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1. Introduction
Alzheimer’s disease (AD) is the most prevalent 
neurodegenerative disorder, accounting for over 60–70% 
of dementia all over the world. It causes progressive loss 
of mental, behavioural, functional, and learning abilities 
(Kumar et al., 2015). In 2021, an estimated 57 million 
individuals globally had dementia, with more than 60% 
residing in low- and middle-income nations. Nearly 10 
million new cases are diagnosed every year. Dementia is 

brought about by various diseases and injuries to the brain. 
The majority of cases are of AD, which accounts for 60–70% 
of all instances (2021 Alzheimer’s Disease Facts and Figures, 
2021). Today in 2025, an estimated 7.2 million Americans, 
65 and older, suffer from AD. If no medical advancements 
are made to prevent or treat AD, this number could rise to 
13.8 million by 2060 (2025 Alzheimer’s Disease Facts and 
Figures, 2025). Despite major research progress, current AD 
drugs only offer temporary cognitive relief and cannot halt 
or reverse neurodegeneration (Imbimbo et al., 2005).
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AD progression is driven by two major pathogenic 
processes. First, the abnormal cleavage of the amyloid 
precursor protein leads to the accumulation of amyloid-β 
peptides, particularly Aβ-42, which form extracellular plaques. 
This process causes oxidative stress, neuroinflammation, 
and synaptic impairment (Stancu et al., 2014; Zhu et al., 
2015). Second, tau protein becomes hyperphosphorylated, 
dissociating from microtubules and forming intracellular 
neurofibrillary tangles that block neuronal transport and 
accelerate cell death. Both mechanisms are synergistic, 
with amyloid deposition often leading and enhancing tau 
pathology, resulting in widespread neurodegeneration (Dos 
Santos Picanco et al., 2018).

Importantly, these molecular pathologies converge on 
synapses, the functional unit of cognition, making synaptic 
dysfunction central to clinical decline. In addition to these 
processes, synaptic degradation has been identified as the most 
accurate predictor of cognitive dysfunction in AD. Memory 
impairment is largely associated with synapse loss, rather 
than amyloid plaques or neurofibrillary tangles. Soluble Aβ 
disrupts glutamatergic neurotransmission, causing synaptic 
dysfunction and tau phosphorylation, contributing to early 
cognitive decline. Furthermore, excess glutamate or poor 
clearance by astrocytes activates NMDA receptors, causing 
excitotoxicity, neuronal injury, and memory loss (Hardingham 
et al., 2002; Ittner et al., 2010). Together, amyloid, tau, and 
excitotoxic processes set the stage for progressive synaptic loss 
and network disconnection that underlie clinical dementia.

The inflammatory hypothesis of Alzheimer’s disease 
proposes that persistent neuroinflammation, predominantly 
mediated by activated microglia, causes neuronal damage 
via cytokines, reactive oxygen species, and reactive nitrogen 
species. Amyloid β (Aβ) increases inflammation by causing 
microglia to generate neurotoxic mediators such as 
TNF-α, nitric oxide, and free radicals (Yu et al., 2024). 
The interaction of inflammatory and oxidative processes 
eventually leads to progressive brain damage and cognitive 
impairment. Emerging evidence links these mechanisms to 
mitochondrial dysfunction, poor autophagy, and gut-brain 
axis dysregulation, opening new treatment possibilities 
(D’Alessandro et al., 2025; Greer, 2000).

Numerous therapeutic approaches have been tested in 
clinical trials over several decades; however, current therapies 
for Alzheimer’s disease (AD) are symptomatic rather than 
curative. These medications temporarily ease cognitive 
problems without slowing or reversing the underlying 
neurodegenerative process (Passeri et al., 2022). Since the 
efficacy of existing FDA-approved medications, which 
mostly target single pathways such as acetylcholinesterase 
(AChE) inhibition or N-methyl-D-aspartate (NMDA) 
receptor modulation, new multifunctional therapies are 
needed.

As a result, research has focused on preventative 
techniques and therapies that aim to reduce Alzheimer’s 
disease risk by addressing upstream pathogenic mechanisms 
and modifiable lifestyle variables (Hossain & Hussain, 2025). 
This broader, multi-targeted strategy motivates exploration 
of the peripheral system, such as the gut microbiome, which 
influences brain health. The gut microbiome comprises 
bacteria, viruses, and other microorganisms inhabiting the 
intestinal tract. These microorganisms aid digestion, create 
useful molecules such as short-chain fatty acids, protect the 
body from toxins, and boost the immune system. Finally, 
bacteria from phyla Bacteroidetes and Firmicutes account 
for 90% of the adult human intestinal microbiota, with the 
rest from Actinobacteria, Proteobacteria, Fusobacteria, and 
Verrucomicrobia (Rinninella et al., 2019).

An imbalance in gut microbes, known as dysbiosis 
(Figure 1), can lead to diseases like diabetes, obesity, cancer, 
heart disease, arthritis, and inflammatory bowel diseases 
(Kesika et al., 2021). An increasing number of studies 
have found that variations in gut microbiota composition 
relate to changes in brain function and behaviour, a process 
known as the microbiota-gut-brain axis (Socała et al., 
2021). This bidirectional communication involves the vagus 
nerve, gut hormone-secreting cells, the enteric nervous 
system, and the HPA axis. Metabolites produced by gut 
microorganisms include neurotransmitters, tryptophan 
compounds, and short-chain fatty acids (SCFAs), all of 
which have an impact on brain function, inflammation, 
and the blood-brain barrier. SCFAs, including butyrate, 
can reduce inflammation in brain cells and promote healthy 
brain function. Problems with gut-brain communication 
have been linked to neurodegenerative disorders such as 
Alzheimer’s disease, pointing to the gut-brain connection as 
a possible target for novel therapeutic techniques (Zhong  
et al., 2021).

Preclinical and early clinical studies suggest that 
manipulation of gut microbes or their metabolites can 
influence central inflammation tone, synaptic function, 
and cognitive outcomes in AD models. Microbiota-driven 
interventions, including probiotics, postbiotics, and next-
generation probiotics (NGPs), have therefore attracted 
growing interest as potential strategies to restore microbial 
balance and support cognitive function. Next-generation 
probiotics can influence brain function through vagal 
pathways and microbial production of neurotransmitters 
(e.g., GABA, acetylcholine) and serotonin precursors (Ansari 
et al., 2023; Faraji et al., 2025; Kumar et al., 2024). Several 
strains, including Lactobacillus rhamnosus, Bifidobacterium 
bifidum, and Saccharomyces boulardii, have been proven in 
Alzheimer’s models to reduce inflammation, reinforce gut 
and blood-brain barriers, and produce metabolites that 
promote brain health (Un-Nisa et al., 2022).
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Furthermore, postbiotics or microbial metabolites 
can enhance gut and brain health by providing advantages 
like probiotics but without the use of live bacteria. They 
can modify the immune system, reduce inflammation, 
and increase gut barrier function, providing many of the 
same health benefits as probiotics without the need for 
live bacteria. Postbiotics could be particularly beneficial 
in the case of Alzheimer’s disease because they decrease 
neuroinflammation, enhance gut-brain interaction, and 
enhance metabolites like short-chain fatty acids, which defend 
brain cells and cognitive function. Their safety and stability 
make them an appropriate supplement or alternative to 
probiotics for use in microbiota-based AD therapy (Rafique 
et al., 2023). Conventional probiotics and postbiotics are 
restricted by inconsistent colonisation, unstable storage, 
and variable dosing. Next-generation probiotics (NGPs) 
address these challenges by using precisely characterised 
strains with a defined mechanism of action to modulate 
the gut ecosystem, reduce oxidative stress, and control 
inflammation (Abouelela & Helmy, 2024). Postbiotics 

show immunomodulatory, anti-inflammatory, antibacterial, 
and antioxidant effects that preserve gut barrier integrity 
and microbial balance. Their stability, focused effects, and 
scalability make them interesting candidates for therapeutic 
development, functional foods, and precision medicine, as 
well as possible treatment for neurodegenerative illnesses 
like AD (Pattapulavar et al., 2025).

This review not only summarises current evidence for the 
gut-brain axis in Alzheimer’s disease but also provides a novel 
and integrative perspective by highlighting next-generation 
probiotics and postbiotics, an area still poorly explored in 
AD. Unlike earlier reviews that largely focus on traditional 
probiotics or general microbiome associations, this paper 
emphasises the mechanistic and translational potential of 
microbiota-derived therapeutics as multi-targeted adjuncts 
to conventional drugs. By addressing current knowledge 
gaps and proposing directions for preclinical and clinical 
validation, this review aims to advance a paradigm shift away 
from an exclusively neurocentric approach to an integrative, 
gut-centric therapeutic framework for AD.

Figure 1: Comparison of Normal Versus Disrupted Gut Microbiota: Healthy Microbiota Maintains Gut-Brain Homeostasis, While Dysbiosis 
Increases Pro-Inflammatory Signals, Contributing to Blood-Brain Barrier Dysfunction and Neuroinflammation.

2. Gut-Brain Axis and Alzheimer’s Disease (AD)
The gut, the largest absorption organ, and its microbiota, the 
human body’s largest microbial reservoir, together form the 
Microbiota-Gut (MG) System. Their interactions influence 
physiological and pathological responses throughout the 

body. Among the organs affected, the central nervous 
system (CNS) is in continuous contact with the microbiota-
gut through the bidirectional microbiota-gut-brain 
axis (MGBA), where the intestinal microflora has a key 
regulatory role (Cryan et al., 2019; Giovannini et al., 2021).



p.72Hussain and Ikram, J. Pharm. Tech. Res. Management Vol. 13, No. 1 (2025)

Abnormal composition of gut microbiota, or dysbiosis, 
has been implicated in a range of neuropsychiatric diseases and 
AD (Doifode et al., 2021). MGBA disturbances contribute to 
AD pathogenesis through interconnected neuronal, endocrine, 
immunological, and metabolic signalling pathways. Overall, 
these pathways demonstrate that gut microbiota composition 
can have profound downstream effects on AD pathology, 
linking peripheral metabolic and immune signals to central 
neurodegenerative processes. Among the various mechanisms 
mediating communication within the microbiota–gut–brain 
axis, the neural pathway represents the primary and most 
direct route linking gut microbial activity to central nervous 
system function. The gut and brain communicate via two basic 
neuroanatomical channels. The first is direct signalling via 
the vagus nerve (VN) and autonomic nervous system (ANS), 
while the second is bidirectional communication via the enteric 
nervous system (ENS), ANS, and VN (Yan et al., 2024).

The vagus, the longest parasympathetic nerve extending 
from the medulla to the gut, contains about 20% efferent 
and 80% afferent fibres. It regulates gastrointestinal motility, 
secretion, and anti-inflammatory reflexes (Dolphin et al., 
2022; Yan et al., 2024). Thus, vagal signalling disruption 
from dysbiosis may mediate the link between peripheral 
microbial changes and CNS dysfunction. Dysbiosis-
induced vagal signalling disruption may therefore act as a 
critical mediator linking peripheral microbial changes to 
central nervous system dysfunction.

Dysbiosis may also trigger systemic and 
neuroinflammation, alter neurotransmitter release 
(serotonin, GABA), and contribute to cognitive dysfunction 
in AD. In contrast, the vagus nerve may modulate gut 
microbial composition, preserving balance between eubiosis 
and dysbiosis (Park & Wu, 2022).

Beyond direct neural signalling, the metabolic pathway 
provides an indirect but equally significant pathway. 
Human metabolism is the result of both microbial and 
host enzymatic activities. Gut bacteria ferment undigested 
dietary material, producing metabolites such as SCFAs, bile 
acids, choline, and tryptophan derivatives that are essential 
for metabolic and neurological balance.

Microbial fermentation produces SCFAs, like acetate, 
propionate, and butyrate, that cross the blood-brain barrier by 
modulating neurotransmitter synthesis, neuroinflammation, 
and neurogenesis via G-protein-coupled receptors (GPR41, 
GPR43) and histone deacetylase (HDAC) inhibition 
(O’Riordan et al., 2022; Gao et al., 2009). The gut microbial 
metabolism of choline produces trimethylamine-N-
oxide (TMAO), which causes aggregation of amyloid β, 
hyperphosphorylation of tau, oxidative stress, and cognitive 
impairments (Hu et al., 2023).

Alterations in bile acid metabolism also affect 
mitochondrial function, neuronal energy balance, 

and insulin signalling, linking dysbiosis to metabolic 
dysregulation in the AD brain. Collectively, these microbial 
metabolites act as critical mediators between gut health and 
neuronal integrity, providing mechanistic insight into how 
dysbiosis can accelerate AD pathology.

The gut-brain axis also exerts significant neuroendocrine 
and immunomodulatory control, influencing 
neuroinflammatory responses in AD. The gut hosts the densest 
population of immune cells—B cells, T cells, macrophages, 
and dendritic cells—whose functions are tightly regulated 
by microbial composition. Gut microorganisms control 
the maturation of gut-associated lymphoid tissue (GALT) 
and influence both innate and adaptive immune responses 
(Hooper et al., 2012; Olszak et al., 2012). Dysbiosis disrupts 
the balance, resulting in higher levels of proinflammatory 
cytokines (IL-1β, TNF-α, IL-6) and chemokines that 
penetrate the blood-brain barrier and activate glial cells. 
This cascade leads to chronic neuroinflammation, which is a 
characteristic of Alzheimer’s disease. Microglial and astrocyte 
activity is further regulated by microbial metabolites, which 
influence BBB permeability, neuronal survival, and synaptic 
plasticity (Erny et al., 2015; Fung et al., 2017). These 
endocrine and immune pathways underscore the centrality 
of gut-derived signals in modulating both inflammation and 
neuronal resilience in AD.

3. Evidence of Gut Dysbiosis in AD
Recent clinical and preclinical research consistently shows 
gut microbial changes in AD. Several independent cohorts 
have found reduced beneficial taxa (e.g., Bifidobacterium, 
Lactobacillus, Firmicutes) and increased proinflammatory 
taxa such as Escherichia/Shigella and Proteobacteria, which 
correlate with elevated peripheral inflammation markers and 
amyloid burden (Zou et al., 2024). Dysbiosis triggers the 
release of LPS and other endotoxins from these gram-negative 
bacteria. These enter the bloodstream, impair BBB integrity, 
activate microglia, and cause neuronal damage (Banks & 
Erickson, 2010). LPS binds to TLR4 (toll-like receptor), 
which is expressed on endothelial cells, microglial cells, and 
astrocytes (Tsioti et al., 2023). This BBB disruption allows 
immune cells, cytokines, and circulating toxins to enter the 
CNS (Figure 2). Microbial amyloid proteins and bacterial 
metabolites can seed or accelerate brain amyloid aggregation, 
linking gut dysbiosis to amyloidogenesis (Harach et al., 
2017; Sampson et al., 2020). These microbial, metabolic, 
and immune alterations together drive synaptic dysfunction, 
neuronal loss, and cognitive decline in Alzheimer’s disease 
(Liu et al., 2020). Taken together, these findings support 
the gut microbiota as a potential therapeutic target, where 
modulation of microbial composition or function could be 
beneficial after AD progression.
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Figure 2: The Gut-Brain Axis Process in Alzheimer’s Disease Involves Elevated Levels of Gram-Negative Bacteria, Which in Turn Increase 
Lipopolysaccharide (LPS) Levels and Activate TLR4 Receptors. This Activates the MAP Kinase Signalling Pathway, Resulting in Increased 
Proinflammatory Cytokine Production That Compromises the BBB Integrity, Hence Contributing to Neuroinflammation in AD.

4. From Probiotics to Next-Generation 
Probiotics 
In 2001, the World Health Organisation defined probiotics 
as live microorganisms that, when consumed in sufficient 
quantities, benefit the host’s health. Lactobacillus, 
Bifidobacterium, Enterococcus, Lactococcus, and 
Streptococcus species are the most widely used probiotics 
(Sarita et al., 2025). Several other bacterial strains are now 
being used therapeutically for AD and other cognitive 
disorders (Table 1). These beneficial microorganisms 
primarily inhabit the human gastrointestinal tract, where 
they play a key role in maintaining gut health and overall 
physiological balance. Probiotics predominantly live within 
the human intestine, where they ensure a healthy balance of 
gut microbiota (Chandrasekaran et al., 2024).

Most probiotic bacteria occur naturally in the gut, while 
some are added to foods to enhance nutrition and digestion. 
They aid digestion and also regulate the immune system 
and inflammation. They help maintain microbial balance, 
strengthen immunity, and reduce intestinal inflammation 
(Aleman & Yadav, 2023).

According to studies, probiotics promote health 
in several important ways. They produce antibacterial 
compounds that stop dangerous bacteria from growing, 
adhere to the gut lining, and aid in strengthening the 

intestinal barrier. These antibacterial compounds can be 
of various types, such as bacteriocins that mainly originate 
through the RBC of bacteria; some examples are nisin 
(Shin et al., 2016), reutericin (Toba et al., 1991), lactacin 
(Barefoot & Klaenhammer, 1984); hydrogen peroxide, 
which is produced when genes coding for the enzymes 
NADH peroxidase and catalase are absent (Hertzberger  
et al., 2014; Kazemipoor et al., 2012); short-chain fatty 
acids (Huang et al., 2011); reuterin, which is produced in 
the presence of glycerol (Cleusix et al., 2007); and many 
organic acids such as lactic acid and acetic acid (Tejero-
Sariñena et al., 2012), etc.

Beyond these effects, probiotics interact with host 
cells and pathogens via surface molecules and adhesion 
factors (Lebeer et al., 2010), quorum-sensing interference 
(Piewngam et al., 2018), modulation of signalling pathways 
such as MAPK and NFκB (Thomas & Versalovic, 2010), 
and epigenetic modulations (Bhat et al., 2019). Additionally, 
probiotics influence the expression of genes in pathogenic 
bacteria, decrease their ability to adhere to the gut wall, 
compete with pathogens for adhesion sites, and control the 
body’s immune responses (M. J. Kang et al., 2023; Maftei  
et al., 2024; Mohamed, 2024; Singh & Agarwal, 2022).

Their ability to modify the gut environment, particularly 
by altering pH, further enhances their protective function. 
Probiotics can outcompete pathogens by altering the pH of 
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their environment. Similar to pathogens, probiotics bind to 
mucosal adhesion sites, decreasing the chance that probiotics 
will be washed out as well as the chance that pathogens will 
adhere (Williams, 2010). Given these multifaceted actions, 
the therapeutic use of probiotics depends on careful selection 
of appropriate strains and formulations. Probiotic efficacy 
depends on strain genetics, formulation, intended use, and 
shelf life. This is due to the wide range of nutritional and 
medicinal benefits that probiotics offer (Gul & Durante-
Mangoni, 2024). Which probiotic strain to use depends on 
its production, effects, and benefits to the host’s health.

4.1. Limitations and Safety Concerns of 
Conventional Probiotics
Traditional probiotics present several limitations that have 
prompted the development of Next-Generation Probiotics 
(NGPs). Although they offer broad health benefits, 
conventional probiotics often lack clinical consistency and 
show limited applicability. Clinical trials frequently employ 
different strains, dosages, and methodologies, making 
comparisons and generalisation difficult. Additionally, 
strain-specific effectiveness poses a major challenge, as some 
strains work only in certain disease conditions but fail in 
others (Shanahan, 2003). Even within the same species, 
probiotic efficacy can vary substantially, and no single strain 
can deliver all possible benefits. This strain-dependent 
variability has significant implications for food applications 
and safety. Numerous probiotic species, such as Lactococcus 
lactis, Lactobacillus species, Streptococcus, Enterococcus, 
Bifidobacterium species, Pediococcus, and Propionibacterium 
species, are commonly incorporated into foods. Selecting 
the appropriate strain is essential to prevent nutrient loss, 
formation of harmful amines, and growth of opportunistic 
pathogens (Bhadoria & Mahapatra, 2011).

Some probiotic strains may also harbour antibiotic-
resistance genes (Mohamed, 2024). Although the U.S. 
Food and Drug Administration (FDA) consider probiotics 
safe, Bifidobacterium, Lactobacillus, Streptococcus, and 
Clostridium species have not been associated with safety issues 
in Alzheimer’s disease (AD). However, probiotics should 
be avoided in AD patients receiving immunosuppressive 
treatments such as chemotherapy (Sanders et al., 2010). 
Several cases of bacteremia, fungemia, and sepsis have been 
reported in patients treated with Saccharomyces boulardii. 
Wombwell et al. (2021) performed a retrospective analysis 
of all S. boulardii-induced fungemia cases and identified 
an incidence rate of 0.11%—a low but not negligible risk 
(Wombwell et al., 2021). Similar risks have been highlighted 
in other studies (Lherm et al., 2002). The likely mechanism 
involves translocation of the organism from the gut into 
the bloodstream through a compromised intestinal barrier 

(Poncelet et al., 2021). Contamination via catheters or 
environmental exposure may also contribute (Hennequin 
et al., 2000). In rare cases, probiotic bacteria may carry 
antibiotic-resistance genes and transfer them to other bacteria, 
including pathogenic strains that cause infection. These risks 
persist regardless of the strain variations or the species studied 
in humans or animals (Siripaopradit et al., 2024).

Clinical inconsistencies further highlight these 
limitations. For instance, Agahi et al. evaluated the effects of 
probiotics on cognitive function using the Test Your Memory 
(TYM) assessment and found no significant improvement. 
Potential reasons include population differences, variations 
in probiotic potency, and the short duration of the 
intervention. The 12-week supplementation period may 
have been insufficient to elicit measurable improvements 
in mild cognitive impairment (MCI) or Alzheimer’s disease 
(AD) (Agahi et al., 2018).

4.2. Emergence and Therapeutic Potential of 
Next-Generation Probiotics
NGPs emerged in response to the drawbacks associated 
with traditional probiotics. O’Toole introduced the 
term “Next-Generation Probiotics” in 2017 to describe 
live microorganisms identified through gut microbiota 
analyses that can confer health benefits when consumed 
in appropriate amounts (Jan et al., 2024). Examples of 
NGPs include Bifidobacterium species, Prevotella copri, 
Akkermansia muciniphila, Bacteroides fragilis, Christensenella 
minuta, Faecalibacterium prausnitzii, and Parabacteroides 
goldsteinii. The therapeutic applications of these bacteria are 
currently being explored across multiple disease conditions 
(Chang et al., 2019).

NGPs have demonstrated benefits in cardiovascular 
disorders, gastrointestinal diseases, cancer, lactose 
intolerance, and hypertension. Notably, some NGPs possess 
antioxidant and anti-inflammatory properties, offering 
promising potential in neurological protection. They have 
also been shown to reduce oxidative stress (Sáez et al., 
2012). Several genes within these organisms encode reactive 
oxygen species (ROS) or oxygen-detoxifying enzymes, 
including flavodiiron proteins, rubrerythrins (Rbr), reverse 
rubrerythrins, superoxide reductases, and alkyl peroxidases. 
Strains with more robust detoxification systems show 
increased survival during prolonged exposure to atmospheric 
oxygen (Botin et al., n.d.). Another mechanism involves 
enhancement of antioxidative enzymes such as catalase 
(CAT), superoxide dismutase (SOD), and glutathione 
peroxidase, as demonstrated by Mao et al. in their study on 
the NGP candidate Blautia producta (Mao et al., 2023).

Although their role in neurodegenerative disorders 
remains under investigation, emerging evidence is 
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promising. In 2025, Xu et al. examined the effects of 
Akkermansia muciniphila in Parkinson’s disease and found 
that oral administration reduced dopaminergic neuron 
loss and improved motor functions by restoring gut 
microbial balance and increasing butyrate production. 
The elevated butyrate suppressed microglial activation, 
thereby decreasing neuroinflammation and protecting 
neurons (Xu et al., 2025). This work highlights that A. 
muciniphila exerts neuroprotective effects through the 
gut-brain axis via butyrate-mediated modulation of 
microglia-driven inflammation. Comparable findings 
have been reported for other NGP candidates in various 
neurological disorders.

Another promising NGP is Blautia wexlerae. Cox  
et al. observed significantly reduced levels of B. wexlerae 
in patients with progressive multiple sclerosis (MS), with 
lower abundance correlating with increased inflammation. 

This suggests that B. wexlerae plays a protective, anti-
inflammatory role in maintaining gut-immune homeostasis, 
and restoring its levels may offer therapeutic benefits in MS 
(Cox et al., 2021).

NGPs act through multiple mechanisms, one of which 
includes inhibition of the NLRP3 inflammasome—an 
inflammatory pathway implicated in the pathogenesis of 
Alzheimer’s disease (Tan et al., 2013). For example, Qian 
et al. demonstrated that the Akkermansia muciniphila-
derived protein Amuc_2109 strengthens intestinal barrier 
function, preserves gut microbial balance, and reduces 
colonic inflammation. This occurs through suppression 
of the NLRP3 inflammasome pathway, thereby limiting 
pro-inflammatory cytokine release and tissue injury. 
These findings indicate that Amuc_2109 may prevent 
inflammation-driven diseases by modulating NLRP3 
activity (Qian et al., 2022).

Table 1: Summary of Research Studies on Various Probiotic Strains Studied in Alzheimer’s Disease

Strain of 
Probiotics

Therapeutic Effects in Alzheimer’s Disease Reference

Lactobacillus 
rhamnosus

Ameliorates cognitive impairment in Aβ-induced mice, protects the antioxidant system, improves 
mitochondrial function, enhances synaptic function, regulates neuroinflammation and neurotoxicity, 
and improves gut microbiota dysbiosis

Hye Ji Choi, 
2025

Lactobacillus 
rhamnosus

L. rhamnosus positively impacts cognitive deficits and neuroinflammation in this AD model. Heydari, R., 
2025

Lactobacillus 
rhamnosus

LGG helps prevent sepsis-associated cognitive deficits and protects hippocampal neurons. Wang, L., 2024

Lactobacillus 
rhamnosus

Protects neurons from oxidative stress and reduces ROS. Inhibits AChE activity. Modulates 
neuroinflammation and apoptosis via MyD88/NF-kB and JNK/Bax pathways. Proven safe by 
genomic and antibiotic testing.

Lee, J. Y., 2025

Lactobacillus 
plantarum

Lactobacillus plantarum improved cognitive function, antioxidant levels, AChE activity, and cortical 
histology in AlCl₃-induced Alzheimer’s rats.

Abdellatief, H., 
2024

Lactobacillus 
plantarum

Lactobacillus plantarum HEAL9 alleviated cognitive decline, improved colonic motility, and reduced 
brain and gut inflammation in early-stage Alzheimer’s mice.

Di Salvo, C., 
2024

Lactobacillus 
plantarum

In this study, Lactobacillus plantarum (as part of the lactobacilli mixture) helped prevent Aβ formation, 
improved learning and memory, and mitigated P. gingivalis-induced neuroinflammation in rats.

Kazemi, N., 
2024

Lactobacillus 
plantarum

In this study, Lactobacillus plantarum (DMS 20174) exhibited anti-Alzheimer effects by reducing 
acetylcholinesterase (AChE), oxidative stress (MDA) levels, enhancing gut Lactobacilli counts, and 
improving antimicrobial, antioxidant, and anti-cholinesterase activities.

Sakr, E. A. E., 
2023

Lactobacillus 
acidophilus

In this research, Lactobacillus acidophilus showed a therapeutic role in Alzheimer’s disease by 
inhibiting acetylcholinesterase and tyrosinase, suggesting potential for treatment and prevention of 
neurodegenerative disorders.

I, Mohammad, 
2024

Bifidobacterium 
longum

Improves cognitive function by enhancing memory, attention, and visuospatial abilities, and 
modulates gut microbiota to support brain health.

Shaoqi Shi, 
2022

Bifidobacterium 
longum

Bifidobacterium longum (NK46) mitigates cognitive decline in Alzheimer’s disease by reducing gut 
dysbiosis, neuroinflammation, amyloid-β accumulation, and apoptosis while enhancing intestinal 
barrier and BDNF expression.

Hae-Ji Lee et 
al., 2019

Bifidobacterium 
breve

Alleviates memory impairment and cognitive dysfunction by reducing tau hyperphosphorylation, 
chronic stress, and enhancing synaptic density and neuronal activity in Alzheimer’s disease.

Abdelhamid, 
M., 2024

Bifidobacterium 
breve

Enhances cognition, inhibits neuroinflammation, improves synaptic function, and restores gut 
microbiota-metabolite balance, especially when combined with environmental enrichment (EE).

Gaungsu Zhu, 
2024
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5. Understanding Postbiotics in Alzheimer’s 
Disease
The term postbiotic refers to bioactive substances derived 
from dead or inactivated microorganisms. These may consist 
of whole inactivated microbial cells or specific cellular 
components such as cell wall fragments. Many postbiotic 
formulations also include beneficial microbial products—
such as proteins, peptides, or metabolites—although these 
additional elements are not strictly required for classification 
as a postbiotic (Vinderola et al., 2022).

Tsilingiri and Rescigno (2013) further define postbiotics 
as compounds produced or released by microorganisms 
during metabolism that exert direct or indirect beneficial 
effects on host health. This perspective supports the growing 
view that postbiotics are promising alternatives to probiotics, 
offering comparable benefits through non-living microbial 
components. Although postbiotics do not contain viable 
bacteria, they deliver similar therapeutic advantages without 
risks associated with live microbes.

Postbiotics encompass several categories, including 
exopolysaccharides, cell-free extracts, enzymes, short-
chain fatty acids (SCFAs), cell-free supernatants, bacterial 
lysates, and numerous other microbe-derived metabolites 
(Żółkiewicz et al., 2020). Owing to this diversity, postbiotics 
can influence multiple physiological systems, broadening 
their therapeutic potential.

They target the metabolic system and are thus valuable 
in managing obesity and diabetes by enhancing insulin 
sensitivity, regulating glucose and lipid metabolism, and 

modulating gut hormones (Lange et al., 2023). Postbiotics 
also benefit the cardiovascular system by reducing blood 
pressure. SCFAs produced through microbial fermentation 
of dietary fibre modulate cardiovascular health by activating 
G-protein coupled receptors (GPR41/43), enhancing 
endothelial nitric oxide production, improving vascular 
function, and exerting anti-inflammatory effects through 
histone deacetylase inhibition (Nogal et al., 2021).

Postbiotics additionally modulate immune responses. 
Heat-killed multi-strain preparations influence CD14+ 
monocytes by stimulating cytokine production, with 
combined bacterial–yeast formulations demonstrating 
synergistic immunomodulatory activity (Roberts et al., 
2024).

Functionally, postbiotics provide a range of health 
benefits. They help reduce cholesterol by producing SCFAs 
such as acetate and propionate, which downregulate HMG-
CoA reductase—thereby decreasing endogenous cholesterol 
synthesis (Parnell & Reimer, 2010). They attenuate 
inflammation by lowering pro-inflammatory markers 
including TNF-α, IL-1β, and IL-6, while modulating 
TLR4 expression (Abbas et al., 2025). Their antioxidant 
properties are mediated through reductions in MDA levels 
and increases in antioxidant enzymes such as SOD, CAT, 
and GSH, or through enhanced free-radical scavenging 
(Abbas et al., 2025; Asadi et al., 2024). Postbiotics also help 
prevent obesity, regulate immune function, and inhibit 
abnormal cell proliferation by inducing apoptosis (Kim  
et al., 2022). (Figure 3)

Figure 3: When Postbiotics Act on a Dysfunctional Mitochondrion with Increased ROS, They Increase the GSH and SOD Levels. GSH Is a 
Major Intracellular Antioxidant. During Oxidative Phosphorylation, Electrons Leak from the Complexes I and III of the ETC. These Leaked 
Electrons React With O₂ To Form Superoxide Radicals. Superoxide is Subsequently Converted into Hydrogen Peroxide by Mitochondrial 
Superoxide Dismutase (MnSOD). Detoxification of H₂O₂ By the GSH System. GSH Exists in Reduced Form (GSH) and Oxidised Form 
(GSSG). The GSH/GSSG Ratio Is a Marker of Cellular Redox Status. Hence, These Effects Together Decrease Oxidative Damage and 
Improve Mitochondrial Function, Thus Improving AD Symptoms.
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Postbiotics offer several practical advantages as well. 
They are easy to store, transport, and preserve, and they have 
a substantially longer shelf life than probiotics—up to five 
years (Sreeja & Prajapati, 2013). They are also safer, as they 
provide health benefits without the risks associated with live 
microorganisms. This enhanced stability and safety make 
postbiotics particularly suitable for immunocompromised 
populations, including elderly or chronically ill individuals 
(Imperial & Ibana, 2016). Additionally, while probiotics 
may harbour undesirable genes such as virulence or 
antibiotic resistance determinants, postbiotics are free from 
these risks.

Preclinical studies have shown positive associations 
between probiotic-derived secretomes and ageing-related as 
well as neurodegenerative processes in the central nervous 
system (Hamdi et al., 2025). Beyond their anti-inflammatory, 
antioxidant, and immunomodulatory functions, postbiotics 
also contribute to maintaining the integrity of the blood–
brain barrier (BBB), a critical factor in the management 
of neurological disorders (Parker et al., 2020). They help 
restore tight junction morphology in endothelial cells, 
thereby strengthening BBB function (Algieri et al., 2023). 
This is particularly important in Alzheimer’s disease (AD), 
where BBB disruption is a hallmark pathological feature.

Furthermore, evidence suggests that the depletion 
of SCFAs—often resulting from chronic gut dysbiosis or 
antibiotic exposure—increases BBB permeability, leading 
to mood disturbances and cognitive impairments in animal 
models (Knox et al., 2022).

5.1. Neuroprotective Mechanisms and 
Therapeutic Implications of Postbiotics in 
Alzheimer’s Disease
Researchers examined the effects of administering short-
chain fatty acids (SCFAs), particularly acetate, propionate, 
and butyrate, on Alzheimer’s disease in APP/PS1 mice, a 
widely used AD model, in a study by Zajac et al. The SCFAs 
were externally administered to observe their effects on gene 
expression, brain activity, inflammation, and amyloid-β 
accumulation. SCFA treatment altered gut microbiota 
composition, reduced inflammatory gene expression, and 
regulated microglial activity. The findings suggest that 
SCFAs can influence brain inflammation through the 
gut–brain axis, highlighting their therapeutic potential in 
Alzheimer’s disease despite mixed effects on amyloid plaque 
levels (Zajac et al., 2022).

In vitro (cell culture) studies have shown that postbiotics 
and beneficial gut bacteria can modulate key pathways 
implicated in AD. These laboratory findings further support 
the link between microbial metabolites and neuronal 
protection. Ahmed et al. cultured different commensal gut 

bacteria and screened their ability to synthesise neuroactive 
metabolites, including SCFAs and tryptophan derivatives, 
along with their antioxidant and anti-inflammatory effects 
(Ahmed et al., 2019). Their results demonstrated strong 
neuroprotective activity. When neuronal and microglial cells 
were exposed to bacterial supernatants, strains producing 
butyrate and indole derivatives reduced oxidative stress, 
inflammation, and cellular injury. These observations 
emphasise the therapeutic promise of gut-derived 
metabolites in addressing neuroinflammation and oxidative 
stress, both central to AD pathogenesis.

Another study by Choi et al. explored how Lactobacillus 
plantarum, a well-recognised postbiotic producer, might 
mitigate oxidative stress, a major contributor to AD. Using 
L. plantarum 200655, they created a fermented soy yoghurt 
and supplemented it with fructooligosaccharides to form a 
synbiotic mixture. The study assessed its ability to protect 
neuronal cells from hydrogen peroxide-induced oxidative 
injury. The L. plantarum–FOS soy yoghurt enhanced 
antioxidant activity, reduced reactive oxygen species 
(ROS) levels, and improved neuronal survival compared to 
controls (Choi et al., 2022). These findings suggest that this 
synbiotic soy yoghurt may function as a potent antioxidant 
and neuroprotective functional food capable of preventing 
oxidative stress–mediated neuronal injury associated with 
AD development.

In another investigation, Zhou et al. examined the 
impact of dietary fibre and microbiota-derived metabolites 
on Alzheimer’s disease in 5XFAD mice, a robust AD 
model. The high-fibre diet increased SCFA production, 
and these metabolites activated specific signalling pathways 
responsible for neuroprotection. SCFAs acted through their 
receptors GPR41 and GPR43 to enhance memory, reduce 
amyloid plaque burden, and protect neurons from injury. 
However, when these receptors were absent, the beneficial 
effects disappeared, leading to greater cognitive decline and 
more severe AD pathology (Zhou et al., 2023). This study 
highlights the critical role of fibre-derived metabolites in 
maintaining brain health through the gut–brain axis and 
slowing Alzheimer’s-like disease progression.

Postbiotics may also enhance brain plasticity and 
cognitive function by increasing levels of brain-derived 
neurotrophic factor (BDNF), which supports neuronal 
growth, communication, and survival (Sarkar et al., 2025).

In addition to their metabolic advantages, postbiotics 
modulate key neurotransmitters associated with cognition 
and emotional regulation. Serotonin, which influences 
mood, memory, and cognition, plays a significant role in 
Alzheimer’s disease. Research indicates serotonin levels are 
reduced by about 40% in AD-affected brains (Yun et al., 
2015). Postbiotics may help maintain healthy serotonin 
levels. Reduced serotonin contributes to depression 
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and cognitive impairment in AD. GABA and other 
neurotransmitters are equally important for synaptic 
stability and mental health; maintaining their balance may 
help protect neuronal function and slow AD progression 
(Sarkar et al., 2025).

Ageing increases vulnerability to inflammation, 
activating macrophages, monocytes, and neutrophils. This 
elevates pro-inflammatory cytokines such as IFN-γ, TNF-α, 
and IL-6, contributing to inflamm-ageing—commonly 
observed in neurodegenerative disorders including AD. This 
chronic inflammatory state accelerates neurodegeneration 
(Rahman & Dandekar, 2023). In AD, these cytokines can 
activate the NLRP3 inflammasome, influence the HPA 
axis, and trigger cortisol release. Persistent cortisol elevation 
heightens systemic stress and reduces immune sensitivity to 
anti-inflammatory signals. Several postbiotics counteract this 
through strong anti-inflammatory properties (Kaufmann 
et al., 2017). Heat-killed bacteria (HKB) and cell-free 
supernatants (CFS) suppress NF-κB, a major regulator of 
inflammation, thereby decreasing IL-6, IL-1β, and TNF-α 
levels and contributing to reduced neuroinflammation 
(Jastrząb et al., 2021).

Wu et al. demonstrated that Lactobacillus planta-
rum postbiotics protected mice from Salmonella-induced 
brain dysfunction via the gut–brain axis. The postbiotics 
reduced brain inflammation, prevented tissue damage, and 
improved cognition and behaviour by decreasing anxiety- 
and depression-like symptoms. They also regulated cru-
cial neuroactive molecules including serotonin, GABA, 
BDNF, dopamine, acetylcholine, and neuropeptide-γ. 
These mechanisms are directly relevant to AD, where 
neuroinflammation, neurotransmitter imbalance, and 
gut–brain axis disruption contribute to disease progres-
sion, suggesting that Lactobacillus plantarum-derived 
postbiotics may offer neuroprotective benefits (Wu et al., 
2022). Overall, evidence indicates that postbiotics—bio-
active metabolites derived from probiotics—can protect 
the brain by modulating the gut–brain axis, reducing neu-
roinflammation, and restoring neurotransmitter balance. 
These mechanisms align with core pathological processes 
in AD, making postbiotics promising therapeutic and pre-
ventive strategies.

6. Current Evidence in AD: Preclinical & 
Clinical Studies
Animal models of AD tend to have lower levels of body SCFAs 
due to alterations in the gut microbiota. To address this 
imbalance, studies suggest that next-generation probiotics 
may help relieve AD symptoms (Table 2). These findings 
collectively highlight the therapeutic relevance of modulating 

the gut microbiota in AD management. Moreover, studies 
of Parkinson’s disease or multiple sclerosis also offer clues for 
AD treatment, as they share similar pathways and symptoms. 
This comparative approach broadens our understanding, as 
shared mechanisms such as neuroinflammation, oxidative 
stress, and mitochondrial dysfunction are common across 
neurodegenerative disorders. Yue et al., for example, studied 
a next-generation probiotic, Lactococcus lactis MG1363-
pMG36e-GLP-1, in a Parkinson model. This GLP-1-
secreting strain enhanced motor performance, diminished 
oxidative damage and iron accumulation, and safeguarded 
dopaminergic neurons by suppressing ferroptosis, indicating 
its candidacy as a probiotic-based neuroprotective treatment 
(Yue et al., 2022). This oxidative stress regulation and 
neuronal protection mechanism could apply to AD 
pathology, showing translational potential.

Both next-generation probiotics and postbiotics 
under preclinical and clinical trials for Alzheimer’s disease 
show promise in modulating gut–brain interactions and 
promoting neuroprotection. Together, these studies establish 
a foundation for understanding how microbiota-targeted 
interventions could influence cognitive outcomes.

Ulsemer et al. (2012) conducted a study to evaluate the 
safety of Bacteroides xylanisolvens DSM 23964 for probiotic 
application. Before clinical translation, however, establishing 
the safety profile of a potential NGP candidate is essential. 
The strain lacked virulence factors, was sensitive to key 
antibiotics, and carried a chromosomal β-lactamase gene 
without plasmids, reducing antibiotic resistance risk. These 
findings indicate that it is tentatively safe for additional 
probiotic assessment (Ulsemer et al., 2012). Similarly, 
Sokol et al. also found that Faecalibacterium prausnitzii is 
an anti-inflammatory gut bacterium that is decreased in 
people with Crohn’s disease. Parallel evidence from gut 
inflammatory disorders provides insights into NGPs with 
strong anti-inflammatory properties. This bacterium makes 
metabolites, like SCFAs, that stop NF-κB signalling and 
lower pro-inflammatory cytokines. This helps keep the 
immune system and gut in balance (Sokol et al., 2008). 
Due to its anti-inflammatory and immunomodulatory 
properties, F. prausnitzii is considered a promising candidate 
for AD, which may mitigate gut-driven inflammation and 
neuroinflammation. In addition to F. prausnitzii, other 
butyrate-producing bacteria are also being explored for their 
neuroprotective potential.

Butyricicoccus pullicaecorum is also a butyrate-
producing bacterium, and thus it is a potential postbiotic 
source (Maiuolo et al., 2024). In a randomised, double-
blind, placebo-controlled crossover study, its safety was 
tested in 30 healthy volunteers. Participants were given 10⁸ 
CFU of B. pullicaecorum or placebo orally once daily for 
4 weeks with a 3-week washout period. No major adverse 
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effects or changes in blood chemistry, bowel function, or 
gut microbiota were observed. Overall, B. pullicaecorum 
was safe and well tolerated, indicating that it may be used 
as a next-generation probiotic to improve gut health and 
increase colonic butyrate production, which may help with 
neuroinflammatory and neurodegenerative diseases like 
AD. Beyond clinical safety, recent in vitro investigations 
are uncovering the mechanistic underpinnings of how 
NGPs and their postbiotics exert neuroprotective actions 
(Boesmans et al., 2018).

Current in vitro research is looking into the therapeutic 
potential of next-generation probiotics and their postbiotics 
in AD. Wang et al. in 2025, for instance, looked into 
Akkermansia muciniphila and one of its metabolites, 
propionic acid, on hippocampal neuronal cells. Propionic 
acid inhibited the expression of the mitochondrial fission 
protein Drp1 via the GPR41 receptor and promoted 

mitophagy through the PINK1/Parkin pathway with the 
activation of GPR43 receptors. These cellular results were in 
line with data in AD mouse models, suggesting that what is 
observed in vitro has implications for Alzheimer’s pathology. 
It is suggested in this study that microbiota-derived 
metabolites can regulate neuronal mitochondrial activity 
and autophagy, providing new leads into unique therapeutic 
interventions for AD (Z. Wang et al., 2025). Overall, these 
accumulating preclinical findings lay the groundwork 
for clinical translation of microbiota-based strategies, 
including NGPs and postbiotics, in AD management. 
The Table 2 summarises key preclinical studies exploring 
the neuroprotective and disease-modifying effects of next-
generation probiotics in AD-related and symptomatic 
models. It highlights the Probiotic strains used, Animal 
type, Study model, Mechanism of action and Effect on AD 
pathology of the research.

Table 2: Summary of Preclinical Studies Investigating the Therapeutic Potential of Next-Generation Probiotics in Alzheimer’s Disease

NGP strain Animal / 
Cell used

Study Model Mechanism of Action Effect on Alzheimer’s Pathology Author 
name / 
year

Akkermansia 
muciniphila 
(Akk)

APP/PS1 
mice

In vivo Anti-inflammatory, gut barrier 
restoration, anti-amyloid β, 
metabolic regulation, and 
cognitive improvement.

Improved metabolic function, intestinal 
barrier integrity, and amyloid β 
accumulation, and enhanced cognitive 
performance in APP/PS1 Alzheimer’s mice, 
suggesting its potential as a next-generation 
probiotic for AD prevention and treatment. 
(Ou et al., 2020)

Xiaojuan 
Hu, 2023

Akkermansia 
muciniphila

AD like rat 
model

In vivo Restoration of Gut microbiota 
balance, short-chain fatty acid 
(SCFA) production, anti-
inflammatory effects, and 
reduction of amyloid deposition.

A. muciniphila improved cognitive 
function in AD-like rats by modulating gut 
microbiota and reducing Aβ deposition. 
(He et al., 2022)

Xiaoya He, 
2022

Akkermansia 
muciniphila

AD rats In vivo Restores gut microbial 
balance. Increase SCFA-and 
neurotransmitter–producing 
bacteria. Reduce proinflammatory 
bacteria. Lowering brain Aβ 
deposition. Improves peripheral 
metabolism.

A. muciniphila treatment improved 
memory reduced anxiety-like behaviour 
and lowered pro-inflammatory cytokines in 
AD rats. (Maftoon et al., 2024)

Hamideh 
Maftoon  
et al., 2024

Akkermansia 
muciniphila

APP/PS1 
transgenic 
mice

In vivo Modulated gut microbiota 
composition, increased SCFA 
production, normalised 
microglial abundance, reduced 
neuroinflammation, and 
improved glucose metabolism.

Long-term administration of Akkermansia 
muciniphila and GOS improved metabolic 
health, reduced neuroinflammation, and 
alleviated cognitive and behavioural deficits 
in APP/PS1 mice. (Kunevičius et al., 2025)

Arnas 
Kunevičius, 
2025

Akkermansia 
muciniphila

FXFAD 
mice model

In vivo, in 
vitro

Regulating GPR41/43-mediated 
mitochondrial homeostasis, 
reducing DRP1-dependent 
mitochondrial fission, and 
PINK1/PARKIN-mediated 
mitophagy.

Administration of A. muciniphila and its 
metabolite propionic acid improved cognition 
and restored mitochondrial homeostasis in 
Alzheimer’s disease models by regulating 
DRP1 through GPR41 and enhancing 
PINK1/PARKIN-mediated mitophagy via 
GPR43. (Z. Wang et al., 2025)

Zifan Wang 
et al., 2025
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Akkermansia 
muciniphila

C58BL/6 
mice

In vivo Upregulated BDNF → improved 
neuroplasticity, enhanced spatial 
working memory.

Memory improved and modest metabolic 
benefits (Ahn et al., 2025)

Ji-Seon 
Ahn et al., 
2025

Akkermansia 
muciniphila

EAE mice In vivo Gut microbiota modulation, 
improved intestinal barrier, 
reduced Th17 and NLRP3 
neuroinflammation

A. muciniphila supplementation reduced 
disease severity, improved cognitive function, 
and decreased neuroinflammation in EAE 
mice, suggesting it may also have potential 
therapeutic benefits in Alzheimer’s disease 
by modulating neuroinflammation and gut-
brain interactions. (X. Li et al., 2025)

Xiaobing Li 
et al., 2025

Akkermansia 
muciniphila

Hepatic 
injury 
mouse 
model

In vivo Improved cognitive function by 
restoring BDNF and serotonin 
expression in the gut and brain, 
reduced tissue damage, and 
modulated gut-liver-brain axis 
signalling; also, effects in liver 
tissue.

A. muciniphila supplementation improved 
cognitive dysfunction, BDNF and 
serotonin levels, and reduced tissue damage 
in liver injury models, suggesting it may 
have potential therapeutic relevance for 
Alzheimer’s disease via gut-brain axis 
modulation. (E. J. Kang et al., 2024)

Eun Ji 
Kang et al., 
2024

Akkermansia 
muciniphila

C57BL/6 In vivo Reduced pro-inflammatory 
pathways, particularly IL-6, in the 
blood and hippocampus, leading 
to improved cognitive function.

A. muciniphila supplementation improved 
cognitive function in aged mice by 
reducing IL-6-mediated inflammation, 
suggesting it may have potential therapeutic 
relevance for Alzheimer’s disease through 
anti-inflammatory gut-brain axis 
modulation. (X. Zhu et al., 2023)

Xiaoqi Zhu 
et al., 2023

Akkermansia 
muciniphila

C57BL/6 
mice

In vivo and in 
vitro

Restored SCFAs, suppressed 
microglial activation, and 
preserved synapse and cognition.

A. muciniphila supplementation alleviated 
SD-induced cognitive dysfunction and 
synaptic loss via SCFAs-mediated microglial 
homeostasis, suggesting it may have potential 
therapeutic relevance for Alzheimer’s disease 
by preventing neuroinflammation and 
synapse loss. (N. Li et al., 2023)

Li et al., 
2023

Faecalibacterium 
praus

NA In silico/ 
Bioinformatic 
(metagenomic 
analysis)

NA The study found significant gut 
microbial dysbiosis in Alzheimer’s disease 
patients, with increased abundance 
of Faecalibacterium, Bacteroides, and 
Phocaeicola, suggesting alterations in 
gut microbiota composition may be 
linked to AD pathogenesis. Among these, 
Faecalibacterium prausnitzii has shown 
potential in the treatment of Alzheimer’s 
disease due to its anti-inflammatory and 
neuroprotective properties. (Jahvnavi et al., 
2025)

Jahnavi  
et al., 2025

Faecalibacterium 
prausnitzii

PD mouse 
model

In vivo F. prausnitzii acts via gut 
microbiome restoration, 
immune modulation, and anti-
inflammatory pathways to exert 
neuroprotective effects.

Oral Faecalibacterium prausnitzii improved 
symptoms and reduced pathology in 
Parkinson’s mouse models, suggesting it 
may also have neuroprotective potential 
in Alzheimer’s disease. (Moiseyenko et al., 
2025)

Moise 
Yenko, 
2025

Bacteroides 
uniformis

Sprague 
Dawley SPF 
rats

In vivo Bacteroides uniformis works by 
modulating the gut microbiome, 
enhancing SCFA production, 
suppressing inflammation, 
and regulating neuroendocrine 
pathways to exert neuroprotective 
and behaviour-improving effects.

A mixture including Bacteroides uniformis 
reduced anxiety and depression-like 
behaviours in rats, suggesting its potential 
as a therapeutic candidate for Alzheimer’s 
disease. (Meng et al., 2025)

Meng, 
2025
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Clostridium 
butyricum

ICV-STZ 
mice

In vivo Modulates the gut-brain axis, 
strengthens the intestinal barrier, 
and reduces neuroinflammation 
via TLR4/MYD88 signalling.

Clostridium butyricum improved 
cognitive dysfunction, reduced tau 
hyperphosphorylation, restored 
hippocampal structure, and modulated gut 
microbiota and neuroinflammation in ICV-
STZ-induced AD mice. (Su et al., 2023)

Su, 2023

Clostridium 
butyricum

C57BL/6 
mice

In vivo Secretes GLP-1 to activate 
GLP-1R, promotes PINK1/
parkin-mediated mitophagy, 
reduces oxidative stress, restores 
gut microbiota, and enhances 
intestinal barrier via GPR41/43 
signalling.

B. butyricum-GLP-1 improved motor 
dysfunction, reduced α-synuclein 
aggregation, enhanced dopaminergic 
neuron survival, promoted mitophagy, 
restored gut microbiota, and strengthened 
the intestinal barrier in MPTP-induced 
Parkinson’s disease mice, suggesting it 
may also have potential in Alzheimer’s 
treatment. (Y. Wang et al., 2023)

Wang, 
2023

Clostridium 
butyricum

APP/PS1 
mice

In vivo Modulates gut microbiota, 
increases acetate-producing 
bacteria and SCFAs, strengthens 
intestinal barrier (Claudin 
1, ZO-1, Occludin), reduces 
neuroinflammation and apoptosis 
via JNK/CDK5/GS K-3 β and 
JAK/SAT pathways.

CBM588 improved cognitive function, 
reduced Aβ deposition and Tau 
hyperphosphorylation, enhanced intestinal 
barrier integrity, and increased acetate levels 
in APP/PS1 mice, showing potential as a 
therapeutic strategy for Alzheimer’s disease. 
(Shiqing et al., 2025)

Ye, 2025

Clostridium 
butyricum

Adult male 
rats

In vivo Modulates gut microbiota, 
increases SCFAs, strengthens tight 
junction proteins (claudin-5, 
occludin) in gut and brain, and 
reduces inflammatory cytokines 
(IL-1β, TNF-α).

Clostridium butyricum improved 
cognitive function, reduced systemic and 
neuroinflammation, and enhanced gut-
brain barrier integrity in HFD-induced 
rats, suggesting it may also have potential 
in Alzheimer’s treatment. (Elberry et al., 
2025)

Elberry, 
2025

Clostridium 
butyricum

NA In vivo Restores gut microbiota, reduces 
intestinal barrier inflammation, 
and protects hippocampal 
neurons via the gut-brain axis.

Clostridium butyricum improved 
cognitive function, hippocampal synaptic 
homeostasis in obesity-induced mice, 
indicating potential for Alzheimer’s 
treatment. (Zheng et al., 2024)

Mingxuan 
Zheng, 
2024

Clostridium 
butyricum

C57BL/6N 
mice

In vivo Clostridium butyricum 
improves AD by modulating 
the TLR$/MYD88/NF-kB 
pathways, enhancing gut 
barrier (occludin/ZO-1), 
restoring microbiota balance, 
and reducing hippocampal tau 
hyperphosphorylation.

Clostridium butyricum improved cognitive 
function, reduced neuroinflammation, 
restored intestinal barrier integrity, and 
modulated gut microbiota in ICV-
STZ-induced Alzheimer’s disease mice, 
suggesting potential therapeutic value for 
AD. (Su et al., 2023)

Yunfang 
Su, 2023

7. Challenges and Limitations
The development of postbiotics and new-generation 
probiotics still faces many challenges. One of the most 
significant challenges is that there are no standard 
procedures to produce them, which results in variations 
in quality, potency, and formulation. Due to this, findings 
from studies differ and are occasionally difficult to replicate. 
As a result, comparative evaluation of therapeutic outcomes 
becomes complicated, slowing regulatory approval and 
large-scale clinical translation (Aran et al., 2025). Also, the 

gut-brain axis is a multifaceted system that incorporates 
the immune system, neurotransmitters, and blood-brain 
barrier. Scientists are still working on fully comprehending 
how postbiotics and NGPs impact these pathways in AD 
(Patricio-Martínez et al., 2025).

Most evidence to date has been on animal or lab studies, 
with only a few having advanced to clinical trials (Abouelela 
& Helmy, 2024). Strong clinical data are required by 
regulatory agencies before their approval as treatments, thus 
the delay in their progress (Tiwari et al., 2024). Another 
challenge is making these chemicals remain active after 
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they are introduced into the body; stomach acid, digestive 
enzymes, and gut movement may degrade them before they 
act on their target location, reducing their efficacy (Chang 
et al., 2019).

While they are mostly safe, not much is known about 
their long-term impact, particularly in older people. This 
highlights the importance of longitudinal studies to assess 
chronic exposure effects, especially in vulnerable populations 
such as the elderly (Głowacka et al., 2024). Additionally, 
safety research is necessary to ensure they don’t result in any 
adverse reactions. Finally, not everyone reacts the same way 
to these therapies. Variations in genes, diet, and intestinal 
microbiome can affect how well they work, so personalised 
strategies may be necessary for optimal success (Mishra et 
al., 2023).

8. Future Perspectives
Over the next few years, treatments for AD will increasingly 
leverage the gut-brain axis to decrease brain inflammation, 
amyloid accumulation, and memory loss. To achieve 
this, researchers are focusing on strategies that target gut-
microbiota balance as a means of influencing CNS health 
(Patricio-Martínez et al., 2025). Through the restoration of a 
normal gut microbiota, next-gen probiotics and postbiotics 
could slow the disease instead of merely alleviating its 
symptoms.

Postbiotics possess a few advantages over conventional 
probiotics: they are safer, more stable, and simpler to 
standardise. This makes them especially indicated for aged 
AD patients, whose immune systems tend to be weaker. 
Scientists are currently isolating individual neuroactive 
postbiotic molecules, including SCFAs, tryptophan 
metabolites, and bacterial extracellular vesicles, that have 
direct effects on brain health by modulating microglial 
activation, oxidative stress, and neuronal survival 
(Głowacka et al., 2024). Future research also involves the 
development of sophisticated NGP strains that can deliver 
anti-inflammatory molecules, neurotrophic factors, or 
antioxidant metabolites into the gut, thus influencing brain 
function via the gut-brain axis. Building on these findings, 
future directions focus on engineering NGP strains capable 
of targeted molecular delivery to enhance gut-brain 
communication (Siripaopradit et al., 2024).

Yet more clinical trials are required to reveal fully how 
each probiotic strain functions in AD, how it’s best to 
use them, and whether any side effects occur. The future 
management of AD will probably involve a combination of 
microbiome therapy and personalised medicine. Based on 
a patient’s individual gut microbiome profile, physicians 
might select specific postbiotics or NGP strains most 
appropriate for individual needs (Kashyap et al., 2017; 

Patricio-Martínez et al., 2025). Scientists also expect to 
combine microbiome-based therapies with existing AD 
therapies like Donepezil, Memantine, or diet therapies. This 
could be effective in increasing drug efficacy, decreasing 
necessary doses, and lowering side effects. Even though 
preclinical findings are encouraging, extensive clinical 
confirmation is missing. These interventions may potentially 
be included in nutritional recommendations or functional 
food programmes to help delay cognitive decline in ageing 
populations and, in doing so, reduce the global burden of 
dementia.

9. Conclusion 
The study of next-generation probiotics (NGPs) and 
postbiotics has revealed a promising new frontier in 
Alzheimer’s disease (AD) treatment by targeting the gut-
brain axis. Evidence from preclinical studies shows that 
specific probiotic strains, such as Akkermansia muciniphila, 
Clostridium butyricum, and Faecalibacterium prausnitzii, 
have multiple neuroprotective effects by restoring gut 
microbial balance, increasing short-chain fatty acid 
production, modulating neurotransmitters, strengthening 
intestinal and blood-brain barriers, and reducing 
neuroinflammation and oxidative stress. Postbiotics, which 
are non-living microbial derivatives, offer similar benefits 
while also improving safety, stability, and standardisation, 
making them ideal for elderly or immunocompromised 
populations. Despite the compelling preclinical evidence, 
several challenges prevent clinical translation. Variability in 
postbiotic and NGP formulations, limited understanding 
of complex gut-brain interactions, potential degradation 
in the gastrointestinal tract, and individual differences 
in microbiome composition highlight the need for a 
standardised protocol and longitudinal studies. Addressing 
these issues will be critical to designing effective and 
personalised microbiome-based therapies. Future directions 
involve isolating specific neuroactive postbiotic molecules, 
engineering targeted NGP strains capable of delivering 
anti-inflammatory, neurotrophic, and antioxidant 
metabolites, and combining microbiome-based strategies 
with conventional AD therapies to enhance efficacy while 
reducing side effects. Personalised approaches based on 
individual gut microbiome profiles may optimise therapeutic 
outcomes and pave the way for precision in Alzheimer’s 
disease. Above all, well-controlled clinical trials are urgently 
required to confirm the therapeutic efficacy and safety of 
NGPs and postbiotics in human populations.

In conclusion, modulation of the gut-brain axis via 
NGPs and postbiotics represents a novel, multi-targeted 
strategy that goes beyond symptomatic relief to potentially 
slow or modify disease progression. By leveraging these 
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microbial interventions’ neuroprotective, anti-inflammatory, 
and metabolic benefits, this approach provides a promising 
path for innovative, safe, and personalised AD therapies, 
ultimately contributing to improved cognitive health and 
quality of life for affected individuals.
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