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Introduction: Hypoxia-ischemia (HI) in the neonatal period causes lifelong sensory-motor, learning and 
behavioral deficits. Following neonatal HI, neuronal cell death in the striatum and thalamus occurs along an 
apoptosis-necrosis continuum. Phenotype of cell death in the developing brain is dependent on the expression of 
subtypes of glutamate receptors, the propinquity of developing neurons to the cell cycle, and the degree of axonal 
collateralization (1). However, the fundamental mechanism driving the continuum is gradiations in energy supply 
and mitochondrial function following neonatal HI.  We sought to determine the mitochondrial structural and 
biochemical correlates of the phenotypes of cell death found in the striatum and thalamus following neonatal HI. 
 
Methods: With instutional approval, the Rice Vannucci model, (unilateral carotid ligation + 2h of hypoxia, 
FiO2=.08) was used to cause brain injury in p 7 SD rat pups.  
 
For electron microscopy (EM), animals are anesthesized and perfused with 2% gluteraldehyde/2% 
paraformaldehyde 0.1M PBS for 30m at 4ml/m). Samples are post fixed (1h) in 2% osmium tetraoxide, 
dehydrated, flat embedded in resin, mounted in an Epon block, cut into semi-thin and ultra thin sections. Ultra-
thin sections are stained with uranyl acetate and lead citrate and viewed with PHILIPS Bio Twin CM 120 
transmission electron microscope.  
 
For mitochondrial complex IV activity assays, after anesthesia, pups are decapitated and regional dissections are 
done quickly and tissue frozen on dry ice.  2 hemi-striatum, and 2 hemi-thalami from the ipsilateral brain are 
pooled and homogenized. Samples are obtained at 3, and 6h following HI.  1% cytochrome C is mixed in 10mM 
of K PO4 buffer, 20ug of sample is added and absorbance at 550nm is recorded at 15, 30, 45, and 60 s. 
 
Results: When comparing the ultrastructure of striatal neurons dying with a continuum signature to thalamic 
neurons that die with more classic features of apoptosis, mitochondria in the striatal neurons have marked 
disruption of structural integrity by 3 hours after HI, with >70% damaged.  In contast, in thalamic neurons, 65% 
of mitochondria have normal ultrastructure at 3 h and 40% retain a normal morphology at 6 h.  These data are 
closely mimicked by mitochondrial complex IV activity.  By 3 h after HI, complex IV activity in the striatum is 
<45% of control, in contrast to the thalamus where activity is maintained, 116% of control.  At 6 h, complex IV 
activity remains suppressed in the striatum and is falling to 75% of control in the thalamus.  Expression of 2 of the 
cytochome oxidative protein subunits, COX I and COX IV, also reflect this striatal/thalamus difference.  In the 
striatum, COX I and IV are 80% and 60% of control at 3 h, whereas they are maintained at 116% and 105% of 
control in the thalamus.   
 
Discussion: Northington et al has shown that neurodegeneration of striatum and thalamus proceeds thru acute and 
delayed phases and at different rates. (2) Cell death in striatum evolves primarily from necrotic to a continuum 
phenotype following neonatal HI and cell death in the thalamus is a combination of contiuum and apoptotic 
phenotypes. In this study, we found different preservation of mitochondrial oxidative protein expression and 
different preservation of complex IV activity in mitochondria from striatum and thalamus following neonatal HI 
which may determine the differences in phenotype of cell death seen in these two regions. These findings were 
confirmed by EM, where striatal neurons have marked disruption in mitochondrial ultrastructure at 3 and 6 h 
following HI compared to neurons in the thalamus. Ultimately, understanding the energetics of cell death 
following neonatal HI will allow us to begin to make rational interventions for neonatal HI based on time 
following HI, region of injury and type of cell death.   
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