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severe hypoxia, neurons die quite rapidly. When the insult is less severe, some
neurons can survive and some local growth occurs. Because central axons have
little ability to regenerate, the key to recovery from brain injury lies with the com
plex cellular events pertinent to the survival of neurons (see Chapter 23) that
have not been killed outright, and whose processes remain relatively intact.

Cellular and Molecular Responses to Brain Injury

There are two major reasons for the differences between successful peripheral
regeneration and the limited regeneration in the CNS. First, damage to brain
tissue tends to engage the mechanisms that lead to necrotic and apoptotic cell
death for nearby neurons whose process have been severed. Second, the cellu
lar changes at the site of injury do not recapitulate developmental signaling that
supports growth. Instead, there is a combination of glial growth and prolifera-
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Figure 25.8 Consequences of hypoxia/ischemia in the
mammalian brain. (A) Section through the brain of a 7-day
old mouse in which the carotid artery was transiently con
stricted. Nissl stain (see Chapter 1) was used to visualize cell
bodies. The lighter region (i.e., little or no staining) shows
the extent of cell damage and loss caused by this brief dep
rivation of oxygen. Cells in the higher magnification image
were stained for the neuronal marker Neu-N (red) and for
activated caspase-3, indicative of neurons undergoing
apoptosis. (B) Model of the primary mechanism for neu
ronal apoptosis after injury Apoptosis can be elicited by
excitotoxicity via excess glutamate, and by the binding of
inflammatory cytokines to receptors in the neuronal mem
brane. In addition, loss of neuronal connections to a target
and resultant deprivation of trophic support can initiate
apoptosis. Any or all of these stimuli. once present, result in
the removal of the anti-apoptotic gene BeI-2. Cytochrome c
is then released from mitochondria, activating caspase-3
and obligating the cell to apoptotic death as caspase-3
stimulates destructive changes in downstream molecules.
(A from Back et al., 2002.)




