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Received: 1 Nov 2023 Age-related macular degeneration, often called AMD or ARMD, is the
Revised: 25 Nov 2023 leading cause of vision loss and blindness. It usually affects the older

Accepted: 20 Dec 2023 population mainly those who are 60 years and older. It is the degeneration of
the macula, which is the part of the retina responsible for the sharp, central
vision needed to read or drive. Because the macula primarily is affected by
AMD, central vision loss may occur. There are mainly two types of AMD the
Wet form and the Dry form. The dry form is more common than the wet
form, with about 85 to 90 percent of AMD patients diagnosed with dry AMD.
The wet form of the disease usually leads to more serious vision loss.
Anthocyanin-rich bilberry, a plant-derived antioxidant, has been utilized as a
popular supplement for ocular health worldwide. In addition to its anti-
inflammatory effect, the anthocyanin-rich bilberry extract ameliorated the
intracellular elevation of reactive oxygen species and activated NF-xB, a
redox-sensitive transcription factor, in the inflamed retina. Because of these
properties, bilberry can be a complementary treatment for those who are
looking for the treatment of AMD.
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1. Introduction:

Changes associated with age impact every aspect of the eye. While these changes can impact how well we see,
it's important to distinguish between natural age-related shifts and abnormal changes. Age-related macular
degeneration (AMD or ARMD) is a medical condition that can lead to blurry or absent central vision. This
condition usually appears in older individuals. Visual impairment becomes more common after the age of 60,
making it the second most prevalent physical limitation in the elderly. Genetics and smoking are contributing
factors. AMD occurs due to harm to the central part of the retina, known as the macula. Detection involves a
comprehensive eye examination, and its severity is categorized as early, intermediate, or late stages. . The
late type is additionally divided into "dry" and "wet" forms with the dry form predominantly being 90% of
cases @ During the year 2020, approximately 196 million instances of age-related macular degeneration were
estimated globally. This figure is predicted to ascend to 288 million by the year 2040. Projections pointed
towards Asia harboring the largest number of cases by 2040 (around 113 million), succeeded by Europe
(approximately 69 million), Africa (about 39 million), as well as Latin America along with the Caribbean
(roughly 39 million). Additionally, North America was expected to have around 25 million cases, whereas
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Oceania would have a smaller count of 2 million. Upon analyzing statistical contrasts, it was evident that Asia's
count would likely surpass that of other regions by 2040. This trend was anticipated to persist until roughly
2038 for the African region.®) Aging leads to visible yellow deposits called drusen in the retina, positioned
between the retinal pigment epithelium and Bruch's membrane. Age-related macular degeneration (AMD)
patients exhibit diverse clinical features based on drusen size and pigment irregularities, including both lighter
and darker pigmentation changes. @ Situated at the rear of the eye, the macula holds light-responsive cells that
facilitate sharp central eyesight. This component is vital within the retina, transforming light into electrical
impulses which are relayed through the optic nerve to the brain, forming images. The degeneration of the
macula is a gradual deterioration process, which could potentially give rise to macular gaps. Though these
gaps generally do not stem from injuries, forceful impacts have the potential to damage the macula's vascular
system, ultimately causing its deterioration.. ®

Bilberry (Vaccinium myrtillus L.) emerges as a natural source of Anthocyanins, a cluster of polyphenolic
compounds accountable for its vivid blue/black hue and substantial antioxidant content. Renowned for
enhancing eyesight, bilberry presents a spectrum of potential health benefits. Research indicates that bilberry
might contribute to reducing blood sugar levels, displaying anti-inflammatory characteristics, and aiding in the
reduction of lipid levels. Moreover, its antioxidative traits foster robust protection against oxidative tension.
Given these attributes, bilberry holds promising potential in preventing and managing various conditions
linked to inflammation, dyslipidemia, elevated blood sugar, oxidative strain, and age-related illnesses. )
Oxidative harm, inflammation, and the growth of new blood vessels (neovascularization) play pivotal roles in
the development of AMD. Consequently, antioxidants like dynamic constituents, carotenoids, extracts,
polysaccharides, flavonoids, formulations, vitamins, and whole foods could possess the capability to hinder or
postpone the advancement of the disease. We will delve into the documented molecular methods through
which bilberries operate, encompassing their safeguarding mechanisms. This assessment furnishes a
systematic foundation concerning the application of antioxidants as remedies for AMD, spanning from
laboratory experiments to clinical tests.

2. Classification and severity grading of AMD:

AMD has two main types of macular degeneration known as dry and wet AMD. Dry AMD, which is also
known as the nonexudative form, is the most common type, comprising ~90% of all diagnosed cases. GA is
the advanced stage of dry AMD. Wet AMD is also known as the exudative form, and although less common
than dry AMD, it is associated with a more rapid progression to advanced vision loss. The main manifestations
of wet AMD are CNV and pigment epithelial detachment (PED). Approximately 10%—20% of patients with
nonexudative AMD may develop the wet form, which is estimated to affect 1.75 million people in the US.
The development of standardized photographic retinal grading methods, like the Wisconsin ARM grading
system, was followed by the International ARM Epidemiological Study. This study redefined the diagnostic
system for Age-related Macular Degeneration (AMD) and implemented a stricter criterion for its diagnosis.
The ARM grading system characterized minimal or moderate nonexudative age-related changes in the macula.
To establish a diagnosis of nonexudative AMD or wet AMD, the presence of advanced RPE atrophy
(geographic atrophy - GA) or choroidal neovascularization (CNV) respectively, was essential. After applying
the International Classification criteria, ARM accounted for approximately 85%-90% of AMD cases, while
nonexudative AMD represented 10%-15% of affected individuals with age-related macular changes.®

The Age-Related Eye Disease Study (AREDS) further defined categories of AMD based on the presenting
features of drusen (deposits under the retina), atrophy, and neovascularization. These categories are as follows:
1. No AMD: Fewer than five small drusen.

2. Early AMD: Multiple small drusen or at least one intermediate-sized drusen.

3. Intermediate AMD: Extensive intermediate-sized drusen, more than one large drusen, or non-central GA.
4. Late AMD: Central GA or CNV causing vision loss (visual acuity worse than 20/32) in one eye. it is further
devided into Dry AMD and Wet AMD. ©

Dry AMD:

Drusen are one of the earliest signs in AMD. Clinically, typical drusen appear as focal, whitish yellow
excrescences deep to the retina. Typical drusen deposits are located beneath the retinal pigment epithelium and
Bruch’s membrane and vary widely in number, shape size, and distribution. Most drusen are 20-100 pm and
are characterized as hard or soft. Hard drusen, which appear as round, discrete yellow-white spots are
commonly identified in many populations. They are not age-related and do not carry an increased risk for the
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development of neovascularization®®. On the other hand, soft drusen are characterized by their vague
boundaries and lack of distinct edges, with a size equal to or exceeding 63 pm. Various research endeavors
and experiments have consistently shown that these larger, merged soft drusen are closely linked to age-related
changes and are connected to an elevated likelihood of advanced AMD onset, often accompanied by the growth
of abnormal blood vessels (neovascularization)®?. Clinically, geographic atrophy stands out due to its distinct
characteristics. It presents as a clearly defined region within the retina where the thickness is reduced compared
to the surrounding area. This variance in thickness results in a noticeable change in color, making the choroidal
vessels underneath more visible. Alterations in pigmentation, such as lighter or darker areas, can encircle the
macular atrophy. When the central point of the retina (foveal center) remains unaffected, there's a chance that
visual acuity will remain decent. However, reading vision might still be compromised due to a narrowed central
visual field®V,

Wet AMD:

Wet AMD is distinguished by the occurrence of new vessel growth within the macula. Choroidal
neovascularization (CNV) refers to the emergence of new blood vessels from the choriocapillaris, which
breach the outer part of Bruch's membrane and extend into the space beneath the pigmented epithelium.
Clinical indications of neovascular AMD encompass various aspects: accumulation of fluid beneath the retina
or within it, bleeding in the retina, subretinal region, or beneath the retinal pigment epithelium (RPE), discharge
of lipid deposits, as well as the presence of gray or yellow-green discoloration or membrane-like formations.
RPE detachment and tearing can also be observed. In the advanced stage of the disease, the neovascularization
leads to the formation of a scar composed of fibrous and vascular tissue (disciform scar) or results in atrophy.
This eventually causes lasting harm to central vision. #2314 Pigment epithelial detachment (PED) is a
separation of the retinal pigment epithelium (RPE) that can arise from factors like serous fluid, fibrovascular
tissue, hemorrhage, or the merging of drusen beneath the RPE layer. A serous PED presents as a convex
detachment of the RPE, displaying prominent and widespread brightness in fluorescein imaging. Over time,
there's a gradual accumulation of fluid in a confined area, leading to pooling: ¢
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Figure 1: Age-related macular degeneration types and macular appearance 6)
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3. Risk Factors:

Age:

Advanced AMD development has various risk factors including age, ethnicity, and genetics. Age is the primary
predictor, with the risk increasing over threefold in those over 75 compared to ages 65-74. In the US, around
30% of individuals above 85 years have AMD. /19

Family history and genetics:
AMD prevalence varies among ethnic groups, with Caucasians having the highest rates, followed by Hispanics
and Asians, and the lowest rates in African Americans. Family history significantly increases AMD risk,
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particularly among siblings. Genetic factors play a significant role in AMD, with 34 genetic loci and 52 gene
variants identified. These genes affect immune response, inflammation, and retina health. Notable genes
include CFH, HTRA1 (ARMS2), and CFB/C2. Genetic makeup also influences treatment response, impacting
age of onset and response to anti-VEGF therapies. Incorporating genetics into treatment strategies could
enhance personalized care for AMD patients. Studies highlight cumulative gene effects on disease onset and
treatment response, suggesting potential for tailored therapeutic approaches based on individual genetic
profiles®

Lifestyle, diet, and nutrition:

The primary modifiable risk factor for AMD is smoking, and patients should be consistently advised to quit
smoking during their visits to prevent worsening vision loss. Individuals who have smoked for over 40 years
face a two to fourfold higher likelihood of AMD compared to non-smokers of similar age ®. The ALIENOR
study from France showed that high pulse pressure was associated with an increased risk of late-stage AMD,
whereas systolic or diastolic blood pressure or the use of antihypertensive medications was not significantly
associated with an increased risk of either early- or late-stage AMD. Consuming saturated fats, trans fats, and
omega-6 fatty acids is linked to a twofold rise in AMD prevalence, while monounsaturated fats might offer a
protective effect. @9

4. Antioxidant activity of Bilberry :

The berries found in various species of Vaccinium are notably rich in antioxidant compounds, making them a
valuable dietary source for supplementing antioxidants. V. myrtillus, in particular, is distinguished by its
content of delphinidin and cyanidin glycosides, as well as quercetin and chlorogenic acid.*® While
investigating the antioxidant properties of the complete extract, a significant synergistic effect was observed.
The majority of observed effects were linked not to the isolated anthocyanin fractions, but rather to the
unseparated extract as a whole. @

Recent studies have suggested that anthocyanins and other polyphenols can also have indirect effects by
stimulating antioxidative defence mechanisms via induction of enzymes such as GST or GSH-Px @V or DAF-
16 and HSF-1 @@ Typically, these mechanisms exhibit dependence on the dosage. Nevertheless, an
examination involving isolated rat hearts revealed that elevated concentrations of bilberry anthocyanins
(ranging from 5 to 50 mg/L) might lead to reduced cardioprotective effects and demonstrate potential harm to
the heart, despite the fact that their ability to scavenge radicals and function as intracellular antioxidants
increased proportionally with the concentration. @3

Antioxidant activity plays a crucial role in facilitating numerous positive effects within the human body.
Extracts from bilberries, for instance, hinder the oxidative alteration of human LDL (low-density lipoprotein)
in laboratory settingsn attenuate liver damage induced by CCl4 or stress in rats®¥. ameliorate oxidative stress
after ischaemia-reperfusion injury in isolated rat heart®®. during metabolic syndrome®@® or in cancer cells®?.

5. Bioactive Constituents of Bilberry:

Anthocyanin:

The fruits of each above listed species have a characteristic anthocyanin profile which can be used for

fingerprint analysis:

V. myrtillus contains mainly delphinidin and cyanidin (Figure 1) in a 1 : 1 ratio, followed by petunidin,
peonidin and malvidin

o V. vitis-idaea contains mainly cyanidin (>90%) and small amounts of peonidin, other anthocyanins are absent

o V. x intermedium typically contains more cyanidin compared to bilberry

e V. corymbosum contains mainly delphinidin, peonidin is absent

e V. uliginosum contains delphinidin and malvidin in 1 : 1 ratio (figure 1)

o V. myrtillus has the most intensely colored berries out of all above mentioned species. This is due to the
fact that both peel and pulp contain large amount of anthocyanidins (up to 2% of the fresh weight in peels),
whereas in other species the pulp is white or light pink at most ®® . In bilberries, anthocyanins comprise
about 90% of the total phenolic compounds of the fruit ¢°
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OH

Amax (Nm) *
Anthocyanin (% in Content in Bilberry)  R1 R2

R3=H R3=gluc
Delphinidin (15.17%) OH OH 546 541
Cyanidin (8.36%) OH H 535 530
Petunidin (6.64%) OH OCH; 543 540
Malvidin (5.43%) OCHs OCH; 542 538
Peonidin (1.87%) OCH; H 532 528

* In methanol with 0.01% HCI

Figure 2. Structures of the main anthocyanin-3-O-glucosides found in bilberry and respective wavelength at
the maximum absorption in the visible region (Amax). ¢

Flavonols:

Quercetin is the main flavonol of bilberry fruits, accounting for more than 50% of total flavonoid content®?” .
The second most abundant one is myricetin (Figure 1); other flavonols, such as syringetin, laricitrin and
isorhamnetin, have only been detected in low levels Kaempferol, although abundant in bilberry leaves, is
present in fruits only in trace amounts. Flavonols in V. myrtillus occur mainly in glycosylated form. Studies
determined various hexosides, pentosides and glucuronides. The most abundant glycosides appear to be
rhamnosides and glucuronides. Phlorizin, a glucoside of a dihydrochalcone phloretin, was found in bilberry
fruits, however the aglycone itself was not detected @7,
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Triterpenoids:

The whitish wax cuticle covering the bilberry fruits consists mainly of triterpenoids such as a- and -amyrin,
oleanolic and ursolic acid (Figure 2), as well as fatty cerotic acid, sitosterol and 2-heneicosanone. The wax
layer of bilberries is similar to that of blueberries and much thinner than that of lingonberries and
crowberries®?. Oleanolic and ursolic acid, a- and R-amyrin, lupeol, lupenyl acetate and betulin were identified
in the extract of bilberry leaves@”.

) \OH ©\(° HO,,
o)
H (o)
" Meof.@/
o1~o ™ o71=0

Paeoniflorin 4-O-methyl paeoniflorin (MPF)
(0]
(0]
0]
o>7_>/ 0
IVSE JEUD-38

Triptolide

Triptonide

OH Ginsenoside

Figure 4: The structures of common terpenoids %
6. Presence of Oxidative Stress Markers in Clinical AMD:

As oxidative stress is one of the major factors contributing to and worsening the pathological events occurring
in AMD, many physiological conditions unique to the retina environment facilitate ROS generation and
oxidative stress. These include high polyunsaturated fatty acid content in the photoreceptors for lipid
peroxidation, high oxygen demand and mitochondrial metabolism, extensive light exposure to the retina, and
the presence of lipofuscin.®¥ In dry AMD characterized by RPE degeneration in late disease progression, the
RPE provides protection to the retina against light-induced oxidative damage by absorbing excess photons.
The RPE also has a high oxygen consumption rate from their high mitochondrial oxidative metabolism. RPE
cells are hence highly susceptible to oxidative stress.®® Although retinal pigment epithelium (RPE) cells
possess intrinsic antioxidative mechanisms to defend against oxidative stress, the aging process can
compromise the efficiency of RPE's antioxidative machinery, rendering it less capable of effectively
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countering oxidative harm.®63") Oxidative stress-induced RPE damage thus plays an important role in the
progression of dry AMD.®"
Compelling evidence validating the existence of biomarkers for oxidative stress in age-related macular
degeneration (AMD) has been derived from clinical investigations involving post-mortem donor eyes.
Notably, oxidative DNA damage, including the presence of 8-hydroxy-2-deoxyguanosine (8-OHdG), was
observed in AMD donor eyes, particularly in cases of dry AMD accompanied by retinal pigment epithelium
(RPE) atrophy.®® Since the photoreceptors’ outer segments are lipid enriched with docosahexaenoic acid
(DHA)® enhanced levels of carboxyethylpyrrole (CEP) protein adducts, a biomarker of DHA-containing lipid
peroxidation, in the BM of AMD donor eyes also indicate high vulnerabilities toward oxidative stress in AMD
eyes compared to non-AMD.“4142) |n addition, increased CEP levels (~60% elevation) were detected in
ELISA in dry AMD eyes compared to control donor eyes.“344

Beyond nuclear DNA oxidative damage, AMD donor eyes also showed RPE mitochondrial DNA damage
due to oxidative stress.*>#® suggesting that an imbalance in RPE mitochondrial homeostasis and metabolic
dysfunction due to oxidative stress may also lead to macular degeneration in AMD.“? To this end,
mitochondrial defects in RPE cells are being recognized as one of the major features in AMD pathology. This
notion is supported by studies of mitochondrial and glycolytic functions in RPE, which were reduced in RPE
cells isolated and cultured from AMD donor eyes compared with non-AMD eyes with AMD-derived RPE
cells showing lower levels of glutathione and ATP. Moreover, significantly higher levels of peroxisome
proliferator-activated receptor-gamma coactivator la (PGC-1a) protein in these cells as compared to healthy
RPE may also reflect susceptibility and compensatory response toward oxidative stress. 8 PGC-1o has
beneficial and protective effects on mitochondrial metabolism and antioxidant capacity“®5°59, which might
enhance resistance to and protection against oxidative stress. Another compensatory mechanism of RPE cells
to protect against oxidative stress is elevated levels of antioxidant enzymes that scavenge for ROS. Antioxidant
enzymes such as catalase, copper- and zinc-containing SOD (CuzZnSOD or SOD1), and manganese superoxide
dismutase (MnSOD or SOD2) were found to be upregulated in immunoblots of AMD donor eyes in the early
and intermediate stages of AMD, which may reflect a compensatory mechanism of upregulating pro-survival
signaling to counter increased ROS production in AMD eyes. %54

7. Benefits of Antioxidant Intake in AMD Are Endorsed by AREDS I and 11 :

Contemporary treatments for wet AMD encompass anti-VEGF therapies, demonstrating notable efficacy albeit
with certain constraints. Concurrently, the treatment landscape for dry AMD has seen a recent FDA approval
of anti-complement therapy, presenting a modest shield against geographic atrophy (GA), the sole available
treatment for this form of AMD as of the present review. Over the preceding decades, two extensive clinical
investigations were conducted under the aegis of the National Eye Institute: the Age-Related Eye Disease
Study (AREDS) and its sequel, AREDS2. These studies were initiated to probe AMD risk factors and the
impacts of antioxidant interventions on AMD progression®>3), Dietary intake of antioxidants for slowing
AMD progression was supported by findings from the AREDS and AREDS?2 studies for slowing AMD
progression. Additional studies support that AMD can be partially prevented or that progression can be slowed
by several antioxidant molecules and antioxidant-related mechanisms to scavenge excess ROS and to protect
against oxidative damage. antioxidants decrease the likelihood of progression of AMD®" as supported by
AREDS studies. Conducted with a cohort of 3640 participants, the initial AREDS investigation revealed
noteworthy findings. Notably, the utilization of antioxidants, either independently or in tandem, exhibited a
substantial reduction in the likelihood of transitioning to advanced stages of AMD.® these are the key AREDS
ingredient, is a crucial component of many enzymes in maintaining retinal health and metabolism ©4. In
AREDS2, a formulation was improved by replacing zeaxanthin with anthocyanin and by reducing zinc, which
can further decrease the risk of AMD progression®>®_ utein and zeaxanthin are enriched in the macula region
of the retina and are known components of macular pigment. They play important roles in minimizing the
oxidative damage and in decreasing the risk of AMD®*. Although studies have supported the efficacy and
beneficial impacts of these antioxidants , their formulations are not universally endorsed, as they have their
own pros and cons, which should be carefully considered, particularly in terms of potential interactions with
patient genotypes©® Overall, these antioxidant supplements have shown great promise to protect against AMD
progression (Figure 3)
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Figure 5. Roles of dietary antioxidants and antioxidant defense in protecting against RPE degeneration and
choroidal neovascularization (CNV) in AMD. Excessive reactive oxygen species (ROS) and oxidants cause
oxidative damage in the RPE as reflected by increases in oxidative stress markers and lipid peroxidation that
eventually leads to RPE atrophy. Upward pointing red arrows indicate a resultant upregulation of the indicated
biomolecule. RPE dysfunction and increased VEGF production further lead to CNV formation. The effects of
ROS are countered intrinsically by antioxidant reparative defense systems with antioxidant enzymes to
scavenger ROS. Multiple dietary antioxidant supplements have been investigated in both clinical trials and
experimental studies that have demonstrated protective effects to prevent RPE atrophy and to slow the
progression of AMD. CNV formation can be treated by anti-VEGF and photodynamic therapies. Therapeutic
strategies against oxidative stress by targeting Nrf2, SOD, catalase and other antioxidants may have protective

effects on both RPE degeneration and CNV.?"

8. Health benefits of bilberry:

e Nutritional Boost
100 g of bilberries will give:

Calories: 42

Carbs: 11.5 g (8.7 g sugars and 2.8 g fiber)

Proteins: 0.7 g
Fats: 0.5¢g

Vitamin C: 44 mg (48% of recommended daily intake)
Vitamin E: 2.1 mg (14% of recommended daily intake)
Manganese: 3.3 mg (66% of recommended daily intake)
Potassium: 103 mg (3% of recommended daily intake)

This means that bilberries combine a low-calorie count with a high vitamin and mineral content. They’re

especially rich in vitamin C and manganese.®®

e Antioxidant Activity
The main active components of bilberries are their anthocyanins, powerful antioxidants. These plant pigments
also give bilberries their vivid red-to-blue color [4].Bilberries are among the richest anthocyanin sources,

supplying 300-700 mg per 100 g berries. The main ones are:

Cyanidin
Delphinidin
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Malvidin

Peonidin

Petunidin®®

e Eye Health

According to folk wisdom, bilberries improve eye health and protect against multiple conditions such as
glaucoma, cataracts, and eye fatigue.

An extract with bilberry anthocyanins improved vision in a clinical trial on over 300 people with glaucoma.
Two similar extracts (standardized to 36% anthocyanins) improved blood retinal flow and reduced eye pressure
in 4 trials on over 350 healthy people. These studies suggest that bilberry may, indeed, both improve and
prevent glaucoma®”58),

9. Bilberry Side Effects & Safety

Bilberry is considered safe since people used it as a staple food for millennia. Indeed, a megadose of bilberry
anthocyanins (180 mg/kg per day) for 6 months had no toxic effects Of all the clinical trials with bilberry
extracts, only 2 reported the following mild adverse effects.

Nausea

Gas

Hard stools

Dying of the tongue and stools

Mild heartburn®,

10. Conclusion:

Bilberry is having the ability to improve oxygen and blood delivery to the eye, and their potent antioxidant
and free radical scavenging properties, suggest a potential benefit for AMD. This protective function was
probably caused by the ability of bilberry anthocyanins to increase the antioxidant defense mechanisms,
suppress proinflammatory cytokines, and inhibit retinal cells apoptosis. Therefore, bilberry anthocyanins
promising candidates as nutritional supplements for the prevention and inhibition of the progression of AMD.
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