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OPHTHALMOLOGY

Oxidative stress in ocular disease:
Does lutein play a protective role?

Ithough age-related macu- radiation can damage photore-

lar degeneration and catar-  ceptor outer segments, inhibit
acts are leading causes of blind-  mitosis in the retinal pigment
ness, how they themselves are epithelium and choroids and has
caused is unclear. These diseases  been associated with photore-
are thought to result from dam-  ceptor degeneration and lipid
age caused, photochemically peroxidation.
and nonphotochemically, to var- Polyunsaturated fatty acids
ious cell types in the eye by ox- found in the lens and in the
idative stress. Because its protec-  photoreceptor membranes of
tive fibre cells do not renew the rods and cones of the retina
themselves, the lens is the ocular ~ are particularly susceptible to
structure most susceptible to damage. Their many double
oxidative damage. When the bonds predispose them to oxi-
underlying epithelial cells are dation, which in turn causes
exposed to the action of exoge- lipid radicals to form. This ini-
nous and endogenous reactive  tiates a cytotoxic cascade that
oxygen species, the crystallin  makes these fatty acids unavail-
proteins in the lens cross-link able to the lens and photorecep-
and aggregate, and cataracts are  tor membranes and results in

produced. losses in function and structural
The retina, which uses more integrity.
oxygen than any other tissue in The carotenoid pigment lu-

the body, is also susceptible to  tein (found in egg yolk, corn,
damage. Long-term exposure to  and various yellow and green

fruits and vegetables) also oc-
curs in certain ocular tissues,
specifically the macular pigment
of the retina and the epithelium
and cortex of the lens (Fig. 1).
Lutein may play a role in slow-
ing the age-related degenera-
tion of these tissues, both di-
rectly as an antioxidant and
indirectly by absorbing blue
light. There is a biochemical ra-
tionale and some in vitro evi-
dence for this effect.

The OH functional group
on the lutein molecule’s €-
ionone ring makes it susceptible
to oxidation. The results of in
vitro studies indicate that lutein
directly protects against oxida-
tive stress by reducing photo-
sensitizers and singlet oxygen,
reacting with free radicals and
retarding the peroxidation of
membrane phospholipids. Addi-
tionally, the double bonds on
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Fig. 1: Cross-section of the eye. Lutein, which is indicated with yellow, is found in the epithelium and

cortex of the lens and the macula of the retina.

CMAJ  OCT. 11, 2005; 173 (8)

ANALYSIS

861

© 2005 CMA Media Inc. or its licensors



ANALYSIS

862

the polyene chain can readily be
oxidized by reactive oxygen
species, thus preventing the oxi-
dation of valuable cells.

One of the limiting factors in
demonstrating the effects of
lutein on oxidation lies in the
difficulty of measuring the ox-
idative stress of the retina.
There is evidence to support the
antioxidative properties of lutein
in vitro, where its oxidative
capacity is determined by
examining its effect on low-
density lipoprotein oxidation or
on the oxidative damage of
DNA in lymphocytes. However,
measuring the oxidative role of
lutein in vivo is challenging be-
cause markers of oxidation, such
as the oxidation products of
lutein, are unstable and may re-
flect oxidative stress in tissue.
The few studies that measure
biomarkers of oxidation have
not found that lutein mediates
oxidative stress.

Lutein may also prevent ox-
idative stress indirectly by ab-
sorbing blue light. Exposure to
blue light results in the forma-
tion of free radicals that con-
tribute to oxidative stress in the
retina. Epidemiologic evidence
suggests that lutein may reduce
blue light intensity by 40%-
90%." It is thought that, by ab-
sorbing short-wave blue light
before it is processed, lutein
may reduce photochemical
damage of the retina and in-
crease visual acuity, thus reduc-
ing the development of age-
related macular degeneration.

No randomized trials have
been performed to study the ef-
fects of lutein on age-related
macular degeneration or cata-
racts. The existing epidemiolo-
gic evidence is mixed. The
Beaver Dam Eye Study prospec-
tively examined nutrient intake
in relation to the incidence of
nuclear cataracts.” Overall, 246
of the 1354 participants re-
ported cataracts.” Higher intakes
of lutein and its isomer zeaxan-

thin were associated with a de-
creased incidence of cataracts.?
More specifically, the odds ratio
for cataracts in the quintile with
the highest intake of lutein
(mean intake 1245 ¢
lutein/4.18 MJ) compared with
the lowest intake quintile (mean
intake 298 g lutein/4.18 M])
ranged from 0.4 (95% confi-
dence interval [CI] 0.2-0.8) for
people younger than 65 years of
age to 0.8 (95% CI 0.4-1.7) for
people older than 65 years.?
Similar outcomes were also ob-
served in 2 larger studies. The
results of the Nurse’s Health
Study and the U.S. Male Health
Professionals Study showed
that, after controlling for risk
factors, people with higher
lutein and zeaxanthin intakes
were at decreased risk of
cataract extraction.”* In the
Nurse’s Health Study, those in
quintile 5, with a mean lutein
and zeaxanthin intake of
11 685 pg, had a relative risk of
cataracts of 0.88 (95% CI 0.75-
1.03) compared with those in
quintile 1, whose mean lutein
and zeaxanthin intake was
1172 pg. Similarly, in the U.S.
Male Health Professionals
Study, those in quintile 5, with a
mean lutein and zeaxanthin in-
take of 6871 pg, had a relative
risk of cataracts of 0.81 (95%
CI 0.65-1.01) compared with
those in quintile 1, whose mean
lutein and zeaxanthin intake was
1300 pg.*

In contrast, Mares-Perlman
and colleagues conducted one
of the largest epidemiologic
studies in this area, using data
from the third National Health
and Nutrition Examination
Survey; among 8222 partici-
pants over 40 years of age, no
inverse relation was found be-
tween dietary lutein and zeax-
anthin intake and photographic
evidence of early or late macu-
lar degeneration.” However, no
randomized clinical trials have
been performed that examine
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the preventive effect of lutein
against cataract formation.

Oxidative stress is a likely
cause of age-related macular
degeneration and cataract for-
mation. Because lutein occurs
natually in these tissues, the po-
tentially protective effects of its
antioxidative and photochemical
properties are intriguing. Addi-
tional trials that confirm a pro-
phylactic role for lutein against
age-related degenerative pro-
cesses are worth pursuing as a
potential avenue for preventing
ocular disease.
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