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This issue of Foods is focused on the general topic of carotenoids within the nervous system. The focus 

is on the effects of the xanthophylls on the central nervous system (CNS), reflecting the majority of work 

in this area. This field of study is relatively new, despite knowing that carotenoids could be found, even 

within the brain itself, for nearly 40 years. The first report was in 1976 and described a patient taking 

high-dose beta-carotene as a treatment for erythropoietic protoporphyria. This patient had clearly 

detectable concentrations of beta-carotene within whole sections of the cerebrum [1]. The next notable 

contribution was by Cutler (1984) [2], who measured total carotenoids in the brain tissues of a variety 

of species (including humans), and argued that higher brain concentrations were linked to increased 

longevity when considered across species (a link between carotenoids and increased lifespan has also 

been argued within species ranging from drosophilia to human; [3,4]). 

The first study that really quantified carotenoid within brain with any real specificity, however, was 

conducted by Craft et al. (2004) [5]. The Craft study analyzed carotenoid content in five elderly brains 

(dissecting various brain sections and distinguishing between gray and white matter) and found 

a seeming preference for xanthophylls in the human brain. This certainly made sense in that only two (of the 

20 or so carotenoids circulating within blood) dietary carotenoids, lutein (L) and zeaxanthin (Z), are 

typically found in retina, and, there, they achieve millimolar concentrations (the highest accumulation 

of carotenoids in the body). The retina is central nervous system tissue and is widely regarded as “an 

approachable part of the brain” [6]. Not only are L and Z in ocular tissue at high amounts, their exclusive 

presence makes it clear that they are concentrated via some active mechanism. The brain, like the retina, 

appears to accumulate xanthophylls not simply through passive diffusion but actively. If this is so, then 

the implication is that these carotenoids have a role to play in the actual function of the brain itself. 

As research has progressed, it has become clear that the carotenoids within the CNS do not play 

a singular role but appear to have a multitude of functions. Lutein, for instance, the dominant carotenoid 

in brain, has been described as a “work-horse molecule” [7]. The body often takes advantage of 

commonly available materials to serve a host of functions. For example, serotonin helps regulate not 

only gastrointestinal function and wound healing, but also dreaming, moods, and memory. Similarly, 

lutein appears to serve a surprising diversity of functions. One category, that the xanthophylls, in general, 

likely play within the CNS, appears to be simply prophylactic. The brain is largely fat and, of course, is 
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very metabolically active and, hence, highly oxygenated. Carotenoids are known to inhibit lipid 

peroxidation. The brain is also clearly subject to inflammation, and carotenoids are known to be potent 

anti-inflammatory agents [8]. 

In addition to protection, however, the xanthophylls may serve other functions in brain tissue that 

range from epigenetic regulation to cellular communication [9,10]. On this front, the empirical work has 

outpaced basic research on mechanisms. We have some fairly convincing evidence that the xanthophylls 

influence the function of the central nervous system: Results ranging from temporal processing speed to 

cognition [11–13]. At present, however, we have very little understanding of how exactly the pigments 

achieve these changes. 

It is perhaps surprising that it has taken us this long to study how foods, and the components of which 

they are composed, influence critically important tissues like the brain. Disciplines like psychology and 

nutrition have rarely interacted in the past. Although “we are what we eat” may be an oft-quoted axiom, 

it rarely translates into actual study. This appears to be changing. In 2005, Hammond and Wooten [14] 

found that macular xanthophylls were correlated with temporal processing speed, a measure known to 

be determined largely at the level of the visual cortex. As the authors noted, L and Z are “…providing 

some functional improvement unrelated to protection. L, for instance, in model systems…, has been 

shown to improve gap junction communication, which could improve cell to-cell communication within 

the nervous system. Thus, increasing L and Z intake could theoretically improve signaling efficiency 

throughout the visual system.” 

In 2008, Johnson et al. [11] directly tested this idea and conducted a classic clinical trial (randomized, 

double-blind, placebo-controlled) on the efficacy of L, Z, and DHA on cognitive function of elderly 

women. That study found a statistically significant influence of these compounds on functions like verbal 

fluency and memory. The next pivotal studies in this area also emerged from the Jean Mayer Human 

Nutrition Research Center on Aging at Tufts University and were presented as conference abstracts in 2011 

[15,16]This work confirmed Craft’s original finding of the predominance of xanthophylls in human brain 

and extended the work in a variety of ways: e.g., to infants and centenarians (the former helping to 

motivate the addition of xanthophylls to infant formula; the latter in collaboration with the Centenarian 

project at the University of Georgia). 

Since 2011, the number of researchers studying the role of xanthophylls in brain function continues 

to increase (see, for example, [12,13]). As is often the case with highly applied science, the number of 

sponsors in this area has increased concomitantly (certainly suggesting more research to come). Thus 

far, research on how nutrition in general and xanthophylls specifically influence the central nervous 

system has been highly productive; so much so that it serves as an influential model for an emerging 

discipline which could be loosely described as nutritional neuroscience. This volume contains papers 

from many of the leaders in this inchoate area and covers topics ranging from eye to brain. 

Conflicts of Interest 

The author declares no conflict of interest. 

  



Foods 2015, 4 700 

 

 

References 

1. Mathews-Roth, M.M.; Abraham, A.A.; Gabuzda, T.G. Beta-carotene content of certain organs from 

two patients receiving high doses of beta-carotene. Clin. Chem. 1976, 22, 922–924. 

2. Cutler, R.G. Carotenoids and retinol: Their possible importance in determining longevity of primate 

species. Proc. Natl. Acad. Sci. USA 1984, 81, 7627–7631. 

3. Sen, A.; Marsche, G.; Freudenberger, P.; Schallert, M.; Toeglhofer, A.M.; Nagl, C.; Schmidt, H. 

Association between Higher Plasma Lutein, Zeaxanthin, and Vitamin C Concentrations and Longer 

Telomere Length: Results of the Austrian Stroke Prevention Study. J. Am. Geriatr. Soc. 2014, 62, 

222–229. 

4. Zhang, Z.; Han, S.; Wang, H.; Wang, T. Lutein extends the lifespan of Drosophila melanogaster. 

Arch. Gerontol. Geriatr. 2014, 58, 153–159. 

5. Craft, N.E.; Haitema, T.B.; Garnett, K.M.; Fitch, K.A.; Dorey, C.K. Carotenoid, tocopherol, and 

retinol concentrations in elderly human brain. J. Nutr. Health Aging 2004, 8, 156–162. 

6. Dowling, J.E. The Retina: An Approachable part of the Brain; Harvard University Press: 

Cambridge, MA, USA, 1987. 

7. Hammond, B.R. Lutein, zeaxanthin and vision across the lifespan. Carotenoids and Vitamin A in 

Translational Medicine; Sommerbrg, O., Siens, W., Kraemer, K., Eds.; CRC Press: Boca Raton, 

FL, USA, 2013. 

8. Kijlstra, A.; Tian, Y.; Kelly, E.R.; Berendschot, T.T. Lutein: More than just a filter for blue light. 

Prog. Retin. Eye Res. 2012, 31, 303–315. 

9. Bertram, J.S. Carotenoids and gene regulation. Nutr. Rev. 1999, 57, 182–191. 

10. Kuchan, M.; Wang, F.; Geng, Y.; Feng, B.; Lai, C. Lutein stimulates the differentiation of human 

stem cells to neural progenitor Cells in vitro. In Proceedings of the Advances and Controversies in 

Clinical Nutrition, Washington, DC, USA, 2013. 

11. Johnson, E.J.; McDonald, K.; Caldarella, S.M.; Chung, H.; Troen, A.M.; Snodderly, D.M. 

Cognitive findings of an exploratory trial of docosahexaeonic acid and lutein supplementation in 

older women. Nutr. Neurosci. 2008, 11, 75–83. 

12. Feeney, J.; Finucane, C.; Savva, G.M.; Cronin, H.; Beatty, S.; Nolan, J.M.; Kenny, R.A.  

Low macular pigment optical density is associated with lower cognitive performance in a large, 

population-based sample of older adults. Neurobiol. Aging 2013, 34, 2449–2456. 

13. Renzi, L.M.; Dengler, M.J.; Puente, A.; Miller, L.S.; Hammond, B.R. Relations between macular 

pigment optical density and cognitive function in unimpaired and mildly cognitively impaired older 

adults. Neurobiol. Aging 2014, 35, 1695–1699. 

14. Hammond, B.R.; Wooten, B.R. CFF thresholds: Relation to macular pigment optical density. 

Ophthalmic Physiol. Opt. 2005, 25, 315–319. 

15. Johnson, E.J.; Vishwanathan, R.; Schalch, W.; Poon, L.; Wittwer, J.; Johnson, M.A.; Scott, T.M. 

Brain levels of lutein (L) and zeaxanthin (Z) are related to cognitive function in centenarians. 

FASEB J. 2011, 25, 975–921. 

  



Foods 2015, 4 701 

 

 

16. Johnson, E.J.; Vishwanathan, R.; Scott, T.M.; Schalch, W.; Wittwer, J.; Hausman, D.B.; Poon, L.W. 

Serum carotenoids as a biomarker for carotenoid concentrations in the brain. FASEB J. 2011, 25, 

344. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


