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It has been well known that the CA1 sector of the hippocampus is extremely vulnerable to 
cerebral ischemia or severe epileptic seizure.  The vulnerability of CA1 neurons accounts for 
the cause of temporal lobe epilepsy since it is believed to arise from Ammon's horn sclerosis 
due to the loss of CA1 neurons.  On the other hand, since the hippocampus is the structure that 
functions in memory processing, the susceptibility of CA1 neurons is related to loss of 
short-term memory due to cerebral ischemia.  Following a brief forebrain (or global) ischemia 
for 5-10 minutes, most of CA1 neurons are selectively destroyed.  If the duration of ischemia 
is prolonged, ischemic damage expand to the striatum and cerebral cortex.  The brain lacks a 
tolerance to ischemic brain injury and is the most vulnerable organ to the state of energy failure 
that is caused by ischemia, anoxia, or hypoglycemia.  The hippocampus is the most vulnerable 
among those vulnerable structures in the brain. 
When the hippocampal CA1 region is subjected to a very brief ischemia (around 5 minutes), 
most of CA1 neurons are killed.  The process of cell damage, however, is extremely slow and 
delayed.  This characteristic of cell death process led to the nomenclature, "delayed neuronal 
death".  It takes for several days until overt morphological change of cell damage comes out.  
This delayed progression is seen not only in rodent but also in much larger animals including 
humans.  The process of delayed neuronal death has attracted wide attention among 
researchers of cerebral ischemia because the death process takes place selectively in neurons 
and glial cells and vascular endothelia remain intact.  It also attracted interest because the cell 
death process is very slow.  During this delayed cell destruction, the membrane potential 
recovers, and energy metabolism and glucose metabolism are restored to normal.  CA1 
neurons die as if they once recover completely and then they are killed 3-4 days following  
ischemia.  These characteristics prompted further investigations to solve the enigma of 
selective vulnerability of neurons to ischemia.   
Using delayed neuronal death as a model system, there appeared several facts that could govern 
the fate of the brain following ischemic insults.  One is that extracellular glutamate and 
intracellular free calcium are the determinants of ischemic brain injury.  However, this is yet to 
be proved and still remains hypothetical.  Another is that, once the brain is subjected to 
sublethal ischemia, it could acquire a transient tolerance to subsequent ischemia.  This property 
of the brain is common with general cellular response, but may be deeply related to survival and 
death of CA1 neurons.  The third finding is that CA1 neurons can regenerate at least in young 
adult rats following brief ischemia.  This regeneration takes place by activation of endogenous 
neural progenitor cells.  As a model system, delayed neuronal death in the hippocampal CA1 
sector is reliable and reproducible.  It will hopefully contribute to the discovery of new 



treatment strategy for ischemic brain injury in humans. 
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