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In this thesis, three main research questions have been addressed and answered. Firstly 
we showed that hypoxia induces late preconditioning in vivo (chapter 3). Secondly we 
proved that helium induces pre- and postconditioning (chapter 4-7). Because of clinical 
applicability we focused on helium postconditioning and found that application of a 
15-minute episode of helium seems to be the most protective stimulus (chapter 4). We 
investigated the influence of helium conditioning on various aspects and constituents of 
reperfusion injury and pathways (chapter 4-8). Thirdly we showed that a combination 
of various helium conditioning stimuli protects the diseased myocardium against 
ischemia/reperfusion injury (chapter 7).

In Chapter 2 the physical and chemical properties of helium gas are described, and 
we explained the possible mechanisms by which helium could exert its biological effects. 
We then set out the organ protective properties, and showed that helium protects the 
heart, brain and neuronal tissue, lung, immune system and blood vessels. Due to its 
safety, we suggested that helium should be used in various clinical settings such as acute 
cardiovascular disease and cardiac surgery. 

In chapters 3, 4 and 5 we investigated hypoxia- and helium-induced conditioning in 
healthy male rats. In Chapter 3 we showed that late preconditioning induced by hypoxia 
(16%, 12% and 8% oxygen) reduces infarct size in rats, and is as effective as sevoflurane-
induced early preconditioning. We demonstrated that continuous administration of 
sevoflurane and propofol do not induce cardioprotection, but both could not abrogate 
hypoxic preconditioning either. Hypoxic preconditioning seemed to be mediated by 
PKC-ε and involved up-regulation of hypoxia inducible factor-1ε dependent genes 
heme oxygenase-1 (HO-1) and vascular endothelial growth factor (VEGF).  

Chapter 4 describes the difference between 15-, 30- and 60-minute helium 
postconditioning protocols. This chapter shows that the 15-minute postconditioning 
protocol seems to represent a break-even point at which longer administration of helium 
abrogates protection. The protective effect of 15-minutes of helium postconditioning 
seemed to be unrelated to the extent of the cytokine burst, suggesting that the I/R-
induced up-regulation of innate immunity was not tempered by 15 min of helium. 
In contrast, 30 and 60 minutes of helium during reperfusion showed a trend towards 
higher expression of pro-inflammatory cytokines.

The infarct sparing effect of 15 minutes of helium during reperfusion was shown 
in haematoxyline-eosine stained histological slices in Chapter 5. In this chapter the 
different contribution of cell death and cell survival pathways are highlighted. A 
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differential contribution of necrosis, apoptosis and autophagy to final infarct size is 
described as well as the influence of helium postconditioning on particular pathways. 
Helium postconditioning seemed to up-regulate genes employed in anti-apoptotic and 
autophagic pathways.  

In chapters 6 and 7 it is shown that signal transduction in diseased rats is different 
from their healthy counterparts. Moreover, its more difficult to reduce infarct size by 
pre- and postconditioning in the diseased rat. 

Diabetic Zucker rats have been used in Chapter 6 to show that pre- and 
postconditioning is abrogated under diabetic circumstances, even when the 
preconditioning stimulus is increased from 3 cycles of 5 min helium 70% to 6 cycles 
of helium 70%. In healthy rats, mild mitochondrial uncoupling and a reduction in 
phosphorylation of glycogen synthase kinase- 3beta (GSK-3beta) was found after the 
ischemic episode in the helium-preconditioning group. These effects were not seen in 
diabetic rats. In this chapter we also show that helium conditioning did not exert any 
effects on extracellular signal-regulated kinases 1/ 2 (ERK1/2) and Akt/Protein kinase B. 

Infarct size reduction by postconditioning alone could not be induced in the 
Spontaneously Hypertensive Rat (SHR) in Chapter 7, in contrast to healthy control 
animals that could be protected by postconditioning. The combination of helium 
postconditioning with helium-induced late preconditioning or postconditioning with 
late- and early preconditioning did not afford additional protection. In hypertensive 
animals, only the combination of helium-induced early- and late preconditioning and 
postconditioning exerted an infarct size sparing effect. Chapter 7 also describes the lack 
of involvement of protein kinases GSK-3beta and protein kinase C- epsilon (PKC-beta) 
in helium-induced conditioning.

Human models are used in chapters 8 and 9 to investigate helium-induced 
endothelial protection (chapter 8) and the safety of helium inhalation regarding the 
innate immunity response (chapter 9). 

In Chapter 8 we show in a forearm model of ischemia/reperfusion that helium 
inhalation increased the blunted vasodilator response to acetylcholine after ischemia/
reperfusion. This protective effect on endothelium was found after helium-induced 
early and late preconditioning and ischemic early preconditioning; helium and ischemic 
early preconditioning equally protected the endothelium. Helium did not influence the 
plasma levels of cytokines, adhesion molecules and microparticles. 
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In Chapter 9 we show that 30 and 60 minutes of helium inhalation do not affect 
the ability of the innate immune system to respond to pathogens. Ex vivo stimulation of 
whole blood with different immune stimuli resulted in similar levels of pro-inflammatory 
cytokines with and without helium inhalation. We concluded that helium can be safely 
used in patients with infections, as it does not influence the immune response.
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