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Abstract 

Lutein, a xanthophyll carotenoid, has gained significant attention for its potent antioxidant and anti-inflammatory 
properties, particularly in protecting eye health. Derived from dark green leafy vegetables like spinach and kale, lutein 
is known for its ability to neutralize harmful free radicals and reduce blue light-induced phototoxic damage in the retina. 
Research has demonstrated that lutein, through dietary intake, accumulates in the macula, a critical part of the retina, 
where it, along with zeaxanthin and meso-zeaxanthin, forms the macular pigment, essential for visual function. Studies 
highlight its effectiveness in lowering the risk of age-related macular degeneration (AMD), as evidenced in the AREDS2 
study, and enhancing macular pigment density. Additionally, lutein’s role in diabetic retinopathy is emerging, with 
experimental models showing reduced retinal oxidative stress and improved visual outcomes following 
supplementation. Although epidemiological data on lutein's impact on diabetic retinopathy are limited, initial findings 
suggest its potential therapeutic benefits. The mechanisms by which lutein exerts these effects include neutralizing 
reactive oxygen species (ROS), filtering blue light, inhibiting the pro- inflammatory cytokine cascade, and regulating the 
complement system. Overall, lutein's role in preventing AMD, cataracts, and potentially diabetic retinopathy 
underscores the importance of adequate dietary intake or supplementation for maintaining optimal eye health.  
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1. Introduction

A substantial amount of research indicates that a diet high in antioxidants, known for their anti-inflammatory properties 
[1, 2], may help alleviate the impact of chronic diseases. 

[3] In recent years, growing interest has focused on the health benefits of carotenoids. A high dietary intake of these 
compounds has been linked to positive effects on various systemic diseases [4] and eye disorders, particularly by 
safeguarding the retina from phototoxic light damage. [5] The majority of research has concentrated on lutein (L), a 
carotenoid with potent antioxidant properties in vitro [6], which has been linked to a lower risk of age-related diseases. 
[7] 

Lutein, a member of the xanthophyll carotenoid family, is naturally synthesized in dark green leafy vegetables like 
spinach and kale.[8,9] The average daily intake of lutein in the American diet is around 1.7 mg.[10] Its purified 
crystalline form is generally recognized as safe for inclusion in food and beverages.[11] Lutein is absorbed in the 
gastrointestinal tract with fats and transported via lipoproteins, with apolipoprotein E playing a role in its serum 
transport.[12] The majority of lutein is carried by High-Density Lipoproteins (HDLs) (52%) and Low- Density 
Lipoproteins (LDLs) (22%).[13] In the presence of cholesterol, lutein tends to separate from saturated lipid regions 
(liquid- ordered phase) in cell membranes, accumulating instead in unsaturated phospholipids to form carotenoid-rich 
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domains.[14] Tissue-specific concentrations of lutein depend on dietary intake [15,16], with approximately 0.2 μM 
circulating throughout the body after ingestion. Lutein is directed to target tissues such as the retina, where it plays a 
key role in maintaining tissue homeostasis. [10] 

2. Characteristics of lutein 

2.1. Chemical structure 

The biochemistry and metabolism of lutein have been thoroughly reviewed recently. [17] In summary, lutein is a 
carotenoid. Carotenoids are composed of a 40-carbon skeleton, formed by the head-to-head joining of two 20-carbon 
precursors, geranylgeranyl pyrophosphate (GGPP). This long carbon skeleton contains conjugated double bonds 
arranged in linear and cyclic forms, allowing for structural variations, such as cis or trans configurations.[19] 
Carotenoids that consist solely of hydrocarbons are classified as carotenes, while those with at least one oxygen atom 
in their polyene chain are categorized as xanthophylls. Lutein is part of the xanthophyll subgroup, characterized by two 
hydroxyl groups attached to its terminal ionone rings on both ends. [18] 

 

Figure 1 Chemical structure of lutein 

2.2. Absorption and metabolism 

As mentioned earlier, mammals cannot synthesize carotenoids, so they must be obtained through dietary intake. [20] 
Once consumed, lutein (L) is absorbed in the small intestine's mucosa, where it binds to chylomicrons and is then 
secreted into the lymphatic system before reaching the liver.[21] In the liver, lutein is incorporated into lipoproteins, 
which transport it to peripheral tissues,[35,36] particularly the retina, where the highest concentrations have been 
observed. [22] Being fat-soluble, [23] lutein's absorption is facilitated by dietary lipids, as it is incorporated into 
micelles. [24] Various dietary factors can influence lutein absorption. For instance, a fiber-rich diet has been shown to 
lower carotenoid serum levels, [25, 26] thereby affecting lutein uptake. Additionally, the presence of other carotenoids 
in the diet may compete with lutein for absorption. [27] Nutrients such as iron and zinc, as well as protein deficiencies, 
can also impact lutein absorption.[28] Conversely, the presence of mono- and di- glycerides has been linked to improved 
lutein absorption, as evidenced by increased plasma lutein levels.[29] Furthermore, non-dietary factors may reduce 
lutein bioavailability. For example, orlistat, a drug that inhibits lipase activity, has been shown to decrease lutein 
absorption,[30] similar to the effect of impaired pancreatic enzyme activity,[31] as observed in patients with cystic 
fibrosis,[32] and to a lesser extent, smoking[33] and alcohol consumption.[34] 

2.3. Distribution 

Lutein is unevenly distributed among human tissues, with the highest concentration found in the macula, a region in the 
central retina responsible for sharp, central vision due to its abundance of photoreceptor cells. Alongside lutein, two 
other carotenoids are present in the macula: zeaxanthin, a dietary stereoisomer of lutein, and meso-zeaxanthin, a 
metabolite of lutein produced in the macula. [37] These carotenoids are distributed in specific regions within the 
macula: lutein dominates the periphery, zeaxanthin the mid- periphery, and meso-zeaxanthin the center. [38] Together, 
they form the retinal macular pigment, which is critical for optimal visual function and is often used as an indicator of 
macular disease risk. [39] 

Recent research using confocal resonance Raman microscopy has further detailed the spatial distribution of lutein and 
zeaxanthin in the retina. It was found that zeaxanthin is most concentrated in the fovea and decreases sharply in the 
peripheral macula, while lutein is more evenly distributed at lower levels across the macula.[40] Lutein is also present 
in the human lens, where it helps protect against age-related eye conditions such as cataracts.[41] Additionally, studies 
suggest that lutein's hydrophobic nature leads to its storage in adipose tissue, and this can reduce retinal lutein levels 
in obese individuals, potentially increasing their risk of eye diseases.[42] 
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2.4. Mechanism of action 

Animal and in vitro studies have shown that certain carotenoids  possess  antioxidant properties.[43,44] Lutein, in 
particular, has been proven to exhibit strong antioxidant effects by neutralizing singlet oxygen and scavenging free 
radicals,[45,46] though it is considered less  potent in this  regard compared to zeaxanthin.[45] Another key protective 
role of lutein is its ability to filter blue light,  thereby reducing   phototoxic damage to photoreceptor cells.[47] 
Subczynski et al. suggested that lutein’s protective effects may be enhanced by its strategic localization in the retina’s 
most vulnerable areas and its specific membrane orientation.[48] Additionally, lutein has been shown to inhibit the pro-
inflammatory cytokine cascade[49] and the transcription factor nuclear factor-kB (NF-kB).[50-52] Evidence  also   
supports lutein’s role in reducing reactive oxygen species (ROS) production,[50,53] decreasing the expression of 
inducible nitric oxide synthase (iNOS), [54] and modulating the activation of the complement system. Through these 
mechanisms, lutein likely plays a crucial role in regulating immune responses, modulating inflammation, and 
minimizing oxidative damage. 

 

Figure 2 Mechanism of action of lutein 

3. Role of Lutein in Age-Related Macular Degeneration (AMD) 

Lutein, a carotenoid with potent antioxidant properties, has been extensively studied in the context of Age-Related 
Macular Degeneration (AMD), a leading cause of blindness in older adults. The research on lutein’s role in AMD consists 
of both experimental studies (focusing on cellular mechanisms, animal models, and clinical trials) and epidemiological 
studies (analyzing population-based data). 
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3.1. Experimental Studies 

3.1.1. Antioxidant Protection in Retinal Cells 

● Study: Khachik et al. (2006) explored the protective effects of lutein and zeaxanthin on human retinal pigment 
epithelial cells exposed to oxidative stress. 

● Findings: Lutein reduced the amount of lipid peroxidation in retinal cells, which is crucial as oxidative stress 
and lipid peroxidation are key contributors to AMD progression.[55] 

3.1.2. Animal Model Studies 

● Study: Ozawa et al. (2012) used mouse models to investigate the role of lutein in protecting against 
photoreceptor cell death induced by light damage. 

● Findings: Lutein supplementation in mice significantly reduced photoreceptor damage and maintained retinal 
function after exposure to blue light, which is relevant since blue light is a known contributor to AMD.[56] 

3.1.3. Improvement of Macular Pigment Density 

● Study: In a randomized controlled trial (RCT) by Richer et al. (2004), subjects with AMD were given lutein 
supplementation over a 12-month period. 

● Findings: The trial demonstrated significant improvement in macular pigment optical density (MPOD) and 
visual function, showing lutein’s direct impact on protecting and enhancing macular health.[57] 

3.2. Epidemiological Clinical Studies 

3.2.1. The AREDS2 Study 

● Study: The Age-Related Eye Disease Study 

● 2 (AREDS2) was a large, multicenter, randomized clinical trial designed to assess the impact of lutein and 
zeaxanthin supplementation in reducing the risk of AMD progression. 

● Findings: AREDS2 found that replacing beta-carotene with lutein and zeaxanthin in supplementation 
formulations significantly reduced the progression of advanced AMD, particularly in individuals with low 
dietary intake of these carotenoids.[58] 

3.2.2. Blue Mountains Eye Study 

● Study: This large population-based cohort study evaluated the association between dietary intake of lutein and 
zeaxanthin and the risk of AMD in individuals over the age of 55. 

● Findings: Higher dietary intake of lutein and zeaxanthin was associated with a lower risk of both early and late 
AMD, suggesting that lutein may have a protective role over time.[59] 

3.2.3. The Carotenoids in Age-Related Eye Disease Study (CAREDS) 

● Study: This epidemiological study assessed women’s intake of lutein and zeaxanthin over a period of 15 years 
to examine its impact on AMD risk. 

● Findings: Women with higher dietary intakes of lutein and zeaxanthin had significantly lower risks of 
developing intermediate and advanced stages of AMD compared to those with lower intake levels.[60] 
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Figure 3 Carotenoids in Age-Related Eye Disease Study (CAREDS) 

4. Lutein Role in Diabetic Retinopathy 

4.1. Experimental Studies 

Diabetic retinopathy can be induced in animal models using streptozocin, a compound that selectively destroys 
pancreatic β cells responsible for insulin production. In diabetic mice, this results in significant weight loss and elevated 
blood glucose levels. Consequently, retinal ganglion cells and amacrine cells in the inner nuclear layer (INL) undergo 
apoptosis. Studies have shown that lutein inhibits the formation of reactive oxygen species (ROS) in the retinas of 
diabetic mice and rats. ROS levels in the retina were measured using dihydroethidium, while visual function was 
assessed through electroretinograms. Notably, lutein administration restored the diminished oscillatory potential 
amplitudes observed in the diabetic mice.[61,62] 

Epidemiological and Clinical Studies The role of lutein in diabetic retinopathy has been minimally explored in human 
studies. To date, only one prospective study by Hu et al. has investigated patients with non- proliferative diabetic 
retinopathy, revealing significantly lower serum levels of lutein and zeaxanthin in these patients compared to healthy 
individuals. The study further indicated that supplementation with lutein and zeaxanthin led to improvements in visual 
acuity and a reduction in foveal thickness. These findings suggest that lutein and zeaxanthin supplementation could 
serve as potential therapeutic agents for treating non- proliferative diabetic retinopathy.[62] 

 

Figure 4 Lutein Role in Diabetic Retinopathy 
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5. Conclusion 

Lutein, often referred to as the "eye vitamin," plays a crucial role in protecting against various eye diseases, particularly 
age-related macular degeneration (AMD) and cataracts. Its antioxidant, anti- inflammatory, and blue light-absorbing 
properties help safeguard the lens and retina, making adequate dietary intake essential for maintaining healthy levels 
of lutein in the eyes.  

Compliance with ethical standards 

Acknowledgment 

I express my sincere thanks to Prof. Miss.shingote Vishakha S. and Principal Dr. Shinde Kiran K. for providing me all 
necessary facilities. 

Disclosure of conflict of interest 

There is no conflict of interest to be disclosed.  

References 

[1] Bjørklund, G. and Chirumbolo, S., 2017. Role of oxidative stress and antioxidants in daily nutrition and human 
health. Nutrition, 33, pp.311-321. 

[2] Chrysohoou, C., Panagiotakos, D.B., Pitsavos, C., Das, U.N. and Stefanadis, C., 2004. Adherence to the 
Mediterranean diet attenuates inflammation and coagulation process in healthy adults: The ATTICA Study. 
Journal of the American College of Cardiology, 44(1), pp.152-158. 

[3] Di Daniele, N., Noce, A., Vidiri, M.F., Moriconi, E., Marrone, G., Annicchiarico-Petruzzelli, M., D’Urso, G., Tesauro, 
M., Rovella, V. and De Lorenzo, A., 2017. Impact of Mediterranean diet on metabolic syndrome, cancer and 
longevity. Oncotarget, 8(5), p.8947. 

[4] Tapiero, H., Townsend, D.M. and Tew, K.D., 2004. The role of carotenoids in the prevention of human pathologies. 
Biomedicine & Pharmacotherapy, 58(2), pp.100-110. 

[5] Lima, V.C., Rosen, R.B. and Farah, M., 2016. Macular pigment in retinal health and disease. International journal 
of retina and vitreous, 2, pp.1-9. 

[6] Kim, S.R., Nakanishi, K., Itagaki, Y. and Sparrow, J.R., 2006. Photooxidation of A2-PE, a photoreceptor outer 
segment fluorophore, and protection by lutein and zeaxanthin. Experimental eye research, 82(5), pp.828-839. 

[7] Seddon, J.M., Ajani, U.A., Sperduto, R.D., Hiller, R., Blair, N., Burton, T.C., Farber, M.D., Gragoudas, E.S., Haller, J., 
Miller, D.T. and Yannuzzi, L.A., 1994. Dietary carotenoids, vitamins A, C, and E, and advanced age-related macular 
degeneration. Jama, 272(18), pp.1413-1420. 

[8] Snodderly, D.M., 1995. Evidence for protection against age-related macular degeneration by carotenoids and 
antioxidant vitamins. The American journal of clinical nutrition, 62(6), pp.1448S-1461S. 

[9] Subczynski, W.K., Wisniewska, A. and Widomska, J., 2010. Location of macular xanthophylls in the most 
vulnerable regions of photoreceptor outer-segment membranes. Archives of biochemistry and biophysics, 
504(1), pp.61-66. 

[10] Trumbo, P.R. and Ellwood, K.C., 2006. Lutein and zeaxanthin intakes and risk of age-related macular degeneration 
and cataracts: an evaluation using the Food and Drug Administration’s evidence- based review system for health 
claims. The American journal of clinical nutrition, 84(5), pp.971-974. 

[11] Alves-Rodrigues, A. and Shao, A., 2004. The science behind lutein. Toxicology letters, 150(1), pp.57-83. 

[12] Loane, E., McKay, G.J., Nolan, J.M. and Beatty, S., 2010. Apolipoprotein E genotype is associated with macular 
pigment optical density. Investigative ophthalmology & visual science, 51(5), pp.2636-2643. 

[13] Renzi, L.M., Hammond, B.R., Dengler, 

[14] M. and Roberts, R., 2012. The relation between serum lipids and lutein and zeaxanthin in the serum and retina: 
results from cross-sectional, case-control and case study designs. Lipids in Health and Disease, 11, pp.1-10. 



World Journal of Biology Pharmacy and Health Sciences, 2024, 20(02), 725–733 

731 

[15] Wisniewska, A., Draus, J. and Subczynski, W.K., 2003. Is a fluid- mosaic model of biological membranes fully 
relevant? Studies on lipid organization in model and biological membranes. Cellular and Molecular Biology 
Letters, 8(1), pp.147-160. 

[16] Nolan, J., O’Donovan, O., Kavanagh, H., Stack, J., Harrison, M., Muldoon, A., Mellerio, J. and Beatty, S., 2004. Macular 
pigment and percentage of body fat. Investigative ophthalmology & visual science, 45(11), pp.3940-3950. 

[17] Riso, P. and Porrini, M., 1997. Determination of carotenoids in vegetable foods and plasma. International Journal 
for Vitamin and Nutrition Research. Internationale Zeitschrift fur Vitamin-und Ernahrungsforschung.  Journal 
International de Vitaminologie et de Nutrition, 67(1), pp.47-54. 

[18] Arunkumar, R., Gorusupudi, A. and Bernstein, P.S., 2020. The macular carotenoids: A biochemical overview. 
Biochimica et biophysica acta (BBA)- Molecular and cell biology of lipids, 1865(11), p.158617. 

[19] Nian, S., Lo, A.C., Nian, S. and Lo, A.C.Y., 2019. Protecting the Aging Retina. Neuroprotection, 5, pp.1-20. 

[20] Bone, R.A., Landrum, J.T., Hime, G.W., Cains, A. and Zamor, J., 1993. Stereochemistry of the human macular 
carotenoids. Investigative ophthalmology & visual science, 34(6), pp.2033-2040. 

[21] Eroglu, A. and Harrison, E.H., 2013. Carotenoid metabolism in mammals, including man: formation, occurrence, 
and function of apocarotenoids: Thematic Review Series: Fat-Soluble Vitamins: Vitamin A. Journal of lipid 
research, 54(7), pp.1719-1730. 

[22] Parker, R.S., 1996. Absorption, metabolism, and transport of carotenoids. The FASEB Journal, 10(5), pp.542-551. 

[23] Clevidence, B.A. and Bieri, J.G., 1993. 

[24] [4] Association of carotenoids with human plasma lipoproteins. In Methods in enzymology (Vol. 214, pp. 33-46). 
Academic Press. 

[25] Ribaya-Mercado, J.D., Ordovas, J.M. and Russell, R.M., 1995. Effect of beta- carotene supplementation on the 
concentrations and distribution of carotenoids, vitamin E, vitamin A, and cholesterol in plasma lipoprotein and 
non-lipoprotein fractions in healthy older women. Journal of the American College of Nutrition, 14(6), pp.614-
620. 

[26] Bernstein, P.S., Li, B., Vachali, P.P., Gorusupudi, A., Shyam, R., Henriksen, B.S. and Nolan, J.M., 2016. Lutein, 
zeaxanthin, and meso-zeaxanthin: The basic and clinical science underlying carotenoid-based nutritional 
interventions against ocular disease. Progress in retinal and eye research, 50, pp.34-66. 

[27] Castenmiller, J.J., West, C.E., Linssen, J.P., van het Hof, K.H. and Voragen, A.G., 1999. The food matrix of spinach is 
a limiting factor in determining the bioavailability of β-carotene and to a lesser extent of lutein in humans. The 
Journal of nutrition, 129(2), pp.349-355. 

[28] Unlu, N.Z., Bohn, T., Clinton, S.K. and Schwartz, S.J., 2005. Carotenoid Absorption from Salad and Salsa by Humans 
Is Enhanced by entrye Addition of Avocado or Avocado Oil. The Journal of nutrition, 135(3), pp.431-436. 

[29] Rock, C.L. and Swendseid, M.E., 1992. Plasma β-carotene response in humans after meals supplemented with 
dietary pectin. The American journal of clinical nutrition, 55(1), pp.96-99. 

[30] Riedl, J., Linseisen, J., Hoffmann, J. and Wolfram, G., 1999. Some dietary fibers reduce the absorption of carotenoids 
in women. The Journal of nutrition, 129(12), pp.2170-2176. 

[31] Kostic, D., White, W.S. and Olson, J.A., 1995. Intestinal absorption, serum clearance, and interactions between 
lutein and beta-carotene when administered to human adults in separate or combined oral doses. The American 
journal of clinical nutrition, 62(3), pp.604-610. 

[32] Williams, A.W., Boileau, T.W. and Erdman Jr, J.W., 1998. Factors influencing the uptake and absorption of 
carotenoids. Proceedings of the Society for Experimental Biology and Medicine, 218(2), pp.106-108. 

[33] Marriage, B.J., Williams, J.A., Choe, Y.S., Maki, K.C., Vurma, M. and DeMichele, S.J., 2017. Mono-and diglycerides 
improve lutein absorption in healthy adults: a randomised, double- blind, cross-over, single-dose study. British 
Journal of Nutrition, 118(10), pp.813-821. 

[34] Sundl, I., Pail, E., Mellitzer, K., Toplak, 

[35] H. and Winklhofer-Roob, B.M., 2006. Effects of orlistat therapy on plasma concentrations of oxygenated and 
hydrocarbon carotenoids. Lipids, 41, pp.113-118. 



World Journal of Biology Pharmacy and Health Sciences, 2024, 20(02), 725–733 

732 

[36] Tang, G., Serfaty-Lacrosniere, C., Camilo, M.E. and Russell, R.M., 1996. Gastric acidity influences the blood 
response to a beta-carotene dose in humans. The American journal of clinical nutrition, 64(4), pp.622-626. 

[37] Winklhofer-Roob, B.M., Puhl, H., Khoschsorur, G., Van't Hof, M.A., Esterbauer, H. and Shmerling, D.H., 1995. 
Enhanced resistance to oxidation of low density lipoproteins and decreased lipid peroxide formation during β-
carotene supplementation in cystic fibrosis. Free Radical Biology and Medicine, 18(5), pp.849-859. 

[38] Alberg, A.J., 2002. The influence of cigarette smoking on circulating concentrations of antioxidant micronutrients. 
Toxicology, 180(2), pp.121-137. 

[39] Albanes, D., Virtamo, J., Taylor, P.R., Rautalahti, M., Pietinen, P. and Heinonen, O.P., 1997. Effects of supplemental 
beta-carotene, cigarette smoking, and alcohol consumption on serum carotenoids in the Alpha- Tocopherol, Beta-
Carotene Cancer Prevention Study. The American journal of clinical nutrition, 66(2), pp.366-372. 

[40] Bernstein, P.S., Li, B., Vachali, P.P., Gorusupudi, A., Shyam, R., Henriksen, B.S. and Nolan, J.M., 2016. Lutein, 
zeaxanthin, and meso-zeaxanthin: The basic and clinical science underlying carotenoid-based nutritional 
interventions against ocular disease. Progress in retinal and eye research, 50, pp.34-66. 

[41] Nolan, J.M., Meagher, K., Kashani, S. and Beatty, S., 2013. What is meso- zeaxanthin, and where does it come from?. 
Eye, 27(8), pp.899-905. 

[42] Bone, R.A., Landrum, J.T., Mayne, S.T., Gomez, C.M., Tibor, S.E. and Twaroska, E.E., 2001. Macular pigment in donor 
eyes with and without AMD: a case- control study. Investigative ophthalmology & visual science, 42(1), pp.235-
240. 

[43] Li, B., George, E.W., Rognon, G.T., Gorusupudi, A., Ranganathan, A., Chang, F.Y., Shi, L., Frederick, J.M. and Bernstein, 
P.S., 2020. Imaging lutein and zeaxanthin in the human retina with confocal resonance Raman microscopy. 
Proceedings of the National Academy of Sciences, 117(22), pp.12352-12358. 

[44] Manayi, A., Abdollahi, M., Raman, T., Nabavi, S.F., Habtemariam, S., Daglia, M. and Nabavi, S.M., 2016. Lutein and 
cataract: from bench to bedside. Critical reviews in biotechnology, 36(5), pp.829- 839. 

[45] Broekmans, W.M., Berendschot, T.T., Klöpping-Ketelaars, I.A., de Vries, A.J., Goldbohm, R.A., Tijburg, L.B., 
Kardinaal, A.F. and van Poppel, G., 2002. Macular pigment density in relation to serum and adipose tissue 
concentrations of lutein and serum concentrations of zeaxanthin. The American journal of clinical nutrition, 
76(3), pp.595-603. 

[46] Fiedor, J. and Burda, K., 2014. Potential role of carotenoids as antioxidants in human health and disease. 
Nutrients, 6(2), pp.466-488. 

[47] Young, A.J. and Lowe, G.M., 2001. Antioxidant and prooxidant properties of carotenoids. Archives of Biochemistry 
and biophysics, 385(1), pp.20-27. 

[48] Kim, S.R., Nakanishi, K., Itagaki, Y. and Sparrow, J.R., 2006. Photooxidation of A2-PE, a photoreceptor outer 
segment fluorophore, and protection by lutein and zeaxanthin. Experimental eye research, 82(5), pp.828-839. 

[49] Kijlstra, A., Tian, Y., Kelly, E.R. and Berendschot, T.T., 2012. Lutein: more than just a filter for blue light. Progress 
in retinal and eye research, 31(4), pp.303-315. 

[50] Junghans, A., Sies, H. and Stahl, W., 2001. Macular pigments lutein and zeaxanthin as blue light filters studied in 
liposomes. Archives of Biochemistry and Biophysics, 391(2), pp.160-164. 

[51] Subczynski, W.K., Wisniewska, A. and Widomska, J., 2010. Location of macular xanthophylls in the most 
vulnerable regions of photoreceptor outer-segment membranes. Archives of biochemistry and biophysics, 
504(1), pp.61-66. 

[52] Chung, R.W., Leanderson, P., Lundberg, A.K. and Jonasson, L., 2017. Lutein exerts anti-inflammatory effects in 
patients with coronary artery disease. Atherosclerosis, 262, pp.87-93. 

[53] Liu, T., Liu, W.H., Zhao, J.S., Meng, F.Z. and Wang, H., 2017. Lutein protects against β-amyloid peptide-induced 
oxidative stress in cerebrovascular endothelial cells through modulation of Nrf-2 and NF-κb. Cell biology and 
toxicology, 33, pp.57-67. 

[54] Muriach, M.; Bosch-Morell, F.; Arnal, E.; Alexander, G.; Blomhoff, R.; Romero, F.J. Lutein prevents the effect of high 
glucose levels on immune system cells in vivo and in vitro. J. Physiol. Biochem. 2008, 64, 149–157. [CrossRef] 
[PubMed] 



World Journal of Biology Pharmacy and Health Sciences, 2024, 20(02), 725–733 

733 

[55] Li, S.; Ding, Y.; Niu, Q.; Xu, S.; Pang, L.; Ma, R.; Jing, M.; Feng, G.; Tang, J.X.; Zhang, Q.; et al. Lutein has a protective 
effect on hepatotoxicity induced by arsenic via Nrf2 signaling. BioMed Res. Int. 2015, 2015, 315205. [CrossRef] 
[PubMed] 

[56] Rafi, M.M.; Shafaie, Y. Dietary lutein modulates inducible nitric oxide synthase (iNOS) gene and protein expression 
in mouse macrophage cells (RAW 264.7). Mol. Nutr. Food Res. 2007, 51, 333–340. [CrossRef] [PubMed] 

[57] Chang, J., Zhang, Y., Li, Y., Lu, K., Shen, Y., Guo, Y., Qi, Q., Wang, M. and Zhang, S., 2018. NrF2/ARE and NF-κB 
pathway regulation may be the mechanism for lutein inhibition of human breast cancer cell. Future Oncology, 
14(8), pp.719-726.  

[58] Mewborn, C.M., 2019. The Effects of Lutein and Zeaxanthin Supplementation on Brain Morphology in Older 
Adults. University of Georgia. 

[59] Ozawa, Y., Sasaki, M., Takahashi, N., Kamoshita, M., Miyake, S. and Tsubota, K., 2012. Neuroprotective effects of 
lutein in the retina. Current pharmaceutical design, 18(1), pp.51-56. 

[60] Richer, Stuart, William Stiles, Laisvyde Statkute, Jose Pulido, James Frankowski, David Rudy, Kevin Pei, Michael 
Tsipursky, and Jill Nyland. "Double-masked, placebo-controlled, randomized trial of lutein and antioxidant 
supplementation in the intervention of atrophic age-related macular degeneration: the Veterans LAST study 
(Lutein Antioxidant Supplementation Trial)." Optometry-Journal of the American Optometric Association 75, no. 
4 (2004): 216-229. 

[61] Tang, L.; Zhang, Y.; Jiang, Y.; Willard, L.; Ortiz, E.; Wark, L.; Medeiros, D.; Lin, D. Dietary wolfberry ameliorates 
retinal structure abnormalities in db/db mice at the early stage of diabetes. Exp. Biol. Med. (Maywood) 2011, 236, 
1051–1063. 

[62] Hu, B.J.; Hu, Y.N.; Lin, S.; Ma, W.J.; Li, X.R. Application of Lutein and Zeaxanthin in nonproliferative diabetic 
retinopathy. Int. J. Ophthalmol. 2011, 4, 303–306. 


