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Association of heat shock protein 70 expression 
with rat myocardial cell damage during heat 
stress in vitro and in vivo
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ABSTRACT. To investigate the mechanism of sudden death as a result 
of stress-induced damage to heart tissue and myocardial cells and to 
investigate the cardioprotective role of Hsp70 during heat stress, the 
distribution and expression of Hsp70 was evaluated in the heart cells 
of heat-stressed rats in vivo and heat-stressed H9c2 cells in vitro. After 
exposure to heat stress at 42°C for different durations, we observed a 
significant induction of CK, CK-MB, and LDH as well as pathologic 
lesions characterized by acute degeneration, suggesting that cell damage 
occurs from the onset of heat stress. Immunocytochemistry showed that 
Hsp70 was distributed mainly in the cytoplasm of myocardial cells in 
vivo and in vitro. Hsp70-positive signals in the cytoplasm were more 
prominent in intact areas than in degenerated areas after 60 min of heat 
stress. Hsp70 protein levels in myocardial cells in vitro decreased from 
the beginning to the end of heat stress. Hsp70 protein levels in rat heart 
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tissues in vivo decreased gradually with prolonged heat stress, with a 
slight increase at the beginning of heat stress. These results indicate that 
Hsp70 plays a role in the response of cardiac cells to heat stress and that 
decreased Hsp70 levels are associated with damage to rat myocardial 
cells in vitro and in vivo. Significant differences were found in hsp70 
mRNA, which began to increase after 20 min of heat stress in vitro and 
after 40 min in vivo. This indicates that hysteresis is involved in mRNA 
expression after heat stress in vivo.
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