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OBJECTIVE:  Our objectives were to develop and characterize 
models of reperfusion injury to cultured rat neonatal myo- 
cytes, to determine the role, of intracellular ions (H+, Ca2+, 
and Na+) in reperfusion injury,_and to develop recovery so- 
lutions to prevent lethal reperfusion injury. 

APPROACH:  Our approach utilizes cultured rat neonatal car- 
diac myocytes studied by laser scanning confocal microscopy 
to assess intracellular ions and electrical potentials in 
relation to cell structure and the onset of cell death. 

ACCOMPLISHMENTS: Both hypoxia and a decrease of tissue pH 
occur during ischemia.  Upon reperfusion, reoxygenation and 
a return to physiological pH occur together. We evaluated 
the effect of pH on hypoxic, ischemic, and reperfusion in- 
jury to cultured rat neonatal cardiac myocytes.  Acidosis 
(pH<7.0) protected against lethal cell injury during ATP de- 
pletion caused by hypoxia and metabolic inhibition.  More- 
over, in ischemia/reperfusion, the rapid return from aci- 
dotic to normal pH during reperfusion, rather than reoxy- 
genation, precipitated cell killing - a pH paradox.  Effects 
on viability were mediated by changes of intracellular pH 
(pHi) .  When the increase of pHi after reperfusion was ac- 
celerated using the ionophore, monensin, onset of cell death 
was more rapid.  When the increase of pHi was prevented by 
use of a Na+/H+ exchange inhibitor, dimethylamiloride, cell 
death was prevented.  Na+/Ca2+ exchange and changes of free 
Ca + did not contribute to lethal cell injury in the pH 
paradox.  Our working hypothesis is that ATP depletion leads 
to activation of hydrolytic enzymes, whose activity is in- 
hibited at acidotic pH.  Return to normal pH releases, this 
inhibition.  Rising pH may also favor actin-myosin rigor and 
cause a mitochondrial permeability transition, with ensuing 
uncoupling of mitochondrial oxidative phosphorylation. 

SIGNIFICANCE: Our results have relevance to treatment 
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strategies for myocardial ischemia/reperfusion injury in 
man. First, our findings suggest that myocyte viability in 
situ may be maintained for as long as 4 hours or more during 
ischemia. This means that rescue of ischemic myocardium may 
be possible to a much greater extent than generally assumed, 
provided that methods to avoid reperfusion injury can be de- 
vised. Our results also indicate that acidotic reperfusion 
and reperfusion with Na+/H+ exchange inhibitors can reduce 
lethal reperfusion injury to myocardium. DMA, a' -potent 
Na+/H+ exchange inhibitor virtually eliminated reperfusion 
injury to neonatal myocytes. HOE694, another Na+/H+ ex- 
change inhibitor, also prevented lethal reperfusion injury 
to myocytes. Thus, DMA or a more heart-specific inhibitor 
like HOE694 might be useful for patients at risk for myocar- 
dial infarction or as an adjunct tö'thrombolytic therapy. 

WORK PLAN (NEXT 12 MONTHS):  Not applicable. 
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OBJECTIVES 
Develop model of reperfusion injury in rat 
neonatal myocytes 
Relate changes of intracellular ions and electrical 
potentials to onset of cell death 
Develop new strategies to prevent lethal 
reperfusion injury 

ACCOMPLISHMENTS 
Demonstrated pH-dependent reperfusion injury — 
the 'pH Paradox' 
Showed reperfusion injury was dependent on an 
increase of intracellular pH 
Developed strategies utilizing Na+/H+ exchange 
inhibitors to prevent reperfusion-induced killing 

SIGNIFICANCE 
Myocytes in ischemic myocardium may retain 
viability much longer than previously assumed 
Na /H  exchange inhibition may prove clinically 
useful in treating myocardial infarction and trauma 
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