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Figure 3 Plot of ARMD grade versus glucose-6-phosphate

dehydrogenase (G-6-PDH) activity in umol NADPH
generated/mg haemoglobin per minute.

blood cell enzyme activity and disease severity.
There was no significant association for any of
the enzymes (Table 3). In addition, none of the
covariables had a significant impact on anti-
oxidant enzyme activity. Ordinal regression
analysis was performed to evaluate the predic-
tive value of antioxidant enzyme activity for
each enzyme on severity of ARMD, and once
again no significant association was found.

In a separate analysis, three new stages were
defined by combining previously defined
stages of disease: stage 1 remained as a single
level (level 1); stages 2 and 3 were combined
(level 2); and stages 4 and 5 were combined
(level 3). Once again there was no significant
association between severity of ARMD and
antioxidant enzyme activity when stages were
grouped into these new levels.

Discussion

Oxidative damage is a form of tissue injury
which is initiated by reactive oxygen species
known as free radicals. These reactive mole-
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Figure 4 Plot of ARMD grade versus glutathione
peroxidase (GSH-Px) activity in umol NADPH
consumed/mg haemoglobin per minute.
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cules can form during the course of normal
aerobic metabolism or as the result of a par-
ticular insult such as light exposure. Complex
defence mechanisms against such damage exist
in tissues exposed to oxidative stress. However,
when defences are inadequate, damage can
result. The final consequence of oxidative
damage includes loss of normal structural and
functional integrity of cells.

Within the eye, these damaging reactions
have been proposed to be involved in the
pathogenesis of ARMD.2* The retina is con-
sidered to be especially at risk because
photoreceptor membranes contain extremely
high levels of polyunsaturated fatty acids,
which are molecules particularly susceptible to
these damaging reactions.!¢ In addition, the
high metabolic rate and exposure to light may
contribute to an underlying oxidative stress. A
wide variety of protective mechanisms exists.
Protective vitamins such as a tocopherol func-
tion to quench free radicals and thus prevent
propagation of the damaging reactions. In
addition, antioxidant enzymes such as super-
oxide dismutase catalyse reactions which
prevent the damaging reactions induced by
free radicals. Catalase and the glutathione
enzyme system function to prevent the
damaging effects of hydrogen peroxide.
Glucose-6-phosphate dehydrogenase partici-
pates indirectly by catalysing the generation of
reduced nicotinamide adenine dinucleotide
phosphate, a necessary cofactor for the protec-
tive glutathione system.

The protective effect of antioxidant sub-
stances in ARMD is suggested by the finding
that a high blood antioxidant index (composed
of blood levels of vitamins E, C, selenium, and
carotenoids) is associated with a decreased risk
for development of neovascular ARMD.6
These results imply that oxidative damage is
involved in development of neovascular
ARMD. However, there is no conclusive
evidence that an increased susceptibility to
oxidative stress exists in patients with the
disease. Concerning treatment options, further
studies (such as the National Eye Institute
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Figure S Plot of ARMD grade versus glutathione
reductase (GSSG-Red) activity in umol NADPH
consumed/mg haemoglobin per minute.
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sponsored Age-Related Eye Disease Study) are
necessary before it can be concluded that sup-
plemental antioxidant substances are of benefit
in ARMD.

It has been proposed that patients with
ARMD have lower levels of particular antioxi-
dant enzymes compared with age-matched
controls,®® and that this deficiency may be
related to development of disease. The finding
of lower levels of superoxide dismutase and
glutathione peroxidase in small series of
patients compared with controls led one group
to propose that red blood cells can be used as a
biological index for studying progress of
disease in ARMD.® The patient numbers in
these studies were smaller than in our study.

In this report, we investigated further
whether an association between ARMD sever-
ity and particular major antioxidant enzyme
levels in red blood cells exists. Such an associ-
ation, if present, would imply that a particular
blood antioxidant enzyme level may be a
marker or risk factor for disease progression.
To evaluate this possible association, we
needed to define a grading system of increasing
levels of severity of aging macular changes. It is
known that ARMD is a heterogeneous disease.
We chose a grading system consisting of five
subgroups of increasingly severe macular
findings of aging individuals. Stage 1 includes
participants with either a normal macular
examination or few small hard drusen. A few
small hard drusen in the macula of elderly
individuals is a common finding and a normal
aging variant, and not a definite risk factor for
progression to exudate disease. The presence
of pigment changes and large drusen of the
macula (stages 2 and 3, respectively) represent
minor changes of aging maculopathy which
may cause minor vision loss. These changes
are possible risk factors for exudative disease
and more severe vision loss.!” Stages 4 and 5
(geographic atrophy of the retinal pigment
epithelium and exudative maculopathy,
respectively) are the classic manifestations of
ARMD which are commonly associated with
severe vision loss.

Using this grading system in our analysis, we
found no evidence for an association between
severity of aging maculopathy and antioxidant
enzyme activity. One possible reason for the
lack of identified association is that our grading
system may not adequately represent a stratifi-
cation of disease severity. However, even when
stages were combined with comparison of
more severe (stages 4 and 5) to less severe
(stages 3 and 2) and normal (stage 1), the lack
of association persisted. Although our results
are limited by small sample size and variability
of sample size subgroups with different ARMD
severity, there is clearly no trend for an associ-
ation between severity of ARMD and antioxi-
dant enzyme activity for any of the enzymes
evaluated. The lack of an effect of age on
enzyme activity was supported by results of
other investigators.!8 It is possible that a much
larger sample size may show a trend for one or
more enzyme activities to change with ARMD
severity, but such a change would more than
likely be so small that it would not be a practi-
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cal clinical tool to screen for susceptibility to
ARMD or study disease progression. In addi-
tion, it is possible that antioxidant enzyme
activity correlates with presence of a particular
subset of patients with ARMD. A larger
sample size for each stage would be of use in
analysing this possibility further. Finally, there
may be an interaction of oxidative stress with
other aetiological factors, such as a possible
susceptibility gene. A more detailed knowledge
of aetiological factors may provide further
insight into the exact role of oxidative stress in
ARMD.

The techniques for assay which we used dif-
fered from those of other investigators.?®
However, we do not believe that our results
were limited by experimental technique in
measurement of enzyme activity. The enzyme
activities which we measured tended to be
higher for most of the enzymes. One investiga-
tor, who found differences in glutathione
reductase and peroxidase in patients with
ARMD, stored plasma samples at —70°C after
venepuncture. We found that freezing at
—70°C resulted in a decline in enzyme activity
over a few days, which may account for the
increased activities which we measured. The
time interval between phlebotomy and clinical
assay may contribute to variability of results.
However, this interval was kept at no more
than 24 hours. In our experience, no signifi-
cant decline in enzyme activity occurs in this
interval (unpublished results). In addition, the
assay results at the time of patient examination
were performed in duplicate, and showed good
reproducibility.

Using similar assay techniques, we have
previously identified a significant effect of age
on the difference between the macular and
peripheral superoxide dismutase and gluta-
thione peroxidase specific activity of human
cadaver retina.!? There was a significant decline
in peripheral superoxide dismutase activity in
the periphery with age, and the difference
between glutathione peroxidase activity
between the macula and periphery increased
with age. Further research is in progress to
evaluate the basis of this difference, which may
in part be the result of differential cell loss with
age between the macula and periphery.

Clearly, additional research is needed to
further evaluate the role of oxidative stress in
ARMD. We conclude from these results that
antioxidant enzyme activities for the major
enzymes evaluated in the red blood cells of
individuals with ARMD are not useful corre-
lates of disease severity. There is no evidence
for an underlying systemic oxidative stress as
measured by antioxidant enzyme activities in
red blood cells of patients with ARMD.
Further research is needed to understand the
role of oxidative damage in this important dis-
order of aging.
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