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Oxygen free radicals and retinopathy of prematurity

In this issue, the paper by Klaeger and colleagues (p 429)
touches on the ever controversial subject of the role of
hyperoxia and oxygen radicals in the aetiology of retino-
pathy of prematurity (ROP). During the past several years,
since ROP was first described, it has been recognised that
oxygen toxicity was the crucial factor in the pathogenesis of
this disease: in particular, exposure to a higher oxygen
tension, Po2 800/o-90%. The uncertainty still remains,
however; for example, exposure to a lower - that is, normal,
oxygen tension (Po2 21%) was not found to eliminate this
disease entirely. Therefore, additional factors, such as
inadequately developed antioxidant protective mechanisms
associated with prematurity and prolonged high intensity
light exposure have also been implicated in the exacerba-
tion ofROP. Particularly, phototoxicity is enhanced by lack
of retinal maturity, small elevations in body temperature
and hypopigmentation.
The reactive oxygen radicals, also known as reactive

oxygen metabolites, include superoxide, hydrogen peroxide,
and the secondary radicals derived from these primary
species in the presence of trace metals.' The normal meta-
bolic production of superoxide and hydrogen peroxide is
catabolised by various antioxidant enzymes including super-
oxide dismutase (SOD).2 The balance between the produc-
tion and catabolism of oxygen metabolites is essential in
maintaining normal physiological conditions. In a hyperoxic
environment, superoxide can be produced by a one electron
reduction of oxygen and the electrons required for this
process are likely to arise from the mitochondrial metabo-
lism, unsaturated fatty acids in the cellular membranes, and
photochemical reactions. Therefore, an increased level of
superoxide found in the retina under hyperoxic conditions
suggests either overproduction of superoxide or a reduced
level of SOD, such as is found in prematurity.3

Several investigators have developed animal models of
ROP, using kittens, puppies, newborn rats and mice.
When exposed to 80% oxygen, newborn rats and mice
develop several vascular changes in the retina, known as
oxygen induced retinopathy (OIR); these changes appear
to mimic the vascular alterations noted in ROP. Two
hypotheses have evolved in an attempt to rationalise the
pathogenesis of OIR.45 These include: (1) hyperoxia/
hypoxia phase theory, and (2) gap junction formation
theory. In the former, an initial hyperoxic phase is believed
to induce vasoconstriction, followed by an abnormal vaso-
proliferation in the subsequent hypoxic phase when the
animals are returned to a room air environment. In the sec-
ond theory, hyperoxia activates the formation of extensive
gap junctions between adjacent vasoformative spindle
cells, interfering with their normal migration and canalisa-
tion for the vessel formation.

In the hyperoxia/hypoxia phase theory, no direct effect
of oxygen free radicals has been demonstrated. The arteri-
olar constriction could be a mere autoregulatory response,
serving to protect the tissues from the excess oxygen. The
role of oxygen radicals in abnormal vessel constriction or
termination is likely to be that of an activator, which trig-
gers the synthesis of other contributory factor(s), such as
thromboxane.6 The involvement of reactive oxygen
radicals in gap junction formation, however, is plausible in
view of reports indicating that reactive oxidants damage

the cellular tight junctions, resulting in gap junction for-
mation.7 Vitamin E supplementation of premature infants
has been shown to suppress this gap junction formation
between spindle cells of the developing retina, supporting
the involvement of oxygen radical induced autoxidation in
gap junction formation.7

Attempts to prevent the emergence of OIR, or ROP, by
systemic administration ofantioxidants or radical scavengers
have met with less than total success in the past. Klaeger et al
evaluated the efficacy of CuZn superoxide dismutase
(CuZnSOD) in OIR in mice. A threefold increase in tissue
CuZnSOD level was accomplished using CuZnSOD
transgenic mice. The increased level of CuZnSOD,
however, failed to mitigate either the incidence or the
severity of OIR.

It is entirely possible that antioxidant supplementation
studies in vivo merely reflect inadequate experimental
design with respect to dosage, severity of disease, and route
of administration. This concern was shared by Klaeger
et al. It is also conceivable that the effectiveness of an
antioxidant enzyme requires the presence of this enzyme at
the correct site. The cytoplasmic CuZnSOD and mito-
chondrial MnSOD are strategically localised within
the cells for effective removal of the superoxide generated
by normal metabolic processes. The translocation of
SOD and the scavenging of superoxide generated in other
intracellular or intercellular locations have never been
evaluated.
The hypothesis that the reactive oxygen species are the

major factors in the aetiology of OIR remains partially
proved from the studies carried out by Klaeger et al. In the
animal models of hyperoxia, removal of oxygen radicals
from the retinal tissues may depend on the site of genera-
tion and the availability of antioxidant enzymes at that par-
ticular site. In addition, hydrogen peroxide formed from
excess SOD may not be properly disposed of because of
insufficient levels of catalase and glutathione peroxidase
present. Further in depth studies with transgenic animals
or other animal models, with a proper dosage and the
effective delivery of antioxidant enzymes in combination,
may be fruitful in resolving some of the controversies
related to the aetiology and prevention of ROP.
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