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tion.Bernie Windham (Ed.)1.1 Introdu
tionALS is a systemi
 motor neuron disease that a�e
ts the 
orti
ospinal and 
orti
obulbar tra
ts, ventralhorn motor neurons, and motor 
ranial nerve nu
lei (405). Approximately 10 per
ent of ALS 
asesare of the familial type that has been linked to a mutation of the 
opper/zin
 super oxide dismustasegene (Cu/Zn SOD). The majority of ALS 
ases are of the sporadi
 type. Based on studies of groupsof monozygous twins, animal studies, and ALS patient 
ase studies, the majority of ALS 
ases donot appear to be geneti
 but rather have primarily environmental related 
auses often a�e
tinggeneti
ally sus
eptible individuals (405, 416, 423, 471, 520, 93, 94, 97, 200, 303, 580, 35, et
.).ALS is not a unique disease with a single 
ause or fa
tor, but instead is a result of damage tomotorneurons and the support system that they depend on by a variety of fa
tors. Spinal and bulbar-onset subtypes of the disease appear to be bio
hemi
ally di�erent and have di�eren
es in me
hanismsof 
ausality (416f). Some of the me
hanisms of neural damage found in ALS in
lude in
reasedfree radi
al generation/oxidative damage, impaired ele
tron transport, disrupted 
al
ium 
hannelfun
tion, rea
tive astrogliosis and dysfun
tional transporters for L-glutamate, neurotoxi
ity, oxidativedamage to mito
hondrial DNA/ inhibition of the mito
hondrial respiratory 
hain, autoimmunity,and generalized disruption of metabolism of neuroex
iotoxi
 amino a
ids like glutamate, aspartate,NAAG. The me
hanisms by whi
h exposure to mer
ury and other neurotoxi
 substan
es 
ause all ofthis will be do
umented.The main fa
tors determining whether 
hroni
 
onditions are indu
ed by metals appear to beexposure and geneti
 sus
eptibility1, whi
h determines individuals immune sensitivity and ability toex
rete and detoxify metals (405, 342, 60, 181, 303, 314, 330, 464). Very low levels of exposurehave been found to seriously a�e
t relatively large groups of individuals who are immune sensitiveto toxi
 metals, or have an inability to detoxify metals due to su
h as de�
ient sulfoxidation ormetallothionein fun
tion or other inhibited enzymati
 pro
esses related to detoxi�
ation or ex
retionof metals. Those with the geneti
 allele ApoE4 protein in the blood have been found to detox metals1Informativo: \Sus
eptibility Fa
tors in Mer
ury Toxi
ity: Immune Rea
tivity, Detoxi�
ation System Fun
tion,Enzymati
 Blo
kages, Synergisti
 Exposures". 1



poorly and to be mu
h more sus
eptible to 
hroni
 neurologi
al 
onditions than those with typesApoE2 or E3 (437, 577). There are also other similar fa
tors.Some of the toxi
 exposures whi
h have been found to be a fa
tor in ALS like symptoms other thanmer
ury in
lude lead (94a), pyretherins (93), agri
ultural 
hemi
als (94b), Lyme disease (471, 580),monosodium glutamate (MSG, 580), failed root 
analed teeth2 (35, 200, 437), post-poliomyelitis (580),and smoking (94
d). All have been demonstrated to 
ause some of the me
hanisms of damage listedabove seen in ALS and sin
e su
h exposures are 
ommon as is exposure to mer
ury, su
h exposuresappear to synergisti
ally 
ause the types of damage seen in ALS. This paper will demonstrate thatmer
ury is the most 
ommon of toxi
 substan
es whi
h are do
umented to a

umulate through
hroni
 exposure in the neurons a�e
ted by ALS and whi
h have been do
umented to 
ause allof the 
onditions and symptoms seen in ALS. It will also be noted that 
hroni
 infe
tions su
h asmy
oplasma, e
ho-7 enterovirus, and 
andida albi
ans also usually a�e
t those with 
hroni
 immunede�
ien
ies su
h as ALS patients and need to be dealt with in treatment. Some studies have alsofound persons with 
hroni
 exposure to ele
tromagneti
 �elds (EMF3) to have higher levels of mer
uryexposure and ex
retion (28) and higher likelihood of getting 
hroni
 
onditions like ALS (526).1.2 Do
umentation of High Common Exposures and A

umulation ofMer
ury in Motor NeuronsAmalgam dental �llings are the largest sour
e4 of mer
ury in most people with daily exposuresdo
umented to 
ommonly be above government health guidelines (49, 79, 183, 506, 599, 600). Thisis due to 
ontinuous vaporization of mer
ury from amalgam in the mouth, along with galvani

urrents from mixed metals in the mouth that deposit the mer
ury in the gums and oral 
avity(600). Mer
ury has been found in autopsy studies to a

umulate in the brain of those with 
hroni
exposures, and levels are dire
tly proportional to the number of amalgam �lling surfa
es (85, 270).Due to the high daily mer
ury exposure and ex
retion into home and business sewers of those withamalgam, dental amalgam is also the largest sour
e of the high levels of mer
ury found in all sewersand sewer sludge5, and thus a

ording to government studies a signi�
ant sour
e of mer
ury in rivers,lakes, bays, �sh, and 
rops (603). People also get signi�
ant exposure from va

inations, �sh, anddental oÆ
e vapor (600).When amalgam was pla
ed into teeth of monkeys and rats, within one year mer
ury was foundto have a

umulated in the brain, trigeminal ganglia, spinal ganglia, kidneys, liver, lungs, hormoneglands, and lymph glands (20). People also 
ommonly get exposures to mer
ury and other toxi
metals su
h as lead, arseni
, ni
kel, and aluminum from food, water, and other sour
es (601). Allof these are highly neurotoxi
 and are do
umented to 
ause neurologi
al damage whi
h 
an result in
hroni
 neurologi
al 
onditions over time.Mer
ury has been found to a

umulate preferentially in the primary motor fun
tion related areasinvolved in ALS- su
h as the brain stem, 
erebellum, rhomben
ephalon, dorsal root ganglia, andanterior horn motor neurons, whi
h enervate the skeletal mus
les (20, 291, 327, 329, 442, 48).Mer
ury, with exposure either to vapor or organi
 mer
ury tends to a

umulate in the glial 
ellsin a similar pattern, and the pattern of deposition is the same as that seen from morphologi
al
hanges (327g, 287, 305). Though mer
ury vapor and organi
 mer
ury readily 
ross the blood-brainbarrier, mer
ury has been found to be taken up into neurons of the brain and CNS without havingto 
ross the blood-brain barrier, sin
e mer
ury has been found to be taken up and transportedalong nerve axons as well through 
al
ium and sodium 
hannels and along the olfa
tory path (329,2Internet: \http://www.

v.
om/RChealth.html".3Internet: \http://www.

v.
om/emfe�.html".4Informativo: \Dental Amalgam Mer
ury Solutions".5Internet: \http://www.

v.
om/damspr2f.html". 2



288, 333, 34). Exposure to inorgani
 mer
ury has signi�
ant e�e
ts on blood parameters and liverfun
tion. Studies have found that in a dose dependent manner, mer
ury exposure 
auses redu
tionsin oxygen 
onsumption and availability, perfusion 
ow, biliary se
retion, hepati
 ATP 
on
entration,and 
yto
hrome P450 liver 
ontent (260), while in
reasing blood hemolysis produ
ts and tissue
al
ium 
ontent and indu
ing heme oxygenase, porphyria, platelet aggregation through interferingwith the sodium pump.1.3 E�e
ts of Exposure to Mer
ury and Toxi
 MetalsA dire
t me
hanism involving mer
ury's inhibition of 
ellular enzymati
 pro
esses by binding with thehydroxyl radi
al (SH) in amino a
ids appears to be a major part of the 
onne
tion to allergi
/immunerea
tive/ 
onditions su
h as e
zema, psoriasis, rheumatoid arthritis, Lupus, S
leroderma, allergies,autism, s
hizophrenia, (114
, 181, 303, 330, 331, 411, 412, 152b, 439, 602, 601), as well as toautoimmune 
onditions su
h as ALS, Alzheimer's6 (AD), Chroni
 Fatigue7 (CFS), Fibromyalgia8(FM), et
. (405, 342, 60, 181, 303, 314b, 513, 580, et
.). For example mer
ury has been foundto strongly inhibit the a
tivity of dipeptyl peptidase (DPP IV) whi
h is required in the digestionof the milk protein 
asein (411, 412) as well as of xanthine oxidase (439) Additional 
ellular levelenzymati
 e�e
ts of mer
ury's binding with proteins in
lude blo
kage of sulfur oxidation pro
esses(33, 114
, 194, 330, 331, 412), enzymati
 pro
esses involving vitamins B6 (417) and B12 (418),e�e
ts on the 
yto
hrome-C energy pro
esses (43, 84, 232, 338
, 35), along with mer
ury's adversee�e
ts on 
ellular mineral levels of 
al
ium, magnesium, 
opper, zin
, and lithium (43b, 96, 198,333, 338, 386, 427, 430, 432, 461, 489, 507). And along with these blo
kages of 
ellular enzymati
pro
esses, mer
ury has been found to 
ause additional neurologi
al and immune system e�e
ts inmany by 
ausing immune/ autoimmune rea
tions (60, 152
, 181, 288
, 314, 342, 405, 513). Re
entstudies gives a 
omprehensive review of studies �nding a 
onne
tion between ALS, toxi
 metals,and autoimmunity (405, 580). Studies have found the presen
e of antibiodies in ALS patients thatintera
t with motor neurons, inhibiting the sprouting of axons. Immune 
omplexes have also beenfound in the spinal 
ords of ALS patients (580). T 
ells, a
tivated mi
roglia, and IgG within thespinal 
ord may be a primary event that leads to lesions and tissue destru
tion.Oxidative stress and rea
tive oxygen spe
ies (ROS) have been impli
ated as major fa
tors inneurologi
al disorders in
luding ALS, motor neuron disease (MND), CFS, FM, Parkinson's (PD),Multiple S
lerosis (MS), and Alzheimer's (AD) (13, 43, 56, 84, 145, 169, 207b, 424, 442-444, 453,462, 496, 577). Mer
ury forms 
onjugates with thiol 
ompounds su
h as glutathione and 
ysteineand 
auses depletion of glutathione (56), whi
h is ne
essary to mitigate rea
tive damage. One studyfound that insertion of amalgam �llings or ni
kel dental materials 
auses a suppression of the numberof T-lympho
ytes (270), and impairs the T-4/T-8 ratio. Low T4/T8 ratio has been found to be afa
tor in autoimmune 
onditions. Mer
ury indu
ed lipid peroxidation has been found to be a majorfa
tor in mer
ury's neurotoxi
ity, along with leading to de
reased levels of glutathione peroxidationand superoxide dismustase (SOD) (13, 254, 490, 494-496). Only a few mi
rograms of mer
uryseverely disturb 
ellular fun
tion and inhibits nerve growth (305, 147, 175, 226, 255). Metalloprotein(MT) have a major role in regulation of 
ellular 
opper and zin
 metabolism, metals transport anddetoxi�
ation, free radi
al s
avenging, and prote
tion against in
ammation (114, 442, 464, 602).Mer
ury inhibits sulfur ligands in MT and in the 
ase of intestinal 
ell membranes ina
tivates MTthat normally bind 
uprous ions (477, 114), thus allowing buildup of 
opper to toxi
 levels in manyand malfun
tion of the Zn/Cu SOD fun
tion (495, 13a, 443). Mer
ury also 
auses displa
ement of6Informativo: \Alzheimer's Disease and Other Autoimmune Degenerative Conditions: the Mer
ury Conne
tion".7Informativo: \Chroni
 Fatigue Syndrome, Fibromyalgia, S
leroderma, Lupus, Rheumatoid Arthritis, MCS: TheMer
ury Conne
tion".8Informativo: \Chroni
 Fatigue Syndrome, Fibromyalgia, S
leroderma, Lupus, Rheumatoid Arthritis, MCS: TheMer
ury Conne
tion". 3



zin
 in MT and SOD, whi
h has been shown to be a fa
tor in neurotoxi
ity and neuronal diseases (405,495, 517). Exposure to mer
ury results in 
hanges in metalloprotein 
ompounds that have geneti
e�e
ts, having both stru
tural and 
atalyti
 e�e
ts on gene expression (114, 241, 296, 442, 464, 477,495, 517). Some of the pro
esses a�e
ted by su
h MT 
ontrol of genes in
lude 
ellular respiration,metabolism, enzymati
 pro
esses, metal-spe
i�
 homeostasis, and adrenal stress response systems.Signi�
ant physiologi
al 
hanges o

ur when metal ion 
on
entrations ex
eed threshold levels. Su
hMT formation also appears to have a relation to autoimmune rea
tions in signi�
ant numbers ofpeople (114, 60, 342, 369, 442, 464). Of a population of over 3000 tested by the immune lympho
yterea
tivity test (MELISA, 60, 342), 22% tested positive for inorgani
 mer
ury and 8% for methylmer
ury, but mu
h higher per
entages tested positive among autoimmune 
ondition patients. In theMELISA laboratory, 12 out of 13 ALS patients tested showed positive immune rea
tivity lympho
yteresponses to metals in vitro [60
℄, indi
ating metals rea
tivity a likely major fa
tor in their 
ondition.A re
ent study assessed the possible 
auses of high ALS rates in Guam and similar areas and there
ent de
line in this 
ondition. One of the studies 
on
lusions was that a likely major fa
tor for thehigh ALS rates in Guam and similar areas in the past was 
hroni
 dietary de�
ien
y sin
e redu
ed Ca,Mg and Zn indu
ed ex
essive absorption of divalent metal 
ations su
h as mer
ury whi
h a

eleratesoxidant-mediated neuronal degenerations in a geneti
ally sus
eptible population (466). The VeteransAdministration 
on
luded that higher levels of veterans of Gulf War I than normal 
ontra
ted ALS(580). These veterans were subje
ted to large exposures of toxi
 metals in va

ines and other toxi
exposures and there is eviden
e that aluminum hydroxide in va

ines 
an 
ause symptoms seen inALS (582).Programmed 
ell death (apoptosis) is do
umented to be a major fa
tor in degenerative neurologi
al
onditions like ALS, Alzheimer's, MS, Parkinson's, et
. Some of the fa
tors do
umented to beinvolved in apoptosis of neurons and immune 
ells in
lude indu
ement of the in
ammatory 
ytokineTumor Ne
rosis Fa
tor-alpha (TNFa) (126), rea
tive oxygen spe
ies and oxidative stress (13, 43a,56a, 296b, 495), redu
ed glutathione levels (56, 126a, 111a), liver enzyme e�e
ts and inhibition ofprotein kinase C and 
yto
hrome P450 (43, 84, 260), nitri
 oxide and peroxynitrite toxi
ity (43a, 521,524), ex
itotoxi
ity and lipid peroxidation (490, 496), ex
ess free 
ysteine levels (56d, 111a, 33, 330),ex
ess glutamate toxi
ity (416, 13b), ex
ess dopamine toxi
ity (56d, 13a), beta-amyloid generation(462, 56a), in
reased 
al
ium in
ux toxi
ity (296b, 333, 416, 432, 462
, 507) and DNA fragmentation(296, 42, 114, 142) and mito
hondrial membrane dysfun
tion (56de, 416).Chroni
 neurologi
al 
onditions su
h as ALS appear to be primarily 
aused by 
hroni
 or a
utebrain in
ammation. The brain is very sensitive to in
ammation. Disturban
es in metaboli
 networks:e.g., immuno-in
ammatory pro
esses, insulin-glu
ose homeostasis, adipokine synthesis and se
retion,intra-
ellular signaling 
as
ades, and mito
hondrial respiration have been shown to be major fa
torsin 
hroni
 neurologi
al 
onditions (592, 593, 598, 580, et
.). In
ammatory 
hemi
als su
h as mer
ury,aluminum, and other toxi
 metals as well as other ex
itotoxins in
luding MSG and aspartame 
ausehigh levels of free radi
als, lipid peroxidation, in
ammatory 
ytokines, and oxidative stress in thebrain and 
ardiovas
ular systems (13, 582, 595-598, et
.)In amyotrophi
 lateral s
lerosis (ALS) non-neuronal 
ells play key roles in disease etiology andloss of motoneurons via non
ell-autonomous me
hanisms. Rea
tive astrogliosis and dysfun
tionaltransporters for L-glutamate are 
ommon hallmarks of ALS pathology (416d). Oxidative and ex
i-totoxi
 insults exert di�erential e�e
ts on spinal motoneurons and astro
yti
 glutamate transportersin the progression of ALS. Ex
itotoxi
ity in ALS a�e
ts both motor neurons and astro
ytes, favour-ing their lo
al intera
tive degeneration. Mer
ury and other toxi
 metals inhibit astro
yte fun
tionin the brain and CNS (119), 
ausing in
reased glutamate and 
al
ium related neurotoxi
ity (119,333, 416, 496). Mer
ury and in
reased glutamate in the plasma a
tivate free radi
al forming pro-
esses like xanthine oxidase whi
h produ
e oxygen radi
als and oxidative neurologi
al damage (142,416, 13). Nitri
 oxide related toxi
ty 
aused by peroxynitrite formed by the rea
tion of NO withsuperoxide anions, whi
h results in nitration of tyrosine residues in neuro�laments and manganese4



Superoxide Dimustase (SOD) has been found to 
ause inhibition of the mito
hondrial respiratory
hain, inhibition of the glutamate transporter, and glutamate-indu
ed neurotoxi
ity involved in ALS(524, 521). A re
ent study has linked some 
ases of sporadi
 ALS with the failure to edit key residuesin ionotropi
 glutamate re
eptors, resulting in ex
essive in
ux of 
al
ium ions into motor neuroneswhi
h in turn triggers 
ell death. The study suggests that edited AMPA glutamate (GluR2) re
eptorsubunits serve as gatekeepers for motor neurone survival. (525)These in
ammatory pro
esses damage 
ell stru
tures in
luding DNA, mito
hondria, and 
ell mem-branes. They also a
tivate mi
roglia 
ells in the brain, whi
h 
ontrol brain in
ammation and immu-nity. On
e a
tivated, the mi
roglia se
rete large amounts of neurotoxi
 substan
es su
h as glutamate,an ex
itotoxin, whi
h adds to in
ammation and stimulates the area of the brain asso
iated with anxi-ety (598). In
ammation also disrupts brain neurotransmitters resulting in redu
ed levels of serotonin,dopamine, and norepinephrine. Some of the main 
auses of su
h disturban
es that have been do
u-mented in
lude va

ines, mer
ury, aluminum, other toxi
 metals, MSG, aspartame, et
. (582, 593,598, 600, et
.) High levels of aluminum exposure along with low levels of other minerals su
h as
al
ium and magnesium have been do
umented to 
ause neurologi
al degeneration and appear to bethe 
ause of high ALS and Parkinson's in the past in Guam (518). There is eviden
e that aluminumhydroxide in va

ines 
an 
ause symptoms su
h as those seen in ALS (582). Aluminum has beenfound to be a fa
tor in some Alzheimer's9 and Parkinson's10 
ases.Programmed 
ell death (apoptosis) is do
umented to be a major fa
tor in degenerative neuro-logi
al 
onditions like ALS, Alzheimer's, MS, Parkinson's, et
. Some of the fa
tors do
umented tobe involved in apoptosis of neurons and immune 
ells in
lude mito
hondrial membrane dysfun
tion(56b
, 416). Mito
hondrial DNA mutations or dysfun
tion is fairly 
ommon, found in at least 1 inevery 200 people (275), and toxi
ity e�e
ts a�e
t this population more than those with less sus
epti-bility to mito
hondrial dysfun
tion. Mer
ury depletion of GSH and damage to 
ellular mito
hrondriaand the in
reased lipid peroxidation in protein and DNA oxidation in the brain appear to be a majorfa
tor in 
onditions su
h as ALS, Parkinson's disease, autism, et
. (33, 56, 416, 442).Redu
ed levels of magnesium and zin
 are related to metaboli
 syndrome, insulin resistan
e, andbrain in
ammation and are prote
tive against these 
onditions (595, 43). Mer
ury and 
admiuminhibiting magnesium and zin
 levels as well as inhibiting glu
ose transfer are other me
hanisms bywhi
h mer
ury and toxi
 metals are fa
tors in metaboli
 syndrome and insulin resistan
e/diabetes(43, 196, 338, 580, 597).TNFa (tumor ne
rosis fa
tor-alpha) is a 
ytokine that 
ontrols a wide range of immune 
ell re-sponse in mammals, in
luding 
ell death (apoptosis). This pro
ess is involved in in
ammatory anddegenerative neurologi
al 
onditions like ALS, MS, Parkinson's, rheumatoid arthritis, et
. Cell sig-naling me
hanisms like sphingolipids are part of the 
ontrol me
hanism for the TNFa apoptosisme
hanism (126a). glutathione is an amino a
id that is a normal 
ellular me
hanism for 
ontrollingapoptosis. When glutathione is depleted in the brain, rea
tive oxidative spe
ies in
reased, and CNSand 
ell signaling me
hanisms are disrupted by toxi
 exposures su
h as mer
ury, neuronal 
ell apop-tosis results and neurologi
al damage. Mer
ury has been shown to indu
e TNFa, deplete glutathione,and in
rease glutamate, dopamine, and 
al
ium related toxi
ity, 
ausing in
ammatory e�e
ts and
ellular apoptosis in neuronal and immune 
ells (126b, 126
). Mer
ury's bio
hemi
al damage at the
ellular level in
lude DNA damage, inhibition of DNA and RNA synthesis (42, 114, 142, 197, 296,392); alteration of protein stru
ture (33, 111, 114, 194, 252, 442); alteration of the transport andsignaling fun
tions of 
al
ium (333, 43b, 254, 416d, 462, 507); inhibitation of glu
ose transport (338,254, 580), and of enzyme fun
tion and transport of other essential nutrients (96, 198, 254, 263, 264,33, 330, 331, 339, 347, 441, 442); indu
tion of free radi
al formation (13a, 43b, 54, 405, 424), deple-tion of 
ellular glutathione (ne
essary for detoxi�
ation pro
esses) (56, 111, 126, 424), inhibition of9Informativo: \Alzheimer's Disease and Other Autoimmune Degenerative Conditions: the Mer
ury Conne
tion".10Informativo: \Toxi
 Exposures and Parkinsons: the Mer
ury Conne
tion".5



glutathione peroxidase enzyme (13a, 442), inhibits glutamate uptake (119, 416), indu
es peroxyni-trite and lipid peroxidation damage (521b), 
auses abnormal migration of neurons in the 
erebral
ortex (149), immune system damage (111, 194, 226, 252, 272, 316, 325, 355); inhibits fun
tionalmethylation (504), indu
ement of in
ammatory 
ytokines (126, 152, 181) and autoimmunity (226,272, 369, 405, et
.)Exposure to mer
ury vapor and methyl mer
ury is well do
umented to 
ommonly 
ause 
ondi-tions involving tremor, with populations exposed to mer
ury experien
ing tremor levels on averageproportional to exposure level (250, 565). However ba
teria, yeasts, and Vitamin B12 methylateinorgani
 mer
ury to methyl mer
ury in the mouth and intestines (599, 505) and mer
ury inhibitsfun
tional methylation in the body, a ne
essary pro
ess (504).Mer
ury exposure 
auses high levels of oxidative stress/ rea
tive oxygen spe
ies (ROS) (13), whi
hhas been found to be a major fa
tor in apoptosis and neurologi
al disease (56, 250, 441, 442, 443,13) in
luding dopamine or glutamate related apoptosis (288
).Mer
ury and quinones form 
onjugates with thiol 
ompounds su
h as glutathione and 
ysteineand 
ause depletion of glutathione, whi
h is ne
essary to mitigate rea
tive damage. Su
h 
onjugatesare found to be highest in the brain substantia nigra with similar 
onjugates formed with L-Dopa anddopamine in Parkinson's disease (56). Mer
ury depletion of GSH and damage to 
ellular mito
hondriaand the in
reased lipid peroxidation in protein and DNA oxidation in the brain appear to be a majorfa
tor in Parkinson's disease (33, 56, 442) and a fa
tor in other neurologi
al 
onditions.Mer
ury blo
ks the immune fun
tion of magnesium and zin
 (198, 427, 38), whose de�
ien
iesare known to 
ause signi�
ant neurologi
al e�e
ts (461, 463, 430, 601). The low Zn levels result inde�
ient CuZnSuperoxide dismustase (CuZnSOD), whi
h in turn leads to in
reased levels of super-oxide due to toxi
 metal exposure. This is in addition to mer
ury's e�e
t on metallothionein and
opper homeostasis as previously dis
ussed (477). Copper is an essential tra
e metal whi
h plays afundamental role in the bio
hemistry of the nervous system (477, 489, 495, 463, 464). Several 
hroni
neurologi
al 
onditions involving 
opper metaboli
 disorders are well do
umented like Wilson's Dis-ease and Menkes Disease. Mutations in the 
opper/zin
 enzyme superoxide dismustase (SOD) havebeen shown to be a major fa
tor in the motor neuron degeneration in 
onditions like familial ALS(580). Exposures to toxi
 metals su
h as mer
ury and 
admium have been found to 
ause su
he�e
ts (13a, 495, 517, et
.) and similar e�e
ts on Cu/Zn SOD have been found to be a fa
tor inother 
onditions su
h as autism, Alzheimer's, Parkinson's, and non-familial ALS (489, 490, 495, 464,469, 111). This 
ondition 
an result in zin
 de�
ient SOD and oxidative damage involving nitri
oxide, peroxynitrite, and lipid peroxidation (490, 495, 496, 489, 521, 524), whi
h have been foundto a�e
t glutamate mediated ex
itability and apoptosis of nerve 
ells and e�e
ts on mito
hondria(119
, 412, 416, 495, 496, 502, 519, 524). These e�e
ts 
an be redu
ed by zin
 supplementation (464,495, 517, 430), as well as supplementation with antioxidants and nitri
 oxide-suppressing agents andperoxynitrite s
avengers su
h as Vit C, Vit E, lipoi
 a
id, Coenzyme Q10, 
arnosine, gingko biloba,N-a
etyl 
ysteine, melatonin, et
. (444, 464, 494, 495, 469, 470, 521, 524, 572). Ceruloplasmin inplasma 
an be similarly a�e
ted by 
opper metabolism dysfun
tion, like SOD fun
tion, and is oftena fa
tor in neurodegeneration (489).Motor neuron dysfun
tion and loss in amyotrophi
 lateral s
lerosis (ALS) have been attributed toseveral di�erent me
hanisms, in
luding in
reased intra
ellular 
al
ium (333, 496, 507), glutamate dys-regulation and ex
itotoxi
ity (119
, 412, 416, 496, 502), oxidative stress and free radi
al damage (13,43, 56, 442, 490), nitri
 oxide related toxi
ity 
aused by peroxynitrite (524, 521), mito
hondrial dam-age/dysfun
tion (519), neuro�lament aggregation and dysfun
tion of transport me
hanisms (507),and autoimmunity (313, 314, 369, 405, 513). These alterations and e�e
ts are not mutually ex
lusivebut rather are synergisti
, and in
reased 
al
ium and altered 
al
ium homeostasis appears to be a
ommon denominator. Mer
ury forms strong bonds with the-SH groups of proteins 
ausing alter-ation of the transport of 
al
ium (333, 43, 96, 254, 329, 432, 496) and 
auses mito
hondrial release6



of 
al
ium (21, 35, 43, 329, 333, 432, 496, 519). This results in a rapid and sustained elevation inintra
ellular levels of 
al
ium (333, 496). Cal
ium plays a major role in the extreme neurotoxi
ityof mer
ury and methyl mer
ury. Both inhibit 
ellular 
al
ium ATPase and 
al
ium uptake by brainmi
rosomes at very low levels of exposure (270, 288, 329, 333, 432, 56,). Protein Kinase C (PKC)regulates intra
ellular and extra 
ellular signals a
ross neuronal membranes, and both forms of mer-
ury inhibit PKC at mi
ro molar levels, as well as inhibiting phorbal ester binding (43, 432). Theyalso blo
k or inhibit 
al
ium L-
hannel 
urrents in the brain in an irreversible and 
on
entrationdependent manner. Mer
ury vapor or inorgani
 mer
ury exposure a�e
ts the posterior 
ingulate
ortex and 
auses major neurologi
al e�e
ts with suÆ
ient exposure (428, 453). Metalli
 mer
uryis mu
h more potent than methyl mer
ury in su
h a
tions, with 50% inhibition in animal studiesat 13 ppb (333, 329). Mer
ury is seen to be a fa
tor in all of these known me
hanisms of neuraldegeneration seen n ALS and other motor neuron 
onditions.Spatial and temporal 
hanges in intra
ellular 
al
ium 
on
entrations are 
riti
al for 
ontrollinggene expression and neurotransmitter release in neurons (432, 496, 43, 114). Mer
ury alters 
al
iumhomeostasis and 
al
ium levels in the brain and a�e
ts gene expression and neurotransmitter releasethrough its e�e
ts on 
al
ium, et
. Mer
ury inhibits sodium and potassium (N, K) ATPase in dosedependent manner and inhibits dopamine and noreprenephrine uptake by synaptosomes and nerveimpulse transfer (288, 270, 56, 43, 35). Mer
ury also interrupts the 
yto
hrome oxidase system,blo
king the ATP energy fun
tion (35, 43, 84), lowering immune growth fa
tor IGF-I levels andimpairing astro
yte fun
tion (119, 152, 416d, 497). Astro
ytes are 
ommon 
ells in the CNS involvedin the feeding and detox of nerve 
ells. In
reases in in
ammatory 
ytokines su
h as 
aused by toxi
metals trigger in
reased free radi
al a
tivity and damage to astro
yte and astro
yte fun
tion (152,416d). IGF-I prote
ts against brain and neuronal pathologies like ALS, MS, and Fibromyalgia byprote
ting the astro
ytes from this destru
tive pro
ess.Na (+), K (+)-ATPase is a transmembrane protein that transports sodium and potassium ionsa
ross 
ell membranes during an a
tivity 
y
le that uses the energy released by ATP hydrolysis.Mer
ury is do
umented to inhibit Na (+), K (+)-ATPase fun
tion at very low levels of exposure(288ab). Studies have found that in ALS 
ases there was a redu
tion in serum magnesium and RBCmembrane Na (+)-K+ ATPase a
tivity and an elevation in plasma serum digoxin (263, 260d). Thea
tivity of all serum free-radi
al s
avenging enzymes, 
on
entration of glutathione, alpha to
opherol,iron binding 
apa
ity, and 
eruloplasmin de
reased signi�
antly in ALS, while the 
on
entration ofserum lipid peroxidation produ
ts and nitri
 oxide in
reased. The inhibition of Na+-K+ ATPase
an 
ontribute to in
rease in intra
ellular 
al
ium and de
rease in magnesium, whi
h 
an resultin 1) defe
tive neurotransmitter transport me
hanism, 2) neuronal degeneration and apoptosis, 3)mito
hondrial dysfun
tion, 4) defe
tive golgi body fun
tion and protein pro
essing dysfun
tion. Itis do
umented in this paper that mer
ury is a 
ause of most of these 
onditions seen in ALS (13a,111, 288, 442, 521b, 43, 56, 263, et
.)Mer
ury exposure also degrades the immune system resulting in more sus
eptibility to viral,ba
terial, or parasiti
 e�e
ts along with 
andida albi
ans whi
h are often present in those with
hroni
 
onditions and require treatment (404, 468, 470, 485, 600). Four su
h 
ommonly foundin ALS patients are my
oplasma AND e
ho-7 enterovirus (468, 470), 
andida albi
ans (404), andparasites (485). One 
lini
 found that over 85% of patients with ALS tested have my
oplasmainfe
tion, often M. Pneumoniae (470), but in Gulf War veterans mostly a manmade variety used inbioterrorism agents-M. fermentans. Mer
ury from amalgam interferes with produ
tion of 
ytokinesthat a
tivate ma
rophage and neutrophils, disabling early 
ontrol of viruses or other pathogens andleading to enhan
ed infe
tion (131). While the others are also being 
ommonly found, my
oplasmahas been found in 85% of ALS patients by 
lini
s treating su
h 
onditions (470). My
oplasma appearsto be a 
ofa
tor with mer
ury in the majority of 
ases and shifts the immune T 
ell balan
e towardin
ammatory 
ytokines (470b). Treatment of these 
hroni
 infe
tions are required and do
umentedto 
ause improvement in su
h patients (470). 7



Mer
ury lympho
yte rea
tivity and e�e
ts on amino a
ids su
h as glutamate in the CNS indu
eCFS type symptoms in
luding profound tiredness, mus
uloskeletal pain, sleep disturban
es, gastroin-testinal and neurologi
al problems along with other CFS symptoms and Fibromyalgia11 (346, 342,369, 416, 496, 513, 119b, 152, 314). Mer
ury has been found to be a 
ommon 
ause of Fibromyalgia(293, 346, 369), whi
h based on a Swedish survey o

urs in about 12% of women over 35 and 5.5%of men (342). ALS patients have been found to have a generalized de�
ien
y in metabolism of theneuroex
itotoxi
 amino a
ids like glutamate, aspartate, NAAG, et
.(416). Glutamate is the mostabundant amino a
id in the body and in the CNS a
ts as ex
itory neurotransmitter (346, 412, 416,438, 496, 119
), whi
h also 
auses in
ow of 
al
ium. Astro
ytes, a type of 
ell in the brain and CNSwith the task of keeping 
lean the area around nerve 
ells, have a fun
tion of neutralizing ex
essglutamate by transforming it to glutami
 a
id. If astro
ytes are not able to rapidly neutralize ex
essglutamate, then a buildup of glutamate and 
al
ium o

urs, 
ausing swelling and neurotoxi
 e�e
ts(119, 152, 333, 416, 496, 524). Mer
ury and other toxi
 metals inhibit astro
yte fun
tion in thebrain and CNS (119, 152, 416), 
ausing in
reased glutamate and 
al
ium related neurotoxi
ity (119,152, 333, 226a, 496) whi
h are responsible for mu
h of the Fibromyalgia symptoms and a fa
tor inneural degeneration in MS and ALS. This is also a fa
tor in 
onditions su
h as CFS, Parkinson's, andALS (346, 416, 496, 524, 600). Animal studies have 
on�rmed that in
reased levels of glutamate (oraspartate, another amino a
id ex
itory neurotransmitter) 
ause in
reased sensitivity to pain, as wellas higher body temperature-both found in CFS/Fibromyalgia. Mer
ury and in
reased glutamatea
tivate free radi
als forming pro
esses like xanthine oxidase whi
h produ
e oxygen radi
als andoxidative neurologi
al damage (346, 142, 13). Nitri
 oxide related toxi
ty 
aused by peroxynitriteformed by the rea
tion of NO with superoxide anions, whi
h results in nitration of tyrosine residuesin neuro�laments and manganese Superoxide Dimustase (SOD) has been found to 
ause inhibition ofthe mito
hondrial respiratory 
hain, inhibition of the glutamate transporter, and glutamate-indu
edneurotoxi
ity involved in ALS (524, 521).In addition to the do
umentation showing the me
hanisms by whi
h mer
ury 
auses the 
onditionsand symptoms seen in ALS and other neurodegenerative diseases, many studies of patients with majorneurologi
al or degenerative diseases have found dire
t eviden
e mer
ury and amalgam �llings playa major role in development of 
onditions su
h as su
h as ALS (92, 97, 207, 229b, 305, 325, 327,416, 423, 442, 468, 470, 520, 35). Su
h supplements in
luding N-a
etyl
ysteine (NAC), Vitamins Eand C, zin
, and 
reatinine have been found to o�er signi�
ant prote
tion against 
ell apoptosis andneurodegeneration in neurologi
al 
onditions su
h as ALS (13
, 56a, 517, 524, 564, 494).Medi
al studies and do
tors treating 
hroni
 
onditions like Fibromyalgia have found that sup-plements whi
h 
ause a de
rease in glutamate or prote
t against its e�e
ts have a positive e�e
t onFibromyalgia and other 
hroni
 neurologi
 
onditions. Some that have been found to be e�e
tivein
lude CoQ10 (444), ginkgo biloba and py
nogenol (494a), NAC (54, 494a), Vit B6, methyl 
obal-amine (B12), L-
arnitine, 
holine, ginseng, vitamins C and E, ni
otine, and omega 3 fatty a
ids (�shand 
axseed oil) (417, 495e). A study demonstrated prote
tive e�e
ts of methyl
obalamin, a vitaminB12 analog, against glutamate-indu
ed neurotoxi
ity (503), and similarly for iron in those who areiron de�
ient.In a study of the brains of persons dying of ALS, spheri
al and 
res
ent-shaped introneuronalin
lusions (SCI) were distributed in asso
iation with ea
h other among the parahippo
ampal gyrus,dentate gyrus of the hippo
ampus and amygdala, but not any non-motor-asso
iated brain regions(522). The o

urren
e of SCI in both the se
ond and third layers of the parahippo
ampal gyrus andamygdala was signi�
antly 
orrelated to the presen
e of dementia in ALS 
ases. Mer
ury has beenfound to a

umulate in these areas of the brain and to 
ause adverse behavioral e�e
ts in animalstudies and humans (66, 287, 305).11Informativo: \Chroni
 Fatigue Syndrome, Fibromyalgia, S
leroderma, Lupus, Rheumatoid Arthritis, MCS: TheMer
ury Conne
tion". 8



Another neurologi
al e�e
t of mer
ury that o

urs at very low levels is inhibition of nerve growthfa
tors, for whi
h de�
ien
ies result in nerve degeneration. Only a few mi
rograms of mer
uryseverely disturb 
ellular fun
tion and inhibits nerve growth (175, 147, 226, 255, 305, 149). Prenatalor neonatal exposures have been found to have life long e�e
ts on nerve fun
tion and sus
eptibilityto toxi
 e�e
ts. Prenatal mer
ury vapor exposure that results in levels of only 4 parts per billionin newborn rat brains was found to 
ause de
reases in nerve growth fa
tor and other e�e
ts (305).This is a level that is 
ommon in the population with several amalgam �llings or other exposures(600). There is also eviden
e that fetal or infant exposure 
auses delayed neurotoxi
ity eviden
edin serious e�e
t at middle age (255). Insulin-like-growth fa
tor I (IGF-I) are positively 
orrelatedwith growth hormone levels and have been found to be the best easily measured marker for levelsof growth hormone, but males have been found more responsive to this fa
tor than women (497).IGF-I 
ontrols the survival of spinal motor neurons a�e
ted in ALS during development as well aslater in life (497, 498). IGF-I and insulin levels have been found to be redu
ed in ALS patientswith eviden
e this is a fa
tor in ALS (497, 498). Several 
lini
al trials have found IGF-I treatmentis e�e
tive at redu
ing the damage and slowing the progression of ALS and Alzheimer's with nomedi
ally important adverse e�e
ts (498). It has also been found that in 
hroni
ally ill patientsthe levels of pituitary and thyroid hormones that 
ontrol many bodily pro
esses are low, and thatsupplementing both thyrotropin-releasing hormone and growth 
ontrol hormone is more e�e
tive atin
reasing all of these hormone levels in the patient (499).Extremely toxi
 anaerobi
 ba
teria from root 
anals or 
avitations formed at in
ompletely healedtooth extra
tion sites have also been found to be 
ommon fa
tors in Fibromyalgia and other 
hroni
neurologi
al 
onditions su
h as Parkinson's and ALS, with 
ondensing osteitis whi
h must be removedwith a surgi
al burr along with 1 mm of bone around it (35, 200, 437, 600). Cavitations have beenfound in 80% of sites from wisdom tooth extra
tions tested and 50% of molar extra
tion sites tested(35, 200, 437). The in
iden
e is likely somewhat less in the general population. Medi
al studiesand do
tors treating Fibromyalgia have found that supplements whi
h 
ause a de
rease in glutamateor prote
t against its e�e
ts have a positive e�e
t on Fibromyalgia and other 
hroni
 neurologi

onditions like ALS. Some that have been found to be e�e
tive in
lude Vit B6, methyl 
obalamine(B12), L-
arnitine, 
holine, ginseng, Ginkgo biloba, vitamins C and E, CoQ10, ni
otine, and omega3 fatty a
ids (�sh and 
axseed oil) (417, 468).Clini
al tests of patients with ALS, MND, Parkinson's, Alzheimer's, Lupus (SLE), and rheumatoidarthritis have found that the patients generally have elevated plasma 
ysteine to sulphate ratios, withthe average being 500% higher than 
ontrols (330, 331, 56, 84), and in general being poor sulphuroxidizers. This means that these patients have blo
ked enzymati
 pro
esses for 
onverting the basi

ellular fuel 
ysteine to sulfates and glutathione, and thus insuÆ
ient sulfates available to 
arryout ne
essary bodily pro
esses. Mer
ury has been shown to diminish and blo
k sulphur oxidationand thus redu
ing glutathione levels whi
h is the part of this pro
ess involved in detoxifying andex
retion of toxi
s like mer
ury (33). Glutathione is produ
ed through the sulphur oxidation sideof this pro
ess. Low levels of available glutathione have been shown to in
rease mer
ury retentionand in
rease toxi
 e�e
ts (111), while high levels of free 
ysteine have been demonstrated to maketoxi
ity due to inorgani
 mer
ury more severe (333, 194, 56, 33b). The de�
ien
y in 
onjugation anddetoxi�
ation of sulfur based toxins in the liver results in toxi
 metabolites and progressive nervedamage over time (331). Mer
ury has also been found to play a part in indu
ing intoleran
e andneuronal problems through blo
kage of the P-450 enzymati
 pro
ess (84, 33b). Patients with someof these 
onditions have found that bathing in Epsom Salts (magnesium sulfate) o�ers temporaryrelief for some of their symptoms by providing sulfates that avoid the blo
ked metaboli
 pathway.A test that some do
tors treating 
onditions like ALS usually pres
ribe to measure the 
ysteine tosulfate ratio and other information useful in diagnosis and treatment is the Great Smokies Diagnosti
Labs 
omprehensive liver detox test (386). The test results 
ome with some re
ommendations fortreatment. A hair test for toxi
 metals is also usually ordered to determine toxi
 exposures that9



might be involved (386). A more de�nitive test su
h as MELISA for immune rea
tivity to toxi
s isavailable by sending blood to a European lab (87). Other labs also have other useful tests su
h asImmune Rea
tivity Bio
ompatability Tests (445), ELISA or organi
 a
id panels or amino a
id panels(386). Treatment using IV glutathione, vitaminC, and minerals has been found to be very e�e
tivein the stabilizing and amelioration of some of these 
hroni
 neurologi
al 
onditions by neurologistsu
h as Perlmutter in Florida (469).In one subtype of ALS, damaged, blo
ked, or faulty enzymati
 superoxide dimustase (SOD) pro-
esses appear to be a major fa
tor in 
ell apoptosis involved in the 
ondition (443, 495). Mer
ury isknown to damage or inhibit SOD a
tivity (13, 33, 111).1.4 Prevention and Treatment of ALSTi
k-borne en
ephalitis, su
h as Lyme Disease, has been found to 
ause ALS symptoms in a signi�
antportion of untreated a
ute 
ases (471). Lyme disease is widespread in the U.S. Large numbers ofpatients diagnosed with ALS and other neurologi
al 
onditions have been found to have treatable ti
k-borne en
ephalitis, and many have re
overed after treatment. Anyone diagnosed with degenerativeneurologi
al symptoms should investigate the possibility of lyme disease or post-polio en
ephalitis.Poliomyelitis also has a 
hroni
 state that resembles ALS (580).Sin
e elevated plasma 
ysteine has been reported in some ALS patients, sul�te and 
ysteine toxi
itymay be involved in other 
ases of ALS. Patients with ALS with nonmutant-SOD should be testedfor sul�te toxi
ity, 
ysteine, glutamate and GSH levels, and whether they have low levels of GSHmetabolism enzymes. During the time when stri
t dietary and supplement measures normalized apatient's whole blood GSH, blood 
ysteine, and urine sul�te, the patient did not experien
e additionalphysi
al de
line (330b).Total dental revision (TDR) whi
h in
ludes repla
ing amalgam �llings, extra
ting root 
analedteeth, and treating 
avitations has been found to o�er signi�
ant health improvements to many withALS and other autoimmune 
onditions (35, 200, 293, 437). Root 
anals and 
avitations have beenfound to harbor anaerobi
 ba
teria whi
h give o� toxins of extreme toxi
ity whi
h blo
k enzymati
pro
esses at the 
ellular level 
ausing degenerative pro
esses a

ording to the medi
al labs that do thetests (437, 200, 35), similar to mer
ury's e�e
ts but in some 
ases even more toxi
. IGF-1 treatmentshave also been found to alleviate some of the symptoms of ALS (424). Medi
al studies and do
torstreating Fibromyalgia have found that supplements whi
h 
ause a de
rease in glutamate or prote
tagainst its e�e
ts have a positive e�e
t on Fibromyalgia. Some that have been found to be e�e
tivein treating metals related autoimmune 
onditions in
lude Vit B6, CoenzymeQ10, methyl 
obalamine(B12), SAMe, L-
arnitine, 
holine, ginseng, Ginkgo biloba, vitamins C and E, ni
otine, and omega3 fatty a
ids (�sh and 
axseed oil) (417, 444, 468, 580).One dentist with severe symptoms similar to ALS improved after treatment for mer
ury poisoning(246), and others treated for mer
ury poisoning or using TDR have also re
overed or signi�
antlyimproved (97, 229, 405, 406, 437, 468-470, 485, 35).The Edelson Clini
 in Atlanta whi
h treats ALSpatients reports similar experien
e (406), and the Perlmutter Clini
 has also had some su

ess withtreatment of ALS and other degenerative neurologi
al 
onditions (469).While there are many studies do
umenting e�e
tiveness of 
hemi
al 
helators like DMSA andDMPS at redu
ing metals levels and alleviating adverse e�e
ts for most 
onditions, and many thou-sands of 
lini
al 
ase results (600, 601); there is also some eviden
e from animal studies that these
helators 
an result in higher levels of mer
ury in the motor neurons in the short term whi
h mightbe a problem for ALS patients (600). Thus other detox options might be preferable for ALS patientsuntil enough 
lini
al eviden
e is available treating ALS patients with them with mer
ury toxi
ity.Another 
helator used for 
logged arteries, EDTA, forms toxi
 
ompounds with mer
ury and 
an10



damage brain fun
tion (307). Use of EDTA may need to be restri
ted in those with high Hg lev-els. N-a
etyl 
ysteine (NAC) has been found to be e�e
tive at in
reasing 
ellular glutathione levelsand 
helating mer
ury (54). Experien
ed do
tors have also found additional zin
 to be useful when
helating mer
ury (222) as well as 
ountera
ting mer
ury's oxidative damage (43). Zin
 indu
esmetallothionein whi
h prote
ts against oxidative damage and in
reases prote
tive enzyme a
tivitiesand glutathione whi
h tend to inhibit lipid peroxidation and suppress mer
ury toxi
ity (430, 464).Also lipoi
 a
id, LA, has been found to dramati
ally in
rease ex
retion of inorgani
 mer
ury (over12 fold), but to 
ause de
reased ex
retion of organi
 mer
ury (572d) and 
opper. Lipoi
 a
id hasa prote
tive e�e
t regarding lead or inorgani
 mer
ury toxi
ity through its antioxidant properties(572), but should not be used with high 
opper until 
opper levels are redu
ed. LA and NAC (N-a
etyl 
ysteine) also in
rease glutathione levels and prote
t against superoxide radi
al/ peroxynitritedamage, so thus have an additional neuroprote
tive e�e
t (494ab, 521, 572
, 54). Zin
 is a mer
uryand 
opper antagonist and 
an be used to lower 
opper levels and prote
t against mer
ury damage.Lipoi
 a
id has been found to have prote
tive e�e
ts against 
erebral is
hemi
-reperfusion, ex
itotoxi
amino a
id (glutamate) brain injury, mito
hondrial dysfun
tion, diabeti
 neuropathy (494).Antioxidants su
h as 
arnosine (495a), Coenzyme Q10, Vitamins B & C & E & D, gingko biloba,superoxide dismutase (SOD), N-a
etyl-
ysteine (NAC), Alpha Lipoi
 A
id, and py
nogenol have alsobeen found prote
tive against degenerative neurologi
al 
onditions (494, 495e, 444, 580). Other sup-plements found to be prote
tive against neuronal degenerative 
onditions in
lude A
etyl-L-Carnitine,EFAs (DHA/EPA), DHEA, CoQ10, magnesium, Vit B1 & B5, hydergine, and o
ta
osanol (580).Su
h supplements only o�er limited prote
tion and redu
tions in progression of ALS without othermeasures that deal with underlying me
hanisms of 
ausality.Other supplements that appear useful in 
onditions involving neurotoxi
ity or mus
le fun
tiondegeneration in
lude 
reatine (502, 580) and lithium (590). In the motor 
ortex of the ALS groupthe N-a
etylaspartate (NAA)/
reatine (Cr (t)) metabolite ratio was lower than in our 
ontrol group,indi
ating NAA loss. Upon 
reatine supplementation we observed in the that 
reatine supplemen-tation 
auses an in
rease in the diminished NAA levels in ALS motor 
ortex as well as an in
reaseof 
holine levels in both ALS and 
ontrol motor 
orti
es. This indi
ates an improvement in fun
tionof the pathologi
al ALS skeletal mus
les related to 
hanges of mito
hondrial respiratory 
hain whi
happears to a�e
t motor neuron survival. In another study by the NAS, lithium 
arbonate at 150mg twi
e daily signi�
antly redu
ed the degeneration of ALS patients (590). A re
ent study demon-strated that 
ombined treatment with lithium and valproi
 a
id eli
its synergisti
 neuroprote
tivee�e
ts against glutamate ex
itotoxi
ity in 
ultured brain neurons. Combined lithium and valproatetreatment delays disease onset, redu
es neurologi
al de�
its and prolongs survival in an amyotrophi
lateral s
lerosis mouse model (590
). Methyl
obalamin and SAMe have also been found to providesome prote
tion against neurotoxi
ity (580).Two experimental treatment for ALS that has shown some e�e
tiveness at redu
ing disease pro-gression is re
ombinant human insulin-like growth fa
tor and Orap (Pimozide) (580).1.5 Referen
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