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SUMMARY 
 
Chapter 1 is the introduction of this thesis and presents a short overview over 
cardioprotective interventions. The phenomena of preconditioning and postconditioning, 
and main components of their respective underlying mechanisms with a focus on the role of 
mitochondria in cardioprotection are described.  
In Chapter 2, we investigate the bioenergetic consequences of mKCa channel activation in 
isolated heart mitochondria. Our results demonstrate that matrix K+ influx by mKCa channel 
activation increased the rate of mitochondrial respiration in a dose-dependent manner. 
Mitochondrial reactive oxygen species production was markedly increased due to 
maintenance of a high resting membrane potential in the face of markedly enhanced 
respiration. From our data we suggest a mechanism by which reactive oxygen species can 
be generated by K+ influx into the mitochondrial matrix due to mKCa channel activation. 
The impact of mKCa channel activation on reversed electron flow-induced reactive oxygen 
species is investigated in chapter 3. We demonstrate that mKCa channel activator NS1619 
reduces mitochondrial reactive oxygen species production that are generated by reversed 
electron flow into complex I of the electron transport chain. The relative decrease in reverse 
electron flow, and thereby free radical generation, is likely due to increased forward 
electron flow due to stimulated mitochondrial respiration.  

The protective potency of ischemic preconditioning has been shown to be reduced in the 
aged myocardium. In chapter 4, we demonstrate that the effect of mKCa channel activation, 
which is critically involved in ischemic preconditioning, is abolished in mitochondria that 
were isolated from aged rat hearts. We concluded that this might be one underlying reason 
of the decreased protective potency of ischemic preconditioning in the aged myocardium. 
Pharmacological preconditioning can be initiated by the noble gas helium. In chapter 5, we 
investigated whether mKCa channel activation and regulation in mitochondrial respiration is 
involved in helium-induced preconditioning. We demonstrate that helium confers 
preconditioning via mKCa channels and regulates mitochondrial respiration. Furthermore, 
both the cardioprotective properties and the effect on mitochondrial respiration are age-
dependent. 
In chapter 6, we investigate whether helium induces preconditioning in the pre-diabetic 
myocardium. We demonstrate that helium-induced preconditioning is abolished in obese 
Zucker rats in vivo probably. This reduction in protective potency is associated with by a 
diminished effect of Helium on mitochondrial respiration. 
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As described in chapter 5 and 6 of this thesis, the noble gas helium induced early 
myocardial preconditioning in the rat in vivo. We investigated in chapter 7 whether helium 
induces also late preconditioning, and if so, whether the cardioprotective effect is 
concentration-dependent. Furthermore, we studied whether repeated administration of 
helium on subsequent days will result in an increased cardioprotection. We could show that 
helium induces late preconditioning and that cardioprotection is already maximal with 
administration of one cycle of 30% helium. 
Chapter 8 focuses on the interaction of hyperglycemia and sevoflurane-induced 
postconditioning. We demonstrate that hyperglycemia abolishes the protective effect of 
sevoflurane-induced postconditioning, but pharmacological inhibition of the mPTP by 
cyclosporine A could restore the cardioprotective effect.  
The initial aim of the study described in chapter 9 was to investigate whether inhibition of 
the mPTP is involved in morphine-induced preconditioning in isolated rat hearts, but the 
expected cardioprotection was not detectable. Thus, we investigated the influence of 
different preconditioning protocols and substrate conditions on cardioprotection in this 
experimental model. We demonstrated that physiological levels of glutamine prevented 
morphine-induced preconditioning.   
In chapter 10, the main conclusions of this thesis are summarized. Furthermore, we 
included a general discussion about clinical implications and limitations of experimental 
models in this chapter. 


