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: Oxidative stress is recognized as a key factor in Alzheimer's disease,
disrupting the balance of the antioxidant system. Studies have shown that some
microalgae contain powerful antioxidant compounds that can help prevent nerve
damage and the progression of Alzheimer's disease. This study aims to explore the
potential of extracts and biologically active compounds derived from microalgae for
the management and treatment of Alzheimer's disease.

: The therapeutic properties and characteristics of
microalgae were researched by collecting data from databases such as PubMed, 1S,
SID, ScienceDirect, and Google Scholar between 1998 and 2023. Among the articles
reviewed, those related to the neuroprotective effects of microalgae in
neurodegenerative diseases were specifically analyzed in this study.

: Microalgae are rich in nutrients and can produce antioxidants under
stressful conditions, aiding in the defense of the body. Some green algae extracts
have been reported to inhibit cholinesterase activity and may improve cholinergic
deficits in Alzheimer's patients.

: Biochemical compounds found in microalgae exhibit significant
neuroprotective potential, making them an excellent renewable source for producing
pharmaceutical compounds and nutritional supplements for the prevention and
treatment of Alzheimer's disease.
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Introduction

Alzheimer's disease is the predominant
degenerative brain disorder that leads to dementia,
marked by cognitive decline and memory loss. The
development of Alzheimer's involves factors such as
oxidative stress, cholinergic dysfunction, metal
buildup, beta-amyloid accumulation, and synaptic
neuron loss. The exorbitant expenses associated
with drug production, the harmful side effects of
certain synthetic medications, and the brain's natural
defense mechanism known as the blood-brain
barrier all contribute to the reduced efficacy of
treatments for Alzheimer's disease. Studies indicate
that dietary habits can influence the onset and
progression of various neurological and mental
health disorders. Hence, a significant link exists
between inadequate nutrition and the development
of Alzheimer's disease. Eating a well-balanced diet
not only benefits the heart and brain but may also
lower the risk of developing Alzheimer's. In modern
times, utilizing dietary supplements and natural
remedies with various neuroprotective properties
could serve as a viable alternative to synthetic
medications.

Microalgae and the bioactive compounds
extracted from them are widely regarded as valuable
renewable resources for pharmaceutical purposes
due to their abundant supply of proteins, lipids,
polyunsaturated fatty acids, vitamins, minerals, and
pigments. These microalgae and their bioactive
compounds have demonstrated remarkable
pharmacological and biological  properties,
including antioxidant, anti-inflammatory, anti-
cancer, and immune-modulating effects. When
consumed as part of the diet, microalgae can interact
with the gut microbiome and ultimately impact
various nerve functions within the brain. This
interaction is achieved through the activation of
specific nerve molecules, as well as through their
antioxidant and anti-inflammatory properties.
Additionally, microalgae can indirectly influence
the regulation of proteins involved in
neurotransmission by  affecting  epigenetic
mechanisms. Given the role of oxidative stress in the
onset and progression of neurodegenerative
diseases, microalgae containing antioxidants have
the potential to serve as a beneficial treatment option
for conditions associated with oxidative stress.
Therefore, the aim of this study is to explore the
neuroprotective effects of microalgae against
Alzheimer's disease.
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Methodology

The information for this review was collected
from various sources discussing neurodegenerative
diseases and the potential therapeutic benefits of
microalgae in treating neurological disorders. The
keywords employed in this study include
Alzheimer's Disease, Memory Disorders, Oxidative
Stress,  Antioxidants, Dietary  Supplements,
Phytochemicals, and Microalgae. The therapeutic
attributes and unique properties of microalgae in
managing neurodegenerative  diseases  were
compiled and organized through an exploration of
the PubMed, ISI, SID, ScienceDirect, and Google
Scholar databases.

Results

Alzheimer's disease is the most common
degenerative brain disorder, clinically characterized
by cognitive decline, memory impairment,
progressive difficulties in daily activities, and
behavioral disorders. The onset of symptoms is
often linked to structural changes in cholinergic
synapses, the death of acetylcholine-producing
neurons, and subsequent cholinergic
neurotransmission disorders. Severe neuronal loss
leads to an accumulation of the acetylcholinesterase
enzyme and a decrease in acetylcholine transferase
activity in brain regions related to cognition, such as
the cerebral cortex and hippocampus. Key
pathological features of Alzheimer’s include the
accumulation of beta-amyloid protein outside
neurons and neurofibrillary tangles of tau protein
within them.

Many studies indicate that oxidative stress plays
a crucial role in the development of Alzheimer's
disease. This oxidative stress arises from an
imbalance in the redox state, resulting in increased
levels of reactive oxygen species (ROS) and
impaired functioning of the antioxidant defense
system. Free radicals can cause oxidative damage to
DNA, lipids, and proteins, ultimately modulating
structural changes in the brain and impairing its
functions. Increased ROS production disrupts
mitochondrial ~ function, raises beta-amyloid
production and tau phosphorylation, and further
provokes oxidative stress. This pathophysiological
cascade can lead to significant neuronal damage.

AntioxidantssThe  body  employs  both

endogenous and exogenous antioxidant defense
systems to mitigate the effects of ROS. Research has
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shown that oxidative stress diminishes with an
increase in either endogenous or exogenous
antioxidants. Key antioxidant enzymes such as
superoxide dismutase, catalase, and glutathione
peroxidase directly eliminate ROS, but their activity
declines with age and under certain pathological
conditions. The endogenous antioxidant system
becomes compromised at high concentrations of
ROS, prompting the need for exogenous
antioxidants obtained through diet, supplements, or
medications.  Antioxidant-rich microalgae are
considered suitable therapeutic agents for conditions
caused by oxidative stress. Studies indicate that
microalgae species like Synechococcus
sp., Chlamydomonas nivalis, and Nostoc
ellipsosporum are potential sources of natural
antioxidants due to their strong antioxidant
capacities.  Additionally,  findings  suggest
that Chlorella vulgaris can enhance the activity of
antioxidant enzymes in cases of lead toxicity.
Microalgae:The potential health benefits of

microalgae have garnered significant interest.
Microalgae serve as a rich source of proteins, amino
acids, carbohydrates, and lipids. Various
metabolites from microalgae exhibit medicinal
properties, including anti-inflammatory,
antioxidant, and antiviral activities. Recent findings
highlight the neuroprotective potential  of
compounds and extracts derived from microalgae,
primarily attributed to their antioxidant activities,
inhibition of cholinesterases, and protection against
beta-amyloid accumulation and neuronal damage.
For instance, extracts from Chlorella vulgaris have
been shown to reduce oxidative stress and cell death.
In a study of H:O.-induced toxicity in rat PC12
pheochromocytoma cells, the methanolic extract
of Chlorella sp. significantly decreased
malondialdehyde levels, reduced intracellular ROS
formation, and increased glutathione and catalase
activity. Furthermore, research has demonstrated

that the ethanolic extract
of Aurantiochytrium enhances neurogenesis and
cognitive ~ functions in  mice.  Treatment

with Spirulina maxima in a reperfusion ischemia
model improved neurological deficits, reduced
malondialdehyde levels, and increased antioxidant
enzyme activity. Similarly, Spirulina platensis was
found to enhance motor activity, reduce oxidative
stress, and improve inflammation biomarkers in
Parkinson's model rats. Notably, in Alzheimer's
mice treated with Spirulina platensis, memory and
learning disorders improved, lipid peroxidation
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reduced, and oxidative stress markers showed
improvement.

Neuroprotective effects of Microalgae in
Alzheimer's disease <Microalgae are rich in

antioxidants that assist the body in eliminating toxic
compounds and heavy metals, providing
antioxidants in the form of carotenoids, phenolic
compounds, and polyunsaturated fatty acids
(PUFASs) under stress conditions. Carotenoids
enhance the antioxidant capacity of certain
microalgae by inhibiting free radicals. The
anticholinesterase activity of some microalgae
extracts is linked to their carotenoid content.
Isomers of lutein and zeaxanthin have been reported
to inhibit acetylcholinesterase activity. Common
carotenoids identified in microalgae include
astaxanthin, canthaxanthin, and lutein, found in
species like Haematococcus pluvialis, Chlorella
zofingiensis, and Arthrospira sp. Research by
Safafar et al. indicates that the antioxidant activities
of Chlorella sp., Nannochloropsis sp., Dunaliella
sp., and Phaeodactylum sp. are due to the presence
of coumaric, gallic, and caffeic acids. Obo et al.
found that gallic and chlorogenic acids exhibit
cholinesterase inhibitory activities and protect the
brain against metal-induced lipid peroxidation.
Other studies linked the anticholinesterase
inhibitory activities of Heinsia
crinita and Clerodendrum volubile to the presence
of chlorogenic and gallic acids and quercitrin.
PUFAs, recognized for their neuroprotective effects,
enhance neurotransmission in cholinergic neurons.
Microalgae are a rich source of PUFAs such as
docosahexaenoic acid and eicosapentaenoic acid,
which contribute to their anti-amyloid and
antioxidant activities. Some microalgae,
including Arthrospira sp., Isochrysis sp., Odontella
sp., Pavlova sp., and Porphyridium sp., produce
significant amounts of docosahexaenoic acid and
eicosapentaenoic acid. Extracts
from Nannochloropsis oceanica have been shown to
protect nerve cells against beta-amyloid toxicity,
inhibit oxidative stress caused by beta-amyloid, and
increase  levels of superoxide dismutase,
glutathione, and catalase in neuroblastoma cells.
Additionally, biochanin A found in Chlorella
vulgaris exhibits neuroprotective activity against
beta-amyloid-induced neurotoxicity in PC12 cells.

Discussion

Under typical cellular conditions, the natural
antioxidant system actively eliminates reactive
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oxygen species (ROS). However, in the brains of
Alzheimer's patients, an imbalance between pro-
oxidant and antioxidant homeostasis leads to an
increased presence of ROS. In today’s world,
addressing neurological disorders, particularly
cognitive impairments, has become increasingly
significant. The exploration of natural products and
their bioactive compounds, which exhibit multiple
mechanisms of action, is crucial as potential
neuroprotective agents for treating these diseases.

Conclusion

Microalgae have demonstrated a remarkable
ability to produce antioxidants—such as
carotenoids, phenolic compounds, and unsaturated
fatty acids—especially under stress conditions. This
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capacity enables them to effectively combat
oxidative  stress, a key contributor to
neurodegeneration. Recent studies have shown that
bioactive compounds and extracts derived from
microalgae can enhance antioxidant status, mitigate
cholinergic dysfunction, and prevent nerve damage
and memory impairment in individuals with
Alzheimer's disease.
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