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ABSTRACT  
 
The noble gas helium induced early myocardial preconditioning. We investigated if helium 
induces also late preconditioning, and if so, whether the cardioprotective effect is 
concentration-dependent. In a second part we studied whether repeated administration of 
helium on subsequent days will result in an increased cardioprotection. The study consisted 
of two parts. Chloralose anesthetized Wistar rats were subjected to 25 min of coronary 
artery occlusion followed by 120 min of reperfusion (I/R). In part 1, late preconditioning 
was achieved by administration of 70%, 50% and 30% helium for 15 minutes 24 hours 
before I/R. Based on findings of part 1, in additional experiments 30% helium was 
administered subsequently on three and two days before I/R. At the end of the experiments 
hearts were excised for infarct size measurements. Additional experiments were performed 
for mitochondrial respiration and Western blot analysis of cyclooxygenase-2 (COX-2). In 
the control group, infarct size was 55±8 % of the area at risk. All three helium 
concentrations reduced infarct size (He-LPC 70: 37±13%, He-LPC 50: 34±16%, He-LPC 
30: 40±9%; each P<0.05 vs. Con). Repeated administration of helium more than one time 
did not further enhance cardioprotection (He-LPC 3x30: 39±9 %, He-LPC 2x30: 38±10%; 
P>0.05 vs. He-LPC 1x30: 37±11%). There were no differences in COX-2 expression and 
mitochondrial function after helium preconditioning. We show for the first time that helium 
induces late preconditioning and that cardioprotection is already maximal with 
administration of one cycle of 30% helium. 
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INTRODUCTION 
 
Cardioprotection by preconditioning consists of two phases, an early phase (EPC), 
disappearing between 2 and 3 hours after the preconditioning stimulus, and a late phase 
(LPC), reappearing 24 hours after the initial stimulus and lasting for 2-3 days. (2) Both, 
EPC and LPC can be induced by various stimuli, e.g. brief ischemia or pharmacological 
agents. (3; 9; 17) LPC can also be mimicked by administration of volatile anesthetics. (7; 
28) A recent study showed that the noble gas helium (He) induces early preconditioning of 
the heart in vivo. (22) It is unknown whether helium can also induce late preconditioning 
(He-LPC), and whether a possible cardioprotective effect is concentration-dependent. We 
hypothesized that helium induces late preconditioning and determined in the first part of the 
study whether concentrations lower than 70% can induce late preconditioning.  
It is known that the effect of preconditioning depends on the severity of the stimulus. (1) 
Therefore we hypothesized that a preconditioning stimulus that is given on several 
subsequent days can enhance cardioprotection by LPC and investigated whether repeated 
administration of helium on various days within the time window of late preconditioning 
will lead to further myocardial protection. 
It has been demonstrated that cyclooxygenase-2 (COX-2) plays a central role as mediator of 
both, ischemic and pharmacological induced LPC. (4; 14) Furthermore, Pagel et al. showed 
that prevention of mitochondrial permeability transition pore (mPTP) opening is involved 
in He-EPC, but its involvement in LPC has yet not been determined. (22) A possible 
mechanism by which mPTP opening is prevented is regulation of mitochondrial respiration, 
e.g. mild mitochondrial uncoupling. Therefore, we hypothesized that helium-induced late 
preconditioning is mediated by COX-2 and/or mitochondrial uncoupling and investigated 
these effects at different time points after helium administration. 
 

MATERIALS AND METHODS 
 
The study was performed in accordance with the requirements of the Animal Ethics 
Committee of the University of Amsterdam and was in line with European Union directives 
on the care and use of experimental animals.  
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Materials  
Helium was purchased from Linde Gas (Linde Gas Benelux BV, Dieren, the Netherlands). 
Mouse Anti-Cyclooxygenase-2 monoclonal antibody was purchased from bio connect (bio 
connect, Huissen, The Netherlands). KCl was purchased from EMD Chemicals 
(Gibbstown, NJ); all other chemicals were purchased from Sigma Chemical Co. 
(Taufkirchen, Germany).  
 
Experimental protocol for infarct size determination: 
Animals had free access to food and water at all times before the start of the experiments. 
Male Wistar rats (328 ± 19 g) were anesthetized by intraperitoneal S-ketamine injection 
(150 mg/kg). S-ketamine does not interfere with cardioprotection in animals in vivo. (19)  
On the day of the final experiment all animals underwent 25 min of coronary artery 
occlusion and 2 hours of reperfusion (I/R). In part one of the study, rats were divided into 
four groups (Fig. 1A): 
 
Control group (Con): 24 hours before I/R rats received 30% oxygen for 15 minutes. On 
the day of the experiment rats received 30% oxygen plus 70% nitrogen after surgical 
preparation.  
70% Helium late preconditioned group (He-LPC 70): 24 hours before I/R, rats received 
70% Helium and 30% oxygen for 15 minutes. On the day of the experiment rats received 
30% oxygen plus 70% nitrogen after surgical preparation.  
50% Helium late preconditioned group (He-LPC 50): 24 hours before I/R, rats received 
50% Helium, 30% oxygen and 20% nitrogen for 15 minutes. On the day of the experiment 
rats received 30% oxygen plus 70% nitrogen after surgical preparation.  
30% Helium late preconditioned group (He-LPC 30): 24 hours before I/R, rats received 
30% Helium, 30% oxygen and 40% nitrogen for 15 minutes. On the day of the experiment 
rats received 30% oxygen plus 70% nitrogen after surgical preparation.  
In part two of the study rats were divided into three groups (Fig. 1B): 
Helium late preconditioned group (He-LPC 3x30, He-LPC 2x30 or He-LPC 1x30): rats 
received 30% Helium, 30% oxygen and 40% nitrogen for 15 minutes on three, two or one 
day(s), respectively. On the day of the experiment rats received 30% oxygen plus 70% 
nitrogen after surgical preparation.   
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Figure 1: Experimental protocol 
 

Con 
= 

Control, He = Helium, LPC = late preconditioning. 
 

For mitochondrial respiration and Western Blot analysis, additional experiments were 
performed to investigate time effects of helium. Hearts were excised 6, 10, or 24 hours after 
helium (30% Helium, 30% oxygen and 40% nitrogen) inhalation for 15 minutes (He-LPC 
6h, He-LPC 10h, He-LPC 24h, respectively). Hearts from control animals (Con) were 
excised immediately after inhalation of 30% oxygen and 70% nitrogen for 15 minutes. Rats 
underwent a sham operation and recovered for 20 minutes before hearts were excised in 
order to follow the same surgical protocol as in the infarct size experiments. 
 
Surgical preparation and infarct size measurement: 
Surgical preparation was performed as described previously. (21; 29) In brief, male Wistar 
rats (328 ± 19 g) were anesthetized by intraperitoneal S-ketamine injection (150 mg/kg). 
After tracheal intubation, the lungs were ventilated with oxygen-enriched air and a positive 
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end-expiratory pressure of 2-3 cm H2O. Respiratory rate was adjusted to maintain PCO2 
within physiological limits. Body temperature was maintained at 38°C by the use of a 
heating pad. The right jugular vein was cannulated for saline and drug infusion, and the left 
carotid artery was cannulated for measurement of aortic pressure. Anesthesia was 
maintained by continuous �-chloralose infusion. A lateral left sided thoracotomy followed 
by pericardiotomy was performed and a ligature (5-0 Prolene) was passed below a major 
branch of the left coronary artery. All animals were left untreated for 20 minutes before the 
start of the respective experimental protocol. Arterial blood gases were analyzed at baseline 
and PCO2 and PO2 were kept within physiological ranges by adjusting ventilation. During 
the experiment the oxygen concentration was measured in the expiratory gas (Datex 
Capnomac Ultima, Division of Instrumentarium Corp., Helsinki, Finland). Aortic pressure 
and electrocardiographic signals were digitized using an analogue to digital converter 
(PowerLab/8SP, ADInstruments Pty Ltd, Castle Hill, Australia) at a sampling rate of 500 
Hz and were continuously recorded on a personal computer using Chart for Windows v5.0 
(ADInstruments).  
After 120 minutes of reperfusion, the heart was excised and infarct size was determined as 
previously described.(21) The area of risk and the infarcted area were determined by 
planimetry using SigmaScan Pro 5� computer software (SPSS Science Software, Chicago, 
IL). 
 
Mitochondrial isolation 
Heart mitochondria were isolated by differential centrifugation as described previously. 
(12) Briefly, atria were removed and ventricles were placed in isolation buffer and minced 
into 1 mm3 pieces. The suspension was homogenized for 15 sec in 2.5 ml isolation buffer 
containing 5 U/ml protease (from Bacillus licheniformis, Enzyme Commission Number 
3.4.21.14), and for another 15 sec after addition of 17 ml isolation buffer. The suspension 
was centrifuged at 3220g for 10 min, the supernatant was removed, and the pellet was 
resuspended in 25 ml isolation buffer and centrifuged at 800g for 10 min. The supernatant 
was centrifuged at 3220g for 10 min, and the final pellet was suspended in 0.5 ml isolation 
buffer and kept on ice. Protein content was determined by the Bradford method. (5) All 
isolation procedures were conducted at 4°C. 
 
Mitochondrial respiration 
Oxygen consumption was measured polarographically at 37oC using a respirometric system 
(System S 200A, Strathkelvin Instruments, Glasgow, Scotland). Mitochondria (0.3 mg 
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protein/ml) were suspended in respiration buffer containing 130 mmol/L KCl, 5 mmol/L 
K2HPO4, 20 mmol/L 3-(N-Morpholino)propanesulfonic acid (MOPS), 2.5 mmol/L 
Ethylene glycol-bis(2-aminoethylether)-N,N,N�,N�-tetraacetic acid (EGTA), 1 μmol/L 
Na4P2O7, 0.1% bovine serum albumine (BSA), pH 7.15 adjusted with KOH. Mitochondrial 
respiration was initiated by administration of 10 mmol/L complex II substrate succinate 
(+10 μmol/L complex I blocker rotenone) after 60 sec. State 3 respiration was initiated after 
120 sec by addition of 200 μmol/L adenosine-diphosphate (ADP). Respiration rates were 
recorded under state 3 conditions and after complete phosphorylation of ADP to adenosine-
triphosphate (ATP) (State 4). The respiratory control index (RCI, state 3/state 4) and the 
P/O ratio (phosphate incorporated into ATP to oxygen consumed) were calculated as 
parameter of mitochondrial coupling between respiration and oxidative phosphorylation, 
and mitochondrial efficiency, respectively. From each heart, respiration measurements were 
repeated in 3 mitochondrial samples and the average was taken (and counted as n=1). 
Respiration rates are expressed as absolute rates in nmol O2/mg/min. 
 
Separation of membrane and cytosolic fraction 
For cellular fractionation and subsequent Western blot assay, tissue specimens were 
prepared for protein analysis and distribution (membrane-, cytosolic-fraction) of 
phosphorylated COX-2 within the myocytes. The excised hearts were frozen in liquid 
nitrogen. Subsequently, a cellular fractionation was performed that was adapted from the 
literature. (6; 13; 16) The frozen tissue was pulverized and dissolved in lysis buffer 
containing: Tris base, EGTA, NaF and Na3VO4 (as phosphatase inhibitors), a freshly added 
protease inhibitor mix (aprotinin, leupeptin and pepstatin) and DTT. The solution was 
vigorously homogenized on ice (Homogenisator, IKA, Staufen, Germany) and then 
centrifuged at 1000 g, 4°C, for 10 min. The supernatant, containing the cytosolic fraction, 
was centrifuged again at 16000 g, 4°C, for 15 min to clean up this fraction. The remaining 
pellet was resuspended in lysis buffer containing 1% Triton X 100, incubated for 60 min on 
ice and vortexed. The solution was centrifuged at 16000 g, 4°C, for 15 min. The 
supernatant containing the membrane fraction was stored at -80°C until use for further 
Western blot assay.  
Another homogenized suspension (including ocadeic acid) was directly incubated in 1% 
Triton x 100 to obtain whole heart samples containing the entire proteins of the myocyte. 
After 60 min of incubation on ice, the solution was vortexed at 12000 g for 2 min to clear 
the fraction up, and then stored at -80°C until further use. 
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Western blot analysis 
After protein determination by the Lowry method(15), equal amounts of protein were 
mixed with loading buffer (1:1) containing Tris-HCl, glycerol and bromphenol blue. 
Samples were vortexed and boiled at 95°C before being subjected to SDS-PAGE. Samples 
were loaded on a 10% SDS electrophoresis gel. The proteins were separated by 
electrophoresis and transferred to a PVDF membrane by tank blotting (100V, 1h). 
Unspecific binding of the antibody was blocked by incubation with 5% fat dry milk powder 
in Tris buffered saline containing Tween (TBS-T) for 2 hours. Subsequently, the membrane 
was incubated over night at 4°C with the COX-2 or actin antibody, respectively, at 
indicated concentrations. After washing in fresh, cold TBS-T, the blot was subjected to the 
appropriate horseradish peroxidase conjugated secondary antibody for 2 hours at room 
temperature. Immunoreactive bands were visualized by chemiluminescence detected on X-
ray film (Hyperfilm ECL, Amersham) using the enhanced chemiluminescence system Santa 
Cruz. The blots were quantified using a Kodak Image station® (Eastman Kodak Comp., 
Rochester, NY) and the results are presented as ratio of COX-2 to actin. Equal loading of 
the protein to the SDS Page gel was ensured by Coomassie blue staining (Coomassie 
brillant blue�, Serva electrohoresis GmbH, Heidelberg, Germany) of each gel. The results 
are presented as ratio of total protein to actin, which was used as internal standard. 
 
Statistical Analysis 
Data are expressed as mean ± SD. Heart rate (HR, in bpm) and mean aortic pressure 
(AOPmean, in mmHg) were measured during baseline, coronary artery occlusion, and 
reperfusion period. Inter-group differences of hemodynamic data were analyzed (SPSS 
Science Software, version 12.0.1) by performing a One-way ANOVA followed by Tukey’s 
post-hoc test. Time effects (changes from baseline value) during the experiments and 
infarct sizes were analyzed by using a One-way ANOVA followed by Dunnett’s post-hoc 
test. Changes within and between groups were considered statistically significant if p<0.05. 
 
RESULTS 
 
Infarct size measurement 
Infarct size was reduced by all three helium concentrations from 55 ± 8 % in controls (n = 
8) to 37 ± 13 % in He-LPC 70 (n = 12), to 34 ± 16 % in He-LPC 50 (n = 7) and to 40 ± 9 % 
in He-LPC 30 (n = 7) (each P<0.05 vs. Con, fig. 2A). Based on these findings part 2 of the 
study was performed with 30% Helium. Daily administration of helium more than one day 
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did not further enhance cardioprotection (He-LPC 3x30 (n = 5): 39 ± 9 %, He-LPC 2x30 (n 
= 6): 38 ± 10%; P>0.05 vs. He-LPC 1x30 (n = 6): 37 ± 11%, fig. 2B). 
 
Hemodynamic variables 
Hemodynamic variables are summarized in table 1. No significant differences in heart rate 
and aortic pressure were observed between the experimental groups during baseline, 
ischemia or reperfusion. At the end of the experiments of part 1, mean aortic pressure 
significantly decreased compared with baseline in all groups. In part 2, mean aortic pressure 
did also decrease compared with baseline in all groups at the end of the experiments. 
 
Mitochondrial function 
The respiratory control indices are shown in figure 3. RCI in the control group was 2.8 ± 
0.2. There were no significant changes in the RCI at 6 h, 10 h or 24 h after 30% helium 
administration (P>0.05 vs. Con, fig. 3). 
 
Western blot analysis of COX-2 
Helium pretreatment did not affect COX-2 expression neither in the cytosolic fraction (He-
LPC 6h: 0.25 ± 0.07, He-LPC 10h: 0.27 ± 0.07, He-LPC 24h: 0.26 ± 0.06; P>0.05 vs Con: 
0.22 ± 0.10, each n = 5, fig. 4A), nor in the membrane fraction (He-LPC 6h: 0.44 ± 0.26, 
He-LPC 10h: 0.35 ± 0.15, He-LPC 24h: 0.36 ± 0.06; P>0.05 vs Con: 0.54 ± 0.24, each n = 
5, fig. 4B). Furthermore we analyzed COX-2 expression in the whole heart fraction, but 
could not detect any changes (He-LPC 6h: 1.32 ± 0.37, He-LPC 10h: 1.11 ± 0.27, He-LPC 
24h: 1.11 ± 0.23; P>0.05 vs Con: 1.25 ± 0.37, each n = 5, fig. 4C).  
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Figure 2: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Panel A: Histogram showing the infarct size (percent of area at risk, AAR) of controls (Con), late 
preconditioning with 70% helium (He-LPC 70), late preconditioning with 50% helium (He-LPC 50) and 
late preconditioning with 30% helium (He-LPC 30).  Panel B: Histogram showing the infarct size 
(percent of AAR), late preconditioning with three times 30% helium (He-LPC 3x30), two times 30% 
helium (He-LPC 2x30), and one time 30% helium (He-LPC 1x30).  
Data are presented as mean ± SD, *p < 0.05 vs. control group.  
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     Table 1: Hemodynamic variables 
 

            Baseline Ischemia Reperfusion 
 
 

 15 5 30 60 120 

Heart Rate (bpm) 

Con 421 � 21 427 � 24 416 � 17 394 � 18 387 � 17 372 � 28 

He-LPC 70 414 � 32 432 � 30 407 � 49 415 � 28 406 � 25 367 � 36 

He-LPC 50 419 � 31 415 � 28 414 � 21 402 � 28 383 � 31 369 � 37 

He-LPC 30 411 � 31 409 � 37 409 � 35 424 � 33 404 � 28 377 � 35 

He-LPC 1x30 396 � 41 394 � 35 390 � 37 388 � 32 378 � 34 363 � 44 

He-LPC 2x30 407 � 37 407 � 31 399 � 40 388 � 41 391 � 45 370 � 44 

He-LPC 3x30 413 � 27 413 � 38 405 � 42 402 � 38 388 � 40 357 � 29 

Mean aortic pressure (mmHg) 

Con 129 � 20 115 � 25 118 � 29 100 � 31 90 � 33 84 � 28* 

He-LPC 70 121 � 19 122 � 18 119 � 21 110 � 23 102 � 27 92 � 17* 

He-LPC 50 118 � 19 117 � 24 118 � 20 101 � 20 91 � 30 78 � 26* 

He-LPC 30 138 � 11 139 � 19 135 � 22 117 � 15 108 � 28 88 � 19* 

He-LPC 1x30 137 � 15 129 � 17 117 � 19 117 � 18 102 � 23* 95 � 23* 

He-LPC 2x30 135 � 30 123 � 20 112 � 18 111 � 17 110 � 27 97 � 22* 

He-LPC 3x30 131 � 23 118 � 33 122 � 33 103 � 36 105 � 27 90 � 28 

 

Data are mean ± SD. Con = control group; He-LPC 70 = Helium late preconditioning with 70% Helium + 
30% oxygen; He-LPC 50 = Helium late preconditioning with 50% Helium + 30% oxygen + 20% nitrogen; 
He-LPC 30 = Helium late preconditioning with 30% Helium + 30% oxygen + 40% nitrogen;*P<0.05 vs. 
baseline.  
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Figure 3: Mitochondrial respiration 

 
Summarized data for the effects of helium-induced late preconditioning on mitochondrial respiration 
(each n = 5, mean ± SD). RCI = respiratory control index, a parameter for the coupling between 
mitochondrial respiration and oxidative phosphorylation. P/O ratio = ratio between phosphate 
incorporated into ATP and oxygen consumed; a parameter for the efficiency of oxidative 
phosphorylation. 
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Figure 4:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Time dependent effect of helium-induced late preconditioning on COX-2 expression (each n = 5, mean 
± SD). Upper panel shows time dependent expression of COX-2; middle panel shows actin distribution. 
The histogram presents ratio of COX-2 expression to actin. Panel A: COX-2 expression in the cytosolic 
fraction. Panel B: COX-2 expression in the membrane fraction. Panel C: COX-2 expression in the whole 
heart fraction. 
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DISCUSSION 
 
The main results of the present study are: 1) helium induces late preconditioning in vivo, 2) 
one-time 30% helium induces cardioprotection in the same range as 50% or 70% helium, 3) 
repeated administration of helium can not further enhance cardioprotection and 4) helium 
LPC has no effect on COX-2 expression. 
 
The late phase of preconditioning starts 12-24 hours after the preconditioning stimulus and 
lasts up to 4 days. (2) These properties would make LPC an interesting intervention, e.g. for 
patients with cardiac disease undergoing coronary angioplasty or cardiac bypass surgery. 
LPC would gain more importance, if it could be induced by a substance which is easy to 
administer and without any hemodynamic or anesthetic properties. 
It is known that early preconditioning can be induced by administration of noble gases. A 
cardioprotective effect against reperfusion injury of the anesthetic noble gas xenon has 
previously been demonstrated. (23; 30) Pagel et al. recently showed that the noble gas 
helium offers protection against myocardial infarction by EPC. (22) In the present study we 
demonstrate for the first time that helium induces also LPC and reduces infarct size by 
nearly 40% compared to non-preconditioned myocardium. Interestingly, the extend of 
cardioprotection induced by 30% helium was comparable to the cardioprotection induced 
by 50% or 70% helium. The possibility to offer cardioprotection with less than 70% helium 
would allow to apply helium as preconditioning stimulus while having a high FiO2, e.g. 
when used in cardiac risk patients. In contrast to xenon, helium has no anesthetic effects, 
allowing a broader application. The use of xenon implies considerable costs, making 
special application systems necessary to limit costs. In contrast, helium is relatively cheap 
and easy to administer via a face mask, making it a suitable agent for organ protection in 
many clinical situations. 
Baxter et al. showed that more than one preconditioning cycle on the same day 24 hours 
before I/R did not enhance the infarct size limiting effect of ischemic LPC. (1) A study by 
Mullenheim et al. showed that combining ischemic LPC and ischemic EPC led to enhanced 
cardioprotection compared to LPC or EPC alone. (20) The same group showed that 
cardioprotection by ischemic LPC could be increased by sevoflurane-induced EPC. (18) A 
study by Sato et al. suggested an additive cardioprotective effect by combining ischemic 
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LPC with ischemic postconditioning whereas each several intervention could not induce 
myocardial protection. (25) There is no study investigating the infarct size reducing effect 
of repeated preconditioning cycles administered on subsequent days. Our results 
demonstrate that repeated cycles of helium administration on subsequent days could not 
enhance cardioprotection within the time window of LPC.  
Studies investigating LPC indicate that a crucial step in mediating cardioprotection involves 
COX-2. (4; 10; 27) Beside ischemic LPC, also pharmacological induced LPC led to an 
upregulation of COX-2 protein after 24 hours. (9; 26) Upregulation of COX-2 and its 
products, the prostaglandins PGE2 and 6-keto-PGF1� was observed in both, ischemic- and 
opioid-induced LPC. (26; 27) However, there are obviously differences in animal species: 
in rabbits and mice an upregulation of COX-2 was observed, whereas in rats, there was no 
upregulation of COX-2 after LPC. (10; 14; 26; 27) In the present study we did not detect 
any changes in COX-2 expression in the period up to 24 hours after helium 
preconditioning. We demonstrated previously by inhibiting COX-2 with the selective 
blocker NS-398 that COX-2 is involved in xenon-induced LPC. (8) A study by Tanaka et 
al. showed no alteration in COX-2 expression 24 hours after exposure to the volatile 
anesthetic isoflurane, but blockade of cardioprotection by using the COX-2 inhibitor 
celecoxib. (28) Our results indicate that COX-2 protein expression is not affected by 
exposure to helium up to 24 hours before I/R. However, we cannot exclude that the LPC 
effect of helium is due to an increase of COX-2 activity because it was not measured in the 
current study.  
Pagel et al. showed that helium induced EPC in the rabbit heart in vivo is abolished by 
inhibiting phosphatidylinositol-3-kinase, extracellular signal-regulated kinase and 70-kDa 
ribosomal protein s6 kinase. (22) Furthermore, they demonstrated that cardioprotection was 
abolished by administration of the mPTP opener atractyloside, indicating a central role of 
mPTP in helium-induced early preconditioning. (22) Alongside its role in early 
preconditioning, there is evidence that prevention of mPTP opening is also involved in late 
preconditioning. (24) Rajesh et al. showed that the protective effect of delayed ischemic 
preconditioning was abolished by administration of the mPTP opener atractyloside or 
lonidamine. (24) Opening of the mPTP can be regulated by alterations in mitochondrial 
bioenergetics, e.g. mild uncoupling of mitochondrial respiration. (11) In the present study, 
we did not detect a reduction in the RCI 6h, 10h, and 24h after helium administration 
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indicating that alterations in mitochondrial respiration are not involved in helium-induced 
LPC.  
Some limitations of our study must be taken into account. First, we did not investigate the 
effect of various cycles of helium administration on the same day 24 hours before I/R. It 
might be possible that repeated cycles of helium on the same day could enhance the 
cardioprotective effect. Second, in this study we restricted the measurement of biochemical 
markers to the time course of COX-2. Conclusions about the involvement of other 
candidate mediators like iNOS need further study.  
In conclusion, the current study demonstrates that inhalation of one-time 30% helium 24 
hours before I/R offers cardioprotection in the same range as reported by other studies 
investigating pharmacological induced LPC. The cardioprotective effect was not associated 
with an increased COX-2 expression or an uncoupling of mitochondrial respiration.  
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