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ABSTRACT 

Lutein and zeaxanthin are xanthophyll carotenoids found particularly 

in dark-green leafy vegetables and in egg yolks. They are widely 

distributed in tissues and are the principal carotenoids in the eye lens 

and macular region of the retina. Epidemiologic studies depicts an 

inverse relationship between xanthophyll intake and Retinitis 

Pigmentosa (RP), cataract and Age-Related Macular Degeneration 

(ARMD) thus suggesting a protective role of these compounds in the 

eye. Some observational studies have also shown these xanthophylls 

may help reduce the risk of certain types of cancer and diabetes. It is 

also known to have beneficial effects on skin health. Emerging studies 

suggest as well a potential contribution of lutein and zeaxanthin to the prevention of various 

cardiovascular diseases too. The use of lutein as a nutritional supplement has been explored 

in recent years. It is used as a major pharmaceutical but its application as a nutraceutical still 

needs to be emphasised upon as its industrial application will be very promising in near 

future. Lutein is a promising biologically active component in the food industry.  
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INTRODUCTION 

Carotenoids are a family of pigmented compounds that are synthesized by plants and 

microorganisms but not animals. In plants, they contribute to the photosynthetic machinery 

and protect them against photo-damage. Fruits and vegetables constitute the major sources of 

carotenoid in human diet.
[1]

 They are present as micro-components in fruits and vegetables 

and are responsible for their yellow, orange and red colours. In recent years the antioxidant 

properties of carotenoids has been the major focus of research. More than 600 carotenoids 

have so far been identified in nature. However, only about 40 are present in a typical human 
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diet. Of these 40 about 20 carotenoids have been identified in human blood and tissues. Close 

to 90% of the carotenoids in the diet and human body is represented by carotene, lycopene, 

lutein and cryptoxanthin.
[2]

 Lutein is a member of Xanthophyll family which mostly found in 

green leafy vegetables like pea, broccoli, corn, spinach, carrot, egg yolk etc. and flowers like 

marigold.
[3]

  

 

Lutein is the active carotenoid and is potent, natural source antioxidant. It is one of the most 

widely distributed carotenoids in fruits and vegetables frequently consumed in daily diet by 

different populations. It is naturally derived from marigold flowers and contains a normal 

blend of carotenoids including zeaxanthin and cryptoxanthin.  Xanthophyll is primarily been 

used as a natural colorant due to its orange-red color. Lutein absorbs blue light and therefore 

appears yellow at low concentrations and orange-red at high concentrations. On an average it 

accounts for approximately 48% of the total xanthophylls in green leafy vegetables.
[4]

 Lutein 

is also known to act as an important dietary nutrient for prevention against eye diseases like 

cataract and age-related macular degeneration.
[5]

 Lutein is also known to have positive health 

effects for people suffering from cardio vascular diseases.
[6]

 Carotenoid mixtures including 

synergistic effects of lutein with lycopene is found to have preventive effects against 

oxidative damage.
[7]

 

 

The use of lutein as a nutritional supplement has been widely explored in recent years. It is 

used as a major pharmaceutical but its application as a nutraceutical still needs to be 

emphasised upon as its industrial application will be very promising in near future. Lutein is a 

promising biologically active component in the food industry.  

 

Structure and chemistry of lutein 

The structure of lutein can be described as a long carbon chain with alternating single and 

double carbon-carbon bonds with attached with the methyl side groups. The carbon backbone 

has two ends and both have a molecule that contains a cyclic hexenyl structure with an 

attached hydroxyl group. (Fig.1) Structurally, with nine double bonds it is responsible for the 

absorbance of certain wavelengths of light and the emission of other wavelengths leading to 

the characteristic colour properties of these molecules. As lutein can absorb blue light, so it 

has a yellow or orange like appearance depending on its concentration. The main isomer of 

lutein presents in plants and vegetables is its Trans form, but during processing it results in 

significant isomer changes.
[8]

 The chemical formula of lutein is C40H56O2 and the molecular 

weight is 568.88.  
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Fig.1 Planer structure of Lutein 

 

Sources of lutein 

Human cannot synthesize lutein and uptake is therefore dependent on the consumption of diet 

including certain fruits, leafy green vegetables and egg yolks.
[9]

 Lutein occurs as a natural 

pigment in commonly found in fruits and green vegetables like maize, alfalfa, peas, 

drumstick, spinach, broccoli, lettuce, coriander, cucumber, kiwi, orange pepper, pumpkin, 

egg yolk, pistachio etc. Other sources of lutein in fruits and vegetables are highlighted in 

Table 1.
[10]

 

 

These food sources receive all of their yellow-to-orange color from their zeaxanthin and 

lutein content. In contrast, green leafy plant foods typically contain high levels of lutein, but 

very little zeaxanthin. This difference is due to the fact that green leaves form zeaxanthin 

under full sunlight and remove zeaxanthin when no longer exposed to full sunlight. In a study 

conducted in Boston, it was found that corn and corn products were major sources of dietary 

zeaxanthin, while green leafy vegetables were major sources of dietary lutein.
[11]

 

  

Flower like marigold petals contain high amount of lutein and one of the richest source of 

lutein. Bombyxmori, yellow cocoons of silkworms, have found to contain approximately 88% 

of the xanthophyll lutein.
[12]

 The silk lutein extract from yellow cocoons could alternatively 

become a valuable dietary resource and may expand uses of lutein in the field of medicine. 

As humans cannot synthesize lutein therefore alternative sources of dietary lutein is 

continuously being identified and studied upon. 

 

Table 1 Comparison of the lutein and zeaxanthin concentrations in selected foods 

Food item 

Lutein and 

zeaxanthin  

(μg/100g) 

Serve size (grams) which 

provides 

100 µg lutein and zeaxanthin 

Approximate estimate of household 

measure which provides 100 µg 

lutein and zeaxanthin
1
 

Spinach 11,308 0.9 ¼ teaspoon 

Green Peas 2,400 4 1 teaspoon or 3 peas 

Broccoli 1,403 7 1 tablespoon 
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Food item 

Lutein and 

zeaxanthin  

(μg/100g) 

Serve size (grams) which 

provides 

100 µg lutein and zeaxanthin 

Approximate estimate of household 

measure which provides 100 µg 

lutein and zeaxanthin
1
 

Corn 949 11 2 teaspoons 

Carrots 687 14 1 tablespoon of slices 

Beans 564 18 1 ½ tablespoons 

Egg, cooked 354 28 ½ large egg or1/5 cup chopped egg 

Oranges 129 78 
¾ of one small orange or 

2/5 cup of orange sections 

Tomatoes 123 81 
3 thick slices or 

½ cup of cut tomatoes 

Orange juice 115 87 1/3 cup 

Peaches 91 110 ¾ cup slices 

Bread 48 208 6-7 slices 

Pears 34 294 1 and 1/5 cup of pear halves 

Cucumber 23 435 4 and 1/5 cup of slices 

Source:  United States Department of Agriculture 2008. 

1
 One level metric cup = 250 mL.  One level metric tablespoon = 20 mL.  One level metric 

teaspoon = 5 mL. 

 

Microalgae as the source of lutein 

Compared with higher plants, another main source of naturally occurring carotenoids, algae 

can be cultivated in bioreactors so that a continuous and reliable source can be guaranteed.
[13]

 

Besides, the growth of algae in photobioreactors is independent of season or weather, so that 

a homogeneous biomass which is ready for processing without the labor-intensive separation 

can be obtained. Lutein belong to primary carotenoids. They are located within the 

thylakoidal membrane to quench free radicals in chlorophylls. Distribution of lutein in some 

representative algae is summarized in Table 2.
[14]

 

 

Table 2. Distribution of lutein in algae 

Lutein 

Microalgae Quantity (mg g
-1

) 

Chlorella protothecoides 4.6 

Dunaliellasalina 6.6 

Scenedesmusalmeriensis 5.3 

Galdieriasulphuraria 0.4 

 

Extraction and analysis of lutein 

Lutein is a natural lipophilic carotenoid and is soluble in solvents and oils. Cell disruption, 

alkaline treatment and solvent extraction, saponification, chromatography and 

spectrophotometry are various techniques used for lutein extraction. Lutein was extracted 

from dried microalga biomass of the specie Scenedesmus almeriensis; cell disruption, 
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alkaline treatment and solvent extraction resulted in extraction of 99% of the total lutein 

content present in the biomass. This technique is widely accepted in industries as it results in 

efficient recovery of lutein from microlaga biomass.
[15]

 Crude lutein was also extracted from 

the microalga Chlorella vulgaris using dichloromethane followed by saponification, 85-91% 

of lutein was recovered with a final purity upto 98%.
[16]

 Non phenolic content of residual 

green tea (Camellia sinensis) was used to extract significant amount of lutein after hot 

water extraction using the aluminum chloride method and using silica gel TLC plate.
[17]

 

Similar results were found when green tea was subjected to solvent extraction and ultra-

performance liquid chromatography (UPLC) system with a recovery of approximately 

93.73%. This study also revealed that the green tea by-products, which are discarded after 

producing green tea beverages, might be used as a great resource for massive lutein 

production.
[18]

 Lutein was also extracted from spinach using the same techniques resulting in 

an approximate yield of 90%.
[19]

 

 

Storage and stability of lutein 

Low bio accessibility and stability of carotenoids is a challenge for their application as 

functional foods and in pharmaceutical and nutraceutical industries.
[20]

 The stability of lutein 

in sunflower and rice bran oils was investigated in the temperature range 25–40°C. 

Experiments were made using a standardized plant extract at 5% by weight of lutein derived 

from the flowers of Tageteserecta L. Samples of the pigment in oil were incubated at each 

temperature for up to 10 days and the time course of degradation was monitored. A kinetic 

analysis of the data showed that thermal degradation follows first-order kinetics, with 

apparent activation energies of 60.9 kJ mol −1 (in sunflower oil) and 44.9 kJ mol −1 (in rice 

bran oil). From the estimated kinetic parameters, the carotenoid half-life at 4 and 20 °C were 

determined. The results obtained indicate that lutein is more stable in sunflower oil. The 

observed differences in stability could be a reflection of the different fatty acid composition 

of the two oils and the presence of endogenous antioxidants.
[21]

  

 

The content and stability (retention) to Dry Heat in a Conventional Oven (DHCO) and 

extrusion of carotenoids including lutein in sorghum genotypes were evaluated. The content 

and stability was found to be decreases using DHCO and extraction techniques.
[22]

 Lutein 

was incorporated into liposomes and it was demonstrated that a liposomal membrane can 

strongly retain lutein, thereby improving the storage stability.
[23]

 Lutein and zeaxanthin 

enriched health food (ready mix) was developed and studied at different temperature and 
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storage conditions. Results revealed a decrease in the L+Z level (4.70, 9.24, and 13.85%) of 

ready-mix stored at 4, 27 and 37°C, respectively. Critical relative humidity and critical 

moisture content of the product was 64% and 12.24%, respectively. The effect of light on a 

beverage containing lutein, whey and limonene was investigated using photochemical reactor 

at different wavelengths. Lutein degradation occurred at UV (200-400 nm) and 463 nm 

wavelengths.
[24]

 Similar study was conducted on the thermal treatment and light exposure on 

degradation and isomerization of lutein.
[25]

 Lutein stability has also been studied during 

baking and storage conditions. Lutein and its isomers were separated and extracted with 

water-saturated 1-butanol, it was concluded that baking led to significant decrease in all-

trans-lutein and consecutive storage at ambient temperature had a slight impact on the content 

of all-trans-lutein.
[26]

 

 

Continuous exposure of lutein-containing samples to cold white fluorescent light (4600 lux) 

at 25°C resulted in the degradation of lutein at 0.8%-10.7% per day in the samples containing 

ascorbic acid, ascorbic acid + KOH and H2O (as control) over a period of 75 days. It was 

found that ascorbic acid could retard lutein degradation (0.04% - 2.5% per day) at 

temperatures from −30°C to 50°C under the alkaline condition in darkness.
[27]

 

 

A study with the objective of monitoring the effects of gamma irradiation and storage on the 

content of lutein and zeaxanthin in egg yolk samples was conducted. Liquid, frozen and dried 

egg samples were subjected to gamma irradiation doses of 0, 1, 2 and 3 kGy followed by 

storage of liquid samples at -4 ± 1 C for 21 days, frozen samples at -18 ± 1 C and dried 

samples at room temperature for 1 year. It was observed that concentrations of both lutein 

and zeaxanthin were decreased significantly (P\0.05) after irradiation and during storage. The 

mechanism for radiation-induced degradation was proposed as radical formation which 

initiate chain reactions. It was suggested that during storage active radical species and oxygen 

caused the degradation.
[28]

 

 

Biochemistry of Lutein 

Lutein is an oxycarotenoid, or xanthophyll, containing 2 cyclic end groups (one beta - ionone 

ring and one alpha - ionone ring) and the basic C40 isoprenoid structure which is common to 

all carotenoids. Although the polyene chain double bonds present in lutein could exist in a cis 

or transconformation, synthesize large number of possible mono-cis and poly-cis isomers, the 

vast majority of carotenoids are in the all-trans configurations.
[29]
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The two rings have been hydroxylated at the 3 and 3' positions, they are called beta (β, double 

bond between C5=C6) and epsilon (ε, double bond between C4=C5). The location of a single 

double bond is the only difference between lutein and zeaxanthin (visual comparison). Lutein 

has one β-ring and one ε-ring, zeaxanthin has two β-ring. Chemically lutein and zeaxanthin 

are isomers, although not stereoisomers and occur naturally as all-trans (all-E - note in 

carotenoids trans is synomous with E unless there are oxygens substitutions on the carotenoid 

chain) geometric isomers.
[30]

 

 

Lutein has three chiral-carbons which are enantiomeric (optically active). These centers are 

shown in the above image located at C3, C3' and C6' and are designated as S (sinister as 

compared to R, rectus). Stereo chemical centres can lead to important information on the 

stereo specificity of catalytic events. With carotenoids however the number of stereoisomers 

is an advantage. Oxidized carotenoid rings show a high degree of tautomerization (a form of 

keto-enol isomerization) and a substrate or product can often times be represented by several 

tautomeric isomers. In many cases tautomeric isomers of carotenoids have low energy 

barriers separating them from R and S configurations. As a result, often times these 

stereocenters are lost in the shuffle so far as an initial reference point may be defined. 

Fortunately, the high degree of conjugation in carotenoids tends to favor those tautomers 

which are in resonance with the backbone of the carotenoid. Several sterol enzymes have 

been found to assist in keto-enol tautomerization (enzyme assisted isomerisation) favoring 

one isomer over another.
[31]

 

 

Bioavailability of lutein 

Xanthophylls are fat-soluble nutrients, bioavailability to tissues is dependent on a number of 

factors, including nutrient source (whole food or supplement), state of the food (raw, cooked, 

or processed), extent of disruption of the cellular matrix via mastication and digestive 

enzymes and absorption by the enterocytes of the intestinal mucosa (primarily the 

duodenum). Cooking of lutein/zeaxanthin-containing foods may increase bioavailability by 

disrupting the cellular matrix and the carotenoid-protein complexes.
[32]

 

 

Fats and oils increase the bioavailability of lipophilic molecules like lutein.
[33]

 Dietary olive 

oil rich containing oleic acid and wheat germ oil has proven to increase 

the bioavailability and accumulation of lutein in lutein-deficient mice by modifying the 

intestinal triacylglycerol lipase activity.
[34]

 Saturated Fatty Acids also rendered a higher 

bioavailability of lutein and zeaxanthin, as compared with fats rich in MUFA and PUFA.
[35]
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Micro emulsification nanotechnology has shown to increase the bioavailability of lutein, 

when tested on egg yolks.
[36]

 

 

The effects of thermal processing on the bioavailability of lutein and zeaxanthin had also 

been studied, the results were dependant mainly on the severity of the thermal treatments 

applied. At lower temperature ranges (60–100°C), which are used for blanching, 

pasteurisation and drying, plant tissues are disrupted and cell walls and membranes are 

destroyed, leading to an increase in carotenoid extraction and retention, whereas 

isomerisation is negligible. Higher temperatures (>100°C), practiced for canning and 

sterilisation, cause major cis-isomerisation favouring carotenoid uptake. Carotenoids found in 

canned or sterilised products tend to have a high storage stability. In contrast, carotenoids in 

fresh produce and frozen and dry products are very susceptible to oxidative deterioration, 

especially during production and storage of convenience products (eg, pizza).
[37]

 

 

Absorption of lutein 

Lutein as all carotenoids is more readily absorbed into the body if provided a lipid and are 

transported by the lymphatic system into the liver. Thus a high cholesterol or lipid diet may 

enhance the absorption of carotenoids and vice versa. Dietary olive oil rich in oleic acid 

improves the bioavailability and absorption kinetics of lutein in lutein-deficient mice by 

modifying the intestinal triacylglycerol lipase activity.
[38]

 Lutein bioavailability was also seen 

to be improved if given with doses of wheat germ oil.
[39]

 

 

Certain drugs, nutritional supplements and foods have been reported to decrease the 

absorption of lutein/zeaxanthin. Cholesterol-lowering medications, including cholestyramine 

(Questran®) and colestipol (Colestid®) and Xenocal®, a drug used to treat obesity, may 

reduce the absorption of fat-soluble carotenoids.
[40]

 Proton-pump inhibitors such as Prilosec 

®, Losec®, Prevacid®, Aciphex®, Protonix® and Pantoloc® increase gastric pH and have 

been shown to decrease the absorption of a single dose of betacarotene. Whether or not these 

drugs have the same effect on lutein/zeaxanthin absorption has not been determined. Mineral 

oil, corn oil, medium chain triglycerides, olestra and pectin may also inhibit the absorption of 

lutein and zeaxanthin.
[41]

 

 

The concentrations of various carotenoids in human serum and tissues are highly variable and 

depend on food sources, efficiency of absorption, and amount of fat in the diet. Lutein is 

transported by high density lipoprotein (HDL) and, to lesser extent by very low density 
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lipoprotein. The serum concentration of carotenoids after single dose peaks at 24 to 48 hours 

post dose. The average lutein concentration in human serum is 280nM.
[42]

 Lutein is primarily 

stored in adipose and liver. Of all the carotenoids circulating in the body, only two polar 

species, lutein and zeaxanthin, are contained in the macula. It is assumed that lutein is 

excreted through the bile and kidneys.
[43]

 

 

Recommended dosage of lutein 

Average daily intake for lutein and zeaxanthin (in the form of capsules) in the United States 

is 2.0-2.3 mg daily for men and 1.7-2.0 mg daily for women although dietary intakes of 

approximately 6-20 mg lutein daily appear to be necessary to decrease risk of macular 

degeneration. If taken in supplement form, lutein and zeaxanthin are available in either the 

free or esterified forms, which appear to have comparable bioavailability.
[44]

 Although 

commercially available lutein/zeaxanthin supplements often contain significantly more lutein 

than zeaxanthin, new products are being developed with higher amounts of zeaxanthin. 

Typically, lutein supplements are available in either 6- or 20- mg tablets or capsules. While 

the 6-mg dose is based on early studies, the 20-mg dose is more typical and is usually taken 

once daily.
[45]

 

 

Toxicity/ side effects 

No toxicities or adverse reactions have been reported in the scientific literature for 

lutein/zeaxanthin at doses of up to 40 mg daily for two months. Fijians consume an average 

of 25 mg lutein daily throughout a lifetime without any toxic effects. High doses of beta-

carotene supplements (>30 mg daily) have been associated with carotenodermia and the same 

may occur with high doses of lutein and zeaxanthin. Studies of lutein and zeaxanthin in 

pregnant and nursing women have not been conducted, so pregnant and nursing women 

should obtain lutein/ zeaxanthin from daily servings of fruits, vegetables and egg yolks. 

Ames test
[46]

 has demonstrated an absence of any mutagenic effect for purified lutein. It is 

lipid soluble and has shown positive effects in various studies conducted on infants as well as 

healthy subjects.
[47]

 

 

Mechanism of action 

Lutein and zeaxanthin are powerful antioxidants and lutein is widely known as the primary 

nutrient for protecting ocular function. It has long been thought that carotenoid intake also 

reduces the risk of certain forms of cardiovascular disease
[48]

 stroke and cancer.
[49]
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After lutein and zeaxanthin are absorbed by the enterocytes they are transported across the 

intestinal lumen and incorporated into the chylomicrons. They reach the circulating blood and 

are subsequently taken up by hepatocytes, entering the hepatic circulation where they are 

incorporated into lipoproteins. In humans, low- and high-density lipoproteins transport lutein 

and zeaxanthin via the systemic circulation to various tissues.
[50]

 Data on xanthophyll 

absorption is limited, but studies involving single dietary doses indicate lutein reaches peak 

concentrations in the chylomicron fraction at approximately two hours post-ingestion and 

peaks in serum at about 16 hours post-ingestion.
[51]

 Lutein absorption from a purified 

crystalline lutein supplement is almost twice that from spinach or other vegetable sources. 

Non-dietary factors affecting absorption and bioavailability of lutein and zeaxanthin include 

age, body composition, gender, malabsorption of fats, alcohol consumption, smoking and 

liver or kidney disease.
[52]

 

 

Interaction of lutein with other nutrients 

Although inconclusive, some studies have demonstrated a competitive inhibition for 

absorptionamong carotenoids. The two carotenoids most often examined have been beta-

carotene and lutein. Competition for absorption seemed only to be a factor in short-term 

studies (less than two years), while longer studies has not demonstrated this effect. For 

example, β- carotene was reported to decrease lutein absorption, while lutein both decreased 

and increased β-carotene absorption in different subjects.
[53]

 In another study, lutein impaired 

β-carotene absorption, but did not affect the secretion of retinyl esters in chylomicrons. The 

interaction between β-carotene and lutein appeared to be somewhat specific, since β-carotene 

absorption was not affected by lycopene. Possible sites for pre-absorptive interactions 

between carotenoids include competition for incorporation into micelles, cellular uptake from 

the micelle, binding to BCO1 and incorporation into chylomicrons.
[54]

 

 

Lutein and health benefits 

Lutein as an Antioxidant  

Lutein possesses pronounced free radical scavenging ability due to its polarity and number of 

conjugated double bonds (Fig 1). Lutein significantly enhances the antioxidant enzyme 

system in blood and liver tissue. These results indicate that free lutein has a profound effect 

on the antioxidant defence system. The antioxidant activity of lutein may be attributed to its 

unique chemical structure. Lutein not only has conjugated double bonds but also has two 

hydroxyl groups on both ends making it stronger antioxidant as compared to other 
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carotenoids. Carotenoid lutein may reduce the oxidative damage or minimize the damage due 

to oxidative stress, by limiting the degree to which oxygen penetrates membranes.
[55]

 

 

Age Related Macular Degeneration (ARMD) 

Age-related macular degeneration is an eye disease in which the macula, the central part of 

the retina, deteriorates and dies, causing central vision loss and making driving and reading 

impossible. The "dry" form of the disease typically develops after cellular debris collects 

under the macula. In the "wet" type, abnormal blood vessels form and leak under the retina, 

which causes a scar to form and destroys central vision. There is no cure and current 

treatments are largely ineffective.
[56]

  

 

For people over age 75, about 30 percent—10 million—are affected by the disease to some 

extent. Of those, 2 million have severe vision loss in at least one eye, which happens at the 

end stage. The disease is becoming more prevalent as the population ages.
[57]

 

 

Only two carotenoids, namely lutein and zeaxanthin are selectively accumulated in the 

human eye retina from blood plasma where more than twenty other carotenoids are 

available.
[58]

 The lens and retina of the human eye are exposed constantly to light and 

oxygen. In situ photo transduction and oxidative phosphorylation within photoreceptors 

produces a high level of phototoxic and oxidative related stress, lutein and zeaxanthin 

protects the Retinal Pigment Epithelium (RPE) from this stress.
[59]

 

 

 

Fig2. Composition of lutein and zeaxanthin in macula of the eye 

 

Many epidemiological studies suggest that the higher consumption of lutein and zeaxanthin is 

associated with lower risk of AMD.
[60]

 The ability of these xanthophylls to filter out blue 

light (all carotenoids absorb blue/green light) and to quench singlet oxygen (in organic 

solution the quenching rate constant depends on the number of conjugated double bonds) is 
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not better than that of other plasma carotenoids.
[61]

 A daily intake of lutein and zeaxanthin in 

diet have shown to decrease the incidences of ARMD in experimental groups.
[62]

 In a 

randomized, double blind, placebo control trial lutein and zeaxanthin supplementation in the 

subjects lead to increase in macular pigment optical density, thus increasing retinal sensitivity 

in patients suffering from ARMD.
[63]

 Another study conducted in Europe with the aim to 

evaluate ophthalmologists’ opinion of and use of, micro nutritional dietary supplements 

proved that maximum ophthalmologists consider lutein, zeaxanthin, zinc, omega-3 and 

vitamins to be the most important components of nutritional supplements for approximately 

65% of the total patients suffering from ARMD.
[64]

 

 

A study conducted on 70 old age people suffering from ARMD, supplemented with 10mg 

daily dose of lutein for 12 months, showed the significant effects of lutein on the 

management of ARMD.
[65]

 Intervention studies for ARMD subjects supplemented with 

lutein-zeaxanthin combinations have proven beneficial with 40% reduced risk.
[66]

 In a 

hospital based study higher dietary intake of carotenoids, especially lutein-zeaxanthin, was 

associated with lower risk for ARMD.
[67]

 

 

LUTEGA study, double-blind, placebo-controlled clinical trial, with the objective of 

assessing long term effects of supplementation with lutein, zeaxanthin, omega-3-longchain-

polyunsaturated-fatty-acids and antioxidants on macular pigment optical density (MPOD) in 

patients with non-exudative age-related macular degeneration (ARMD) was conducted on 

172 ARMD subjects. Results revealed a protective effects on the macula in the ARMD 

patients.
[68]

 

 

The large Lutein Antioxidant Supplementation Trial (LAST) was designed to determine the 

effects of supplementation on density of macular pigments in people with age-related macular 

degeneration. Subjects received 10 mg lutein alone; lutein with vitamins, minerals and 

antioxidants; or a placebo. The density of macular pigment increased in both supplemented 

groups, and declined significantly in the placebo recipients. Most vitally, this study 

established that people with the lowest pigment density (and therefore in greatest need of 

supplementation), obtained the greatest benefit from supplementation. The authors concluded 

that ―If a deficiency in macular pigment optical density is accurately diagnosed, effective 

interventions should be able to re-establish this prophylactic barrier‖.
[69]
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Cataract 

Cataracts are developmental or degenerative opacities of the lens that result in a gradual, 

painless loss of vision. Often it develops slowly. Symptoms may include faded colors, blurry 

vision, halos around light, trouble with bright lights, and trouble seeing at night. This may 

result in trouble driving, reading, or recognizing faces. Poor vision may also result in an 

increased risk of falling and depression. Cataracts are the cause of half of blindness and 33% 

of visual impairment worldwide.
[70]

 Oxidative insult appears to be a precipitating factor in 

cataracts, resulting in the development of insoluble, oxidized lens proteins. Higher levels of 

hydrogen peroxide have been found in cataractous lenses compared to normal lenses, 

indicating oxidative stress.
[71]

 

 

Studies examining lutein and zeaxanthin levels in extracted cataractous lenses have found up 

to three-fold higher levels in the newer epithelial tissue of the lens than in the older inner 

cortex portion. The epithelial cortex layer comprises 50 percent of the tissue, yet it has been 

found to contain 74 percent of the total lens lutein and zeaxanthin, supporting the hypothesis 

that these nutrients are protective against the oxidative damage causing cataract formation.
[72]

 

 

The only randomized, double-blind trial on carotenoid supplementation and age-related 

cataracts measured visual acuity, glare sensitivity and serum carotenoid levels in 17 clinically 

diagnosed patients. Patients received 15 mg lutein three times weekly for two years and were 

compared to patients receiving 100 mg alpha-tocopherol or placebo for the same period. In 

patients receiving lutein, statistically significant improvements in visual acuity and glare 

sensitivity and increased serum concentrations of lutein were observed, compared to the 

alpha-tocopherol and control patients.
[73]

 

 

The Nurses’ Health Study examined the effect of 12 years of carotenoid consumption on the 

risk of cataract formation in 77,466 female nurses, ages 45 and over. After controlling for 

other risk factors, nurses in the highest quintile for lutein and zeaxanthin consumption had a 

22-percent decreased risk for cataract extraction, compared with those in the lowest 

quintile.
[74]

 Numerous other observational studies have found that increased consumption of 

foods high in lutein/zeaxanthin is associated with a decreased risk for cataracts or cataract 

extraction in both men and women.
[75]

 These studies provide strong evidence for a protective 

role for lutein/zeaxanthin against development of cataracts. 
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Retinitis Pigmentosa 

Retinitis pigmentosa (RP) is a rare, inherited, degenerative disease characterized by atrophy 

of the light-sensing rods in the retina. The rods are responsible for vision in low-light 

situations; therefore, early RP (often in childhood) is frequently characterized by poor night 

vision. A progressive loss of peripheral vision occurs over time, resulting in tunnel vision in 

late stages of the disease.
[76]

  

 

The treatment for Retinitis Pigmentosa is limited, high-dose vitamin A supplementation has 

been shown to slow the degeneration.
[77]

 In a study, it was found that 40 mg lutein daily for 

nine weeks significantly improved visual acuity among 16 RP patients. Testing of visual 

acuity was done via computer simulated self-test by RP patients. Ongoing double blind, 

placebo-controlled trials are examining the effects of lutein supplementation in patients with 

RP.
[78]

 

 

Cardiovascular health 

One of the main manifestations of vascular aging is the development of atherosclerotic 

lesions. These lesions become unstable and prone to rupture due to the formation of reactive 

oxygen species (ROS) that are produced by the inflammatory milieu in the atherosclerotic 

plaque.
[79]

 

 

Lutein supplementation reduce biomarkers of CVD risk via decreased lipid peroxidation and 

inflammatory response by increasing plasma lutein concentrations and antioxidant 

capacity.
[80]

 It was also documented in a study that higher serum levels of carotenoids (lutein) 

were associated with decreased risk of elevated serum N-terminal pro b-type natriuretic 

peptide  (NT-pro BNP) levels, suggesting a role in preventing cardiac overload; moreover, 

high plasma levels of β-cryptoxanthin and lutein were associated with lower risk of acute 

myocardial infarction. Also, patients with coronary artery disease showed to have lower 

plasma levels of lutein, zeaxanthin, β-cryptoxanthin, α-carotene, β-carotene, and lycopene 

compared to healthy subjects.
[81]

 

 

A study conducted on 123 patients suffering from myocardial infarction showed that the 

serum levels of carotenoids including lutein (P=0.09) was inversely associated with the 

condition.
[82]

 A study performed on 44 men with no previous incidence of any cardiovascular 

disease showed an inverse correlation between lutein intake and risk for ischemic stroke 

when followed up for 8 years.
[83]

 Lutein supplementation was also found to have an inverse 
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relationship with development of carotid artery intima-media thickness in 144 Chinese 

subjects of age group 45-68 years. The supplementation led to increase in serum 

concentration of lutein, which showed positive results.
[84]

 Supplementation with 10 or 20 

mg/d of lutein has proven to be beneficial for cardiovascular diseases in subjects.
[85]

 

 

Cancer prevention 

Cancer, also known as a malignant tumor or malignant neoplasm, is a group of diseases 

involving abnormal cell growth with the potential to invade or spread to other parts of the 

body. Oxidative stress has been considered to play an important role in the pathogenesis of 

cancer.
[86]

 

 

Antioxidant properties of carotenoids including lutein have major role in preventing cell 

carcinomas. Lutein is found to have anti-inflammatory and anti-tumor properties. Effect of 

lutein was studied in prostate cancer patients in combination with chemotherapeutic agents. 

The results highlighted that lutein modulates the expression of growth and survival-

associated genes in prostate cancer cells.
[87]

 In a meta-analysis conducted on 1958 subjects of 

oesophageal cancer, it was found that diet rich in carotenoids including lutein is directly 

related to lowering the risk of oesophageal cancer.
[88]

 Another study conducted on 384 

pancreatic cancer patients and 983 controls depicted that, diet rich in nutrients from fruits and 

vegetable sources, including lutein is beneficial to reduce the risk of pancreatic cancer 

patients showing a greater correlation (0.82).
[89]

 Studies conducted in Washington (295 

subjects), Sweden (201 subjects) and New York (270 subjects) to evaluate the relationship 

between plasma levels of lutein and breast cancer risk, have proven inverse relation between 

lutein concentration and breast cancer risk.
[90]

 

 

Immuno modulation 

Immunomodulation refers to any process in which an immune response is altered to a desired 

level. Microorganisms are also capable of modulating the response of the immune system to 

their presence, in order to establish or consolidate an infection.
[91]

 

 

Dietary carotenoids have the ability of enhancing immune response, by increasing the 

phagocytic activity of macrophages. Lutein induces intracellular (reactive oxygen species) 

ROS generation and MAPK and RARβ (retinoic acid receptor) activation in macrophages, 

leading to an increase in matrix metalloproteinase 9 release and macrophage phagocytosis, 

this signifying the immunomodulatory effects.
[92]

 Many authors have documented the 
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immune modulatory effects of lutein in their animal studies, showing stimulatory effect of 

lutein on cell mediated and humoral response in animals. A study was conducted on 59 

healthy students using the commercially available fruit and vegetable juice powder 

concentrate, which is rich in phytochemicals including lutein. This concentrate was 

consumed by students for a period of time and it was found that they had lesser symptoms 

than the placebo group and an increase in antioxidant activity and circulating gamma T cells 

(30%) was also found.
[93]

 

 

Diabetes management 

Diabetes is a group of metabolic diseases characterized by hyperglycaemia resulting from 

defects in insulin secretion, insulin action, or both. The chronic hyperglycaemia of diabetes is 

associated with long-term damage, dysfunction and failure of different organs, especially the 

eyes, kidneys, nerves, heart and blood vessels.
[94]

 

 

Epidemiologic studies suggest that serum carotenoids including lutein are potent antioxidants 

and can prevent the chances of develop chronic diseases like diabetes. Randomized trials 

conducted in Queensland, Australia to study the relationship between carotenoids and 

diabetes proved that both are inversely related.
[95]

 Lutein was also found to minimize the 

diabetes induced histological, biological and functional modifications.
[96]

 In a population 

based study conducted on 133 diabetic patients, it was found that lutein and zeaxanthin 

showed a protective effect against hyperglycemia.
[97]

 Effect of lutein was also studied for 

development of diabetic complications in rats. It was found that lutein having antioxidant 

properties, was able to prevent such complications.
[98]

  

 

Skin health 

Human skin is naked and is constantly directly exposed to the air, solar radiation, other 

environmental pollutants, or other mechanical and chemical insults, which are capable of 

inducing the generation of free radicals as well as reactive oxygen species (ROS) of body’s 

own metabolism. ROS are generated during normal metabolism, are an integral part of 

normal cellular function and are usually of little harm because of intracellular mechanisms 

that reduce their damaging effects.
[99]

 

 

The antioxidant property of lutein is known to protect the skin from oxidation. The protection 

mechanisms involve both quenching of singlet oxygen and of damaging free radicals. Lutein 

and zeaxanthin have been reported to help in protecting the skin against ultraviolet 
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irradiation-induced damage.
[100,101]

 Nutri-cosmetics and cosmeceuticals available 

commercially as beauty pills or oral cosmetics are composed of antioxidants like lutein thus 

having antiaging effect.
[102]

 Some in vitro studies have also proved the efficiency of lutein as 

photo protectors, they protect the skin against sunburn (solar erythema) by increasing the 

basal defence against UV light-mediated damage.
[103]

 In a clinical trial designed to study the 

effects of lutein in skin upon five skin physiology parameters (surface lipids, hydration, photo 

protective activity, skin elasticity and skin lipid peroxidation - malondialdehyde) of human 

subjects, the results showed that it provides the highest degree of antioxidant protection.
[104]

 

In another study conducted on 50 subjects affected by dry skin, lutein supplements proved 

out to be beneficial and resulted in a decrease in 40% of oxidative stress when measured by 

various vision surveillance tests.
[105]

 Authors have also documented lutein as one of naturally 

occurring carotenoids with antioxidative, antitumorigenic, antiangiogenic, photoprotective, 

hepatoprotective, and neuroprotective properties.
[106,107]

 

 

Cognitive health 

―The eye and the brain are connected, so it’s no surprise lutein is important for brain health.‖ 

Dr. Dick Roberts. 

 

Lutein is the predominant carotenoid in human brain tissue. Lutein and zeaxanthin in neural 

tissue may have biological effects that include antioxidation, anti-inflammation and structural 

actions. In adults, higher lutein status is related to better cognitive performance, 

and lutein supplementation improves cognition.
[108]

 A study was conducted on 35 community 

dwelling older adults ages 65-94 engaged in an fMRI adapted verbal paired associates (VPA) 

task, including a learning and recalling test. Lutein/zeaxanthin levels were estimated using a 

standard Macular Pigment Ocular Density (MPOD) procedure and used as a covariate in the 

fMRI analyses. The results showed that subjects with lower lutein levels might have 

compensated neural mechanisms to help them in learning and recalling process.
[109]

 Another 

study conducted in 36 subjects of Alzheimer’s disease and 33 controls and comparing their 

macular pigments, concluded that the subjects with the disease had significantly lower levels 

of lutein as compared to the controls.
[110]

 

 

Lutein is the predominant carotenoid in paediatric and adult brain tissue. In infant brains, the 

relative contribution of lutein to the total carotenoids is twice that found in adults, accounting 

for more than half of the concentration of total carotenoids. Therefore, the greater proportion 

of lutein in the paediatric brain suggests a need for lutein during neural development. Infant 
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formula is not routinely supplemented with lutein, whereas breast milk is a highly 

bioavailable source of lutein. The evidence to date warrants further investigation into the role 

of lutein and zeaxanthin in visual and cognitive health throughout the lifespan.
[1]

 

 

Conclusion and future recommendations 

Lutein and zeaxanthin are xanthophyll carotenoids found particularly in dark-green leafy 

vegetables and in egg yolks. They are widely distributed in tissues and are the principal 

carotenoids in the eye lens and macular region of the retina. Epidemiologic studies indicating 

an inverse relationship between xanthophyll intake (or) status and both cataract and age-

related macular degeneration suggest that these compounds can play a protective role in the 

eye. Some observational studies have also shown these xanthophylls may help reduce the risk 

of certain types of cancer, particularly those of the breast and lung. Emerging studies suggest 

a potential contribution of lutein and zeaxanthin to the prevention of heart disease and stroke.  

 

Since the benefits of lutein as a nutritional supplement has been explored in recent years, its 

application as a nutraceutical needs to be exploited, especially in food industries. 

 

REFERENCES 

1. Johnson EJ. The role of carotenoids in human health. NutrClin Care. 2002; 5(2): 47–9. 

2. Agarwal S, Rao AV. Carotenoids and chronic diseases. Drug Metab Drug Interact. 2000; 

17(1): 189–210.  

3. Bhattacharyya S, Datta S, Mallick B, Dhar P, Ghosh S. Lutein content and in vitro 

antioxidant activity of different cultivars of Indian marigold flower (Tagetespatula L.) 

extracts. J Agric Food Chem. 2010; 58(14): 8259-64. 

4. Dragan Z, Dean Ban B, Helena S. Carotenoid and chlorophyll composition of commonly 

consumed leafy vegetables in Mediterranean countries. Food Chemistry. 2011; 129: 

1164–116. 

5. Thurnham DI, Nolan JM, Howard AN, Beatty S. Macular response to supplementation 

with differing xanthophyll formulations in subjects with and without age-related macular 

degeneration. Graefes Arch Clin Exp Ophthalmol. 2015; 253(8): 1231-43. 

6. Liu XH. Association between lutein and zeaxanthin status and the risk of cataract: a meta-

analysis. Nutrients. 2014; 6(1): 452-65. 

7. Severins N, Mensink RP, Plat J. Effects of lutein-enriched egg yolk in buttermilk or 

skimmed milk on serum lipids & lipoproteins of mildly hypercholesterolemic subjects. 

Nutr Metab Cardiovasc Dis. 2014; 25(2): 210-7. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharyya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20568770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Datta%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20568770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mallick%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20568770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dhar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20568770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghosh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20568770
http://www.ncbi.nlm.nih.gov/pubmed/20568770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thurnham%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=25311651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nolan%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25311651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Howard%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=25311651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beatty%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25311651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20XH%5BAuthor%5D&cauthor=true&cauthor_uid=24451312
http://www.ncbi.nlm.nih.gov/pubmed/24451312
http://www.ncbi.nlm.nih.gov/pubmed/?term=Severins%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25456153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mensink%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=25456153
http://www.ncbi.nlm.nih.gov/pubmed/?term=Plat%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25456153


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

546 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

8. Kijlstra A, Tian Y, Kelly R and Tos T.J.M. Berendschot. Lutein: More than just a filter 

for blue light. Progress in Retinal and Eye Research. 2012; 31: 303-315. 

9. Calvo MM. Lutein: a valuable ingredient of fruit and vegetables. Crit Rev Food Sci 

Nutr. 2005; 45: 671–696. 

10. Sommerburg Olaf, Jan E EKeunen, Alan C Bird, Frederik J G M van Kuijk. Fruits and 

vegetables that are sources for lutein and zeaxanthin: the macular pigment in human eyes. 

Br J Ophthalmol. 1998; 82: 907–910. 

11. Perry, A. F., Rasmussen, H. M., & Johnson, E. Xanthophyll (lutein, zeaxanthin) content 

in fruits, vegetables and corn & egg products. Journal of Food Composition and Analysis. 

2009; 22: 9–15. 

12. Prommuak C, De-Eknamkul W, Shotiprik A. Extraction of flavonoids and carotenoids 

from Thai silk waste and antioxidant activity of extracts. Sep Purif Technol. 2008; 62: 

444–448.  

13. Cerón MC, Campos I, Sánchez JF, Acién FG, Molina E, Fernández-Sevilla JM. Recovery 

of lutein from microalgae biomass: development of a process for Scenedes 

musalmeriensis biomass. J Agric Food Chem. 2008; 56(24): 11761-6. 

14. Graziani G, Schiavo S, Nicolai MA, Buono S, Fogliano V, et al. Microalgae as human 

food: chemical and nutritional characteristics of the thermo-acidophilic 

microalga Galdieriasulphuraria. Food Funct. 2013; 4: 144-152. 

15. Fernández-Sevilla JM, Acién Fernández FG, Molina Grima E. Biotechnological 

production of lutein and its applications. Appl Microbiol Biotechnol. 2010; 86: 27-40. 

16.  Li HB, Jiang Y, Chen F. Isolation and purification of lutein from the microalga Chlorella 

vulgaris by extraction after saponification. J Agric Food Chem. 2002; 50(5): 1070-2. 

17. Higashi-Okai K, Yamazaki M, Nagamori H, Okai Y. Identification and antioxidant 

activity of several pigments from the residual green tea (Camellia sinensis) after hot water 

extraction. J UOEH. 2001; 23(4): 335-44. 

18. Heo JY, Kim S, Kang JH, Moon B. Determination of lutein from green tea and green tea 

by-products using accelerated solvent extraction and UPLC. J Food Sci. 2014; 79(5):  

816-21. 

19. Lefsrud, M. G., Kopsell, D. A., Wenzel, A., & Sheehan, J. Changes in kale (Brassica 

oleracea L. Var. acephala) carotenoid and chlorophyll pigment concentrations during leaf 

ontogeny. Scientia Horticulturae. 2007; 112: 136–141. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cer%C3%B3n%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Campos%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aci%C3%A9n%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Molina%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez-Sevilla%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19049289
http://www.ncbi.nlm.nih.gov/pubmed/19049289
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=11853482
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11853482
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20F%5BAuthor%5D&cauthor=true&cauthor_uid=11853482
http://www.ncbi.nlm.nih.gov/pubmed/11853482
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higashi-Okai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11789136
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamazaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11789136
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagamori%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11789136
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=11789136
http://www.ncbi.nlm.nih.gov/pubmed/11789136
http://www.ncbi.nlm.nih.gov/pubmed/?term=Heo%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24758420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24758420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24758420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24758420
http://www.ncbi.nlm.nih.gov/pubmed/24758420


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

547 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

20. Tan C, Zhang Y, Abbas S, Feng B, Zhang X, Xia S. Modulation of the carotenoid 

bioaccessibility through liposomal encapsulation. Colloids Surf B Biointerfaces. 2014; 

123: 692-700.  

21. Lavecchia R and Zuorro A. Shelf stability of lutein from marigold (Tageteserecta L.) 

flowers in vegetable oils. Chem. Eng. Trans. 2008; 14: 199–204 

22. Cardoso Lde Met al. Tocochromanols and carotenoids in sorghum (Sorghum bicolor L.): 

diversity and stability to the heat treatment. Food Chem. 2015; 172: 900-8. 

23. Tan C, Xia S, Xue J, Xie J, Feng B, Zhang X. Liposomes as vehicles for lutein: 

preparation, stability, liposomal membrane dynamics, and structure. J Agric Food Chem. 

2013; 61(34): 8175-84. 

24. Kline MA et al. Light wavelength effects on a lutein-fortified model colloidal beverage. J 

Agric Food Chem. 2011; 59(13): 7203-10. 

25. Aman R, Schieber A, Carle R. Effects of heating and illumination on trans-cis 

isomerization and degradation of beta-carotene and lutein in isolated spinach chloroplasts. 

J Agric Food Chem. 2005; 53(24): 9512-8. 

26. Abdel-Aal el-SM, Young JC, Akhtar H, Rabalski I. Stability of lutein in wholegrain 

bakery products naturally high in lutein or fortified with free lutein. J Agric Food Chem. 

2010; 58(18): 10109-17. 

27. Shi XM and Chen F. Stability of lutein under various storage conditions. 2006; 41(1):   

38-41. 

28. Sarıbay M, Ergun E, Ko¨seog˘lu T. Effect of gamma irradiation and storage on lutein and 

zeaxanthin in liquid, frozen and dried egg yolk samples. J Radioanal Nucl Chem. 2014; 

301: 597–605. 

29. Bou R, Codony R, Tres A, Decker EA, Guardiola F. Dietary Strategies to Improve 

Nutritional Value, Oxidative Stability, and Sensory Properties of Poultry Products. 

Critical Reviews in Food Science and Nutrition. 2010; 49: 800–822. 

30. Justyna Widomska and Witold K Subczynski. Why has Nature Chosen Lutein and 

Zeaxanthin to Protect the Retina? J Clin Exp Ophthalmol. 2014; 5(1): 326. 

31. Humphries JM, Khachik F. Distribution of lutein, zeaxanthin, and related geometrical 

isomers in fruit, vegetables, wheat, and pasta products. J Agric Food Chem. 2003; 51(5): 

1322-7. 

32. Shannon Carpentier, Maria Knaus & Miyoung Suh. Associations between Lutein, 

Zeaxanthin and Age-Related Macular Degeneration: An Overview, Critical Reviews in 

Food Science and Nutrition. 2009; 49(4): 313-326. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abbas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25456993
http://www.ncbi.nlm.nih.gov/pubmed/25456993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cardoso%20Lde%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25442636
http://www.ncbi.nlm.nih.gov/pubmed/25442636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xie%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feng%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23906192
http://www.ncbi.nlm.nih.gov/pubmed/23906192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kline%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21627323
http://www.ncbi.nlm.nih.gov/pubmed/21627323
http://www.ncbi.nlm.nih.gov/pubmed/21627323
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16302770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schieber%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16302770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carle%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16302770
http://www.ncbi.nlm.nih.gov/pubmed/16302770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Aal%20el-SM%5BAuthor%5D&cauthor=true&cauthor_uid=20734986
http://www.ncbi.nlm.nih.gov/pubmed/?term=Young%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20734986
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akhtar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20734986
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rabalski%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20734986
http://www.ncbi.nlm.nih.gov/pubmed/20734986


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

548 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

33. Panozzo Aet al. Microstructure and bioaccessibility of different carotenoid species as 

affected by high pressure homogenisation: a case study on differently coloured tomatoes. 

Food Chem. 2013; 141(4): 4094-100. 

34. Nagao A, Kotake-Nara E, Hase M. Effects of fats and oils on the bioaccessibility of 

carotenoids and vitamin E in vegetables. Biosci Biotechnol Biochem. 2013; 77(5):    

1055-60. 

35. Kumar A, Harish Prashanth KV, Baskaran V. Promising interaction between 

nanoencapsulated lutein with low molecular weight chitosan: characterization and 

bioavailability of lutein in vitro and in vivo. Food Chem. 2013; 141(1): 327-37.  

36. Bunger Met al. Bioavailability of lutein from a lutein-enriched egg-yolk beverage and its 

dried re-suspended versions. Int J Food Sci Nutr. 2014; 65(7): 903-9.   

37. Esther MM; Diana B. Stability and bioavailability of lycopene, lutein and zeaxanthin in 

fruits and vegetables as affected by thermal processing. Stewart Postharvest Review. 

2006; 2(5): 1-10. 

38. Nidhi B, Mamatha BS, Baskaran V. Olive oil improves the intestinal absorption and 

bioavailability of lutein in lutein-deficient mice. Eur J Nutr. 2014; 53(1): 117-26. 

39. Gorusupudi A and Baskaran V. Wheat germ oil: a potential facilitator to improve lutein 

bioavailability in mice. Nutrition. 2013; 29(5): 790-5. 

40. Hendler SS, Rorvik DR, eds. PDR for Nutritional Supplements. Montvale, NJ: Medical 

Economics Company, Inc.; 2001; 149. 

41. Tang G, Serfaty-Lacrosniere C, Camilo ME, Russell RM. Gastric acidity influences the 

blood response to a beta-carotene dose in humans. Am J Clin Nutr. 1996; 64: 622-626. 

42. Ma L, Lin XM et al. Serum lutein and its dynamic changes during supplementation with 

lutein in Chinese subjects. Asia Pac J Clin Nutr. 2000; 18(3): 318-25. 

43. Eiichi Kotake-Nara and Akihiko Nagao. Absorption and Metabolism of Xanthophylls. 

Mar. Drugs. 2011; 9: 1024-1037. 

44. Bowen PE, Herbst-Espinosa SM, Hussain EA, et al. Esterification does not impair lutein 

bioavailability in humans. J Nutr. 2002; 132: 3668-3673.  

45. Richard A Bone and John T Landrum. Macular pigment response to a supplement 

containing meso-zeaxanthin, lutein and zeaxanthin. Nutrition & Metabolism. 2007; 4(12): 

1-8. 

46. Ames BN, Lee FD, Durston WE. An improved bacterial test system for the detection and 

classification of mutagens and carcinogens. Proceedings of the National Academy of 

Science U.S.A. 1973; 70: 2281-2285. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Panozzo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23993590
http://www.ncbi.nlm.nih.gov/pubmed/23993590
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23649270
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotake-Nara%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23649270
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hase%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23649270
http://www.ncbi.nlm.nih.gov/pubmed/23649270
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arunkumar%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23768365
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harish%20Prashanth%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=23768365
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baskaran%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23768365
http://www.ncbi.nlm.nih.gov/pubmed/23768365
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bunger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25017577
http://www.ncbi.nlm.nih.gov/pubmed/25017577


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

549 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

47. Costa S, Giannantonio C, Romagnoli C, et al. Effects of lutein supplementation on 

biological antioxidant status in preterm infants: a randomized clinical trial. J Matern Fetal 

Neonatal Med. 2013; 26(13): 1311-5. 

48. Connor SL, Ojeda LS, Sexton G, et al. Diets lower in folic acid and carotenoids are 

associated with the coronary disease epidemic in Central and Eastern Europe. J Am Diet 

Assoc. 2004; 104: 1793-1799. 

49. Holick CN, Michaud DS, Stolzenberg-Solomon R, et al. Dietary carotenoids, serum beta-

carotene and retinol and risk of lung cancer in the Alpha-Tocopherol, Beta-Carotene 

cohort study. Am J Epidemiol. 2002; 156: 536-547. 

50. Earl H. Harrison. Mechanisms involved in the intestinal absorption of dietary vitamin A 

and provitamin A carotenoids. Biochim Biophys Acta. 2012; 1821(1): 70–77. 

51. Thamaraiselvan R and Peramaiyan R. x Molecular targets of lutein in cancer prevention. 

J. Biochem Biopharm Biomed. Sci. 2012; 1(1): 20-30. 

52. Alberg A. The influence of cigarette smoking on circulating concentrations of antioxidant 

micronutrients. Toxicology. 2002; 180: 121-137. 

53. Ronald P. Hobbs and Paul S. Bernstein. Nutrient Supplementation for Age-related 

Macular Degeneration, Cataract and Dry Eye. J Ophthalmic Vis Res. 2014; 9(4):        

487–493. 

54. Tyssandier, V., Reboul, E., Dumas, et al. Processing of vegetable-borne carotenoids in 

human stomach and duodenum. Am.J. Physiol. Gastrointest. Liver. Physiol.. 2003; 284: 

13-22. 

55. Sindhu E, Preethi KC &Kuttan R. Antioxidant activity of carotenoid lutein in vitro and in 

vivo. Indian Journal of Experimental Biology. 2010; 48: 843-848. 

56. Porte C. Pathogenesis and Management of AgeRelated Macular Degeneration. Scottish 

Universities Medical Journal. 2012; 1(2): 141‐153. 

57. Richer SP, Stiles W, Graham-Hoffman K, Levin M, Ruskin D, et al. Randomized, 

double-blind, placebo-controlled study of zeaxanthin and visual function in patients with 

atrophic age-related macular degeneration: the Zeaxanthin and Visual Function Study. 

Optometry. 2011; 82: 667–680. 

58. Mares JA. Potential value of antioxidant-rich foods in slowing age-related macular 

degeneration. Arch Ophthalmol. 2006; 124: 1339–1340.  

59. Koushan K, Rusovici R, Li W, Ferguson LR, Chalam KV. The role of lutein in eye-

related disease. Nutrients. 2013; 5(5): 1823-39. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Costa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23480554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Giannantonio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23480554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Romagnoli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23480554
http://www.ncbi.nlm.nih.gov/pubmed/23480554
http://www.ncbi.nlm.nih.gov/pubmed/23480554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koushan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23698168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rusovici%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23698168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23698168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ferguson%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=23698168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chalam%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=23698168
http://www.ncbi.nlm.nih.gov/pubmed/23698168


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

550 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

60. Marshall LL, Roach JM. Prevention and treatment of age-related macular degeneration: 

an update for pharmacists. Consult Pharm. 2013; 28(11): 723-37. 

61. Huang FF, Lin XM. Comparison of daily intake of lutein+ zeaxanthin, serum 

concentration of lutein/zeaxanthin and lipids profile between age-related macular 

degeneration patients and controls. Beijing Da Xue Xue Bao. 2014; 46(2): 237-41. 

62. Tariq Aslamet al. European survey on the opinion and use of micronutrition in age-related 

macular degeneration: 10 years on from the Age-Related Eye Disease Study. Clin 

Ophthalmol. 2014; 8: 2045–2053. 

63. Tian Yet al. x Lutein supplementation leads to decreased soluble complement membrane 

attack complex sC5b-9 plasma levels. Acta Ophthalmol. 2014; 93(2): 141-5. 

64. Zampatti Set al. Review of nutrient actions on age-related macular degeneration. Nutr 

Res. 2014; 34(2): 95-105.  

65. Wang JJ et al. Genetic susceptibility, dietary antioxidants, and long-term incidence of 

age-related macular degeneration in two populations. Ophthalmology. 2014; 121(3):   

667-75. 

66. Murthy RK, Ravi K, Balaiya S, Brar VS, Chalam KV. Lutein protects retinal pigment 

epithelium from cytotoxic oxidative stress. Cutan Ocul Toxicol. 2014; 33(2): 132-7.  

67. Bian Qet al. x Lutein and zeaxanthin supplementation reduces photooxidative damage 

and modulates the expression of inflammation-related genes in retinal pigment epithelial 

cells. Free Radic Biol Med. 2014; 53(6): 1298-307.  

68. Berrow EJ et al. The effects of a lutein-based supplement on objective and subjective 

measures of retinal and visual function in eyes with age-related maculopathy -- a 

randomised controlled trial. Br J Nutr. 2014; 109(11): 2008-14. 

69. Richer S, Devenport J, Lang JC. Differential temporal responses of macular pigment 

optical density in patients with atrophic age-related macular degeneration to dietary 

supplementation with xanthophylls. Optometry. 2007; 78(5): 213-9. 

70. Visual impairment and blindness Fact Sheet N°282". August 2014. Retrieved 2
nd

 August 

2016. 

71. Horton J. Disorders of the eye. In: Fauci AS, Braunwald E, Isselbacher KJ, et al, 1998. 

Harrisonʼs Principles of Internal Medicine. 14th Ed. New York, NY: McGraw-Hill; 1: 

168. 

72. Yeum KJ, Russell RM. Carotenoid bioavailability and bioconversion. Annu Rev Nutr. 

2002; 22: 483-504. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=24217192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roach%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=24217192
http://www.ncbi.nlm.nih.gov/pubmed/24217192
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=24743813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=24743813
http://www.ncbi.nlm.nih.gov/pubmed/24743813
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aslam%20T%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25160533
http://www.ncbi.nlm.nih.gov/pubmed/25160533
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zampatti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24461310
http://www.ncbi.nlm.nih.gov/pubmed/24461310
http://www.ncbi.nlm.nih.gov/pubmed/24461310
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=24290803
http://www.ncbi.nlm.nih.gov/pubmed/24290803
http://www.ncbi.nlm.nih.gov/pubmed/?term=Murthy%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=23862688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ravi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23862688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Balaiya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23862688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brar%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=23862688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chalam%20KV%5BAuthor%5D&cauthor=true&cauthor_uid=23862688
http://www.ncbi.nlm.nih.gov/pubmed/23862688
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bian%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=22732187
http://www.ncbi.nlm.nih.gov/pubmed/22732187
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berrow%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=23084077
http://www.ncbi.nlm.nih.gov/pubmed/23084077


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

551 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

73. Olmedilla B, Granado F, Blanco I, Vaquero M. Lutein, but not alpha-tocopherol, 

supplementation improves visual function in patients with age related cataracts: a 2-y 

double-blind, placebo controlled pilot study. Nutrition. 2003; 19: 21-24. 

74. Chasen-Taber L, Willett WC, Seddon JM, et al. A prospective study of carotenoid and 

vitamin A intakes and risk of cataract extraction in U.S. women. Am J Clin Nutr. 1999; 

70: 509-516. 

75. Karen A W, Caren G, Alyssa B, and Allen T. Nutritional modulation of cataract. Nutr 

Rev. 2014; 72(1): 30–47. 

76. Yuxi H, Yan Z et al. Recent Advances of Stem Cell Therapy for Retinitis Pigmentosa.  

Int. J. Mol. Sci. 2014; 15(1): 14456-14474. 

77. Berson EL. Nutrition and retinal degenerations. Int Ophthalmol Clin. 2000; 40: 93-111. 

78. Dagnelie G, Zorge IS, McDonald TM. Lutein improves visual function in some patients 

with retinal degeneration: a pilot study via the Internet. Optometry. 2000; 71: 147-164. 

79. Suzuki K, Ishii J, Kitagawa F, et al. Association of serum carotenoid levels with N-

terminal pro-brain-type natriuretic peptide: a cross-sectional study in Japan. Journal of 

Epidemiology & Community Health. 2013; 23(3): 163–168. 

80. Koh WP, Yuan JM, Wang R, et al. Plasma carotenoids and risk of acute myocardial 

infarction in the Singapore Chinese Health Study. Nutrition, Metabolism and 

Cardiovascular Diseases. 2011; 21(9): 685–690. 

81. Lidebjer C, Leanderson P, Ernerudh J, Jonasson L. Low plasma levels of oxygenated 

carotenoids in patients with coronary artery disease. Nutrition, Metabolism and 

Cardiovascular Diseases. 2007; 17(6): 448–456. 

82. Zou ZY, Xu XR, Lin XM
, 
et al. Effects of lutein and lycopene on carotid intima-media 

thickness in Chinese subjects with subclinical atherosclerosis: a randomised, double-

blind, placebo-controlled trial. Br J Nutr. 2014; 111(3): 474-80.  

83. Wang MX, Jiao JH, Li ZY, Liu RR, Shi Q, Ma L. Lutein supplementation reduces plasma 

lipid peroxidation and C-reactive protein in healthy nonsmokers. Atherosclerosis. 2013; 

227(2): 380-5. 

84. Rafi MM, Kanakasabai S, Gokarn SV, Krueger EG, Bright JJ. Dietary lutein modulates 

growth and survival genes in prostate cancer cells. J Med Food. 2015; 18(2): 173-81. 

85. Rick J. Jansen, Dennis P. Robinson, Rachael Z. Stolzenberg-Solomon, et al. Nutrients 

from Fruit and Vegetable Consumption Reduce the Risk of Pancreatic Cancer. J 

Gastrointest Cancer. 2013; 44(2): 152–161. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=24047757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20XR%5BAuthor%5D&cauthor=true&cauthor_uid=24047757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=24047757
http://www.ncbi.nlm.nih.gov/pubmed/24047757
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MX%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiao%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23398944
http://www.ncbi.nlm.nih.gov/pubmed/23398944
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rafi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=25162762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanakasabai%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25162762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gokarn%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=25162762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krueger%20EG%5BAuthor%5D&cauthor=true&cauthor_uid=25162762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bright%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=25162762
http://www.ncbi.nlm.nih.gov/pubmed/25162762
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jansen%20RJ%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20DP%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stolzenberg-Solomon%20RZ%5Bauth%5D


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

552 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

86. Reuter S, Gupta SC, et al. Oxidative stress, inflammation and cancer: How are they 

linked? Free Radic Biol Med. 2010; 49(11): 1603–1616. 

87. Sindhu ER, Firdous AP, Ramnath V, Kuttan R. Effect of carotenoid lutein on N-

nitrosodiethylamine-induced hepatocellular carcinoma and its mechanism of action. Eur J 

Cancer Prev. 2013; 22(4): 320-7. 

88. Ros MM, Bueno-de-Mesquita HB, Kampman E, et al. Plasma carotenoids and vitamin C 

concentrations and risk of urothelial cell carcinoma in the European Prospective 

Investigation into Cancer and Nutrition. Am J Clin Nutr. 2012; 96(4): 902-10. 

89. Sato R, Helzlsouer KJ, Alberg AJ, et al. Prospective study of carotenoids, tocopherols, 

and retinoid concentrations and the risk of breast cancer. Cancer Epidemiol Biomarkers 

Prev. 2012; 11(5): 451-7. 

90. Lo HM, Chen CL, Yang CM, et al. The carotenoid lutein enhances matrix 

metalloproteinase-9 production and phagocytosis through intracellular ROS generation 

and ERK1/2, p38 MAPK, and RARβ activation in murine macrophages. J Leukoc Biol. 

2013; 93(5): 723-35. 

91. Saroj P, Verma M, Jha K.K., Pal M. An overview on immunomodulation. J Adv Scient 

Res. 2012; 3(1): 07-12 

92. Lo HM, Chen CL, et al. The carotenoid lutein enhances matrix metalloproteinase-9 

production and phagocytosis through intracellular ROS generation and ERK1/2, p38 

MAPK and RARβ activation in murine macrophages. J Leukoc Biol. 2013; 93(5):           

723-35. 

93. Kim HW, Chew BP, Wong TS, et al. Modulation of humoral and cell-mediated immune 

responses by dietary lutein in cats. Vet Immunol Immunopathol. 2000; 73(3-4): 331-41. 

94. Tuttle K, Bakris G, et al. Diabetic Kidney Disease: A Report rom an ADA Consensus 

Conference. Diabetes Care. 2014; 37: 2864–2883. 

95. Muriach M, Bosch-Morell F, Arnal E, et al. Lutein prevents the effect of high glucose 

levels on immune system cells in vivo and in vitro. J Physiol Biochem. 2008; 64(2):    

149-57. 

96. Muriach M, Bosch-Morell F, Alexander G, et al. Lutein effect on retina and hippocampus 

of diabetic mice. Free Radic Biol Med. 2006; 41(6): 979-84.  

97. Brazionis L, Rowley K, Itsiopoulos C, O'Dea K. Plasma carotenoids and diabetic 

retinopathy. Br J Nutr. 2009; 101(2): 270-7. 

98. Kowluru RA, Menon B, Gierhart DL. Beneficial effect of zeaxanthin on retinal metabolic 

abnormalities in diabetic rats. Invest Ophthalmol Vis Sci. 2008; 49(4): 1645-51. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Sindhu%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=23187720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Firdous%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=23187720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramnath%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23187720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kuttan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23187720
http://www.ncbi.nlm.nih.gov/pubmed/23187720
http://www.ncbi.nlm.nih.gov/pubmed/23187720
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ros%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=22952186
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bueno-de-Mesquita%20HB%5BAuthor%5D&cauthor=true&cauthor_uid=22952186
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kampman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22952186
http://www.ncbi.nlm.nih.gov/pubmed/22952186
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sato%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12010859
http://www.ncbi.nlm.nih.gov/pubmed/?term=Helzlsouer%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=12010859
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alberg%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=12010859
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cancer+Epidemiol+Biomarkers+Prev.+2002%3B+11(5)%3A451%E2%80%93457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cancer+Epidemiol+Biomarkers+Prev.+2002%3B+11(5)%3A451%E2%80%93457
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lo%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23431043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=23431043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=23431043
http://www.ncbi.nlm.nih.gov/pubmed/23431043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=10713345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chew%20BP%5BAuthor%5D&cauthor=true&cauthor_uid=10713345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=10713345
http://www.ncbi.nlm.nih.gov/pubmed/10713345
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muriach%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19043985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch-Morell%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19043985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnal%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19043985
http://www.ncbi.nlm.nih.gov/pubmed/19043985
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muriach%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16934681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch-Morell%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16934681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alexander%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16934681
http://www.ncbi.nlm.nih.gov/pubmed/16934681
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brazionis%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18554424
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rowley%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18554424
http://www.ncbi.nlm.nih.gov/pubmed/?term=Itsiopoulos%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18554424
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Dea%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18554424
http://www.ncbi.nlm.nih.gov/pubmed/18554424
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kowluru%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=18385086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Menon%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18385086
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gierhart%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=18385086
http://www.ncbi.nlm.nih.gov/pubmed/18385086


www.wjpr.net                                 Vol 6, Issue 6, 2017.                                                          

 

553 

Harsha et al.                                                          World Journal of Pharmaceutical Research 
 

99. Mark Rinnerthaler, Johannes Bischof, et al. Oxidative Stress in Aging Human Skin. 

Biomolecules. 2015; 5(1): 545-589. 

100. Gowda SST, Prabhu MSL, Srinivas L. Methi lutein (Trigonella foenum greacum) 

prevents DMBA induced skin carcinogenesis in Swiss Albino mice. Asian Journal of 

Biochemical and Pharmaceutical Research. 2015; 3(5): 46-55. 

101. Stahl W, Sies H. Photoprotection by dietary carotenoids: concept, mechanisms, 

evidence and future development. MolNutr Food Res. 2012; 56(2): 287-95.   

102. Palombo P, Fabrizi G, Ruocco V, et al. Beneficial long-term effects of combined 

oral/topical antioxidant treatment with the carotenoids lutein and zeaxanthin on human 

skin: a double-blind, placebo-controlled study. Skin Pharmacol Physiol. 2007; 20(4):   

199-210. 

103. Xu XR, Zou ZY, Xiao X, Huang YM, Wang X, Lin XM. Effects of lutein supplement 

on serum inflammatory cytokines, ApoE and lipid profiles in early atherosclerosis 

population. Journal of Atherosclerosis and Thrombosis. 2013; 20(2): 170-7.  

104. Izumi-Nagai K, Nagai N, Ohgami K, et al. Macular pigment lutein is 

antiinflammatory in preventing choroidal neovascularization. Arteriosclerosis, 

Thrombosis, and Vascular Biology. 2007; 27(12): 2555–2562. 

105. Sasaki M, Ozawa Y, Kurihara T, et al. Neuroprotective effect of an antioxidant, 

lutein, during retinal inflammation. Investigative Ophthalmology and Visual 

Science. 2009; 50(3): 1433–1439.  

106. Terry D, Duda B, Mewborn C, et al. A-07 Brain Activity Associated with Verbal 

Learning and Recall in Older Adults and its Relationship to Lutein and Zeaxanthin 

Concentrations. Arch ClinNeuropsychol. 2014; 29(6): 506. 

107. Nolan JM, Loskutova E, Howard AN,et al. Macular pigment, visual function, and 

macular disease among subjects with Alzheimer's disease: an exploratory study. J 

Alzheimers Dis. 2014; 42(4): 1191-202.  

108. Vishwanathan R, Iannaccone A, Scott TM, et al. Macular pigment optical density is 

related to cognitive function in older people. Age Ageing. 2014; 43(2): 271-5. 

109. Kesse-Guyot E, Andreeva VA, Ducros V, et al. Carotenoid-rich dietary patterns 

during midlife and subsequent cognitive function. Br J Nutr. 2014; 111(5): 915-23.  

110. Johnson EJ, McDonald K, Caldarella SM, et al. Cognitive findings of an exploratory 

trial of docosahexaenoic acid and lutein supplementation in older women. Nutr 

Neurosci. 2008; 11(2): 75-83.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Stahl%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21953695
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sies%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21953695
http://www.ncbi.nlm.nih.gov/pubmed/21953695
http://www.ncbi.nlm.nih.gov/pubmed/?term=Palombo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17446716
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fabrizi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17446716
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruocco%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17446716
http://www.ncbi.nlm.nih.gov/pubmed/17446716
http://www.ncbi.nlm.nih.gov/pubmed/?term=Terry%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25176669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Duda%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25176669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mewborn%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25176669
http://www.ncbi.nlm.nih.gov/pubmed/25176669
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nolan%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25024317
http://www.ncbi.nlm.nih.gov/pubmed/?term=Loskutova%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25024317
http://www.ncbi.nlm.nih.gov/pubmed/?term=Howard%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=25024317
http://www.ncbi.nlm.nih.gov/pubmed/25024317
http://www.ncbi.nlm.nih.gov/pubmed/25024317
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vishwanathan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24435852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iannaccone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24435852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scott%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=24435852
http://www.ncbi.nlm.nih.gov/pubmed/24435852
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kesse-Guyot%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24073964
http://www.ncbi.nlm.nih.gov/pubmed/?term=Andreeva%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=24073964
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ducros%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24073964
http://www.ncbi.nlm.nih.gov/pubmed/24073964
http://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=18510807
http://www.ncbi.nlm.nih.gov/pubmed/?term=McDonald%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18510807
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caldarella%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=18510807
http://www.ncbi.nlm.nih.gov/pubmed/18510807
http://www.ncbi.nlm.nih.gov/pubmed/18510807

