Memo: Arian Foster’s Whole-Food Vegan Diet May Protect Him from
Trauma-Triggered Neurodegenerative Disorders

Summary: Vegan and Mediterranean diets in which unsaturated fatty acids predominate may reduce the
risk for neurodegenerative disorders associated with repeated brain injury by decreasing ceramide
synthesis in microglia and astrocytes, and thereby suppressing the chronic neuroinflammation that drives
neurodegeneration.

Recently, the decision of star football running back Arian Foster to adopt a vegan diet, composed
primarily of whole foods, has attracted considerable commentary. Many of these comments have been
critical, rooted in the dubious notion that such a diet is incompatible with athletic excellence, or viewing
this decision as an implied denigration of “the American way of life”. Doubtless, Foster has been
motivated largely by concern for his long-term health. While there is compelling reason to suspect that a
whole-food vegan diet provides protection from common disorders such as coronary disease, diabetes,
and cancer, I further propose that such a diet may mitigate to some degree the increased risk for
neurodegenerative disorders associated with repeated head trauma, which has emerged recently as a issue
of key concern for professional football players.
A recent epidemiological study has concluded that retired professional football players are at about
threefold higher risk for death from neurodegenerative disorders than the general population; mortality
from Alzheimer’s disease (AD) and amyotrophic sclerosis (ALS) was found to be about fourfold higher.1
Neurodegenerative mortality was significantly higher in speed players as opposed to linemen. These
findings accord well with those of a previous analysis, in which retired football players who had suffered
multiple concussions were at greater risk for mild cognitive impairment, and tended to develop
Alzheimer’s at an earlier age than controls.2 Other studies have linked multiple mild traumatic brain
injuries, as experienced by boxers, to increased risk for a distinct neurodegenerative syndrome known as
chronic traumatic encephalopathy, and have observed increased risk for dementia in people who have
suffered severe brain trauma.3-5
Giunta and colleagues have recently marshaled evidence pointing to chronic neuroinflammation, triggered
by single or multiple episodes of brain trauma, as the likely driving force behind the subsequent
development of neurodegenerative illness.6 Activation of microglia to a pro-inflammatory phenotype,
associated with production of inflammatory cytokines, peroxynitrite, and prostanoids, and characterized
by increased antigen-presenting activity, is observed after brain injury, and often persists chronically
thereafter.7, 8 In a recent study, PET scans documented microglial activation in multiple brain regions
persisting for a number of months after a single episode of brain trauma.9 Pro-inflammatory microglia, as
well as reactive astrocytes, are strongly suspected to play a pathogenic role in the evolution of AD,
Parkinson’s disease (PD), and a range of other neurodegenerative disorders.10-17 Hence, lifestyle or
pharmaceutical measures which modulate brain neuroinflammation may have important potential for
influencing risk for neurodegeneration.
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Plant-based diets, if not laced with tropical oils, tend to be low in saturated fatty acids, both absolutely
and relative to total fat content. So-called “Mediterranean diets”, low in red meats and fatty dairy
products, are also associated with a low ratio of saturated to unsaturated fat. Considerable epidemiology,
much of it prospective, has linked adherence to a Mediterranean diet pattern to decreased risk for mild
cognitive impairment, AD, and PD.18-29 There is accumulating evidence that the saturated fats palmitate
and stearate can promote neuroinflammation via direct effects on microglia and astrocytes; this stems, at
least in part, from the fact that these fats are uniquely capable of supporting the synthesis of the signaling
intermediate ceramide. Palmitate and stearate are obligate substrates for serine palmitoyltransferase, the
rate-limiting enzyme for de novo ceramide synthesis.30 Both the absolute dietary intake of these fats, and
the fraction of total dietary fat content that they constitute, can be expected to modulate blood and tissue
levels of these fats, and hence influence the efficiency of ceramide synthesis. Dietary modulation of
tissue fatty acid profile should be more readily achievable in humans than in rodents or many other
species, as human capacity for de novo lipogenesis is relatively low – hence, we truly “wear the fat we
eat”.31
In an intriguing series of investigations, Chan and colleagues have shown that exposure of astrocytes to
palmitate or stearate, but not unsaturated fatty acids, induces astrocytes to secrete soluble mediators that
can act on neurons to promote tau phosphorylation (via activation of the kinases GSK-3 and cdk5) and
stimulate the synthesis of amyloid beta by boosting expression of BACE1.32-34 The soluble mediators
responsible for his phenomenon include tumor necrosis factor-alpha and interleukin-1. Various agents
which block ceramide synthesis completely abrogate the impact of palmitate and stearate on astrocyte
function. Curiously, palmitate exposure also decreases the capacity of astrocytes to assimilate and
metabolize glucose; decreased glucose utilization by astrocytes is now suspected to be at least partially
responsible for the decline in brain glucose uptake that characterizes AD. Comparable concentrations of
palmitate or stearate failed to modulate neuronal function in the absence of astrocytes, indicating that
intraneuronal de novo synthesis of ceramide may have little pathogenic potential.35
Other investigators, focusing on microglial cells, have likewise demonstrated that exposure of microglialike cells (THP-1 macrophages) to palmitate or stearate promotes a pro-inflammatory phenotype
associated with increased production of cytokines (IL-6, IL-8).36 Moreover, such exposure markedly
potentiates the activating response to lipopolysaccharide exposure, the traditional means of promoting
microglial activation. These effects were shown to be mediated by ceramide synthesis and consequent
activation of PKC-zeta, leading to downstream activation of the MAP kinases JNK, p38 and Erk;
unsaturated fats could not replicate these effects. A subsequent study by other investigators confirmed
many of these observations, and further observed that palmitate-treated THP-1 cells were toxic to the SHSY5Y neuroblastoma cell line.37 In other recent research , both palmitate and stearate exposure were
shown to induce the full range of pro-inflammatory microglial activation in the BV-2 microglial cell line
– activation of NF-kappaB, induction of iNOS and Cox-2, increased cytokine production, increased
oxidative stress, and increased expression of CD11b. Curiously, an antibody to the TLR4 receptor
prevented these activating effects.38 This study did not examine the role of ceramide production in these
effects. The authors conclude that their findings suggest that “nutrition rich in saturated fatty acids may
be linked to some inflammatory diseases of the CNS.”
In support of the possibility that dietary saturated fat may influence neuroinflammation, a long-term
feeding of a diet high in such fats induces NADPH oxidase-associated oxidative stress and markers of
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inflammation (increased expression of cox-2 and nuclear NF-kappaB) in the cerebral cortex of rats.
Since microglia are the richest source of NADPH oxidase in the brain, these effects are likely to reflect
microglial activation. 39
Speaking in favor of a role of de novo ceramide synthesis in neurodegenerative illness, there is recent
evidence that protein expression of serine palmitoyltransferase, the rate-limiting enzyme for ceramide
synthesis, is elevated in the cortices of AD patients.40 These findings complement earlier studies
demonstrating higher ceramide levels in the brain or CSF of AD patients, and concluding that elevated
serum levels of certain ceramides predict increased risk for AD and cognitive impairment.41-47
In light of accumulating evidence that long-chain saturated fats are capable of promoting
neuroinflammation, it is logical to suspect that this phenomenon may rationalize the protective impact of
Mediterranean-type diets on risk for neurodegenerative disorders. And, since persistent
neuroinflammation is likely to be a driving force in the neurodegeneration linked to traumatic brain
injury, it is reasonable to postulate that diets low in saturated fat could down-regulate such
neuroinflammation and hence lessen risk for subsequent neuronal pathology.
It should be noted that a number of other dietary measures appear to have potential for controlling
neuroinflammation. A wide range of natural dietary flavonoids – such as those found in green tea,
berries, and other fruits – have been shown to antagonize LPS-mediated microglial activation in vitro, and
to have an ameliorative impact on various rodent models of neurodegeneration in vivo.48-57 Recent
prospective and cross-sectional epidemiology from Japan suggests that heavy habitual consumption of
green tea may have a markedly protective impact on risk for cognitive impairment and dementia in the
aged.58, 59 And limited Western epidemiology suggests that frequent consumption of berries might also
slow onset of cognitive impairment.60, 61 In addition, regular consumption of caffeinated beverages, good
vitamin D status, long-chain omega-3 fats, and spirulina appear to have potential for dampening
neuroinflammation and staving off neurodegeneration.62-79 It should be noted that a whole-food plantbased diet is likely to be richer in brain-protective polyphenols than are more typically Western diets high
in animal products, refined grains, and added sugars and oils. Arian Foster’s adoption of such a diet may
be wiser than is generally perceived.
A Postscript
These considerations may help to rationalize the claims of neurologist Roy Swank that a diet
exceptionally low in saturated fat has a markedly favorable impact on the clinical course of multiple
sclerosis (MS).80-82 During several decades of clinical work, Swank employed such a diet – sometimes
supplemented with unsaturated fats – in numerous MS patients. He reported that, in patients who adopted
such a diet within several years of diagnosis, and remained persistently faithful to it, little further clinical
deterioration was observed over decades of follow-up. In patients who adopted such a diet at a later stage
of their illness, he felt that the rate of their clinical deterioration was slowed. There is now growing
evidence that pro-inflammatory activated microglia, macrophages, and reactive astrocytes are largely
responsible for the death of oligodendrocytes that underlies this syndrome.83-91 De novo synthesis of
ceramide (particularly C16:0-Cer) appears to be a key mediator of macrophage and astrocyte activation in
the mouse model of MS, experimental autoimmune encephalomyelitis, and this syndrome is ameliorated
by administration of L-cycloserine, an inhibitor of serine palmitoyltransferase.92, 93 Activation of
macrophages by interferon-g, thought to play a key role in the genesis of MS, has been found to be
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contingent on induced expression of ceramide synthase 6 (which synthesizes C16:0-Cer); knockdown of
this enzyme, or exposure to L-cycloserine, prevents this activation.92 Moreover, ceramide levels are
notably elevated in reactive astrocytes in the active lesions of clinical MS, and CSF levels or C16:0-Cer in
MS patients are approximately double those in controls.92, 93 Hence, the putative success of the Swank
diet in MS may reflect a down-regulation of ceramide-driven neuroinflammation in the CNS.
In light of this recent evidence that de novo ceramide synthesis may play a key role in macrophage
activation, it would be of interest to know whether this phenomenon is pertinent to the ameliorative
impact of low-fat vegan diets on clinical rheumatoid arthritis.94, 95

References

(1) Lehman EJ, Hein MJ, Baron SL, Gersic CM. Neurodegenerative causes of death among retired
National Football League players. Neurology 2012 September 5.
(2) Guskiewicz KM, Marshall SW, Bailes J et al. Association between recurrent concussion and latelife cognitive impairment in retired professional football players. Neurosurgery 2005
October;57(4):719-26.
(3) Gavett BE, Stern RA, McKee AC. Chronic traumatic encephalopathy: a potential late effect of
sport-related concussive and subconcussive head trauma. Clin Sports Med 2011
January;30(1):179-88, xi.
(4) Shively S, Scher AI, Perl DP, Diaz-Arrastia R. Dementia Resulting From Traumatic Brain Injury:
What Is the Pathology? Arch Neurol 2012 July 9;1-7.
(5) Fleminger S, Oliver DL, Lovestone S, Rabe-Hesketh S, Giora A. Head injury as a risk factor for
Alzheimer's disease: the evidence 10 years on; a partial replication. J Neurol Neurosurg
Psychiatry 2003 July;74(7):857-62.
(6) Giunta B, Obregon D, Velisetty R, Sanberg PR, Borlongan CV, Tan J. The immunology of
traumatic brain injury: a prime target for Alzheimer's disease prevention. J Neuroinflammation
2012;9:185.
(7) Gentleman SM, Leclercq PD, Moyes L et al. Long-term intracerebral inflammatory response after
traumatic brain injury. Forensic Sci Int 2004 December 16;146(2-3):97-104.
(8) Koshinaga M, Katayama Y, Fukushima M, Oshima H, Suma T, Takahata T. Rapid and
widespread microglial activation induced by traumatic brain injury in rat brain slices. J
Neurotrauma 2000 March;17(3):185-92.
(9) Ramlackhansingh AF, Brooks DJ, Greenwood RJ et al. Inflammation after trauma: microglial
activation and traumatic brain injury. Ann Neurol 2011 September;70(3):374-83.
4

(10) Mandrekar-Colucci S, Landreth GE. Microglia and inflammation in Alzheimer's disease. CNS
Neurol Disord Drug Targets 2010 April;9(2):156-67.
(11) Krause DL, Muller N. Neuroinflammation, microglia and implications for anti-inflammatory
treatment in Alzheimer's disease. Int J Alzheimers Dis 2010;2010.
(12) Griffin WS, Barger SW. Neuroinflammatory Cytokines-The Common Thread in Alzheimer's
Pathogenesis. US Neurol 2010;6(2):19-27.
(13) Lull ME, Block ML. Microglial activation and chronic neurodegeneration. Neurotherapeutics
2010 October;7(4):354-65.
(14) Rogers J, Mastroeni D, Leonard B, Joyce J, Grover A. Neuroinflammation in Alzheimer's disease
and Parkinson's disease: are microglia pathogenic in either disorder? Int Rev Neurobiol
2007;82:235-46.
(15) Qian L, Flood PM, Hong JS. Neuroinflammation is a key player in Parkinson's disease and a
prime target for therapy. J Neural Transm 2010 August;117(8):971-9.
(16) Appel SH, Zhao W, Beers DR, Henkel JS. The microglial-motoneuron dialogue in ALS. Acta
Myol 2011 June;30(1):4-8.
(17) Phani S, Re DB, Przedborski S. The Role of the Innate Immune System in ALS. Front
Pharmacol 2012;3:150.
(18) Roberts RO, Cerhan JR, Geda YE et al. Polyunsaturated fatty acids and reduced odds of MCI: the
Mayo Clinic Study of Aging. J Alzheimers Dis 2010;21(3):853-65.
(19) Laitinen MH, Ngandu T, Rovio S et al. Fat intake at midlife and risk of dementia and Alzheimer's
disease: a population-based study. Dement Geriatr Cogn Disord 2006;22(1):99-107.
(20) Solfrizzi V, Panza F, Torres F et al. High monounsaturated fatty acids intake protects against agerelated cognitive decline. Neurology 1999 May 12;52(8):1563-9.
(21) Solfrizzi V, Colacicco AM, D'Introno A et al. Dietary intake of unsaturated fatty acids and agerelated cognitive decline: a 8.5-year follow-up of the Italian Longitudinal Study on Aging.
Neurobiol Aging 2006 November;27(11):1694-704.
(22) Solfrizzi V, Panza F, Frisardi V et al. Diet and Alzheimer's disease risk factors or prevention: the
current evidence. Expert Rev Neurother 2011 May;11(5):677-708.
(23) Morris MC, Evans DA, Bienias JL et al. Dietary fats and the risk of incident Alzheimer disease.
Arch Neurol 2003 February;60(2):194-200.
(24) Scarmeas N, Stern Y, Tang MX, Mayeux R, Luchsinger JA. Mediterranean diet and risk for
Alzheimer's disease. Ann Neurol 2006 June;59(6):912-21.
(25) Scarmeas N, Stern Y, Mayeux R, Manly JJ, Schupf N, Luchsinger JA. Mediterranean diet and
mild cognitive impairment. Arch Neurol 2009 February;66(2):216-25.
(26) Gu Y, Nieves JW, Stern Y, Luchsinger JA, Scarmeas N. Food combination and Alzheimer
disease risk: a protective diet. Arch Neurol 2010 June;67(6):699-706.
5

(27) Kalmijn S, Launer LJ, Ott A, Witteman JC, Hofman A, Breteler MM. Dietary fat intake and the
risk of incident dementia in the Rotterdam Study. Ann Neurol 1997 November;42(5):776-82.
(28) Gao X, Chen H, Fung TT et al. Prospective study of dietary pattern and risk of Parkinson disease.
Am J Clin Nutr 2007 November;86(5):1486-94.
(29) Alcalay RN, Gu Y, Mejia-Santana H, Cote L, Marder KS, Scarmeas N. The association between
Mediterranean diet adherence and Parkinson's disease. Mov Disord 2012 May;27(6):771-4.
(30) Ikushiro H, Hayashi H. Mechanistic enzymology of serine palmitoyltransferase. Biochim Biophys
Acta 2011 November;1814(11):1474-80.
(31) Hellerstein MK. De novo lipogenesis in humans: metabolic and regulatory aspects. Eur J Clin
Nutr 1999 April;53 Suppl 1:S53-S65.
(32) Patil S, Sheng L, Masserang A, Chan C. Palmitic acid-treated astrocytes induce BACE1
upregulation and accumulation of C-terminal fragment of APP in primary cortical neurons.
Neurosci Lett 2006 October 2;406(1-2):55-9.
(33) Patil S, Melrose J, Chan C. Involvement of astroglial ceramide in palmitic acid-induced
Alzheimer-like changes in primary neurons. Eur J Neurosci 2007 October;26(8):2131-41.
(34) Liu L, Martin R, Chan C. Palmitate-activated astrocytes via serine palmitoyltransferase increase
BACE1 in primary neurons by sphingomyelinases. Neurobiol Aging 2012 June 22.
(35) Choi SJ, Kim F, Schwartz MW, Wisse BE. Cultured hypothalamic neurons are resistant to
inflammation and insulin resistance induced by saturated fatty acids. Am J Physiol Endocrinol
Metab 2010 June;298(6):E1122-E1130.
(36) Schwartz EA, Zhang WY, Karnik SK et al. Nutrient modification of the innate immune response:
a novel mechanism by which saturated fatty acids greatly amplify monocyte inflammation.
Arterioscler Thromb Vasc Biol 2010 April;30(4):802-8.
(37) Little JP, Madeira JM, Klegeris A. The saturated fatty acid palmitate induces human monocytic
cell toxicity toward neuronal cells: exploring a possible link between obesity-related metabolic
impairments and neuroinflammation. J Alzheimers Dis 2012;30 Suppl 2:S179-S183.
(38) Wang Z, Liu D, Wang F et al. Saturated fatty acids activate microglia via Toll-like receptor 4/NFkappaB signalling. Br J Nutr 2012 January;107(2):229-41.
(39) Zhang X, Dong F, Ren J, Driscoll MJ, Culver B. High dietary fat induces NADPH oxidaseassociated oxidative stress and inflammation in rat cerebral cortex. Exp Neurol 2005
February;191(2):318-25.
(40) Geekiyanage H, Chan C. MicroRNA-137/181c regulates serine palmitoyltransferase and in turn
amyloid beta, novel targets in sporadic Alzheimer's disease. J Neurosci 2011 October
12;31(41):14820-30.
(41) Han X, Holtzman M, McKeel DW, Jr., Kelley J, Morris JC. Substantial sulfatide deficiency and
ceramide elevation in very early Alzheimer's disease: potential role in disease pathogenesis. J
Neurochem 2002 August;82(4):809-18.
6

(42) Satoi H, Tomimoto H, Ohtani R et al. Astroglial expression of ceramide in Alzheimer's disease
brains: a role during neuronal apoptosis. Neuroscience 2005;130(3):657-66.
(43) Costantini C, Kolasani RM, Puglielli L. Ceramide and cholesterol: possible connections between
normal aging of the brain and Alzheimer's disease. Just hypotheses or molecular pathways to be
identified? Alzheimers Dement 2005 July;1(1):43-50.
(44) He X, Huang Y, Li B, Gong CX, Schuchman EH. Deregulation of sphingolipid metabolism in
Alzheimer's disease. Neurobiol Aging 2010 March;31(3):398-408.
(45) Mielke MM, Haughey NJ, Ratnam Bandaru VV et al. Plasma ceramides are altered in mild
cognitive impairment and predict cognitive decline and hippocampal volume loss. Alzheimers
Dement 2010 September;6(5):378-85.
(46) Filippov V, Song MA, Zhang K et al. Increased ceramide in brains with Alzheimer's and other
neurodegenerative diseases. J Alzheimers Dis 2012;29(3):537-47.
(47) Mielke MM, Bandaru VV, Haughey NJ et al. Serum ceramides increase the risk of Alzheimer
disease: the Women's Health and Aging Study II. Neurology 2012 August 14;79(7):633-41.
(48) Jang S, Johnson RW. Can consuming flavonoids restore old microglia to their youthful state?
Nutr Rev 2010 December;68(12):719-28.
(49) Kim JS, Lee HJ, Lee MH, Kim J, Jin C, Ryu JH. Luteolin inhibits LPS-stimulated inducible nitric
oxide synthase expression in BV-2 microglial cells. Planta Med 2006 January;72(1):65-8.
(50) Dirscherl K, Karlstetter M, Ebert S et al. Luteolin triggers global changes in the microglial
transcriptome leading to a unique anti-inflammatory and neuroprotective phenotype. J
Neuroinflammation 2010;7:3.
(51) Kao TK, Ou YC, Raung SL, Lai CY, Liao SL, Chen CJ. Inhibition of nitric oxide production by
quercetin in endotoxin/cytokine-stimulated microglia. Life Sci 2010 February 27;86(9-10):31521.
(52) Patil CS, Singh VP, Satyanarayan PS, Jain NK, Singh A, Kulkarni SK. Protective effect of
flavonoids against aging- and lipopolysaccharide-induced cognitive impairment in mice.
Pharmacology 2003 October;69(2):59-67.
(53) Li R, Huang YG, Fang D, Le WD. (-)-Epigallocatechin gallate inhibits lipopolysaccharideinduced microglial activation and protects against inflammation-mediated dopaminergic neuronal
injury. J Neurosci Res 2004 December 1;78(5):723-31.
(54) Haque AM, Hashimoto M, Katakura M, Tanabe Y, Hara Y, Shido O. Long-term administration
of green tea catechins improves spatial cognition learning ability in rats. J Nutr 2006
April;136(4):1043-7.
(55) Poulose SM, Fisher DR, Larson J et al. Anthocyanin-rich acai (Euterpe oleracea Mart.) fruit pulp
fractions attenuate inflammatory stress signaling in mouse brain BV-2 microglial cells. J Agric
Food Chem 2012 February 1;60(4):1084-93.

7

(56) Lau FC, Bielinski DF, Joseph JA. Inhibitory effects of blueberry extract on the production of
inflammatory mediators in lipopolysaccharide-activated BV2 microglia. J Neurosci Res 2007
April;85(5):1010-7.
(57) Zhu Y, Bickford PC, Sanberg P, Giunta B, Tan J. Blueberry opposes beta-amyloid peptideinduced microglial activation via inhibition of p44/42 mitogen-activation protein kinase.
Rejuvenation Res 2008 October;11(5):891-901.
(58) Kuriyama S, Hozawa A, Ohmori K et al. Green tea consumption and cognitive function: a crosssectional study from the Tsurugaya Project 1. Am J Clin Nutr 2006 February;83(2):355-61.
(59) Tomata Y, Kakizaki M, Nakaya N et al. Green tea consumption and the risk of incident
functional disability in elderly Japanese: the Ohsaki Cohort 2006 Study. Am J Clin Nutr 2012
March;95(3):732-9.
(60) Letenneur L, Proust-Lima C, Le GA, Dartigues JF, Barberger-Gateau P. Flavonoid intake and
cognitive decline over a 10-year period. Am J Epidemiol 2007 June 15;165(12):1364-71.
(61) Devore EE, Kang JH, Breteler MM, Grodstein F. Dietary intakes of berries and flavonoids in
relation to cognitive decline. Ann Neurol 2012 July;72(1):135-43.
(62) Brothers HM, Marchalant Y, Wenk GL. Caffeine attenuates lipopolysaccharide-induced
neuroinflammation. Neurosci Lett 2010 August 16;480(2):97-100.
(63) Cunha RA, Agostinho PM. Chronic caffeine consumption prevents memory disturbance in
different animal models of memory decline. J Alzheimers Dis 2010;20 Suppl 1:S95-116.
(64) Santos C, Costa J, Santos J, Vaz-Carneiro A, Lunet N. Caffeine intake and dementia: systematic
review and meta-analysis. J Alzheimers Dis 2010;20 Suppl 1:S187-S204.
(65) Cao C, Loewenstein DA, Lin X et al. High Blood caffeine levels in MCI linked to lack of
progression to dementia. J Alzheimers Dis 2012;30(3):559-72.
(66) Neveu I, Naveilhan P, Menaa C, Wion D, Brachet P, Garabedian M. Synthesis of 1,25dihydroxyvitamin D3 by rat brain macrophages in vitro. J Neurosci Res 1994 June 1;38(2):21420.
(67) Lefebvre dC, Montero-Menei CN, Bernard R, Couez D. Vitamin D3 inhibits proinflammatory
cytokines and nitric oxide production by the EOC13 microglial cell line. J Neurosci Res 2003
February 15;71(4):575-82.
(68) Garcion E, Nataf S, Berod A, Darcy F, Brachet P. 1,25-Dihydroxyvitamin D3 inhibits the
expression of inducible nitric oxide synthase in rat central nervous system during experimental
allergic encephalomyelitis. Brain Res Mol Brain Res 1997 May;45(2):255-67.
(69) Moore ME, Piazza A, McCartney Y, Lynch MA. Evidence that vitamin D3 reverses age-related
inflammatory changes in the rat hippocampus. Biochem Soc Trans 2005 August;33(Pt 4):573-7.
(70) De Smedt-Peyrusse V, Sargueil F, Moranis A, Harizi H, Mongrand S, Laye S. Docosahexaenoic
acid prevents lipopolysaccharide-induced cytokine production in microglial cells by inhibiting

8

lipopolysaccharide receptor presentation but not its membrane subdomain localization. J
Neurochem 2008 April;105(2):296-307.
(71) Lu DY, Tsao YY, Leung YM, Su KP. Docosahexaenoic acid suppresses neuroinflammatory
responses and induces heme oxygenase-1 expression in BV-2 microglia: implications of
antidepressant effects for omega-3 fatty acids. Neuropsychopharmacology 2010
October;35(11):2238-48.
(72) Antonietta Ajmone-Cat M, Lavinia SM, De SR et al. Docosahexaenoic acid modulates
inflammatory and antineurogenic functions of activated microglial cells. J Neurosci Res 2012
March;90(3):575-87.
(73) Labrousse VF, Nadjar A, Joffre C et al. Short-term long chain omega3 diet protects from
neuroinflammatory processes and memory impairment in aged mice. PLoS ONE
2012;7(5):e36861.
(74) van Gelder BM, Tijhuis M, Kalmijn S, Kromhout D. Fish consumption, n-3 fatty acids, and
subsequent 5-y cognitive decline in elderly men: the Zutphen Elderly Study. Am J Clin Nutr 2007
April;85(4):1142-7.
(75) McCarty MF, Barroso-Aranda J, Contreras F. Oral phycocyanobilin may diminish the
pathogenicity of activated brain microglia in neurodegenerative disorders. Med Hypotheses 2010
March;74(3):601-5.
(76) Chen JC, Liu KS, Yang TJ, Hwang JH, Chan YC, Lee IT. Spirulina and C-phycocyanin reduce
cytotoxicity and inflammation-related genes expression of microglial cells. Nutr Neurosci 2012
June 7.
(77) Chamorro G, Perez-Albiter M, Serrano-Garcia N, Mares-Samano JJ, Rojas P. Spirulina maxima
pretreatment partially protects against 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
neurotoxicity. Nutr Neurosci 2006 October;9(5-6):207-12.
(78) Pabon MM, Jernberg JN, Morganti J et al. A Spirulina-Enhanced Diet Provides Neuroprotection
in an alpha-Synuclein Model of Parkinson's Disease. PLoS ONE 2012;7(9):e45256.
(79) Hwang JH, Lee IT, Jeng KC et al. Spirulina prevents memory dysfunction, reduces oxidative
stress damage and augments antioxidant activity in senescence-accelerated mice. J Nutr Sci
Vitaminol (Tokyo) 2011;57(2):186-91.
(80) Swank RL. Multiple sclerosis: twenty years on low fat diet. Arch Neurol 1970
November;23(5):460-74.
(81) Swank RL, Dugan BB. Effect of low saturated fat diet in early and late cases of multiple
sclerosis. Lancet 1990 July 7;336(8706):37-9.
(82) Swank RL, Goodwin J. Review of MS patient survival on a Swank low saturated fat diet.
Nutrition 2003 February;19(2):161-2.
(83) Smith KJ, Kapoor R, Felts PA. Demyelination: the role of reactive oxygen and nitrogen species.
Brain Pathol 1999 January;9(1):69-92.

9

(84) Jack C, Ruffini F, Bar-Or A, Antel JP. Microglia and multiple sclerosis. J Neurosci Res 2005
August 1;81(3):363-73.
(85) van Noort JM, van den Elsen PJ, van HJ, Geurts JJ, Van d, V, Amor S. Preactive multiple
sclerosis lesions offer novel clues for neuroprotective therapeutic strategies. CNS Neurol Disord
Drug Targets 2011 February;10(1):68-81.
(86) Chen X, Ma X, Jiang Y, Pi R, Liu Y, Ma L. The prospects of minocycline in multiple sclerosis. J
Neuroimmunol 2011 June;235(1-2):1-8.
(87) Lassmann H, van HJ. The molecular basis of neurodegeneration in multiple sclerosis. FEBS Lett
2011 December 1;585(23):3715-23.
(88) Sriram S. Role of glial cells in innate immunity and their role in CNS demyelination. J
Neuroimmunol 2011 October 28;239(1-2):13-20.
(89) Gao Z, Tsirka SE. Animal Models of MS Reveal Multiple Roles of Microglia in Disease
Pathogenesis. Neurol Res Int 2011;2011:383087.
(90) Williams A, Piaton G, Lubetzki C. Astrocytes--friends or foes in multiple sclerosis? Glia 2007
October;55(13):1300-12.
(91) Jana A, Pahan K. Oxidative stress kills human primary oligodendrocytes via neutral
sphingomyelinase: implications for multiple sclerosis. J Neuroimmune Pharmacol 2007
June;2(2):184-93.
(92) Schiffmann S, Ferreiros N, Birod K et al. Ceramide synthase 6 plays a critical role in the
development of experimental autoimmune encephalomyelitis. J Immunol 2012 June
1;188(11):5723-33.
(93) Kim S, Steelman AJ, Zhang Y, Kinney HC, Li J. Aberrant upregulation of astroglial ceramide
potentiates oligodendrocyte injury. Brain Pathol 2012 January;22(1):41-57.
(94) Kjeldsen-Kragh J, Haugen M, Borchgrevink CF et al. Controlled trial of fasting and one-year
vegetarian diet in rheumatoid arthritis [see comments]. Lancet 1991 October 12;338(8772):899902.
(95) McDougall J, Bruce B, Spiller G, Westerdahl J, McDougall M. Effects of a very low-fat, vegan
diet in subjects with rheumatoid arthritis. J Altern Complement Med 2002 February;8(1):71-5.

10

