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Translating fruitful basic research results into actual clinical 
application has always been difficult. Nonetheless, this pal-
pable gap between the two fields of science medicine should 
be overcome by investigating and uncovering factors for the 
application of basic scientific research. The current study 
challenges this issue focusing on the field of cardioprotection 
afforded by ischemic preconditioning or postconditioning.

Myocardial infarct size (IS) has been recognized as 
a major determinant of acute and long-term prognosis in 
patients with acute myocardial infarction, suggesting that 
minimizing ischemic length through the early onset of rep-
erfusion is the most important target for attenuating myo-
cardial injury. Ironically, however, reperfusion per se has 
an adverse effect of further increasing IS, known as rep-
erfusion injury, which explains up to 50% of the final IS 
[1]. Conversely, brief periods of ischemia preceding sus-
tained ischemia can markedly decrease IS. Murry et al. first 
described this phenomenon as ischemic preconditioning in 
a canine experimental model [2], and the underlying mecha-
nisms have been studied extensively. Until now, we have 
learned that the ability to undergo preconditioning is almost 
ubiquitous in tissues and is highly conserved across spe-
cies. Although ischemic preconditioning is intrinsic and the 
strongest cardioprotective factor, it is not a realistic treatment 
approach for acute myocardial infarction in clinical practice 
given that it must be induced prior to the onset of myocardial 
infarction. Therefore, studies have investigated the effects of 
agents and procedures related to the mechanism of ischemic 
preconditioning. In 2003, Zhao et al. demonstrated that 

reopening of the infarct-related artery, followed by repeti-
tive brief interruptions of blood flow before sustained rep-
erfusion, and reduced the myocardial infarct size by 44% in 
canine hearts [3]. This strategy, known as ischemic postcon-
ditioning (PostC), has been extensively shown to attenuate 
reperfusion injury and limit myocardial IS in various animal 
models, with the cardioprotective effects of PostC having 
been confirmed in numerous species, including humans [4, 
5]. However, a recent meta-analysis of 10 randomized con-
trolled trials showed no reduction in heart failure, all-cause 
mortality, or major adverse cardiac events after comparing 
primary percutaneous coronary intervention (PCI) in com-
bination with PostC to traditional primary PCI over a mean 
follow-up of 20 months [6]. Thus, the question remains: why 
are the results of basic research not translated to the clinical 
practice? What is the cause of this apparent gap?

In this issue of the Journal, Birnbaum et al. had attempted 
to bridge this gap with their hypothesis suggesting that 
aspirin loading before reperfusion therapy could explain 
the discrepancy between basic research and clinical stud-
ies. Aspirin inhibits both cyclooxygenase-1 (COX-1) and 
cyclooxygenase-2 (COX-2) and therefore inhibits not only 
the production of thromboxane A2 (TXA2) in platelets but 
also the production of antiaggregatory prostaglandin I2 
(PGI2) in vessel walls. This is the cause of the substantial 
clinical issues known as the aspirin dilemma. However, 
lower oral doses of aspirin are deacetylated by the liver 
and do not have systemic effects. COX-2 is constitutively 
expressed in systemic vascular endothelium, and thus COX-
2-derived PGI2 exerts vasodilatory and antiplatelet proper-
ties. Low-dose aspirin is believed to be more specific for 
COX-1 than for COX-2, and the antiplatelet effects can be 
obtained with daily doses of as low as 30 mg [7]. Alter-
natively, The American College of Cardiology Founda-
tion/American Heart Association guidelines for ST-eleva-
tion myocardial infarction provide a class I indication for 
162–325 mg of aspirin administered as early as possible 
before primary PCI (Level of Evidence: B) [8], whereas the 
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European Society of Cardiology guidelines for the manage-
ment of acute myocardial infarction in patients presenting 
with ST-segment elevation provides a class I indication for 
a loading dose of 150–300 mg orally, including chewing, 
or 75–250 mg of intravenous aspirin to ensure complete 
inhibition of thromboxane A2-dependent platelet aggrega-
tion as soon as possible for all patients without contrain-
dications (Level of Evidence: B) [9]. The aspirin dosages 
recommended in these guidelines seem excessive for sim-
ply suppressing COX-1 activity. However, no clinical trial 
has yet studied this, and aspirin has not been administered 
to the animals in basic research. In this study, the authors 
found that intravenous aspirin (20 mg/kg), administered 
during ischemia, blunted the IS-limiting effects of PostC 
in a rat model of ischemia–reperfusion injury. Intriguingly, 
the authors demonstrated that aspirin administered before 
reperfusion at doses comparable to those used in clinical 
settings attenuates the IS-limiting effect of atorvastatin that 
increases the production of adenosine by activating ecto-
5′-nucleotidase [10] in a rat model of ischemia–reperfusion 
injury [11]. Furthermore, they demonstrated that a high dose 
of aspirin attenuated the IS-limiting effect of the P2Y12-
receptor antagonist ticagrelor, which prevents the uptake of 
adenosine into the cells administered orally for 7 days in a 
rat model of ischemia–reperfusion injury [12]. Atorvasta-
tin caused marked elevation in COX-2 activity 10 min after 
reperfusion, and this effect was dose-dependently attenu-
ated by aspirin (5 to 20 mg/kg). Aspirin completely blocked 
the effects of atorvastatin at a dose of 20 mg/kg. Similarly, 
ticagrelor, but not clopidogrel, dose-dependently increased 
COX-2 activity, and aspirin dose-dependently (5, 10, and 
25 mg/kg) attenuated the IS-limiting effects of ticagrelor. 
Therefore, we can suggest that the dose of aspirin adminis-
tered in this experiment (20 mg/kg) is similar to that used 
in clinical practice, which may decrease COX-2 activity. 
The mechanism of PostC is thought to be similar to that of 
ischemic preconditioning, including the activation of cell 
surface receptors on the cardiomyocyte and recruitment of 
prosurvival signaling pathways, such as the Reperfusion 
Injury Salvage Kinase (RISK) pathway, the Survivor Acti-
vator Factor Enhancement (SAFE) pathway, and the nitric 
oxide/protein kinase G pathway.

It is unfortunate that the present study could not eluci-
date which mechanism of postconditioning was inhibited 
by intravenous aspirin. Ischemic preconditioning has been 
shown to induce two distinct windows of cardioprotection 
known as the first and second windows. Although COX-2 
has been shown to be one of the mechanisms of the second 
window, the results of this study suggested that it may have 
an acute effect. Considering the very interesting nature of 
this point, it is necessary to confirm whether aspirin loading 
blunts the IS-limiting effects of PostC in a large group of 
animals before clinical studies can be conducted in the near 

future. Furthermore, although clopidogrel has no cardiopro-
tective effects [12], ticagrelor [12], dipyridamole [13], and 
cilostazol [14] have been reported to have cardioprotective 
effects in a rat model ischemia–reperfusion injury. In con-
trast, clopidogrel has been reported to have cardioprotective 
effects in a rabbit model of ischemia–reperfusion injury [15]. 
Intriguingly, prasugrel has been reported to have cardiopro-
tective effects in a rat model of ischemia–reperfusion injury 
[16]; however, prasugrel showed no cardioprotective effects 
in a Zucker Diabetic Fatty rat model of ischemia–reperfusion 
injury [17]. Nonetheless, conflicting data exist regarding 
the effects of P2Y12-receptor antagonists as conditioning 
agents, which might be to related to differences among spe-
cies, pathogenesis of myocardial infarction (coronary liga-
tion vs thrombus), administration schedules (oral vs intra-
peritoneally), and comorbidity. Now that newer antiplatelet 
agents are being used in clinical practice, it will be necessary 
to examine whether aspirin loading is actually necessary 
from the viewpoint of cardioprotection.
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