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Amyotrophic lateral sclerosis (ALS) is characterized by progressive loss of upper and lower motoneurons,
typically culminating in death owing to respiratory failure after several years. Factors such as
excitotoxicity, endoplasmic reticulum stress, oxidative stress, neuroinflammation, improper RNA editing,
and cytoplasmic aggregation of RNA-binding proteins are suspected to play a pathogenic role in this
syndrome. Nonetheless, the pathogenesis of the sporadic form of ALS – constituting about 80% of all
ALS cases - remains murky, in large part because there is no adequate rodent model for this disorder.
Considerable work has been done with transgenic mice expressing mutant forms of SOD1 encountered in
rare familial forms of ALS, but mutations of SOD1 are encountered in only about 2% of patients with
ALS, and there is reasonable doubt that SOD1-linked ALS is substantially homologous to sporadic ALS
in its pathogenesis.1
To date, the drug riluzole, which suppresses excitotoxicity by inhibiting the release or activity of
glutamate, is the only clinically-proven treatment for ALS; sadly, its efficacy prolongs survival by no
more than several months.2 There is reason to hope that the heat shock protein-inducer drug arimoclomol,
currently in clinical evaluation, will prove useful, as there is considerable evidence that endoplasmic
reticulum stress and the unfolded protein response play a key role in the pathogenesis of ALS;3 moreover,
this agent has life-prolonging activity in transgenic mouse models of familial ALS.4-6
There will however remain a need for additional strategies that can retard the progression of this
devastating syndrome. An overview of current evidence suggests that several other low-risk approaches
may have merit as adjuvant measures:
Inosine and Other Antioxidants – Several recent epidemiological studies indicate that serum urate
levels of men with ALS tend to be lower than those of matched controls.7-10 Moreover, a recent
longitudinal study concludes that, in male ALS patients, their rate of downhill progression tends to
correlate inversely with their urate levels.9 (Prospective studies examining the impact of urate levels on
risk for ALS have not yet been done.) Notably, increased urate levels have been linked to decreased risk
and/or improved prognosis in Parkinson’s disease, Huntington’s disease, and multiple sclerosis, as well
as to a slower rate of cognitive decline in minimal cognitive impairment.11-15 It is suspected that these
findings reflect the fact that urate is a potent physiological scavenger of peroxynitrite-derived radicals,
which play a pathogenic role in various neurodegenerative disorders.16 The recent findings on ALS and
urate may therefore be viewed as suggestive evidence that peroxynitrite likewise plays a pathogenic role
in ALS – consistent with histological studies demonstrating 3-nitrotyrosine immunoreactivity in motor
neurons of patients with ALS.17, 18 If so, supplemental inosine, a clinically documented strategy for
boosting blood urate levels, may be of some benefit in this disorder, as suggested by Keizman and
colleagues.7 Pilot trials with supplemental inosine in multiple sclerosis have been reported; doses of 1-3 g
inosine daily, carefully titrated to insure that serum urate remains at a high but safe level (6-9 mg/dl),
appear to be well tolerated, save for increased risk for urate renal stones.19 This latter risk presumably
could be minimized by keeping urine alkaline, as acidity reduces urate solubility; hence, inosine could be
ingested in conjunction with ample doses of sodium bicarbonate.

Although inosine has not been tested in transgenic mouse models of ALS – urate has a pro-oxidative toxic
effect in rodents not seen in humans20, 21 – a copper-based antioxidant drug capable of suppressing
tyrosine nitration has been shown to delay onset of paralysis and prolong survival in low-expression
SOD1G93A mice; this agent also lessens cytoplasmic accumulation of truncated TDP-43 in spinal cord
motoneurons – a characteristic feature of sporadic ALS.22 Intriguingly, high-dose folic acid – which has
peroxynitrite scavenging activity in cells which accumulate it23-25 – is reported to have a similar, if less
substantial, protective effect on these mice.26 However, it is unclear whether high-dose folate can notably
increase folate concentrations in spinal neurons, and it seems unlikely to do so in brain parenchyma
owing to the blood-brain barrier.25
If peroxynitrite does indeed contribute to the pathogenesis of ALS, measures which blunt peroxynitrite
generation by suppressing superoxide production presumably also would be of some value. Studies with
transgenic mutant SOD1 mice suggest that NADPH oxidase activation may accelerate motoneuron death
in ALS; concurrent knockout of Nox2 is associated with increased survival in these mice - albeit
treatment with apocynin has yielded inconsistent results.27-30 There is recent evidence that
phycocyanobilin (PhyCB), a chromophore richly supplied by spirulina and other cyanobacteria, can
mimic the physiological activity of bilirubin as an inhibitor of certain NADPH oxidase complexes.31, 32
Moreover, rodent studies imply that orally administered PhyCB can pass through the blood-brain barrier
to exert anti-inflammatory effects.33-35 Hence, ingestion of adequate amounts of spirulina may have the
potential to inhibit peroxynitrite production in ALS.
To the extent that damaged mitochondria may contribute to superoxide production in ALS, the carotenoid
astaxanthin may be of some value, as it provides efficient antioxidant protection to the mitochondrial
inner membrane, helping to prevent up-regulation of mitochondrial superoxide generation.36-39 Since
glutathione acts physiologically to prevent peroxynitrite-mediated nitration of tyrosine, agents such as Nacetylcysteine or L-cystine, which promote tissue glutathione synthesis by supplying the rate-limiting
substrate cysteine, may also be useful.40-42 And phase 2 inductive agents, or the hormone melatonin, have
potential for suppressing peroxynitrite production by boosting the expression of superoxide dismutase,
while also up-regulating glutathione synthesis.43-46 It may be noted that lipoic acid, EGCG (both phase 2
inducers), and N-acetylcysteine are reported to have modest efficacy in transgenic mouse models of
SOD1-linked ALS.47-49 Moreover, intrarectal melatonin (300 mg daily) has been found to suppress
systemic markers of oxidative stress in patients with ALS, and to be well tolerated.50
Tolovax – Neuroinflammation mediated by glial cells and T cells in the motor cortex and ventral spinal
column is suspected to play a cofactor role in clinical ALS and in SOD1-linked mouse models of this
disorder.51 (Activated glial cells could, for example, be a source of peroxynitrite.) Repeated
intraperitoneal administration of heat shock protein 70 has been shown to prolong lifespan in G93A
SOD1 transgenic mice.52, 53 There is suggestive evidence that Treg cells which recognize epitopes derived
from various heat shock proteins play a physiological role in controlling inflammation, likely because
they exert an anti-inflammatory effect on macrophages and dendritic cells in inflamed tissues.54, 55
Moreover, vaccination with various heat shock proteins has the potential to boost the levels and activity
of these protective Treg cells. Al-Harbi and Haines have developed a simple strategy (“Tolovax”)
entailing the repeated subcutaneous administration of autogenous or allogeneic monocytes which have
been subjected to 30 minute heat shock (42 degrees C) ex vivo and then incubated at physiological
temperature for a further 48 hours prior to injection; in effect, this vaccinates the patient with a gemisch

of heat shock proteins, rather than a single protein.56 The Tolovax strategy has been tested in Kuwait on a
pilot basis in patients with a wide range of autoimmune and inflammatory disorders, allegedly with very
encouraging clinical results. Al-Harbi has suggested that this strategy be employed in ALS, and has
already treated a handful of patients in this way.56
Recent reports indicate that Treg levels may be subnormal in ALS patients, and that Treg levels correlate
inversely with survival.57-59 If the Tregs which target hsp-derived epitopes are likewise deficient, this
would argue for a trial of the Tolovax strategy. Moreover, there is reason to suspect that PhyCB may
mimic the activity of biliverdin/bilirubin in promotion of Treg induction.60, 61 Hence, PhyCB might have
utility in ALS both for its antioxidant activity and an anti-inflammatory Treg-inducing effect.
Caffeine – Heavy regular consumption of coffee has been linked to decreased risk for Parkinson’s disease
and Alzheimer’s, likely because caffeine acts to counter neuroinflammation and excitotoxicity through its
inhibitory effect on A2A adenosine receptors.62-68 The possible impact of coffee on risk for ALS has
received little attention, but a recent case-control study has found that ALS patients were less likely to
drink coffee than were several groups of matched controls.69 No study to date has examined the impact of
caffeine ingestion on ALS prognosis; nonetheless, it might be prudent to encourage coffee consumption
in ALS patients who tolerate this beverage.
Overview – It should be acknowledged that there is no clear evidence that any of the strategies suggested
above would strike to the core of ALS. Arguably, neuroinflammation may be a reaction to the primary
motoneuron damage that further exacerbates and accelerates this damage, but is not crucial to the further
progression of motoneuron loss. With respect to low urate levels observed in ALS patients, there so far
are no prospective studies assessing whether urate can predict risk for ALS. It is notable, however, that
the relatively low urate levels seen in most ALS patients do not appear to decline during progression of
the disease; hence, it is reasonable to suspect that these low urate levels may have predated onset of the
syndrome. If so, this may mean that peroxynitrite plays a role in triggering sporadic ALS, and that
measures which suppress the production of peroxynitrite, or which alleviate its disruptive impact, may be
useful for primary prevention of this disorder. Inosine supplementation may not usually be practical for
primary prevention, since dose must be titrated to avoid hyperuricemia and urine alkalinization is
desirable to minimize renal stone risk. But other antioxidant measures suggested here, as well as caffeine,
are appropriate components of preventive health programs, and hence may have more practical potential
for ALS prevention.

References

(1) Hideyama T, Kwak S. When Does ALS Start? ADAR2-GluA2 Hypothesis for the Etiology of
Sporadic ALS. Front Mol Neurosci 2011;4:33.
(2) Bensimon G, Lacomblez L, Meininger V. A controlled trial of riluzole in amyotrophic lateral
sclerosis. ALS/Riluzole Study Group. N Engl J Med 1994 March 3;330(9):585-91.

(3) Walker AK, Atkin JD. Stress signaling from the endoplasmic reticulum: A central player in the
pathogenesis of amyotrophic lateral sclerosis. IUBMB Life 2011 September;63(9):754-63.
(4) Kieran D, Kalmar B, Dick JR, Riddoch-Contreras J, Burnstock G, Greensmith L. Treatment with
arimoclomol, a coinducer of heat shock proteins, delays disease progression in ALS mice. Nat
Med 2004 April;10(4):402-5.
(5) Phukan J. Arimoclomol, a coinducer of heat shock proteins for the potential treatment of
amyotrophic lateral sclerosis. IDrugs 2010 July;13(7):482-96.
(6) Kalmar B, Edet-Amana E, Greensmith L. Treatment with a coinducer of the heat shock response
delays muscle denervation in the SOD1-G93A mouse model of amyotrophic lateral sclerosis.
Amyotroph Lateral Scler 2012 June;13(4):378-92.
(7) Keizman D, Ish-Shalom M, Berliner S et al. Low uric acid levels in serum of patients with ALS:
further evidence for oxidative stress? J Neurol Sci 2009 October 15;285(1-2):95-9.
(8) Zoccolella S, Simone IL, Capozzo R et al. An exploratory study of serum urate levels in patients
with amyotrophic lateral sclerosis. J Neurol 2011 February;258(2):238-43.
(9) Paganoni S, Zhang M, Quiroz ZA et al. Uric acid levels predict survival in men with amyotrophic
lateral sclerosis. J Neurol 2012 September;259(9):1923-8.
(10) Ikeda K, Hirayama T, Takazawa T, Kawabe K, Iwasaki Y. Relationships between disease
progression and serum levels of lipid, urate, creatinine and ferritin in Japanese patients with
amyotrophic lateral sclerosis: a cross-sectional study. Intern Med 2012;51(12):1501-8.
(11) Spitsin S, Koprowski H. Role of uric acid in multiple sclerosis. Curr Top Microbiol Immunol
2008;318:325-42.
(12) Schwarzschild MA, Schwid SR, Marek K et al. Serum urate as a predictor of clinical and
radiographic progression in Parkinson disease. Arch Neurol 2008 June;65(6):716-23.
(13) Cipriani S, Chen X, Schwarzschild MA. Urate: a novel biomarker of Parkinson's disease risk,
diagnosis and prognosis. Biomark Med 2010 October;4(5):701-12.
(14) Auinger P, Kieburtz K, McDermott MP. The relationship between uric acid levels and
Huntington's disease progression. Mov Disord 2010 January 30;25(2):224-8.
(15) Irizarry MC, Raman R, Schwarzschild MA et al. Plasma urate and progression of mild cognitive
impairment. Neurodegener Dis 2009;6(1-2):23-8.
(16) Squadrito GL, Cueto R, Splenser AE et al. Reaction of uric acid with peroxynitrite and
implications for the mechanism of neuroprotection by uric acid. Arch Biochem Biophys 2000
April 15;376(2):333-7.
(17) Beal MF, Ferrante RJ, Browne SE, Matthews RT, Kowall NW, Brown RH, Jr. Increased 3nitrotyrosine in both sporadic and familial amyotrophic lateral sclerosis. Ann Neurol 1997
October;42(4):644-54.

(18) Basso M, Samengo G, Nardo G et al. Characterization of detergent-insoluble proteins in ALS
indicates a causal link between nitrative stress and aggregation in pathogenesis. PLoS ONE
2009;4(12):e8130.
(19) Markowitz CE, Spitsin S, Zimmerman V et al. The treatment of multiple sclerosis with inosine. J
Altern Complement Med 2009 June;15(6):619-25.
(20) Sanchez-Lozada LG, Soto V, Tapia E et al. Role of oxidative stress in the renal abnormalities
induced by experimental hyperuricemia. Am J Physiol Renal Physiol 2008
October;295(4):F1134-F1141.
(21) Spitsin S, Markowitz CE, Zimmerman V, Koprowski H, Hooper DC. Modulation of serum uric
acid levels by inosine in patients with multiple sclerosis does not affect blood pressure. J Hum
Hypertens 2010 May;24(5):359-62.
(22) Soon CP, Donnelly PS, Turner BJ et al. Diacetylbis(N(4)-methylthiosemicarbazonato) copper(II)
(CuII(atsm)) protects against peroxynitrite-induced nitrosative damage and prolongs survival in
amyotrophic lateral sclerosis mouse model. J Biol Chem 2011 December 23;286(51):44035-44.
(23) Rezk BM, Haenen GR, van der Vijgh WJ, Bast A. Tetrahydrofolate and 5-methyltetrahydrofolate
are folates with high antioxidant activity. Identification of the antioxidant pharmacophore. FEBS
Lett 2003 December 18;555(3):601-5.
(24) Antoniades C, Shirodaria C, Warrick N et al. 5-methyltetrahydrofolate rapidly improves
endothelial function and decreases superoxide production in human vessels: effects on vascular
tetrahydrobiopterin availability and endothelial nitric oxide synthase coupling. Circulation 2006
September 12;114(11):1193-201.
(25) McCarty MF, Barroso-Aranda J, Contreras F. High-dose folate and dietary purines promote
scavenging of peroxynitrite-derived radicals--clinical potential in inflammatory disorders. Med
Hypotheses 2009 November;73(5):824-34.
(26) Zhang X, Chen S, Li L, Wang Q, Le W. Folic acid protects motor neurons against the increased
homocysteine, inflammation and apoptosis in SOD1 G93A transgenic mice. Neuropharmacology
2008 June;54(7):1112-9.
(27) Marden JJ, Harraz MM, Williams AJ et al. Redox modifier genes in amyotrophic lateral sclerosis
in mice. J Clin Invest 2007 October;117(10):2913-9.
(28) Wu DC, Re DB, Nagai M, Ischiropoulos H, Przedborski S. The inflammatory NADPH oxidase
enzyme modulates motor neuron degeneration in amyotrophic lateral sclerosis mice. Proc Natl
Acad Sci U S A 2006 August 8;103(32):12132-7.
(29) Harraz MM, Marden JJ, Zhou W et al. SOD1 mutations disrupt redox-sensitive Rac regulation of
NADPH oxidase in a familial ALS model. J Clin Invest 2008 February;118(2):659-70.
(30) Trumbull KA, McAllister D, Gandelman MM et al. Diapocynin and apocynin administration fails
to significantly extend survival in G93A SOD1 ALS mice. Neurobiol Dis 2012
January;45(1):137-44.

(31) Zheng J, Inoguchi T, Sasaki S et al. Phycocyanin and Phycocyanobilin from Spirulina Platensis
Protect against Diabetic Nephropathy by Inhibiting Oxidative Stress. Am J Physiol Regul Integr
Comp Physiol 2012 October 31.
(32) McCarty MF. Clinical potential of Spirulina as a source of phycocyanobilin. J Med Food 2007
December;10(4):566-70.
(33) Rimbau V, Camins A, Romay C, Gonzalez R, Pallas M. Protective effects of C-phycocyanin
against kainic acid-induced neuronal damage in rat hippocampus. Neurosci Lett 1999 December
3;276(2):75-8.
(34) 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.
(35) 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.
(36) Liu X, Osawa T. Astaxanthin protects neuronal cells against oxidative damage and is a potent
candidate for brain food. Forum Nutr 2009;61:129-35.
(37) Liu X, Shibata T, Hisaka S, Osawa T. Astaxanthin inhibits reactive oxygen species-mediated
cellular toxicity in dopaminergic SH-SY5Y cells via mitochondria-targeted protective
mechanism. Brain Res 2009 February 13;1254:18-27.
(38) Wolf AM, Asoh S, Hiranuma H et al. Astaxanthin protects mitochondrial redox state and
functional integrity against oxidative stress. J Nutr Biochem 2010 May;21(5):381-9.
(39) Shen H, Kuo CC, Chou J et al. Astaxanthin reduces ischemic brain injury in adult rats. FASEB J
2009 June;23(6):1958-68.
(40) Kirsch M, Lehnig M, Korth HG, Sustmann R, de GH. Inhibition of peroxynitrite-induced
nitration of tyrosine by glutathione in the presence of carbon dioxide through both radical repair
and peroxynitrate formation. Chemistry 2001 August 3;7(15):3313-20.
(41) Atkuri KR, Mantovani JJ, Herzenberg LA, Herzenberg LA. N-Acetylcysteine--a safe antidote for
cysteine/glutathione deficiency. Curr Opin Pharmacol 2007 August;7(4):355-9.
(42) Dodd S, Dean O, Copolov DL, Malhi GS, Berk M. N-acetylcysteine for antioxidant therapy:
pharmacology and clinical utility. Expert Opin Biol Ther 2008 December;8(12):1955-62.
(43) Surh YJ, Kundu JK, Na HK. Nrf2 as a master redox switch in turning on the cellular signaling
involved in the induction of cytoprotective genes by some chemopreventive phytochemicals.
Planta Med 2008 October;74(13):1526-39.
(44) Rodriguez C, Mayo JC, Sainz RM et al. Regulation of antioxidant enzymes: a significant role for
melatonin. J Pineal Res 2004 January;36(1):1-9.

(45) Moinova HR, Mulcahy RT. Up-regulation of the human gamma-glutamylcysteine synthetase
regulatory subunit gene involves binding of Nrf-2 to an electrophile responsive element. Biochem
Biophys Res Commun 1999 August 11;261(3):661-8.
(46) Urata Y, Honma S, Goto S et al. Melatonin induces gamma-glutamylcysteine synthetase
mediated by activator protein-1 in human vascular endothelial cells. Free Radic Biol Med 1999
October;27(7-8):838-47.
(47) Andreassen OA, Dedeoglu A, Friedlich A et al. Effects of an inhibitor of poly(ADP-ribose)
polymerase, desmethylselegiline, trientine, and lipoic acid in transgenic ALS mice. Exp Neurol
2001 April;168(2):419-24.
(48) Andreassen OA, Dedeoglu A, Klivenyi P, Beal MF, Bush AI. N-acetyl-L-cysteine improves
survival and preserves motor performance in an animal model of familial amyotrophic lateral
sclerosis. Neuroreport 2000 August 3;11(11):2491-3.
(49) Koh SH, Lee SM, Kim HY et al. The effect of epigallocatechin gallate on suppressing disease
progression of ALS model mice. Neurosci Lett 2006 March 6;395(2):103-7.
(50) Weishaupt JH, Bartels C, Polking E et al. Reduced oxidative damage in ALS by high-dose enteral
melatonin treatment. J Pineal Res 2006 November;41(4):313-23.
(51) Lewis CA, Manning J, Rossi F, Krieger C. The Neuroinflammatory Response in ALS: The Roles
of Microglia and T Cells. Neurol Res Int 2012;2012:803701.
(52) Gifondorwa DJ, Robinson MB, Hayes CD et al. Exogenous delivery of heat shock protein 70
increases lifespan in a mouse model of amyotrophic lateral sclerosis. J Neurosci 2007 November
28;27(48):13173-80.
(53) Gifondorwa DJ, Jimenz-Moreno R, Hayes CD et al. Administration of Recombinant Heat Shock
Protein 70 Delays Peripheral Muscle Denervation in the SOD1(G93A) Mouse Model of
Amyotrophic Lateral Sclerosis. Neurol Res Int 2012;2012:170426.
(54) van EW, Wick G, Albani S, Cohen I. Stress, heat shock proteins, and autoimmunity: how
immune responses to heat shock proteins are to be used for the control of chronic inflammatory
diseases. Ann N Y Acad Sci 2007 October;1113:217-37.
(55) Keijzer C, Wieten L, van HM, van der Zee R, van EW, Broere F. Heat shock proteins are
therapeutic targets in autoimmune diseases and other chronic inflammatory conditions. Expert
Opin Ther Targets 2012 September;16(9):849-57.
(56) Al-Harbi S, Haines D. Clinical results with Tolovax. 2012.
Ref Type: Personal Communication
(57) Mantovani S, Garbelli S, Pasini A et al. Immune system alterations in sporadic amyotrophic
lateral sclerosis patients suggest an ongoing neuroinflammatory process. J Neuroimmunol 2009
May 29;210(1-2):73-9.
(58) Rentzos M, Evangelopoulos E, Sereti E et al. Alterations of T cell subsets in ALS: a systemic
immune activation? Acta Neurol Scand 2012 April;125(4):260-4.

(59) Henkel JS, Beers DR, Wen S et al. Regulatory T-lymphocytes mediate amyotrophic lateral
sclerosis progression and survival. EMBO Mol Med 2012 November 9.
(60) Penton-Rol G, Martinez-Sanchez G, Cervantes-Llanos M et al. C-Phycocyanin ameliorates
experimental autoimmune encephalomyelitis and induces regulatory T cells. Int
Immunopharmacol 2011 January;11(1):29-38.
(61) McCarty MF. Clinical potential of phycocyanobilin for induction of T regulatory cells in the
management of inflammatory disorders. Med Hypotheses 2011 December;77(6):1031-3.
(62) Arendash GW, Cao C. Caffeine and coffee as therapeutics against Alzheimer's disease. J
Alzheimers Dis 2010;20 Suppl 1:S117-S126.
(63) Marques S, Batalha VL, Lopes LV, Outeiro TF. Modulating Alzheimer's disease through
caffeine: a putative link to epigenetics. J Alzheimers Dis 2011;24 Suppl 2:161-71.
(64) Xu K, Bastia E, Schwarzschild M. Therapeutic potential of adenosine A(2A) receptor antagonists
in Parkinson's disease. Pharmacol Ther 2005 March;105(3):267-310.
(65) Prediger RD. Effects of caffeine in Parkinson's disease: from neuroprotection to the management
of motor and non-motor symptoms. J Alzheimers Dis 2010;20 Suppl 1:S205-S220.
(66) 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.
(67) Brothers HM, Marchalant Y, Wenk GL. Caffeine attenuates lipopolysaccharide-induced
neuroinflammation. Neurosci Lett 2010 August 16;480(2):97-100.
(68) Matos M, Augusto E, Machado NJ, Dos Santos-Rodrigues A, Cunha RA, Agostinho P.
Astrocytic adenosine A2A receptors control the amyloid-beta peptide-induced decrease of
glutamate uptake. J Alzheimers Dis 2012;31(3):555-67.
(69) Beghi E, Pupillo E, Messina P et al. Coffee and amyotrophic lateral sclerosis: a possible
preventive role. Am J Epidemiol 2011 November 1;174(9):1002-8.

