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This article highlights the critical role of eye health in
overall well-being and the adverse effects of poor eye
care, including the development of various eye condi-
tions. It emphasizes the impact of oxidative stress on
eye tissues, primarily caused by external factors such
as UV light, leading to diseases like dry-eye, cataracts,
age-related macular degeneration, and glaucoma. Sev-
eral nutrients, such as antioxidants, omega-3 fatty acids,
vitamins, and minerals, are important in maintaining eye
health, particularly in conditions like dry eye syndrome
and macular degeneration. Integration of these mole-
cules could be a possible solution for these diseases, like
the potential benefits of Mediterranean diets and dietary
supplements in preventing eye disorders.

KEYWORDS

NUTRITION

DRY-EYE SYNDROME

NUTRIMENTUM ET CURAE

This work is licensed under a Creative Common Attribution-NonCommercial-ShareAlike 4.0 International License

Eye health is one of the aims to achieve general heal-
th. Poor eye care can lead to a variety of ophthalmic
conditions that impair vision and interfere with day-
to-day activities. These illnesses could be mild, with
few symptoms like mild discomfort or inflammation.
More severe illnesses, however, may eventually cause
severe eye damage, a decline in visual quality, or even
complete blindness. Common eye disorders that mo-
stly affect older persons, such as cataracts, age-related
macular degeneration (AMD), glaucoma, and diabetic
retinopathy (DR), are the major causes of vision loss.
Although the origins and causes of age-related eye il-
Inesses are varied and complex, one common contribu-
ting mechanism has been identified as oxidative stress.
The human eye is continually in contact with both
artificial and daylight light. Oxidative damage in the
ocular tissues is caused by exogenous ROS sources, in-
cluding UV light, visible light, ionizing radiation, che-
motherapy, and environmental pollutants. Apart from
directly damaging the tissues, ultraviolet radiation can
also cause oxidative stress in the exposed cells by ge-
nerating riboflavin ROS via the activation of porphyrin
and tryptophan, which can then activate oxygen within
the cell. Long-term exposure to oxidative stress can re-
sult in eye diseases, such as dry eye syndrome (DED),
maculopathy or glaucoma. Oxidative stress is defined
as an imbalance between the formation of reactive oxy-
gen species (ROS) and the cell’s antioxidant capacity.

Normal antioxidant defense mechanisms deteriorate
in the aging eye and brain and, as a result, in neuro-
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degenerative disease, making tissues more susceptible
to the damaging effects of oxidative stress. The cor-
nea and the eye’s surface shield the other ocular tissues
from oxidative stress originating from the environ-
ment. Antioxidant enzymes, including glutathione pe-
roxidase, catalase, and superoxide dismutase, normally
remove reactive oxygen species produced by oxidative
processes!. UV rays interact with the cornea's epithelial
cells to modify the production of pro-inflammatory me-
diators and antioxidants. Clinical manifestations of the
deterioration of antioxidant defenses in these tissues
include the emergence of pterygium, corneal degenera-
tion, and Fuchs' endothelial dystrophy. Because the cel-
Is of the crystalline lens and their intracellular proteins
are not replenished as they age, the lens is extremely
vulnerable to oxidative damage, which can lead to ca-
taractogenesis. Although the trabecular meshwork, the
anterior chamber tissue in charge of aqueous humor
drainage, has many antioxidant defenses, it is especial-
ly vulnerable to mitochondrial oxidative damage, whi-
ch damages its endothelium and causes malfunction as
well as elevated intraocular pressure, which is a sign of
glaucoma? (Figure 1).

Lastly, dietary antioxidants that delay oxidative dama-
ge caused by light, such as macular carotenoids (lutein
and zeaxanthin) and vitamins C and E, are especial-
ly rich in the retina. For instance, vitamin E spatially

distributes in complement with the carotenoid’s lutein
and zeaxanthin, shields the membranes of the exterior
segment of the highly enriched in docosahexaenoic
acid photoreceptors, and is regenerated by vitamin
C. However, the retina may sustain acute or long-term
damage because of oxidative photo stress. Oxidative
stress, the death of the retinal pigmented epithelium and
the subsequent death of the photoreceptors on top are all
involved in the pathophysiology of age-related macular
degeneration. As a result, normal antioxidant defense
mechanisms in the eye deteriorate with age, just as they
do in the case of various neurodegenerative illnesses.

A lower risk of late AMD progression is linked to hi-
gher dietary consumption of certain nutrients, such as
vitamins, minerals, and carotenoids. Compared to ne-
ovascular AMD, these connections are stronger for ge-
ographic atrophy, for which there is now no therapy.
The same nutrients frequently have protective relation-
ships against the formation of big drusen. Certain nu-
trient-genotype combinations, particularly those invol-
ving omega-3 fatty acids and CFH, have strong genetic
connections. These findings might support randomized
supplementation trials and additional investigation into
underlying mechanisms?.

One of the primary suspects for damage to mitochon-
drial DNA (mtDNA) is believed to be free radicals
with mitochondrial origins. Mitochondrial dysfunction
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Figure 1. Antioxidant defenses are useful in the protection of diseases of both the anterior and posterior segments of the eye.
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results from the production of ROS, which damages
the I and III complexes and oxidizes the proteins in the
mitochondria and cytoplasm. In several studies, 8-hy-
droxy-2'-deoxyguanosine (8-OHdG), a biomarker of
oxidative DNA damage, has been detected in the mtD-
NA of the aged brain and in the trabecular meshwork.
Furthermore, post-mortem brains of aged adults had
significant amounts of 8-OHdG in both nDNA and mt-
DNA, with glaucoma patients showing greater damage
to trabecular mtDNA than healthy subjects. The increa-
sed susceptibility of mtDNA to oxidative damage could
be attributed to various factors such as insufficient mt-
DNA repair mechanisms, insufficient protection provi-
ded by histone proteins, or the proximity of mtDNA to
the internal mitochondrial membrane, which is the site
of reactive oxygen species generation (Figure 2).

In this context, prophylaxis and/or therapy of degenerati-
ve disorders of the eye appears to benefit from the use of
dietary integrators capable of opposing oxidative stress®.
Several nutrients are important to maintain eye homeo-
stasis and prevent injuries.

Omega-3 polyunsaturated fatty acids (FAs) are essen-
tial building blocks of cell membranes and serve as
building blocks for the synthesis of a wide range of
compounds that have biological activities. Short-chain
alpha-linoleic acid (ALA), long-chain eicosapenta-
enoic acid (EPA), docosapentaenoic acid (DPA), and

docosahexanoic acid (DHA) are the primary omega-3
FAs. Long-chain omega-3 FAs are found in oily fish and
can be produced by elongating short-chain FAs. Short-
chain omega-3 FAs are sourced from plants. The ratio
of omega-6 to omega-3 fatty acid consumption affects
the biological activity of polyunsaturated fats. Omega-6
FA overconsumption is linked to Western diets; the usual
ratio is 15:1, but a 4:1 ratio is recommended.

In addition to regulating lipid metabolism, glucose to-
lerance, and central nervous system functions, ome-
ga-3 FAs have anti-inflammatory, anticoagulant, and
antihypertensive properties. These compounds reduce
inflammation by competitively inhibiting cyclooxyge-
nase and 5-lipoxygenase, which use arachidonic acid as
a substrate. Polyunsaturated fats (FAs) have shown pro-
mise in protecting humans against long-term conditions
like cancer, heart disease, and neurological disorders’.
Ophthalmologists are very interested in the potential
neuroprotective effects of omega-3 FAs. The forma-
tion of tears, the protective blink reflex, and the release
of trophic neuromodulators are all dependent on the
corneal nerves. Some growing evidence suggests that
neurosensory defects may play a part in the genesis of
DED and neurotrophic keratitis. A recent clinical trial
showed that three months of supplementing with ome-
ga-3 FAs led to increased nerve fiber length and branch
density in the cornea®.

OXIDATIVE STRESS
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Figure 2. Free radicals induce the production of oxidative damage with alteration of all the cell contents and metabolism.
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The most physiologically active form of vitamin A, re-
tinol, is derived from animal sources. Carotenoids, on
the other hand, are precursors present in a wide range of
fruits and vegetables. Together, they make up the name
vitamin A. Mucosal tissues, retinal phototransduction,
bone metabolism, reproduction, and immunological
function all depend on vitamin A. Specifically, vita-
min A plays a role in the development, differentiation,
and metabolism of the ocular surface epithelium’. Lu-
tein and zeaxanthin are two examples of xanthophyll
(oxygen-containing) carotenoids that are selectively
concentrated in tissues connected to vision (the brain
and eye). Macular carotenoids are thought to reduce
light dispersion and shield the retina from light-indu-
ced damage by absorbing 40 to 90% of incident blue
light, depending on concentration. Additionally, it has
been discovered that lutein and zeaxanthin enhance the
expression of genes linked to inflammation and inhi-
bit the rise in oxidation-induced cytokines. The risk
for AMD is inversely correlated with the levels of lu-
tein and zeaxanthin in the retina. Several studies have
shown an improvement in retinal function after dietary
supplementation with carotenoids®.

Furthermore, a decrease in the genetic risk for AMD
among people with high lutein and zeaxanthin intake’.
Nevertheless, a Cochrane review provides evidence
that people taking vitamin E or beta-carotene supple-
ments do not reduce their risk of developing age-rela-
ted macular degeneration'”.

The association between vitamin A deficiency and eye
health is very common in the developing world, where
one of the main causes of avoidable blindness is vita-
min A insufficiency brought on by malnutrition. This
situation is rare in Western nations and has been linked
to malabsorption diseases such as alcoholism, cystic fi-
brosis, and bariatric surgery. The first noticeable sign
of a vitamin A deficiency is nyctalopia. After starting
supplementing therapy in the early phases of insuffi-
ciency, visual function typically returns to normal. On
the other hand, long-term deficient individuals may
experience issues related to the ocular surface, inclu-
ding ulceration, corneal epitheliopathy, and conjuncti-
val keratinization.

In addition to being involved in the metabolism of FA
and amino acids, vitamin B12 is a cofactor in DNA
synthesis. It is present in animal products such as meat,
dairy, eggs, fish, and shellfish, and individuals who
consume a vegan diet frequently have deficiencies in
it. This vitamin is essential to produce myelin, and its
deficiencies have been linked to ocular atrophy, neu-
ropsychiatric disorders, peripheral neuropathy, and
myelopathy. Trigeminal, post-herpetic neuralgia, and
diabetic neuropathy have all been linked to neuropathic

pain that has been treated with vitamin B12. The etiolo-
gy of DED has come to acknowledge the significance
of neurosensory disorders in recent years. Specifical-
ly, neuropathic pain resulting from injury to peripheral
nerves and/or central sensitization appears to be a pre-
valent aspect of the illness, potentially explaining the
weak association between symptoms and signs found
in many DED patients. After receiving vitamin B12 in
the form of eye drops or an intramuscular injection, in-
dividuals with severe dry eye illness who also had neu-
ropathic ocular discomfort demonstrated improvement
in their dry eye symptoms, according to two recent in-
vestigations''. This shows that the neurosensory defects
of DED may be related to vitamin B12 insufficiency.
Water-soluble vitamin C can be found in a variety of
fruits and vegetables, including citrus fruits, strawber-
ries, cherries, tomatoes, and broccoli. It is essential for
the proper operation of many enzymes. The increased
demand for antioxidant protection on the ocular surface
is reflected in the high quantities of vitamin C found in
the tear film. Moreover, vitamin C appears to be crucial
for the processes involved in corneal wound healing.
Vitamin C and E supplements were found to be be-
neficial in increasing goblet cell density, squamous
metaplasia grade, and tear formation and stability in
diabetes individuals. This was linked to a notable drop
in nitric oxide levels, which might be an indication of
how these substances reduce oxidative stress on the
ocular surface'?. The effectiveness of an antioxidant
supplementation containing astaxanthin, vitamins A,
C, and E, as well as several herbal extracts such Cas-
siae semen and Ophiopogonis japonicas, in treating
individuals with DED was examined in a randomized
controlled experiment. The efficacy of the preparation
in improving lacrimal gland function, tear film stabili-
ty, and reducing epithelial damage was confirmed by
the significant improvement in objective parameters
such as reactive oxygen species tear levels, corneal
fluorescein staining, Schirmer test, and tear break-up
time after therapy'’. Antioxidants have been promoted
as treatments for delaying and/or prevent cataracts be-
cause it is widely known that oxidative damage is a
major factor in the etiology of cataracts. As anti-cata-
ract treatments, certain antioxidant interventions, such
as vitamin C, have had contradictory outcomes. The
possibility that vitamin C-based supplements could po-
stpone the development of cataracts after vitrectomy,
which affects up to 80% of patients within two years,
is interesting'“.

Vitamin D is a fat-soluble vitamin that can be obtained
by eating certain foods or through the skin producing
it after being exposed to sunshine. In fact, vitamin D
inhibits Th1 and Th2 lymphocyte responses, which has
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an immunomodulatory effect. Moreover, it controls
cell division, proliferation, and apoptosis, improving
the functions of the corneal epithelial barrier. It integra-
tes the lipid component of tear film and tear substitutes
by encouraging the formation of surfactants, stabili-
zing the ocular surface system. Lastly, it regulates the
absorption of calcium into the system, which is essen-
tial for preserving fluid secretion in the lacrimal and
salivary glands. Vitamin D levels in serum have been
found to be significantly correlated with tear formation,
stability, and symptoms of dry eye syndrome'.

For these reasons, vitamin D has been researched as
a possible DED treatment. Vitamin D deficiency was
present in patients with DED refractory to conventio-
nal treatment. An integration of Vitamin D was linked
with a significant improvement in the Schirmer test,
break-up time, corneal staining, eyelid margin hype-
remia, subjective discomfort symptoms and corneal
stainin'®'”. Additionally, oral supplementation has been
demonstrated to synergistically enhance the efficacy
of tear substitutes, and the therapeutic benefit of these
products is dependent on serum vitamin D levels.

A tiny group of proteins contains the vital element se-
lenium, which is involved in many processes in living
things. Selenium is mostly found in meat, fish, shel-
Ifish, and cereals. There are 25 selenoprotein genes in
the human genome, and selenoproteins are essential
for both human metabolism and embryonic develop-
ment. Among these, the oxidoreductases thioredoxin
reductases, glutathione peroxidases, and iodothyronine
deiodinases function best when selenium is available.
Glutathione peroxidases catalyze the breakdown of hy-
drogen peroxide lipid hydroperoxides, which shields
cells from oxidative stress. This selenoprotein is wi-
dely distributed in many tissues, including the ocular
surface, and individuals with DED have lower expres-
sion levels of it, which may be a factor in the oxidative
damage to the ocular surface. The lacrimal gland pro-
duces selenium-transport protein like selenium protein
P, which is secreted in tears to supply selenium to the
corneal epithelium. Selenoprotein P levels in tears are
lower in DED, and oxidative stress is assumed to be
elevated due to selenium deficiency'®. Most of exocrine
fluids, including tears, include lactoferrin, an iron-bin-
ding glycoprotein that shields the corneal epithelium
from UV light. It was shown that DED patients had
lower levels of lactoferrin and that giving these patien-
ts oral supplements significantly improved their symp-
toms. Selenium may be a good candidate for clinical
use in DED because it supports the manufacture and
function of glutathione peroxidases in the cornea, whi-
ch helps to restore the equilibrium between reactive
oxygen species and antioxidant scavengers'.

Curcuma longa yields the polyphenol curcumin, which
is widely used as a spice and flavoring. Curcumin af-
fects several cell signaling pathways, as evidenced by
recent, substantial research, and has anti-inflammatory,
antioxidant, anti-angiogenetic, wound-healing, and
antibacterial properties as a result. The ocular surfa-
ce system may be subject to pleiotropic effects from
curcumin. It suppresses the pro-angiogenic pathway
by preventing the proliferation of primary endothelial
cells caused by vascular endothelial growth factor and
basic fibroblast growth factor, which leads to corneal
neovascularization due to inflammation, hypoxia and
neovascular AMD. Furthermore, curcumin-mediated
stimulation of wound healing has raised the possibility
of its use in diseases such as neurotrophic keratitis that
are marked by a poor recovery of epithelial integrity.
Guo and associates have exhibited the effectiveness of
intranasal delivery of curcumin nanomicelle in a mou-
se model of diabetic keratopathy. By lowering reactive
oxygen species, reducing the expression of inflamma-
tory mediators, and raising neurotrophic factors, cur-
cumin helped to restore ocular surface homeostasis®.
As evidenced by the curcumin-induced down-regula-
tion of pro-inflammatory cytokines, including IL-4 and
IL-5 in mouse conjunctiva, curcumin may also have
other applications in DED.

A broad class of polyphenols known as flavonoids can
be found in red wine, tea, cocoa goods, and many fruits
and vegetables. In vitro and in vivo research has shown
that flavonoids possess potent anti-inflammatory, im-
munomodulatory, and antioxidative characteristics®.
Among the most prevalent and thoroughly researched
flavonoids is quercetin. Topical administration of quer-
cetin enhanced goblet cell density, corneal regularity,
and tear volume in an experimental mouse model of dry
eye. In the lacrimal gland, this was linked to a decrea-
se in inflammatory markers such as MMP-2, MMP-9,
ICAM-1, and VCAM?2!.

A class of flavonoids called green tea catechins is found
in Camellia sinensis leaves, and it has been shown to
have anti-inflammatory and antioxidant properties in
both vitro and in vivo settings®?. Epicatechin, epigal-
locatechin, epicatechin gallate, and epigallocatechin
gallate are the primary catechins found in green tea.
Oral treatment of epigallocatechin gallate protected the
acinar cells against TNF-a induced cytotoxicity and
decreased lymphocyte infiltration in the submandibu-
lar glands in a mouse model of Sjogren's syndrome.
Epigallocatechin gallate suppressed numerous cytoki-
nes generated by IL-1B or hyperosmolarity in human
corneal epithelial cells in a dose-dependent manner®.
Masmali et al?® assessed how a single green tea intake
affected the quantity and quality of tears produced in
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persons in good health. Remarkably, after consuming
green tea, the tear ferning and phenol red thread tests
drastically deteriorated. The authors concluded that
green tea's high catechin content might have a dele-
terious impact on the quality of the tear film. Green
tea extract's effectiveness was assessed in 60 patients
with DED due to meibomian gland dysfunction using
a randomized controlled experiment. In comparison to
the control group, the green tea group showed consi-
derably greater improvement in symptoms, break-up
time, and meibum quality**.

All the benefits shown from these molecules have to
be linked with the gut. Numerous research have propo-

sed a connection between common eye disorders and
gastrointestinal imbalance through immune-mediated
ocular reactions®.

A significant and expanding amount of research sugge-
sts that plant-based diets (e.g., the Mediterranean diet,
which emphasizes fruits, vegetables, legumes, whole
grains, and nuts while limiting animal products and
processed foods) can help reduce vision loss caused
by AMD, diabetic retinopathy, cataracts, and other eye
conditions (Figure 3).

These diets might also be beneficial for other eye di-
sorders?.

MEDITERRANEAN DIET AND EYE HEALTH

Meats, Sweets

Fish and seafood, poultry

Dairy foods, eggs, olive oil

Vegetables and fruits

Whole grains, pasta, beans,
whole grain bread

Figure 3. Mediterranean diet mainly based on fruits, vegetables, legumes, whole grains, and nuts while limiting ani-
mal products and processed foods, can help reduce vision loss caused by AMD, diabetic retinopathy, cataracts, and

other eye diseases.
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A recent Cochrane review?’ indicated with moderate-
certainty evidence that antioxidant vitamin and mine-
ral supplementation (Age-Related Eye Disease Study
AREDS: vitamin C, E, beta-carotene, and zinc) pro-
bably slows down the progression to late AMD. People
with intermediate AMD have a higher chance of bene-
fiting from antioxidant supplements because their risk
of progression is higher than people with early AMD.
Although low-certainty evidence suggested little effect
with lutein/zeaxanthin alone compared with placebo,
exploratory subgroup analyses from one large Ameri-
can study support the view that lutein/zeaxanthin may
be a suitable replacement for the beta-carotene used in
the original AREDS formula.
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