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Alzheimer's disease (AD) is a progressive neurodegenerative disorder with symptoms of 
progressive cognitive decline, including memory loss. The rapid worldwide increase in prevalence 
of AD highlights a high unmet need for novel AD therapies beyond symptom management. 
Current pharmacologic interventions, such as cholinesterase inhibitors and NMDA receptor 
antagonists, provide a marginal benefit in ameliorating disease progression. Thus, we look to 
onboard alternative ocean-derived bioactive constituents as therapeutics. Some of the bioactive 
compounds present in brown algae (seaweeds), in particular, such as fucoidan, phlorotannin’s, and 
alginate, demonstrate neuroprotective action by inhibition of oxidative stress and 
neuroinflammation in addition to the amyloid-induced plaques (the major hallmarks of AD 
pathology). Antioxidant and anti-inflammatory polysaccharides from green and red algae may also 
play a role in the preservation of cognitive functions due to their content in species. Preclinical 
trials in the past have shown that these compounds can be useful for neuroprotection and even 
disease modification. While this is promising, further research and clinical trials are needed to 
demonstrate the impact on AD treatment with seaweed-derived compounds. Placing a bet on the 
new advances of science, marine bioresources, while not neglecting the progress noticed these days 
in enhancing the lives of AD creatures. 
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1. Introduction 
Alzheimer's disease (AD) is a progressive 
neurodegenerative disorder that significantly impacts 
memory, cognition, and behavior [1]. It accounts for 
60-80% of all dementia cases globally [2].  AD, also 
referred to as "tensile dementia," arises from multiple 
pathogenic mechanisms, including the destruction of 
the blood-brain barrier (BBB), oxidative stress, and 
the accumulation of amyloid-beta (Aβ) plaques [3]. As 
the disease progresses, individuals exhibit 
neuropsychiatric symptoms such as memory loss, 
confusion, communication difficulties, mood 
disturbances, personality changes, and the loss of 
motor skills [4]. The hallmark feature of Alzheimer's 
disease is amnestic cognitive impairment [5]. In its 
early stages, AD often manifests through symptoms 
such as depression, anxiety, social withdrawal, and 
changes in sleep patterns [6]. AD is considered the 
most common cause of dementia and 
neurodegeneration worldwide, affecting an estimated 
55 million people as of the 2021 World Alzheimer 
Report [7]. The incidence of Alzheimer's disease 

increases significantly with age, especially in 
individuals over 65 [8]. Women are at a slightly higher 
risk than men, with a reported incidence ratio of 1.2 to 
1.5. The number of new cases per year is estimated at 
360,000, or approximately 980 new cases daily [9]. If 
current trends continue, the global population of 
individuals with AD is projected to nearly quadruple 
over the next 50 years [10].  

Historically, Alzheimer's disease was first described by 
Alois Alzheimer in 1907, with the defining features of 
amyloid-beta plaques and neurofibrillary tangles [11]. 
In 2018, nearly 6 million individuals in the United 
States alone were living with Alzheimer's, with 
approximately 20,000 cases being early-onset 
individuals below the age of 65 [12]. The number of 
AD patients is projected to exceed 100 million by 
2050, and the number of cases is expected to double 
every 20 years, with an estimated 80 million cases by 
2040 [13]. The neuropathological hallmark of AD is 
the accumulation of misfolded tau protein in the 
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hippocampus, forming neurofibrillary tangles [14].  In 
addition, mitochondrial Dysfunction, especially 
mutations in mitochondrial DNA, has been involved 
in the pathogenesisof AD, thereby causing oxidative 
stress and neurodegeneration. Apoptosis, oxidative 

stress, neuroinflammation, mitochondrial 
dysfunction, cholinergic dysfunction, and aberrant 
protein production are some of the mechanisms that 
contribute to the onset and progression of AD [15]. 

 
Different Stages of Alzheimer 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: The image illustrates the pathological progression of Alzheimer's disease, beginning with genetic 
mutations leading to beta-amyloid accumulation, tau hyperphosphorylation, and culminating in neuronal death 

characteristic of the disease. It provides a visual summary of the key molecular events underlying Alzheimer's 
pathology. 

 
Currently, treatment for Alzheimer's disease primarily 
focuses on alleviating symptoms rather than 
addressing the underlying causes of the disease. As a 
result, existing therapies do not halt the progression of 
AD, highlighting the need for more effective 
treatments [16]. This has sparked significant interest 
in exploring alternative therapies that may offer better 
long-term outcomes. One promising avenue of 
research involves the use of bioactive compounds 
derived from marine organisms, particularly seaweeds 
[17]. Seaweeds, or macroalgae, are classified into three 
major groups: red algae (Rhodophyta), green algae 
(Chlorophyta), and brown algae (Phaeophyta) [18].  

Among these, brown algae are the most widely 
consumed, accounting for approximately 66.5% of 
global seaweed consumption. Red algae make up 33%, 
while green algae represent only 5%. Brown algae 
thrive in colder, temperate waters, while red and green 
algae are typically found in warmer, tropical regions 
[19]. The therapeutic agent derived from brown algae 
is sodium oligomannate, which is produced through 
the depolymerization and oxidation of marine brown 
algae [20]. This compound received conditional 
approval in China in November 2019 for the treatment 
of mild to moderate Alzheimer's disease. Seaweed is 
rich in polysaccharides, which are essential 
carbohydrates that contribute to both energy storage 
and structural integrity in living organisms [21]. These 
polysaccharides, especially sulfated polysaccharides, 

play a critical role in seaweed‘s ability to withstand 
environmental stresses such as ocean waves. Research 
indicates that sulfated polysaccharides possess 
significant anti-inflammatory and antioxidant 
properties, making them potential candidates for 
therapeutic use in Alzheimer‘s disease [22]. 

Oxidative stress and inflammation are key 
contributors to neurodegenerative diseases like 
Alzheimer's. Nutraceuticals, which are foods with 
medicinal benefits, can help prevent cellular damage 
by combating harmful reactive oxygen species (ROS). 
Given that seaweed polysaccharides exhibit protective 
effects, they may offer promising nutraceutical options 
for AD prevention and treatment [23]. 

2. Epidemiology of Alzheimer disease 
Alzheimer's disease (AD) is something we often see in 
older adults. Back in 1990, the global number of 
people living with dementia was around 20.3 million. 
Fast forward to 2016 and that number shot up to 43.8 
million – more than doubling and showing an increase 
of 116%. Between 1990 and 2019, the rates of both new 
cases and overall cases of Alzheimer‘s and other forms 
of dementia rose greatly, by about 148% and 161%, 
respectively. The likelihood of developing Alzheimer's 
disease increases significantly with age, doubling 
approximately every five years after the age of 65. The 
incidence rate rises from under 1% per year before the 
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age of 65 to 6% annually after the age of 85. Similarly, 
the prevalence of Alzheimer's disease grows from 10% 
in individuals aged 65 and older to 40% after the age 
of 85. Women, particularly those over 85, tend to have 
slightly higher incidence rates of Alzheimer's disease 
compared to men [24]. 

3. Etiology of Alzheimer Disease 
Alzheimer's disease (AD) is a progressive 
neurodegenerative condition, marked by the gradual 
death of brain cells. This process typically starts in the 
entorhinal cortex, located within the hippocampus. 
Both genetic and environmental elements play a role 
in the development of AD. For instance, individuals 
with Down syndrome (Trisomy 21) are at a higher risk 
of developing early-onset dementia [25]. AD is 
influenced by various factors, with age being the most 
significant. Cardiovascular diseases (CVD) are 
important risk factors for AD. They not only increase 
the likelihood of developing Alzheimer's but also 
contribute to dementia caused by strokes or vascular 
conditions. CVD is considered a modifiable risk factor, 
meaning changes in lifestyle and treatment could help 
reduce the risk of developing AD [26]. 

Obesity and diabetes are also key modifiable risk 
factors for Alzheimer's. Obesity can interfere with 
glucose metabolism, increasing the risk of type 2 
diabetes. High blood sugar levels can lead to cognitive 
decline by promoting the buildup of beta-amyloid 
plaques and inflammation in the brain. Obesity also 
increases the risk by triggering inflammation and 
causing insulin resistance [27]. Other factors that may 
increase the risk of AD include traumatic brain injury, 

depression, heart and brain blood vessel issues, older 
parental age at birth, smoking, family history of 
dementia, high levels of homocysteine, and the 
presence of the APOE e4 gene. If someone has a first-
degree relative (parent or sibling) with AD, their risk 
of developing it increases by 10% to 30%. For those 
with two or more siblings with late-onset AD, the risk 
is three times higher than the general population [28, 
29]. 

On the other hand, certain factors may help reduce the 
risk of AD. These include higher levels of education, 
estrogen therapy in women, use of anti-inflammatory 
medications, engaging in activities like reading or 
playing music, maintaining a balanced diet, and 
regular physical exercise [30]. 

4. Pathophysiology of Ad 
Pathologically, Alzheimer‘s disease (AD) is 
characterized by an accumulation of amyloid deposits 
resulting in neurotic plaques, as well as neurofibrillary 
tangles that build up in the brain [31]. This 
accumulation is linked to neuronal loss, particularly of 
cholinergic neurons, in both the basal forebrain and 
neocortex. Senile plaques (SP) arise from the 
deposition of Aβ and are considered a significant 
pathological feature of AD. Normally, Aβ is a soluble 
small peptide created by cleavage of the amyloid 
precursor protein (APP), facilitated by α-secretase, β-
secretase, and γ-secretase. When there is an imbalance 
in Aβ production and removal, it can lead to various 
types of toxic oligomeric species known as protofibrils, 
which can also appear as fibrils or plaques, depending 
on their level of oligomerization [32, 33].  

 

 
 

Figure 2: The figure illustrates the pathological progression of Alzheimer‘s disease, starting with mutations in APP, 
PSEN1, and PSEN2 genes, leading to amyloid-beta (Aβ42) accumulation. This triggers tau hyperphosphorylation via 

CdK5, resulting in microtubule disassembly and neurofibrillary tangle formation. Consequently, neuronal death 
occurs, ultimately leading to Alzheimer's disease. 
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The reasons behind Aβ generation remain unclear, but 
factors such as the sequence, concentration, and 
stability conditions of Aβ are crucial. Several factors, 
including cholinergic dysfunction, amyloid/tau 
toxicity, and oxidative stress/mitochondrial 
dysfunctions, contribute to the pathophysiology of 
Alzheimer‘s disease [34]. The amyloid-β pathway is 
one of the major components of AD pathophysiology. 
In the brain, the cleavage of amyloid precursor protein 
(APP) produces amyloid-β peptides. The accumulation 
of these peptides in the brain prompts an 
inflammatory response, resulting in damage to nearby 
brain cells [35]. 

The tau protein pathway is another fundamental 
aspect of AD pathophysiology. The 
hyperphosphorylation of tau protein ultimately leads 
to its aggregation, forming neurofibrillary tangles 
through Cdk5. These tangles accumulate inside 
neurons, disrupting normal cellular function and 
leading to cell death. According to the cholinergic 
hypothesis, AD is caused by a deficiency in cholinergic 
neurotransmitters (such as acetylcholine), which 
results in memory loss and cognitive decline. The 
positive effect of acetylcholinesterase inhibitors 
(AChEIs) for patients suffering from Alzheimer‘s 
disease is influenced by the apolipoprotein E (APOE) 
genotype [36]. 

The APOE genotype is a significant factor linked to 
AD, and AChEI medications play a crucial role in AD 
treatment [37]. The limited impact of APOE is 
contextualized within the ―Cholinergic Hypothesis‖ of 
AD, which emerged in 1976, highlighting that 
cholinergic neurons are not the primary cause of the 
disease [38]. Additionally, a vascular hypothesis 
proposes that AD is connected to cerebrovascular 
disease, resulting in reduced brain perfusion [39]. The 
increase in hypoxia and oxidative stress, due to 
diminished blood supply, leads to damage in brain 
cells and the progression of the disease [40]. 

5. Histopathology 
The typical features of Alzheimer's disease (AD) at the 
microscopic level include three main elements: 
1. Neuritic Plaques: These are tiny, spherical 

clusters found in the brain. They consist of a 
central core made up of amyloid beta-peptides 
(Aβ) surrounded by swollen axon endings. These 
plaques can form around blood vessels in the 
brain and the gray matter of the brain's cortex 
[41]. In some cases, brain scans show amyloid 
plaques in people who do not have dementia, 
while some people with dementia may not show 
any plaques on scans [42]. 

2. Neurofibrillary Tangles: These are twisted tangles 
formed inside brain cells, made of a protein called 
tau. Tau normally helps stabilize the microtubules 
that transport substances within neurons [43]. In 
Alzheimer's disease, tau becomes abnormally 
altered (phosphorylated), which causes it to 
misfold and form tangles [44]. These tangles start 
in the hippocampus and later spread to other 

parts of the brain. The build-up of tau tangles 
inside neurons contributes to the disease [45]. 

3. Cortical Neuronal Degeneration: In AD, the 
neurons in the hippocampus often show signs of 
damage, including changes known as 
granulovacuolar degeneration [46]. Cognitive 
decline in Alzheimer's is more closely linked to a 
decrease in the number of synaptic connections 
between neurons in certain layers of the cerebral 
cortex, particularly in layers III and IV [47]. This 
reduction in connections likely has a bigger effect 
on cognitive function than the build-up of 
amyloid plaques alone [48]. 

5.1. Evidence and Responses 
A wide range of symptoms that accompany 
Alzheimer's (AD) directly undermine an individual's 
cognitive and functional skills substantially [49]. 
Although the manifestations of Alzheimer's disease 
vary significantly from person to person, some 
universal signs and symptoms of the same disease are 
there. Awareness of such signs is crucial for early 
diagnosis and intervention [50].  

5.1.1. Cognitive Symptoms 
Memory Loss: Often, the first visible sign, 
particularly short-term memory loss. 
Disorientation: Patients may be confused about 
time, place, and identity. 
Language Issues: Difficulty finding words or 
following discussions is common. 

5.1.2. Non-Cognitive Symptoms 
Mood Shifts: Patients may suffer sadness, anxiety, or 
agitation. 
Psychotic Symptoms: They include hallucinations 
and delusions, which can influence behavior and 
perception. 
Personality Changes: Individuals may show greater 
paranoia or hostility. 

5.2. Functional Impairments 
5.2.1. Difficulty with Daily Activities: As the 
condition develops, individuals may struggle with 
ordinary duties, increasing reliance. 

5.2.2. Behavioral Disturbances: Common 
symptoms include wandering, social isolation, and 
irritation. While these symptoms are typical of AD, it 
is essential to remember that not everyone will have 
the same symptoms or severity. Furthermore, some 
individuals may have unusual symptoms, complicating 
diagnosis and therapy [51-53]. 

6. Current Treatment and Management of 
Alzheimer 
Latest therapeutic and management strategies of 
Alzheimer's disease (AD) i.e. focusing on 
symptomatically symptomatic benefits with little other 
than a way to improve QOL since no cure is available 
[54]. Drug treatments: there are cholinesterase 
inhibitors (Donepezil, Rivastigmine, Galantamine), 
which work on the cognitive field and may slow down 
the disease in part benzodiazepines (Memantine) 
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Neural science research has seen recent breakthroughs 
too with monoclonal antibodies against amyloid and 
tau, as well as immunomodulatory and anti-diabetic 
agents [55, 56]. Cognitive-behavioral strategies, 
occupational therapy and environmental adaptations 
are all part of an integrated care [57].  

6.1. Pharmacological Treatments 

 Cholinesterase Inhibitors: Improve cognitive 
symptoms by increasing acetylcholine levels. 

 NMDA Antagonists: Memantine helps regulate 
glutamate activity, providing neuroprotective 
effects. 

 Emerging Therapies: Monoclonal antibodies (e.g., 
donanemab, gantenerumab) target. amyloid 
plaques and tau tangles. 

6.2. Non-Pharmacological Approaches 

 Cognitive Interventions: Memory training and 
cognitive stimulation can enhance daily 
functioning. 

 Behavioral Strategies: Psychoeducation and 
environmental adjustments help manage 
neuropsychiatric symptoms. 

While current treatments focus on symptom 
management, ongoing research aims to uncover 
disease-modifying therapies that could alter the course 
of AD. However, the complexity of AD suggests that a 
multifaceted approach combining both 
pharmacological and non-pharmacological strategies 
will be essential for effective management [58, 59]. 
The limitations of current medications for Alzheimer's 
disease (AD) are significant. Current pharmacological 
treatments, including cholinesterase inhibitors and 
NMDA antagonists, primarily offer symptomatic relief 
rather than addressing the root causes of AD. This 
means that existing treatments can provide temporary 
cognitive benefits, they do not halt the underlying 
neurodegenerative processes [60]. Another major 
limitation is the difficulty in delivering drugs 
effectively to the central nervous system due to the 
blood-brain barrier (BBB). This challenge has led 
researchers to explore innovative drug delivery 
methods, such as nanotechnology and intranasal 
administration, to enhance drug bioavailability in the 
brain [61]. 

Furthermore, the incomplete understanding of AD's 
underlying mechanisms hampers the development of 
truly disease-modifying treatments. Current research 
is focused on targeting amyloid and tau pathology, but 
no clinically approved treatments exist yet. Despite 
these limitations, ongoing research into novel 
therapeutic strategies and drug delivery systems holds 
promise for future advancements in AD treatment. 
However, the current focus remains on managing 
symptoms rather than curing the disease [62]. 

Therapeutic Potential of Seaweeds and Their Bioactive 
Compounds in Alzheimer's disease. The ocean 
contains around 90% of the Earth's biomass, with 
marine creatures accounting for over half of all known 
species. Marine macroalgae, or seaweed, account for a 
significant amount of this biomass, with over 10,000 

species recorded worldwide. Seaweed has been utilized 
in medicine for millennia, dating back to 3000 BC, due 
to its widespread availability worldwide [63]. 

Seaweeds, or marine macroalgae, are a diverse group 
of plants that inhabit saltwater environments. They 
are categorized into three main types: green 
(Chlorophyceae), brown (Phaeophyceae), and red 
(Rhodophyceae) algae. Seaweeds have been studied 
for their ecological roles, nutritional value, and 
potential applications in various industries [64]. 

Seaweeds are rich in bioactive compounds that haeve 
shown promise in combating Alzheimer's disease, 
Parkinson's disease, and Huntington's disease. These 
diseases are characterized by progressive neuronal loss 
and cognitive decline. Current treatments for these 
conditions are limited and primarily focus on 
symptom management, rather than disease 
modification or prevention.  Seaweeds, often known as 
edible marine algae, are an abundant source of 
phytosterols, carotenoids, and polysaccharides among 
other bioactive substances [65].  

7. Types and Distribution of Seaweeds 
Seaweeds are classified into green, brown, and red 
algae, each with distinct characteristics and ecological 
roles. Green algae are often found in both freshwater 
and marine environments, while brown and red algae 
are predominantly marine. The distribution of 
seaweeds is influenced by factors such as water 
temperature, salinity, and nutrient availability [66]. 

The Brown algae consist of bioactive compounds like 
fucoidan, phlorotannins, and alginate, which reduce 
oxidative stress, decrease inflammation, and protect 
neurons. It can also inhibit the accumulation of beta-
amyloid plaques, which are a major contributor to the 
development of Alzheimer's disease [67]. Brown algae 
are also rich in iodine and polyphenols, which make 
them even more effective in managing the disease. In 
recent years, components produced from seaweed 
have been shown to not only live in the bloodstream 
but also pass through the blood-brain barrier and 
perform neuroactive tasks in both pathological and 
homeostatic settings as a result, owing to their neuro-
immunomodulatory and neuro protective properties, 
components produced from seaweed are becoming 
increasingly popular as potential treatments for a 
variety of neurodegenerative diseases [68]. 

Seaweed assists in the treatment, probably due to 
sulfated polysaccharidesare known that these 
compounds have powerful antioxidant and anti-
inflammatory properties, and they may protect brain 
cells from toxic insult. AD is associated with oxidative 
stress and brain cell damage due to the presence of 
free radicals, i.e., free molecules [69]. Seaweed is a 
rich source of antioxidants that can help to quench this 
molecular scum and prevent damage to cells 
associated with seaweed. In addition, inflammation in 
the brain drives a large portion of AD [70]. Seaweeds, 
on the other hand, have great anti-inflammatory 
effects that in theory could potentially help to alleviate 
brain inflammation and promote brain health. 
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Seaweeds contain essential nutrients (iodine, 
fucoidan, and polyphenol) that may be beneficial for 
memory enhancement, nerve protection. Beta-amyloid 
plaques in the brain are the build-up of beta amyloid, 
an abnormal protein cluster responsible for normal 
brain functioning is a major factor in AD. Several 

potential studies imply that the compounds in 
seaweed may be able to eliminate these plaques and 
consequently reduce the odds of Alzheimer's. Seaweed 
appears to be a possible natural source of nutrients 
that may support cognitive function and inhibit 
Alzheimer's with further study [71]. 

 

 

Figure 3: Seaweeds are classified into three major groups: Brown Algae (Phaeophyceae), Green Algae 
(Chlorophyceae), and Red Algae (Rhodophyta). Each type varies in pigmentation, habitat, and biological functions. 

 
8. Extraction of seaweed 
The traditional extraction method commonly used is 
solvent extraction (SLE), whereas green extraction 
techniques include microwave-assisted extraction 
(MAE), ultrasound-assisted extraction (UAE), 

supercritical fluid extraction (SFE), pressurized 
solvent extraction (PSE), and reactive extrusion. These 
green methods are increasingly recognized as 
promising alternatives for efficiently extracting 
hydrocolloids from seaweed [72]. 

 
Table 1: Bioactive compound of seaweed. 

S. 

No. 

Bioactive 

Compound 

Seaweed 

type 

Seaweed 

species 

Potential benefit References 

1. fucoidan Brown 

seaweed 

Fucus 

vesiculosus 

Anti-inflammatory, anti-oxidant, and 

neuroprotective effects. 

[73] 

2. Fucoxanthin Brown 

seaweed 

Undaria 

pinnatifida 

Antioxidant and anti-inflammatory 

effects may inhibit amyloid-β 

aggregation. 

[74] 

3. Sargachromanol Brown 

seaweed 

Sargassum 

siliquastrum 

Antioxidant and anti-inflammatory 

effects may inhibit 

acetylcholinesterase. 

[75] 

4. Eckol Brown 

seaweed 

Ecklonia cava Antioxidant and anti-inflammatory 

effects may inhibit amyloid-β 

aggregation. 

[76] 

5. Diecko Brown 

seaweed 

Eckloniacava Antioxidant and anti-inflammatory 

effects, may inhibit 

[77] 
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acetylcholinesterase 

6. Phlorotannins Brown 

seaweed 

Eckloniacava Antioxidant and anti-inflammatory 

effects, may inhibit amyloid-β 

aggregation 

[78] 

7. Caulerpal Green Caulerpa 

lentillifera 

Inhibits oxidative stress in brain cells [79] 

8. Ulvan Green Ulva lactuca Protects against cell damage caused 

by free radicals 

[80] 

9. Ulvan Green Ulva lactuca Protects against cell damage caused 

by free radicals 

[81] 

 
Use of Brown Algae (Phaeophyceae) in Treating AD: 
Polysaccharides of brown algae, like fucoidan, 
alginate, and laminarin are promising to treat 
Alzheimer's disease (AD) because of their antioxidant, 
anti-inflammatory, and neuroprotective activities [82]. 
They decrease oxidative stress, diminish brain 
inflammation, and inhibit the deposition of beta-

amyloid plaques, which are essential components of 
AD pathogenesis. Moreover, they enhance nerve cell 
survival and memory performance, rendering them a 
candidate natural drug to slow cognitive deterioration. 
Although additional studies are required, brown algae 
polysaccharides provide a potential solution to 
safeguard brain function and treat AD [83]. 

 
 

Figure 4: The figure illustrates the potential role of bioactive compounds from brown, green, and red algae in 
Alzheimer's treatment. These compounds exhibit anti-inflammatory, antioxidant, and neuroprotective effects by 

reducing beta-amyloid aggregation, oxidative stress, mitochondrial damage, and neuroinflammation. This suggests 
that algal-derived compounds may contribute to neuroprotection and therapeutic strategies for Alzheimer's disease. 

 
8.1. Fucoidan 
A Sulfonated polysaccharide named Fucoidan (Fucus 
vesiculosus) from a brown marine algae possessing the 
Possible Neuroprotective Effects on Alzheimer's 
Disease (AD). Up-to-date research has been 
established on fucoidan, which could be a candidate to 
effectively treat AD with multiple mechanisms [84]. 
Evidence for it is that it can inhibit the formation of 
beta-amyloid plaques (Aβ); a hallmark of AD and 
contributor to neurodegeneration. Fucoidan is also 

anti-inflammatory, in that it suppresses the 
production of pro-inflammatory cytokines and 
modulates microglial activation, which have been 
associated with a likely decrease of 
neuroinflammation, a major driver for AD [85]. The 
robust antioxidant activity could also provide 
additional protection against oxidative stress, a major 
contributor to the pathogenesis of AD. Also, Fucoidan 
has been reported to increase autophagy, which is a 
cellular process that helps to eliminate toxic proteins 
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(e.g., Aβ and tau tangles in AD patients) [86]. In 
addition, there is evidence from some trials that 
fucoidan increases neurogenesis and preserves 
synapse elements crucial for classical cognitive 
functions [87]. It is also known to modulate the 
reciprocal gut-brain axis, as fucoidan exerts its 
beneficial effects by affecting gut microbiota 
composition that is linked with the brain and may 
impact the AD pathogenesis. So preclinical studies 
have yielded promising results, but human clinical 
trials are far behind, and more work is needed to 
establish its efficacy and safety in AD patients [88]. 

8.2. Alginate 
The alginate a natural polysaccharide of brown 
seaweed origin has been used as a potential 
therapeutic agent for Alzheimer's disease (AD). 
Research indicates that alginate has multiple 
mechanisms through which it may help in the 
prevention of progression of AD [89]. This is one of its 
major characteristics in that it prevents aggregation of 
beta-amyloid (Aβ) plaques ñ the centerpiece to AD and 
one of the main agents of neurodegeneration in the 
human brain. Alginate has a strong affinity to Aβ, thus 
decreasing it toxic character and deposition in the 
brain [90]. Moreover, it possesses remarkable 
antioxidant capacity to scavenge free radicals and 
preserve neurons from the oxidative stress that is an 
important pathophysiological event of AD [91]. The 
anti-inflammatory actions are especially important, as 
alginate has been shown to decrease microglial 
activation, which reduces chronic neuroinflammation 
– a strong driver of neuronal death in the CNS [92]. 
Alginic acid may also chelate heavy metals (e.g. 
aluminum, iron and copper), which are negatively 
implicated via their involvement on Aβ aggregation 
and oxidation in the brain. Moreover, alginate can 
affect the gut-brain axis by enhancing a normal gut 
microbiome which is been more elucidated to this idea 
in neurodegenerative diseases [93]. Although in vitro 
and in vivo research-based preclinical studies have 
demonstrated the attributing effects of alginate on AD 
in cells as well as animal models, clinical trials are 
required before asserting alginate therapeutic benefit 
for AD in humans. We also found that alginate-based 
drug delivery systems might help improve brain 
targeting therapies [94]. 

8.3. Laminarin 
An active bioactive polysaccharide, laminarin from 
brown seaweed Laminaria japonica Thunb. and 
Saccharina latissimaYendo, have been shown to 
possess neuroprotective property in Alzheimer's 
disease (AD). Earlier study revealed several action 
mechanisms by which laminarin might be used in AD 
treatment [95]. Laminarin then is primarily the 
prevention from β-amyloid (Aβ) plaque formation, an 
element of neurotoxicity and cell death in the neurons 
that characterizes AD. Plus laminarin is highly 
antioxidant as in a free radical scavenger to mitigate 
the oxidative stress that accounts for over 80 percent 
of neuronal death in AD. Its additional anti-
inflammatory contribution also helps brain health by 
downregulating pro-inflammatory cytokines and 
microglial activation, lessening chronic 
neuroinflammation that is central to the advancement 

of AD. Laminarin may moreover increase autophagy, 
an in-cells process to get rid of pathological proteins 
such as Aβ and tau tangles common in AD. In parallel 
with this, recent studies also suggest that laminarin 
may act to modulate the gut-brain axis by helping to 
maintain proper gut microbiota—something that is 
becoming a more discussed aspect of brain health and 
neuroinflammation. Together, these integrated 
mechanisms suggest laminarin warrants preclinical 
assessment as a candidate for AD prevention and 
treatment [96].  

8.4. Sargachromanol 
A Sargachromanol bioactive isolated from Sargassum 
species possess neuro-protective effects in Alzheimer's 
disease (AD) The one enabling it to prevent beta-
amyloid (Aβ) aggregation means its toxicity and 
neuronal injury are reduced. Proprietary antioxidant 
(ROS scavenger): it quenches the reactive oxygen 
species (ROS) and reduces oxidative stress which has 
been a critical part of driving AD. Moreover, 
sargachromanol possesses anti-inflammatory 
properties through inhibition of pro-inflammatory 
cytokines and affects microglial reactivity to 
ameliorate neuroinflammation. Furthermore, it 
promotes neuronal survival and mitochondrial 
function, whereas mitochondria are the primary 
source of brain cells energy metabolism. Although 
promising results provide some pre-clinical proof-of-
concept studies, more advanced clinical trials are 
required for its oral efficacy against AD [97].  

8.5. Fucoxanthin 
Marine algae fucoxanthin (Undaria pinnatifida or 
Laminaria japonica) is a carotenoid found in brown 
seaweed (Fu), showing neuroprotective potential to 
Alzheimer´s disease (AD). It facilitates the inhibition 
of beta-amyloid (Aβ) aggregation and accordingly 
restricts plaque formation with preservation of 
neuronal damage. Fucoxanthin, acting as a potent 
antioxidant Fucoxanthin is one of the powerful 
scavengers against oxidative stress mainly due to 
losing it‘s bound to iron that could induce 
inflammatory reactions as in AD-related 
neurodegeneration. It also has anti-inflammatory 
effects by dampening pro-inflammatory cytokines & 
normalizing microglial activation, consequently 
inhibiting neuroinflammation. Furthermore, in 
addition to this, it promotes mitochondrial function to 
provide enough energy for neuronal and modulates–
brain axis, which could remotely improve the physical 
state or reduce inflammation in the brain. Though 
promising in preliminary trials, more clinical trials 
need to confirm its efficacy for AD treatment [98]. 

8.6. Eckol 
Brown seaweed Ecklonia cava contains the 
phlorotannin Eckol, which has been pharmacologically 
studied for potential neuroprotective properties in 
Alzheimer's disease (AD). Eckol, a natural constituent 
in brown seaweed Ecklonia cava, has been suggested 
to have neurological protective effects related to 
Alzheimer's disease (AD). Research indicates that 
eckol is involved in the AD treatment by way of several 
factors. It is an amyloid-precursor protein aggregate 
antagonist and reduces plaque formation/f frequency 
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with a direct effect on neuron toxicity [99]. 

Its potent anti-oxidant effect neutralizes oxidative 
stress which is one of the main targets in AD-related 
neurodegeneration. In addition, eckol demonstrates 
anti-inflammatory actions by hindering pro-
inflammatory cytokines and affecting microglia 
activation, resulting in the amelioration of 
neuroinflammation. It additionally improves 
autophagy as well by clearing out excess Aβ and tau 
tangles that accumulate in AD patients. Further to 
this, eckol is neuroprotective as it inhibits the 
acetylcholinesterase (AChE), an enzyme responsible 
for breaking down acetylcholine, a neurotransmitter 
integral to memory and cognition. Although it has 
promising preclinical studies, more clinical trials are 
needed to confirm if eckol will be an option for AD 
treatment [100]. 

Use of green algae (Chlorophyceae) in the treatment of 
AD: Chlorophyta green seaweed; 77% of the dry weight 
is polysaccharides. much lower than in brown 
seaweed, but still a good source of bioactive 
compounds. The polysaccharides represent 21% of 
sulfate, and the sulfation degree has been associated 
directly with their antioxidant and neuroprotective 
capacity. Among the primary sulfated polysaccharides 
in the green seaweed, ulvan stands out as a powerful 
antioxidant scavenging free radicals and acting on 
reducing oxidative stress a key constituent of 
Alzheimer‘s disease (AD) and other neurodegenerative 
diseases [101]. Moreover, ulvan also decreases the 
expression of anti-inflammatory cytokines and 
microglial activation, which are critical components of 
AD progression through the use of its anti-
inflammatory capabilities. These synergistic effects 
imply that ulvan might act to protect neural cells, 
attenuate neurodegeneration, and ensure cognitive 
function. Although pre-clinical studies are 
encouraging, more clinical trials need to be done to 
confirm its efficacy against human AD treatment. 
Increased interest in marine natural products of 
bioactive origin makes ulvan and other sulfated 
polysaccharides from laminariaide a potential for 
future nutraceutical/pharmaceutical use in 
neuroprotection/cognitive health [102]. 

9. Use Of Red Algae (Rhodophyta) In the 
Treatment of Alzheimer 
Polysaccharides (agar and carrageenan, 40-50% of dry 
weight) constitute 60–90% of the biomass in red 
seaweeds or Rhodophyta, which are promising in 
bioactive compounds. Antioxidant and anti-
inflammatory/synaptogenicantiflogistic sulfated 
polysaccharides have been highlighted for the 
treatment of Alzheimer's disease (AD). This rich 
sulfate content makes them potent to quench reactive 
oxygen species (ROS) and therefore suppress oxidative 
stress, one of the main causes of neurodegeneration 
[103]. 

Gelidiocol is a bioactive constituent of red seaweed 
(Rhodophyta). It is an anionic polysaccharide that can 
scavenge ROS (reactive oxygen species), all of which 
have been hypothesized to contribute heavily to the 

neural damage and cognitive deterioration of AD (or 
oxidative stress). In addition, it also has anti-
inflammatory effects by suppressing microglial 
activation and inflammatory cytokines, which assault 
subjects to neuroinflammation and the progression of 
AD. This may allow some benefit in preventing beta-
amyloid (Aβ) aggregation, therefore lessening toxicity 
and number of neurons that will undergo apoptosis. 
Furthermore, it can be used to predispose gut-brain 
axis modulation as a prebiotic that could modulate 
beneficial microbiota hence more and more related to 
cognitive health, thus neuroprotection. Though its 
preclinical evidence indicates promising factors in AD 
management, additional clinical research is needed to 
assess it as a therapeutic drug. As research on marine-
derived compounds increases, so does the potential for 
their use in pharmaceuticals and nutraceuticals aimed 
at minimizing neurodegenerative disease, using them 
as anti-aging strategy for the mind [104]. 

Conclusion 
Alzheimer's disease remains a major global health 
challenge, with an increasing number of affected 
individuals as the population ‗sages. While current 
treatments primarily focus on symptom management, 
there is growing interest in exploring alternative 
therapeutic approaches. The bioactive compounds 
found in seaweeds, particularly their polysaccharides, 
have demonstrated potential in mitigating oxidative 
stress and inflammation, both of which are implicated 
in Alzheimer's disease. As research in this area 
continues, algae-based therapies could offer new, 
effective treatment options for Alzheimer's disease and 
other neurodegenerative disorders. A review to 
summaries the seaweeds and their bioactive 
compounds, especially polysaccharides, holds promise 
for therapeutic intervention. Brown algal-derived 
fucoidan, alginate, and phlorotannin‘s have been 
shown to possess neuro-protective, antioxidant, and 
anti-inflammatory properties targeting the main 
pathophysiological hallmarks of oxidative stress; 
neuroinflammation, and amyloid beta aggregation. 
Similarly, green and red algae bioactive demonstrated 
their potential to conserve neurological functions as 
well as modulate the gut-brain axis. Founded on the 
initial studies indicating their therapeutic potential, 
but extensive clinical studies are needed to validate 
their efficacy and safety. In addition, the exploitation 
of seaweed-derived interventions surfaces the 
opportunity of novel treatment strategies for 
Alzheimer's disease and indicates eco-friendly and 
sustainable ways towards neurodegenerative 
disorders. 
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