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tion and mer
ury exposureThere has been a huge in
rease in the in
iden
e of degenerative neurologi
al 
onditions in virtuallyall Western 
ountries over the last 2 de
ades (574, 580, 594). Alzheimer's disease is the leading
ause of dementia in the elderly. The in
rease in Alzheimer's and other dementia has been over300%. The primary 
ause appears to be brain in
ammation related to in
reased exposures to toxi
pollutants and bad dietary habits, as well as oxidative stress and depletion of neurotransmitters su
has a
etyl
holine (445, 574, 577, 580, 594, 598, 158, et
.). These appear to be fa
tors in formationof advan
ed gly
ation end produ
ts (AGEs) and senile plaques of beta-amyloid peptides, hyper-phosphorylation of Tau, and neuro�brillary tangles-as seen in Alzheimer's patients.Mer
ury is known to be one of the most toxi
 substan
es 
ommonly en
ountered and to be alongwith lead the toxi
 substan
es adversely a�e
ting the largest numbers of people (276). Mer
ury inthe presen
e of other metals in the oral environment undergoes galvani
 a
tion, 
ausing movementout of amalgam and into the oral mu
osa and saliva (174, 183, 192, 436, 199). Mer
ury in solidform is not stable due to its vapor pressure and oral galvanism of mixed metals so that it evaporates
ontinuously from amalgam �llings in the mouth, being transferred over a period of time to the host(49, 79, 83, 85, 183, 199, 335, et
.). The daily total exposure of mer
ury from �llings is from 3 to1000 mi
rograms per day, with the average exposure for those with several �llings being above 30mi
rograms per day and the average uptake over 7 �g/day (49, 183, 199, 79, 83, 85, 335, 603, et
.),with the majority of the rest ex
reted through the fe
es and often being over 30 �g/day (79, 335,603). The average amount of mer
ury in the fe
es of a group with amalgams was over 10 timesthat of 
ontrols (79, 603). A 2009 study found that inorgani
 mer
ury levels in people have beenin
reasing rapidly in re
ent years (543b). It used data from the U.S. Centers for Disease Control andPrevention's National Health Nutrition Examination Survey (NHANES) �nding that while inorgani
mer
ury was dete
ted in the blood of 2 per
ent of women aged 18 to 49 in the 1999-2000 NHANESsurvey, that level rose to 30 per
ent of women by 2005-2006. Surveys in all states using hair tests havefound dangerous levels of mer
ury in an average of 22 % of the population, with over 30% in somestates like Florida and New York (543
). A large U.S. Centers for Disease Control epidemiologi
alstudy, NHANES III, found that those with more amalgam �llings (more mer
ury exposure) havesigni�
antly higher levels of 
hroni
 health 
onditions (543a).1



Amalgam �llings are the largest sour
e of mer
ury1 in most people with daily exposures do
u-mented to 
ommonly be above government health guidelines (49, 79, 183, 199, 506, 594, 600, 607,217). This is due to 
ontinuous vaporization of mer
ury from amalgam in the mouth, along withgalvani
 
urrents from mixed metals in the mouth that deposit the mer
ury in the gums and oral
avity (605). Due to the high daily mer
ury exposure and ex
retion into home and business sewers ofthose with amalgam, dental amalgam is also the largest sour
e of the high levels of mer
ury found inall sewers and sewer sludge, and thus a

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

inations,�sh, and dental 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 (600, 601).All of these are highly neurotoxi
 and are do
umented to 
ause neurologi
al damage whi
h 
an resultin 
hroni
 neurologi
al 
onditions over time, as well as ADHD, mood, and behavioral disorders (594,600, 601, 577).Another major sour
e of mer
ury exposure is va

ines su
h as 
u va

ines whi
h have largeamounts of mer
ury and aluminum, and have been linked to 
onditions like depression, Parkinson's,ALS, and dementia (445, 585, 598). It has been found that va

ines 
ontain adjuvants like aluminumplus mer
ury thimerosal whi
h overstimulate the immune system and brain, 
ausing high levels ofin
ammation over long periods of time. There is eviden
e of a link between the aluminum hydroxidein va

ines, and symptoms asso
iated with Alzheimer's, Parkinson's, and ALS(585). It has beenfound that those who get at least 5 
u shots have an in
reased risk of in
ammatory 
onditions likeAlzheimer's of at least 500%.Mer
ury is one of the most toxi
 substan
es in existen
e and is known to bioa

umulate in thebody of people and animals that have 
hroni
 exposure (85, 600, 577, 594). Mer
ury exposureis 
umulative and 
omes primarily from 4 main sour
es: mer
ury amalgam dental �llings, food(mainly �sh), va

inations, and o

upational exposure. Whereas mer
ury exposure from �sh isprimarily methyl mer
ury and mer
ury from va

inations is thimerosal (ethyl mer
ury), mer
uryfrom o

upational exposure and dental �llings is primarily from elemental mer
ury vapor. Howeverba
teria, yeasts, and Vitamin B12 methylate inorgani
 mer
ury to methyl mer
ury in the mouth andintestines (607, 505) and mer
ury inhibits fun
tional methylation in the body, a ne
essary pro
ess(504). Developmental and neurologi
al 
onditions o

ur at lower levels of exposure from mer
uryvapor than from inorgani
 mer
ury or methyl mer
ury (606). Mer
ury in amalgam �llings, be
auseof its low vapor pressure and galvani
 a
tion with other metals in the mouth, has been found to be
ontinuously vaporized and released into the body, and has been found to be the dire
tly 
orrelatedto the number of amalgam surfa
es and the largest sour
e of mer
ury in the majority of people (49,183, 199, 209, 79, 99, 600), typi
ally between 60 and 90% of the total. The level of daily exposureof those with several amalgam �llings 
ommonly ex
eeds the U.S. EPA health guideline for dailymer
ury exposure of 0.1 �g/kg body weight/day, and the oral mer
ury level 
ommonly ex
eeds themer
ury MRL of the U.S.ATSDR of 0.2 �g/ 
ubi
 meter of air (217, 600). When amalgam �llingsare repla
ed, levels of mer
ury in the blood, urine, and fe
es typi
ally rise temporarily but de
linebetween 60 to 85% within 6 to 9 months (79, 600).1.2 Cytotoxi
, neurotoxi
, and immunotoxi
 e�e
ts of mer
uryMer
ury vapor from amalgam readily 
rosses 
ell membranes and binds to the -SH (sulphydryl)groups, resulting in ina
tivation of sulfur pro
esses and blo
king of enzyme fun
tions su
h as 
ys-1Informativo: \Dental Amalgam Mer
ury Solutions".2



teine dioxygenase (CDO), sul�te oxidase, and gamma-glutamyltraspeptidase (GGC), produ
ing sul-fur metabolites with extreme toxi
ity that the body is unable to properly detoxify (33, 111, 114,194, 258, 330, 331, 333), along with a de�
ien
y in sulfates required for many body fun
tions. Sulfuris essential in enzymes, hormones, nerve tissue, and red blood 
ells. These exist in almost everyenzymati
 pro
ess in the body. Blo
ked or inhibited sulfur oxidation at the 
ellular level has beenfound in most with many of the 
hroni
 degenerative diseases, in
luding Parkinson's, Alzheimer's,ALS, MS, lupus, rheumatoid arthritis, MCS, et
 (330, 331, 33, 35, 56, 194, 258), and appears to bea major fa
tor in these 
onditions. The de�
ien
y in 
onjugation and detoxi�
ation of sulfur basedtoxins in the liver results in toxi
 metabolites and progressive nerve damage over time (331). Mer
uryalso blo
ks the metaboli
 a
tion of manganese and the entry of 
al
ium ions into 
ytoplasm (333).Oxidative stress and rea
tive oxygen spe
ies (ROS) have also been impli
ated as major fa
tors inneurologi
al disorders in
luding stroke, PD, Alzheimer's, ALS, et
. (13, 56, 84, 169, 207b, 424, 442,453, 462).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
amatory 
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, 593), ex
ess free 
ysteine levels (56d, 111a,33, 330), ex
ess glutamate toxi
ity (13b, 416, 445, 593, 598), ex
ess dopamine toxi
ity (56d, 13a),beta-amyloid generation (462), 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 (56defg, 416,444d).The me
hanisms by whi
h mer
ury 
auses all of these 
onditions and neuronal apop-tosis are do
umented in this review (often synergisti
ally2 along with other toxi
 exposures).Chroni
 neurologi
al 
onditions su
h as Alzheimer's appear to be primarily 
aused by 
hroni
 ora
ute brain 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 synthesisand se
retion, intra-
ellular signaling 
as
ades, and mito
hondrial respiration have been shown tobe major fa
tors in 
hroni
 neurologi
al 
onditions (592, 593, 598, 56g). In
ammatory 
hemi
alssu
h as mer
ury, aluminum, and other toxi
 metals as well as other ex
itotoxins in
luding MSG andaspartame 
ause high levels of free radi
als, lipid peroxidation, in
ammatory 
ytokines, and oxidativestress in the brain and 
ardiovas
ular systems (13, 585, 593, 595-598) A
etyl
holine depletion hasbeen found to be a major fa
tor in Alzheimer's, and aluminum has been found to inhibit 
holinetransport and redu
e neuronal 
holine a
etyltransferase, whi
h 
an lead to a
etyl
holine de�
ien
y(580).The brain has elaborate prote
tive me
hanisms for regulating neurotransmitters su
h as glutamate,whi
h is the most abundant of all neurotransmitters. When these prote
tive regulatory me
hanismsare damaged or a�e
ted, 
hroni
 neurologi
al 
onditions su
h as Alzheimer's 
an result (593). Mer-
ury and other toxi
 metals inhibit astro
yte fun
tion in the brain and CNS(119), 
ausing in
reasedglutamate and 
al
ium related neurotoxi
ity (119, 333, 416, 496, 593). Mer
ury and in
reased glu-tamate a
tivate free radi
al forming pro
esses like xanthine oxidase whi
h produ
e oxygen radi
alsand oxidative neurologi
al damage (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, 56g).2Internet: \http://www.

v.
om/synergis.html". 3



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 anx-iety (593, 598). In
ammation also disrupts brain neurotransmitters resulting in redu
ed levels ofserotonin, dopamine, and norepinephrine. Some of the main 
auses of su
h disturban
es that havebeen do
umented in
lude va

ines, mer
ury, aluminum, other toxi
 metals, MSG, aspartame, et
.(585, 593, 598, 600, et
.)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
ep-tibility to mito
hondrial dysfun
tion. Mer
ury depletes GSH and damages 
ellular mito
hrondria,whi
h along with the in
reased lipid peroxidation in protein and DNA oxidation in the brain appearsto be major fa
tors in 
onditions su
h as autism, Parkinson's disease, Alzheimer's, et
. (33, 56, 416,442, 56g). Some prevention and repair of su
h damage to mito
hondria has been do
umented usingpyroquinoline quinine (PQQ) (56g).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, 198, 338, 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) in neuronal and immune 
ells. This pro
ess isinvolved in in
amatory and degenerative neurologi
al 
onditions like ALS, MS, Parkinson's, rheuma-toid arthritis, et
. Cell signaling me
hanisms like sphingolipids are part of the 
ontrol me
hansim forthe TNFa apoptosis me
hanism (126a, 598). Gluthathione is an amino a
id that is a normal 
ellularme
hanism for 
ontrolling apoptosis. When glutathione is depleted in the brain, rea
tive oxidativespe
ies in
reased, and CNS and 
ell signaling me
hinsisms are disrupted by toxi
 exposures su
has mer
ury, neuronal 
ell apoptosis results and neurologi
al damage. Mer
ury has been shown toindu
e TNFa and deplete glutathione, 
ausing in
amatory e�e
ts and 
ellular apoptosis in neuronaland immune 
ells (126b, 126
).Mer
ury's bio
hemi
al damage at the 
ellular level in
lude DNA damage, inhibition of DNA andRNA synthesis (42, 114, 142, 197, 296, 392); alteration of protein stru
ture (33, 111, 114, 194, 252,442); alteration of the transport of 
al
ium (333, 43b, 254, 263, 416, 462, 507); inhibitation of glu
osetransport (338, 254), and of enzyme fun
tion, protein transport, and other essential nutrient transport(96, 198, 254, 263, 264, 33, 330, 331, 339, 347, 441, 442); indu
tion of free radi
al formation (13a,43b, 54, 405, 424), depletion of 
ellular gluthathione (ne
essary for detoxi�
ation pro
esses) (111,126, 424), inhibition of glutathione peroxidase enzyme (13a, 442), inhibits glutamate uptake (119,416, 445), indu
es peroxynitrite and lipid peroxidation damage (521b), 
auses abnormal migrationof neurons in the 
erebral 
ortex (149), immune system damage (34, 111, 194, 226, 252, 272, 316,325, 355); and indu
ement of in
amatory 
ytokines (126, 181). Homo
ysteine has been found tofa
ilitate and in
rease mer
ury toxi
ity (19
).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 Alzheimer's 
ases there was a redu
tion in serum magnesiumand RBC membrane Na(+)-K+ ATPase a
tivity and an elevation in plasma serum digoxin (263).4



The a
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 Alzheimer's, while the
on
entration of serum lipid peroxidation produ
ts and nitri
 oxide in
reased. The inhibition ofNa+-K+ ATPase 
an 
ontribute to in
rease in intra
ellular 
al
ium and de
rease in magnesium,whi
h 
an result in 1) defe
tive neurotransmitter transport me
hanism, 2) neuronal degenerationand apoptosis, 3) mito
hondrial dysfun
tion, 4) defe
tive golgi body fun
tion and protein pro
essingdysfun
tion. It is do
umented in this paper that mer
ury is a 
ause of most of these 
onditions seenin Alzheimer's (13a, 111, 288, 442, 521b, 43, 56, 263, et
.)Autoimmunity has also been found to be a fa
tor in 
hroni
 degenerative autoimmune 
onditionssu
h as ALS, with geneti
 sus
eptibility3 a major fa
tor in who is a�e
ted. One geneti
 fa
tor inHg indu
ed autoimmunity is major histo
ompatibility 
omplex (MHC) linked. Both immune 
elltype Th1 and Th2 
ytokine responses are involved in autoimmunity (425
). One geneti
 di�eren
efound in animals and humans is 
ellular retention di�eren
es for metals related to the ability toex
rete mer
ury (426). For example it has been found that individuals with geneti
 blood fa
tortype APOE-4 do not ex
rete mer
ury readily and bioa

umulate mer
ury, resulting in sus
eptibilityto 
hroni
 autoimmune 
onditions su
h as Alzheimer's, Parkinson's, et
. as early as age 40(437b),whereas those with type APOE-2 readily ex
rete mer
ury and are less sus
eptible (437, 35). Thosewith type APOE-3 are intermediate to the other 2 types. The in
iden
e of autoimmune 
onditionshave in
reased to the extent this is now one of the leading 
auses of death among women (450). Alsowhen a 
ondition has been initiated and exposure levels de
line, autoimmune antibodies also de
linein animals or humans (233, 234
, 60, 369, 405)Mer
ury has been found in autopsy studies to a

umulate in the brain of those with 
hroni
 ex-posures, and levels are dire
tly proportional to the number of amalgam �lling surfa
es (85, 577).Dozens of studies have do
umented that exposure to inorgani
 mer
ury 
auses memory loss andmemory problems (435, 600). Mer
ury has been found to 
ause memory loss by ina
tivating en-zymes ne
essary for brain 
ell energy produ
tion and proper assembly of the protein tubulin intomi
rotubules (258). In a re
ent study, mer
ury at extremely low levels found 
ommonly in thosewith amalgam �llings was found to disrupt membrane stru
ture and linear growth rates of neurites inmost nerve growth 
ones exposed, 
ausing tubulin/mi
ortubile stru
ture to disintegrate. The studyalso found that mer
ury also interferes with formation of tubulin produ
ing neuro�brillary tanglesin the brain similar to those observed in Alzheimers patients (207, 462, 594), as well as 
ausingneuronal somata to fail to sprout. The pro
ess was found to result in low levels of zin
 in the brain(158, 43). There is eviden
e that 
ertain redox a
tive metal ions in
luding 
opper and mer
ury areimportant in exa
erbating and perhaps fa
ilitating Abeta-mediated oxidative damage and amyloiddeposits in Alzheimer's disease (462, 488, 590, 594). Mer
ury has also been shown to indu
e 
ell
ytotoxi
ity and oxidative stress and in
reases beta-amyloid se
retion and tau phosphorylation inneuroblastoma 
ells resulting in amyloid plaques whi
h is found in Alzheimer's patients, and to also
ause the formation of the neuro�brilla tangles found in the Alzheimer's patient brain (462, 258).Mer
ury and the indu
ed neuro�brillary tangles also appear to produ
e a fun
tional zin
 de�
ien
yin the of AD su�erers (242), as well as 
ausing redu
ed lithium levels whi
h is another fa
tor insu
h diseases. Lithium prote
ts brain 
ells against ex
ess glutamate indu
ed ex
itability and 
al
iumin
ux (280, 416, 445, 56). These studies 
learly impli
ate mer
ury as having the ability to 
auseneurodegeneration in the brain and CNS, at levels of 20 ppb, whi
h is lower than that of manywith several amalgam �llings or dental o

upational exposure (462). Resear
hers at Geriatri
 andPsy
hiatri
 Univ. Clini
s in Basel, Switzerland 
on
luded that inorgani
 mer
ury appears to be a
ausative fa
tor in Alzheimer's and the Swizz Dental Asso
. re
ommended avoidan
e of amalgamuse in those with neurologi
al disorders (462). Clini
al experien
e has also found that DMSO hassome ability to repair tubulin damage (594).3Informativo: \Sus
eptibility Fa
tors in Mer
ury Toxi
ity: Immune Rea
tivity, Detoxi�
ation System Fun
tion,Enzymati
 Blo
kages, Synergisti
 Exposures". 5



Clini
al tests of patients with MND, ALS, Parkinson's, Alzheimer's, Lupus (SLE), rheumatoidarthritis and autism have found that the patients generally have elevated plasma 
ysteine to sulphateratios, with the average being 500% higher than 
ontrols (330, 331, 56, 33d), and in general beingpoor sulphur oxidizers. This means that these patients have insuÆ
ient sulfates available to 
arry outne
essary bodily pro
esses and that 
ysteine levels build up in the brain and CNS to neurotoxi
 levels.Mer
ury has been shown to diminish and blo
k sulphur oxidation and thus redu
ing glutathione levelswhi
h is the part of this pro
ess involved in detoxifying and ex
retion of toxi
s like mer
ury (33).Glutathione is produ
ed through the sulphur oxidation side of this pro
ess. Low levels of availableglutathione have been shown to in
rease mer
ury retention and in
rease toxi
 e�e
ts (111), whilehigh levels of free 
ysteine have been demonstrated to make toxi
ity due to inorgani
 mer
ury moresevere (333, 194, 56, 33d). 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, 33d).Mer
ury also blo
ks the immune fun
tion of magnesium and zin
 (198, 427, 43, 38), whose de�-
ien
ies are known to 
ause signi�
ant neurologi
al e�e
ts (461, 463, 443). 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 (443). Mer
ury is known to damage or inhibit SOD a
tivity (33,111). Mer
ury indu
ed lipid peroxidation has been found to be a major fa
tor in mer
ury's neurotox-i
ity, along with leading to de
reased levels of glutathione peroxidation and superoxide dismustase(SOD)(13, 254, 489, 494-496).Mer
ury inhibits sulfur ligands in MT and in the 
ase of intestinal 
ell membranes ina
tivates MTthat normally bind 
uprous ions (477), thus allowing buildup of 
opper to toxi
 levels in many andmalfun
tion of the Zn/Cu SOD fun
tion. Modern amalgams 
ommonly used in the U.S. have higherlevels of 
opper than the traditional silver amalgams and result in mu
h higher exposure levels tomer
ury and 
opper (258). This is a fa
tor in higher in
iden
e of neurodegnerative 
ondidtions likeAlzheimer's. 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). 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.Copper is an essential tra
e metal whi
h plays a fundamental role in the bio
hemistry of thenervous system (489, 495, 464). Several 
hroni
 neurologi
al 
onditions involving 
opper metaboli
disorders are well do
umented like Wilson's Disease and Menkes Disease. Mutations in the 
op-per/zin
 enzyme superoxide dismustase (SOD) have been shown to be a major fa
tor in the motorneuron degeneration in 
onditions like familial ALS and similar e�e
ts on Cu/Zn SOD to be a fa
torin other 
onditions su
h as autism, Alzheimer's, Parkinson's, and non-familial ALS (489, 495, 464,111). This 
ondition 
an result in zin
 de�
ient SOD and oxidative damage involving nitri
 oxide,peroxynitrite, and lipid peroxidation (495, 496, 489), whi
h have been found to a�e
t glutamatemediated ex
itability and apoptosis of nerve 
ells and e�e
ts on mito
hondria (416, 445, 495, 496,119) These e�e
ts 
an be redu
ed by zin
 supplementation (464, 495, 517), as well as supplementa-tion with antioxidants and nitri
 oxide-suppressing agents and peroxynitrite s
avengers su
h as VitC, Vit E, lipoi
 a
id, Coenzyme Q10, 
arnosine, gingko biloba, N-a
etyl
ysteine, turmeri
, et
.(444,464, 494, 495, 469, 497). Some of the antioxidants were also found to have prote
tive e�e
ts throughin
reasing 
atalase and SOD a
tion, while redu
ing lipid peroxidations (494a). Cur
umin as an an-tioxidant, anti-in
ammatory and lipophili
 a
tion improves the 
ognitive fun
tions in patients withAD (497). A growing body of eviden
e indi
ates that oxidative stress, free radi
als, beta amyloid,
erebral deregulation 
aused by bio-metal toxi
ity and abnormal in
ammatory rea
tions 
ontributeto the key event in Alzheimer's disease pathology. Due to various e�e
ts of 
ur
umin, su
h as de-
reased Beta-amyloid plaques, delayed degradation of neurons, metal-
helation, anti-in
ammatory,antioxidant and de
reased mi
roglia formation, the overall memory in patients with AD has im-proved. Ceruloplasmin in plasma 
an be similarly a�e
ted by 
opper metabolism disfun
tion, like6



SOD fun
tion, and is often a fa
tor in neurodegeneration (489).Studies showed that metals 
an indu
e A-beta aggregation and toxi
ity and are 
on
entratedin Alzheimer's brain. There is a

umulating eviden
e that intera
tions between beta-amyloid and
opper, iron, and zin
 are asso
iated with the pathophysiology of Alzheimer's disease (AD) (590). Asigni�
ant dyshomeostasis of 
opper, iron, and zin
 has been dete
ted, and the mismanagement ofthese metals indu
es beta-amyloid pre
ipitation and neurotoxi
ity. Chelating agents o�er a potentialtherapeuti
 solution to the neurotoxi
ity indu
ed by 
opper and iron dyshomeostasis. Currently,the 
opper and zin
 
helating agents 
lioquinol and desferroxamine represent a potential therapeuti
route that may not only inhibit beta-amyloid neurotoxi
ity, but may also reverse the a

umulationof neo
orti
al beta-amyloid. There is also eviden
e that melatonin and 
ur
umin may have bene�
iale�e
ts on redu
ing metal toxi
ity (591, 497). Turmeri
/
ur
umin has been found to redu
e some ofthe toxi
 and in
ammatory e�e
ts of toxi
 metals (497, 498).Low levels of mer
ury and toxi
 metals have been found to inhibit dihydroteridine redu
tase, whi
ha�e
ts the neural system fun
tion by inhibiting transmitters through its e�e
t on phenylalanine, ty-rosine and tryptophan transport into neurons (122, 257, 289, 342, 372). This was found to 
ausesevere impaired amine synthesis and hypokinesis. Tetrahydrobiopterin, whi
h is essential in produ
-tion of neurotransmitters, is signi�
antly de
reased in patients with Alzheimer's's, Parkinson's, MS,and autism. Su
h patients have abnormal inhibition of neurotransmitter produ
tion.Some studies have also found persons with 
hroni
 exposure to ele
tromagneti
 �elds (EMF) tohave higher levels of mer
ury exposure and ex
retion (38). Magneti
 �elds are known to indu
e
urrent in metals and would in
rease the e�e
ts of galvanism. O

upational exposure to higher levelsof EMF have also been found in many studies to result in mu
h higher risk of 
hroni
 degenerativeneurologi
al 
onditions su
h as ALS (39) and Alzheimer's Disease (40) Sin
e EMF 
auses in
reasedmer
ury exposure in those with amalgam, and mer
ury is also known to 
ause these 
onditions,again it is not 
lear the relative importan
e of the fa
tors sin
e the studies were not 
ontrolled former
ury levels or number of amalgam �llings. Studies have also found a 
orrelation between highlevels of aluminum exposure and dementia su
h as Alzheimer's (470, 580), and 
on
luded based onextensive literature that the neurotoxi
 e�e
ts of aluminium are beyond any doubt, and aluminiumas a fa
tor in some AD 
annot be dis
arded (470b). It is well do
umented that neurologi
al e�e
ts oftoxi
s are synergisti
4. Flu shots have mer
ury and aluminum whi
h both are known to a

umulatein the brain over time. A study of people who re
eived 
u shots regularly found that if an individualhad �ve 
onse
utive 
u shots between 1970 and 1980 (the years studied) his/her 
han
es of gettingAlzheimer's Disease is ten times higher than if they had one or no shots (475).Many studies of patients with major neurologi
al or degenerative diseases have found eviden
eamalgam �llings may play a major role in development of 
onditions su
h as su
h as Alzheimer's (66,67, 158, 166, 204, 207, 221, 238, 242, 244, 257, 300, 303, 369, 444d, 462, 35, 38d) and signi�
antlyimprove after dental amalgam repla
ement and dental infe
tion 
leanup. Low levels of toxi
 metalshave been found to inhibit dihydroteridine redu
tase, whi
h a�e
ts the neural system fun
tion byinhibiting brain transmitters through its e�e
t on phenylalanine, tyrosine and tryptophan transportinto neurons (122, 257, 289, 372). This was found to 
ause severe impaired amine synthesis and hy-pokinesis. Tetrahydro-biopterin, whi
h is essential in produ
tion of neurotransmitters, is signi�
antlyde
reased in patients with Alzheimer's's, Parkinson's, and MS. Su
h patients have abnormal inhi-bition of neurotransmitter produ
tion.(supplements whi
h inhibit brea
h of the blood brain barriersu
h as bio
avonoids have been found to slow su
h neurologi
al damage).Also mer
ury binds with 
ell membranes interfering with sodium and potassium enzyme fun
tions,
ausing ex
ess membrane permeability, espe
ially in terms of the blood-brain barrier (155, 207, 311).Less than 1ppm mer
ury in the blood stream 
an impair the blood- brain barrier. Mer
ury wasalso found to a

umulate in the mito
hondria and interfere with their vital fun
tions, and to inhibit4Internet: \http://www.

v.
om/synergis.html". 7




yto
hrome C enzymes whi
h a�e
t energy supply to the brain (43, 84, 232, 35). Persons withthe APO-E4 gene form of apolipoprotein E whi
h transports 
holesterol in the blood, are espe
iallysus
eptible to this damage (207, 221, 346, 437, 580), while those with APO-E2 whi
h has extra
ysteine and is a better mer
ury s
avenger have less damage. The majority have an intermediate formAPO-E3. This appears to be a fa
tor in sus
eptibility5 to Alzheimer's disease, Parkinson's disease andmultiple s
lerosis (291). Ones sus
eptibility 
an be estimated by testing for this 
ondition. Repeatedexposure to pesti
ides has also been found to in
rease Alzheimer's Disease risk (586).A major systemati
 review of all medi
al studies found on the 
onne
tion of mer
ury exposureand Alzheimer's Disease was re
ently 
arried out by MDs and PhDs. (435) Studies were s
reeneda

ording to a pre-de�ned proto
ol. The author's noted that mer
ury is one of the most toxi
substan
es known to humans and in addition to being widespread in the environment has also beenused extensively in va

inations and dental amalgam. Studies were s
reened a

ording to a pre-de�ned proto
ol. Most of the studies testing memory in individuals exposed to inorgani
 mer
ury(IM), found signi�
ant memory de�
its. Some autopsy studies found in
reased mer
ury levels inbrain tissues of AD patients. \In vitro models showed that IM reprodu
es all pathologi
al 
hangesseen in AD, and in animal models IM produ
ed 
hanges that are similar to those seen in AD. Its highaÆnity for selenium and selenoproteins suggests that IM may promote neurodegenerative disordersvia disruption of redox regulation." IM appears to play a role as a 
o-fa
tor in the development ofAD. It appears to also in
rease the pathologi
al in
uen
e of other metals through adverse e�e
ts onthe blood brain barrier. Our me
hanisti
 model des
ribes potential 
ausal pathways. It 
on
ludes:\As the single most e�e
tive publi
 health primary preventive measure, industrial, and medi
al usageof mer
ury should be eliminated as qui
kly as possible."\Earlier resear
h on the bio
hemi
al abnormalities of the Alzheimer's Diseased (AD) brain showedthat mer
ury, and only mer
ury, at very low levels indu
ed the same bio
hemi
al abnormalities whenadded to normal human brain homogenates or in the brains of rats exposed to mer
ury vapor." (438)\Sin
e the brain is more vulnerable to oxidative stress than any other organ, it is not surprising thatmer
ury, whi
h promotes oxidative stress, is an important risk fa
tor for brain disorders."1.3 Insulin resistan
e as a fa
tor in Alzheimer'sHigher insulin and glu
ose levels in the blood and de�
ien
y of glu
ose in brain 
ells that need it hasbeen found to lead to neurologi
al problems su
h as Alzheimer's (580, 581). Those with either typeI or type II diabetes have been found to be more likely to have other 
hroni
 
onditions in
ludingheart disease, strokes, kidney disease, Alzheimer's, eye 
onditions and blindness (580, 581). Diabetesalso impa
ts memory by in
reasing the risk blood vessels will be
ome obstru
ted, restri
ting blood
ow to the brain. High blood glu
ose levels also impa
t 
ognition through formation of sugar-relatedtoxins 
alled advan
ed gly
ation end produ
ts (AGEs). AGEs have been found to be a fa
tor inaging, diabetes, and Alzheimer's. Gly
otoxins are formed when sugars intera
t with proteins andlipids, damaging the stru
ture of proteins and membranes, rendering them less able to 
arry outtheir many vital pro
esses. (581). Studies have shown that AGEs are a key fa
tor in 
ross-linkingof harmful beta-amyloid plaques in the brain that are impli
ated in Alzheimer's. As previouslydo
umented mer
ury and aluminum exposure in
rease insulin resistan
e and amalgam repla
ementand detoxi�
ation redu
e insulin resistan
e.In
ammation indu
ed by va

ine adjuvants like aluminum and mer
ury or by ex
itotoxins likeMSG has been found to play a signi�
ant role in insulin resistan
e (type-2 diabetes) and in highlevels of LDL 
holesterol (597, 598, 585, 593). Redu
ed levels of magnesium and zin
 are relatedto metaboli
 syndrome, insulin resistan
e, and brain in
ammation, and these are prote
tive against5Informativo: \Sus
eptibility Fa
tors in Mer
ury Toxi
ity: Immune Rea
tivity, Detoxi�
ation System Fun
tion,Enzymati
 Blo
kages, Synergisti
 Exposures". 8



these 
onditions (599, 43). Mer
ury and 
admium by inhibiting magnesium and zin
 levels as wellas inhibiting glu
ose transfer are other me
hanisms by whi
h mer
ury and toxi
 metals are fa
tors inmetaboli
 syndrome and insulin resistan
e/diabetes (43, 198, 338, 597). Mer
ury inhibits produ
tionof insulin and is a fa
tor in diabetes and hypogly
emia, with signi�
ant redu
tions in insulin needafter repla
ement of amalgam �lings and normalizing of blood sugar (35, 502). Iron overload hasalso been found to be a 
ause of insulin resistan
e/type 2 diabetes (582).1.4 Treatment of Alzheimer'sIn some 
ases repla
ement of amalgam �llings or toxi
 metals 
helation has been found to result in
ure or signi�
ant improvement in Alzheimer's patients (204, 35, 38
). Alzheimer's patients 
om-monly are found to be de�
ient in omega 3 fatty a
ids, vit C, B12, SAMe, vit K, et
. and 
lini
alexperien
e has found supplementing these to be bene�
ial in some 
ases (580). A study demonstratedprote
tive e�e
ts of methyl
obalamin, a vitamin B12 analog, against glutamate- indu
ed neurotoxi
-ity (503), and similarly for iron in those who are iron de�
ient . Supplements with 
lini
al experien
eindi
ating bene�t in many Alzheimer's/dementia 
ases in
lude pantotheni
 a
id (B5), vit B12, vitB1, vit B6, Vit E, Ginkgo Biloba, Vit C, A
etyl-L-Carnatine, CoQ10, EFAs (DHA/EPA), N-A
etyl-Cysteine (NAC), SAMe, folate, inositol, melatonin, 
arnosine (580). Two treatments shown to besigni�
antly bene�
ial in the majority of Alzheimer's patients using the supplement are HuperzineA and Kami-Umtan-To (KUT) (580). Lithium supplements (lithium 
arbonate and lithium oratate)have been found to be e�e
tive in prote
ting neurons and brain fun
tion from oxidative and ex
ito-toxi
 e�e
ts. A re
ent study demonstrated that 
ombined treatment with lithium and valproi
 a
ideli
its synergisti
 neuroprote
tive e�e
ts against glutamate ex
itotoxi
ity in 
ultured brain neurons(280).1.5 Referen
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