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Effects of heat stress on contractile function in the diaphragm from rat with monocrotaline-induced
pulmonary hypertension
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[OBJECTIVE] Patients with pulmonary hypertension (PH) suffer from dyspnea and decreased
exercise tolerance, which are associated with impairment in activity of daily living. Recently, clinical
studies suggest the pivotal role of inspiratory muscle dysfunction in PH-induced dyspnea. The
mechanism underlying PH-induced diaphragm dysfunction is unclear, but can be explained by selective
loss and/or oxidative modifications of myofibrillar proteins. Heat stress was shown to increase heat
shock protein (HSP) 72 and antioxidative enzymes, and thus inhibit the catabolic and oxidative
.signaling. Here, we examined the effect of heat stress on diaphragm function in rat with PH.

[METHODS ]Male Wistar rats were randomly assigned to control (C), control with heat stress (C+H),
PH (M), PH with heat stress (M+H) group. PH was induced in rats by a.single injection of
monocrotaline (60 mg/kg). C+H and M+H group were exposed to heated water at 42°C for 30 min
every other day for 4 weeks. After 4 weeks of injection, diaphragm muscle was removed and analyzed
for force prdduction. To assess mechanisms underlying the effects of heat stress, we measured
expression of myofibrillar proteins, HSP, antioxidative enzymes, and redox modifications.

[RESULTS] Compared with C group, there was a decreased tetanic force per cross-sectional area in
the M group. The levels of HSP72 were increased in the CH and MH groups, but there was no
difference in the expression levels of myosin and troponin T between the groups. The levels of
superoxide dismutase (SOD) 2 and catalase were increased in M+H group. The levels of redox
modification, including 3-nitrotyrosin, malondialdehyde, S-Nitroso-Cysteine, and methionine
sulfoxide, did not differ between the groups. Furthermore, in an additional experiment, administration




of the antioxidant EUK-134, a SOD and catalase mimetic, significantly improved tetanic force per
cross-sectional area in the M group.

[DISCUSSION] Our data suggest that heat stress can protect against diaphragm dysfunction in PH
rat. These effects were accompanied by the increased HSP72 expression, implying the protective role
of HSP72 in PH diaphragm. However, there was no change in myosin and troponin T expression in PH
diaphragm. Thus, these data suggest that heat stress-induced improvement in diaphragm contractility
would not be mediated by anti-proteolytic effects of HSP72. Intriguingly, heat stress induced
upregulation in SOD2 and catalase in PH diaphragm. It was reported that breathing frequencies are
markedly increased in patients and rats with PH. Moreover, increased contractile activity has been
shown to cause overproduction of reactive oxygen species, which can depress force production in
skeletal muscle. Thus, these data suggest that the protective effect of heat stress can be mediated by
increased antioxidative capacity in PH diaphragm. This suggestion was supported by our findings that
the administration of antioxidant, EUK-134, recovered the force depression in PH diaphragm.

[CONCLUSION] The present study suggests that heat stress can ameliorate PH-induced diaphragm
dysﬁmctidn. These protective effects could result from increased antioxidative capacities through
upregulation of SOD2 and catalase.
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Effects of heat stress on contractile function in the diaphfagm
from rat with monocrotaline-induced pulmonary -hypertension
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