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A commentary on 
Differential vulnerability of substantia nigra and corpus striatum to oxidative insult induced by reduced dietary levels of essential fatty acids 
by Cardoso, H. D., Passos, P. P., Lagranha, C. J., Ferraz, A. C., Santos Júnior, E. F., Oliveira, R. S., et al. (2012). Front. Hum. Neurosci. 6: 249. doi: 10. 3389/fnhum. 2012. 0024 
Increased levels of oxidative stress (OS) in the brain have been linked to the etiology of several neurodegenerative diseases, e. g., Alzheimer's and Parkinson's disease ( Navarro and Boveris, 2009 ; Melo et al., 2011 ; Radak et al., 2011 ; Sultana et al., 2013 ). A possible cause of increased OS levels is an imbalance in the omega-6 (n-6) and omega-3 (n-3) polyunsaturated fatty acids (PUFAs) ( Kiecolt-Glaser et al., 2013 ). The main PUFA in a westernized diet is the essential fatty acid (EFA) linoleic acid (n-6), a major component of plant oils, followed by the EFA α-linoleic acid (n-3). 
EFA deprived rats over two generations display reduced numbers and size of dopaminergic neurons in the substantia nigra (SN) ( Passos et al., 2012 ). To evaluate this finding, Cardoso et al. (2012) studied the effect of EFA deprivation on OS levels and neurodegeneration. Rats were depleted of both linoleic and α-linoleic acid over two generations. First (F1) and second (F2) generations were studied at 90–110 and 30–42 days of age, respectively. A decrease in docosahexaenoic acid (DHA) (n-3) in midbrain phospholipids was detected in both F1 and F2 animals (approximately 28 and 50%, respectively). Conversely, docosapentaenoic acid (DPA, n-6) was increased, which is likely to change membrane fluidity, due to one less double bond ( Eldho et al., 2003 ). No change was found in Arachinoid acid (AA) (n-6) levels in either group relative to controls. Thus the n-6/n-3 ratio was increased in the EFA depleted rats. 
OS was estimated by assessing lipid peroxidation (LP) using the thiobarbituric acid reaction method (TBARS). No LP in either SN or corpus striatum (CS) in the F1 rats was found, correlating with an increase in total superoxide dismutase activity. In F2 rats a decrease in catalase activity, an increase in LP, and degeneration of dopaminergic and non-dopaminergic neurons in SN was observed. The CS showed increased total superoxide dismutase activity but no increase in LP or neuron damage, suggesting a greater resilience to EFA deprivation than the SN. However, in a follow up study the striatum of EFA depleted rats (F2) also showed affects at 90–110 days of age ( Cardoso et al., 2013 ). These results indicate that CS resilience to OS is only present in the young animals. 
A western diet typically contains more n-6 PUFAs than n-3 PUFAs, which is problematic due to the adverse function of these PUFAs and their metabolites. Linoleic acid and α-linoleic acid are metabolized to AA and eicosapentaenoic acid (EPA) (n-3). AA and EPA are metabolized to DPA and DHA, respectively, or to eicosanoids. The eicosanoids derived from AA are mostly pro-inflammatory, whereas EPA derived eicosanoids are predominantly anti-inflammatory ( Schmitz and Ecker, 2008 ). In addition, the n-6/n-3 ratio is important for several functions, including neuron membrane fluidity. AA, DHA, and other PUFAs are incorporated into the phospholipids of membranes, where their effect on membrane fluidity affects the functions of membrane transporters, channels and receptors ( Yehuda et al., 2002 ; Schmitz and Ecker, 2008 ). Decreased DHA in particular can be harmful and is linked to OS and neurodegeneration ( Malcolm et al., 1998 ; Yavin et al., 2002 ; Schmitz and Ecker, 2008 ; Jansen and Kliaan, 2014 ). DHA has been proposed as a treatment for some neurodegenerative disorders including Parkinson's and Alzheimer's disease ( Jansen and Kliaan, 2014 ). Studies show varying effects of n-3 fatty acid supplementation on cognitive abilities in animal models and humans ( Luchtman and Song, 2013 ). 
This article discusses how an imbalance in EFAs might be linked to neurodegenerative diseases through increased OS, and that this effect is cumulative over generations. However, as F1 and F2 animals are studied at different ages, comparison of the two generations is difficult. The authors do not explain why these ages were chosen, but one can argue that as OS is often increased in old age, the fact that the findings in the younger F2 animals are not present in the older F1 animals, actually strengthens these findings. 
The SN is less resilient to OS than other brain regions ( Kidd, 2000 ), which might aid in explaining why Parkinson's disease, characterized by death of dopaminergic neurons in the SN, is among the commonest neurodegenerative diseases. Intriguingly, markers of adult neurogenesis have recently been found in the striatum, as well as in the caudate nucleus and putamen, but not in the cerebellum, or cerebral cortex ( Tong et al., 2011 ; Ernst et al., 2014 ). This might play a role in differential resilience to OS and other insults, in addition to the differences in defensive mechanisms to OS. Cardoso et al. reported a link between DHA depletion in phospholipids and increased OS in the form of LP, as well as a differential response in SN and CS. If a recovery study, where EFAs are returned to deprived F2 animals, could reverse the findings, it would strengthen this link between DHA depletion and OS. 
The work by Cardoso et al. contributes to the understanding of differential brain resilience to insults such as increased levels of OS. A better understanding of the function of DHA and its possible role in neuroprotection, as well as the mechanisms that lead to EFA deprivation mediated OS will be crucial to discern the etiology of several neurodegenerative diseases and in the development of future treatments. 
[bookmark: h2]Conflict of Interest Statement 
The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest. 
[bookmark: h3]References 
[bookmark: B1]Cardoso, H. D., Passos, P. P., Lagranha, C. J., Ferraz, A. C., Santos Júnior, E. F., Oliveira, R. S., et al. (2012). Differential vulnerability of substantia nigra and corpus striatum to oxidative insult induced by reduced dietary levels of essential fatty acids. Front. Hum. Neurosci . 6: 249. doi: 10. 3389/fnhum. 2012. 00249 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B2]Cardoso, H. D., Santos Júnior, E. F., Santana, D. F., Gonçalves-Pimentel, C., Angelima, M. K., Isaac, A. R., et al. (2013). Omega-3 deficiency and neurodegeneration in the substantia nigra: involvement of increased nitric oxide production and reduced BDNF expression. Biochim. Biophys. Acta 1840, 1902–1912. doi: 10. 1016/j. bbagen. 2013. 12. 023 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B3]Eldho, N. V., Feller, S. E., Tristram-Nagle, S., Polozov, I. V., and Gawrisch, K. (2003). Polyunsaturated docosahexaenoic vs docosapentaenoic acid-differences in lipid matrix properties from the loss of one double bond. J. Am. Chem. Soc . 125, 6409–6421. doi: 10. 1021/ja029029o 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B4]Ernst, A., Alkass, K., Bernard, S., Salehpour, M., Perl, S., Tisdale, J., et al. (2014). Neurogenesis in the striatum of the adult human brain. Cell 156, 1072–1083. doi: 10. 1016/j. cell. 2014. 01. 044 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B5]Jansen, C., and Kliaan, A. (2014). Long-chain polyunsaturated fatty acids (LCPUFA) from genesis to senescence: the influence of LCPUFA on neural development, aging, and neurodegeneration. Prog. Lipid Res . 53, 1–17. doi: 10. 1016/j. plipres. 2013. 10. 002 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B6]Kidd, P. M. (2000). Parkinson's disease as multifactorial oxidative neurodegeneration: implications for integrative management. Altern. Med. Rev . 5, 502–545. 
Pubmed Abstract | Pubmed Full Text 
[bookmark: B7]Kiecolt-Glaser, J. K., Epel, E. S., Belury, M. A., Andridge, R., Line, J., Glaser, R., et al. (2013). Omega-3 fatty acids, oxidative stress, and leukocyte telomere length: a randomized controlled trial. Brain Behav. Immun . 28, 16–24. doi: 10. 1016/j. bbi. 2012. 09. 004 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B8]Luchtman, D. W., and Song, C. (2013). Cognitive enhancement by omega-3 fatty acids from child-hood to old age: findings from animal and clinical studies. Neuropharmacology 64, 550–565. doi: 10. 1016/j. neuropharm. 2012. 07. 019 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B9]Malcolm, P., Murphu, B., Shay, J., and Horribin, D. (1998). Depletion of omega-3 fatty acid levels in red blood cell membranes of depressive patients. Biol. Psychiatry 43, 315–319. doi: 10. 1016/S0006-3223(97)00206-0 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B10]Melo, A., Monteiro, L., Lima, R. M., Oliveira, D. M., Cergueira, M. D., and El-Bachá, R. S. (2011). Oxidative stress in neurodegenerative diseases: mechanisms and therapeutic perspectives. Oxid. Med. Cell. Longev 2011: 467180. doi: 10. 1155/2011/467180 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B11]Navarro, A., and Boveris, A. (2009). Brain mitochondrial dysfunction and oxidative damage in Parkinson's disease. J. Bioenerg. Biomembr . 41, 517–521. doi: 10. 1007/s10863-009-9250-6 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B12]Passos, P. P., Borba, J. M. C., Rocha-de-Melo, A. P., Guedes, R. C. A., Silva, R. P., Melo Filho, W. T., et al. (2012). Dopaminergic cell populations of the rat substantia nigra are differentially affected by essential fatty acid dietary restriction over two generations. J. Chem. Neuroanat . 44, 66–75. doi: 10. 1016/j. jchemneu. 2012. 05. 003 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B13]Radak, Z., Zhao, Z., Goto, S., and Koltai, E. (2011). Age-associated neurodegeneration and oxidative damage to lipids, proteins and DNA. Mol. Aspects Med . 32, 305–315. doi: 10. 1016/j. bbi. 2012. 09. 004 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B14]Schmitz, G., and Ecker, J. (2008). The opposing effects of n-3 and n- 6 fatty acids. Prog. Lipid Res . 47, 147–155. doi: 10. 1016/j. plipres. 2007. 12. 004 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B15]Sultana, R., Perluigi, M., and Butterfield, D. A. (2013). Lipid peroxidation triggers neurodegeneration: a redox proteomics view into the Alzheimer disease brain. Free Radic. Biol. Med . 62, 157–169. doi: 10. 1016/j. freeradbiomed. 2012. 09. 027 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B16]Tong, J., Furukawa, Y., Sherwin, A., Hornykiewicz, O., and Kish, S. J. (2011). Heterogeneous intrastriatal pattern of proteins regulating axon growth in normal adult human brain. Neurobiol. Dis . 41, 458–468. doi: 10. 1016/j. nbd. 2010. 10. 017 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B17]Yavin, E., Brand, A., and Green, P. (2002). Docosahexaenoic acid abundance in the brain: a biodevice to combat oxidative stress. Nutr. Neurosci . 5, 149–157. doi: 10. 1080/10284150290003159 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
[bookmark: B18]Yehuda, S., Rabinovitz, S., Carasso, R. L., and Mostofsky, D. I. (2002). The role of polyunsaturated fatty acids in restoring the aging neuronal membrane. Neurobiol. Aging 23, 843–853. doi: 10. 1016/S0197-4580(02)00074-X 
Pubmed Abstract | Pubmed Full Text | CrossRef Full Text 
https://assignbuster.com/basal-ganglia-vulnerability-to-oxidative-stress/
image1.png




image2.png
Q ASSIGN

BUSTER




