proximal to its first 
branch and a silk suture was placed around it 
for later occlusion. A catheter was placed 
into the left atrial appendage for dye and ra- 
dioactive microsphere injection. 
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The animals were allowed to stabilize for 
15-30 rnin at which time an arterial blood 
sample was removed anaerobically for mea- 
surement of blood gases using a Radiometer 
(ABL 3, Copenhagen) blood gas analyzer. 
Arterial blood pressure, heart rate, and ECG 
were measured. Regional myocardial blood 
flow was then determined using 141Ce, 51Cr, 
or 85Sr-labeled microspheres (3M Go., 15 -t 3 
pm) using a reference flow method (12). The 
animals were subjected to LCX occlusion for 
90 min and hemodynamic variables were 
monitored throughout this period. Regional 
blood flow was again determined at 40 rnin 
post-LCX occlusion. Two minutes before re- 
perfusion, the animals were divided into two 
groups: (1) animals receiving an iv infusion 
of saline ( n  = 9) throughout the reperfusion 
period and (2) animals receiving an iv infu- 
sion of SQ 29,548 (0.2 mg,/kg + 0.2 mg/kg/ 
hr, n = 7) throughout the reperfusion period. 
SQ 29,548 is a selective TXA2/prostaglandin 
endoperoxide receptor antagonist (8). The 
dose of SQ 29,548 chosen was previously 
shown to result in a 1000-fold shift in the 
dose-flow response in various vascular tis- 
sues to the TXA2 mimetic U-46619 (9). At 
90 min postocclusion, reperfusion was insti- 
tuted for 5 hr. Hemodynamic and blood gas 
parameters were monitored throughout the 
reperfusion period. Regional myocardial 
blood flow was determined at 1 hr postreper- 
fusion. 

At the end of the experiment, the LCX was 
rapidly cannulated and perfused at the ani- 
mals’ existing pressure with Ringer’s lactate 
solution (sodium 130 meq, potassium 4 
meq, calcium 2.7 meq, chloride 109 meq, 
lactate 28 meq) so that the previously oc- 
cluded bed was perfused. Patent blue violet 
dye (1 mg/kg of a 10 mg/’ml solution) was 
injected into the left atrial catheter and the 
heart was quickly excised and washed in iso- 
tonic saline. The dye was used to delineate 
the area at risk. The area at risk was that area 
not stained with the dye. 

The atria were trimmed away leaving only 
the ventricles. The ventricles were then cut 
transversely into 0.5 cm slices. The borders 
of the area at risk (no dye) were delineated 
and separated and the slices were incubated 
at 37°C for 30 rnin in a 1% solution of 2,3,5- 
triphenyl tetrazolium chloride (TTC) in 
phosphate-buffered saline. 

The ventricular slices were then dried and 
both sides were carefully traced on clear 
transparencies. The area at risk and the in- 
farcted region were demarcated on these 
transparencies. The areas of interest were 
then determined using planimetric tech- 
niques. The infarct size was expressed as a 
percentage of the left ventricular (LV) and 
total (LV + RV) area at risk. Tissue samples 
were taken from the subepicardial and sub- 
endocardia1 halves from the ischemic (cen- 
tral ischemic region) and nonischemic re- 
gions for determination of blood flow. Ra- 
dioactivity was determined in the tissue and 
reference blood samples on a Beckman Au- 
togamma 8000 gamma counter. 

Changes in hemodynamic, blood flow, 
and infarct size variables with respect to time 
were analyzed using a one-way analysis of 
variance and multiple comparisons were 
done using the Newman-Keuls procedure. 
Differences between saline and drug treat- 
ments were determined using a t test. Signifi- 
cance was set at P < 0.05 and all values were 
expressed as the means k SE. 

Results. Hemodynamic data for saline- 
and SQ 29,548-treated animals during oc- 
clusion and reperfusion are shown on Table 
I. Arterial blood pressures and heart rate 
were similar for both groups before LCX oc- 
clusion. Systolic pressure remained constant 
throughout the experiment for the saline- 
and SQ 29,548-treated animals. Diastolic 
pressure remained constant during coronary 
occlusion but tended to decrease later during 
the reperfusion in both groups. Heart rate 
remained relatively constant for both groups 
throughout the experiment. 

The data showing the effect of SQ 29,548 
on myocardial infarct size are shown on Fig. 
1. Infarct size is expressed as a percentage of 
the LV area at risk and the LV + RV area at 
risk. Infarct size was significantly decreased 
in animals receiving SQ 29,548 during the 
reperfusion. Infarct size was reduced approx- 
imately 45% with SQ 29,548 treatment. The 
areas at risk were similar in size for both 
groups (40 k 3 and 43 & 7% of the LV for 
saline- and SQ 29,548-treated animals, re- 
spectively). 

Regional myocardial blood flows are 
shown for saline- and drug-treated groups on 
Table 11. Preocclusion flows were similar in 
all regions for both groups. At 40 rnin post- 
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TABLE I. EFFECT OF SALINE OR SQ 29,548 (0.2 mg/kg + 0.2 mg/kg/hr) GIVEN ONLY DURING REPERFUSION ON 
HEMODYNAMIC VARIABLES BEFORE AND DURING LCX OCCLUSION AND REPERFUSION 

Occlusion Reperfusion 

Control 8 min 40 min 10 min 1 hr 2 hr 5 hr 

Systolic blood pressure 
(mm Hg) 

Saline ( n  = 9) 106-t 1 1  1 0 8 5  6 1 1 7 k  7 117+ 6 1 1 2 k 6  1 1 1  2 10 1 0 7 + 3  
SQ 29,548 ( n  = 7) 1 0 4 2  6 9 8 +  7 1 O O k  5 101 k 4 1 0 6 2 7  102+ 6 9 9 5 5  

Saline ( n  = 9) 8 2 k  5 7 9 5  5 8 2 k  5 SO+ 6 7 6 a 5  7 7 - t  5 6 0 + 5 *  
SQ 29,548 ( n  = 7) 76- t  5 7 0 +  5 7 5 - t  5 7 4 +  4 7 7 + 6  7 6 +  6 6 0 + 7  

Saline ( n  = 9) 1 5 4 ~ 5  1 5 5 2 8  1 6 1 k 8  1 5 2 k 9  1 6 0 - t 7  1 6 8 ? 6  1 7 2 - t 6  
SQ 29,548 ( n  = 7) 163+ 9 180-t 12 163+ 13 1 6 4 5  14 1 5 6 + 8  166-t 10 1 6 2 2  5 

Diastolic blood pressure 
(mm Hg) 

Heart rate (beats/min) 

Note. All values are means 4 SE. 
* Significantly different compared to its paired control preocclusion value (P < 0.05). 

occlusion, flows were significantly reduced in 
the ischemic (LCX) region to similar levels 
in both groups. The reduction in flow in this 
region was particularly marked in the suben- 
docardial region. During occlusion, flows in 
the nonischemic region remained unchanged 
for both groups. At 1 hr postreperfusion, sub- 
epicardial ischemic regional flow returned to 
control levels in both groups. In the subendo- 
cardial region, flow returned only to approxi- 
mately 65% of preocclusion values in saline- 

T 

saline SQ 29.548 saline 
I SQ 29.548 

LV LV + RV 

FIG. 1. The effect of SQ 29,548 (0.2 mg/kg + 0.2 
mg/kg/hr; n = 7) or vehicle ( n  = 9) given only during 
reperfusion on myocardial infarct size. Infarct size is 
expressed as the percentage of the left ventricular (LV) or 
left ventricular + right ventricular (LV + RV) areas at 
risk. SQ 29,548 resulted in a significant reduction in 
infarct size (* P < 0.05) compared to that of animals 
given saline during reperfusion. 

treated animals. Subendocardial reflow was 
significantly higher in animals treated with 
SQ 29,548 compared to the saline group and 
was approximately 20% higher than its 
paired preocclusion value. Flows in the non- 
ischemic region remained constant for both 
groups during reperfusion. 

Discussion. Previous studies have indi- 
cated that TXA2 release during myocardial 
ischemia may act to further aggravate the 
deleterious effects of the ischemia ( 5 ,  6, 
9- 1 1). This was initially studied using TXA2 
synthetase inhibitors which are more selec- 
tive than cyclooxygenase inhibitors, but still 
may affect prostanoid production in parallel 
metabolic pathways (5-7). Recently, selec- 
tive TXA2 receptor antagonists which may 
give us a more selective tool for studying the 
effects of TXA2 under normal and pathologi- 
cal conditions (8) have been developed. 
TXA2 synthesis inhibitors may affect pro- 
duction of parallel prostanoid metabolites, 
thus clouding interpretation of data (7). Sev- 
eral investigators have shown that TXA2 re- 
ceptor antagonists can reduce the severity of 
myocardial ischemia (9-1 1). In two studies, 
SQ 29,548 was shown to reduce several indi- 
ces of myocardial ischemia in rats and cats in 
models of total coronary occlusion without 
reperfusion (10, 13). In previous studies, we 
have shown the TXA2 receptor antagonists 
SQ 29,548 and SQ 30,741 to reduce infarct 
size in a model of LCX occlusion and subse- 
quent reperfusion (9, 14). Along with this in- 
farct size reduction, a significantly improved 
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TABLE 11. THE EFFECT OF SQ 29,548 (0.2 mg/kg + 0.2 mg/kg/hr, REPERFUSION ONLY) ON REGIONAL 
MYOCARDIAL BLOOD FLOW BEFORE, DURING, AND AFTER LCX OCCLUSION 

Nonoccluded region Occluded region 

1 hr 1 hr 
40 min postreperf 40 min postreperf 

Control postoccl (postdrug) Control postoccl (postdrug) 

Subepicardium 
(ml/min/100 g) 

Saline (n = 9) 95 f 7 9 6 k  9 7 9 +  9 78 k 7 16 k 5* 73 k 14 
SQ 29,548 (n  = 7) 85 f 7 9 2 +  19 99 k 20 75 f 7 18 f 5* 78 f 10 

Subendocardium 
(ml/min/ 100 g) 

Saline (n = 9) 89 + 8 97 k 10 7 8 f  9 82 f 8 8 k 3* 54 t- 10* 
SQ 29,548 ( n  = 7) 92 + 5 98 + 17 9 4 f  4 79 f 8 5 + 2* 93 k 14-f 

Note. All values are means + SE. 
* Significantly different compared with its respective preocclusion value (P < 0.05). 
-f Significantly different compared with its respective saline group value (I' < 0.05). 

subendocardial reperfusion flow at 1 hr post- 
reperfusion was noted with TXA2 blockade. 
It was also shown that the subendocardial 
reflow was significantly and inversely corre- 
lated with infarct size. Since the thrombox- 
ane receptor antagonists were administered 
throughout the experiment, it was unknown 
if any of the beneficial effects of these agents 
occurred during the reperfusion period. 
TXA2 blockade does exert some beneficial 
effect during coronary occlusion as most in- 
vestigators have studied these compounds in 
models of coronary occlusion without reper- 
fusion but the role of TXA2 release and 
blockade of its receptors in reperfusion in- 
jury has not previously been investigated. 

In the present study we found that SQ 
29,548 infused immediately before reperfu- 
sion resulted in a significant reduction in in- 
farct size and a concomitant improvement in 
subendocardial reflow. Thus it appears that 
TXA2 release during reperfusion may be one 
mediator of reperfusion injury and may ag- 
gravate such events as the no-reflow phe- 
nomenon. Few compounds which can pro- 
tect myocardial tissue when given only dur- 
ing reperfusion have been found. Calcium 
antagonists such as verapamil have been 
found to be effective only when given early 
before or after coronary occlusion (1 5). A 
study by Reynolds et al. (16) showed that 
when propranolol was given only during re- 
perfusion, significant myocardial salvage was 
observed. Jolly et al. (17) showed that the 

combined administration of superoxide dis- 
mutase and catalase seemed to be effective 
during the early reperfusion period. 

The precise physiological mechanism for 
the mitigation of reperfusion injury with 
TXA blockade via SQ 29,548 is presently 
unknown. It may be related to alleviation of 
TXA-mediated vascular tone. We observed a 
significant increase in subendocardial reflow 
with TXA2 blockade. It should be noted that 
in unpublished studies, SQ 29,548 does not 
affect myocardial flow or peripheral hemo- 
dynamic status in nonischemic dogs, indi- 
cating that the compound does not have a 
large nonspecific effect and that in normal 
animals, TXA2 tone does not exist to any 
degree. Similar results on reflow were noted 
for diltiazem in a model of ischemia and re- 
perfusion nearly identical to ours ( 18). It is of 
interest however that doses of ibuprofen 
which resulted in myocardial preservation 
did not result in a significantly improved re- 
gional reflow (19). This may be related to its 
effects on other arachidonic acid metabolites 
or its relatively less potent myocardial pro- 
tection when compared with our present 
study. TXA2 release during reperfusion may 
also be inducing platelet or neutrophil aggre- 
gate formation and thus aggravating micro- 
vascular obstruction and degradation seen 
during reperfusion (4, 20). Preliminary evi- 
dence indicates that SQ 29,548 significantly 
reduces neutrophil infiltration during myo- 
cardial ischemia (Dr. J. Mehta, personal 



508 THROMBOXANE A2 AND MYOCARDIAL ISCHEMIA 

communication). Mitigation of these events 
via TXA2 blockade may result in reduced 
reperfusion injury. The contribution of 
TXA2 in causing or potentiating oxygen-de- 
rived free radical release is presently un- 
known. 

Thus, mitigation of TXA2-induced reac- 
tions in ischemic and reperfused myocardial 
tissue seems to result in some degree of pro- 
tection. This protective effect can occur 
without increases in collateral flow during 
occlusion per se and appears to work at least 
in part by alleviating some reperfusion-in- 
duced event. Since some compounds seem to 
be effective only during the occlusion itself, 
multiple methods of pharmacological attack 
on ischemia and reperfusion seem possible. 
It may prove feasible to combine drugs such 
as calcium antagonists (21) which have ben- 
eficial effects during occlusion with drugs 
which may mitigate reperfusion injury and 
obtain additive effects. 
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