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Introduction: Neonatal encephalopathy is often perinatally acquired and caused by 
hypoxia-ischemia (HI). Brain injury develops with a delay, over 12-48 hours, after the 
insult. Hypothermia, an established neuroprotective treatment, saves 1 infant in 9 from 
neurological deficits suggesting that there is room for further improvement. HI leads to 
cell death through multiple pathways, including apoptosis. The aim of this thesis was to 
investigate different apoptotic pathways and to explore possible apoptotic targets for 
future pharmacological treatment after perinatal brain injury. We investigated (I) the 
involvement of caspase-2 alone, (II) and in combination with hypothermia, (III) the role 
of c-Jun N-terminal kinase (JNK), and (IV) Cyclophilin D (CypD), a regulator of the 
mitochondrial membrane permeability transition pore. 

Materials and methods: Wild type (WT) C57BL/6 and transgenic mice with gene 
deletion of caspase-2 (I, II) and CypD (IV) were used in the ibotenate (excitotoxic)-
model (I), and/or Rice-Vannucci´s HI-model (I-IV) at postnatal day 5 (I) or 9 (I-IV). 
The mixed lineage kinase inhibitor CEP-1347 was used to explore the role of JNK after 
neonatal HI (III). 

Results: Caspase-2-deficient mice demonstrated less gray and white matter injury after 
both neonatal HI and an excitotoxic insult (I). Hypothermia provided additional 
protection in caspase-2 deficient mice (II). CEP-1347 was neuroprotective in the 
immature brain, by reducing apoptosis and attenuating microgliosis (III). CypD gene 
deficiency enhanced HI injury and Bax inhibitory peptide (BIP) reduced injury in the 
immature brain, whereas CypD deletion protected and BIP had no effect on brain 
damage in the mature mouse brain. Apoptosis was more pronounced in the immature 
CypD deficient mice than in WT controls, while adults showed minimal apoptotic 
activation. 

Conclusion: Apoptosis has a more prominent role in the immature brain and different 
pathways leading to cell death after HI are at play in the immature as compared to the 
adult brain. This suggests that different pharmacological interventions are required in 
the immature and the mature brain. We suggest that caspase-2 as well as Bax dependent 
mitochondrial permeabilization are important neuroprotective targets in neonatal HI 
brain injury. 
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