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OZET

Zeaksantin, yagda c¢oziinen ve antioksidan Ozellik tasiyan bir karotenoid tiirtidiir. Zeaksantin,
izomeri olan mezo-zeaksantin ve lutein ile birlikte makiiler pigmentlerin ana bilesenlerini
olusturmaktadir. Bu ii¢ bilesik topluca makiiler pigmentler olarak adlandirilmaktadir. Makiiler
pigmentlerin anatomik, biyokimyasal ve optik 6zellikleri, gorme ve makiiler saglik konusunda bu
bilesenlerin roliine ilgi duyulmasina neden olmustur. Kanit temelli gelisen veriler, makiiler
pigmentlerin mavi 15181 filtreleme ve parlakligi-soluklugu algilama o6zellikleri sayesinde bu
bilesenlerin optimum gorsel performansta onemli rolii oldugunu gostermektedir. Ayni zamanda,
antioksidan kapasiteye sahip olmalari, oksidatif stres ile iligkili bircok hastalikta makiiler
pigmentlerin roliiniin olabilecegini diistindiirmektedir. Karotenoid terimi, yasam i¢in bircok agidan
onemli izo-prenoid bilesenlerinden olusan dogal organik bilesikleri tarif etmek igin
kullanilmaktadir. Biitiin karotenoidler karakteristik olarak dogrusal konjuge polien zinciri
icermektedir ve karotenler ve oksikarotenoidler olarak iki alt grupta siniflandirilmaktadir. Isig1
filtreleme yetenegine sahip konjuge bag sistemi, karotenoidlere karakteristik o6zelliklerini
vermektedir. Giiniimiize kadar yaklasik 700 karotenoid ¢esidi dogal olarak izole edilmis ve
tanimlanmigtir. Fakat yalnizca 14 karotenoid c¢esidi insan viicudu tarafindan emilim ve
modifikasyona ugrayabilmekte, kullanilabilmektedir. Mevcut veriler, lutein ve zeaksantinin bati
diyetine 6zgii bir¢cok besin maddesinde bol bulundugunu gostermektedir. Besinler ile alinan lutein
ve zeaksantin miktari ve dagilimi kadar, bu bilesenlerin emilim ve biyoyararlanimini etkileyen
faktorleri de bilmek onemlidir. Ornegin, karotenoid tiiketimi ile es zamanli yag tiiketiminin, pektin
ve guar gum gibi bitkisel diyet liflerinin karotenoid emilimini etkiledigi bilinmektedir. FAO (Food
and Agriculture Organization) ve JECFA (WHO Expert Committee on Food Additives), lutein ve
zeaksantinin giinlik kabul edilebilir alim miktarinin 0-2 mg/ kg/ giin oldugunu bildirmistir.
Insanlar giinliik yeterli miktar ve gesitte sebze-meyve tiiketimi ile lutein ve zeaksantin ihtiyaglarini
karsilayabilmektedir. Zeaksantin tizerine gergeklestirilecek ileri ¢alismalar; zeaksantinin hastaliklar
tizerindeki etkisinin, advers etkiye sebep olan diizeyinin, emilimi ve biyoyararlanimi gibi bir¢ok
faktoriin aydinlatilmasina katki saglayacaktir.

Anahtar kelimeler: Karotenoid, lutein, makiiler pigment, zeaksantin
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ABSTRACT

Zeaxanthin is a fat-soluble carotenoid type with antioxidant properties. Zeaxanthine, together with
meso-zeaxanthin (isomer of zeaxanthin) and lutein are the main components of macular pigments.
These three compounds are called macular pigments. The anatomical, biochemical and optical
properties of macular pigments have caused an interest in the role of these components in vision
and macular health. Evidence-based evolving data show that these components play an important
role in optimum visual performance, thanks to the macular pigments' blue light filtering and
brightness-pale detection capabilities. In addition, 1t suggests that macular pigments may play a
role in many diseases associated with oxidative stress, as they have antioxidant capacity. The term
carotenoid is used to describe natural organic compounds that consist of iso-prenoid components
which are important in many respects for life. All carotenoids characteristically contain a linear
conjugated polyene chain and are basically classified into two subgroups as carotenes and
oxycarotenoids. The conjugate bond system, which has the ability to filter light, gives carotenoids
their characteristic properties. To date, approximately 700 carotenoid varieties have been naturally
isolated and identified. However, only 14 carotenoid varieties can be absorbed and used by the
human body. Current data show that lutein and zeaxanthin are abundant in many western dietary
nutrients. It is important to know the factors affecting the absorption and bioavailability of these
components, as well as the amount and distribution of lutein and zeaxanthin taken with nutrients. It
is known that concomitant consumption of oil with carotenoids and dietary fibers such as pectin
and guar gum affect the absorption of carotenoids. FAO (Food and Agriculture Organization) and
JECFA (WHO Expert Committee on Food Additives) reported that the daily acceptable intake of
lutein and zeaxanthin is 0-2 mg / kg / day. People can get enough lutein and zeaxanthin by
consuming enough amount and variety of vegetables and fruits daily. Further studies on zeaxanthin
will contribute to elucidating many factors such as the effect of zeaxanthin on diseases, the level
that causes adverse effects, absorption and bioavailability.

Key words: Carotenoids, lutein, macular pigment, zeaxanthin

Zeaksantin

Zeaksantin, yagda ¢oziinen ve antioksidan 6zellik tasiyan bir karotenoid tiiriidiir (Eisanhauer et al,
2017). Zeaksantinin molekiil formiilii: C40Hs6O2 “dir (Eisanhauer et al, 2017). Zeaksantin; 3R,3'R
zeaksantin, beta karoten 3,3' diol ve zeaksantins olarak da adlandirilmaktadir (Eisanhauer et al,
2017). Zeaksantin, Mariogold (Aynisefa-Sar1 Kadife Cigegi) isimli ¢icekten “Yiiksek Performansh
Sivi Kromatografisi” (High Performance Liquid Chromatography -HPLC) yontemiyle ekstrakte
edilmektedir.

Zeaksantin, izomeri olan mezo-zeaksantin ve lutein ile birlikte makiiler pigmentlerin ana
bilesenlerini olusturmaktadir (Eisanhauer et al, 2017). Bu ii¢ bilesik topluca makiiler pigmentler
(MP) olarak adlandirilmaktadir (Volan et al, 2013). Ug bilesigin her biri goziin belirli bolgelerinde
yogunlasmistir (Volan et al, 2013). Lutein, gérme ile ilgili dokularda (beyin-g6z) en ¢ok bulunan
izomerdir (Mares, 2016). Vitreus, kornea ve sklera disindaki tiim gz yapilari lutein, zeaksantin ve
bu bilesenlerin metabolitlerini igermektedir (Mares, 2016). Makiila ise lutein ve zeaksantin
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konsantrasyonunun en yiiksek degere ulastigi yerdir (Mares, 2016). Sadece insanlar merkezi bir
fovea igeren bir makulaya sahiptir ve merkez foveadaki lutein ve zeaksantin konsantrasyonu goziin
herhangi bir bolgesindeki lutein ve zeaksantin konsantrasyondan 100 kat daha fazladir (Mares,
2016).

Makiila olarak bilinen merkezi retina, optimal mekansal goriisten sorumludur (Volan et al, 2013).
Makiiler pigmentlerin anatomik (merkezi retina), biyokimyasal (antioksidan) ve optik (kisa dalga
boylu 15181 filtreleme) 6zellikleri, gérme ve makiiler saglik konusunda bu bilesenlerin roliine ilgi
duyulmasina neden olmustur (Volan et al, 2013). Kanit temelli gelisen veriler, makiiler
pigmentlerin mavi 15181 filtreleme ve parlakligi-soluklugu algilama 6zellikleri sayesinde bu
bilesenlerin optimum gorsel performansta onemli rolii oldugunu gostermektedir (Volan et al,
2013). Ayn1 zamanda, antioksidan kapasiteye sahip olmalari nedeniyle yas ile iliskili makiiler
dejenerasyonu 6nlemede de rolleri oldugu diisiiniilmektedir (Volan et al, 2013). Yas ile iliskili
makiiler dejenerasyon diinya genelinde yas artisi ile birlikte goriilen korliigiin temel nedenidir
(Volan et al, 2013).

Makiiler Karotenoidlerin Kimyasal Yapisi, Isik Filtreleyici ve Anti-Oksidan Ozellikleri

Karotenoid terimi, yasam igin bir¢ok agidan onemli izo-prenoid bilesenlerinden olusan dogal
organik bilesikleri tarif etmek icin kullanilmaktadir (Mares, 2016). Renkli yapilarindan ve goriiniir

15181 emme yeteneklerinden dolay1 karotenoidler cogunlukla “’pigment”’ veya “’kromosfor’’ olarak
da adlandirilmaktadir (Mares, 2016).

Biitiin karotenoidler karakteristik olarak dogrusal konjuge polien zinciri igerir ve temel olarak iki
alt grupta smiflandirilmaktadir. P-karoten ve likopen gibi hidrokarbon tiirevi karotenoidler
“karoten”; mezo-zeaksantin, zeaksantin ve lutein gibi oksijen tlirevi karotenoidler ise
“oksikarotenoidler” veya “ksantofiller” olarak adlandiriimaktadir (Mares, 2016). Ksantofil makiiler
karotenoidler, tipik olarak 40 karbonlu karotenoid yapidan ve 3. ve 30. karbon pozisyonlarindaki
hidroksil gruplarindan olusmaktadir (Mares, 2016).

Karotenoidlerin dogal olarak sahip olduklari konjuge ¢ift bag sistemi, 15181 filtreleme 6zelligine
sahiptir (Volan et al, 2013). Bu durum, karotenoidlere karakteristik ozelliklerini vermektedir
(Volan et al, 2013). Makiiler karotenoidlerin UV absorpsiyon spektrumlari, karotenoidlerin
tanimlanmasi ve karakterizasyonuna yardimci olmak igin rutin olarak kullanilmaktadir ve makiiler
karotenoidlerin bu 6zellikleri tizerinde duran oldukg¢a ¢ok ¢alisma mevcuttur (Volan et al, 2013).

Makiiler karotenoidlerin polien zinciri kolaylikla indirgenerek reaktif oksijen tiirlerine karsi
koruyucu, membran fosfolipit peroksidasyonunu sinirlayici ve oksidatif hasari azaltici etki
gostermektedir (Volan et al, 2013).

Makiiler Karotenoidlerin Koékeni

Gilintimiize kadar yaklasik 700 karotenoid ¢esidi dogal olarak izole edilmis ve tanimlanmistir
(Volan et al, 2013). Fakat yalnizca 14 karotenoid ¢esidi insan viicudu tarafindan emilim ve
modifikasyona ugrayabilmekte, kullanilabilmektedir (Volan et al, 2013).
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Mevcut veriler, lutein ve zeaksantinin ispanak, lahana, misir, yumurta sarisi ve yumurta driinleri
gibi bati diyetine 6zgii bircok besin maddesinde bol bulundugunu gostermektedir (Volan et al,
2013).

Diyetin lutein : zeaksantin miktar1 genellikle 5:1 oraninda seyretmektedir (Edwards, 2016).

Besinsel kaynaklara ek olarak makiiler karotenoidler piyasada satilan birgok preparatta mevcuttur
ve su ana kadar makiiler karotenoid kullanimindan kaynaklanan advers olay raporu
bulunmamaktadir (Mares, 2016). Fakat, lutein / zeaksantin igeren suplementlerin kullanimi
yalnizca gectigimiz 5 yili kapsadigi ve ilgili suplementlerin kullanimi heniiz ¢ok yaygin olmadigi
icin suplementlerden yiiksek miktarda alinan luteinin veya zeaksantinin uzun donem risklerini
degerlendiren veriler hentiz yetersizdir (Mares, 2016).

Diyetsel Karotenoidlerin Emilimi ve Biyoyararlanimi

Besinler ile alinan lutein ve zeaksantin miktar1 ve dagilimi kadar, bu bilesenlerin emilim ve
biyoyararlanimini etkileyen faktorleri bilmek de dnemlidir (Mares, 2016). Ornegin, karotenoid
tilketimi ile es zamanli yag tiiketimi bazi karotenoid tiirlerinin emilimini arttirmaktadir (Mares,
2016).

Zeaksantin biyoyararlanimi salatada sos olarak yag kullanildiginda ¢ig sebze tiiketimine kiyasla
daha fazladir benzer sekilde tiim yumurta tiiketildigindeki zeaksantin biyoyararlanimi yumurtanin
sadece aki veya beyazi tiiketildigindeki biyoyararlanimdan daha fazladir (Mares, 2016).

Pektin ve guar gum gibi bitkisel diyet liflerinin ise karotenoid absorbsiyonunu azalttig
bilinmektedir (Mares, 2016). Kloroplast ve kromoplastlardaki karotenoid lokalizasyonunun da
karotenoid biyoyararlanimi etkileyebilecegi 6ngoriilmektedir (Mares, 2016).

Zeaksantinin Giivenilir Dozu ve Toksikolojisi

FAO (Food and Agriculture Organization) ve JECFA (WHO Expert Committee on Food
Additives), lutein ve zeaksantinin giinliik kabul edilebilir alim miktarmin 0-2 mg/ kg/ giin
oldugunu bildirmistir (Eisanhauer et al, 2017).

Insan calismalarindan elde edilen veriler, giinliik 2 mg’dan fazla zeaksantin aliminda advers olay
gozlemlenmedigi bildirmistir (Edwards, 2016).

Insanlar giinliik yeterli miktar ve gesitte sebze - meyve tiiketimi ile lutein ve zeaksantin
ihtiyaclarini karsilayabilmektedir (Edwards, 2016).

Sonuc ve Oneriler

- Lutein ve zeaksantin, optimal gorsel performansta dnemli rol oynar ve lutein / zeaksantin
alimi yaygin goriilen gorme bozuklugu risklerini azaltir. Giinliik islevi etkileyen goriis
yonleriyle iliskili optimal diizeylerin belirlenmesi i¢in daha gii¢lii ve uzun donemli
prospektif calismalara ihtiya¢ duyulmaktadir.

- Advers etkilere neden olan suplementasyon diizeyi, uzun donemli ve genis kapsamli
calismalarla belirlenmelidir.
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- Giinlik sebze ve meyve tiiketimi yeterli olan bireyler genellikle yeterli miktarda lutein ve
zeaksantin almaktadir. Diyette giinlilk sebze ve meyve tiikketiminin yeterli ve c¢esitli
olmasina 6zen gosterilmelidir.

- Lutein ve zeaksantin ile iliskili ¢alismalar ¢cogunlukla g6z hastaliklar1 (yas ile iliskili
makiiler dejenerasyon, katarakt, glokom) tizerinedir. Bu bilesenlerin antioksidan etkisi goz
ontinde bulundurularak lutein ve zeaksantinin farkli hastaliklar (kardiyovaskiiler hastaliklar,
obezite, diyabet, alzheimar vb.) iizerine etkileri gelecek calismalar ile degerlendirilmelidir.
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Zeaxanthin

Zeaxanthin is a fat-soluble carotenoid type with antioxidant properties (Eisanhauer et al, 2017).
Molecular formula of zeaxanthin is: C40Hs6O2 (Eisanhauer et al, 2017). Zeaxanthin also called; 3R,
3'R zeaxanthin, beta carotene 3,3 'diol and zeaxanthins (Eisanhauer et al, 2017). Zeaxanthin is
extracted from Marigold flower by "High Performance Liquid Chromatography (HPLC)" method
(Eisanhauer et al, 2017).

Zeaxanthine, together with meso-zeaxanthin (isomer of zeaxanthin) and lutein are the main
components of macular pigments (Eisanhauer et al, 2017). These three compounds are called
macular pigments (MP) (Volan et al, 2013). Each of the three compounds is concentrated in certain
areas of the eye (Volan et al, 2013). Lutein is the most common isomer in visual tissues (brain-eye)
(Mares, 2016). All eye structures except vitreous, cornea and sclera include lutein, zeaxanthin and
metabolites of these components (Mares, 2016). The macula contains the highest concentration of
lutein and zeaxanthin (Mares, 2016). Only humans have a macula which containing a central fovea
and lutein and zeaxanthin concentration in the central fovea is 100 times higher than the
concentration of lutein and zeaxanthin in any area of the eye (Mares, 2016).

The central retina, known as macula, is responsible for optimal spatial vision (Volan et al, 2013).
The anatomical (central retina), biochemical (antioxidant) and optical (short wavelength light
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filtering) properties of macular pigments have caused an interest in the role of these components in
vision and macular Health (Volan et al, 2013). Evidence-based evolving data show that these
components play an important role in optimum visual performance, thanks to the macular
pigments' blue light filtering and brightness-pale detection capabilities (Volan et al, 2013). In
addition, because of their antioxidant capacity, they are thought to have a role in preventing age-
related macular degeneration (Volan et al, 2013). Age-related macular degeneration with increasing
age is the main cause of blindness, worldwide (Volan et al, 2013).

Chemical Structure, Light Filtering and Antioxidant Properties of Macular Carotenoids

The term carotenoid is used to describe natural organic compounds that consist of iso-prenoid
components which are important in many respects for life (Mares, 2016). Carotenoids are often
referred to as "pigment" or "chromosphere" due to their colorful structure and their ability to
absorb visible light (Mares, 2016).

All carotenoids characteristically contain a linear conjugated polyene chain and are basically
classified into two subgroups (Mares, 2016). Hydrocarbon-derived carotenoids such as [-carotene
and lycopene are called “Carotene”; oxygen-derived carotenoids, such as meso-zeaxanthin,
zeaxanthin and lutein, are called "Oxicarotenoids" or "Xanthophylls" (Mares, 2016). Xanthophyll
macular carotenoids typically consist of a 40-carbon carotenoid structure and hydroxyl groups at
the 3rd and 30th carbon positions (Mares, 2016).

Conjugated double bond system naturally possessed by carotenoids has light filtering feature and
this gives characteristic features to carotenoids (Volan et al, 2013). UV absorption spectrum of
macular carotenoids are routinely used to the identification and characterization of carotenoids, and
there is a lot of study focusing on these properties of macular carotenoids (Volan et al, 2013).

Thanks to the easy reduction of the polyene chain of macular carotenoids, it has a protective effect
against reactive oxygen species, limiting membrane phospholipid peroxidation and reducing
oxidative damage (Volan et al, 2013).

The Origin of Macular Carotenoids

To date, approximately 700 carotenoid varieties have been naturally isolated and identified (Volan
et al, 2013). However, only 14 carotenoid varieties can be absorbed and used by the human body
(Volan et al, 2013).

Current data show that lutein and zeaxanthin are abundant in many western dietary nutrients, such
as spinach, cabbage, corn, egg yolk, and egg products (Volan et al, 2013).

The diet's lutein: zeaxanthin ratio is usually 5:1 (Edwards, 2016).

In addition to nutritional sources, macular carotenoids are available in many commercially
available preparations and to date, there are no adverse event reports from macular carotenoid use
(Mares, 2016). However, data evaluating the long-term risks of taking large amounts of lutein or
zeaxanthin from supplements are still insufficient, because using lutein / zeaxanthin containing
supplements only covers the past 5 years and the use of these supplements is not yet very common
(Mares, 2016).
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Absorption and Bioavailability of Dietary Carotenoids

It is important to know the factors affecting the absorption and bioavailability of these components,
as well as the amount and distribution of lutein and zeaxanthin taken with nutrients (Mares, 2016).

The zeaxanthin bioavailability is higher compared to the consumption of raw vegetables when
using oil as a sauce in a salad similarly, zeaxanthin bioavailability is higher when the whole egg is
consumed than the bioavailability of the egg when only the flux or yolk is consumed (Mares,
2016).

Herbal dietary fibers such as pectin and guar gum are known to reduce carotenoid absorption
(Mares, 2016). It is thought that carotenoid localization in chloroplasts and chromoplasts may also
affect carotenoid bioavailability (Mares, 2016).

Acceptable Intake and Toxicology of Zeaxanthin

FAO (Food and Agriculture Organization) and JECFA (WHO Expert Committee on Food
Additives) reported that the daily acceptable intake of lutein and zeaxanthin is 0-2 mg / kg / day
(Eisanhauer et al, 2017).

Data from human studies reported that no adverse event occurred in the intake of more than 2 mg
of zeaxanthin daily (Eisanhauer et al, 2017).

People can get enough lutein and zeaxanthin by consuming enough amount and variety of
vegetables and fruits daily (Edwards, 2016).

Conclusion and Suggestions

- Lutein and zeaxanthin play an important role in optimal visual performance, and intake of
lutein / zeaxanthin reduces common visual impairment risks. Strong and long-term
prospective studies are needed to determine the optimal levels associated with the aspects of
opinion affecting daily function.

- The level of supplementation that causes adverse effects should be determined by long-term
and comprehensive studies.

- Individuals who have sufficient daily consumption of vegetables and fruits usually get
enough lutein and zeaxanthin.

- It should be noted that daily consumption of vegetables and fruits is sufficient and diverse.

- Studies related to lutein and zeaxanthin are mostly on eye diseases (age-related macular
degeneration, cataracts, glaucoma). Considering the antioxidant effect of these components,
the effects of lutein and zeaxanthin on different diseases (cardiovascular diseases, obesity,
diabetes, alzheimar etc.) should be evaluated with future studies.

Key words: Carotenoids, lutein, macular pigment, zeaxanthin
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