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Introduction
Lipid metabolism plays a crucial role in maintaining cellular 
functions across various tissues, including the brain. Given the 
complexity and high metabolic demands of the central nervous 
system (CNS), lipids are essential for maintaining neuronal 
structure, signaling, and energy production. Recent research 
has unveiled the significant impact of disrupted lipid 
metabolism on the pathogenesis of several neurological 
disorders, ranging from neurodegenerative diseases like 
Alzheimer's and Parkinson's to psychiatric conditions such 
as schizophrenia and bipolar disorder. Understanding how 
lipid dysregulation contributes to these disorders opens 
up new avenues for therapeutic interventions aimed at 
targeting lipid metabolism to ameliorate or slow disease 
progression [1].

Lipids are integral to brain function, as they are key components 
of cell membranes, myelin sheaths, and lipid rafts, which 
are microdomains that organize signaling molecules. The 
brain's unique composition of lipids, such as phospholipids, 
sphingolipids, and cholesterol, is essential for maintaining its 
cellular architecture and supporting neuronal signalling [2]. 
Any disruption in the synthesis, transport, or breakdown of 
these lipids can impair neuronal communication, leading to 
various neurological impairments. For example, sphingolipids, 
which play a role in cell signaling and membrane stability, 
have been implicated in neurodegenerative diseases. 
Mutations or imbalances in sphingolipid metabolism can 
result in conditions such as Gaucher’s disease and Tay-Sachs 
disease, where the accumulation of lipid metabolites leads to 
neurodegeneration [3].

One of the most well-studied aspects of lipid metabolism in 
neurological disorders is the role of cholesterol. Cholesterol 
is a vital component of neuronal membranes and is 
involved in the formation of synapses and the regulation 
of neurotransmitter release. Alterations in cholesterol 
metabolism have been associated with Alzheimer’s disease, 
where abnormal cholesterol processing contributes to the 
formation of amyloid plaques—aggregates of amyloid-beta 
proteins that are toxic to neurons [4]. Moreover, studies have 
shown that statins, drugs commonly used to lower cholesterol, 
may have protective effects in Alzheimer’s disease, though the 
mechanisms behind these effects are not yet fully understood. 
On the other hand, cholesterol accumulation in the brain can 
also contribute to neuroinflammation, a common feature of 

many neurological disorders. Therefore, maintaining proper 
cholesterol homeostasis is critical for neuronal health [5].

Fatty acids, particularly polyunsaturated fatty acids (PUFAs), 
are another class of lipids that play a pivotal role in brain 
function. PUFAs, such as omega-3 and omega-6 fatty acids, are 
essential for maintaining the integrity of neuronal membranes 
and facilitating proper synaptic function. The imbalance 
of these fatty acids has been linked to various neurological 
conditions, including depression, schizophrenia, and bipolar 
disorder. For example, reduced levels of omega-3 fatty acids, 
which are known for their anti-inflammatory properties, 
have been associated with an increased risk of depression. 
In contrast, excess omega-6 fatty acids, which promote 
inflammatory pathways, have been implicated in conditions 
like schizophrenia. The ratio of omega-3 to omega-6 fatty 
acids in the diet is thought to influence the balance of pro-
inflammatory and anti-inflammatory signals in the brain, 
thereby affecting mood regulation and cognitive function [6].

The role of lipid metabolism in neurodegenerative diseases 
is particularly striking. In Alzheimer's and Parkinson's 
diseases, lipid imbalances disrupt the function of the brain’s 
cells, impairing energy production and increasing oxidative 
stress. In Alzheimer's, the accumulation of amyloid plaques 
disrupts synaptic function and accelerates neuronal death, and 
recent evidence suggests that lipid dysregulation contributes 
to this process. Impaired lipid metabolism leads to altered 
membrane dynamics, promoting the aggregation of amyloid-
beta peptides and facilitating the formation of toxic plaques. 
Furthermore, the disturbance in lipid metabolism exacerbates 
the inflammatory response in the brain, a critical factor in 
neurodegeneration. The accumulation of misfolded proteins 
in neurons also disrupts normal lipid homeostasis, leading to a 
vicious cycle that accelerates disease progression [7].

In Parkinson’s disease, an imbalance in lipid metabolism has 
been shown to affect the function of mitochondria, the energy-
producing organelles in cells. Mitochondrial dysfunction 
in dopaminergic neurons, a hallmark of Parkinson’s, is 
associated with altered lipid composition in neuronal 
membranes, particularly in the regulation of phospholipids. 
This lipid dysregulation impairs mitochondrial function and 
increases the production of reactive oxygen species (ROS), 
which contribute to oxidative stress and neuronal damage. 
Additionally, changes in the lipid composition of the blood-
brain barrier (BBB) can affect the delivery of essential 
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nutrients and the clearance of waste products from the brain, 
further exacerbating the disease [8].

Understanding the role of lipid metabolism in neurological 
disorders has significant implications for treatment strategies. 
Targeting lipid pathways offers a promising approach for 
slowing or reversing disease progression. For example, 
interventions aimed at restoring the balance of omega-3 
and omega-6 fatty acids in the brain could have therapeutic 
effects in mood disorders and neurodegenerative diseases. 
Clinical trials have explored the use of omega-3 supplements 
in Alzheimer's and Parkinson's patients, with some studies 
showing benefits in cognitive function and reducing 
inflammation. However, more research is needed to determine 
the most effective dosages and formulations [9].

In addition to fatty acid supplementation, pharmacological 
interventions targeting specific lipid metabolic pathways are 
being investigated. Statins, which inhibit cholesterol synthesis, 
are being explored for their potential neuroprotective effects 
in Alzheimer’s disease. Some studies have shown that statins 
may reduce the formation of amyloid plaques, potentially 
slowing the progression of the disease. However, the results 
have been mixed, and further clinical trials are needed to 
confirm these findings. Other lipid-targeting therapies, 
such as those that modulate sphingolipid metabolism or 
restore mitochondrial lipid composition, are also under 
investigation as potential treatments for neurodegenerative 
diseases.

Furthermore, the role of the gut-brain axis in lipid metabolism 
is an emerging area of interest. The gut microbiome has a 
significant impact on lipid metabolism, and recent research 
suggests that changes in the microbiome may influence 
neurological health. Microbial metabolites, such as short-
chain fatty acids, have been shown to affect brain function, and 
dysbiosis in the gut microbiota may contribute to neurological 
disorders. Targeting the microbiome through probiotics 
or prebiotics could potentially provide a novel therapeutic 
strategy for modulating lipid metabolism and improving 
neurological outcomes [10].

Conclusion
In conclusion, lipid metabolism plays a vital role in brain 
health, and disruptions in lipid homeostasis are linked to 
the development and progression of various neurological 

disorders. From cholesterol and fatty acid imbalances to 
sphingolipid dysfunction and mitochondrial lipid alterations, 
these disruptions contribute to neuronal dysfunction, 
inflammation, and neurodegeneration. By targeting lipid 
metabolic pathways, new therapeutic strategies may be 
developed to alleviate symptoms and slow disease progression 
in conditions such as Alzheimer's, Parkinson's, and psychiatric 
disorders. Continued research into lipid metabolism and its role 
in neurological diseases will be essential for the development 
of effective treatments that can address the underlying causes 
of these debilitating conditions.
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