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DESCRIPTION
Alzheimer’s Disease (AD) is a multifaceted neurodegenerative 
disorder that significantly impacts cognitive function, memory, 
and daily life. The relationship between copper and Alzheimer’s 
disease is complex and multifactorial, involving aspects of 
metal homeostasis, oxidative stress, and neuroinflammation. 
Copper is an essential trace element that plays a crucial role in 
various biological processes, including enzymatic reactions, 
neurotransmitter synthesis, and cellular respiration. In the brain, 
copper is integral to the function of several proteins, including 
cytochrome c oxidase and superoxide dismutase, both of which 
are involved in energy metabolism and antioxidant defense. 
However, an imbalance in copper levels either excess or deficiency 
can lead to pathological consequences. In Alzheimer’s disease, 
dysregulation of copper homeostasis has garnered significant 
attention. Studies have shown that copper levels in the brain can 
become elevated in the presence of amyloid-beta, suggesting that 
this protein may facilitate copper accumulation. Elevated copper 
levels can promote oxidative stress by generating Reactive Oxygen 
Species (ROS), leading to neuronal damage and exacerbating the 
neurodegenerative processes associated with AD. This oxidative 
stress is a key factor in the pathogenesis of Alzheimer’s, contributing 
to synaptic dysfunction, inflammation, and cell death. Moreover, 
the interaction between copper and amyloid-beta is particularly 
noteworthy. Research indicates that copper can bind to amyloid-
beta, promoting its aggregation into insoluble plaques. This 
interaction not only increases the formation of amyloid plaques 
but may also impair the normal clearance mechanisms of amyloid-
beta, further contributing to its pathological accumulation. This 
feedback loop between copper and amyloid-beta underscores 
the importance of metal ion homeostasis in Alzheimer’s disease. 
Copper’s role in the modulation of tau pathology is another 
area of interest. Evidence suggests that copper can influence 
tau phosphorylation, a process that leads to the formation of 

neurofibrillary tangles, another hallmark of Alzheimer’s disease. 
Altered copper levels may exacerbate tau hyperphosphorylation, 
thus promoting tau aggregation and neurotoxicity. Understanding 
how copper interacts with tau pathology could provide insights 
into potential therapeutic targets for intervention. In addition 
to its direct effects on amyloid and tau, copper’s involvement in 
neuroinflammation is another critical factor in Alzheimer’s disease. 
Chronic neuroinflammation is a characteristic feature of AD, and 
elevated copper levels can activate microglia the brain’s resident 
immune cells. When microglia are activated, they can release pro-
inflammatory cytokines and reactive species, leading to further 
neuronal damage. This inflammatory response may create a cycle 
in which increased copper levels exacerbate neuroinflammation, 
which in turn affects copper metabolism, complicating the disease 
process. The role of dietary copper in Alzheimer’s disease has 
also been a subject of considerable investigation. While copper 
is essential for health, excessive intake can lead to toxicity. 
Studies have suggested a potential link between high copper 
consumption and an increased risk of developing Alzheimer’s 
disease. Conversely, copper deficiency may also be detrimental, 
as it is vital for maintaining cognitive function and overall brain 
health. The challenge lies in finding an optimal balance, as both 
excess and deficiency of copper can have deleterious effects on 
the brain. As research progresses, elucidating the mechanisms by 
which copper influences Alzheimer’s pathology will be essential 
for developing effective treatments and improving outcomes for 
individuals affected by this devastating disease.
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