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Abstract 

 

Age-related macular degeneration (AMD) is responsible for a substantial proportion of severe visual 

impairment and blindness in people over 50 years of age. Current treatments for AMD are not effective in all 

patients and a proportion of patients who respond well to the treatment will still eventually develop central 

visual impairment. Despite all efforts to develop safe and efficient medications for AMD, as yet 

pharmacological approaches have failed to provide fully effective treatments for this condition. Various lines 

of evidence attest to the contributions of oxidative stress in the etiology of AMD. Anti-oxidant nutrients may 

be valuable preventive or therapeutic agents however complementary therapies can become widely adopted 

without sufficient knowledge of the real advantages and liabilities. This review considers the interventional 

potential of some common phytochemicals for treating AMD, primarily focusing on clinical and epidemiological 

evidence of potential public health relevance.  
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Introduction 

Age-related macular degeneration (AMD) is a disease of 

the elderly, especially those of European ancestry, in 

which there is irreversible central vision loss and 

ultimately blindness [1-3]. As lifespans increase, AMD 

poses an increasingly serious issue for the aging 

population [4] and is now a well-recognized public 

health problem with substantial social and economic 

impact [5]. Epidemiological studies have identified AMD 

as the leading cause of blindness in the demographic of 

individuals 55 years and over in industrialized countries 

[6-8]. There is a strong need for greater understanding 

of the underlying pathology and molecular mechanisms 

to guide the development of effective therapies.  

 

As shown in Fig. 1, the macula, from the Latin macula 

lutea, macula meaning spot and lutea yellow, is located 

near the centre of retina. The pathological processes in 

AMD lead to damage and degeneration of 

photoreceptors within this region [9], causing impaired 

sight in the centre of the visual field.  

 

AMD can be divided into two stages: early AMD, where 

there is mild pathology but no obvious vision 

abnormalities, and late AMD, which manifests as severe 

vision loss [10]. The pathology of early AMD is 

characterised by drusen, extracellular deposits of cellular 

debris between the retinal pigment epithelium (RPE) and 

Bruch’s membrane (Fig. 1) that range in colour from 

yellow to white under ophthalmoscopy [11]. While early 

AMD itself does not manifest as noticeable vision loss in 

affected individuals, it is associated with a significant risk 

of progression to late AMD, where substantial loss of 

visual function is often reported [9]. Late AMD is 

classified into two forms, wet and dry, based on whether 

there is choroidal neovascularisation. Both forms have 

drusen but whereas dry AMD is non-neovascular and 

characterised by geographic atrophy that extends to the 

centre of the macula, in contrast wet AMD is 

Fig. 1. Cross section of the eye. The macula is located in the posterior segment of the eye. The arrangement of 
retinal layers is shown in the enlarged inset on the right. The neural retina is isolated from the blood stream 
(choroidal vessels) by the blood-retina barrier, formed by the retinal pigment epithelium (RPE). Light travels 
through the different layers to strike the rod and cone cells (photoreceptors) and start the visual cycle. 
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characterised by choroidal neovascularisation and 

increased vessel fragility and permeability [12].  

 

While the etiology and pathophysiology of AMD are still 

incompletely defined, it has been proposed that 

oxidative processes play a contributory role [13, 14]. 

Although a wide array of clinical and experimental drugs 

using anti-oxidant components is currently applied in 

degenerative diseases [15], it is hypothesized that there 

are certain diet-based compounds with the capacity to 

strengthen defence systems in response to oxidative 

stress and inflammation [16, 17]. In fact, the potential 

benefits of nutrient supplementation for age-related eye 

diseases have been recognized for some time [18]. This 

review presents evidence for putative roles of natural 

dietary anti-oxidants as preventative or interventional 

compounds in AMD.  

 

Oxidative stress in the etiology of AMD 

 

Generation of reactive oxygen species (ROS) and other 

cellular oxidants is part of normal cellular metabolism. 

Although low to moderate concentrations of ROS, in 

combination with lysosomal digestive enzymes, can 

contribute to immune system defences against invading 

pathogens or apoptotic cells, overproduction of ROS 

leads to a deleterious process termed oxidative stress in 

which cell structures can be potentially damaged. Toxic 

levels of ROS are produced as a consequence of 

dysregulation of pro-oxidant and anti-oxidant 

homeostasis [19].  

 

The retina, where high oxygen consumption occurs in 

conjunction with light exposure, is extremely vulnerable 

to high concentrations of ROS, which are associated with 

lipid peroxidation, DNA and protein damage [16, 20, 

21]. The retinal pigment epithelium (RPE) and neural 

retina (Fig. 1) are partly protected against high 

concentrations of ROS by both enzymatic and non-

enzymatic anti-oxidants [16] however accumulation of 

pro-oxidants over time, and the resulting increases in 

ROS, are associated with the development of AMD [22, 

23].  

 

The blood-retina barrier partly isolates the retina from 

the bloodstream and restricts the access of many 

medications to the retina, a complicating factor for 

treatments targeting retinal disease. In contrast, there is 

a broad range of biologically active compounds in plants 

known as phytochemicals these are able to cross this 

barrier [24, 25]. Increasing evidence suggests that 

phytochemicals might be valuable in treating AMD, in 

addition to other age-related degenerative disorders 

such as Alzheimer’s disease and Parkinson’s disease [26-

29]. 

 

Dietary interventions  

 

The beneficial effects of daily consumption of 

phytochemicals or bioactive compounds have been 

reviewed elsewhere in the context of major diseases 

such as cancer [30, 31], cardiovascular disease [32, 33] 

and neurodegenerative disease [34, 35]. Due to their 

anti-oxidant properties and low toxicity, natural food 

compounds are excellent candidates for protecting 

against degeneration and other age-related problems 

(‘anti-aging’). Phytochemicals have many double bonds 

in their molecular structures which, by reacting with 

ROS, enable them to scavenge free radicals. In addition 

to potential actions in preserving neural function and 

forestalling age-related deficits, the ideal characteristic 

of phytochemicals in regard to the treatment and 

prevention of AMD is their ability to pass through the 

blood-retina barrier. The following sections review a 

number of phytochemicals and their effects on AMD. 
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Carotenoids 

 

Carotenoids are powerful antioxidants and considered to 

be the main singlet oxygen quenchers in chloroplasts 

[36]. One important early study was a large multicentre 

case-control study [18], which reported an inverse 

association between advanced AMD and levels of 

carotenoid intake. Using multiple logistic-regression 

analyses, the authors estimated the relative risk for AMD 

based on dietary indicators of antioxidant status. Their 

findings showed consumption of carotenoids, especially 

lutein and zeaxanthin, substantially decrease the risk for 

AMD [18]. Rich dietary sources for lutein and zeaxanthin 

include spinach and collard greens. These carotenoids 

are described in more detail below. 

 

The initial Age-Related Eye Disease Study (AREDS), a 

large-scale clinical trial with 3 650 participants (55-80 

years) spanning over six years, evaluated the effects on 

AMD progression of various dietary supplements, 

including beta-carotene, vitamin C, vitamin E, and zinc 

[38]. Randomly selected subsets of participants received 

either placebo or a daily antioxidant tablet containing 

beta carotene (15 mg), vitamin E (400 IU), vitamin C 

(500 mg), zinc oxide (80 mg) and cupric oxide (2 mg). 

Participants receiving the supplement had reduced rates 

of progression of advanced AMD compared to those 

receiving the placebo, with significantly smaller drusen 

deposits. However the AREDS formulation examined in 

these studies was representative of pharmacological 

dosages used clinically and is too rich in anti-oxidants to 

be readily achievable even for people on common daily 

multivitamin supplementation regimens [37].  

 

One serious limitation of beta-carotene use is its 

association with an increased risk of lung cancer in 

smokers, which was first reported after the 

commencement of AREDS [38]. This compelled 

researchers to look for substitutes for beta-carotene.  

 

The follow-up Age-Related Eye Disease Study 2 

(AREDS2) aimed to improve on the original AREDS anti-

oxidant formulation for AMD treatment [38] by replacing 

beta-carotene with lutein and zeaxanthin [39, 40]. 

Lutein and zeaxanthin are carotenoids which are 

naturally expressed in the macula, with lutein believed 

to be important in the peripheral macula and zeaxanthin 

in the central macula [41]. Lutein and zeaxanthin are 

isomers with identical chemical formulas, differing only 

in the location of the double bond in one end ring [42, 

43].  

 

A self-administered, semi-quantitative, food frequency 

questionnaire (AREDS FFQ) was applied to assess the 

nutrient intake of participants aged 50 to 85 years with 

high risk of developing AMD (n=4203). High risk was 

defined as either bilateral drusen or large drusen in one 

eye and advanced AMD in the other eye. Over a five 

year period, a randomly selected subset of participants 

received daily dietary supplementation consisting of the 

carotenoids lutein (10 mg) and zeaxanthin (2 mg) in 

addition to the standard AREDS formulation, which 

included Vitamins C and E, the omega-3 fatty acids 

docosahexaenoic acid and eicosapentaenoic acid, 

copper, zinc and beta-carotene (non-smokers only). The 

control group received the formulation used in the 

original AREDS study. In total, 3451 eyes were assessed 

for the treatment group compared to 3440 eyes for the 

control group. The high lutein or zeaxanthin diet 

significantly lowered the chance of developing advanced 

AMD [hazard ratio 0.91, 95% CI (0.82-1.00), p=0.05] 

over the study period, although the size of the effect 

was not large [39, 40]. Similar results were obtained in 

the Carotenoids in Age-Related Eye Disease Study 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journals/index.php?jid=63
http://dx.doi.org/10.14302/issn.2471-2140.jaa-14-616


 

 

Freely Available  Online 

www.openaccesspub.org  |  JAA    CC-license    DOI : 10.14302/issn.2471-2140.jaa-14-616                Vol-1 Issue 1 Pg. no.-  33  

(CAREDS). More than 1700 women aged between 50 

and 79 years were followed over periods of 4 to 7 years. 

The researchers reported a significant risk reduction of 

AMD amongst women aged over 75 with a stable dietary 

intake of lutein and zeaxanthin which was quantified to 

be 2.6 mg per day [44]. A schematic illustrating the 

structure and effect of lutein is shown in Fig. 2.  

 

In contrast, there have been a number of studies which 

have failed to observe comparable effects. For instance, 

in the Blue Mountains Eye Study, a large population-

based assessment of visual impairment conducted in 

Australia [45], 2335 participants aged 49 years or older, 

with no trace of early age-related maculopathy, were 

studied over 5 years. Nutrient intakes were assessed by 

FFQ. No protective effects of lutein and zeaxanthin were 

reported in the 8.7% of participants in whom early AMD 

was detected by the end of the study. However most 

participants in this study had lower lutein and 

zeaxanthin intakes than intake levels reported to be 

associated with retinal protection of over 1.5 mg per day 

[39, 44, 46]. It is also possible that other 

phytochemicals may have masked potential effects. 

 

In another large prospective study, 118 428 participants 

aged over 50 years, with no baseline diagnosis of AMD, 

were followed for more than a decade. While the intake 

levels were within the range of levels previously 

reported to be associated with retinal protection [39, 44, 

46], with median intakes of lutein/zeaxanthin ranging 

from 1.5 mg per day for the first quintile to 6.6 mg per 

day for the fifth quintile, the results reflected no strong 

association between dietary lutein, zeaxanthin and the 

risk of age-related macular disorders [47]. However 

again the amount of lutein intake in this study was far 

lower than the daily dose of 10 mg of lutein used in 

AREDS2 [39, 40]. 

 

While several reports provide evidence for protective 

effects of carotenoids, particularly lutein and zeaxanthin 

in populations at risk of AMD, further clinical studies are 

Fig. 2. Schematic depicting the protective action of phytochemicals on light
-induced photoreceptor damage. Lutein and its isomer zeaxanthine are 
natural carotenoid phytochemicals present within the macula which are 
hypothesized to mitigate light-induced oxidative damage by scavenging of 
ROS.  
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required to determine the optimal dosage of these 

phytochemicals. 

 

 

Curcumin 

 

Curcumin (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-

heptadiene-2,5-dione), derived from the yellow curry 

spice turmeric, possesses potent antioxidant properties, 

as reviewed previously [48, 49]. Results from animal 

models suggest that it may have protective effects in the 

retina. Although curcumin has poor oral bioavailability, 

which may limit its therapeutic utility in the retina, it has 

been reported that bioavailability can be increased by 

encapsulating curcumin in liposomes [50, 51]. 

 

Protective effects of curcumin have been reported in rats 

with diabetes-induced oxidative stress and inflammation 

in the retina [24], supporting other studies suggesting 

that curcumin is able to cross the blood-retina barrier 

[52] and may assist the anti-oxidant defence system by 

scavenging free radicals. Similarly, protective pre-

conditioning effects have been reported in a rat model 

of light-induced retinal degeneration [53]. Wistar albino 

rats exposed to damaging light after two weeks of 

curcumin supplemented diet (0.2%) were found to be 

protected against light-induced retinal damage, as 

assessed by both morphological and functional 

measures. This appears to be mediated by changes in a 

number of proteins, including NF-κB and various growth 

factors, which result in inhibition of cellular inflammatory 

responses. The results suggest curcumin helps preserve 

the functional and structural integrity of retinal 

photoreceptor cells through the regulation of 

inflammation and oxidative stress [53].  

 

As far as we have been able to determine, there has 

been no human study investigating the role of curcumin 

in prevention, delay or treatment of AMD. Further 

studies will be needed to assess the effectiveness of 

curcumin supplementation in preventing or treating 

AMD.  

 

 

 

Ginkgo biloba 

 

Therapeutic applications of Ginkgo biloba can be traced 

back 5000 years in China and EGb 761, a standardized 

extract of dried leaves of Ginkgo biloba, is now being 

used in the treatment of various conditions, for example 

cerebral insufficiency [54]. (Cerebral insufficiency is the 

term used by some researchers to refer to non-specific 

and poorly characterized decline in memory and other 

cognitive functions that may occur with aging; this 

should not be confused with cerebrovascular 

insufficiency, since clear vascular disease is not 

invariably present [54]). With regard to the visual 

system, a Cochrane systematic review has analysed two 

randomized trials conducted on small groups of people 

with AMD symptoms at baseline. In one of these studies, 

10 participants received Ginkgo biloba extract EGb 761 

(80 mg) twice a day for six months and another 10 

participants received a placebo. The other study of 99 

participants compared  two different doses of EGb 761  

extract, 240 mg per day (n=50) and 60 mg per day 

(n=49), both again over a six month period [55]. 

Although trends towards improvements in acuity, near 

vision and other measures were reported, these failed to 

reach significance. The short duration and small number 

of participants prevents any conclusions being drawn 

from these studies and further research is needed to 

determine the interventional utility of Ginkgo biloba for 

AMD. 
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Anthocyanins 

 

Anthocyanins are a versatile group of vacuolar pigments 

with potent antioxidants qualities. They are found at 

high levels in certain types of berries, such as 

cranberries and blueberries, and a variety of other foods 

that are deep red, blue or purple in colour, such as 

eggplant. Anthocyanins have been demonstrated to 

have various protective properties in studies of the 

effects of visible and ultraviolet light stress, heat stress 

and drought on plants, as reviewed previously [56]. 

Interestingly, the Chinese wolfberry, which is high in 

anthocyanin, has been considered for centuries to be 

beneficial for the eyes and is used to treat eye 

conditions in traditional Chinese medicine, as reviewed 

elsewhere [57].  

 

The distributions of intact anthocyanin species in the eye 

have been evaluated in rabbit and rat models after 

intraperitoneal, intravenous or oral administration of 

blackcurrant preparations [25]. The results provide 

evidence that blackcurrant anthocyanins enter various 

ocular tissues, including the retina, after IV injection or 

oral administration, permeating the blood-retina barrier 

and the blood-aqueous barrier formed by the ciliary 

body epithelium. Similar results were reported by Kalt 

and colleagues after examination of anthocyanin 

deposition in tissues of blueberry-fed pigs [58].  

 

Anthocyanins from a range of sources appear to have 

retinoprotective properties but in most cases the 

mechanisms have not yet been discovered. However 

anthocyanins from black rice are reported to prevent 

retinal photochemical damage through effects involving 

the AP-1/NF-κB pathway leading to reduced levels of 

caspase 1 [59]. As noted above, curcumin may also 

affect this pathway [53]. 

 

Based on the known anti-oxidant properties of 

anthocyanins and observations of their capacity to cross 

the retinal barrier systems, there has been considerable 

speculation about the preventative capabilities of 

anthocyanins in AMD [60, 61]. However, as yet, this has 

not been explored sufficiently in clinical and laboratory 

studies to validate the usage of berry extracts in AMD. 

 

Saffron 

 

Crocus sativus L. (saffron) is a perennial plant commonly 

used as a spice for enhancing the flavor, color and 

aroma of food. The coloring components of saffron are 

pharmacologically active and water-soluble carotenoids 

called crocins [62]. A comparative in vitro study of a 

range of herbs, spices, fruits and nuts found that saffron 

had the strongest antioxidant content [63]. The 

antioxidant effects of saffron are attributable to the 

presence of bioactive components such as crocins and 

crocetins [64, 65]. The neuroprotective effects of saffron 

in the brain and retina have been investigated in various 

animal models. For example, in the brain, saffron is 

reported to increase oxygenation in the cerebral 

hemisphere of haemorrhaged rats [66] and protect 

hippocampal neurons and nigrostriatal dopaminergic 

neurons against degeneration in rat models of 

parkinsonism [67, 68]. 

 

In the retina, saffron pre-conditioning has been shown 

to protect against apoptotic photoreceptor cell death 

induced by harmful levels of exposure to bright light. 

Daily saffron supplementation (1mg/kg) of Sprague-

Dawley rats for 6 weeks prior to 24 hours exposure to 

continuous bright light (1000 lux) decreased death of 
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photoreceptor cells relative to treatment with 1mg/kg 

beta-carotene for 6 weeks, in conjunction with reduction 

of inflammatory reactions and stabilization of retinal 

morphology [69]. Microarray analysis suggests that the 

effects of saffron in this rat model involve changes in 

numerous unknown entities, notably certain non-coding 

RNAs [70]. Similarly, in mice, dietary supplementation 

with crocetin for five days (100 mg/kg/day) following 

bright light exposure (8000 lux for 3 h) has been 

reported to attenuate retinal photoreceptor damage and 

inner retinal dysfunction [71]. 

 

Researchers are now beginning to investigate the effects 

of saffron in AMD patients. Results from one pioneering 

study of short-term supplementation of 20 mg/day 

saffron for 90 days in twenty-five patients with early 

AMD has provided evidence for improvement in retinal 

flicker sensitivity in response to light over this period 

[72]. This challenges the traditional idea that anti-

oxidants are beneficial for AMD only after long-term 

applications [73]. 

 

A follow up to the above research evaluated the effects 

of saffron on the retina of AMD patients over longer 

periods of up to 16 months [74]. Twenty-nine AMD 

patients were treated with 20 mg of dietary saffron per 

day for 12-16 months. Improvement in macular function 

(mean focal electroretinogram sensitivity, mean visual 

acuity) was observed after just three months of saffron 

supplementation and the changes were reported to be 

stable after that period of time. 

 

Another study by Marangoni and colleagues [75] 

assessed the association between major risk genotypes 

for AMD and the effects of saffron. The study recruited 

33 early AMD patients (age 51 years or more) with 

known AMD risk genotypes, notably polymorphisms in 

complement factor H (CFH) and age-related 

maculopathy susceptibility 2 (ARMS2) proposed to be 

associated with clinical characteristics of AMD [76]. Oral 

supplementation of 20 mg of saffron per day for 11 

months was found to have positive functional effects on 

the retina, with improvements in focal electroretinogram 

amplitudes and macular sensitivity. The observed 

improvements were independent of patient genotype. 

Although neuroprotective mechanisms of saffron are still 

to be worked out in full [70], these studies suggest 

saffron may have therapeutic value in degenerative 

conditions such as AMD. 

 

Conclusion 

 

Since the initiation and progression of AMD may be 

considerably influenced by exposure to oxidative factors, 

the anti-oxidant properties of phytochemicals make 

them excellent candidates for the prevention or 

treatment of AMD. The capacity to scavenge free 

radicals is proposed to be the main mechanism by which 

phytochemicals may protect against AMD. The functional 

characteristics of phytochemicals, in conjunction with 

their low-toxicity, commercial availability and ability to 

cross the blood-retina barrier, make these naturally 

derived substances an attractive option for combatting 

AMD. 

 

In particular, consumption of anthocyanins, saffron and 

the carotenoids lutein and zeaxanthin by AMD patients 

may be beneficial. Additional quantitative studies are 

required to progress animal research and extend the 

findings to humans, including evaluating optimal 

dosages and durations of phytochemical administration 

and the effects of treatments combining several 

phytochemicals.  
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Overall, while reducing the risk of AMD by modifying 

consumption of dietary factors seems to be a practical 

preventative or interventional strategy, more research is 

required to provide patients and clinicians with accurate 

and comprehensive information to achieve optimal 

outcomes. 
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