
Vasoprotection as 

neuroprotection for the 
optic nerve 

Neuroprotective measures may in the future be 
able to slow the cellular damage and cell death 
within the eye that characterises glaucoma, 
anterior ischaemic optic neuropathy (AION) 
and age-related macular degeneration (AMD).l 
However, preventing cell injury by preserving 
adequate nutrient delivery - so-called 
vasoprotection - may also help manage these 
diseases. 

Ischaemia, hypoxia and hypoglycaemia 
reduce oxygen or glucose delivery to neural 
tissue. Maintaining adequate nutrient supply 
consequently provides 'vasoprotective' effects. 
The relationship of vasoprotection to 
neuroprotection exists on several levels. First, in 
cell culture, hypoxia, ischaemia or anoxia are 
routinely used to accelerate neuronal death, 
allowing cellular injury and potential 
neuroprotective interventions to be studied. 
Second, within the brain itself, ischaemia (and 
subsequent reperfusion) induced by stroke or 
cardiac insufficiency is a major cause of 
morbidity and mortality? Clearly, in this 
instance, vasoprotection has failed, and 
development of novel neuroprotective 
techniques is essential for progress. Third, 
emerging evidence finds that experimentally 
imposed ischaemic insults can generate the 
specific biochemical and histological changes 
seen in Alzheimer's disease. These results taken 
together suggest that the cellular pathological 
response to vascular insufficiency can be 
extraordinarily diverse. Finally, while the role 
that ischaemia may play in glaucoma, AION 
and AMD remains unresolved, at least a subset 
of these patients may suffer from a primary 
ischaemic insult? 

In cell culture, hypoxia and glutamate (an 
excitotoxic agent) each accelerate the death of 
retinal ganglion cells.4 Identical in their effects, 
these two cell stressors are used to study agents 
that may decrease cellular susceptibility to 
necrosis or apoptosis. For example, a non
competitive N-methyl--D,L--aspartate (NMDA) 
receptor antagonist, MK-801, increases neuronal 
resistance to hypoxic or glutamate toxicity, as 
does the presence of Muller glia.4 Similarly, a 72 

kDa heat shock protein, synthesised by cells 
under sublethal stress, increases subsequent 
cellular resistance to glutamate or hypoxia.s 
Further, endogenous nitric oxide may be 
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potentially cytotoxic, since nitric oxide synthase 
inhibitors reduce neuronal susceptibility to 
either glutamate or hypoxia.6 Some of these 
strategies may eventually, after questions 
regarding treatment delivery and side effects 
are resolved, play neuroprotective roles in 
ocular disease.l,3 

Ischaemic-reperfusion injury in the brain 
involves the acute, subacute and chronic cellular 
responses of neurons, glia and vascular 
endothelium? Neuronal loss is associated with a 
delayed proliferation of reactive microglia, and 
with reactive astrocytosis. Since stroke 
represents a failure of vasoprotection, research 
has focused upon the possibility for 
neuroprotective mitigation of these cellular 
pathological responses. For example, because 
mice that overexpress mitochondrial manganese 
superoxide dismutase resist eNS neuronal 
ischaemic cell death, superoxide and 
peroxynitrite production may represent 
blockable targets to reduce cellular susceptibility 
to insult.s In contrast, mice deficient in the 
interleukin-l-beta converting enzyme show 
reduced brain injury during ischaemia, 
suggesting that this regulatory factor for both 
inflammation and apoptosis may be a target for 
therapeutic intervention? Because cells 
undergoing ischaemic injury express a variety of 
proteins, identification of these markers in 
ischaemic retinal ganglion cells, photoreceptors 
and retinal pigment epithelium could increase 
understanding of factors mediating cell damage 
or loss, and provide future targets for 
intervention, in ocular disease.9 

While stroke clearly represents a failure of 
vasoprotection of the brain, there is emerging 
evidence that experimentally imposed vascular 
deficiency can cause the specific pathological 
changes seen in the neurodegenerative 
dementias such as Alzheimer's disease. For 
example, presenilin-l and -2, amyloid precursor 
protein and apolipoprotein E, all Alzheimer's
related genes, are induced by ischaemia.lO 
Because cerebral ischaemia and hypoxia 
stimulate astrogliosis and angiogenesis, clusters 
of reactive astrocytes expressing increased 
vascular endothelial growth factor in 
Alzheimer's disease may arise from ischaemia 
or oligaemiaY Further, tau dephosphorylation 
occurs in Alzheimer's disease and after oxygen 
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or glucose deprivation.12 One possible mechanism by 
which oestrogen treatment may prove beneficial to 
Alzheimer's patients is by reducing overexpression of 
amyloid precursor protein mRNA after focal ischaemia 
in the rat brainY 

These multiple pathological changes subsequent to 
simple ischaemic insult reveal the diverse cellular 
responses to nutrient insufficiency. Pathological changes 
may be influenced by the specific nutrient deficiency, by 
the metabolic capacities of the affected cells, and by the 
severity and duration of the insult. For example, 
although the acute response to cerebral ischaemia is 
neuronal necrosis, the prolonged response includes 
abnormal deposition or beta-amyloid precursor 
protein.14 Beta-amyloid precursor protein can appear in 
regions devoid of overt ischaemic neuronal damage, 
suggesting that subclinical nutrient insufficiency can lead 
to specific neuronal pathologies.14 

While ischaemia clearly provokes eNS neuronal 
damage in vitro and in vivo after stroke or cardiac 
insufficiency, and may play a role in the pathology of 
Alzheimer's disease, ischaemia as a factor in glaucoma, 
AION or AMD remains controversial. Although there are 
unambiguous circulatory deficits in each of these 
diseases, vascular abnormalities in the retina, choroid, 
retrobulbar vessels or optic nerve head may be either 
primary or secondary to non-vascular events?,15 For 
example, glaucoma patients exhibit delayed choroidal 
filling,16 increased vascular resistance distal to 
retrobulbar arteries17 and reduced retinal capillary 
perfusion.18 The available experimental evidence is 
insufficient to determine whether these changes 
predispose to glaucoma or whether they simply reflect 
vascular adjustments to a more fundamental loss of 
retinal ganglion cells and photoreceptors. In AMD, 
vascular resistance within the choroid is elevated,15 
delaying choroidal filling in proportion to the slowing of 
the foveal cone electroretinogram.19 Again, 
choriocapillaris ischaemia could give rise to this illness, 
or instead, these vascular changes may emerge in 
response to an earlier lesion linked to senescence of the 
retinal pigment epithelium.15 The existence of an original 
vascular lesion is most clearly established in arteritic 
AION, in which massively delayed choroidal filling 
occurs as a consequence of posterior ciliary arterial 
occlusion,z° The vascular factors in the more common 
idiopathic non-arteritic AlON are less clear, although 
delayed prelaminar filling of the oedematous disc in the 
acute stage of the illness supports the concept of an initial 
vascular lesion.21 The association of the disease with 
ischaemic heart disease, hypercholesterolaemia, diabetes 
and nocturnal hypotension also suggests that circulatory 
dysfunction may be involved.22,23 However, the precise 
roles that nocturnal hypotensive episodes, defective optic 
nerve head blood flow autoregulation, vascular 
endothelial dysfunction or small disc area may play in 
the aetiology of this illness have yet to be specified.21 

In conclusion, ischaemia can provoke a diverse array 
of pathological changes in the central nervous system, 
the specific lesions apparently depending upon both the 

duration and the severity of the vascular insult, and 
upon the structure and cellular capacities of the tissues 
affected. While the critical experiments have yet to be 
performed, the possibility remains open that the 
distinctive pathologies of glaucoma, AMD and AION 
could all arise in toto or in part from compromised 
delivery of nutrients to ocular tissues. If this hypothesis 
is borne out, vasoprotection may yet prove to be a 
primary avenue for disease prevention across a wide 
range of ocular illnesses. 
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