KIN 437, Lecture 12


I. Experimental Strategies for Central Nervous System Repair

A. Animal and human experiments

1. most have been tested in animal models of injury and been shown to be beneficial for improving recovery in animals

2. some therapies have gone through clinical trials or have been tried in humans with varying results

3. why are the effects of these therapies different in animals vs humans?

B. Pharmacologic interventions

1. drugs for Parkinson’s disease

a. Dopamine neurons are depleted in Parkinsons’ disease

b. L-dopa is a dopamine precursor (dopamine does not cross blood brain barrier) and works as a dopamine replacement which improves motor symptoms

c. Dopamine receptor agonists (bromocriptine and pergolide) have also been used

d. These drugs are eventually ineffective and have side effects

2. drugs for spinal cord injury

a. noradrenergic agonists (i.e. clonidine) triggers stepping in acute spinal transected cats

b. mechanism may be related to denervation supersensitivity, i.e. 90% of noradrenergic pathways are eliminated after spinal cord transection, thus the target spinal neurons become more sensitive to noradrenergic agonists

c. inhibitory blockers (i.e. strychnine, bicuculline) triggers stepping in chronic poorly-stepping spinal transected cats

d. mechanism may be related to increased inhibition of spinal neurons after a transection, e.g. motor neurons are unable to be excited

e. methylprednisolone is given immediately after spinal cord injury in humans 

f. methylprednisolone may be to prevent secondary injury processes which lead to neuronal death by reducing inflammation an injury site 

C. Neurotrophic factors

1. neurotrophic factors ( i.e. brain derived neurotrophic factor, nerve growth factor, neurotrophin-3) are found endogenously in the CNS and promote the health and survival of neurons, stimulate and guide nerve fiber growth

2. after a CNS injury, the levels of neurotrophic factors temporarily increases suggesting a role in repair and reorganization and perhaps in neuroprotection

3. neurotrophic factors may be beneficial for a number of CNS injuries, including Alzheimer’s disease, spinal cord injury, etc.

4. delivery of neurotrophic factors is difficult since they do not cross the blood brain barrier

5. transplantation of genetically modified fibroblast cells into spinal cord lesion site can provide source of neurotrophins and has been shown to promote limited axonal growth through and/or around lesion site

D. Cell transplantation

1. it is thought that fetal neural cells are more plastic and may replace original neurons, provide a source of neurotransmitters or neurotrophic factors

2. transplanted tissue has been shown in rats to survive, integrate with host tissue and reduce some motor deficits after brain injury

3. the use of fetal tissue to treat Parkinson’s disease has been controversial

a. fetal substantia nigra tissue injected into the brain resulted in some long-lasting behavioral improvements

b. other studies have shown improvements lasting 5 years after fetal tissue implants

c. effect of fetal tissue is unclear but there’s evidence that it stimulates endogenous cells to grow rather than replacing lost neurons

d. ethical concerns regarding fetal tissue has limited research

4. embryonic stem cells can be used to make “new” neurons

a. embryonic stem cells come from fertilized eggs (in humans, from un-used fertilized eggs in fertility clinics)

b. embryonic stem cells are undifferentiated and can thus become any cell in the body, thus, they can potentially become a source of neural cells

c. current research is on learning how to “coax” embryonic stem cells into becoming neurons (rather than i.e. cancer cells, or other cells) by either growing them in dishes or implanting these cells in brain or spinal cord injured rats and see if they survive and become neurons and glial cells

E. Enhancing regeneration by overcoming inhibitors to growth

1. myelin inhibiting factors (proteins, e.g. Nogo-A) inhibit growth and plasticity in the CNS

2. antibodies to these myelin inhibitory factors can neutralize their inhibiting effects, thus enhance growth of axons

3. glial scars that form at the site of a spinal cord injury act as a barrier to axon growth

4. substances which break down the glial scar may improve recovery, i.e. chondroitin sulphate proteoglycans are a component of the glial scar and application of bacterial chondroitinase to injury site break down the barrier and promotes axonal growth and recovery in spinal cord injured rats

F. Treating demyelination

1. after spinal cord injury, axons are demyelinated which slows axon conduction

2. 4-aminopyridine blocks potassium channels in the neuron which restores action potential conduction and has been used with some success in people with spinal cord injuries

3. transplanted Schwann cells or olfactory ensheathing glial cells have also been shown in animals to improve function after spinal cord injury, possibly by improving myelination of axons

