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	 Abstract : 
This article  consolidates the current knowledge of the neuroprotective effects of Spirulina and Chlorella´s prebiotic activities as related to the gut-brain axis, with regard to neurodegenerative diseases, such as: Alzheimer´s disease (AD), Parkinson´s disease (PD) and Amyotrophic Lateral Sclerosis (ALS). The rising incidence of these diseases has drawn attention to developing alternative therapeutic approaches and the gut microbiota, as an important controller of brain health. This review systematically examines current preclinical and clinical research on the modulatory effects of microalgae-derived prebiotics towards gut microbiota composition, neuroinflammation reduction, as well as oxidative stress combating properties. The results demonstrated that Spirulina and Chlorella might participate in the modulation of the gut microbiota, especially for enrichment of some beneficial bacteria and short-chain fatty acids (SCFAs) production. These alterations are accompanied with an improved gut barrier permeability, decreased systemic inflammation and the down-regulation of neuroinflammatory pathways. Moreover, those prebiotics activate antioxidant defence systems that protect neurons against oxidative stress. However, the clinical evidence has not been fully developed and warrants further evaluation in large-scale controlled trials. Based on this analysis it is concluded that prebiotics in Spirulina and Chlorella are an option for the adjunctive treatment of neurodegenerative diseases, which should be investigated more specifically in future studies regarding its effects and potential to therapy.
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1.INTRODUCTION
Neurodegenerative disorders such as Alzheimer’s disease (AD), Parkinson’s disease (PD) and amyotrophic lateral sclerosis (ALS) are emerging as a major global health issue and have become a tremendous socioeconomic burden for societies all around the world. In the context of this growing burden associated with age-related diseases, there is an urgent requirement for new and innovative approaches that aim to act as preventatives or therapeutics able to arrest or reverse neurodegeneration (Dong et al., 2024; Cuervo-Zanatta et al., 2021). For decades, the research efforts have predominantly centered on the CNS and exploring hallmark pathological aspects including protein misfolding, amyloid plaques and neurofibrillary tangles. However, the unsatisfactory effectiveness of current CNS-targeted therapies has driven a major shift in how we conceptualize these multigenic diseases (Sharma et al., 2024; Silva et al., 2022).
A recent body of literature suggests that peripheral systems are instrumental for healthy brain, with gut microbiota as a pivotal actor. The complex and bidirectional communication arc referred to as GBA that connects the CNS, including the GIT with each other, is now considered quintessential in keeping up neuronal homeostasis (Samanta & Mondal, 2024; Rathor & Ch, 2024). Imbalance in this fine equilibrium, termed gut dysbiosis, has more recently been associated with the process of neurodegeneration (Ağagündüz et al., 2022; Vaidya & Mandalika, 2015). This has driven the exploration of therapeutic strategies such as gut microbiome modulation in order to restore homeostasis and function.
Dietary modification has been identified as a very promising option for the regulation of gut‐brain axis (Adhikari et al., 2024; Ngah et al., 2024; Rapelly et al., 2024). Of all dietary strategies explored so far, prebiotic supplementation has emerged to be an important strategy. In addition to classic prebiotics, other dietary ingredients such as probiotics and polyphenols may be promising appeared in preclinical and clinical models (Cuciniello et al., 2024; Domínguez‐López et al., 2024; Hunt et al., 2024). They may also affect two major contributors to neurodegenerative pathology, neuroinflammation and oxidative stress (Koumpouli et’al., 2025; Li et al., 2022; Shabbir et al., 2021).
In this framework, the microalgae Spirulina and Chlorella have been recently described as new very promising prebiotic candidates to be considered. Their high nutritional value, characterised by proteins, vitamins, minerals and exclusive bioactive compounds due to the composition of their nutrients sets them from other food sources (Pabon et al., 2012; Casani-Cubel et al., 2021). These microalgae are rich source of anti-inflammatory and antioxidative molecules like phycocyanin, chlorophyll, and complex polysaccharides that can be fermented by the gut microbiota (Zhang et al., 2023; Laadraoui et al., 2025).
This review will critically analyze the current available evidences on the neuroprotective role of prebiotics from Spirulina and Chlorella, in relation to AD, PD and ALS. The study will investigate their effects on gut microbiota composition; mechanisms underlying the mitigation of neuroinflammatory pathways and oxidative stress; association with cognitive and motor outcomes, using evidence from both preclinical and clinical studies. This review aims to pool the currently available knowledge on this new era of prebiotics reminisced with microalgae and, most importantly, demystify both their potential as therapeutics along with key unanswered questions for guiding future investigations in this fascinating area.

2. METHODOLOGY
The aim of this systematic review is to assess the neuroprotective role exhibited by prebiotics from Spirulina and Chlorella on Alzheimer's, ALS, and Parkinson disease through its relation with therapeutic targets as gut-brain axis. A broad literature search (2010–2025) was conducted in PubMed, Scopus, and Web of Science to identify relevant preclinical and clinical studies. The search strategy was constituted of the following combined keywords: (“Spirulina” or “Chlorella”) and (“prebiotic” or “gut microbiota” or “gut brain axis”) and (neuroprotection” or “neurodegenerative disease”, “Alzheimer’s disease, Parkinson’s disease, ALS”). English-language original research articles that reported on the effects of Spirulina and Chlorella, either as stand-alone supplementation or in adjunct to other therapies, as well as studies evaluating neuroprotection, modulation of gut microbiota, neuroinflammation or oxidative stress were included if they were conducted in the context of AD, PD or ALS. Case reports and non-English publications were excluded from the analysis.
3. THE GUT-BRAIN AXIS AND NEURODEGENERATION
Definition and description of gut-brain axis The concept of the brain-gut axis is characterized by a complex system of bidirectional communication, where the CNS communicates with the enteric part (Figure-1). and this relationship involves diverse mediator pathways such as neural (e.g., vagus nerve), endocrine (e.g., cortisol) and immune (e.g., cytokines) signalling pathways (Samanta & Mondal, 2024; Sun et al., 2023; Rathor & Ch, 2024). In recent years, the gut microbiota has emerged as an essential companion axis of this one and effectively contributes to retaining homeostasis and modulating brain function and behaviour (Jamerlan etal.,2025; John et al., 2021; Ticinesi, 2022).
Growing evidence support that alterations in the gut-brain axis including changes in both composition and function of the gut microbiota (termed dysbiosis) are involved in different neurodegenerative diseases. Gut dysbiosis may promote gut barrier dysfunction or increased permeability ("leaky" gut), allowing bacterial endotoxin like LPS into the systemic circulation. This may result in a chronic, systemic, low-grade inflammation that successively induces neuroinflammation which is one of the major characteristics of NDs (Silva et al., 2022; Zhang et al., 2022; Decandia et al., 2023; Sarubbo et al., 2023).
Specific to AD, patients have been reported to possess a unique gut ecological signature relative to healthy controls which is broadly characterized by a reduction in levels of health–promoting, anti-inflammatory microbiota and an increase in pro-inflammatory taxa (Kim et al., 2024; Ticinesi et al., 2022). Conversely, in PD, gut dysbiosis has been associated with both motor and non-motor symptoms and it is even speculated that the pathology might be initiated in the gut to travel to the brain through the vagus nerve (Kwon et al., 2024; Valvaikar et al., 2024). In ALS gut dysbiosis has been linked with disease progression and severity, possibly through the modulation of systemic inflammation and immune responses (Cuffaro et al., 2024). Thus, the manipulation of gut bacteria to reshape their structure and functionality is considered an encouraging strategy for the treatment of these chronical disorders.
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Figure 1: The Gut-Brain Axis and Its Role in Neurodegenerative Diseases
This schematic diagram illustrates the complex, bidirectional communication network between the gut and the brain, and its dysregulation in neurodegenerative diseases such as Alzheimer’s disease (AD), Parkinson’s disease (PD), and amyotrophic lateral sclerosis (ALS). The gut-brain axis involves four primary communication pathways: (1) Neural, via the vagus nerve; (2) Endocrine, through the hypothalamic-pituitary-adrenal (HPA) axis; (3) Immune, involving the systemic circulation of cytokines (e.g., TNF-α, IL-1β, IL-6); and (4) Metabolic, through the production of microbial metabolites like short-chain fatty acids (SCFAs). Gut dysbiosis, characterized by an imbalance between beneficial and pathogenic bacteria, can compromise intestinal barrier integrity, leading to systemic inflammation and neuroinflammation, thereby contributing to neurodegeneration. The intervention point for prebiotics such as Spirulina and Chlorella is shown, highlighting their potential to modulate the gut microbiota, restore balance, and promote therapeutic outcomes, including reduced neuroinflammation and oxidative stress, and improved cognitive and motor function.

4. SPIRULINA AND CHLORELLA AS PREBIOTICS
Spirulina and Chlorella have attracted substantial academic interest due to their diverse health-promoting properties, including their emerging role as prebiotic agents. These microalgae possess a dense array of nutrients and distinctive bioactive constituents that allow them to interact meaningfully with the gut microbial community. Through these interactions, they hold potential to modulate gut microbiota composition and contribute to improved physiological and metabolic health.
4.1. Composition and Prebiotic Properties
Spirulina is blue - green algae that contain protein, vitamins, minerals and fatty acids. It is rich in bioactive compounds such as phycocyanin, which has powerful antioxidant and anti-inflammatory effects. Chlorella, green algae, is even more nutrient-dense and especially rich in chlorophyll, which some studies have shown to have detoxifying effects (Table-1). Both of the microalgae contain dietary fibers and polysaccharides which are resistant to enzymatic hydrolysis in humans, thus reaching the colon, as substrate for beneficial bacteria in the gut (Pabon et al., 2012).
As prebiotics, Spirulina and Chlorella can selectively promote the growth of beneficial bacteria in the gut （such as Lactobacillus and Bifidobacterium) (Wan get al., 2025). This gut microbiota modulation may produce short-chain fatty acids (SCFAs) such as butyrate, propionate and acetate. These SCFAs are pivotal for the gut health, promoting a robust gut barrier, and anti-inflammatory effects to the whole body including CNS (Tsao et al., 2021; Pan et al., 2022; Tsao et al., 2024).
Table-1 Comparative Nutritional and Bioactive Composition of Spirulina and Chlorella.
	Component
	Spirulina
	Chlorella
	Citations

	Protein (%)
	58.2
	64.6
	(Čmiková et al., 2025; Muys et al., 2019; Thangaraj et al., 2022)

	 Lipid (%)
	1.5–3.8
	5.1–5.7
	(Thangaraj et al., 2022; Panayotova et al., 2024; Senila et al., 2025)

	Carotenoids (mg/g)
	0.51
	0.65
	(Čmiková et al., 2025)

	Chlorophyll (mg/g)
	Lower
	Higher
	(Hynstova et al., 2018; Hegazi et al., 2024)

	B Vitamins (e.g., B12)
	Present
	Higher niacin, riboflavin
	(Čmiková et al., 2025; Hegazi et al., 2024)

	Antioxidant Activity (IC50, DPPH, mg/mL)
	1.10 (lower is better)
	2.18
	(Čmiková et al., 2025)

	Main Fatty Acids
	γ-linolenic acid, omega-6
	Omega-3, oleic, linoleic
	(Tokusoglu & üUnal, 2003; Senila et al., 2025)

	Mineral Highlights
	Ca, K, Na, Fe, Mn, Zn
	Cu, P, Pb
	(Čmiková et al., 2025; Tokusoglu & üUnal, 2003)





5. NEUROPROTECTIVE MECHANISMS OF SPIRULINA AND CHLORELLA
The neuroprotection conferred by Spirulina and Chlorella occurs via multiple interlinked mechanisms, most of which are functionally attributed to their gut–brain axis modulation. Such microlgae may be able to modify the composition of gut microbiota, attenuate neuroimmulation responses and diminish oxidation stress. Combined, these mechanisms are likely to contribute to potential support for neural function and resilience (Figure-2).
5.1. Modulation of Gut Microbiota and SCFA Production
As prebiotics, the Spirulina and Chlorella stimulates the beneficial bacteria to grow in the gut which results in higher production of SCFAs. Butyrate in particular has been shown to be neuroprotective. It is an energy substrate for colonocytes, it upregulates the gut barrier system, and has been reported to provide anti-inflammatory and neuroprotective effects to the CNS. These prebiotics can influence the composition of the gut microbiota, restoring a healthful intestinal environment, reducing translocation of pro-inflammatory molecules such as LPS and therefore lowering systemic inflammation that could enter the brain (Tsao et al., 2021; Kwon et al., 2024; Luo, 2025; Novikov et al., 2023).
         [image: ]
Figure-2 Neuroprotective mechanisms of Spirulina and Chlorella
This multi-panel diagram illustrates the three primary mechanisms through which Spirulina and Chlorella are proposed to exert their neuroprotective effects. (A) Gut Microbiota Modulation: As prebiotics, these microalgae promote the growth of beneficial bacteria (e.g., Lactobacillus, Bifidobacterium) while inhibiting pathogenic species. This shift leads to increased production of short-chain fatty acids (SCFAs) like butyrate, which enhance gut barrier integrity and exert systemic anti-inflammatory effects. (B) Anti-inflammatory Effects: Bioactive compounds from Spirulina and Chlorella can directly inhibit key inflammatory signaling pathways, including the NF-κB and NLRP3 inflammasome pathways. This leads to a reduction in the production of pro-inflammatory cytokines (e.g., TNF-α, IL-1β, IL-6) and a decrease in microglial activation, thereby attenuating neuroinflammation. (C) Antioxidant Defense: The microalgae provide neuroprotection through a dual antioxidant mechanism. Their pigments, such as phycocyanin and chlorophyll, can directly scavenge reactive oxygen species (ROS). Additionally, their bioactive compounds can activate endogenous antioxidant pathways, including the Nrf2 and SIRT1 signaling cascades, leading to the upregulation of protective enzymes like superoxide dismutase (SOD) and catalase, and a reduction in overall oxidative stress. '''
5.2. Attenuation of Neuroinflammation
Chronic neuroinflammation is a common pathological hallmark in AD, PD and ALS. Both spirulina and chlorella possess strong anti-inflammatory capabilities that can help to offset this activity. It was reported that these microalgae could suppress the expression of pro-inflammatory cytokines including TNF-α and IL-1β, and suppress inflammatory signaling pathway activation such as NLRP3 inflammasome (Zhou et al., 2025). For example, a study in a PD animal model found that consumption of Spirulina-supplemented diet decreased the level of microglial activation which is known to contribute to neuroinflammation. By suppressing the inflammatory cascade, they can act as a neuroprotective agent against inflammation (Renukadevi et al., 2024; Scuto et al., 2024).
5.3. Mitigation of Oxidative Stress
Generation of ROS is no doubt considered as main cause for damage in neurons in neurodegenerative diseases due to the phenomenon of oxidative stress which means the up regulation in the generation of ROS and down regulation of scavenging capacity. Spirulina and Chlorella contain numerous antioxidants, including phycocyanin and chlorophyll, which have the ability to scavenge free radicals. In addition, they can ameliorate the body's own antioxidant defenses by inducing up regulation of pathways like Sirtuin 1 (SIRT1) and Nuclear factor erythroid 2-related factor 2 (Nrf2) (Bonfili et al., 2018). It abrogates the oxidative damage of lipids, proteins and DNA in neurons to improve their survival and functional activity by this double mechanism (Wang et al., 2023).
6. CLINICAL AND PRECLINICAL EVIDENCE
The therapeutic potential of Spirulina, Chlorella, and other gut-modulating interventions has been investigated in a range of preclinical and clinical studies. This section summarizes the key findings from this body of research, highlighting the evidence for their neuroprotective effects in models of AD, PD, and ALS.
6.1. Preclinical Evidence
A substantial body of evidence from animal studies reinforces the neuroprotective effects of Spirulina and Chlorella (Table-2). In several PD models, such as 6-OHDA, MPTP α-synuclein-induced PD models, Spirulina has been found to ameliorate motor abnormalities and save the dopamine-producing neurons while reducing oxidative stress and inflammation (Lima et al., 2017; Pabón et al., 2012; Lopes et al., 2022; Zhang et al., 2015; Lucena et al., 2024). Spirulina also alleviated cognitive impairment, neuroinflammation and acetylcholinesterase (AChE) activity in streptozotocin-induced model of AD (Tavares et al., 2024). The neuroprotective effects of Spirulina also cover other neurological disorders such as hemorrhagic brain injury, schizophrenia, spinal cord injury, and autism via amelioration of behavioral deficits and modulation of neurotransmission and expression of assessors for inflammation (Almeida et al., 2023; Haider et al., 2021; Abdullahi et al., 2020; Ismail et al., 2024).
Chlorella has also shown remarkable neuroprotective effect in preclinical research. Chlorella peptides improved memory and decreased amyloid, tau pathology, and neuroinflammation in AD models (Wang et al., 2023; Lucena et al., 2024). In addition, Chlorella has demonstrated protective effects against lead-induced neurotoxicity as it helped to restore memory and reduced the level of oxidative stress (Díaz et al., 2025). Combination of Chlorella and lion’s mane mushroom ameliorated depressive behaviors, and increased brain-derived neurotrophic factor (BDNF) in a depression model (Chou et al., 2022). At the cellular level, Chlorella extracts have been observed to preserve PC12 cells against oxidative stress-induced apoptosis through ROS suppression and elevation of antioxidant enzyme (Vahdati et al., 2021; Inan et al., 2024). In conclusion, these preclinical studies demonstrate strong neuroprotective properties for both Spirulina and Chlorella in a variety of neurologic diseases mainly attributed to their antioxidant and anti-inflammatory effects.


Table- 2 Table comparing animal model neuroprotection by Spirulina and Chlorella
	Microalga
	Animal Model/Condition
	Key Neuroprotective Findings
	Citations

	Spirulina
	Parkinson’s disease (6-OHDA, MPTP, α-synuclein)
	Reduced motor deficits, preserved dopaminergic neurons, decreased oxidative stress and inflammation
	(Lima et al., 2017; Pabón et al., 2012; Lopes et al., 2022; Zhang et al., 2015; Lucena et al., 2024)

	Spirulina
	Alzheimer’s disease (STZ-induced)
	Prevented memory deficits, reduced oxidative stress, inhibited neuroinflammation and AChE activity
	(Tavares et al., 2024)

	Spirulina
	Hemorrhagic brain injury
	Increased viable neurons, improved motor performance post-injury
	(Almeida et al., 2023)

	Spirulina
	Schizophrenia (dizocilpine-induced)
	Improved behavioral deficits, regulated neurotransmission, reduced inflammatory cytokines
	(Haider et al., 2021)

	Spirulina
	Spinal cord injury
	Improved gray matter morphology, enhanced functional recovery
	(Abdullahi et al., 2020)

	Spirulina
	Autism (valproic acid-induced)
	Improved biochemical and histopathological markers of neuroinflammation and neurodegeneration
	(Ismail et al., 2024)

	Chlorella
	Alzheimer’s disease (Aβ1-42-induced, tauopathy)
	Peptides improved memory, reduced amyloid and tau pathology, suppressed neuroinflammation
	(Wang et al., 2023; Lucena et al., 2024)

	Chlorella
	Lead-induced neurotoxicity
	Restored memory, reduced oxidative stress, decreased lead accumulation in brain and organs
	(Díaz et al., 2025)

	Chlorella
	Depression (with lion’s mane)
	Improved depressive behaviors, increased BDNF, no toxicity at high doses
	(Chou et al., 2022)

	Chlorella
	Oxidative stress (in vitro, PC12 cells)
	Reduced ROS, increased antioxidant enzymes, improved cell viability, reduced apoptosis
	(Vahdati et al., 2021; Inan et al., 2024)



6.2. Clinical Evidence
Preclinical findings supporting the neuroprotective actions of Spirulina and Chlorella are vast, but clinical findings in humans are in their infancy. So far there have been no clinical trials especially targeting these microalgae in PD or ALS. Nevertheless, a few early reports have started to evaluate their use in AD and mild cognitive impairment (MCI), as well as in other cognitive symptoms, providing an initial knowledge base for further investigation. The most direct example is the recent controlled double-blind randomized trial in patients with AD. In the present intervention of 12 weeks with a dose of 500 mg/day, Spirulina supplementation significantly improved cognitive performance compared to placebo when using Mini-mental state Examination (MMSE) assessment. The cognitive effects may have been the result of a significant decrease in the inflammatory marker hs-CRP, along with an improvement in glucose homeostasis along with and were improved glucose homeostasis, implicating that Spirulina’s neuroprotection potential might be associated with its systemic anti-inflammatory and metabolic impacts (Tamtaji et al., 2023). In agreement with these findings, a 12-week randomized double-blind placebo-controlled trial of 1 g/day Spirulina maxima extract was performed in elderly individuals with MCI The research documented pronounced enhancement in visual learning and working memory as well as a rise in total antioxidant capacity. These findings indicate that Spirulina could be useful against the early phases of cognitive decline, perhaps by reducing oxidative stress (Choi et al., 2022). In the case of Chlorella, the available evidence is more indirect but remains noteworthy. A randomized controlled trial in individuals with major depressive disorder showed notable findings. Six weeks of supplementation with 1,800 mg/day of Chlorella vulgaris extract, taken in addition to standard antidepressant therapy, resulted in significant improvements in both somatic and cognitive symptoms. (Panahi et al., 2015). Although MDD is not a neurodegenerative condition, the observed gains in cognitive function are important. They indicate a possible neuromodulatory effect of Chlorella and underscore the need for studies specifically examining its relevance to cognitive decline and dementia.
Together these handful of clinical trials, which also are all outlined in the chart below, represent the first human evidence that either Spirulina or Chlorella can improve cognitive function (Table-3). But they suffer from poor sample size and short-termity. Large, long-term clinical trials are needed to confirm these encouraging findings, identify optimal doses and test these effects in other neurodegenerative diseases such as PD and ALS, which currently lack human data
Table-3 Clinical Trials of Spirulina and Chlorella in Neuroprotection and Cognitive Function
	
	Microalga
	Disease / Condition
	Study Design
	
	Intervention (Dose, Duration)
	
	Key Findings             
	          
	Citations

	
	Spirulina
	Alzheimer's Disease (AD)
	Randomized, Double-Blind, Controlled Trial
	
	500 mg/day Spirulina (twice daily) for 12 weeks
	
	Improved cognitive function (MMSE); decreased hs-CRP; improved glucose homeostasis.
	
	Tamtaji et al. (2023)

	
	Spirulina
	Mild Cognitive Impairment (MCI)
	Randomized, Double-Blind, Placebo-Controlled Trial
	
	1 g/day Spirulina maxima extract for 12 weeks
	
	Improved visual learning & working memory; improved vocabulary; increased total antioxidant capacity.
	
	Choi et al. (2022)

	
	Chlorella
	Major Depressive Disorder (MDD)
	Randomized Controlled Trial (not double-blind)
	
	1800 mg/day Chlorella vulgaris extract (add-on therapy) for 6 weeks
	
	Improved somatic and cognitive symptoms of depression; reduced anxiety.
	
	Panahi et al. (2015)


7. DISCUSSION
The evidence analyzed in this study indicates that Spirulina and Chlorella have great potential as neuroprotective agents, mostly through their prebiotic function on the gut-brain axis. The synthesis of preclinical data suggests that the gut microflora can be beneficially modified by these microalgae, leading to a downstream cascade effect such as decrease in systemic and central inflammation and oxidative stress. These actions ultimately can provide and add to the maintenance of neuronal function and beneficial effects in pathological characteristics of neurodegenerative diseases such as AD, PD, and ALS.
A major finding is the important part played by short-chain fatty acids (SCFAs), in particular butyrate, in this network of neuroprotection. Increased SCFA production associated with Spirulina and Chlorella consumption is a potentially key mechanistic step linking alterations of gut bacteria to brain health. The SCFAs act energetically in the gut lining itself to support barrier function but also are well known for their powerful anti-inflammatory and neuroprotective activity within the CNS. This highlights the potential of manipulating gut bacteria for increasing levels of these beneficial metabolites.
It is important to note the significant disparity between strong preclinical evidences and poor clinical data. Although animal studies have repeatedly achieved successful results, they have not been successfully translated to human patients. The study by Agahi et al., 2018), for example, provide warnings that therapeutic effectiveness of gut modulatory interventions can be affected by disease degree or specific strains of probiotics/prebiotics. The heterogeneity of study designs, intervention strategies and patient populations in clinical trials complicates the formation of clear conclusions (Torres‐Fuentes et al., 2025).
In addition to Spirulina and Chlorella, it must be remembered that broader dietary intervention (other prebiotics, probiotics, polyphenols) is also promising in its influence on the gut-brain axis. The potential interactions of these various treatment options have not been fully investigated and may serve as a novel approach to improve neuroprotection. Given the intricate nature of the gut microbiome and dynamic interplay with host, a multi-pronged strategy may achieve better success rather than targeting at one intervention.
The results of this review show certain theoretical and practical significance. From a theoretical point of view, the gut-brain axis as a key player in neurodegenerative diseases becomes even more obvious, and it is moving away from the classic focus on an essentially neurocentric perspective to a systemic one. From a practical perspective, they imply that dietary supplementation with prebiotics such as Spirulina and Chlorella may be used in a safe, economic, and available approach to complement the therapies against these catastrophic diseases.
8. CONCLUSION AND FUTURE PERSPECTIVES
In conclusion, the evidence presented in this review strongly supports the therapeutic potential of Spirulina and Chlorella prebiotics as a complementary strategy for the management of neurodegenerative diseases. By modulating the gut microbiota, reducing neuroinflammation, and combating oxidative stress, these microalgae address key pathological mechanisms that are common to AD, PD, and ALS. The preclinical data are particularly compelling, providing a solid foundation for the neuroprotective effects of these interventions. However, the translation of these findings into effective clinical applications remains a significant challenge.
Future research should focus on several key areas to advance our understanding and utilization of these prebiotics. First, there is a pressing need for large-scale, well-designed, and placebo-controlled clinical trials to confirm the efficacy of Spirulina and Chlorella in human patients with neurodegenerative diseases. These trials should aim to identify optimal dosing, treatment duration, and patient populations that are most likely to benefit. Second, further mechanistic studies are required to fully elucidate the complex interplay between these prebiotics, the gut microbiota, and the host's immune and nervous systems. This includes identifying the specific microbial species and metabolic pathways that are most critical for mediating the observed neuroprotective effects. Third, the potential synergistic effects of combining Spirulina and Chlorella with other gut-modulating interventions, such as probiotics and polyphenols, should be explored. A multi-targeted approach may prove to be more effective than a single intervention. Finally, the development of standardized and high-quality prebiotic formulations is essential to ensure consistency and comparability across studies.
By addressing these research priorities, we can unlock the full therapeutic potential of Spirulina and Chlorella prebiotics and pave the way for novel, gut-targeted therapies for neurodegenerative diseases. This could ultimately lead to improved outcomes and quality of life for the millions of individuals affected by these devastating disorders.
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