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Abstract 
Prolonged ischemia and reperfusion frequently occur during clinical operations. The 

bioenergetic status decreases during ischemia and reactive oxygen species (ROS) are formed 

during reperfusion, which may lead to irreversible tissue injury. During prolonged ischemia, 

such as in complicated microsurgical operations, tissue injury should be minimized to 

improve the chance of full recovery and function. Irradiation has previously been shown to 

improve functional recovery of cold-stored rat hearts via conservation of ATP. In this thesis, 

we used photons at 634 nm produced from a singlet oxygen system to investigate whether 

irradiation improves the bioenergetic status in skeletal muscle and graft hearts and decreases 

ROS in monocytes, and thus decreases tissue injury.  

 

The effect of irradiation on bioenergetic status was examined in rat rectus femoris muscle in 

vitro following 5 h ischemia. Phosphocreatine (PCr), ATP and inorganic phosphate (Pi) levels 

were measured using high resolution 11.75T 
31

P magnetic resonance spectroscopy (MRS). 

PCr and ATP were significantly higher in the irradiated groups than in the non-irradiated 

group, but no difference in Pi was observed. The effect of irradiation on bioenergetic status 

was examined in rat rectus femoris muscle in vivo following 4 h ischemia and 1 reperfusion. 

ATP, PCr and Pi levels were measured using 2.35T 
31

P MRS. After 4 h ischemia, ATP levels 

in the irradiated group were significantly higher than in the non- irradiated group, but no 

difference in PCr/(PCr+Pi) levels were observed. After 1 h reperfusion, ATP and 

PCr/(PCr+Pi) levels in the irradiated groups were significantly higher than in the non-

irradiated groups. Blood-perfusion was measured using laser Doppler flowmetry and did not 

differ between the groups. The effect of irradiation on xenografts was examined in vivo 

following heart xenotransplantation from hamster to rat. PCr and ATP levels were measured 

daily using 2.35T 
31

P MRS over 4 days. Irradiation of xenografts before reperfusion preserved 

the energetic status of hamster grafts, as demonstrated by a significantly higher PCr/ATP ratio 

in the irradiated group than in the non-irradiated group on the first postoperative day. 

However, irradiation did not delay the rejection process in this experimental model. Finally, 

the effect of irradiation was examined in human monocytes. Intracellular ROS, nitric oxide 

(NO) release and ATP were measured using chemiluminescence assays. iNOS and eNOS 

mRNA levels were measured using reverse transcription PCR. NO levels were significantly 

higher in the irradiated group than in the non-irradiated group, but no differences in iNOS or 

eNOS mRNA were observed. Intracellular ROS release was significantly lower in the 

irradiated group than in the non-irradiated group, and there was no difference in ATP levels. 

The salvaging effect of irradiation may have a wide range of clinical applications, for example 

in complex microsurgery and transplantation surgery.  
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