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The Eye and Vision
Of all our senses, vision is most highly valued. It
involves a complex set of physical, chemical and
nervous processes. Defects in any of these
processes will affect our ability to see the world
around us. The image is formed by light passing
through the air-cornea interface, where the major
focusing occurs. This is followed by focusing at
the eye lens and at the vitreous humor, and
finally forming an image on the retina. Interaction
of light with rhodopsin starts the visual trans-
duction cascade, closing cGMP-gated calcium
channels, which triggers the nerve impulse in the
retina, leading to an image which the optic nerve
passes on to the brain.

As we grow older, our vision can be impaired by
several diseases of vision.  Most common is
cataract, which by age 75 affects approximately
half the population.  Cataract is the most
common cause of blindness worldwide.  In the
United States, operations to replace the eye lens
with a plastic intraocular lens number more than
the sum of the next five most frequently
performed surgical procedures, and account for
the largest single line item (over $4 billion, 12%
of the total budget) in US Medicare.  The major
cause of blindness in western countries is age-
related macular degeneration (AMD), which
affects about 20% of the population age 75 and
older.  Unfortunately, unlike cataract, which can
be treated surgically, macular degeneration is
not generally viewed as susceptible to surgical
intervention. However, Jorge Vasco-Posada in
Medellin, Columbia, has developed a procedure
that in individual cases has significantly
improved vision in those with AMD.  Recently
several other interventions, including photody-
namic therapy, laser photocoagulation and irra-
diation have shown limited effectiveness in
treating AMD.   Glaucoma, which causes progres-
sive loss of peripheral vision, also increases in
prevalence with age.   Since oxidative damage
appears to be involved at some stage of progres-
sion of all three of these eye diseases, preven-
tion or at least reduction of risk of these
diseases may be possible using antioxidants.  

Cataract Risk Reduction and Vitamins E and C  
The lens is the only organ in the body that
contains our entire life history.  Lens cells are
laid down, like tree rings, at approximately one
cell layer per day at the periphery of the lens in
the lens cortex. This stress which weakens cell
defences may result in damage being expressed
many years later, because the damaged cells die
prematurely, and form opacities in the lens.
These are seen as cloudy areas, and are termed
cataracts when they interfere with vision.  

Packer 1 has suggested, that most cells have
multiple interconvertible antioxidant defences
including small molecules, vitamins E and C,
lipoic acid, glutathione and cysteine, as well as
enzymic antioxidant defences which include glu-
tathione peroxidase, superoxide dismutase, and
catalase. Similarly, recent studies which have
implicated homocysteine elevation suggest that
B vitamins B12, folate and pyridoxine (B6) may
act as antioxidants in lowering homocysteine
concentration 2. Vitamin C can regenerate toco-
pherol (vitamin E) from its oxidized form, the
tocopheroxy radical 3,4.  Vitamin C and glu-
tathione also can regenerate each other.

There is evidence that antioxidants reduce

cortical cataract risk by protecting mitochondrial
integrity. Damaged mitochondria release
calcium: calpain activation leads to proteolysis
of crystallins 5 and the cytoskeletal protein
spectrin/fodrin 6. Loss of the rigid cytoskeletal
framework can result in cell membrane blebs,
which scatter light resulting in the typical milky
appearance of a cortical cataract. In vitro antioxi-
dants protect mitochondrial integrity, preventing
elevation of intra cellular calcium and lens
opacification. In aging humans, a study showed
that vitamin C supplementation reduced cataract
risk by 74% 7,8, while vitamin E reduced cataract
risk by 56%. Vitamins E and C together also
reduced risk by 72%.  Taylor's group 9 found
similar risk reduction for vitamin C supplementa-
tion, which only achieved significance after 10
years of supplementation. Other antioxidants
such as lycopene 10 did not reduce cataract risk,
although lutein and zeaxanthin11 did.  Taurine
although an osmotically regulated amino acid,
also functions as an antioxidant 12,13.

MACULAR DEGENERATION: Non-Visual
Interactions of Light with Biomolecules
The energy of light photons depends inversely on
their wavelength. Thus, photons of blue light and
ultra violet light have higher energy. When these
photons interact with rhodopsin, forming the
image on the retina, they function appropriately
for vision.  Interaction with light of vitamins such
as riboflavin can result in free radical formation 14.
Herbal remedies can also contribute reactive
oxygen species: St. John’s wort, commonly used for
depression, contains an active component,
hypericin, which 15 can be activated by light,
producing singlet oxygen by transferring its energy
to oxygen molecules. Such transfer of energy
damages retinal and lens cells in tissue culture 16.

Why Blue Light Damages the Retina
Blue light can form singlet oxygen and even
oxygen free radicals. Because the retina has a
high content of polyunsaturated fatty acids,
damage to the retina results in the formation of
oxidized proteins, lipid peroxides and hydroper-
oxides. The oxidized proteins appear to clog the
proteasomes, so that unrecycled proteins accu-
mulate. These may be precursors of drusen,
blobs of oxidized hydrophobic proteins and
lipids, which characterize macular degeneration.
Drusen can be hard or soft depending usually on
the individual and their appearance (dry macular
degeneration) characteristically is followed by
growth of new blood vessels (neovascularization)
termed wet macular degeneration.

Protection of Retina by Lens Sunscreen
Molecules
The eye lens also contains a light-absorbing
sunscreen molecule 3-hydroxykynurenine (3HK)17

formed by metabolism of tryptophan. Its accu-
mulation with age results in the increasing
yellow colour of the aging human lens, due to
the absorption of higher energy blue light
photons by 3HK and its glucoside 18,19.  These
molecular sunscreens also protect the retina
from damage by blue light. Unfortunately no
attempt has been made to duplicate the natural
lens absorption of blue light. For this reason, it
may be prudent after cataract surgery (1) to
instruct them to wear yellow-orange sunglasses
(available as fishing-sunglasses in sporting
goods departments) and also (2) to assess their
dietary intake of lutein and zeaxanthin. 

Lutein and Zeaxanthin
To minimize the damage caused by light, the
area of the retina responsible for fine vision, the
(fovea) macula, specifically accumulates two
carotenoids, lutein and zeaxanthin 20-23. These
molecules give the macula a yellow orange
colour, because they absorb blue light, reflecting
the yellow.  Snodderly 11 and Landrum 24 have
suggested that the role of these carotenoids is
the absorption of blue light.  Preliminary experi-
ments have indicated that lutein has strong
antioxidant activity.  These activities are clearly
complementary, since absorption of blue light
would reduce the production of radicals, while
antioxidant activity would actually detoxify the
radicals produced by the blue light. 

Although, several studies have showed that
lutein and zeaxanthin supplementation increases
the concentration of lutein and zeaxanthin in the
eye, it still needs to be elucidated whether this
will translate into lowering the risk of eye disease.
Although most of the evidence for lutein and
zeaxanthin benefits to eye health is derived from
dietary related studies, lutein and zeaxanthin are
currently available in supplement forms 21,24,25-28.

Vitamin E and Macular Degeneration
West 29 reported a risk reduction of 57% for
macular degeneration in people taking vitamin E
supplements. This magnitude of risk reduction is
similar to the risk reduction we reported for
vitamin E and cataract, suggesting that the
mechanism of risk reduction may be similar for
both cataract and macular degeneration.

Vitamin E and Retinopathy of Prematurity (ROP)
Premature infants treated with oxygen are at
increased risk of retinal neovascularization
leading to retinopathy of prematurity (ROP) and
in extreme cases, blindness. As we reported pre-
viously 30,  Hittner and Kretzer found that this was
because of inadequate vitamin E, which is
passed by placental transfer to the infant during
the final weeks of the pregnancy 31,32. Meta-
analysis of the available trials indicated a signifi-
cant risk reduction in infants given supplemental
vitamin E parenterally or orally, but such therapy
was stopped because of infant deaths.
Nevertheless, vitamin E is currently added at
supplemental levels (corresponding to 400
I.U./day for 70 Kg. adult) to parenteral and oral
infant formulas,  to prevent hemolytic disease of
the newborn, associated with vitamin E deficiency.

Vitamin E and Diabetic Retinopathy
Recent work by Azzi's group 33-38 has suggested
that vitamin E may play a regulatory role in cell
physiology. Protein Kinase C(PKC) which
increases in diabetes 39,40 is normalized by
treatment, and neovascularization is also
decreased by vitamin E treatment. A clinical trail
for this promising treatment is warranted 41.

Vitamin E and Retinitis Pigmentosa (RP)
In retinal degeneration, loss of photoreceptors,
as occurs in RP can lead to extra free radical
stresses from the release of cellular debris, which
oxidizes. This leads to a requirement of vitamin E
for the healthy functional retina. Quite recently it
has been shown that mutations of the liver
alpha-tocopherol transport protein (alpha-TTP)
which lead to lowered serum alpha-tocopherol
levels cause Retinitis Pigmentosa and ataxia 42,43.
Supplementation in these patients alleviates the
progression of RP and the ataxia.  The efficacy of
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using supplementation for all the other many
forms of RP is not known.

Nature and Nurture In Retinal Disease:
Rod Visual Cycle and ABCR, a lesson in
genetics and oxidation stress
Mutations in the photoreceptor-specific ATP-
binding Cassette Transporter ABCR cause
Stargardt macular dystophy, RP and cone-rod
dystrophy and is one example of mutations in a
single protein leading to very different pheno-
types and disease progression 44-47. Recently, Sun
and Nathans 48, have shown in vitro that 
all-trans-retinal itself is a potent photosensitizer
that readily causes photo-dependent oxidation
damage to normal ABCR protein. 

Other Functional Sensitive Targets for
Oxidation Damage
There are already about 40 known disease genes
with numerous mutation examples that cause
retinitis pigmentosa and allied disease of the
retina 49. Any protein that can be damaged by
mutation to its sequence or oxidation could
potentially lead to loss of photoreceptors.  Such
genetic differences may result in varying individ-
ual requirements for lutein, zeaxanthin, or
vitamin E.

GLAUCOMA: Vitamin E and Glaucoma
Although glaucoma results in loss of peripheral
vision and degeneration of the peripheral retina,
increased intraocular pressure (IOP), which is
estimated routinely in eye examinations, is not
responsible for all cases of glaucoma.  In fact, a
significant proportion of glaucoma cases are not
associated with increased IOP.

Although mainly Russian workers have reported
efficacy of vitamin E and antioxidants in
treatment of glaucoma 50-55 until recently few
papers related to this topic had appeared in the
Western literature. Cellini et. al.56 reported that a
combined therapy using DHA, vitamin E and
vitamin B complex showed significant improve-
ment after 90 days of treatment in both perimet-
ric indices (MD, SF CPSD, pL0.05) and in the RLS
frequency values (pL0.05), suggesting that such
therapy should be considered for delaying the
progress of damage in glaucoma. In a related
area,  vitamin E had beneficial effects in
glaucoma filtering surgery. Both animal57 studies

of glaucoma filtering surgery and Azzi’s group
showing inhibition of human Tenons capsule
fibroblasts in vitro58, offered hope of reducing
fibrocellular scar formation associated with
failure of glaucoma filtering surgery.

CONCLUDING SUMMARY
Antioxidants which can interact with each other
to regenerate antioxidant activity can potentially
function in reducing risk of several eye diseases,
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including cataract, AMD and glaucoma.  Lutein
and zeaxanthin appear to absorb blue light and
detoxify the free radicals produced by the light,
which provides a teleonomic explanation for
their specific accumulation in the retinal fovea.
Individual differences in antioxidant require-
ments may occur depending on the genetic 
background of each person.
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The most common carotenoids in human serum are also the most prevalent in the diet
and they include, beta-carotene, lycopene, lutein, beta-cryptoxanthin and alpha-
carotene. These compounds are absorbed passively and are introduced into the blood-
stream with lipids in the chylomicron fraction, absorbed into the liver and excreted
again in lipoprotein. Studies have shown that carrots are the major source of beta-
carotene (25%) in the diet and also for alpha-carotene. Broccoli, cantaloupe and soups
made with carrots and tomatoes are also major contributors. Lutein and zeaxanthin
are obtained mostly from spinach, collard, mustard, turnip greens and broccoli.
Lycopene is mostly obtained from tomatoes, tomato-sauces and catsup. Watermelon
is a rich source of lycopene. It is important to note that high content does not translate
into high bioavailability.  Raw carrots are a poorer source of carotenoids than mildly
cooked carrots for example. Processing and digesting sources with fats increases
bioavailability. The American Cancer society recommends five servings of fruits and
vegetables per day to obtain about 5 mg/day of beta-carotene and reduce cancer risk59.
Cataract risk should also be reduced by consuming vegetables such as broccoli and
spinach10.   It is important to note that these recommendations are based on whole
foods and the fact that carotenoids in isolation may not have anticancer effects, but
work in synergy with other compounds obtained from food sources.


