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Abstract

The retina may suffer neurodegenerative damages, as other tissues of the central nervous system do, and
serious eye diseases may develop. One of them is age-related macular degeneration, which causes progres-
sive loss of vision due to retina degeneration. Treatment of age-related macular degeneration focuses on
antioxidant agents and anti-vascular endothelial growth factor compounds, among others, that prevent/
diminish oxidative stress and reduce neovascularisation respectively. The phytochemicals, medicinal plants
and/or plant-diet supplements might be a useful adjunct in prevention or treatment of age-related macular
degeneration owing to their antioxidant and anti-vascular endothelial growth factor properties. This review
article presents the most investigated plants and natural products in relation to age-related macular degen-
eration, such as saffron, ginkgo, bilberry and blueberry, curcuma or turmeric, carotenoids, polyphenols,
and vitamins C and E. This study provides up-to-date information on the effects, treatments, safety and
efficiency of these phytotherapy products.
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Introduction

Age-related macular degeneration (AMD) is a disease that
causes progressive loss of central vision as a consequence
of the macular region degeneration (Muangnoi et al. 2019).
The development of this disease is related to histopatho-
logical features, which include pigmentary disturbances,
drusen, Bruch’s membrane thickening and basal laminar
deposits. Drusen are lipid material deposits that accumulate
underneath the retinal pigment epithelium (RPE) and can be
observed as pale yellow spots on the retina (Evans and Law-
erenson, 2017). The RPE is formed by specialized cells that
constitute the outer blood-retinal barrier. This epithelium
lies on the interface between the neural retina and the cho-
riocapillaris. The presence of drusen causes pigment epithe-
lium disturbances and represents a significant risk factor for
AMD. AMD could be assorted according to its severity, but
is most frequently classified into early and late stages (Muan-
goi et al., 2019; Figure 1). The early stage, with slow progres-
sion, commonly causes mild vision distortion or is asymp-
tomatic. Small- or medium-sized drusen are formed at the
back of the eye, and no retinal pigmentary changes appear.
Late-stage AMD includes the neovascular form that rapidly
progress, and the atrophic form that more slowly develops.
As its name suggests, the neovascular form implies the pres-
ence of the choroidal neovascularisation complex, which is
associated with retinal lesions such as pigment epithelial de-
tachments, presence of intraretinal and subretinal fluid, mac-
ular haemorrhage, hard exudates, or subretinal fibrous scars

(Mitchell et al., 2018). It is also known as wet AMD. Ath-
ropic AMD, also termed dry AMD, is associated with outer
retinal thinning that surrounds the central macula region.
Advanced stages (geographic atrophy) are characterized by
the degeneration of photoreceptors and their supporting tis-
sues (RPE, Bruch’s membrane and choriocapillaris; Li et al.,
2018). The RPE, which maintains retinal homeostasis, is par-
ticularly prone to oxidative stress, which contributes to AMD
development (Li et al., 2019). Cells from this tissue possess
great metabolic activity and, thus, high energy requirements,
and therefore large numbers of mitochondria. Mitochondrial
activity, mainly oxidative phosphorylation, leads to reactive
oxygen species (ROS) generation. In addition, light exposure
increases eyes’ vulnerability to oxidative stress. Superoxide
dismutase, catalase or glutathione peroxidise, are antioxidant
enzymes that neutralise these reactive species. An imbalance
between ROS production and neutralization leads to oxida-
tive stress, which affects macromolecules (proteins, lipids,
DNA), and untimely tissue damage or cell apoptosis (Bungau
et al., 2019). Furthermore as humans become older, there is
an increasing risk of the oxidation of cellular constituents
and, as a consequence, malfunctions and tissue degenera-
tion. The RPE and retinal macula are tissues affected by oxi-
dative stress (Datta et al., 2017). Other risk factors for AMD
related to oxidative stress are alcohol consumption, cigarette
smoking or dietary factors (Kim et al., 2017). Treatment of
wet AMD focuses on antioxidants that prevent or diminish
oxidative stress, and also anti-vascular endothelial growth
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factor (VEGF) compounds to reduce neovascularization by
lowering VEGF release and/or expression (Alshamani et al.,
2019). Beneficial effects of plant extracts are related to bio-
active phytochemicals, such as carotenoids and polyphenols,
and their synergistic combinations. Such phytochemicals
are able to reduce oxidative stress, and modulate angiogen-
esis and inflammation, by protecting the RPE from damage
(Peddada et al.,, 2019). Furthermore, the keen interest shown
in them is also related to their good tolerability (few second-
ary effects) and efficacy. Nutritional dietary supplements of a
botanical origin can affect several pathways at the same time
by reducing inflammation, oxidative stress or neurodegen-
eration (Heitmar et al., 2019). They can also improve ocular
blood flow and signal transduction, or reduce apoptosis in
the RPE (Xu et al., 2017). Even anti-VEGF and antioxidant
treatments have had positive results, but there is no cure to
date for wet AMD and no treatment for dry AMD, being
this disease the leading cause of blindness and visual im-
pairment in the elderly population (older than 70 years of
age) in industrialized countries (Hanus et al., 2015). Wong et
al. (2014) have estimated that around 196 million of people
in 2020, which will increase to 288 million people in 2040,
will develop this disease worldwide. Nowadays 8.7% of the
world’s adult population has AMD. Thus implementing eye
care programs to prevent or treat AMD has become a global
health priority.

This review focuses on the effect of phytochemicals, me-
dicinal plants or plant-diet supplementation on treating or
preventing AMD. The aim of our article is to integrate and
analyse up-to-date information on the use of natural prod-
ucts and plants to safely and effectively prevent and treat this
disease. A systematic and standardized review was conduct-
ed using scientific databases such as PubMed, MEDLINE,
and SciFinder. Academic Google was also consulted. Articles
from 2010 to 2019 were included. The search terms were
‘AMD;, ‘oxidative processes, ‘antioxidant substances, AMD
AND/OR saffron, AMD AND/OR Ginkgo biloba, ‘medicinal
plants AND AMD;, ‘polyphenols AND AMD), ‘polyphenols
AND eye health’, ‘flavonoids and AMD;, ‘flavonoids AND
eye health, ‘anthocyanins AND AMD);, ‘anthocyanins AND
eye health, ‘resveratrol AND AMD);, ‘resveratrol AND eye
health’, ‘age related macular degeneration AND carotenoids
OR xanthophyllls OR lutein OR zeaxanthin OR vitamin A.
Papers published before 2010 were used whenever necessary
to explain concepts and processes.

Medical Plants

Saffron

Crocus sativus L. (Iridaceae), commonly known as saffron
has been used as a herbal medicine, and as a coloring and
flavoring spice, since ancient times (Evans, 2009). In the
last 10 years, growing evidence has highlighted the phar-
macological profile of saffron and its constituents, including
potential therapeutic applications on the central nervous
system (WHO, 2007; Melnyk et al., 2010; Poma et al., 2012;
Christodoulou et al., 2015; Nassiri-Asl and Hosseinzadeh,
2015; Bagur et al., 2018; Bukhari et al., 2018; Leone et al,,
2018; Hatziagapiou et al., 2019; Heitmar et al., 2019; Mo-
ratalla-Lépez et al., 2019; Mykhailenko et al.,, 2019). The
neuroprotective activity of saffron has also been investigated
in AMD. Thus, pharmacological studies on saffron supple-
mentation therapy provide important evidence about its
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neuroprotective actions, and several research works attribute
saffron’s therapeutic properties to its main components cro-
cins, crocetin, picrocrocin, and safranal (Figure 2). Most
studies indicate that saffron has a potent antioxidant activ-
ity, mainly due to saffron carotenoids (Christodoulou et al.,
2015; Rahaiee et al., 2015; Broadhead et al., 2016; Di Marco
et al,, 2019). Furthermore, the binding capacity of saffron
metabolites to biomolecules protects them from free radicals
(Kanakis et al., 2009; Christodoulou et al., 2015). Although,
saffron’s antioxidant activity is attributed mainly to crocin,
the synergistic effect of all bioactive constituents should be
considered (Di Marco et al.,, 2019). It is interesting to note
that many authors have reported that saffron components
possess antinflammatory and antiapoptotic effects, possibly
by the inhibition of caspase-mediated apoptosis after retinal
damage (Nam et al., 2010; Yamauchi et al., 2011; Ohno et
al., 2012; Tamaddonfard et al., 2013). It is also known that
crocin and crocetin increase oxygen diffusion and improve
ocular blood flow in the retina and choroid, factors that play
an important role in the disease (Xuan et al., 1999; Giaccio,
2004). Later Corso et al. (2016) described a novel mecha-
nism responsible for saffron’s neuroprotective effect through
the regulation of P2X7 receptors, which are affected in AMD.
Nevertheless, further research is required to clarify the exact
mechanism as peculiar characteristics of saffron components
support the hypothesis that saffron does not act as a simple
antioxidant, but has complex mechanisms of action that
range from antioxidant activity to direct gene expression
control (Natoli et al., 2010). In addition to animal models
that have demonstrated the protective effects of saffron and
its components (Fernandez-Sanchez et al., 2012; Di Marco et
al., 2013; Bisti et al., 2014), promising from clinical trials re-
sults have been reported (Table 1). Seven published clinical
studies have assessed the impact of oral saffron supplemen-
tation (daily dose range: 20-50 mg) on vision-related param-
eters in AMD patients, of which four were randomized con-
trolled trials (Falsini et al., 2010; Lashay et al., 2016; Riazi et
al., 2017; Broadhead et al., 2019), and three were longitudinal
interventional studies which reported pre- versus post-in-
tervention comparisons with no control (placebo) group
(Piccardi et al., 2012; Marangoni et al., 2013; Di Marco et al,,
2019). Both objective and subjective vision-related measures
were evaluated. Short-term studies and longer-term follow
up demonstrated that saffron supplementation improved
visual functions. However, a direct quantitative compari-
son is not possible because formulation, dose, intervention
duration, test methods and outcome measures varied in the
cited studies. Toxicology research currently considers saffron
safe for human consumption as the dose of 30 mg/day seems
efficacious and toxic effects have been reported with 5 g and
more, with a lethal dose of approximately 20 g (Mohamad-
pour et al,, 2013; Christodoulou et al., 2015). However, long-
term and large-scale research works are required to elucidate
the effect on human health.

Ginkgo

The therapeutic benefits of ginkgo (Ginkgo biloba L., Gink-
goaceae) extracts have long since been known, with a
long-standing history of use in traditional Chinese medicine
(Chassagne et al., 2019). More recently, experimental and
clinical studies have revealed the potential benefits of ginkgo
for a wide range of pathological conditions, including neuro-
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Table 1 Summary of data in clinical trials relating to the use of saffron and ginkgo EGb761

Subjects (n = eyes) Treatment  Type of study Visual parameters and results Reference
Early AMD (n = 25) 20 mg/d Double-blind, placebo controlled, fERG: 1 in amplitude in patients, but not in Falsini et al., 2010
crossover, RCT 3-month period  placebo group
with cross over for another 3
months
Early AMD (n = 29) 20 mg/d Longitudinal interventional open- Mean VA: 1 2 lines Piccardi et al., 2012
label study fERG: 1 0.3 log units
3 monthly follow-ups over a
15-month period of treatment
Early AMD (n = 33) 20mg/d  Longitudinal 3 monthly follow-  fERG: 1 amplitude and sensitivity amplitude that Marangoni et al., 2013
Presence of known AMD risk ups over a 12-month period stabilized after 3 months independent of genotype
genotypes
Dry and wet AMD (n = 40) 15 mg, Placebo-controlled, RCT 6-month CMT: | in saffron and placebo groups in wet Lashay et al,, 2016
twice a day period with follow-ups at 3and 6 AMD, but not in dry AMD
months ERG: 1 amplitude in the saffron group (dry and
wet AMD) compared to placebo after 3 months,
but not 6 months
Mild/moderate dry AMD 50 mg/d  Placebo-controlled, RCT three ~ CMT: unchanged Riazi et al., 2017
(n=54) months BCVA: 1 in saffron, but not in placebo group
CS: 1 in saffron, but not in placebo group
Mild/moderate AMD (n =96) 20 mg/d Double-blind, placebo-controlled, BCVA: 1 in saffron group and AREDS + saffron, ~ Broadhead et al., 2019

73.2% consuming AREDS

supplements by crossover for 3 months

Intermediate AMD (n = 42) -
Two groups (n = 19)
lutein/zeaxanthin n = 23 saffron

Longitudinal open-label study
8 monthly follow-ups over a 29
(+5)-month period

crossover, RCT 3 months followed but not in placebo

mfERG response density: 1 in AREDS+saffron, but
not in the saffron or placebo group

mfERG latency: | in saffron group, but not in
placebo group

fERG

Saffron treated AMD patients: Visual function
remains stable

Lutein/zeaxanthin treated patients: Deterioration
of retinal functions

Di Marco et al., 2019

AREDS: Age-related eye disease study; BCVA: best-corrected visual acuity; CMT: central macular thickness; CS: contrast sensitivity; ERG:
electroretinography; fERG: focal electroretinography; mfERG: multifocal electroretinography; RCT: randomized clinical trial.

protective activities (Singh et al., 2012; Mohanta et al., 2014;
Montes et al., 2015; Datta et al., 2017; Mojaverrostami et al.,
2018; Shu et al., 2019). Regarding its chemical composition,
two main groups of bioactive metabolites are considered
responsible for ginkgo medicinal effects: terpene lactones
(Ginkgolides A, B, C and ] and bilobalide) and ginkgo fla-
vones (quercetin, kaempferol and iso-rhamnetin glycosides
as the main flavonoids, together with biflavonoids ginkgetin/
isoginkgetin; Figure 3) (Wilkinson and Fraunfelder, 2011;
Ude et al,, 2013). The pharmacologically active ginkgo leaf
extracts are available as standardised preparations EGb 761
and LI1370 (Evans, 2013).Free radical quenching properties,
reduction of platelet aggregation and improved blood flow of
ginkgo extracts are attributed to the antioxidant and radical
scavenging properties of ginkgo flavonoids and terpenoids,
along with the potent platelet activating factor inhibition
of ginkgolides (Wilkinson and Fraunfelder, 2011; Singh et
al., 2012; Sin et al., 2013). In addition, flavonoids probably
reduce oxidative damage to lipid membranes (Singh et al.,
2012). Consequently, due to vascular factors and oxidative
damage are hypothesized as potential mechanisms in AMD
pathology, an interest in using ginkgo extract has aroused
for AMD treatment. Currently, ginkgo extract is consid-
ered safe within the daily dose range (Sin et al., 2013). It is
worth mentioning, however, the increased risk of bleeding
because ginkgolides are potent platelet activating factor
antagonists (Evans, 2013). In vitro and in vivo experiments
have shown the beneficial effects of EGb 761 on functional
retinal impairment, retinal microcirculation and retinal tis-

sue protection from oxidative stress (Spadiene et al., 2013;
Martinez-Solis et al., 2019). Preliminary clinical studies have
investigated the efficacy of ginkgo extracts (Evans, 2013),
including two randomized controlled trials with positive ef-
fects on vision in patients with AMD (Table 1). According to
Evans (2013) and Sin et al. (2013), deeper research on gink-
go clinical efficacy should be carried out.

Bilberry and blueberry

Berry extracts containing anthocyanins have become quite
popular in recent years among patients with AMD. Bilberry
(Vaccinium myrtillus L.) and blueberry (Vaccinium corym-
bosum L.) from Ericaceae contain a variety of phenolic com-
pounds, including flavonols (quercetin, catechins), tannins,
ellagitannins and phenolic acids. However, anthocyanins
make by far the largest contribution to their phytochemical
mix. Anthocyanins are used for manye age-related ocular
disorders, but human data on bilberry for eye disorders are
lacking (Gerding, 2009). The mechanisms of action behind
berries’ beneficial effect on the eye are not completely under-
stood. The ability to improve oxygen and blood delivery to
the eye, and their potent antioxidant and free radical scav-
enging properties, suggest a potential benefit for AMD. In
addition, as proven a long time ago, anthocyanosides have an
affinity for the pigmented epithelium area of the retina, the
portion of the retina responsible for vision and adjustments
to light and dark (Levy and Glovinsky, 1998). Evidence (Mil-
bury et al., 2007) has also shown that bilberry anthocyanins
modulate oxidative stress defence enzymes heme oxygen-
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ase-1 (HO-1) and glutathione S-transferase-pi in human
retinal pigment epithelial cells. Recently, Huang et al. (2018)
demonstrated that the blueberry anthocyanin extract, and
some of its components such as malvidin, malvidin-3-glu-
coside, and malvidin-3-galactoside, are able to reduce
H,0,-induced oxidative stress by lowering the levels of ROS
and malondialdehyde, and by increasing levels of superoxide
dismutase, catalase and glutathione peroxidase in human
retinal pigment epithelial cells. One cause of AMD is the
accumulation of lipofuscin A2E (a pyridinium bisretinoid)
and damage mediated by blue light illumination. A2E ab-
sorbs blue light and forms singlet oxygen through excitation,
which can either cause damage to the retinal pigment epithe-
lial cells or the epoxidation of A2E. A2E cannot be enzymat-
ically degraded and accumulates in the RPE with age. Indeed
the study of Jang et al. (2007) has shown that anthocyanins
from blueberries are capable of reducing A2E-epoxidation
by quenching singlet oxygen and protecting RPE cells from
A2E cytotoxicity. In turn, treatment time appears to be an
important factor in preventing macular degeneration. Furso-
va et al. (2005) observed that long-term (1.5 to 3 months)
supplementation with bilberry extract to OXYS rats, affected
by accelerated aging, which is associated with high sensitivity
to oxidative stress, was effective in preventing degeneration.
After 3 months of treatment, more than 70% of the control
OXYS rats had macular degeneration, while bilberry supple-
mentation completely prevented impairments in lenses and
the retina. More recently, Osada et al. (2017) demonstrated
that bilberry extract attenuates photo-induced apoptosis and
visual dysfunction. This is most likely due, at least in part, to
ROS reduction, and to subsequent endoplasmic reticulum
stress attenuation in a murine model of photo-stressed retina
(750 mg/kg body weight). It is important to highlight that
the main complication for the clinical diffusion of anthocy-
anins is the potential slight absorption in cells or the circu-
latory system as anthocyanins are large highly water-soluble
molecules. Kalt et al. (2008) revealed that pigs fed with diets
supplemented with 0%, 1%, 2% or 4% (w/w) blueberries for
4 weeks accumulated anthocyanins in tissues beyond the
blood-brain barrier (liver, eye, cortex and cerebellum).

Curcuma or turmeric

Curcumin (diferuloylmethane) is the main active curcumi-
noid and a water-insoluble pigment isolated from turmeric
(curcuma), the dried rhizome of Curcuma longa L, (Zingib-
eraceae). It possesses multiple therapeutic properties and
is considered a potential candidate for treating eye diseases
(Radomska-Les$niewska et al., 2019). Several researchers
(Wang et al., 2013; Pescosolido et al., 2014) have demonstrat-
ed the beneficial effects of curcumin on ocular diseases, such
as chronic anterior uveitis, diabetic retinopathy, glaucoma,
AMD, and dry eye syndrome, which make curcumin a po-
tent therapeutic drug candidate for inflammatory and degen-
erative retinal eye diseases. In vitro and in vivo studies sug-
gest that curcumin has various mechanisms, which supports
the concept of it interacting with multiple cellular signalling
pathways and modulating numerous molecular targets. It
exerts anti-inflammatory, anti-tumour, antioxidant and an-
tiangiogenic properties through the modulation of numer-
ous biochemical mediators (Hewlings et al., 2017; Peddada
et al., 2019). Peroxisome proliferator-activated receptor-y
(PPAR-v) ligands play an antiangiogenic role in AMD.

2210

Curcumin, a PPAR-y agonist, may therefore play a role in
mitigating AMD progression through the down-regulation
of the proinflammatory functions of microglia. Recently,
Saberi et al. (2019) reported that curcumin activates PPAR-y
that, in turn, down-regulates matrix metalloproteinases pro-
duction. It is well-known that matrix metalloproteinase-9
causes extracellular matrix degradation and stimulates RPE
cell migration to Bruch’s membrane, and thus contributes
to AMD pathogenesis. It has also been shown that curcuma
extract and its curcuminoids provide significant protection
against photooxidative damage and apoptosis in human
retinal pigment epithelial cells laded with A2E in a dose-de-
pendent manner (Park et al., 2017). Other curcuminoids,
such as 7-(3,4 dihydroxyphenyl)-5-hydroxy-1-phenyl-(1E)-
1-heptene isolated from Curcuma comosa, also protect hu-
man retinal pigment epithelial cells against oxidative stress,
(H,0,)-induced partly by enhancing several anti-oxidant
defence mechanisms. The anti-oxidant activity (IC,) of this
compound is similar to that of vitamin C (Jitsanong et al.,
2011). Previously, Mandal et al. (2009) observed significant
retinal neuroprotection in rats fed with diets supplemented
with curcumin, which involved the inhibition of nuclear
factor-kB activation and the down-regulation of cellular in-
flammatory genes. When tested on retina-derived cell lines
(661W and ARPE-19), curcumin pre-treatment protected
these cells from H,O,-induced cell death by up-regulating
cellular protective enzymes, such as HO-1, thioredoxin.
Studies into curcumin’s efficacy have been limited mostly to
animal studies. Moreover, the biomedical potential of cur-
cumin is not easy to develop given its low solubility and oral
bioavailability. Improving the pharmacological profile by
reconstituting curcumin with non-curcuminoid components
of turmeric has been found to substantially increase bio-
availability (Antony et al., 2008). Curcumin is well tolerated
and does not show any dose-limiting toxicity when admin-
istered at doses of up to 8 g/day for 3 months (Basnet and
Skalko-Basnet, 2011).

Natural Products

Carotenoids

Carotenoids are relatively complex molecules included in the
group of orange, yellow and red lipo-soluble pigments syn-
thesised by plants, algae, bacteria and fungi. More than 750
different structures have been described, some of which (a
and B-carotenes, B-cryptoxanthin) are considered provita-
min A as they can be transformed into retinol in the intes-
tine or liver (vitamin A). To act as provitamin A, a carot-
enoid must contain a f-ionone structure. Carotenoids are
included in the most prominent lipophilic antioxidants
group. They protect organisms from photosensitised forma-
tion and 'O, accumulation through the absorption of exci-
tation energy and its dissipation as heat. For this reason, they
play an important role in ultraviolet- and light-stress dam-
age. Their efficiency as antioxidant and scavengers of ROS,
especially single molecular oxygen and peroxyl radicals,
means they play a key role in the prevention and treatment
of diseases related to oxidative stress and ageing, including
AMD (Khoo et al., 2019; Sandmann, 2019). Humans cannot
synthesise carotenoids, which must be obtained from diet or
using supplements. Although they are widespread in nature,
only 40 are present in the human diet and only half can be
found in tissues and biological fluids. The major carotenoids
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present in human blood and tissues are a- and B-carotene,
lycopene, lutein, zeaxanthin and B-cryptoxanthin,, of which,
lutein, zeaxanthin and their stereoisomer meso-zeaxanthin
selectively accumulate in the retina of the eye to enrich the
macular pigment of the central macula area. In the central
fovea of the human retina, lutein and zeaxanthin reach con-
centrations between 0.1 and 1 mM, which is about 1000-fold
higher than in other tissues. The inner plexiform layer, Hen-
le’s fiber layer and Muller cells are the places where maximal
accumulation occurs (Jia et al., 2017; Buscemi et al., 2018).
The double bound position in one of the end rings creates
differences in their activities and functions, which are cor-
related with their retinal spatial distribution. In the inner
macula, the concentration of zeaxanthin, which is a much
more effective antioxidant, is about twice that of lutein. Con-
versely, lutein is the dominant component in the peripheral
retina (Jia et al., 2017). Meso-zeaxanthin, a substance that is
much better capable of quenching oxygen radicals, is consid-
ered a metabolite of lutein and its presence in ocular tissues
indicates its conversion at the eye level (Bungau et al., 2019).
Lutein has a greater filtering efficiency and zeaxanthin is bet-
ter at preventing UV-induced light lipid peroxidation (Jia et
al., 2017). Macular carotenoids are considered the most po-
tent antioxidants to protect against the development of AMD
and also other eye disorders. These substances are believed
to protect the retina in several ways: filtering high energy
and short wave-length blue light; protecting the underlying
photoreceptor cell layer from light-induced damage; neutral-
izing oxidation reactions in photoreceptor cells (Berstein,
2016). It has been reported that lutein, zeaxanthin and astax-
anthin can also modulate other signaling cellular pathways
in retinal pigment epithelium cells. In ARPE-19 cells, these
substances can activate the nuclear factor erythroid 2-related
factor 2 pathway, thereby protecting the cells against oxida-
tive damage by upregulation of the antioxidant system. The
nuclear factor erythroid 2-related factor 2 pathway regulates
the transcription of genes (NQO1, GCLm, and HO-1) with
antioxidant effects and related to antioxidant active enzymes
expression such as superoxide dismutase, NQO1, HO-1 and
catalase, or to glutathione or thioredoxin metabolism. Some
evidence exists that lutein can reduce inflammation in these
cells by protecting the proteosoma against photo-oxidative
damage and the modulation of the expression of inflamma-
tion-related genes like IL-8 (Frede, 2017). Moreover, carot-
enoids can preserve optimal visual performance by reducing
age-related lipofuscin formation in the retinal pigment epi-
thelium. Lipofuscin is a protein-lipid mixture integrated by
metabolites from vitamin A and products from lipid peroxi-
dation. This compound induces mitochondria damage and
apoptosis in retinal pigment epithelium cell cultures. It has
been found that lutein and zeaxanthin diminish the amount
of lipofuscin formed in vivo and in culture cells (Berstein,
2016). These substances can also abolish the elevated expres-
sion of matrix metalloproteinase-2 (MMP-2) and tissue in-
hibitor metalloproteinase-2 (TIMP-2), observed in H,0,
treated ARPE-19 cells, and are able to contribute beneficially
to matrix homeostasis altered in AMD involved in oxidative
stress (Jia et al., 2017). While most research works seem to
have confirmed a relation between xanthophylls intake and
an increase in their serum and macular concentrations, not
all of them have observed a benefit in preventing and treat-
ing AMD. Human nutritional studies indicate that lutein and

zeaxanthin administration may improve visual performance
by enhancing contrast sensitivity, and by reducing glare dis-
ability and photo stress recovery (Khoo et al., 2019). Al-
though several studies have shown the protective effects of
these carotenoids in AMD, in others the results have been
negative because these substances did not delayed the pro-
gression of AMD (Evans and Lawrenson, 2017; Khoo et al.
2019, Bungau et al., 2019). Age-Related Eye Disease Study 2
(AREDS 2) is a multicentre, randomized placebo-controlled
study designed to demonstrate whether supplementation
with lutein and zeaxanthin can slow the AMD progression
rate. This study shows that lutein (10 mg/d) and zeaxathin (2
mg/d) supplementation intake are inversely associated with
the prevalence of neovascular AMD, geographical atrophy,
and large or extensive intermediate drusen. However, a com-
parison with placebo demonstrates no statistically significant
reduction in progression to advanced AMD (AREDS, 2014).
The significant dose range of lutein intervention to improve
visual function in the AMD population is 2.5 to 20 mg/d,
with 2.5 mg/d being the lowest effective dose. The recom-
mended dietary intake of lutein supplements does not ex-
ceed 6 mg/d in discontinuous treatment (Jia et al., 2017). It is
noteworthy that although AREDS formulation initially con-
tained P-carotene as an antioxidant substance, it had to be
replaced with lutein and zeaxanthin because of a potentially
increased incidence of lung cancers, mostly in participants
who previously smoked. For this reason, lutein and zeaxan-
thin should be considered a better option than 3-carotene in
preventing the development of AMD (AREDS, 2014). An-
other study concludes that lutein-rich and zeaxanthin-rich
diets may protect against intermediate AMD in female pa-
tients under the age of 75 years. The Blue Mountain Eye
study reports that higher dietary lutein and zeaxanthin in-
take reduce the risk of incident early or neovascular AMD
over 5 and 10 years (Sin, 2013). A systematic Cochrane re-
view, published in 2017 and included six studies, indicates
that lutein intake (with or without zeaxanthin) induces only
a slight effect in reducing progression to late AMD, neovas-
cular AMD and geographic atrophy compared to a placebo
(Evans and Lawrenson, 2017). It is also worth mentioning
the possible benefit of the synergic association of these ca-
rotenoids, mainly lutein, with other antioxidants such as
polyphenols and w-3 LCPUFAs (Yanai et al., 2018). In a
cross-sectional case-controlled study, the authors find that
lower circulatory levels of carotenoids and omega-3 PUFAs,
and higher levels of omega-6 PUFAs, oleic acid and saturat-
ed fatty acids, increase the odds ratio of developing neovas-
cular AMD (Ng, 2017). No adverse reactions to short-term
or long-term lutein/zeaxanthin dietary and/or supplement
normal intake are reported. However, researchers note that
smokers who take high lutein supplement doses (>10 mg/d)
are at increased risk of lung cancer. Yellow spots may also
appear on skin during the long-term intake of higher doses
(= 15 mg/d) of this substance (Jia et al., 2017). No in vitro
mutagenic and cytotoxic activities are observed (Ravikrish-
nan, 2011). The approved Acceptable Daily Intake (ADI)
values for lutein are 1 mg/kg per day (EFSA- European Food
Safety Authority) and 2 mg/kg per day (JECFA- Joint FAO/
WHO Expert Committee on Food Additives) (Jia et al.,
2017). Vitamin A plays also an important role in retinal
health because some carotenoids can be cleaved in vivo into
vitamin A active compounds through beta-carotene oxygen-
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ase 1 (BCO1) pathway. Vitamin A is a fat-soluble substance
found in three different oxidative states: alcohol (retinol),
acid (retinoic) and aldehyde (retinal). It normally exists in
the body as retinol (Barlett and Eperjesi, 2004). Epidemio-
logical and interventional studies, but not all, show that a
significant increase in the intake of fruit and vegetables rich
in vitamin A lowers the risk for any AMD stage (Khoo et al.,
2019). Excessive vitamin A intake is potentially toxic to the
liver and other tissues, and is also associated with intracrani-
al hypertension (Barlett and Eperjesi, 2004).

Polyphenols

Polyphenols represent a large group of phytochemicals
present in many fruit and vegetables, and in some beverages
prepared from plants, such as wine, tea and coffee. They have
proven health benefits: antioxidant, anti-inflammatory, an-
tiallergic, antimicrobial, and antiviral effects (Bungau et al.,
2019). One of the best known health-enhancing properties
of these compounds is their positive effect on vision (Paw-
lowska et al., 2019), which are listed in the Figure 4. The
main polyphenols investigated for age-related eye diseases
are listed below.

Stilbenes: resveratrol

Resveratrol (3,5,41-trihydroxy-trans-stilbene) (RV) (Figures
4 and 5) is found in food sources such as, bilberries, blueber-
ries, and others Vaccinum species, is also presents in cocoa,
peanuts, wine, grape juice and other grape products. The
study of the therapeutic use of this substance on vision is
growing, specifically in disease prevention terms (Abu-Am-
ero et al., 2016). Regarding the activity of RV, Richer et al.
(2014) suggest that this compound might contribute to rees-
tablish the retinal architecture, decrease lipofuscin accumu-
lation, increase choroidal thickness (perfusion), cut the glare
recovery time, enlarge the macular pigment volume, and
improve both contrast sensitivity and visual function, which
all apparently improve retinal-RPE-choroidal cellular health.
These authors conclude that RV offers long-term efficacy
against AMD. The review by Abu-Amero et al. (2016) indi-
cates that RV prevents oxidative stress-induced and sodium
iodate-induced apoptosis of human RPE cells in vitro. More-
over, the proliferation of RPE cells has been shown to lower
via the inhibition of extracellular signal-regulated protein
kinases one and two (ERK1/2) and the mitogen-activated
protein kinase signaling cascade. RV has also been reported
to protect RPE cells from autoimmune antibodies-induced
apoptosis in vitro (down-regulated pro-apoptotic Bcl-2-as-
sociated X protein (BAX)), which is highly relevant in auto-
immune-associated retinopathies. Due to the anti-apoptotic
activity RV could be considered a good candidate in the pre-
vention of neurodegenerative diseases like AMD. Although
there are many in vitro studies that show the antioxidant
efficacy of VR, however in vivo studies show moderate ef-
ficacy, that could be important to AMD. RV is reported to
exhibit a dose-dependent protective effect against hydrogen
peroxide-induced cytoxicity in human retinal D407 RPE
cells by rising glutathione peroxidase, catalase and superox-
ide dismutase activities that lower intracellular ROS levels.
Pathogenic late-stage AMD is often characterised by choroi-
dal angiogenesis. The anti-oxidative and anti inflammatory
effects of RV are knowed to diminish the incidence of CNV.
RV produces inhibitory actions on inflammatory cytokine
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by transforming growth factor-beta and hypoxia-induced
VEGEF secretion by human RPE cells this confirms RV can
be useful as dietary supplement to manage CNV processes
in AMD. In addition, RV down-regulates the expression
of nuclear factor-kappaB and hypoxia-induced factor-1a
transcription factors by thereby inhibiting VEGF secretion.
RV can also activate the eukaryotic factor-2 kinase and to
reduce endothelial cell proliferation, VEGF secretion and
migration by a novel SIRT1 independent pathway to prevent
pathologically aberrant injury-induced angiogenesis. RV acts
favorably in mitochondrial biogenesis and has demonstrat-
ed to protect RPE cells against acrolein-induced oxidative
cytotoxicity by increasing mitochondrial bioenergetics. It
has a significant protective effect against hydrogen perox-
ide-induced cytotoxicity in the RPE. RV has been effective in
reducing intracellular ROS accumulation induced by hydro-
gen peroxide in epithelial crystalline cells in humans. It can
also be effective for the eye’s microcirculation because of its
vascular improvement properties. RV avoids retinal damage
produced by light, and in addition, usually prevents dam-
age, dysfunction and apoptosis in eyes with AMD (Fernan-
dez-Araque et al., 2017).

Flavonoids

Flavonoids are a group of polyphenolic compounds that
confer colour to fruis and vegetables. The classification of
flavonoids is shown in Table 2.

Flavonols: quercetin

Quercetin is a flavonol-type flavonoid ubiquitously found
in plant-based foods, such as onions, apples and tea, and is
probably the most prominent dietary antioxidant (Wang et
al., 2017). Like other polyphenols, it is able to decrease oxida-
tive stress caused by exposure to light; this is confirmed by a
reduction in 4-hydroxynonenal, malondialdehyde, 3-nitroty-
rosine, and 8-oxo-2'-deoxyguanosine, a marker of oxidative
DNA damage levels, and up-regulated HO-1. Quercetin is
able to lower levels of proapoptotic (BAX) proteins and to
increase those of antiapoptotic (BCL2) proteins. In addition,
like all polyphenols, this compound reduces the expression
of angiogenic factors VEGF and hypoxia-induced factor-1a
(hypoxia-inducible factor 1a), as Pawlowska et al. (2019)
demonstrated. Quercetin protects against the light-induced
reduction of the outer nuclear layer. Wang et al. (2013, 2017)
suggests a mechanism for quercentin protective action in the
retina that reduces oxidative stress produced by light expo-
sure. Generally, that protective action may be accentuated by

Table 2 Subtypes of flavonoids, modified from Srinivasan, 2014

Subtypes of flavonoids ~ Example

Flavones Apigenin, luteolin

Flavonols Quercentin®, kaempherol

Flavanones Naringenin, hesperidin

Flavanonols Dihydroquercentin, dihydrokaempherol

Flavan-3-ols
Flavan-4-ols
Flavan-3,4-diols

Anthocyanidins

Catechin, gallocatechin, epicatechin

Cyanidin*, delphindin, pelargonidin

Isoflavones Genistein, daidzein

“Flavonoids with more useful effects in eye health.
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Figure 1 Age-related macular degeneration types and macular
appearance.
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Figure 4 Beneficial effects of polyphenols on the eye lens.

Figure 5 Chemical structure of resveratrol.
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Figure 2 Chemical structures of saffron components of much
pharmacological interest.

a direct scavenging of ROS and anti-inflammatory, antiapop-
totic and antiangiogenic effects, and by an indirect decrease
in A2E photooxidation, a lowering of methylglyoxal levels,
and the inhibition of the receptor of advanced end glycation
product up-egulation. Some polyphenols as quercentin reg-
ulate the activity of antioxidant enzymes, including phase
IT enzymes (Pawlowska et al., 2019). In addition, this flavo-
noid appears to inhibit CNV induced by laser irradiation in
rabbit eyes both in vivo and in vitro, and increases choroidal
blood flow. All those actions suggest that quercentin can be
a promising candidate for treating AMD. In consequence,
quercentin is considered to improve anti VEGF therapy, and
this is the only effective treatment in wet AMD (Zhuang,
2011; Pawlowska et al., 2019). Several experimental reports
demonstrate that quercentin reduces oxidative stress, which
causes apoptosis in RPE cells. This compound protects reti-
nas subjected to oxidative stress and inflammation, induced
by light, which can provide new strategies to impede AMD
occurrence and progression (Bungau et al., 2019).

Anthocyanidins

Anthocyanidins are red-purple pigments found in plants
and come in glycosylated forms. These substances are
known to have antioxidants proprieties and they are found
in the blue, purple and red fruits, vegetables and flowers. Cell
culture studies, animal models, and human clinical trials
show that anthocyanidins and anthocyanins possess antiox-
idative and antimicrobial activities, and improve visual and
neurological health (Khoo et al., 2019). Specifically in vision
health, the effects of anthocyanins are to: 1) improve the
visual function in patients with normal tension glaucoma;
2) prevent the impairment of photoreceptor cell function
during retinal inflammation; 3) decrease lens opacity, to-
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gether with a lower MDA level, by suppressing the cell death
of HLE-B3 (lens epithelial cell line) under H,O,-induced
oxidative stress; 4) prevent retinal degeneration induced by
N-methyl-N-nitrosourea; 5) increase ocular blood flow, but
no significant changes in intraocular pressure (Khoo et al.,
2017). Particularly, cyanidin-3-O-glucoside (C3g) proves an
effective ROS scavenger. In addition, C3g down-regulates
VEGF and inhibits senescence induced by light exposure.
C3g is shown to inhibit the activation of the G-protein trans-
ducing by metarhodopsin II. In addition, C3g stimulates the
rhodopsin regeneration, as other anthocyanins present in
blackcurrants (Pawlowska et al., 2019).

Vitamin C and vitamin E

Vitamins C and E are extensively studied nutrients for pre-
venting and treating macular degeneration and eye-related
diseases. They are known to act as antioxidants. Vitamin
C, or ascorbic acid, is an effective antioxidant agent that
protects proteins, lipids, carbohydrates and nucleic acids
from free radicals and ROS damage. However, no significant
association between vitamin C intake and AMD has been
observed. The same applies for vitamin E. There is a need to
fully explore the potential of these vitamins to prevent AMD
(Khoo et al., 2019).

Reflection and Conclusions

AMD treatment focuses on antioxidant substances to
prevent or reduce oxidative stress effects, and anti-VEGF
substances to reduce neovascularisation, among others. In
view of the results of this review, several medicinal plants
and natural products might be a beneficial supplementary
treatment or an alternative treatment, depending on the
AMD type. On the one hand, and according to background
knowledge (Datta et al., 2017; Bungau et al., 2019), retinal
diseases linked to ageing, such as AMD, are associated with
oxidative stress. On the other hand, the late AMD form
includes the chorioidal neovascularisation complex, which
is associated with serious retina problems (Mitchell et al.,
2018). Among medicinal plants and according to the most
up-to-date scientific background, saffron, ginkgo, bilberry
and blueberry, and curcuma or turmeric, are the most re-
ported possibilities. Regarding natural products, carotenoids
and polyphenols are the most commonly used with positive
results on AMD prevention or treatment. Among medici-
nal plants, saffron improves visual function at safe doses far
below the lethal dose, as clinical trials show (Falsini et al.,
2010; Piccatdi et al., 2012; Marango et al., 2013; Lashay et al.,
20165 Riazi et al., 2017; Broadhead et al.,, 2019; Di Marco et
al., 2019). These positive effects appear to be mainly related
to antioxidant ability, although the mechanism of action
seems complex by ranging from antioxidant activity to gene
expression control (Natoli et al., 2010). The same occurs with
berry extracts from bilberry and blueberry, whose beneficial
effects on AMD are due mainly to the antioxidant ability,
together with their capability to improve eye blood flow
(Osada et al., 2017; Huang et al., 2018). Although the effects
of both species are similar, the main active phytochemicals
differ, with carotenoids for saffron and polyphenols (flavo-
noids) for bilberry and blueberry. The medicinal plants that
possess antioxidant and antiangiogenic properties are curcu-
ma and ginkgo. These species are useful in late AMD when
neovascularisation exists. However, curcuma, and its main
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active principle, curcumin, possess low solubility and oral
bioavailability that must be compensated for by the addition
or presence of non-curcuminoid components to increase
their bioavailability (Antony et al., 2008). Regarding isolated
compounds, carotenoids (including A vitamin) and polyphe-
nols are the most reported natural products used for AMD
treatment with positive results. The former are antioxidant
substances responsible for saffron activity. Among these sub-
stances, lutein and zeaxanthin are more recommended for
reducing the AMD risk than carotene (AREDS, 2014). Fur-
thermore, no clinically significant adverse reactions attrib-
utable to lutein and zeaxanthin are reported. However, an-
ti-VEGF activity is not described and would not, therefore,
be effective in reducing neovascularisation. Carotenois have
different effects, according to the studies consulted. Most of
them show positive results in the prevention and protection
of AMD. However, there are clinical trials and epidemio-
logical studies that show that these substances do not have a
clear beneficial effect on AMD, because they could not delay
their progression. Perhaps the heterogenization of researches
is one of the causes that produce these differences. Among
polyphenols, it is worth highlighting two substance types,
stilbenes and flavonoids, more specifically, RV as stilbene,
and quercetin and anthocyanidins as flavonoids. The main
action of RV is antioxidant (Abu-Amero et al., 2016). Thus,
in principle, it could be a good substance for preventing or
reducing AMD without neovascularisation, but its anti-in-
flammatory and anti-oxidant properties combined can be
used against AMD with neovascularisation (Fernandez-Ara-
que et al,, 2017). Finally, and according to the information
found in consulted articles, vitamins C and E show no clear
relation with AMD improvement. Despite positive results
being reported, in all cases the authors agree that more re-
search, including clinical trials, are necessary to understand
the mechanism of action of certain substances, and to know
doses and dose regimens to ensure that these treatments are
safe and effective. In order to fill in all review information,
we would like to make a final reflection and a proposal.
According to AREDS 2 (Age-Related Eye Disease Study 2),
taking vitamin and mineral supplements daily improves
AMD, particularly in the case of dry AMD, when there are
many drusen (AREDS2 et al,, 2012). This study proposes
taking nutritional supplements every day to reduce the risk
of suffering from late or wet AMD. The components of this
supplement include vitamin C, vitamin E, lutein, zeaxanthin,
zinc and copper (Chew et al., 2015). In addition, Khoo et al.
(2019) commented that several antioxidants, such as antho-
cyanins, carotenoids, flavonoids and vitamins reduce the risk
of getting eye-related diseases. They stressed that the com-
bined antioxidants and vitamins have a synergistic effect that
improves prevention and reduces the risk of macular degen-
eration. Based on these reflections and all the information in
our review work, we can make a proposal to use medicinal
plants with anti-VEGF properties and natural antioxidant
products to treat and improve AMD. Therefore, Curcuma or
Ginkgo plus lutein, zeaxanthin and vitamins may be a good
option, but clinical trials are necessary.
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