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Abstract

Purpose of Review In this review, the chemical properties, nutritional sources, absorption mechanisms, metabolism, bio-
synthesis and promising health-related benefits of lutein and zeaxanthin were emphasized and some recommendations for
the future studies are suggested.

Recent Findings Lutein and zeaxanthin are phytochemical compounds in the carotenoid group and are synthesised only by
plants. All mammals get lutein and zeaxanthin into their bodies by consuming plant-based foods. Especially leafy green
vegetables, broccoli, pumpkin, cabbage, spinach and egg yolk are rich in lutein and zeaxanthin. Lutein and zeaxanthin have
potential health effects by preventing free radical formation, exhibiting protective properties against oxidative damage and
reducing oxidative stress. These compounds have neuroprotective, cardioprotective, ophthalmological, antioxidant, anti-
inflammatory, anti-cancer, anti-osteoporosis, anti-diabetic, anti-obesity, and antimicrobial effects.

Summary The preventive properties of lutein and zeaxanthin against numerous diseases have attracted attention recently.
Further clinical trials with large samples are needed to make generalisations in the prevention and treatment of diseases and
to determine the appropriate doses and forms of lutein and zeaxanthin.
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PGC-1a Peroxisome proliferator-activated receptor
gamma coactivator 1-alpha

RCC Renal cell carcinoma

ROS Reactive oxygen species

RRMS Relapsin-remitteng multiple sclerosis

SR-B1 Scavenger receptor class B type 1

T2DM Tip-2 diabetes mellitus

TBI Traumatic brain injury

TFAM Mitochondrial transcription factor a

TNF- o Tumor necrosis factor-alpha

uv Ultraviolet

VLDL Very low-density lipoprotein

Introduction

Carotenoids are a group of natural tetraterpenoid pigments
found in plants, fungi, bacteria, and algae [1] and have a
significant role in many physiological functions of a human
body. There are more than 1100 naturally occurring carot-
enoids identified [2]. Carotenoids are classified as caro-
tenes and xanthophylls according to their chemical struc-
ture. Carotenes are non-oxycarotenoid substances that have
cyclic hydrocarbons at one or both ends of the molecule.
On the other hand, xanthophylls are carotenoids that con-
tain oxygen. While the carotene group includes a-carotene,
fB-carotene, f-cryptoxanthin and lycopene, the xanthophyll
group includes zeaxanthin, meso-zeaxanthin lutein, canthax-
anthin and astaxanthin [3, 4]. The impact of dietary lutein
and zeaxanthin intake on health has attracted attention in
recent years [3]. Lutein and zeaxanthin have neuroprotec-
tive, cardioprotective, ophthalmological, antioxidant, anti-
inflammatory, anti-cancer, anti-osteoporosis, anti-diabetic,
anti-obesity, and antimicrobial effects [5, 6]. Moreover,
lutein and zeaxanthin contain properties that protect the skin
from ultraviolet (UV) rays, thus preventing certain skin dis-
eases [7]. These positive effects of lutein and zeaxanthin on
health are related to their characteristics such as preventing

Fig. 1 Carotenoid subclasses
and sources [9]
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the formation of free radicals, being protective against oxi-
dative damage and reducing oxidative stress [8].

This review was conducted to examine the clinical effects
and modes of action of lutein and zeaxanthin, taking into
account all their potential properties, and their effectiveness
on health by analysing in vivo, in vitro, animal, and human
studies.

Chemical Structure and Sources of Lutein
and Zeaxanthin

Xanthophylls, an oxidized version of the carotenoid, are yel-
low pigments that account for the majority of carotenoids in
nature. The term xanthophyll is originated from two Greek
vocables: xanthos inferred “yellow” and phyllon inferred
“leaf”. Moreover, leaf pigments appear as a yellow band on
chromatography. Lutein and its isomer zeaxanthin are com-
pounds in the group of xanthophylls [9], (Fig. 1).

The chemical structure of lutein contains unsaturated pol-
yene hydrocarbon containing 8 isoprene residues, 40 carbon
atoms, 9 double bonds, and two hydroxyl (OH") groups in
the B-ionone rings. Zeaxanthin is the isomer of lutein. The
position of the double bond in the cyclic ring in the structure
of zeaxanthin differs from that of lutein [4], (Fig. 2).

Lutein and zeaxanthin, unlike other carotenoids, have
hydroxyl groups at both ends. The hydroxyl groups give
these two compounds hydrophilic properties. The hydro-
philic affinity of lutein and zeaxanthin enables them to react
better with singlet oxygen. Therefore, lutein and zeaxan-
thin’s capability to remove free radicals is better than non-
polar carotenoids [9].

Since lutein and zeaxanthin are synthesised only by
plants, all mammals get lutein and zeaxanthin into their
bodies through nutrition. In nature, these compounds exist
in esterified and non-esterified forms with fatty acids [3].
Especially leafy green vegetables contain plenty of lutein
and zeaxanthin. Their content in vegetables varies between
0.01 and 40 mg/100 g on average. The foods with the highest
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Fig.2 Structural formula of lutein and zeaxanthin [4]

Table 1 Lutein and zeaxanthin content of some foods (mg/100 g) [4,
10]

Nutrient Lutein/ Nutrient Lutein/
zeaxanthin zeaxan-
thin
Kale 39.55 Green peas (canned) 1.35
Spinach 11.93 Corn (canned) 0.88
Lettuce 2.63 Green beans 0.64
Broccoli 2.44 Carrot 0.35
Brussels sprouts 1.59 Cabbage 0.31

lutein and zeaxanthin content are kale and spinach. Lettuce,
peppers, parsley, broccoli, Brussel’s sprouts, pumpkin and
egg yolks also contain lutein and zeaxanthin. Fruits contain
less lutein and zeaxanthin than vegetables. Additionally,
nectarines, kiwis, blackberries, raspberries, avocados and
black currants are other foods with high lutein and zeaxan-
thin content [4], (Table 1).

Biosynthesis, Absorption and Metabolism of Lutein
and Zeaxanthin

Mevalonate is the biosynthesis pathway of lutein. In this
pathway, the hydroxy-methyl-glutaryl-coenzyme A (HMG-
CoA) compound is reduced to mevalonic acid via the HMG-
CoA reductase enzyme. Mevalonic acid is the precursor of
isopentenyl pyrophosphate (IPP) and dimethylallyl pyroph-
osphate (DMAPP) [11]. Farnesyl pyrophosphate synthase
(FPPS) transforms into isoprenoid farnesyl pyrophosphate
(FPP) by enzymatic activity, leading to the catalytic exten-
sion of DMAPP. The enzyme geranylgeranyl pyrophos-
phate synthase (GGPPS) catalyses the extension of FPP to
the isoprenoid geranylgeranyl pyrophosphate (GGPP) [5].
Dimerase enzymes dimerize GGPP molecules into phytoene.
The reductase enzyme oxidizes phytoene to a-carotene via
lycopene. Finally, the hydroxylation reaction at the third
position of the two a-carotene rings, catalysed by a hydro-
lase, provides the constitution of lutein [12]. Since there are
no genes encoding the enzymes required for biosynthesis
of carotenoid in the animal organism, these compounds are
obtained from foods [4].

HO

Zeaxanthin - C,Hy 0,

Since lutein is hydrophobic, it is absorbed like fatty acids
and fat-soluble vitamins. Fat-soluble lutein (free or esteri-
fied) and zeaxanthin also require fat for absorption and trans-
port. Cholesterol esterases hydrolyze lutein esters before
they can be absorbed by enterocytes [13]. This absorption
process is thought to occur via scavenger receptor, class B
type 1 (SR-B1). It is known that carotenoids encapsulated in
the interior space of micelles carry out the stages of hydroly-
sis, absorption, binding to chylomicrons, and release into
lymph [3]. Carotenoids are released from chylomicrons by
lipoprotein lipase. They are carried by high-density lipopro-
tein-carrying cholesterol (HDL-C), low-density lipoprotein-
carrying cholesterol (LDL-C), and to a lesser extent, very
low-density lipoprotein-carrying cholesterol (VLDL-C).
Primarily, lutein is stored in adipose tissue and hepatocytes.
Lutein is excreted through bile and kidneys [14]. There are
roughly 20 various types of carotenoids in human plasma or
serum. The concentration of lutein and zeaxanthin in serum
varies between 0.1-1.44 and 0.07-0.17 pmol/L, respectively
[3]. Retinas contain only lutein and zeaxanthin. The human
retina and lens contain much higher concentrations of xan-
thophylls than other tissues. However, they are not discov-
ered in high concentrations in the blood or in the average
diet [15].

Genetic factors, gender, age, health and nutritional status,
as well as its type, number and the environment in which it is
absorbed affect lutein bioavailability [4]. Thermal process-
ing applied to plant-based foods increases the bioavailability
of carotenoids by destroying the cell membranes and protein
complexes of carotenoids. Lutein and zeaxanthin are rela-
tively resilient to high temperatures. The bioavailability of
lutein and zeaxanthin is increased by finely chopping and
cooking foods [13].

The Effects of Lutein on Health

Carotenoids exhibit a strong antioxidant activity with the
conjugated double bond system. Photoreceptor membranes
are prone to peroxidation because they are rich in polyun-
saturated fatty acids. Macular xanthophylls show an antioxi-
dant activity in the photoreceptor membrane. Carotenoids
are involved in many processes such as modulation of inter-
cellular signalling pathways, regulation of the cell cycle,
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stimulation of the immune system and growth factors, apop-
tosis and the fight against viruses [9].

Anti-diabetic Effects

Type 2 diabetes (T2DM) is a disease accompanied by high
blood glucose levels that causes multiple organ dysfunc-
tion and affects the health and life of individuals [16]. The
International Diabetes Federation (IDF) Diabetes Atlas
(2021) reports that there are 537 million people with dia-
betes worldwide, constituting 10.5% of the adult population
(20-79 years) [17]. IDF predictions show that 643 million
people will develop diabetes by 2030. That figure is expected
to rise by 46% by 2045 accounting for 1 in every 8 adults
(approx. 783 million people).

Diabetes plays an important role as a risk factor in eye
diseases such as cataracts, glaucoma and diabetic retin-
opathy [18]. In addition to producing reactive oxygen spe-
cies (ROS), hyperglycemia impairs antioxidant capacity
by damaging enzymes and antioxidants, causing oxidative
damage and chronic inflammation, and leading to various
complications [19]. Lutein may alleviate microvascular
complications in T2DM patients through antioxidant and
anti-inflammatory mechanisms, as well as the regula-
tion of relevant genes and signalling pathways [18]. In a
study, it was determined that lutein (up to 1.0 pM) blocks
glucose-mediated increases in intracellular ROS, protein
carbonyl and malondialdehyde content in retinal pigment
epithelial cells [20]. A study in obese rats reported that
the combination of lutein and orlistat effectively reduced
high blood glucose levels caused by a high-fat diet [21].
Hyperglycemia leads to diabetic retinopathy by reducing
mitochondrial biogenesis through the downregulation of
nuclear transcription factors peroxisome proliferator-acti-
vated receptor-y coactivator-1 (PGC-1a) and mitochon-
drial transcription factor A (TFAM) [22]. Lutein increases
mitochondrial biogenesis in hyperglycemia-induced cell
culture and rat retina [23]. Lactucaxanthin found in let-
tuce is a structural isomer of lutein and the anti-diabetic
property of lactucaxanthin has been reported [24]. Lac-
tucaxanthin or lutein was administered to diabetic rats
at 200 pM for 8 weeks. Like lutein, lactucaxanthin was
found to increase the expression of antioxidant activity,
reduce oxidative stress markers, suppress the expression
of endoplasmic reticulum (ER) stress and inflammatory
markers in the diabetic retina, and improve glucose toler-
ance and lipid profile [25]. A study reported a negative
correlation between serum lutein levels and blood glu-
cose and urine microalbumin/creatinine ratio in elderly
patients with T2DM and nephropathy. Additionally, low
serum lutein levels indicated a high risk of T2DM and
nephropathy in these patients [26]. In another study, no
association was found between lutein/zeaxanthin intake
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and gestational diabetes [27]. However, another study
reported that an increase in lutein levels could be benefi-
cial for fasting glycemia in pregnancy [28]. A systematic
meta-analysis revealed that dietary intake of lutein and
zeaxanthin decreased the risk of T2DM [29]. Considering
the studies, it seems that lutein and zeaxanthin may have
positive effects on diabetes. However, more comprehen-
sive clinical studies are needed before definitive conclu-
sions can be reached.

Cardioprotective Effects

Cardiovascular diseases, including peripheral arterial dis-
eases, ischemic heart disease, stroke, heart failure, and other
cardiac and vascular diseases, are one of the leading causes
of global deaths and negatively affect quality of life [30].
Lutein and zeaxanthin are transported in the body by HDL-C
particles. This transport system increases HDL-C, which is
known to have anti-atherogenic activity, and allows more
cholesterol to be transported from hepatic tissues to the liver
[5]. The cardioprotective effects of lutein can be explained by
its modulatory properties on oxidative stress, inflammation,
glucose homeostasis, lipid metabolism, insulin resistance
and blood pressure [31]. In a meta-analysis study evaluating
the effect of lutein and zeaxanthin on dyslipidemia, it was
observed that lutein and zeaxanthin improved HDL-C levels
[32]. In their study, Leemarkers et al. [33] stated in their
review of 70 articles, including 387.569 participants, that
dietary lutein intake and an elevation in serum lutein level
had positive effects on cardiovascular health. Hajizadeh-
Sharafarad et al. [31] reported in their meta-analysis study
that lutein may protect against risk factors of atherosclerosis,
including inflammation and endothelial dysfunction. It was
found that lutein supplementation in rats reduced reactive
oxygen species and lipid peroxidation, and lowered the level
of inflammatory biomarkers such as tumour necrosis factor-a
(TNF-a), interleukin-6 (IL-6), and interleukin-8 (IL-8) [34].
Lutein and zeaxanthin supplementation in rats fed a high-fat
diet was shown to lower the levels of intercellular adhe-
sion molecule-1 (ICAM), nuclear factor-kappa B (NF-xB),
and vascular endothelial growth factor, thereby modulating
genes associated with oxidative stress and inflammation
[35]. In rats with isoproterenol-induced myocardial infarc-
tion, 40 mg/kg lutein supplementation applied for 28 days
improved lipid peroxidation products, cardiac biomarkers
(lactate dehydrogenase, creatine kinase-MB), inflammatory
markers (IL-6, TNF-a, and NF-kB), and apoptotic markers.
It has been reported that lutein supplementation has a car-
dioprotective effect [36]. In recent years, animal and human
studies have reported that lutein and zeaxanthin may have
cardioprotective properties with their positive effects on
blood lipids and inflammatory biomarkers.
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Neuroprotective Effects

Lutein is a carotenoid found in small amounts in human
brain tissue. Although other carotenoids, such as f-carotene,
are more widely consumed in the diet than lutein, lutein col-
lects in greater amounts (up to 5 times) in the brain. Lutein
and its isomer zeaxanthin, which have anti-inflammatory
and antioxidant activities, cross the blood—brain barrier and
are absorbed by cerebrovascular cells [37]. The function of
lutein in brain tissue is ambiguous. However, lutein concen-
trations in the brain have been shown to be related to other
antioxidants, lipid and energy pathway metabolites, amino
acid neurotransmitters, and brain osmolytes. Further, lutein
can promote brain function and structure by preventing the
oxidation of docosahexaenoic acid (DHA). Therefore, lutein
is associated with neurodegenerative diseases [37].

Epilepsy, one of the most common neurological disorders,
occurs due to neurodegeneration caused by oxidative stress
[38]. The Racine scale is an assessment tool commonly used
to measure the severity of epileptic seizures in animal stud-
ies. In a study conducted on albino rats with epilepsy, it was
observed that lutein supplementation alone or in combina-
tion with antiepileptic drugs was associated with reduced
Racine scale scores, delayed seizures, and improved motor
performance. Additionally, lutein supplementation alone has
been associated with the inhibition of cerebral damage by
reducing oxidative stress in hippocampal homogenate and
serum TNF-a concentrations [39].

Depression is a chronic, multifactorial and life-threaten-
ing mental disorder in which increased glucocorticoid lev-
els and oxidative stress occur as a result of dysfunction of
hypothalamic—pituitary—adrenal (HPA) axis [40]. A study
reported that lutein treatment provided an antidepressant-
like effect by improving oxidative stress markers and neuro-
chemical abnormalities caused by corticosterone in rats [41].

Lutein nanoparticles have been reported to ameliorate
locomotor damage, dopamine levels, acetylcholinesterase
(AChE) activity, and oxidative stress markers of the Par-
kinson’s model in Drosophila [42]. In a meta-analysis that
included 3 dose-response studies using 1 mg/day lutein sup-
plementation stated that high Iutein intake increases the risk
of Parkinson's disease [43].

Antioxidants such as lutein, which is known to be local-
ized in brain tissue, may provide neuroprotective effects in
multiple sclerosis (MS) by downregulating inflammatory
molecules [44]. In a study, lutein intake positively affected
attention and memory by improving carotenoid status in
individuals with relapsing—remitting multiple sclerosis
(RRMS), but had no important impact on cognitive func-
tion [37].

In a cohort study conducted in middle-aged and older
adults, cases of dementia were wrongly associated with
serum lutein + zeaxanthin and p-cryptoxanthin levels. It was

determined that this preservative effect was less in antioxi-
dant vitamins and other carotenoids [45]. As a result of a
meta-analysis, it was stated that lutein and zeaxanthin levels
in plasma and serum were inversely associated with the risk
of Alzheimer's disease [46].

20 mg/kg of lutein and zeaxanthin was administered to
rats with induced traumatic brain injury (TBI). Lutein and
zeaxanthin significantly reduced infarct volume, blood—brain
barrier permeability, NF-kB, interleukinl beta (IL-1p), and
IL-6 levels in brain samples collected after 24 h [47].

Glutamate (Glu) neurotransmitter, which is effective in
regulating brain functions, is an important stimulant of the
central nervous system. Excessive accumulation of intracel-
lular Glu increases ROS concentration in neurons [48]. A
study conducted on the effects of glutamate on SH-SYS5Y
neuroblastoma cells in the presence of lutein reported that
lutein had positive effects on lipid peroxidation, iron metab-
olism, glutamate-induced ROS, and inflammation [49].
When the effects of lutein and zeaxanthin on neurological
diseases are evaluated, it is thought to be difficult to reach a
definitive conclusion. Extensive in vivo, in vitro, animal and
human studies are needed in this area.

Anti-obesity Effects

The World Obesity Federation states that obesity is not only
a risk factor for chronic diseases, but also obesity itself is a
chronic, recurrent progressive disease. While the prevalence
of obesity has increased three-fold in adults since the 1970s,
it has also increased dramatically in children and adoles-
cents [50]. Carotenoids, including lutein and zeaxanthin,
are of great interest in the treatment of obesity [51]. This
effect of carotenoids on obesity is based on the fact that the
storage, metabolism, and biological activity of carotenoid
compounds occurs in the fat tissue [51, 52]. Adiposopathy
is defined as impaired adipose tissue accompanied by adi-
pocyte hypertrophy, metabolic and endocrine disorders, and
visceral adiposity. Carotenoids have been also reported to
reverse the phenomenon of ‘adiposopathy’ in adipose tis-
sues [51].

In the NHANES (National Health and Nutrition Exami-
nation Survey) 2007-2018 study, which evaluated the die-
tary carotenoid intake of obese adults, it was reported that
the intake of total carotenoids, B-carotene, f-cryptoxanthin,
a-carotene, and lutein + zeaxanthin was inversely associated
with the risk of obesity [53]. Another study reported that
lutein oxidized products may have an anti-obesity effect by
inhibiting pancreatic lipase activity [54]. In a study of 60
rats fed a normal or high-fat diet, 100 mg/kg zeaxanthin
supplementation and an exercise programme reduced fat
mass in the internal organs of the rats, had a therapeutic
effect on dyslipidemia and blood glucose, and as a result,
had an anti-obesity effect [55]. Plasma carotenoid levels in
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obese individuals are associated with impaired antioxidant
capacity. As a result of a six-week weight loss programme
applied to obese adult individuals, it was observed that a
4-kg decrease in fat mass resulted in a important elevation
in plasma lutein and zeaxanthin levels [56]. Hajizadeh-
Sharafabad et al. [51] reported that applying a low-energy
diet along with lutein supplementation in obese individuals
provided a significant decrease in body fat mass, waist cir-
cumference, and visceral fat mass, and lean body mass was
preserved. In another study, in which lutein and lycopene
supplementation was administered to slightly overweight
and obese individuals for eight weeks, it was observed
that the intervention increased serum carotenoid levels and
reduced visceral fat mass [57]. When studies in the litera-
ture are examined, it is thought that lutein and zeaxanthin
may have antiobesity properties by reducing body weight,
visceral fat and body fat mass.

Ophthalmological Effects

The rate of population aging is increasing worldwide. This
is accompanied by an increase in eye diseases that cause pre-
ventable vision loss. The main causes of vision loss include
age-related macular degeneration (AMD), glaucoma, dia-
betic retinopathy, retinopathy of prematurity, and many other
eye diseases [58]. Oxidative stress, apoptosis, inflammation,
and mitochondrial dysfunction cause the specified eye dis-
eases. Antioxidants play a role in the prevention and treat-
ment of many eye disorders related to oxidative stress [4,
59]. The macula and lens are the most important two tissues
involved in the vision process, and lutein and zeaxanthin are
located in these tissues but their distribution in the retina
varies. While Iutein is more concentrated in peripheral part
of the retina, zeaxanthin is dominant in its central part [4].
Lutein and zeaxanthin show protective properties against
ophthalmic diseases with their antioxidant properties [S]. A
study reported that higher dietary intake of lutein and zeax-
anthin was associated with a decrease in the prevalence of
visual impairment [60]. Lutein and zeaxanthin play a signifi-
cant role in maintaining the integrity of the retina along with
optimizing central visual acuity [61]. Lutein increases visual
acuity and macular pigment optical density (MPOD) [6]. A
study showed that there was a moderate positive correlation
between MPOD and plasma lutein and zeaxanthin levels
[62]. MPOD is associated with the risk of retinopathy and
visual impairment [6]. Carotenoids protect the retina tissue
by acting as antioxidants, neutralizing free radicals, reduc-
ing oxidative damage, and increasing MPOD, which allows
them to act as an optical filter against blue light, a type of
high-energy light with a wavelength of 400-500 nm in the
visible light portion of the electromagnetic spectrum [61].
During the third trimester of pregnancy, lutein and zeax-
anthin supplementation to the mother are transferred to the
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baby via the placenta. It is known that lutein and zeaxanthin
supplementation to the mother can improve the baby’s visual
development and performance and prevent retinopathy of
prematurity [63]. Lai et al. [64] concluded that mothers’
serum lutein and zeaxanthin levels during pregnancy may
affect the visual acuity and early vision development of
babies. Richer et al. [65]. administered 14 mg zeaxanthin
and 7 mg lutein to elderly individuals who had difficulty
driving in twilight and low brightness levels for a period
of six months. Lutein and zeaxanthin supplementation
increases MPOD in individuals having hardship with night
vision and show measurable benefits in many visual func-
tions significant for driving at night [65]. In another study, it
was observed that applying supplementation of 10 mg lutein,
2 mg zeaxanthin, and 10 mg meso-zeaxanthin in patients
diagnosed with glaucoma for 18 months increased MPOD
[66]. Fitzpatrick et al. [67] reported that lutein and zeaxan-
thin supplementation had no clear effect on MPOD. Visual
screen terminal syndrome is a syndrome characterized by
hand coordination and eye movement disorders caused by
the increase in the use of devices such as computers, tablets
and smartphones in recent years. In another study, it was
observed that supplementing 2 mg/day zeaxanthin, 10 mg/
day lutein, and 6 mg/day astaxanthin for eight weeks to par-
ticipants who underwent surgery due to visual display termi-
nal syndrome increased MPOD and alleviated the decrease
in eye-hand coordination [68]. In their study, Lawler et al.
[69] reported that higher lutein and zeaxanthin in serum
and retina were associated with larger central retinal vas-
cular calibre on an elderly female individual. Another study
showed that 16-week supplementation containing 4 mg/day
zeaxanthin, 20 mg/day lutein, and antioxidants (zinc, cop-
per, vitamin E, vitamin C,) increased MPOD volume and
carotenoid levels [56].

Li et al. [70] observed that lutein and zeaxanthin sup-
plementation increased visual acuity. In another systematic
review, it was stated that 10-20 mg/day lutein supplemen-
tation was an effective treatment in those with AMD by
increasing MPOD. In addition, supplementation in higher
doses and for a longer period of time increased the effect
[71]. In another systematic review, it was reported that high-
dose (20 mg/day) and long-term (> 6 months) supplemen-
tation of lutein may have positive effects on patients with
AMD [72]. In a study in which the relationship of lutein
and zeaxanthin with AMD was observed for eight years on
average, it was reported that the risk of AMD was lower in
individuals with higher plasma lutein levels [73]. In another
study, it was stated that excessive intake of foods rich in
lutein would significantly decrease the risk of AMD [74].
Majeed et al. [75] stated that supplementation containing
lutein, zeaxanthin and piperine for individuals aged 50 and
over with early-stage dry-type AMD prevented the progres-
sion of early-stage dry-type AMD and protected eye health.
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In another study, it was observed that applying zeaxanthin
supplementation to patients with unilateral neovascular age-
related macular degeneration (nAMD) at 20 mg/day for five
years or longer reduced two-year unilateral nAMD in the
fellow eye by 23% [76]. More prospective clinical studies
are needed to make generalizations about whether or not
lutein and zeaxanthin supplements are effective in prevent-
ing vision loss.

Anti-cancer Effects

The assumption that carotenoids, a class of carotenoids,
may have beneficial effects on health due to their limited
absorption is incorrect. However, it has been reported that
xanthophyll carotenoids, especially astaxanthin, are natu-
ral compounds with strong antioxidant activity [77]. In
a study, there was a significant reduction in total tumour
burden in rats with breast carcinoma fed lutein (50 mg/kg/
day) and p-sitosterol (50 mg/kg/day), without significant
toxicities. Additionally, a secondary tumour development
was prevented [78]. A systematic study concluded that every
1 pmol/L increase in circulating lutein and zeaxanthin con-
centrations decreased the risk of bladder cancer by 56% [79].
Another study investigated whether or not dietary lutein and
zeaxanthin intake affected the risk of colorectal cancer in
patients with DICER1 rs3742330 polymorphism. It has been
determined that dietary lutein and zeaxanthin intake reduces
the risk of colorectal cancer [80]. Dietary micronutrients
could have a preservative effect on the development of renal
cell carcinoma (RCC) by preventing oxidative deoxyribose
nucleic acid (DNA) damage and tumour growth. It has been
determined that increasing the dietary lutein and zeaxanthin
intake reduces the risk of RCC, regardless of race, gender,
age, and smoking status [81]. Zeaxanthin levels in ovarian
cancer (OC) patients were found to be significantly lower in
early and advanced stage patients [82]. When studies inves-
tigating the effects of lutein and zeaxanthin on cancer are
examined, it is thought that they may have positive effects
on tumor cells with their strong antioxidant effects, but more
clinical studies are needed to be able to generalize on this
subject and reach clearer conclusions.

Anti-osteoporosis Effects

It has been reported that lutein and zeaxanthin carote-
noids, which have anti-inflammatory characteristics, may
be protective in conditions such as fragility, sarcopenia
and osteoporosis, which have inflammatory and oxidative
stress aetiology [83, 84]. A cell study reported that lutein
suppressed bone resorption and IL-1-induced osteoclast
differentiation [85]. Lutein prevents bone destruction and
stimulates bone formation in rats. In this way, it has been
determined that it increases bone mass [86]. In a study, it

was stated that lutein supplementation may protect against
osteoporosis by downregulating osteoclast-specific marker
(NFATc1) expression and inflammation through activating
Nrf2-induced antioxidant gene expression (HO-1, NQO1)
in ovariectomized rats [34]. In another study, high blood
zeaxanthin levels were found to have an independent positive
relationship with femoral neck strength in middle-aged and
elderly individuals [87]. In a previous study conducted with
adults aged fifty years and older, it was detected that higher
plasma lutein and zeaxanthin concentrations were associated
with decreased frailty after 8 years of follow-up. However,
it was not associated with hand grip strength and sarcopenia
[83]. In a study, it was found that high lutein and zeaxanthin
intake was associated with a lower risk of osteoporosis [88].
Lutein and zeaxanthin, which are in the carotenoid group,
have anti-inflammatory effects and can have a positive effect
on bone diseases such as osteoporosis.

Other Diseases

Antioxidants reduce oxidative damage caused by UV rays
on the skin [6]. Lutein and zeaxanthin protect eyes and skin
from blue light and oxidative damage, which has the shortest
wavelength of the visible spectrum. It prevents free radical
formation, mitochondrial dysfunction and skin inflamma-
tion [5]. In their animal study in which lutein, zeaxanthin
and rosemary formulation was applied to skin dehydration
caused by UV light for 12 weeks, Heo et al. [89] concluded
that the application of lutein, zeaxanthin and rosemary
formulation may have positive effects on skin dehydration
caused by UV light [89].

With the accumulation of ROS, the antioxidant capacity
of the cells decreases, which is frequently seen in chronic
kidney disease. Carotenoid compounds, including lutein and
zeaxanthin, prevent ROS formation via their antioxidant
properties. All these mechanisms show that carotenoids may
have a therapeutic effect for chronic kidney disease [90]. Pan
et al. [26] found a negative relationship between serum lutein
level and diabetic kidney disease in elderly individuals.

Gao et al. [27] administered alcohol supplementation to
rats and then 10 mg zeaxanthin supplementation every day
for 2 weeks. Ethanol supplementation caused an increase
in alanine aminotransferase and aspartate aminotransferase
concentrations in rats and zeaxanthin supplementation
showed a healing effect against alcohol-induced hepatic
damage [27]. In another study, 12.5, 25.0 and 50.0 mg/
kg lutein supplements were administered to rats exposed
to 2.5 pm particulate matter and the intervention played a
protective role in lung tissues [91]. Yang et al. [92] stated
that respiratory disease mortality was lower in individuals
with high serum total carotenoids, a-carotene, lycopene and
lutein/zeaxanthin levels. In a previous study, ovalbumin
was administered to rats, causing them to show asthma-like
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symptoms, and then zeaxanthin was administered. Zeaxan-
thin alleviated ovalbumin-induced allergic asthma in rats
by modulating the p38 MAPK/B-catenin signalling pathway
[93]. In a study conducted on ulcerative colitis patients, it
was observed that the frequency of gastrointestinal symp-
toms, especially constipation, was lower in individuals with
higher lutein and zeaxanthin intake [94]. Another study
reported that there was a dose-dependent inverse relation-
ship between dietary lutein and zeaxanthin intake and the

Reference
[115]

LCPUFAs + lutein/zeaxanthin supple-
mentation did not significantly affect
memory function in healthy, non-
demented elderly individuals with
memory complaints but improved
memory function in healthy, non-
demented elderly individuals with

2 incidence of dental fluorosis, and high dietary carotenoid
3 intake may prevent dental fluorosis [95]. In the literature,
" o the number of studies evaluating the effects of lutein and
Q o= . . . . . .
g &= zeaxanthin on skin diseases, kidney and liver diseases, gas-
£ éﬁ trointestinal diseases, and tooth and gum diseases is lim-
© ited. Prospective clinical studies evaluating the relationship
Ei 2 £ i £ between lutein and these diseases are needed.
-~ S ) g <z g Table 2 summarizes important in-vivo, in-vitro, animal
=28 s T .. . .
TS583 28 S g9 and human clinical studies to evaluate the effects of lutein
£55 g £e @ and zeaxanthin on health
2 o<ess £ S S E )
§5SZ58228582s
= A — =5 .8 - g =
Ce 2282 E°%
AL EFESSEN 253 .
s83 EE ER o255 = Safe Level and Toxic Effect
N o SIS g9 o & >
sl TE8cX0EFcTEQES
Sl nrna-ds3sgazs=1aa3s = . .
g KRN é GERFrSoG 2t According to the European Food Safety Authority (EFSA),
S = ~ . .
z g g‘é 2232 = g5 the Acceptable Daily Intake (ADI) value for lutein is 1 mg/
k= S5 CETHESS T kg and that for zeaxanthin is 0.75 mg/kg [116]. According

to EFSA, no acute or chronic toxicity has been reported to
date in various studies conducted to define the upper daily
limit and side effects of lutein supplementation [117]. Over-
dosing on dietary supplements can have negative effects on
health, so it is recommended to consume 400-500 g/per day
of vegetables and fruits as per daily requirement [118, 119].

Conclusion and Recommendations

individuals with memory complaints

Lutein and zeaxanthin reduce oxidative stress by reacting
better with ROS than other types of carotenoids such as
alpha-carotene, beta-carotene and lycopene due to the dif-
ference in their chemical structures. Therefore, they have
high antioxidant and anti-inflammatory capacity. Along
with these properties of lutein and zeaxanthin, the lack of
observed toxic effects makes them promising molecules for
treating and preventing many diseases. Lutein and zeaxan-
thin provide potential benefits, especially by showing oph-
thalmological, neuroprotective, anti-diabetic, anti-obesity,
anti-cancer, anti-osteoporosis and cardioprotective effects.

Healthy, non-demented elderly Japanese Trial 1 (n

Pharmacological effects Study subjects

Ap amyloid beta, AMD age-related macular degeneration, /L-6 interleukin-6, /LI-f interleukin-1 beta, MDA malondialdehyde, MPO myeloperoxidase, MPOD macular pigment optical density,
mRNA messenger ribonucleic acid, MTX methotrexate, LCPUFAs long-chain polyunsaturated fatty acids, NF-kB nuclear factor kappa B, NHL non-Hodgkin lymphoma, NrF2 nuclear factor

erthyroid 2-related factor, ROS reactive oxygen species, tBHP tert-butyl hydroperoxide, TNF tumor necrosis factor

Randomized controlled trials Neuroprotective

S There is evidence from both human interventions and epi-
é demiological reports for the health benefits of lutein and
g —§‘ zeaxanthin. Lutein and zeaxanthin have beneficial effects on
|2 biomarkers that play a role in the pathogenesis of many dis-
% § eases. However, there is also large heterogeneity among bio-
K markers. Therefore, there is a need for appropriate evidence
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and studies to demonstrate the therapeutic effects of lutein
and zeaxanthin in the treatment and prophylaxis of the dis-
eases and complications examined in this review.

Future Perspective

In light of the recent published studies, the health effects of
lutein and zeaxanthin and their use in the treatment of certain
diseases are a subject of strong and growing debate. There is
great interest in the effects of dietary lutein and zeaxanthin
in the prevention and treatment of diseases. While most stud-
ies on the prevention and treatment of diseases have shown
positive effects of lutein and zeaxanthin, some studies have
not found any association. Therefore, the existing evidence
needs to be clarified and strengthened. In this context, more
comprehensive in vivo, in vitro, animal and human studies
are needed to evaluate the efficacy and safety of lutein and
zeaxanthin and to demonstrate their pharmacological and
clinical effects and modes of action and the risks associated
with high intakes of lutein and zeaxanthin.

Key References

32. ee Ghasemi F, Navab F, Rouhani MH, Amini
P, Shokri-Mashhadi N. The effect of lutein and
zeaxanthine on dyslipidemia: a meta-analy-
sis study. Prostaglandins Other Lipid Mediat.
2023;164:106,691. https://doi.org/10.1016/j.prostaglan
dins.2022.106691

This article is a meta-analysis study examining the
effect of lutein and zeaxanthin supplementation on
dyslipidemia. The intervention has been reported to
reduce HDL-C levels.

55. e Al-Thepyani M, Algarni S, Gashlan H, Elzubier
M, Baz L. Evaluation of the anti-obesity effect of zeax-
anthin and exercise in HFD-induced obese rats. Nutri-
ents. 2022;14(23):4944. https://doi.org/10.3390/nu142
34944

This article investigated the effect of zeaxanthin sup-
plementation and exercise program on obese rats. An
antiobesity effect of the intervention was observed in
rats.

62. ee McGwin G Jr, Kar D, Berlin A, Clark ME,
Swain TA, Crosson JN, Sloan KR, Owsley C, Cur-
cio CA. Macular and plasma xanthophylls are
higher in age-related macular degeneration than in
normal aging: alabama study on early age-related
macular degeneration 2 baseline. Ophthalmol Sci.
2022;3(2):100,263. https://doi.org/10.1016/j.xops.
2022.100263

@ Springer

This article examines a cross-sectional study of retinal
xanthophyll carotenoids on age-related macular degen-
eration (AMD) progression in AMD. Results indicate
that there was a moderate positive correlation between
macular pigment optical density and plasma lutein and
zeaxanthin levels.
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