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Although hyperglycemia caused either by glucose infusion or diabetes exaggerates brain 
damage induced by transient focal and global ischemia, the mechanisms of 
hyperglycemia-exaggerated damage have not been defined. The aim of current study was 
to determine whether hyperglycemia causes damage to the mitochondria in early stage of 
reperfusion following a transient global cerebral ischemia in rats.  
 
Two length of global cerebral ischemia were induced in Wistar rats. One is 30 min 
ischemia followed by 60 min of recovery in normoglycemic and acute glucose infusion 
induced hyperglycemic rats, Brains in these rats were fixed with 4% glutaraldehyde in 
0.1M cacodylate buffer (pH 7.4). The other is 15 min ischemia followed by 3 hrs 
reperfusion in sham operated and glucose infusion-induced hyperglycemic rats. The 
mitochondria were isolated using Percoll gradient method. Both samples were fixed with 
4% glutaraldehyde and processed for electron microscopic examination. The results 
showed that rats subjected to 30 min ischemia and 60 min reperfusion, the nucleus was 
relatively homogenous, the nucleolus was clearly visible, and mitochondrial morphology 
was normal in normoglycemic animals. In contrast, marked chromatin condensation, 
severe vacuolization and evident mitochondrial swelling, lucency, and loss of cristae 
were the features of hyperglycemic rats [2]. No apoptotic bodies were observed in any of 
the ultrathin sections examined. In agreement with the findings, mitochondria isolated 
after 3hrs of reperfusion following a 15 min ischemia showed severe swelling while the 
mitochondrial isolated from sham-operated control rats displayed predominantly normal 
morphology. 
 
The results suggest that pre-existing hyperglycemia augments ischemic brain damage by 
causing mitochondrial damage in early stage of reperfusion. This has been further 
supported by our studies showing that hyperglycemia causes early release of cytochrome 
c from the mitochondria to the cytoplasm and activates a mitohcondria-initiated cell death 
pathway after ischemia and reperfusion [1-3]  
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Figure 1. Nuclear and mitochondrial ultrastructural changes after cerebral 
ischemia and reperfusion in the cortex. NG: normoglycemia; HG: 
hyperglycemia. Arrows heads in the left panels point to nuclei and arrows in the 
right panel indicate swelling mitochondria. Arrowheads indicate normal 
mitochondria. Magnifications for left and right panels were 2,000X and 10,000X, 
resp Fig. 10. Ultrastructural changes of mitochondria Isolated from cortices of 
normal (Left) and ischemic (Right) rats with HG condition after 3 hrs of recovery. 
Arrows denote morphologically impact mitochondria and * denote swollen 
mitochondria. Bar=1 µm.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Ultrastructural changes of mitochondria Isolated from cortices of 
normal (Left) and ischemic (Right) rats with HG condition after 3 hrs of 
recovery. Arrows denote morphologically impact mitochondria and * denote 
swollen mitochondria. Bar=1 µm.  
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