
Response to Nervous System Damage: Degeneration, Regeneration, 
Reorganization, & Recovery  
- 4 neuroplastic responses of the brain to damage  

 
Neural Degeneration  
(Explain the various types of neural degeneration that ensure following 
axotomy) 
- Neural deterioration and death  
- Greatly influenced by nearby glial cells, activity of degenerating 

neurons, and particular cause of degeneration  
- In the lab, neural degeneration is often induced in a simple, controlled 

way – by cutting axons aka axotomy  
- 2 kinds of neural degeneration ensue  

a) Anterograde degeneration  
- Degeneration of the distal segment 
- From cut to synaptic terminals  

- Occurs quickly 
- Cut separates distal segment of axon from cell 

body, which is the metabolic center of the neuron 
→ becomes badly swollen and breaks into 
fragments 

b) Retrograde degeneration  
- Degeneration of the proximal segment  
- From cut back to cell body  

- Progresses gradually (~2-3 days) 
- Major changes become apparent in cell bodies s 

- Spread of degeneration from damaged neurons to neurons that are 
linked to them by synapses → transneuronal degeneration  
- Damaged neurons → neurons on which they synapse 
- Anterograde transneuronal degeneration 

- Damaged neurons → neurons that synapse on them  
- Retrograde transneuronal degeneration 

- Neural Degeneration in: 
- Parkinson’s Disease 
- Dopaminergic cell loss in substantia nigra with formation of 

lewy bodies 
- Poses a dense core of granular material, with main body 

comprised of ring-like filaments intermingled with 
degenerating organelles 

- Huntington’s Disease 
- Striatum receives excitatory glutamatergic input from cortex 
- Excessive excitatory glutamatergic input from cortex to basal 

ganglia → overstimulation of glutamate receptors in striatum 
→ excessive Ca2+ influx → neurotoxicity → loss of GABA 
neurons with consequent imbalance of dopaminergic system, 
GABAergic and cholinergic striatal neurons 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Neural Regeneration 
(compare neural regeneration within CNS vs PNS) 
- Regrowth of damaged neurons  
- Capacity for accurate axonal growth – higher vertebrates possess 

during their development – lost once maturity is reached  
 

CNS PNS 

non-existent 
 
some CNS neurons are capable 
of regeneration when 
transplanted to the PNS, 
whereas some PNS neurons are 
not capable of regeneration 
when transplanted to CNS  
 
→ environment difference that 
may promote regeneration;  
 
PNS: 
 
Schwann cells – clear debris and 
scar tissue resulting from neural 
degeneration and promotes 
regeneration by producing both 
neurotrophic factors and cell-
adhesion molecules (CAMs). 
 
neurotrophic factors → 
stimulates growth of growth 
cones and new axons  
 
CAMs → mark paths along 
which regenerating PNS axons 
grow  
 
CNS:  
 
Oligodendroglia – release factors 
that actively block regeneration 
 
Astrocytes – form glial scar after 
injury → presents a physical 
barrier to axonal regrowth and 
actively releases inhibitors of 
axonal growth  

 
hit-or-miss 

 
regrowth from proximal stump of 
damaged nerve usually begins 2-3 

days after axonal damage, once 
new growth cones have formed  

 
3 possibilities following, 

depending on nature of injury  
 

a) If original Schwann cell myelin 
sheaths remain intact, the 

regenerating peripheral axons grow 
through them to their original 

targets  

 
b) If peripheral nerve is severed and 

cut ends become separated, 
regenerating axon tips often 

grow into incorrect sheaths are 
guided by them to incorrect 

destinations 

 
c) If cut ends of a severed 
mammalian peripheral nerve 

become widely separated or if a 
lengthy section of nerve is 
damaged, there may be no 

meaningful regeneration at all; 
neurons grow in a tangled mass 

which ultimately die  

 
 
 
 
 
 
 
 
 
 
 
 
 
 


