
 
 

ALZHEIMER’S & NUTRITIONAL ELEMENTS   
ZINC, COPPER, IRON, & SELENIUM  

 
- Amyloid plaques are not the cause of Alzheimer’s Disease (AD).  Amyloid 

deposition occurs 1 – 2 decades before the onset of any functional 
impairment in AD.  30 – 40% of people in the age of risk for AD have 
significant amyloid pathology with no cognitive impairment.  There is 

zero association of amyloid burden with the rate of cognitive decline.   
 
----- The pharmacological failure to effectively treat AD shows more than 

30 Phase 3 clinical trials that actually succeed in lowering brain amyloid, 
yet, yield zero benefits in slowing cognitive decline.  [Peng, et al.  The 

essential elements of Alzheimer’s Disease.  J BIOL CHEM .2021.] 
 

Research is beginning to show that amyloid is merely a biomarker of 

other pathological processes --- which are the fundamental cause of AD.  
In particular, the presence of amyloid and ultimately the neurological 

symptoms of AD are associated with disturbances in brain metabolism of 
zinc, copper, iron and selenium.  
  

 
- Several prominent nutrition “gurus” --- with a prominent voice in the 

health food industry and the production of nutrition supplements --- 

refer (in their ignorance) to research showing the accumulation of copper 
and zinc in amyloid tissue --- and assume this means zinc and copper 

are “toxic” to the brain --- and that they are implicated as causative in 
AD.   
 

These individuals have particularly targeted copper as a villain.  They are 
actually recommending the elimination of copper from all nutrition 
supplements --- and recommending that people with copper plumbing in 

their homes have their entire plumbing system replaced. 
 

These anti-copper zealots hear of copper in high concentrations in 
amyloid --- and assume that the copper caused the amyloid deposition.  
The cause-and-effect pathway goes in the opposite direction.  It is the 

abnormal metabolism of lesioned brain tissue that causes the 
accumulation of copper, not the copper that causes the abnormal brain 

tissue. 
 
The reality is that when certain types of amyloid excessively bind zinc 

and copper, that process causes a deficiency of these nutrients that are 
so essential for normal brain function.  Point of emphasis = the excess 
binding of zinc and copper by certain types of amyloid is not caused by 

an excess of these minerals --- but in fact, creates cognitive decline by a 
deficiency of these nutrients in functional brain cells. 
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One pharmacological approach that shows potential in animal studies to 

reduce AD decline employs zinc/copper ionophores that increase the 
uptake of zinc and copper into cells.  These ionophores are therapeutic 

not by clearing amyloid, but by increasing the bioavailability of these 
essential nutrients that are otherwise trapped in amyloid aggregates. 
 

 
- ZINC:  The blood-brain barrier prevents passive fluctuations of plasma 

zinc from affecting the brain.  Animal studies on zinc supplementation 

are inconsistent/contradictory regarding the effects on AD.   
 

In models using mice bred for amyloid/AD expression, prenatal and 
postnatal zinc supplementation accelerated cognitive impairment in 
certain strains of these mice, but not others.  Zinc supplementation of 

certain strains of mice induced amyloid deposition and impaired spatial  
memory, while showing no such effect on other mice. 

 
In contrast --- nutritional zinc deficiency is common in old age and 
exacerbates age-related cognitive loss in rodents, which can be 

prevented/reversed by zinc supplementation.  [Sandusky-Beltran, et al.  
Supplementation with zinc in rats enhances memory and reverses an 
age-dependent increase in plasma copper.  BEHAV BRAIN RES.  2017.]   

 
Zinc supplementation in certain strains of amyloid-bred mice in 

adulthood delays hippocampal-dependent memory deficits and reduces 
both amyloid and tau.  However, meta-analysis of clinical trials using 
zinc supplementation found no evidence of benefit in treating AD. 

 
 

- The association of low brain cell zinc with Alzheimer's appears not to be a 

primary deficiency but an age-related loss of zinc homeostasis.  
[Lyubartseva, et al.  Alterations of zinc transported proteins in preclinical 

Alzheimer's Disease brain.  BRAIN PATHOL. 2010.] 
 
 

- Additional studies show that cellular zinc export is inhibited by lipid 
peroxidation (oxidative free radical damage typical of Prostaglandin 

Imbalance and Dysaerobic Imbalance).  That oxidative damage 
associated with aberrant zinc homeostasis is exacerbated by excess iron.   
 

 
- There are many other conflicting studies regarding the effects of zinc 

supplementation on AD.  Zinc is reported to increase expression of brain 

age-related proteins and decrease the stability of essential brain proteins.   
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Conversely, zinc plays an essential role in maintaining normal cellular 
and neuronal zinc trafficking.  Zinc is reported to directly promote tau 

aggregation, which may lead to toxicity, as zinc can directly bind to tau 
protein to promote neurotoxicity.  Zinc supplementation also has been 

reported to facilitate the neurodegeneration and tangle formation in 
certain strains of mice.   

 

 
- In summary --- in AD there is a significant loss of zinc in cortical tissue 

despite the accumulation of zinc in amyloid plaques.   

 
 

- COPPER:  The association between copper and AD is very much 
analogous to that of zinc.  Copper concentrations in AD-affected brain 
tissue are lower than in healthy tissue, and accompanied by decreased 

concentrations of copper proteins such as Super Oxide Dismutase (SOD).  
But though there is low total copper in AD-affected tissue, the proportion 

of available copper ions is increased --- indicating a disruption of 
coordinated transport of cellular copper ions throughout the tissue.  
Copper complexes with other metals in amyloid plaques.   

 
So, we see a change in distribution of copper in AD brain tissue such 
that it is deficient in brain cells but excessively trapped in extracellular 

plaques.   
 

Intracellular copper deficiency promotes amyloid production, while extra 
cellular copper excess promotes amyloid precipitation, along with 
oxidative cross-linking. 

 
In conclusion --- neither copper chelation nor copper supplementation 
are likely to have benefits in AD.  The ideal therapeutic agent would 

mobilize extracellular copper to be transported back into the cell. 
 

 
- Low cellular copper has been shown to increase amyloid production, and 

so does deficiency in SOD 1.  Copper (and zinc) added to human 

cerebrospinal fluid promotes the breakdown of amyloid --- which is 
consistent with the inverse relationship between levels of these nutrients 

in the CSF and levels of amyloid.   
 
 

- Copper-amyloid interaction can form a complex that embeds in lipid 
membranes and recruits substrates to produce hydrogen peroxide and 
promote Oxidative Stress that causes neurotoxicity in cell culture. 

 
 



4 
 

- Similar to zinc --- supplementation of copper to certain strains of AD 
model mice exaggerates cognitive impairment and worsens 

neurodegeneration.  Yet in contrast, in other types of transgenic mice, 
copper supplementation suppresses amyloid pathology. 

 
 

- Measurements of postmortem brain samples from AD cases and AD-

transgenic models reveal decreased brain copper levels compared with 
controls, and decreased brain copper is also reported as a feature of the 
aged healthy human brain.  Amyloid formation has been reported as 

suppressed by dietary supplementation.  [Bayer, et al.  Dietary copper 
stabilizes brain Super Oxide Dismutase activity and reduces amyloid 

production in transgenic mice.  PROC NATL ACAD SCI USA.  2003.]   
 
Based on these findings, a Phase 2 randomized clinical trial of copper 

orotate supplementation in mildly affected AD patients was performed.  
This 12-month trial revealed no benefit of copper treatment.  [Kessler H, 

et al.  Intake of copper has no effect on cognition in patients with mild 
Alzheimer's Disease.  J NEURAL TRANSM.  2008.]   
 

Free ionic copper is unlikely to substantially move from the blood into 
the brain, especially because 95% of plasma copper is bound, and the 
exchangeable fraction is very small.  Therefore, any attempt to deliver 

copper to the CNS to help AD will probably need to involve a carrier such 
as the quinolones (Clioquinol and PBT2), which have already shown as 

beneficial ionophores in delivering zinc to the brain. 
 
 

- Copper and copper proteins, including ceruloplasmin and 
metallothionein, have been explored as plasma biomarkers for AD.  
Plasma total copper has been reported as increased in patients with AD, 

and the non-ceruloplasmin-bound copper fraction correlates with the 
Mini-Mental State Examination scores.  Yet, data from other studies 

show that in normal aged individuals, as well as those with mild 
cognitive impairment, and in AD cases, the serum non-ceruloplasmin-
bound copper may be decreased. 

 
And in the CSF, ceruloplasmin levels are reported to not be elevated in 

AD, but were associated with CSF ApoE levels, cognitive decline, and 
brain volume loss. 
 

 
- Taken together, all the data on copper supplementation suggest that 

supplementing the brain uptake of copper may be beneficial in AD by 

correcting a deficiency in brain copper that arises from age or from 
pathology.  But merely supplementing the diet with copper would not 
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necessarily achieve the desired end because so little copper is absorbed 
from plasma through the blood-brain barrier.   

 
Nevertheless, supplementation with copper may be beneficial over a long 

time period.  But, maximizing the functionality of copper in the brain in 
AD patients will be achieved by the use of copper/zinc ionophores. 

 

Clioquinol and PBT2 target the copper in copper-amyloid complexes (as 
well as zinc-amyloid complexes), restore cognition in preclinical animal 
models, and have been trialed in humans.  Both Clioquinol and PBT2 are 

ionophores that promote the uptake of both zinc and copper.  It is 
therefore uncertain whether the exact biochemical target is copper or 

zinc.  However, zinc is more abundant than copper in the cortex and 
both Clioquinol and PBT2 improve cognitive loss in zinc-deficient 
Alzheimer's mice as well as aged normal mice. 

 
Similarly, copper-containing ligands, which also act as ionophores, 

transport copper into the neuron, decrease amyloid levels in cell culture 
in animal models of AD, and rescue the cognitive deficits of Alzheimer's 
mice.  But there is no AD trial yet for this class of compounds in 

humans. 
 
Taken together, liberating zinc and copper trapped by amyloid or tangles, 

or promoting the uptake of these nutrients in new tissue, could have 
several benefits in AD, and it is difficult to attribute the reported benefits 

to one or the other nutrient. 
 
 

- IRON:  While the impaired turnover of extra cellular zinc and copper 
could likely contribute to amyloid formation and neuron dysfunction, it is 
not yet clear how that abnormal process could cause neurodegeneration.  

This is in contrast to iron, where a well-defined lethal cellular pathway, 
ferroptosis, is likely involved in neurodegeneration.  

 
Ferroptosis is an iron-dependent form of programmed cell death that 
differs from normal, healthy apoptotic regulated cell death.  Ferroptosis 

is mediated by the propagation of excess lipid hydroperoxides --- i.e., 
catabolic destruction by free radical oxidation of polyunsaturated fatty 

acids ( --- the HOHUM PUFAs of vegetable oils and fish oil).  
 
 

- The major proteins that form AD proteinopathy --- amyloid and tau --- 
are linked to iron metabolism.  The intracellular accumulation of iron 
increases susceptibility to ferroptosis.  The damaging ferroptosis 

metabolic pathway is far more active in AD individuals than in aging 
normals.  
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- Iron is the most abundant transition metal in the brain that participates 
in diverse brain activities --- both constructively and destructively.  Iron 

can translocate among brain regions and thus become concentrated in 
the cortex.  There, iron can provoke brain disorders such as anxiety, and 

brain degeneration as in AD. 
 
Iron is damaging as a source of brain oxidative stress, particularly 

because the brain is an obligate aerobic environment.  Thus, iron is 
tightly regulated in the brain.  However, age-dependent iron 
accumulation is a consistent consequence of aging, and contributes to 

several neurodegenerative disorders, including AD.   
 

The cause of brain iron accumulation with aging is uncertain.  Cellular 
iron accumulation is a universal feature of inflammation, and 
inflammatory changes are more prevalent in the brain with aging.  

Lipofuscin (“age pigment”) accumulates adjacent to mitochondria in 
aging neurons --- and consists of iron and other metal ions along with 

oxidized peptide fragments. 
 
Since MRI techniques show far higher iron accumulation in the brains of 

AD patients --- with the quantity of iron being directly proportional to 
cognitive impairment and brain atrophy, along with amyloid and tangle 
deposition --- it is suggested that iron be used as a biomarker for 

Alzheimer’s progression.   
 

----- Cerebrospinal fluid ferritin is also an accurate marker for brain iron 
burden.  It is strongly predictive of cognitive deterioration.  “Only 9% of 
the variance in CSF ferritin is explained by plasma ferritin --- indicating 

that there is not much exchange of ferritin between the blood and brain.  
Nevertheless, plasma ferritin is reported to be more commonly elevated in 
AD patients.  AD individuals also have lower hemoglobin and decreased 

plasma iron levels, indicating a systemic disturbance of iron metabolism 
in AD.” 

 
 

- The mechanism of neuron death in AD is still uncertain.  But 

considerable evidence implicates ferroptosis in cell death, since AD-
damaged brain tissue exhibits the pathological changes of ferroptosis.  

Considering that presence of iron-related tissue damage with the 
excessive iron burden found in neurodegeneration and clinical 
deterioration in AD, it appears that the excess iron accumulation in AD, 

unlike the abnormal presence of copper and zinc, is causative in AD 
rather than the result of the dysregulation of mineral nutrient 
metabolism. 
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- Lithium when used as a psychiatric drug, increases brain iron retention  

---  and thus increases AD risk.  
 

 
- In mice, brain iron accumulation and, consequently, neurodegeneration, 

can be reversed by iron chelation or antioxidant supplementation. 

 
- The oxidation of PUFAs by iron initiates ferroptosis, and the probability 

of lipid peroxidation rises with iron burden. 

 
Brain accumulation of iron (either from aging or in association with AD) 

increases the cellular reaction of iron with hydrogen peroxide to generate 
the hydroxyl radical, which then reacts with PUFAs in the cell membrane 
--- thus generating lipid peroxides and initiating lipid free radical 

generation, which then disrupts the cell membrane and causes 
ferroptosis. 

 
The antioxidants selenium, N-acetylcysteine (NAC), or alpha tocopherol, 
and deferiprone (an iron chelator) all act on different components of the 

iron metabolic pathway to prevent ferroptosis.  They have all shown in 
clinical trials to be somewhat beneficial for AD. 
 

Animal studies of DFO (deferoxamine), a potent iron chelator, is shown to 
ameliorate memory deficits and amyloid metabolism.  Other iron 

chelators have been developed and tested in animal models of AD with 
beneficial results for neurodegeneration. 
 

A study on deferoxamine as a treatment in humans with AD indicated a 
substantial reduction in the rate of deterioration of daily living skills.  
Clinical trials are currently underway in an attempt to bring this iron 

chelator to market. 
 

 
- SELENIUM:  The natural defense against the oxidative/catabolic/ 

dysaerobic cellular destruction from ferroptosis is the selenium-mediated 

enzyme glutathione peroxidase.  Glutathione peroxidase converts the 
toxic PUFA hydroperoxides into nontoxic phospholipid alcohols --- and 

does so utilizing the electron donated by glutathione. 
 

Cell death caused by ferroptosis may involve two different mechanisms.  

First, iron in the cytoplasm directly reacts with membrane PUFAs, 
triggering a lethal lipid radical chain reaction.  Ferroptosis can thus be 
minimized both by limiting iron availability (dietarily, or by using iron 

chelators), or by supplementation with selenium, or with the glutathione 
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precursor N-acetylcysteine supplementation, or with any of the 
adaptogens that increase endogenous glutathione production. 

 
Supplemental nutrients (richly supplied by your NUTRI-SPEC 

supplements) reported in the literature to increase production of 
glutathione include: 
 

● Taurine --- Taurine, Oxy A, Oxy K & Activator 
● Betaine --- Proton Plus, Oxy D, Diphasic A.M. & Complex S 
● Carnitine --- Oxy A, Oxy G, Activator, Diphasic A.M. & Formula ES 

● Acetyl-L-Carnitine --- Oxy A, Diphasic A.M. & Formula ES 
● Propionyl-L-Carnitine --- Oxy D & Complex S 

● Carnosine --- Oxy D & Diphasic A.M. 
● Co-Q10 --- Oxy D, Activator, Diphasic A.M & P.M. & Formula ES 
● Lipoic Acid --- Oxy A, Diphasic A.M. & Diphasic P.M. 

● Quercetin --- Formula EI, Complex P, Formula ES & Oxy D 
● Rutin --- Oxy D, Mighty Mins, Activator, Complex P & Formula ES 

● Hesperidin --- Activator 
 
The second approach to minimizing ferroptosis would be attempted 

neutralization of lipid free radicals with antioxidants such as 
tocopherols, tocotrienols, and other adaptogens with anti-oxidant activity 
--- as found in your Oxy-Max (Diphasic P.M.).  Mixed tocopherols and 

tocotrienols are lipid radical scavengers and low-potency ferroptosis 
inhibitors, and are shown to protect the brain of rats injected with iron. 

 
Among the adaptogens shown to specifically mitigate cognitive decline in 
mouse models of AD are the N-acetylcysteine mentioned above, but 

particularly alpha lipoic acid.  Alpha lipoic acid improves memory and 
cognition and does so while increasing glutathione peroxidase expression 
and decreasing ferroptosis 

 
The most central role in ferroptosis defense is played by selenium as the 

active site of glutathione peroxidase.  Selenocysteine production can be 
boosted by supplementing with selenium in various forms, including 
seleno methionine and selenite/selenate. 

 
Plasma selenium is lower in AD patients compared to healthy elderly, 

and there is decreased selenium in the brains of AD patients.  Selenium 
deficiency in AD mice doubles the amyloid plaque deposition. 
 

 
- Much more research is needed to confirm that the proteinopathies of AD 

are associated with ferroptosis.  The proteinopathies have traditionally 

been regarded as the cause of neurotoxicity, but the possibility that the 
true toxicity is mediated by ferroptosis with the proteinopathies either 
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being epiphenomena or being upstream factors provoking ferroptosis is a 
hypothesis under study.  [Peng, et al.] 

 
 

- Summary of Critical Points: 
 

● Amyloid is not the cause of AD. 

 
● Amyloid is not the cause of AD symptoms. 
 

● The essential mineral nutrients copper and zinc accumulate in brain 
tissue, not as a cause of AD, but as a result of the dysregulated 

metabolism of these minerals. 
 
● The presence of excess iron in brain tissue is causative at least to some 

degree in AD. 
 

● A deficiency of selenium and glutathione adequate to control the iron-
mediated catabolic destruction of brain tissue is a critical consideration.  
 

Supplements to produce glutathione, protect glutathione, or activate 
glutathione include: 
 

 ○ Alpha Lipoic Acid 
 ○ Carnosine 
 ○ Quercetin & Rutin 
 ○ Selenium 
 ○ Tocopherols & Tocotrienols  
 
And also: 
 
 ○ Taurine 
 ○ Carnitine 
 ○ Acetyl-L-Carnitine  
 ○ Propionyl-L-Carnitine 
 ○ Betaine 
 ○ Co-Q10 
 

 
 

 
 


