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Contents1 Amyotrophi lateral slerosis (als): Lou Gerhig's disease - the merury onnetion 11.1 Introdution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.2 Doumentation of High Common Exposures and Aumulation of Merury in MotorNeurons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.3 E�ets of Exposure to Merury and Toxi Metals . . . . . . . . . . . . . . . . . . . . 31.4 Prevention and Treatment of ALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101.5 Referenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 Amyotrophi lateral slerosis (als): Lou Gerhig's disease- the merury onnetionAmyotrophi Lateral Slerosis (ALS): Lou Gerhig's Disease - The Merury Connetion.Bernie Windham (Ed.)1.1 IntrodutionALS is a systemi motor neuron disease that a�ets the ortiospinal and ortiobulbar trats, ventralhorn motor neurons, and motor ranial nerve nulei (405). Approximately 10 perent 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�etinggenetially suseptible 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 fator, but instead is a result of damage tomotorneurons and the support system that they depend on by a variety of fators. Spinal and bulbar-onset subtypes of the disease appear to be biohemially di�erent and have di�erenes in mehanismsof ausality (416f). Some of the mehanisms of neural damage found in ALS inlude inreasedfree radial generation/oxidative damage, impaired eletron transport, disrupted alium hannelfuntion, reative astrogliosis and dysfuntional transporters for L-glutamate, neurotoxiity, oxidativedamage to mitohondrial DNA/ inhibition of the mitohondrial respiratory hain, autoimmunity,and generalized disruption of metabolism of neuroexiotoxi amino aids like glutamate, aspartate,NAAG. The mehanisms by whih exposure to merury and other neurotoxi substanes ause all ofthis will be doumented.The main fators determining whether hroni onditions are indued by metals appear to beexposure and geneti suseptibility1, whih determines individuals immune sensitivity and ability toexrete and detoxify metals (405, 342, 60, 181, 303, 314, 330, 464). Very low levels of exposurehave been found to seriously a�et relatively large groups of individuals who are immune sensitiveto toxi metals, or have an inability to detoxify metals due to suh as de�ient sulfoxidation ormetallothionein funtion or other inhibited enzymati proesses related to detoxi�ation or exretionof metals. Those with the geneti allele ApoE4 protein in the blood have been found to detox metals1Informativo: \Suseptibility Fators in Merury Toxiity: Immune Reativity, Detoxi�ation System Funtion,Enzymati Blokages, Synergisti Exposures". 1



poorly and to be muh more suseptible to hroni neurologial onditions than those with typesApoE2 or E3 (437, 577). There are also other similar fators.Some of the toxi exposures whih have been found to be a fator in ALS like symptoms other thanmerury inlude lead (94a), pyretherins (93), agriultural hemials (94b), Lyme disease (471, 580),monosodium glutamate (MSG, 580), failed root analed teeth2 (35, 200, 437), post-poliomyelitis (580),and smoking (94d). All have been demonstrated to ause some of the mehanisms of damage listedabove seen in ALS and sine suh exposures are ommon as is exposure to merury, suh exposuresappear to synergistially ause the types of damage seen in ALS. This paper will demonstrate thatmerury is the most ommon of toxi substanes whih are doumented to aumulate throughhroni exposure in the neurons a�eted by ALS and whih have been doumented to ause allof the onditions and symptoms seen in ALS. It will also be noted that hroni infetions suh asmyoplasma, eho-7 enterovirus, and andida albians also usually a�et those with hroni immunede�ienies suh as ALS patients and need to be dealt with in treatment. Some studies have alsofound persons with hroni exposure to eletromagneti �elds (EMF3) to have higher levels of meruryexposure and exretion (28) and higher likelihood of getting hroni onditions like ALS (526).1.2 Doumentation of High Common Exposures and Aumulation ofMerury in Motor NeuronsAmalgam dental �llings are the largest soure4 of merury in most people with daily exposuresdoumented to ommonly be above government health guidelines (49, 79, 183, 506, 599, 600). Thisis due to ontinuous vaporization of merury from amalgam in the mouth, along with galvaniurrents from mixed metals in the mouth that deposit the merury in the gums and oral avity(600). Merury has been found in autopsy studies to aumulate in the brain of those with hroniexposures, and levels are diretly proportional to the number of amalgam �lling surfaes (85, 270).Due to the high daily merury exposure and exretion into home and business sewers of those withamalgam, dental amalgam is also the largest soure of the high levels of merury found in all sewersand sewer sludge5, and thus aording to government studies a signi�ant soure of merury in rivers,lakes, bays, �sh, and rops (603). People also get signi�ant exposure from vainations, �sh, anddental oÆe vapor (600).When amalgam was plaed into teeth of monkeys and rats, within one year merury was foundto have aumulated in the brain, trigeminal ganglia, spinal ganglia, kidneys, liver, lungs, hormoneglands, and lymph glands (20). People also ommonly get exposures to merury and other toximetals suh as lead, arseni, nikel, and aluminum from food, water, and other soures (601). Allof these are highly neurotoxi and are doumented to ause neurologial damage whih an result inhroni neurologial onditions over time.Merury has been found to aumulate preferentially in the primary motor funtion related areasinvolved in ALS- suh as the brain stem, erebellum, rhombenephalon, dorsal root ganglia, andanterior horn motor neurons, whih enervate the skeletal musles (20, 291, 327, 329, 442, 48).Merury, with exposure either to vapor or organi merury tends to aumulate in the glial ellsin a similar pattern, and the pattern of deposition is the same as that seen from morphologialhanges (327g, 287, 305). Though merury vapor and organi merury readily ross the blood-brainbarrier, merury has been found to be taken up into neurons of the brain and CNS without havingto ross the blood-brain barrier, sine merury has been found to be taken up and transportedalong nerve axons as well through alium and sodium hannels and along the olfatory path (329,2Internet: \http://www.v.om/RChealth.html".3Internet: \http://www.v.om/emfe�.html".4Informativo: \Dental Amalgam Merury Solutions".5Internet: \http://www.v.om/damspr2f.html". 2



288, 333, 34). Exposure to inorgani merury has signi�ant e�ets on blood parameters and liverfuntion. Studies have found that in a dose dependent manner, merury exposure auses redutionsin oxygen onsumption and availability, perfusion ow, biliary seretion, hepati ATP onentration,and ytohrome P450 liver ontent (260), while inreasing blood hemolysis produts and tissuealium ontent and induing heme oxygenase, porphyria, platelet aggregation through interferingwith the sodium pump.1.3 E�ets of Exposure to Merury and Toxi MetalsA diret mehanism involving merury's inhibition of ellular enzymati proesses by binding with thehydroxyl radial (SH) in amino aids appears to be a major part of the onnetion to allergi/immunereative/ onditions suh as ezema, psoriasis, rheumatoid arthritis, Lupus, Sleroderma, allergies,autism, shizophrenia, (114, 181, 303, 330, 331, 411, 412, 152b, 439, 602, 601), as well as toautoimmune onditions suh as ALS, Alzheimer's6 (AD), Chroni Fatigue7 (CFS), Fibromyalgia8(FM), et. (405, 342, 60, 181, 303, 314b, 513, 580, et.). For example merury has been foundto strongly inhibit the ativity of dipeptyl peptidase (DPP IV) whih is required in the digestionof the milk protein asein (411, 412) as well as of xanthine oxidase (439) Additional ellular levelenzymati e�ets of merury's binding with proteins inlude blokage of sulfur oxidation proesses(33, 114, 194, 330, 331, 412), enzymati proesses involving vitamins B6 (417) and B12 (418),e�ets on the ytohrome-C energy proesses (43, 84, 232, 338, 35), along with merury's adversee�ets on ellular mineral levels of alium, magnesium, opper, zin, and lithium (43b, 96, 198,333, 338, 386, 427, 430, 432, 461, 489, 507). And along with these blokages of ellular enzymatiproesses, merury has been found to ause additional neurologial and immune system e�ets inmany by ausing immune/ autoimmune reations (60, 152, 181, 288, 314, 342, 405, 513). Reentstudies gives a omprehensive review of studies �nding a onnetion between ALS, toxi metals,and autoimmunity (405, 580). Studies have found the presene of antibiodies in ALS patients thatinterat with motor neurons, inhibiting the sprouting of axons. Immune omplexes have also beenfound in the spinal ords of ALS patients (580). T ells, ativated miroglia, and IgG within thespinal ord may be a primary event that leads to lesions and tissue destrution.Oxidative stress and reative oxygen speies (ROS) have been impliated as major fators inneurologial disorders inluding ALS, motor neuron disease (MND), CFS, FM, Parkinson's (PD),Multiple Slerosis (MS), and Alzheimer's (AD) (13, 43, 56, 84, 145, 169, 207b, 424, 442-444, 453,462, 496, 577). Merury forms onjugates with thiol ompounds suh as glutathione and ysteineand auses depletion of glutathione (56), whih is neessary to mitigate reative damage. One studyfound that insertion of amalgam �llings or nikel dental materials auses a suppression of the numberof T-lymphoytes (270), and impairs the T-4/T-8 ratio. Low T4/T8 ratio has been found to be afator in autoimmune onditions. Merury indued lipid peroxidation has been found to be a majorfator in merury's neurotoxiity, along with leading to dereased levels of glutathione peroxidationand superoxide dismustase (SOD) (13, 254, 490, 494-496). Only a few mirograms of meruryseverely disturb ellular funtion 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 radial savenging, and protetion against inammation (114, 442, 464, 602).Merury inhibits sulfur ligands in MT and in the ase of intestinal ell membranes inativates MTthat normally bind uprous ions (477, 114), thus allowing buildup of opper to toxi levels in manyand malfuntion of the Zn/Cu SOD funtion (495, 13a, 443). Merury also auses displaement of6Informativo: \Alzheimer's Disease and Other Autoimmune Degenerative Conditions: the Merury Connetion".7Informativo: \Chroni Fatigue Syndrome, Fibromyalgia, Sleroderma, Lupus, Rheumatoid Arthritis, MCS: TheMerury Connetion".8Informativo: \Chroni Fatigue Syndrome, Fibromyalgia, Sleroderma, Lupus, Rheumatoid Arthritis, MCS: TheMerury Connetion". 3



zin in MT and SOD, whih has been shown to be a fator in neurotoxiity and neuronal diseases (405,495, 517). Exposure to merury results in hanges in metalloprotein ompounds that have genetie�ets, having both strutural and atalyti e�ets on gene expression (114, 241, 296, 442, 464, 477,495, 517). Some of the proesses a�eted by suh MT ontrol of genes inlude ellular respiration,metabolism, enzymati proesses, metal-spei� homeostasis, and adrenal stress response systems.Signi�ant physiologial hanges our when metal ion onentrations exeed threshold levels. SuhMT formation also appears to have a relation to autoimmune reations in signi�ant numbers ofpeople (114, 60, 342, 369, 442, 464). Of a population of over 3000 tested by the immune lymphoytereativity test (MELISA, 60, 342), 22% tested positive for inorgani merury and 8% for methylmerury, but muh higher perentages tested positive among autoimmune ondition patients. In theMELISA laboratory, 12 out of 13 ALS patients tested showed positive immune reativity lymphoyteresponses to metals in vitro [60℄, indiating metals reativity a likely major fator in their ondition.A reent study assessed the possible auses of high ALS rates in Guam and similar areas and thereent deline in this ondition. One of the studies onlusions was that a likely major fator for thehigh ALS rates in Guam and similar areas in the past was hroni dietary de�ieny sine redued Ca,Mg and Zn indued exessive absorption of divalent metal ations suh as merury whih aeleratesoxidant-mediated neuronal degenerations in a genetially suseptible population (466). The VeteransAdministration onluded that higher levels of veterans of Gulf War I than normal ontrated ALS(580). These veterans were subjeted to large exposures of toxi metals in vaines and other toxiexposures and there is evidene that aluminum hydroxide in vaines an ause symptoms seen inALS (582).Programmed ell death (apoptosis) is doumented to be a major fator in degenerative neurologialonditions like ALS, Alzheimer's, MS, Parkinson's, et. Some of the fators doumented to beinvolved in apoptosis of neurons and immune ells inlude induement of the inammatory ytokineTumor Nerosis Fator-alpha (TNFa) (126), reative oxygen speies and oxidative stress (13, 43a,56a, 296b, 495), redued glutathione levels (56, 126a, 111a), liver enzyme e�ets and inhibition ofprotein kinase C and ytohrome P450 (43, 84, 260), nitri oxide and peroxynitrite toxiity (43a, 521,524), exitotoxiity and lipid peroxidation (490, 496), exess free ysteine levels (56d, 111a, 33, 330),exess glutamate toxiity (416, 13b), exess dopamine toxiity (56d, 13a), beta-amyloid generation(462, 56a), inreased alium inux toxiity (296b, 333, 416, 432, 462, 507) and DNA fragmentation(296, 42, 114, 142) and mitohondrial membrane dysfuntion (56de, 416).Chroni neurologial onditions suh as ALS appear to be primarily aused by hroni or autebrain inammation. The brain is very sensitive to inammation. Disturbanes in metaboli networks:e.g., immuno-inammatory proesses, insulin-gluose homeostasis, adipokine synthesis and seretion,intra-ellular signaling asades, and mitohondrial respiration have been shown to be major fatorsin hroni neurologial onditions (592, 593, 598, 580, et.). Inammatory hemials suh as merury,aluminum, and other toxi metals as well as other exitotoxins inluding MSG and aspartame ausehigh levels of free radials, lipid peroxidation, inammatory ytokines, and oxidative stress in thebrain and ardiovasular systems (13, 582, 595-598, et.)In amyotrophi lateral slerosis (ALS) non-neuronal ells play key roles in disease etiology andloss of motoneurons via nonell-autonomous mehanisms. Reative astrogliosis and dysfuntionaltransporters for L-glutamate are ommon hallmarks of ALS pathology (416d). Oxidative and exi-totoxi insults exert di�erential e�ets on spinal motoneurons and astroyti glutamate transportersin the progression of ALS. Exitotoxiity in ALS a�ets both motor neurons and astroytes, favour-ing their loal interative degeneration. Merury and other toxi metals inhibit astroyte funtionin the brain and CNS (119), ausing inreased glutamate and alium related neurotoxiity (119,333, 416, 496). Merury and inreased glutamate in the plasma ativate free radial forming pro-esses like xanthine oxidase whih produe oxygen radials and oxidative neurologial damage (142,416, 13). Nitri oxide related toxity aused by peroxynitrite formed by the reation of NO withsuperoxide anions, whih results in nitration of tyrosine residues in neuro�laments and manganese4



Superoxide Dimustase (SOD) has been found to ause inhibition of the mitohondrial respiratoryhain, inhibition of the glutamate transporter, and glutamate-indued neurotoxiity involved in ALS(524, 521). A reent study has linked some ases of sporadi ALS with the failure to edit key residuesin ionotropi glutamate reeptors, resulting in exessive inux of alium ions into motor neuroneswhih in turn triggers ell death. The study suggests that edited AMPA glutamate (GluR2) reeptorsubunits serve as gatekeepers for motor neurone survival. (525)These inammatory proesses damage ell strutures inluding DNA, mitohondria, and ell mem-branes. They also ativate miroglia ells in the brain, whih ontrol brain inammation and immu-nity. One ativated, the miroglia serete large amounts of neurotoxi substanes suh as glutamate,an exitotoxin, whih adds to inammation and stimulates the area of the brain assoiated with anxi-ety (598). Inammation also disrupts brain neurotransmitters resulting in redued levels of serotonin,dopamine, and norepinephrine. Some of the main auses of suh disturbanes that have been dou-mented inlude vaines, merury, aluminum, other toxi metals, MSG, aspartame, et. (582, 593,598, 600, et.) High levels of aluminum exposure along with low levels of other minerals suh asalium and magnesium have been doumented to ause neurologial degeneration and appear to bethe ause of high ALS and Parkinson's in the past in Guam (518). There is evidene that aluminumhydroxide in vaines an ause symptoms suh as those seen in ALS (582). Aluminum has beenfound to be a fator in some Alzheimer's9 and Parkinson's10 ases.Programmed ell death (apoptosis) is doumented to be a major fator in degenerative neuro-logial onditions like ALS, Alzheimer's, MS, Parkinson's, et. Some of the fators doumented tobe involved in apoptosis of neurons and immune ells inlude mitohondrial membrane dysfuntion(56b, 416). Mitohondrial DNA mutations or dysfuntion is fairly ommon, found in at least 1 inevery 200 people (275), and toxiity e�ets a�et this population more than those with less susepti-bility to mitohondrial dysfuntion. Merury depletion of GSH and damage to ellular mitohrondriaand the inreased lipid peroxidation in protein and DNA oxidation in the brain appear to be a majorfator in onditions suh as ALS, Parkinson's disease, autism, et. (33, 56, 416, 442).Redued levels of magnesium and zin are related to metaboli syndrome, insulin resistane, andbrain inammation and are protetive against these onditions (595, 43). Merury and admiuminhibiting magnesium and zin levels as well as inhibiting gluose transfer are other mehanisms bywhih merury and toxi metals are fators in metaboli syndrome and insulin resistane/diabetes(43, 196, 338, 580, 597).TNFa (tumor nerosis fator-alpha) is a ytokine that ontrols a wide range of immune ell re-sponse in mammals, inluding ell death (apoptosis). This proess is involved in inammatory anddegenerative neurologial onditions like ALS, MS, Parkinson's, rheumatoid arthritis, et. Cell sig-naling mehanisms like sphingolipids are part of the ontrol mehanism for the TNFa apoptosismehanism (126a). glutathione is an amino aid that is a normal ellular mehanism for ontrollingapoptosis. When glutathione is depleted in the brain, reative oxidative speies inreased, and CNSand ell signaling mehanisms are disrupted by toxi exposures suh as merury, neuronal ell apop-tosis results and neurologial damage. Merury has been shown to indue TNFa, deplete glutathione,and inrease glutamate, dopamine, and alium related toxiity, ausing inammatory e�ets andellular apoptosis in neuronal and immune ells (126b, 126). Merury's biohemial damage at theellular level inlude DNA damage, inhibition of DNA and RNA synthesis (42, 114, 142, 197, 296,392); alteration of protein struture (33, 111, 114, 194, 252, 442); alteration of the transport andsignaling funtions of alium (333, 43b, 254, 416d, 462, 507); inhibitation of gluose transport (338,254, 580), and of enzyme funtion and transport of other essential nutrients (96, 198, 254, 263, 264,33, 330, 331, 339, 347, 441, 442); indution of free radial formation (13a, 43b, 54, 405, 424), deple-tion of ellular glutathione (neessary for detoxi�ation proesses) (56, 111, 126, 424), inhibition of9Informativo: \Alzheimer's Disease and Other Autoimmune Degenerative Conditions: the Merury Connetion".10Informativo: \Toxi Exposures and Parkinsons: the Merury Connetion".5



glutathione peroxidase enzyme (13a, 442), inhibits glutamate uptake (119, 416), indues peroxyni-trite and lipid peroxidation damage (521b), auses abnormal migration of neurons in the erebralortex (149), immune system damage (111, 194, 226, 252, 272, 316, 325, 355); inhibits funtionalmethylation (504), induement of inammatory ytokines (126, 152, 181) and autoimmunity (226,272, 369, 405, et.)Exposure to merury vapor and methyl merury is well doumented to ommonly ause ondi-tions involving tremor, with populations exposed to merury experiening tremor levels on averageproportional to exposure level (250, 565). However bateria, yeasts, and Vitamin B12 methylateinorgani merury to methyl merury in the mouth and intestines (599, 505) and merury inhibitsfuntional methylation in the body, a neessary proess (504).Merury exposure auses high levels of oxidative stress/ reative oxygen speies (ROS) (13), whihhas been found to be a major fator in apoptosis and neurologial disease (56, 250, 441, 442, 443,13) inluding dopamine or glutamate related apoptosis (288).Merury and quinones form onjugates with thiol ompounds suh as glutathione and ysteineand ause depletion of glutathione, whih is neessary to mitigate reative damage. Suh onjugatesare found to be highest in the brain substantia nigra with similar onjugates formed with L-Dopa anddopamine in Parkinson's disease (56). Merury depletion of GSH and damage to ellular mitohondriaand the inreased lipid peroxidation in protein and DNA oxidation in the brain appear to be a majorfator in Parkinson's disease (33, 56, 442) and a fator in other neurologial onditions.Merury bloks the immune funtion of magnesium and zin (198, 427, 38), whose de�ieniesare known to ause signi�ant neurologial e�ets (461, 463, 430, 601). The low Zn levels result inde�ient CuZnSuperoxide dismustase (CuZnSOD), whih in turn leads to inreased levels of super-oxide due to toxi metal exposure. This is in addition to merury's e�et on metallothionein andopper homeostasis as previously disussed (477). Copper is an essential trae metal whih plays afundamental role in the biohemistry of the nervous system (477, 489, 495, 463, 464). Several hronineurologial onditions involving opper metaboli disorders are well doumented like Wilson's Dis-ease and Menkes Disease. Mutations in the opper/zin enzyme superoxide dismustase (SOD) havebeen shown to be a major fator in the motor neuron degeneration in onditions like familial ALS(580). Exposures to toxi metals suh as merury and admium have been found to ause suhe�ets (13a, 495, 517, et.) and similar e�ets on Cu/Zn SOD have been found to be a fator inother onditions suh 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 nitrioxide, peroxynitrite, and lipid peroxidation (490, 495, 496, 489, 521, 524), whih have been foundto a�et glutamate mediated exitability and apoptosis of nerve ells and e�ets on mitohondria(119, 412, 416, 495, 496, 502, 519, 524). These e�ets an be redued by zin supplementation (464,495, 517, 430), as well as supplementation with antioxidants and nitri oxide-suppressing agents andperoxynitrite savengers suh as Vit C, Vit E, lipoi aid, Coenzyme Q10, arnosine, gingko biloba,N-aetyl ysteine, melatonin, et. (444, 464, 494, 495, 469, 470, 521, 524, 572). Ceruloplasmin inplasma an be similarly a�eted by opper metabolism dysfuntion, like SOD funtion, and is oftena fator in neurodegeneration (489).Motor neuron dysfuntion and loss in amyotrophi lateral slerosis (ALS) have been attributed toseveral di�erent mehanisms, inluding inreased intraellular alium (333, 496, 507), glutamate dys-regulation and exitotoxiity (119, 412, 416, 496, 502), oxidative stress and free radial damage (13,43, 56, 442, 490), nitri oxide related toxiity aused by peroxynitrite (524, 521), mitohondrial dam-age/dysfuntion (519), neuro�lament aggregation and dysfuntion of transport mehanisms (507),and autoimmunity (313, 314, 369, 405, 513). These alterations and e�ets are not mutually exlusivebut rather are synergisti, and inreased alium and altered alium homeostasis appears to be aommon denominator. Merury forms strong bonds with the-SH groups of proteins ausing alter-ation of the transport of alium (333, 43, 96, 254, 329, 432, 496) and auses mitohondrial release6



of alium (21, 35, 43, 329, 333, 432, 496, 519). This results in a rapid and sustained elevation inintraellular levels of alium (333, 496). Calium plays a major role in the extreme neurotoxiityof merury and methyl merury. Both inhibit ellular alium ATPase and alium uptake by brainmirosomes at very low levels of exposure (270, 288, 329, 333, 432, 56,). Protein Kinase C (PKC)regulates intraellular and extra ellular signals aross neuronal membranes, and both forms of mer-ury inhibit PKC at miro molar levels, as well as inhibiting phorbal ester binding (43, 432). Theyalso blok or inhibit alium L-hannel urrents in the brain in an irreversible and onentrationdependent manner. Merury vapor or inorgani merury exposure a�ets the posterior ingulateortex and auses major neurologial e�ets with suÆient exposure (428, 453). Metalli meruryis muh more potent than methyl merury in suh ations, with 50% inhibition in animal studiesat 13 ppb (333, 329). Merury is seen to be a fator in all of these known mehanisms of neuraldegeneration seen n ALS and other motor neuron onditions.Spatial and temporal hanges in intraellular alium onentrations are ritial for ontrollinggene expression and neurotransmitter release in neurons (432, 496, 43, 114). Merury alters aliumhomeostasis and alium levels in the brain and a�ets gene expression and neurotransmitter releasethrough its e�ets on alium, et. Merury 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). Merury also interrupts the ytohrome oxidase system,bloking the ATP energy funtion (35, 43, 84), lowering immune growth fator IGF-I levels andimpairing astroyte funtion (119, 152, 416d, 497). Astroytes are ommon ells in the CNS involvedin the feeding and detox of nerve ells. Inreases in inammatory ytokines suh as aused by toximetals trigger inreased free radial ativity and damage to astroyte and astroyte funtion (152,416d). IGF-I protets against brain and neuronal pathologies like ALS, MS, and Fibromyalgia byproteting the astroytes from this destrutive proess.Na (+), K (+)-ATPase is a transmembrane protein that transports sodium and potassium ionsaross ell membranes during an ativity yle that uses the energy released by ATP hydrolysis.Merury is doumented to inhibit Na (+), K (+)-ATPase funtion at very low levels of exposure(288ab). Studies have found that in ALS ases there was a redution in serum magnesium and RBCmembrane Na (+)-K+ ATPase ativity and an elevation in plasma serum digoxin (263, 260d). Theativity of all serum free-radial savenging enzymes, onentration of glutathione, alpha toopherol,iron binding apaity, and eruloplasmin dereased signi�antly in ALS, while the onentration ofserum lipid peroxidation produts and nitri oxide inreased. The inhibition of Na+-K+ ATPasean ontribute to inrease in intraellular alium and derease in magnesium, whih an resultin 1) defetive neurotransmitter transport mehanism, 2) neuronal degeneration and apoptosis, 3)mitohondrial dysfuntion, 4) defetive golgi body funtion and protein proessing dysfuntion. Itis doumented in this paper that merury is a ause of most of these onditions seen in ALS (13a,111, 288, 442, 521b, 43, 56, 263, et.)Merury exposure also degrades the immune system resulting in more suseptibility to viral,baterial, or parasiti e�ets along with andida albians whih are often present in those withhroni onditions and require treatment (404, 468, 470, 485, 600). Four suh ommonly foundin ALS patients are myoplasma AND eho-7 enterovirus (468, 470), andida albians (404), andparasites (485). One lini found that over 85% of patients with ALS tested have myoplasmainfetion, often M. Pneumoniae (470), but in Gulf War veterans mostly a manmade variety used inbioterrorism agents-M. fermentans. Merury from amalgam interferes with prodution of ytokinesthat ativate marophage and neutrophils, disabling early ontrol of viruses or other pathogens andleading to enhaned infetion (131). While the others are also being ommonly found, myoplasmahas been found in 85% of ALS patients by linis treating suh onditions (470). Myoplasma appearsto be a ofator with merury in the majority of ases and shifts the immune T ell balane towardinammatory ytokines (470b). Treatment of these hroni infetions are required and doumentedto ause improvement in suh patients (470). 7



Merury lymphoyte reativity and e�ets on amino aids suh as glutamate in the CNS indueCFS type symptoms inluding profound tiredness, musuloskeletal pain, sleep disturbanes, gastroin-testinal and neurologial problems along with other CFS symptoms and Fibromyalgia11 (346, 342,369, 416, 496, 513, 119b, 152, 314). Merury has been found to be a ommon ause of Fibromyalgia(293, 346, 369), whih based on a Swedish survey ours in about 12% of women over 35 and 5.5%of men (342). ALS patients have been found to have a generalized de�ieny in metabolism of theneuroexitotoxi amino aids like glutamate, aspartate, NAAG, et.(416). Glutamate is the mostabundant amino aid in the body and in the CNS ats as exitory neurotransmitter (346, 412, 416,438, 496, 119), whih also auses inow of alium. Astroytes, a type of ell in the brain and CNSwith the task of keeping lean the area around nerve ells, have a funtion of neutralizing exessglutamate by transforming it to glutami aid. If astroytes are not able to rapidly neutralize exessglutamate, then a buildup of glutamate and alium ours, ausing swelling and neurotoxi e�ets(119, 152, 333, 416, 496, 524). Merury and other toxi metals inhibit astroyte funtion in thebrain and CNS (119, 152, 416), ausing inreased glutamate and alium related neurotoxiity (119,152, 333, 226a, 496) whih are responsible for muh of the Fibromyalgia symptoms and a fator inneural degeneration in MS and ALS. This is also a fator in onditions suh as CFS, Parkinson's, andALS (346, 416, 496, 524, 600). Animal studies have on�rmed that inreased levels of glutamate (oraspartate, another amino aid exitory neurotransmitter) ause inreased sensitivity to pain, as wellas higher body temperature-both found in CFS/Fibromyalgia. Merury and inreased glutamateativate free radials forming proesses like xanthine oxidase whih produe oxygen radials andoxidative neurologial damage (346, 142, 13). Nitri oxide related toxity aused by peroxynitriteformed by the reation of NO with superoxide anions, whih results in nitration of tyrosine residuesin neuro�laments and manganese Superoxide Dimustase (SOD) has been found to ause inhibition ofthe mitohondrial respiratory hain, inhibition of the glutamate transporter, and glutamate-induedneurotoxiity involved in ALS (524, 521).In addition to the doumentation showing the mehanisms by whih merury auses the onditionsand symptoms seen in ALS and other neurodegenerative diseases, many studies of patients with majorneurologial or degenerative diseases have found diret evidene merury and amalgam �llings playa major role in development of onditions suh as suh as ALS (92, 97, 207, 229b, 305, 325, 327,416, 423, 442, 468, 470, 520, 35). Suh supplements inluding N-aetylysteine (NAC), Vitamins Eand C, zin, and reatinine have been found to o�er signi�ant protetion against ell apoptosis andneurodegeneration in neurologial onditions suh as ALS (13, 56a, 517, 524, 564, 494).Medial studies and dotors treating hroni onditions like Fibromyalgia have found that sup-plements whih ause a derease in glutamate or protet against its e�ets have a positive e�et onFibromyalgia and other hroni neurologi onditions. Some that have been found to be e�etiveinlude CoQ10 (444), ginkgo biloba and pynogenol (494a), NAC (54, 494a), Vit B6, methyl obal-amine (B12), L-arnitine, holine, ginseng, vitamins C and E, niotine, and omega 3 fatty aids (�shand axseed oil) (417, 495e). A study demonstrated protetive e�ets of methylobalamin, a vitaminB12 analog, against glutamate-indued neurotoxiity (503), and similarly for iron in those who areiron de�ient.In a study of the brains of persons dying of ALS, spherial and resent-shaped introneuronalinlusions (SCI) were distributed in assoiation with eah other among the parahippoampal gyrus,dentate gyrus of the hippoampus and amygdala, but not any non-motor-assoiated brain regions(522). The ourrene of SCI in both the seond and third layers of the parahippoampal gyrus andamygdala was signi�antly orrelated to the presene of dementia in ALS ases. Merury has beenfound to aumulate in these areas of the brain and to ause adverse behavioral e�ets in animalstudies and humans (66, 287, 305).11Informativo: \Chroni Fatigue Syndrome, Fibromyalgia, Sleroderma, Lupus, Rheumatoid Arthritis, MCS: TheMerury Connetion". 8



Another neurologial e�et of merury that ours at very low levels is inhibition of nerve growthfators, for whih de�ienies result in nerve degeneration. Only a few mirograms of meruryseverely disturb ellular funtion and inhibits nerve growth (175, 147, 226, 255, 305, 149). Prenatalor neonatal exposures have been found to have life long e�ets on nerve funtion and suseptibilityto toxi e�ets. Prenatal merury vapor exposure that results in levels of only 4 parts per billionin newborn rat brains was found to ause dereases in nerve growth fator and other e�ets (305).This is a level that is ommon in the population with several amalgam �llings or other exposures(600). There is also evidene that fetal or infant exposure auses delayed neurotoxiity evidenedin serious e�et at middle age (255). Insulin-like-growth fator 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 fator than women (497).IGF-I ontrols the survival of spinal motor neurons a�eted in ALS during development as well aslater in life (497, 498). IGF-I and insulin levels have been found to be redued in ALS patientswith evidene this is a fator in ALS (497, 498). Several linial trials have found IGF-I treatmentis e�etive at reduing the damage and slowing the progression of ALS and Alzheimer's with nomedially important adverse e�ets (498). It has also been found that in hronially ill patientsthe levels of pituitary and thyroid hormones that ontrol many bodily proesses are low, and thatsupplementing both thyrotropin-releasing hormone and growth ontrol hormone is more e�etive atinreasing all of these hormone levels in the patient (499).Extremely toxi anaerobi bateria from root anals or avitations formed at inompletely healedtooth extration sites have also been found to be ommon fators in Fibromyalgia and other hronineurologial onditions suh as Parkinson's and ALS, with ondensing osteitis whih must be removedwith a surgial burr along with 1 mm of bone around it (35, 200, 437, 600). Cavitations have beenfound in 80% of sites from wisdom tooth extrations tested and 50% of molar extration sites tested(35, 200, 437). The inidene is likely somewhat less in the general population. Medial studiesand dotors treating Fibromyalgia have found that supplements whih ause a derease in glutamateor protet against its e�ets have a positive e�et on Fibromyalgia and other hroni neurologionditions like ALS. Some that have been found to be e�etive inlude Vit B6, methyl obalamine(B12), L-arnitine, holine, ginseng, Ginkgo biloba, vitamins C and E, CoQ10, niotine, and omega3 fatty aids (�sh and axseed oil) (417, 468).Clinial 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 bloked enzymati proesses for onverting the basiellular fuel ysteine to sulfates and glutathione, and thus insuÆient sulfates available to arryout neessary bodily proesses. Merury has been shown to diminish and blok sulphur oxidationand thus reduing glutathione levels whih is the part of this proess involved in detoxifying andexretion of toxis like merury (33). Glutathione is produed through the sulphur oxidation sideof this proess. Low levels of available glutathione have been shown to inrease merury retentionand inrease toxi e�ets (111), while high levels of free ysteine have been demonstrated to maketoxiity due to inorgani merury more severe (333, 194, 56, 33b). The de�ieny in onjugation anddetoxi�ation of sulfur based toxins in the liver results in toxi metabolites and progressive nervedamage over time (331). Merury has also been found to play a part in induing intolerane andneuronal problems through blokage of the P-450 enzymati proess (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 bloked metaboli pathway.A test that some dotors treating onditions like ALS usually presribe to measure the ysteine tosulfate ratio and other information useful in diagnosis and treatment is the Great Smokies DiagnostiLabs omprehensive liver detox test (386). The test results ome with some reommendations 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 suh as MELISA for immune reativity to toxis isavailable by sending blood to a European lab (87). Other labs also have other useful tests suh asImmune Reativity Bioompatability Tests (445), ELISA or organi aid panels or amino aid panels(386). Treatment using IV glutathione, vitaminC, and minerals has been found to be very e�etivein the stabilizing and amelioration of some of these hroni neurologial onditions by neurologistsuh as Perlmutter in Florida (469).In one subtype of ALS, damaged, bloked, or faulty enzymati superoxide dimustase (SOD) pro-esses appear to be a major fator in ell apoptosis involved in the ondition (443, 495). Merury isknown to damage or inhibit SOD ativity (13, 33, 111).1.4 Prevention and Treatment of ALSTik-borne enephalitis, suh as Lyme Disease, has been found to ause ALS symptoms in a signi�antportion of untreated aute ases (471). Lyme disease is widespread in the U.S. Large numbers ofpatients diagnosed with ALS and other neurologial onditions have been found to have treatable tik-borne enephalitis, and many have reovered after treatment. Anyone diagnosed with degenerativeneurologial symptoms should investigate the possibility of lyme disease or post-polio enephalitis.Poliomyelitis also has a hroni state that resembles ALS (580).Sine elevated plasma ysteine has been reported in some ALS patients, sul�te and ysteine toxiitymay be involved in other ases of ALS. Patients with ALS with nonmutant-SOD should be testedfor sul�te toxiity, ysteine, glutamate and GSH levels, and whether they have low levels of GSHmetabolism enzymes. During the time when strit dietary and supplement measures normalized apatient's whole blood GSH, blood ysteine, and urine sul�te, the patient did not experiene additionalphysial deline (330b).Total dental revision (TDR) whih inludes replaing amalgam �llings, extrating 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 bateria whih give o� toxins of extreme toxiity whih blok enzymatiproesses at the ellular level ausing degenerative proesses aording to the medial labs that do thetests (437, 200, 35), similar to merury's e�ets but in some ases even more toxi. IGF-1 treatmentshave also been found to alleviate some of the symptoms of ALS (424). Medial studies and dotorstreating Fibromyalgia have found that supplements whih ause a derease in glutamate or protetagainst its e�ets have a positive e�et on Fibromyalgia. Some that have been found to be e�etivein treating metals related autoimmune onditions inlude Vit B6, CoenzymeQ10, methyl obalamine(B12), SAMe, L-arnitine, holine, ginseng, Ginkgo biloba, vitamins C and E, niotine, and omega3 fatty aids (�sh and axseed oil) (417, 444, 468, 580).One dentist with severe symptoms similar to ALS improved after treatment for merury poisoning(246), and others treated for merury poisoning or using TDR have also reovered or signi�antlyimproved (97, 229, 405, 406, 437, 468-470, 485, 35).The Edelson Clini in Atlanta whih treats ALSpatients reports similar experiene (406), and the Perlmutter Clini has also had some suess withtreatment of ALS and other degenerative neurologial onditions (469).While there are many studies doumenting e�etiveness of hemial helators like DMSA andDMPS at reduing metals levels and alleviating adverse e�ets for most onditions, and many thou-sands of linial ase results (600, 601); there is also some evidene from animal studies that thesehelators an result in higher levels of merury in the motor neurons in the short term whih mightbe a problem for ALS patients (600). Thus other detox options might be preferable for ALS patientsuntil enough linial evidene is available treating ALS patients with them with merury toxiity.Another helator used for logged arteries, EDTA, forms toxi ompounds with merury and an10



damage brain funtion (307). Use of EDTA may need to be restrited in those with high Hg lev-els. N-aetyl ysteine (NAC) has been found to be e�etive at inreasing ellular glutathione levelsand helating merury (54). Experiened dotors have also found additional zin to be useful whenhelating merury (222) as well as ounterating merury's oxidative damage (43). Zin induesmetallothionein whih protets against oxidative damage and inreases protetive enzyme ativitiesand glutathione whih tend to inhibit lipid peroxidation and suppress merury toxiity (430, 464).Also lipoi aid, LA, has been found to dramatially inrease exretion of inorgani merury (over12 fold), but to ause dereased exretion of organi merury (572d) and opper. Lipoi aid hasa protetive e�et regarding lead or inorgani merury toxiity through its antioxidant properties(572), but should not be used with high opper until opper levels are redued. LA and NAC (N-aetyl ysteine) also inrease glutathione levels and protet against superoxide radial/ peroxynitritedamage, so thus have an additional neuroprotetive e�et (494ab, 521, 572, 54). Zin is a meruryand opper antagonist and an be used to lower opper levels and protet against merury damage.Lipoi aid has been found to have protetive e�ets against erebral ishemi-reperfusion, exitotoxiamino aid (glutamate) brain injury, mitohondrial dysfuntion, diabeti neuropathy (494).Antioxidants suh as arnosine (495a), Coenzyme Q10, Vitamins B & C & E & D, gingko biloba,superoxide dismutase (SOD), N-aetyl-ysteine (NAC), Alpha Lipoi Aid, and pynogenol have alsobeen found protetive against degenerative neurologial onditions (494, 495e, 444, 580). Other sup-plements found to be protetive against neuronal degenerative onditions inlude Aetyl-L-Carnitine,EFAs (DHA/EPA), DHEA, CoQ10, magnesium, Vit B1 & B5, hydergine, and otaosanol (580).Suh supplements only o�er limited protetion and redutions in progression of ALS without othermeasures that deal with underlying mehanisms of ausality.Other supplements that appear useful in onditions involving neurotoxiity or musle funtiondegeneration inlude reatine (502, 580) and lithium (590). In the motor ortex of the ALS groupthe N-aetylaspartate (NAA)/reatine (Cr (t)) metabolite ratio was lower than in our ontrol group,indiating NAA loss. Upon reatine supplementation we observed in the that reatine supplemen-tation auses an inrease in the diminished NAA levels in ALS motor ortex as well as an inreaseof holine levels in both ALS and ontrol motor orties. This indiates an improvement in funtionof the pathologial ALS skeletal musles related to hanges of mitohondrial respiratory hain whihappears to a�et motor neuron survival. In another study by the NAS, lithium arbonate at 150mg twie daily signi�antly redued the degeneration of ALS patients (590). A reent study demon-strated that ombined treatment with lithium and valproi aid eliits synergisti neuroprotetivee�ets against glutamate exitotoxiity in ultured brain neurons. Combined lithium and valproatetreatment delays disease onset, redues neurologial de�its and prolongs survival in an amyotrophilateral slerosis mouse model (590). Methylobalamin and SAMe have also been found to providesome protetion against neurotoxiity (580).Two experimental treatment for ALS that has shown some e�etiveness at reduing disease pro-gression is reombinant human insulin-like growth fator and Orap (Pimozide) (580).1.5 Referenes(13) (a) S.Hussain et al, \Meruri hloride-indued reative oxygen speies and its e�et on antiox-idant enzymes in di�erent regions of rat brain", J Environ Si Health B 1997 May;32 (3):395-409;& P.Bulat, \Ativity of Gpx and SOD in workers oupationally exposed to merury", Arh OupEnviron Health, 1998, Sept, 71 Suppl:S37-9; & Stohs SJ, Baghi D. Oxidative mehanisms in thetoxiity of metal ions. Free Radi Biol Med 1995; 18 (2): 321-36 ; & D.Jay, \Glutathione inhibitsSOD ativity of Hg", Arh Inst ardiol Mex, 1998, 68 (6): 457-61 & El-Demerdash FM. E�ets ofselenium and merury on the enzymati ativities and lipid peroxidation in brain, liver, and bloodof rats. J Environ Si Health B. 2001 Jul;36 (4):489-99. &(b) S.Tan et al, \Oxidative stress indues11
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