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INTRODUCTION

Chronic retinal diseases include vascular retinopathies
such as hypertensive retinopathy, diabetic retinopathy,
central artery or vein occlusion, as well as non- vascular
retinopathies such as age-related macular degeneration
(AMD) (Merck 1999). In particular, AMD is the leading
cause of blindness among individuals 50 years of age or
older (Do 2009). AMD is estimated to affect approximately
1.75 million Americans over 40, while over seven million
are estimated to be at high risk as assessed by the
presence of drusen, or retinal deposits (Friedman 2004).
Conventional therapy has long been limited primarily to
laser photocoagulation; more recent pharmacotherapy
has included anti-angiogenic agents such as ranubizumab,
however intravitreal administration is invasive (Do 2009,
Tu 2007, Merck 1999). As yet, there are no established
treatments for the atrophic subtype of AMD (Iu 2007).

There are several natural health products (NHPs) with
proven efficacy for AMD. A variety of these agents are
discussed here. In addition, although the focus of this
article will be AMD, these agents would also be appropriate
for consideration in the treatment of related chronic
diseases of the retina.

PATHOPHYSIOLOGY

There are two primary forms of AMD, atrophic (or
“dry”) AMD characterized by atrophic changes in the
macular retinal pigment epithelium and degeneration of
photoreceptors. Although the pathogenesis of atrophic

86  IHP February/March 2010

AMD is as yet unclear, it is thought that the collection and
entrapment of cellular debris under the retina provokes a
local inflammatory response leading to the accumulation
of drusen (Iu 2007). Neovascular (or “wet”) AMD is
characterized by the formation of new blood vessels that
grow from the choroids layer into or under the retinal.
Subsequent micro-hemorrhages and exudations from the
fragile vessels develop into retinal edema and further
degeneration (Iu 2007). Neovascular AMD requires an
immediate referral to emergency services.

Risk factors include age and family history, hypertension,
smoking, exposure to UV radiation, atherosclerotic vascular
disease, diabetes, inflammatory disease, and obesity. These
are thought to negatively affect choroidal circulation and
contribute to oxidative insult of retinal pigment epithelium
(Klein 2004).

NHPS OF INTEREST

NHPs with human evidence supporting use in degenerative
eye conditions include: coenzyme Q10, fish oil/ DHA,
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Table 1. Current Evidence for Non Pro-vitamin A Carotenoids in AMD

Controlled Trials
Lutein 12 mg DHA Johnson 2008
800 mg Lutein +
DHA x 4 months

49 women were randomized to receive lutein, DHA, both, or
placebo. In the lutein group, MPOD increased significantly
at 3.0° (p<0.01). See Table 2 for DHA findings.

Richer 2007
Richer 2004

Lutein 10 mg x
12 months

90 subjects with atrophic AMD were randomized to receive lutein,
lutein + multivitamin and antioxidants, or placebo. MPOD increased
significantly in the lutein group for patients with baseline MPOD
<0.3 optical density units. This increase on MPOD translated into
significant clinical improvements: in the lutein alone and lutein

in combination groups, Snellen equivalent visual acuity improved
5.4 and 3.5 letters respectively. Contrast sensitivity, and subjective

Zeaxanthin
(with or
without lutein)

Zeaxanthin Tmg
+ Lutein 12mg
x 6 months

20 mg total: Meso-
zeaxanthin 14.9 mg, 5.5
mg of lutein, 1.4 mg of
zeaxanthin x 120 days

Zinc 22.5 mg, Copper
1mg, Lutein 10mg,
Zeaxanthin 1mg,
Astaxanthin 4mg, VitE
30 mg, VitC 180 mg.

ratings of visual function also improved in both treatment
groups, while there was no change in the placebo group.

108 subjects with and without AMD received 12 mg lutein

+ 1 mg zeaxanthin or no treatment. Those receiving lutein/
zeaxanthin showed significant increases (+0.1 ODU) in MPOD
in the retina, p<0.001 compared to control group.

Several additional human studies have also shown that
lutein and/ or zeaxanthin ingestion increases MPOD.

19 subjects were randomized to meso-zeaxanthin
supplement or placebo. Supplemented subjects showed
significant increases in MPOD compared to placebo,
0.59 versus -0.17 milli-absorbance unit/day

27 subjects with early AMD and visual acuity 0.2 logarithm

of the minimum angle of resolution were randomized to
receive supplementation with vitamin C,vitamin E, zinc, copper,
lutein, zeaxanthin, and astaxanthin or no treatment. After

6 and 12 months, eyes in the treatment group showed highly
significant increases in multifocal electroretinogram response
amplitude densities in an area near the fovea (P<0.01), whereas
no significant change was observed in the control group.

Zeimer 2009
[Abst]

Schalch 2007,
Wenzel 2006

Bone 2007

Parisi 2008

Ginkgo biloba, melatonin, Vaccinium, zine, and non-
provitamin A carotenoids such as lutein and zeaxanthin.
Of these, the perhaps best known and most studied are the
carotenoids. These NHPs are discussed here in sequence.

NON PROVITAMIN A CAROTENOIDS

The xanthophylls lutein (L) and zeaxanthin (Z) are

the main constituents of the yellow macular pigment
that accumulates in its highest density in the macula
lutea, or “yellow spot,” of the fovea. The macula lutea
possesses the highest concentration of these xanthophylls
in the human body, and it is thought that they act as
antioxidants to blue light exposure there (Schalch 2007).

Observational evidence has found an inverse association
between intake of carotenoids, specifically lutein and
xeaxanthin, and risk of AMD. Eyes of individuals

with AMD have been found to have significantly lower

levels of lutein and zeaxanthin than those of non-AMD
controls, with up to 62% lower levels in the macula (Bone
2001). A prospective cohort study by Delcourt et al found
that those with the highest quintile of plasma zeaxanthin
had significantly lower risk of age related maculopathy
(OR=0.07; 95% CI: 0.01-0.58) (2006). Gale et al found
protective effects from higher levels of zeaxanthin but not
lutein, and have suggested that zeaxanthin may be more
relevant for AMD than lutein (2003). Lutein remains the
carotenoid most well studied for AMD in clinical trials,
however.

The LUXEA (LUtein Xanthophyll Eye Accumulation)
study was a randomized placebo-controlled study
investigating the comparative effects of lutein,
xeaxanthin, or both on macular pigment optical density
(MPOD) in the fovea and parafovea. Daily doses of 10
and 20mg/d of either carotenoid or both were used over a
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two to six month period (Schalch 2007). Lutein alone or
lutein plus zeaxanthin increase MPOD 15% compared to
placebo. Supplementation of zeaxanthin alone produced
similar pigment accumulation in both fovea and
parafovea, indicating that while lutein is predominantly
deposited in the fovea, zeaxanthin deposition appears

to cover a wider retinal area. An estimated 14% MPOD
increase was seen with zeaxanthin alone (Schalch 2007).

Several additional human studies have confirmed the
ability of carotenoids to increase MPOD; one study
correlated this with improved ability of the retina to sense
red-green light (Rodriguez-Carmona 2006).

COENZYME 310

Coenzyme Q10 or ubiquinone is a physiologically
important lipophilic antioxidant and neuroprotectant,
and an essential component in mitochondrial function,
including regulation of mitochondrial permeability

and ATP generation. Glutamate has been implicated in
mediating free radical damage and excitotoxic neuronal
death, and CoQ10 has been shown to reduce increases

in extracellular glutamate induced by retinal ischemia
(Russo 2008). Retinal CoQ10 content decreases by up to
40% between the ages of 30 and 80 years (Qu 2009), and
serum CoQ10 levels have also been found to be decreased
in patients with AMD compared to controls (Blasi 2001).
Supplementation with CoQ10 in combination with
L-carnitine and omega-3 fatty acids, other promoters

of mitochondrial ATP production and lipophilic
antioxidants, has been shown to improve visual function
in AMD (Feher 2005).

FISH OIL/DHA

Docosahexaenoic acid (DHA) is a key fatty acid found in
the retina; rod outer segments in particular have a high
DHA content and must be routinely shed and replaced.
In addition to its function as a structural component in
the neuronal cell (retinal cell) membrane, DHA (and EPA)
increase plasma HDL-C concentrations. HDL-C is a
transporter of lutein and other xanthophylls to the retina,
and thus increasing HDL via fish oil supplementation
augments the effect of lutein on AMD (Johnson 2008).

Supplementation with DHA has been shown to improve
AMD (secondary prevention), and a recent meta-analysis
pooling data from both human trials and observation
evidence found significant benefits from regular fish
intake for primary prevention of AMD. High dietary
intake of omega-3 fatty acids was associated with a

38% reduction in the risk of late AMD (OR 0.62; 95%
confidence interval, 0.48-0.82), while fish intake at least
twice a week was associated with a reduced risk of both
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early AMD (OR, 0.76; 95% CI, 0.64-0.90) and late
AMD (OR, 0.67; 95% CI, 0.53-0.85) (Chong 2008).

In addition, supplementation with DHA has been shown
to improve retinal function in infants, particularly
preterm infants. Approximately 83mg DHA per day
improved tests of retinal maturity in breast fed six month
olds when given for six months; this was presumably due
to inadequate delivery in breastmilk, since control infants
had a sharp decline in serum DHA over the study period
(Hoffman 2004a). Other studies have found a positive
relationship between infant DHA status and retinal

maturity at birth in infants born to mother supplemented
with DHA (Malcolm 2003).

MELATONIN

Melatonin is a neurohormone with potent antioxidant
activity, and is naturally synthesized in the retina.
Melatonin functions in many capacities within the eye:
control of retinomotor movement, rod outer segment
shedding, phagocytosis, protection of retinal pigment
oxidative damage, and regulation of intraocular pressure
(Lundmark 2006). As a lipophilic antioxidant with

a natural affinity for the retina, melatonin is thought

to protect photoreceptor membranes from oxidation.
Melatonin production is known to decrease with

age, leaving the aged retina much more susceptible to
oxidative damage of the retina, and supplementation has
been shown to improve AMD in humans (Lundmark
2006, Yi 2005).

ANTHOCYANINS, GINKGO

Vaccinium species and Ribes nigrum contain high levels
of anthocyanidins, potent antioxidants that are thought

to increase regeneration of rhodopsin, stabilize collagen
fibers, promote collagen biosynthesis, decrease capillary
permeability and fragility, and inhibit platelet aggregation
and edema (Nakaishi 2000, Vaccinium myrtillus 2001).
Although there is no human evidence available on Pubmed
for Vaccinium in retinopathies, Mills and Bone cite two
Italian randomized, placebo controlled trials using 115mg
bilberry anthocyanins for 1 and 12 months, respectively,
in patients with early stage retinopathy secondary to either
diabetes or hypertension. These trials found “reduction

of hard exudate” and “significant improvements in the
ophthalmoscopic and angiographic patterns in 77-90% of
treated patients” (Mills 2000).

Gingko improves microcirculation to the retina, and thereby
improves tissue oxygenation and clearance of potentially
damaging substances and mediators. Ginkgo should not be
given to patients with blood clotting disorder, hemorrhagic
conditions, or on anticoagulation therapy (see Table 2).



Table 2. NHPs for Macular Degeneration and Other Retinopathies: Controlled Trials

Ingredient

Coenzyme

Q10

Fish oil/
(D] VAN

Ginkgo
biloba
(Ginkgo)

Daily Dose

2 caps containing
CoQ10 10mg,
omega-3 fatty
acids 530mg, and
L-carnitine 100mg
x 12 months

See Table 1.
Lutein 12mg DHA
800mg Lutein +
DHA x 4 months

DHA 400mg x 4 years

Combination of VitA
10,000 IU carotene
18,000 IU VitC
452mg VitE 200 IU
Zinc 69.6mg Copper
1.6mg Taurine 400
mg EPA 180mg DHA
120mg Lutein 8mg
Zeaxanthin 400mcg

60 or 240mg/d
Ginkgo extract Egb
761 x 24 weeks

Not specified

Dose not specified;
duration 6 months

Evidence

106 patients with early AMD were randomized to combination treatment
or placebo. After 12 months, there were significant improvements

in visual field mean defect (VFMD), visual acuity, foveal sensitivity,

and fundus alterations in the treated group. 2% the treated group

vs 17% of controls showed clinically significant (>2.0 dB) worsening

in VFMD (odds ratio: 10.93). Drusen-covered area of treated eyes
decreased significantly in the treatment group, but increased in

controls, suggesting treatment related reabsorption of drusen.

49 women were randomized to receive lutein, DHA, both, or
placebo. DHA increased MPOD at 0.4° (P<0.05), showing that
while that lutein increased pigmentation density eccentrically,
DHA increased pigmentation centrally within the retina.

Hoffman
2004 b

44 patients with retinitis pigmentosa were randomized to DHA or

placebo. Although there was no difference between groups in cone
function, there was significantly less change in fundus appearance in the
DHA group (P=0.04) after 4 years. In subset analysis, DHA reduced rod
electroretinogram (ERG) functional loss in patients aged <12 years (P=.040)
and preserved cone ERG function in patients >12 years (P =0.038).

Prospective Cohort Study 37 subjects with dry AMD receiving the
supplement were compared to control subjects constructed from the
literature who had been given “400 mg vitamin C, 200 U vitamin

E, 40 mg zinc, and 3,000 IU beta-carotene”. 76.7% of subjects
receiving the nutritional supplement demonstrated stabilization or
improvement of best corrected visual acuity at 6 months. Visual
acuity improved significantly compared to baseline (p=0.045).

Fies 2002
[Abst]

99 subjects with dry AMD and impaired vision were given one of
two doses of Ginkgo extract for 24 weeks. Marked improvement
in visual acuity was reported, beginning at 4 weeks and continuing
until 24 weeks. The number of subjects with acuity improvements
>0.2 in the high dose group was nearly double that in the low
dose group. No serious adverse events were reported.

10 patients with AMD were given Ginkgo or placebo. A significant Lebuisson

improvement in long-distance acuity was seen in patients receiving Ginkgo.

29 subjects with early diabetic retinopathy evidenced by angiography,
and associated with a blue-yellow dyschromatopsia were given
Ginkgo or placebo. At 6 months, there was a tendency toward
improvement in study measures of color vision in the Ginkgo group,
while there was worsening in the placebo group. The difference
between groups was significant in subjects without retinal ischemia.

Lanthony
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Table 2 continued

Melatonin  3mg at bedtime

x at least 3 months

Uncontrolled trial 100 subjects diagnosed with wet or dry AMD were
given melatonin in a prospective study. At 6 months, visual acuity had

Yi 2005

been kept stable, a better result than the otherwise estimated natural
course. Over entire the study period, marked improvements compared to
baseline were seen with respect to pathological changes on fundoscopy.

Ribes
nigrum
(Black
currant)

12.5-, 20-, or 50mg
Black Currant
Anthocyanoside
(BCA) extract as

a single dose

Study on Ribes for Visual Fatigue 21 subjects confirmed to be free of
eye disease were given one of 3 doses of BCA extract, or placebo, as a

single dose. At the 50mg dose, there was a significant lowering of the

dark adaptation threshold (P=0.011). Ribes promoted recovery from

or prevented work-induced refractive alteration (a measure of visual

Nakaishi
2000

fatigue), and significantly improved subjective symptoms of visual fatigue.

Vaccinium  50-120mg of
anthocyanins, ~20-

50g of fresh fruit

myrtillus
(Bilberry)

Zinc 50mg zinc-
monocysteine

(ZMC) x 6 months

No human trials of Vaccinium for AMD or other retinopathies
were found in pubmed. Mills and Bone cite two Italian
randomized, placebo controlled trials demonstrating benefit
in diabetic and/ or hypertensive retinopathy. See text.

40 subjects with AMD, loss of visual acuity, macular drusen (hyaline
deposits under the retina), and pigment changes were given zinc
or placebo. At 6 months, the ZMC group showed improved visual

Mills 2000

Newsome
2008

acuity (P<0.0001) and contrast sensitivity (P<0.0001). Macular light

(Both groups given
a multivitamin)

200mg zinc
sulfate x 2 years

151 subjects with drusen (retinal deposits) or macular degeneration
were randomized to zinc or placebo. After 12 and 24 months, the zinc

flash recovery time shortened in the ZMC group by 7.2 seconds
(left eye) to 7.4 seconds (right eye, P<0.0001 for both).

Newsome
1988

group had significantly less visual loss compared to the placebo group.

COMBINATIONAL ANTIOXIDANTS

The Age Related Eye Disease Study (AREDS) was a
randomized controlled trial examining the effect of

a combination of antioxidants in 3,640 patients with
AMD. Subjects were assigned to receive one of four
treatments: (1) antioxidants (vitamin C 500mg; vitamin E
400 IU; and beta carotene 15mg); (2) zinc, 80mg as zinc
oxide and copper, 2mg as cupric oxide; (3) antioxidants
plus zinc; or (4) placebo for an average 6.3 years. Analysis
showed significant odds reduction for the development

of advanced AMD with antioxidants plus zinc (OR
0.72;99% CI 0.52-0.98). The ORs for zinc alone and
antioxidants alone were non-significantly reduced: 0.75
(99% CI, 0.55-1.03) and 0.80 (99% CI, 0.59-1.09),
respectively. Both zinc alone and antioxidants plus zinc
significantly reduced the odds of developing advanced
AMD in higher-risk subjects, however. Only antioxidants
plus zinc significantly reduced rates of moderate visual
acuity loss (OR, 0.73; 99% CI, 0.54-0.99) (Age Related
Eye Diseases Study Group 2001).

ZINC

Zinc is thought to protect the retina via antioxidant
activity, enhancement of connective tissue synthesis,
and through its effect as a cofactor for enzymes in the
chorioretinal complex. The retina contains the highest
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concentrations of zinc in the body in women, and is
second to prostate content in men. Zinc has been found
effective for dry AMD both in combination with other
antioxidants (ARED Study) and independently. Both
Newsome (1988) and AREDS also found trends to lower
incidence of wet AMD with zinc supplementation.

Despite its impressive efficacy results, safety concerns
exist around long-term supplementation with zinc. Upon
secondary analysis, the AREDS group found increased
rates of genitourinary tract complications among zinc-
supplemented subjects (Johnson 2007). 11.1% of zinc
supplemented participants versus 7.6% of non- zinc
supplemented participants (P=0.0003). Elevated risk
was most evident in men (RR 1.26, 95% CI 1.07-1.50,
P=0.008). The most common presentations included
benign prostatic hyperplasia/urinary retention (benign
prostatic hyperplasia), urinary tract infection, urinary
lithiasis and renal failure. Increased risk of urinary tract
infection was the most significant finding among women
(2.3% vs 0.4%, RR 5.77,95% CI 1.30-25.66, P=0.013).

CONCLUSION

AMD is a chronic degenerative disease of the retina
mediated by oxidative damage and local inflammatory
changes. While pharmaceutical treatment of AMD




remains limited, several natural substances exist
with human evidence of benefit in the treatment and
prevention of this condition. These include lutein and
other non-provitamin A carotenoids, coenzyme Q10,
DHA, Ginkgo, melatonin, Vaccinium, and zinc.

Long- term administration of supplemental zinc needs

to be weighed against possible detrimental impact from
the intervention. Given the impressive efficacy and safety
profile of other strategies reviewed, the risk profile of zinc
need be considered prior to recommending its use. l

References:

Age-Related Eye Disease Study Research Group. A randomized, placebo-
controlled, clinical trial of high-dose supplementation with vitamins C and E,
beta carotene, and zinc for age-related macular degeneration and vision loss:
AREDS report no. 8. Arch Ophthalmol. 2001 Oct;119(10):1417-36.

Blasi MA, Bovina C, Carella G, Genova ML, Jansen AM, Lenaz G, Brancato
R. Does coenzyme Q10 play a role in opposing oxidative stress in patients with
age-related macular degeneration? Ophthalmologica. 2001 Jan-Feb;215(1):51-4.

Bone RA, Landrum JT, Cao Y, Howard AN, Alvarez-Calderon F. Macular
pigment response to a supplement containing meso-zeaxanthin, lutein and
zeaxanthin. Nutr Metab (Lond). 2007 May 11;4:12.

Bone RA, Landrum JT, Mayne ST et al. Macular pigment in donor eyes with and
without AMD: a case-control study. Invest Ophthalmol Vis Sci. 2001; 42:235-40.

Cangemi FE. TOZAL Study: an open case control study of an oral antioxidant
and omega-3 supplement for dry AMD. BMC Ophthalmol. 2007 Feb 26;7:3.

Chong EW, Kreis AJ, Wong TY, Simpson JA, Guymer RH. Dietary omega-3 fatty
acid and fish intake in the primary prevention of age-related macular degeneration:
a systematic review and meta-analysis. Arch Ophthalmol. 2008 Jun;126(6):826-33.

Delcourt C, Carriére I, Delage M, Barberger-Gateau P, Schalch W; POLA
Study Group. Plasma lutein and zeaxanthin and other carotenoids as
modifiable risk factors for age-related maculopathy and cataract: the POLA
Study. Invest Ophthalmol Vis Sci. 2006 Jun;47(6):2329-35.

Do DV. Antiangiogenic approaches to age-related macular degeneration in the
future. Ophthalmology. 2009 Oct;116(10 Suppl):S24-6.

Feher J, Kovacs B, Kovacs I, Schveoller M, Papale A, Balacco Gabrieli C.
Improvement of visual functions and fundus alterations in early age-related
macular degeneration treated with a combination of acetyl-L-carnitine, n-3 fatty
acids, and coenzyme Q10. Ophthalmologica. 2005 May-Jun;219(3):154-66.

Fies P, Dienel A. [Ginkgo extract in impaired vision--treatment with special
extract EGb 761 of impaired vision due to dry senile macular degeneration].
Article in German. Wien Med Wochenschr. 2002;152(15-16):423-6.

Friedman DS, O’Colmain BJ, Mufioz B, Tomany SC, McCarty C, de Jong PT,
Nemesure B, Mitchell P, Kempen J; Eye Diseases Prevalence Research Group.
Prevalence of age-related macular degeneration in the United States. Arch
Ophthalmol. 2004 Apr;122(4):564-72.

Gale CR, Hall NF, Phillips DI, Martyn CN. Lutein and zeaxanthin status and
risk of age-related macular degeneration. Invest Ophthalmol Vis Sci. 2003
Jun;44(6):2461-5.

Hoffman DR, Theuer RC, Castaveda YS, Wheaton DH, Bosworth RG,
O’Connor AR, Morale SE, Wiedemann LE, Birch EE. Maturation of visual
acuity is accelerated in breast-fed term infants fed baby food containing DHA-
enriched egg yolk. J Nutr. 2004 Sep;134(9):2307-13.

Hoffman DR, Locke KG, Wheaton DH, Fish GE, Spencer R, Birch DG.

A randomized, placebo-controlled clinical trial of docosahexaenoic acid
supplementation for X-linked retinitis pigmentosa. Am J Ophthalmol. 2004
Apr;137(4):704-18.

Tu LP, Kwok AK. An update of treatment options for neovascular age-related
macular degeneration. Hong Kong Med J. 2007 Dec;13(6):460-70.

Johnson EJ, Chung HY, Caldarella SM, Snodderly DM. The influence of
supplemental lutein and docosahexaenoic acid on serum, lipoproteins, and
macular pigmentation. Am J Clin Nutr. 2008 May;87(5):1521-9.

Johnson AR, Munoz A, Gottlieb JL, Jarrard DF. High dose zinc increases hospital
admissions due to genitourinary complications. ] Urol. 2007 Feb;177(2):639-43.

Klein R, Peto T, Bird A, Vannewkirk MR. The epidemiology of age-related
macular degeneration. Am J Ophthalmol. 2004 Mar;137(3):486-95.

Lanthony P, Cosson JP. [The course of color vision in early diabetic
retinopathy treated with Ginkgo biloba extract. A preliminary double-blind
versus placebo study]. Article in French. J Fr Ophtalmol. 1988;11(10):671-4.

Lebuisson DA, Leroy L, Rigal G. [Treatment of senile macular degeneration
with Ginkgo biloba extract. A preliminary double-blind drug vs. placebo
study]. Article in French. Presse Med. 1986 Sep 25;15(31):1556-8.

Lundmark PO, Pandi-Perumal SR, Srinivasan V, Cardinali DP. Role of melatonin
in the eye and ocular dysfunctions. Vis Neurosci. 2006 Nov-Dec;23(6):853-62.

Malcolm CA, Hamilton R, McCulloch DL, Montgomery C, Weaver LT.
Scotopic electroretinogram in term infants born of mothers supplemented with
docosahexaenoic acid during pregnancy. Invest Ophthalmol Vis Sci. 2003
Aug;44(8):3685-91.

Merck Manual, 17th ed. Eds. Mark Beers and Robert Berkow. Whitehouse
Station: Merck, 1999.

Mills S, Bone K. Bilberry Fruit. Principles and Practice of Phytotherapy. New
York: Churchill-Livingstone, 2000. pp 297-302.

Nakaishi H, Matsumoto H, Tominaga S, Hirayama M. Effects of black current
anthocyanoside intake on dark adaptation and VDT work-induced transient
refractive alteration in healthy humans. Altern Med Rev. 2000 Dec;5(6):553-62.

Newsome DA. A randomized, prospective, placebo-controlled clinical trial
of a novel zinc-monocysteine compound in age-related macular degeneration.
Curr Eye Res. 2008 Jul;33(7):591-8.

Newsome DA, Swartz M, Leone NC, Elston RC, Miller E. Oral zinc in
macular degeneration. Arch Ophthalmol. 1988 Feb;106(2):192-8.

Parisi V, Tedeschi M, Gallinaro G, Varano M, Saviano S, Piermarocchi

S; CARMIS Study Group. Carotenoids and antioxidants in age-related
maculopathy italian study: multifocal electroretinogram modifications after 1
year. Ophthalmology. 2008 Feb;115(2):324-333.¢2.

Qu J, Kaufman Y, Washington I. Coenzyme Q10 in the human retina. Invest
Ophthalmol Vis Sci. 2009 Apr;50(4):1814-8.

Richer S, Devenport J, Lang JC. LAST II: Differential temporal responses of
macular pigment optical density in patients with atrophic age-related macular
degeneration to dietary supplementation with xanthophylls. Optometry. 2007
May;78(5):213-9.

Richer S, Stiles W, Statkute L, Pulido J, Frankowski J, Rudy D, Pei K,
Tsipursky M, Nyland J. Double-masked, placebo-controlled, randomized trial
of lutein and antioxidant supplementation in the intervention of atrophic age-
related macular degeneration: the Veterans LAST study (Lutein Antioxidant
Supplementation Trial). Optometry. 2004 Apr;75(4):216-30.

Rodriguez-Carmona M, Kvansakul J, Harlow JA, KNopcke W, Schalch W,
Barbur JL. The effects of supplementation with lutein and/or zeaxanthin on
human macular pigment density and colour vision. Ophthalmic Physiol Opt.
2006 Mar;26(2):137-47.

Russo R, Cavaliere F, Rombola L, Gliozzi M, Cerulli A, Nucci C, Fazzi E,
Bagetta G, Corasaniti M T, Morrone LA. Rational basis for the development of

coenzyme Q10 as a neurotherapeutic agent for retinal protection. Prog Brain
Res. 2008;173:575-82.

Schalch W, Cohn W, Barker FM, KNdpcke W, Mellerio J, Bird AC, Robson
AG, Fitzke FF, van Kuijk FJ. Xanthophyll accumulation in the human retina
during supplementation with lutein or zeaxanthin - the LUXEA (LUtein
Xanthophyll Eye Accumulation) study. Arch Biochem Biophys. 2007 Feb
15;458(2):128-35.

Wenzel AJ, Gerweck C, Barbato D, Nicolosi R], Handelman GJ, Curran-
Celentano J. A 12-wk egg intervention increases serum zeaxanthin and macular
pigment optical density in women. ] Nutr. 2006 Oct;136(10):2568-73.

Yi C, Pan X, Yan H, Guo M, Pierpaoli W. Effects of melatonin in age-related
macular degeneration. Ann N'Y Acad Sci. 2005 Dec;1057:384-92.

Zeimer M, Hense HW, Heimes B, Austermann U, Fobker M, Pauleikhoff

D. [The macular pigment: short- and intermediate-term changes of macular
pigment optical density following supplementation with lutein and zeaxanthin
and co-antioxidants. The LUNA Study.] Article in German. Ophthalmologe.
2009 Jan;106(1):29-36.

February/March 2010 IHP

91

)
O
Z
_|
Z
-
Z
)
m
U
-
>
—
O
Z
—
M
9!
N
O
Z




Z
O
D
N
LL]
—_
Z
O
<
O
D)
A
L
O
Z
D)
Z
|_
Z
O
)

92

Questions

I. Choose the correct statement concerning the
pathophysiology of AMD.
A) Fundoscopic observation of wet AMD (elevated
macula, scaring under the macula, retinal detachment,
macular edema, hemorrhage) is a cause for immediate
referral to an emergency department.
B) Fundoscopic observation of dry AMD (yellow spots-
drusen, retinal pigmentation changes, chorioretinal atrophy) is
a cause for immediate referral to an emergency department.
C) Wet AMD is characterized by atrophic changes in the
macular retinal pigment epithelium and degeneration of
photoreceptors.
D) Dry AMD is characterized by the formation of new
blood vessels that grow from the choroids layer into or
under the retinal.

2. Choose the most appropriate selection of AMD risk
factors from the options presented below.
A) Family history, survivor of hormone- dependant cancer,
comorbidity of irritable bowel syndrome.
B) Hypertension, previous history of undergoing
revascularization surgery, diabetes.
C) Vegetarian dietary pattern, participant in elite level
physical training, fruit and vegetable- based diet.
D) History of depression comorbid with ADHD, recent
history of divorce, under 40 years of age.

3. Concerning controlled human clinical intervention trials, select
the option below best supported for management of AMD.
A) Beta carotene
B) Lycopene
C) Zeaxanthin
D) Lutein

4. Concerning CoEnzyme Q10 in AMD management?
A) Several controlled human studies have demonstrated
efficacy of CoQI0 at 100mg per day for delaying
progression of, and reversing established, AMD.
B) No human studies to date have examined the ability of
CoQI0 to impact the course of AMD, although studies in
animals are impressive.
C )One human study has combined CoQI10 with
L- carnitine and fish oil, revealing positive results of an
impressive magnitude.
D) CoQI0 acts as an important structural component of
retinal cell membranes, thereby improving AMD outcomes
upon supplementation.

5. DHA has reproducibly demonstrated efficacy in improving

outcomes associated with AMD management. Suggest
the most appropriate mechanistic bass upon which DHA
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delivers such outcomes.

A) Important structural component of retinal membranes.
B) Delivers anti inflammatory effect through metabolism
to new species of cytokines, relative to arachidonic acid.
C) Increases HDL-C, an important carrier for lutein and
other carotenoids.

D) All of the above contribute to the mechanisms by
which DHA impacts degenerative eye disease.

Lutein and zeaxanthin accumulate in the macula lutea of the
fovea of the eye. Observational evidence has demonstrated
that concentrations of lutein and zeaxanthin decline with age.
A) True

B) False

Zinc has demonstrated evidence of concern, specifically
with respect to increased risk of hospital admissions for
genitourinary complications in older men and women.
A) True

B) False

Zinc supplementation in older women has been associated
with increased risk of urinary tract infection.

A) True

B) False

Given demonstration in controlled human studies of
efficacy for degenerative eye disease using melatonin,
lutein, zeaxanthin, CoEnzyme QI0, and bilberry, it
appears reasonable to propose oxidant stress is a major
contributor to the pathogenesis of AMD.

A) True

B) False

10) Diabetic individuals are at increased risk of AMD, and also

at high risk for diabetic retinopathy. A prescription for
increased berry consumption among diabetic individuals,
and/ or administration of a blend of non provitamin A
carotenoids and berry extracts, is an appropriate strategy
for prevention of future degenerative eye complications in
these high risk individuals.

A) True

B) False
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