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From Retina to Brain: The Role of the Macular Carotenoids
in Visual and Cognitive Health and Function

+~ Lisa M Renzi-Hammond, PhD
+~ Macular pigment is anterior to the photoreceptors
~~ Why macular pigment
* From an evolutionary standpoint not to prevent macular degeneration
But they do help
% Clare disability — increase carotenoids do better
% Photo stress recovery — increase carotenoids do better

USA- Corn and eggs — baked goods — lutein and zeaxanthin
Retina is brain — Vitamins fat and water soluble, fat, electrolytes, protein, and
carbohydrates

2+~ L4+Z studies show increase visual memory, resolving ability, complex attention
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From Retina to Brain: The Role of the Macular Carotenoids

in Visual and Cognitive Health and Function

Lisa M Renzi-Hammond, PhD
Retina is one of the most metabolically active tissues in our body

* Canary in the coal mine

* Examining the retina can really tell you about so e's systemic health

“End an

Retina has more than one blood supply feeding it

* Metab active and neur ically active
Retina is brain, most blood supply than any other part of the brain —
prognostic
What we say tonight should change what you do about ocular health

From Retina to Brain: The Role of the Macular Carotenoids

in Visual and Cognitive Health and Function

Lisa M Renzi-Hammond, PhD

Mega doses not needed

Discuss diet and food with patient you don’t have to be a nutritionist

Lisa: | discussed L+Z, that is what she studied and researched, but that is really

siloed

* Healthy eyes depend on lots and lots and lots of different types of nutrients
" Long chain fatty acid:

“ Lots of vitamins are in the retina
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An Evening with Dr. Paul Bernstein

Ocular nutrition research is important as a lot of eye disease points to
nutritional interventions
Many nutrients are very important to the eye

* Original research vitamin A then lutein and zeaxanthin
Nutritional intervention have less pharmaceutical side effects

* Compliance can be high and motivating

% Patient and practitioner interest is high

* Can be lower cost compared to pharmaceuticals and/or surgery for treatment of disease
Research of Ocular Nutrition

% Clinical observation and epidemiologic

* Biochemistry and physiological

X Animal studies

* Human trials

Dr. Paul Bernstein

Historical Context |
Mucular Pigment
maculd lufes
by Analomists
identification
as a xanthophyll by Wald

O STUDY

Interrelationships b ula, Skin and Serum
Carote Paul Ber, rmer Gellerman et al
ARVO May 2016

Sonclysions;
emphasize the importan:
suring the total amount of carote
in the macula region using an objective
image based modality such as AFI w
Spectralis rather than subjective MPOD."

better
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An Evening with Dr. Paul Bernstein

Macular pigment is “very focal” and found in a small spot

* Binding proteins are needed to hold the lutein and zeaxanthin in this part of the eye
o GSTP1 thin
STARD3 -~ lutein
* Embed into cell membrane

Eye is designed to take on light

* Under a lot of oxidative stress
* L&Z strong blue light absorber — peak 450 nm

L&Z are found only in the retina

* Does not mean that they are the only catenoids and nutrients form in the retina

Z and Zm — are mainly foveal and lutein are spread through the macula

An Evening with Dr. Paul Bernstein

Measurement of Macular Pigment

High Performance Liquid

Chronography
* HPLC

« Psychophysi

Heteroct:

An Evening with Dr. Paul Bernstein

The Lutein and Zeaxanthin in Pregnancy Study:
The L-ZIP Study —
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An Evening with Dr. Paul Bernstein

The Moran AMD Genetic Testing Assessment Study
The nla Study

Greg’s Comments

| think macular pigment is miss named and should be called fovea pigment
Binding proteins need coenzymes and cofactors

.~ The macula/fovea is 3" lens of the eyes — L&Z are important for vision, focus,
glare, and contrast

.~ Many people talk nutrition, very few are measuring it

.~ If doctors don’t become more like nutritionist, nutritionists will become more
like doctors
“Can’t supplement out of a poor diet, needs to be done with food”

* | bet | have changed more diets by scanning and recommending supplements

Patients Are Expecting

s Early detection
a~Wellness
s-Prevention
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Use the Chat Box

What nutrient do you think should be included in the AREDS
3 formula?

0 Formulation

AREDS 2

Greg Comment’s

. Short wavelength filter embedded at a pre-receptor position
(Layer of Henle)
* Blue-blocker absorbing high energy visible light before it strikes the
photoreceptor
a~What about the the RPE — where the disease is taking place?
* L/Z is found in the RPE at negligible levels
* They are detectable through HPLC - High Performance Liquid
Chronography
* Supports the supplementation synergy of curcumin, quercetin,
anthocyanins, and resveratrol

Early Detection and Allopathic Treatments

Rabin Cone Contrast Test ERG and VEP
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Vulnerable to Oxidation

Betacarotene

Lutein Vitamin C o

[
~APAA ycopene o

21

Question?
Who in here would consider themselves as an integrative optometrist?

Who has done or recommended?

* Supplements, vitamins, AREDS2
* Omegas, EPA, DHA

* Vital tears — ASED

* Regener-Eyes
*
*
*

Amniotic membranes
CBD
Probiotics

Medical Practices

s~ Allopathic medicine
* Western medicine

Alternative “homeopathic”
Functional
* Medicine of why, treat the cause
s+ Integrative medicine
* Complementary medicine - Eastern complimenting Western
Wha

> blending of conventional and evidence-
d/or therapies with lifestyle interventions
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Comprehensive Antioxidant Support

aCell membrane support

é-lmmune support

~Support to the oxidative stress to the extracellular matr
a-Support to cell signaling

Allopathic vs Integrative Medicine

“Allopathic medicine” is a term used for modern or mainstream medicine
* o a edici este e e, biomedicine

stem in which medical
nd tr

Complementary and integrative medicine are commonly used along with mainstream
medicine

* Homeopathy, naturopathy, practi Chinese medicine
Allopathic or modern medical schools have recently added more study and information on
how food and nutrition can help prevent and treat disease

Y on is being offered on integrative approaches and potential interactio

Chronic and Low-Grade Inflammation

Science has proven that chronic, low-grade inflammation can turn into a silent killer that
contributes to cardiovascular disease, cancer, type 2 diabetes, diabetic retinopathy, cataracts,
macular degeneration, and many other conditions
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Chronic and Low-Grade Inflammation

Like cancers and other slow-burn diseases, identifying these conditions
early can make the difference between full recovery or a dramatically
reduced quality of life or even death (vision loss or blindness)

Biomarker

.~ Test that has meaning

.~ Biological molecule found in blood, other body fluids, or tissues that is a sign
of a normal or abnormal process, or of a condition or disease.

.~ A biomarker may be used to see how well the body responds to a treatment
for a disease or condition

.~ Blood pressure, blood work, heart rate, genetic testing, IOP
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“Choose Your Parents Wisely”

-~ This just isn’t as true as it’s used to be
s Lifetime health

* 8% genetics “Picking your parents wisely”
% DNA in our nucleus
— Can’t be influenced
* 92% epigenetics
7 Lifestyle choices = we can influence
I Turn on/off gene expression

Predictive Biomarker

»~ Used to identify individuals who are more likely to respond to exposure to a

particular medical product or environmental agent

»~ The response could be a symptomatic benefit, improved survival, or an

adverse effect

+~ A value that we can guide therapy around

HbAlc

C-Reactive Protein Measurement of Macular Pigment
Plasma Homocysteine

Vitamin D (25-HydroxyD)

Omega 3 index

*
*
*
*
*
* Carotenoid

Bio Hacking

v~ The Art and Science of changing the environment around you and

inside you so you have more control over your own biology.

v~ Somebody who uses science and technology to make his or her

body function better and more efficiently — Dave Asprey

XXXXXX with 75 scientists allow me to be a biohacker with
science, quality, and safety
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Measure?

Chronic and Low-Grade Inflammation

oo ArenuaL
I b

DNA SCienCQS Exposome

s~Genomics = all of our genes
s~Genetics = individual genes

s~Epigenetics — the study of how our cells control gene
activity without changing the DNA
X Internal and external environments

mics - NIOSH
v and Health Topic - CDC

Ninja Nerd Science
YouTube

Greg@optometricedu.com 814-931-2030
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I

AREDS/AREDS2 Frequently Asked Questions

What is the basis for the concentration of zinc in the AREDS
supplements? centrati ?

April 27, 2021 — January 26, 2022 (9 months)

Melonie Clemmons, OD
May 20, 2022 AACO Nashville

Greg@optometricedu.com 814-931-2030
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What is this layer called?

rmonal Balance
ress Mormane:
Glucose / Insulin Regulatior

B GUT integrity and microbiome diversity

The ellip 4] ist formed mainly by mitochondria

ner segments of the photoreceptors
H usly know n the ph IS

within the ellipsoid layer of the outer portion of the in

Fun Facts | Have Learned About the Mitochondria

Mitochondria produce energy from organic matter
Live about 100 days

They produce 90% of energy in the body

In return they product 90% of the free radicals

When they become dysfunction when get many clinical consequences
Mitochondria are very sensitive to reactive oxygen and need antioxidant support
Mitochondria are one of cellular organelles
Electron transport chain
* Brain cell

€ 10, and many other micronutrients

Greg@optometricedu.com 814-931-2030
cell#
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Inflamm-aging

Activation of

Type-|interferon

Apoptasi
neutrophil activatior

b ol
Oligamerized el Sale
rottape-dependent " trap (netaais]
anlon channel Yohe 1o re

o~
e

How antioxidants redu:

Free Radials and Antioxidants

Oxidative Stress

Small percentage of oxygen is not completely
reduced

Accumulation of free radicals

Oxidative damage

Oxidative stress

Considered the starting of several diseases
Responsible for epigenetic alterations
Mitochondria — vulnerable

Not going to make this apple n

*  Prevention is the one o best

Endogenous and Exogenous

Free Radicals Free Radial Formation

+~ During metabolism the O2 molecule splits and energy is released
* Endogenous free radical formation
.~ Regain stability the free single oxygen atom (oxygen free radical) seeks and
steals electrons from other molecules

% Wiy Aerobic respiration ¥ LGt INFLAMMATION

FORMATION OF 4

FREE RADICALS 8,
8 w 3
.. 6

METABOLIN

* Superoxide anion — will accept one electron
* Peroxide — will accept two electrons
s~ These molecules can be proteins, lipids, and DNA
* Proteins (enzymes) — kinases, phosphatases, and transcription factors

Feacive axygee specs | - unpared eNCticns) Anrtuskarts

Hysruxyl radcal  tpdraseyt ios
“OH [

60
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Oh no LRy The Equalizer

~~Increasing exogenous free radicals
s Less antioxidant protection in our diet
s~More bad and less good

October 23, 2021 | M Lounge

Endogenous and Exogenous Antioxidants

Nutritional Antioxidants

a Exogenous antioxidants

* Tocopherols (E), ascorbic acid (C), carotenoids, ubiquinone, and
polyphenols

a~Well know antioxidants

* Vitamin C, E, Beta-carotene, lutein, zeathanin, selenium, quercetin, and
resveratrol

~Mechanisms of action;
* Neutralize free radicals

* Repair oxidized membranes

% Decrease reactive oxygen species
* Neutral reactive oxygen species

Greg@optometricedu.com 814-931-2030
cell# 10
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Comprehensive Antioxidant Support

~Cell membrane support
»~Immune support
v~Support to the oxidative stress to the extracellular matrix
s~Support to cell signaling

Carotenoids

.~ Organic pigments produced by plants, algae, and bacteria
.~ Cannot be synthesized by the human body
* Hydrophobic compounds
| Important for the phospholipid bilayer
2600 in nature — 50 human food chain — 15-20 human blood
stream
&~ Macular carotenoids (L and Z) — highest concentration found in
the human body
* Diet derived
* Henle fibers — between the inner and outer plexiform layers
* Sequester or absorb blue light

Significance of Carotenoids

1o from cardiovascular dis ase
! carotene may """‘m:’&%m.

the carotenold alpha-car ” o Wit

| other causes by UP Pt

aget

High blood 'wﬂfa 0;

With decpe’ 26aXanthi-
= ectl n

Plagy, = 4

— v =

oo Sty Otenoiy - eosurvenarTes
dy. levels ang “tastitute  ontrol

Ognitiy,
© Portormance i g
e

Idery,
ypcpulnliun, esulty of
O the gy,
A

Oxidative stress in oumatoid mmiu.m\'mn’n-\
: Ivity.

73
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Carotenoids

Why do hear so much about carotenoids
Melonie Clemmons, OD May 20, 2022 AACO Nashville

-

Measure?

UM ANNUAL
I Bt

How large is the macula?

%

11
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Oxidative Stress with Your OCT

Healthy choriocapillaris, Bruch’s, RPE, and Photoreceptors Cholesterol barrier deposited along Bruch’s and RPE

Greg@optometricedu.com 814-931-2030
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RPE Secretes even more cholesterol and degenerates Finally, visibly evident drusen on fundus evaluation

The ellip 7) is considered to be formed mainly by mitochondria
within the ellipsoid layer of the outer portion of the inner segments of the photoreceptors
Ho ously known as the junctio e p S/0S)

AMD is a Disease Process that Starts Below the Surface Beckmann Committee Classification of AMD

{ x |l | I ‘ l' y ‘ l I % . 4~Based on presence of lesions within 2 DD of fovea in either eye

* No AMD

lll

Promilily Dress - Never worn
50

ion (CNV)

Greg@optometricedu.com 814-931-2030
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rede

®errode

Assess Disease Progression with Multiscan
View

Vessel Dens

Angiography and AngioAnalytics of Disc

Greg@optometricedu.com 814-931-2030
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Identify Early Vascular Changes in Diabetic
Eyes

Patients with DM

AngioWellness Report

Pat with Diabetes

Angiography and AngioAnalytics of Retina

14
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(DIVFuSS)

Montage OU ek o
N J : \ ] / R n ] - . S

Disease at the TM is responsible for elevated
IOP in glaucoma'-?

Healthy TM POAG TM Stifness
Normal 1OP Elevated IOP

Nutraceuticals for the Treatment of Diabetic
Retinopathy

Glaucoma Overlay of the RNFL and GCC

PERSPECTIVES ON GLAUCOMA

Antioxidants enhance ocular perfusion in
Open Angle Glaucoma

Harris A, et al. Acta Ophthalmol. 2018:doi:10.1111/a05.13530.

“In agreement with previous findings, our results indicate that the supplementation of certain

Greg@optometricedu.com 814-931-2030
cell# 15
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GCC Thinning in Glaucoma

Normal

Treatments for AMD

Early detection and meaningful treatments with significant value, do not cure,
but have been shown to slow or halt progression. Not limited to early stages
but all stages of AMD
* Prescribe smoking cessation programs
Smoking and AMD

* Lifestyle changes
* Diet
0 Exercise
* Systemic disease management
* Cardiovascular disease, DM, obesity, high cholesterol

101 103

e ewidng (e e Will taking the AREDS or AREDS2 supplements prevent AMD?
AREDS/AREDS2 Frequently Asked Questions Nutriticnal supplements cannot prevent AMD. Hawever, the AREDS/AREDS2 supplements may detay

On e poge ARKES st | Frmrabissa etz | Atsas i o | S - " advanced AMD and may help you kees your

been follawed for more than 10 years, and the benefits of the AREDS formulation have

Taking the AREDS formulas pers e

Are the AREDS vitamins right for me? iy J Can I take a daily multivitamin if I am taking one of the
n e A D S0 o . . = AREDS/AREDS?2 formulas?

Yes, The AREDS and nuias do not subsstitute for ivitamins. In AREDS, two-thirds of the study

g with the AREDS formulstion. In AREDS2, almost rine of ten participants

Wil taking the AREDS or AREDS2 supplesn

104 106
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Nutritional supplements
* Sub-cl tructural or early disease Treatment for AMD
ing supplements
or supplements
zeaxanthin, r recommended

AREDS 2

Recommended for intermedi:

0 Carof ular supplement
intermediate and AMD that i

107

Macular Pigment

109

Tuesday, April 4, 2023

Measuring Macular Pigment

4 Retina macula biopsy
& Clinical Imaging
* Subjective
ZeaVision MPSII
Guardion Mapcat SF
* Clinical
ZeaVision MPR
Zeiss Visucam 200
Spectralis HRA+OCT
Spectralis MPOV.

108

Imaging lutein and zeaxanthin in the human retina with

Macular
a confocal resonance Raman microsc
Pigment |

110

111
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113

Mealth Benefits of Polyphencis and Carotenoios in Age-Relxted Eye

Why Are We Only [
Treating Half the i
Retina?

116

Retinal nutraceuticals
share a common thread....

Thank you, Dr. Chris Putnam,

118

Greg@optometricedu.com 814-931-2030
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Question

Do you recommend resveratrol and quercetin
antioxidants when treating ocular/retinal conditions?

* Yes
* No

115

Carotenoids and Polyphenols

117

-OH

.~ -OH group donate an electron to mitigate the ROS and
singlet oxygen generated from highly metabolic tissue

v~ -OH group is found on all of them and it’s what makes

them such a fantastic antioxidant

119

18
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Polyphenols
Flavonoids
Quercetin
Quercetin inhibits choroidal and retin iogenesis in vitro.
5 n 0 3

Groefe’s Arch Clin Exg

Thank you, Dr. Chris Putnam,

Singlet oxygen quenching-and chain-breaking antioxidant-properties of a quercetin dimer able
to prevent AMD.

Biap al ch

Quercetin and cyanidin-3-glucoside protect against photooxidation and photodegradation of
A2E in RPE cells.

Neuroprotective effects of quercetin in diabetic rat retina.
017

erees, (¢ 4.6:1186-1194

Protective effect of quercetin and chlorogenic acid, two polyphenols widely present in edible
plant varieties, on visible light-induced retinal degeneration in vivo.
J Func Fo 17 1

120

Polyphenols
Non-Flavonoids
Curcumin

Thank you, Dr. Chris Putnam,

Therapeutic potential of curcumin in major retinal pathologies.

ophth (2019) 39

Vascular endothelial growth factor: An important molecular target of curcumin.

it Review Food Sc ition (2 92:29

| protection and distribution of curcumin in vitro and in vivo.

Curcumin acts to regress macular drusen volume in dry AMD.
@ [t 3

Vidic
Vis Sci

Curcumin-Based Treatment for Macular Edema from Uncommon Etiologies: Efficacy and Safety
Assessment.
i f M

122

Measuring Carotenoids and the Macular Pig

‘Biophotonic Scanner
* Measures carotenoids

% Based on an optical method known as
Resonant Raman Spectroscopy (RSS)
Used for many years in research laboratories

* Skin RRS measurements

124
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Polyphenols
Flavonoids
Anthocyanins

Thank you, Dr. Chris Putnam,

Antioxidant and anti-inflammatory effects of blueberry anthocyanins on high glucose-induced
human retinal capillary endothelial cells.
jat e

and cellular Ic y. (2018

Protective effects of blueberry anthocyanins against H,0,-induced oxidative injuries in human
retinal pigment epithelial cells.
g al Food Chen g

( 6E(7):16

Protective effect of anthocyanins and xanthophyils on UVB-induced damage in retinal pigment
epithelial cells.

Food and Funchion (2016) 7(2):1 107

Effects of blueberry anthocyanins on retinal oxidative stress and inflammation i
through Nrf2/HO-1 signaling.
1 {ogy (201 1€
Identification of anthocyanins in the liver, eye and brain of blueberry-fed pigs
Agr ad 008) 56.3 712

121

Polyphenols
Non-Flavonoids
Resveratrol

you, Dr. Chris Putnam.

Resveratrol based oral nutritional supplement produces long-term beneficial effects on structure
nd visual function in human patients.

Resveratrol suppresses expression of VEGF by human retinal pigment epithelial cells: potential
nutraceutical for age-related macular degeneration.

SIRT1 mediated inhibition of VEGF/VEGFR2 signaling by Resveratrol and its relevance to
choroidal neovascularization.

{ 76,2 (2015)549-55

Anti-oxidant, anti-inflammatory and anti-angiogenic properties of resveratrol in ocular diseases.

Toxic effects of AZ2E in human ARPE-19 cells were prevented by resveratrol: A potential
nutritional bioactive for age-related macular degeneration treatment.
gy 94

123

Carotenoid Levels

Biomarker of health for
diet and lifestyle
* Yale University

Phospholipid bi-layer
Carotenoids, flavonoids,
and polyphenols

125

19
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The New Standard

Raman Spectroscopy

al Institutes of Health

pery it Msah Quick Test
(approx. 30 sec)

I Portable
I Cost Effective
I Remeasure in 60 days

Reassurance to you and patient

126 127

Resonance Raman spectroscopic evaluation of skin carotenoids
as a biomarker of carotenoid status for human studies

Susan T. Mayne **, Brenda Cartmel*, Stephanie Scarmo®®, Lisa Jahns <, Igor V. Ermakov,
Wemner Gellermann®

g ST PO,

wfiectively verve as an indepated ke of healthy, Wi g ate seflecting peater £V better
d Lack of adipenity. Thun, thes bimacher hobda prearese a bech 4 Bealth beonarker
wecve fodicams o FV ieake, sappoeting i Airer deveiapment and usiization foe mticat
2001 public heakh purposes

*Arch Biochem Biophys. PMC 2014 Nov 15.

128 129

Vulnerable to Oxidation
Betacarotene
Lutein

i VitaminC @
AL Lycopene &/

Are you taking a supplement?

130 131
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53-year-old man

+~ Family history of AMD
* Dad with 43 injections for AMD
s Pre-diabetic with borderline HbAlc
& Vision 20/20 OU
s DFE- retina clear
&~ OCT normal
4 Passes dark adaptation
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Supplement Facts 53"year"Old man

OTHER INGSEDIENTS:

CONTAINS: i (anchervac. 1k ree. macinsal)
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Ocular Nutrition - Tying Function, Structure,
and Molecular All Together

Treat and Extend!

Tuesday, April 4, 2023

Screen Everyone

FREE
Madical

Lefdlar
Damige
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Carotenoid and Antioxidant Levels in
Ocular Disease and Systemic Health
+~ Plenty of evidence that carotenoids are beneficial in ocular and systemic
prevention

+~ Patients are looking for guidance
* Many are on supplements
T Sur hat they are doing is minimally helping

s~ Measuring ensures the patient

«~ Antioxidants in the eye and body go beyond lutein and zeaxanthin
+~ Dr. Oz “Ultimate nutritional lie detector”
+~ Best benefit of all...
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Thank You for This Opportunity

sDo it for:
* Yourself
* Your family

* Your staff
* Your patients
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Questions and Thank Youl!

Ocular Nutrition
Tying Function, Structure, and Molecular All Together

Greg Caldwell OD, FAAO
The Saratoga Springs
Primary Eye Care Symposium
Saturday, March 25, 2023
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