
Review

Harnessing the Gut-Brain Axis for Neuroprotection: Synergistic Role 
of Natural Bioactive Products and Microbiota

1,2 1 1Abosede M. Ayoola *, Babatunde Joseph Dare , Samson Opeyemi Adeleke , 
2 2

David T. Ovioke  and Eniola A. Adesanya

1Department of Anatomy, Faculty of Basic Medical and Health Sciences, 
Osun State University, Osogbo, Nigeria. 

2Department of Anatomy, Faculty of Basic Medical and Health Sciences, 
College of Medicine, Lead City University, Ibadan, Nigeria.

*Corresponding Author Email: ayoola.abosede@lcu.edu.ng

ABSTRACT
Diseases causing neurodegeneration, including Alzheimer's disease and Parkinson's disease, encompass several 
pathological processes such as progressive neuronal damage and increased neuronal loss. Currently, there are limited 
available therapeutic options capable of halting progression of the disease. The Gut microbiota has emerged as a 
significant pathway in modulating neuroinflammation, oxidative stress, protein aggregation, neurotransmitter 
disruption and mitochondrial dysfunction.

Simultaneously, natural products including isoflavones, flavonoids, curcumin, alkaloids and turmeric, alongside gut 
metabolites, have demonstrated great neuroprotective effects through antioxidative and anti-inflammatory 
mechanisms. This review examines the synergistic interactions between gut microbiota and bioactive compounds in 
modulating pathways associated with neurodegeneration. Synergy between gut metabolites and bioactives 
collectively enhances intestinal barrier integrity, regulates immune responses, reduces oxidative damage, and 
preserves mitochondrial function and influences neurotransmitter synthesis and neuronal signaling. Integrating the 
gut microbiota with bioactive supplementation of provides a multifaceted intervention for neurodegenerative 
diseases.
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Overview of Neurodegenerative Diseases

Neurodegenerative diseases, including Alzheimer's disease 
(AD), Parkinson's disease (PD), Amyotrophic Lateral 
Sclerosis (ALS) and Multiple Sclerosis (MS), are 
characterized by the irreversible loss of cholinergic 
neurons, abnormal protein folding, and synaptic 
impairment leading to progressive cognitive or memory 

1,2loss . Several studies have investigated neurodegenerative 
diseases at the molecular level; however, the cellular basis 
underlying disease progression is yet to be fully 
understood. This has been a major concern in the 
development of effective therapeutics for these diseases. 
Neurodegenerative diseases share common threads that 
underpin their pathophysiology, including protein 
misfolding and aggregation, chronic neuroinflammation 
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and mitochondrial dysfunction, indicating common underlying 
3,4vulnerabilities .

The societal impact of neurodegenerative diseases is 
staggering and rapidly growing, with an estimated 55 million 
individuals currently affected, which will almost triple by 2050 

5due to demographic changes . According to statistics, the 
average prevalence of Parkinson's disease was projected to be 
275 cases per 100 000 individuals in 2050; this suggests a 

6marked increase of 56% to 120% from 2021 .

The economic burden is commensurate with this figure, and the 
cost of dementia exceeds $1.3 trillion, with a burden 

7predominantly borne by informal carers . This is reflected in 
the Disability-Adjusted Life Years (DALYs), thus requiring a 

8radical shift that will provide a solution . Management of 
neurodegenerative diseases poses challenges in the global 
health and research sectors due to the symptomatic effects of 
the currently available therapeutic agents rather than the 

9pathogenic effects and adverse effects in the body .

The Gut-Brain Axis

In recent times, neuroscience research has identified the 
gut–brain axis as a bidirectional communication providing key 

10mechanistic pathways into neurodegenerative diseases . It 
integrates enteric nervous system signaling, vagal signals, 

11,12immune pathways, and microbial metabolites . Germ-free 
models underscore the importance of the gut microbiota on 
brain development  and funct ion,  revolut ionizing 
understanding of this complex crosstalk. The intriguing aspect 
is that the convergence of protein misfolding, neuro-
inflammation, and oxidative stress in neurodegenerative 
diseases could be modulated by signals originating within the 
gastrointestinal tract. This paradigm shift reveals the profound 
influence of the gut–brain axis on neurological health. Dietary 
interventions, primarily natural bioactive compounds and their 
interactions with gut microbiota, promise as an exciting new 

13paradigm for multifaceted neuroprotection .

Major Neural Pathways involved in Gut-Brain Axis

The gut-brain axis orchestrates a complex bidirectional 
interaction between the gastrointestinal tract and the central 
nervous system. The intricate dialogue hinges on several major 
pathways, each contributing to the brain's evaluation of gut 

14condition . This 'information superhighway' conveys 
information on microbial composition, metabolite 
concentrations, immune status and mechanical stimuli, and this 
information acts upon critical regions in the brain responsible 

15for mood, emotion and cognition . Vagus nerve stimulation 
(VNS) exemplifies  i ts  mechanism as  modulat ing 

16neuroplasticity and mitigating neuroinflammation . The 
enteric nervous system (ENS) is a vast, semi-autonomous 
network of neurons embedded within the gut wall that 
intricately communicates with the brain via the vagus nerve, 
thereby facilitating bidirectional link and translating microbial 

17signals into neurological impacts . This supports the idea that 
gut dysbiosis can hinder neurodevelopment, thus precipitating 

18neurological disorders .

Intestinal Barrier Integrity

Integrity of the intestinal barrier is essential as it separates 
luminal microbes from the host's internal milieu. An 
interrupted gut barrier disrupts the gut-brain axis, thereby 
causing systemic neuroinflammation. The single-layer 
epithelium of the gut, supported by tight junctions, forms an 
important barrier of protein complexes (occludin, claudin-1 
and Z0-1) close to the paracellular space, which prevents 
uncontrolled migration of microbial antigens and toxins into 

19,20circulation . Short-chain fatty acids (SCFAs) like butyrate 
and valerate play a key role in upholding TJ integrity; depletion 

21of them as a result of dysbiosis precipitates a 'leaky gut' . Gut 
dysbiosis compromises BBB integrity, facilitating infiltration 
of peripheral inflammatory mediators and microbial products 
into the CNS (Beltran-Velasco and Clemente-Suárez). This 
failure is compounded by activation of HPA axis, especially 
under stress, creating a vicious cycle between inflammation 

22and barrier failure . On the other hand, SCFAs, notably 
butyrate, strengthen BBB integrity by controlling endothelial 
tight junctions and components of neurovascular units.

The bacteria within the gut release gut metabolites and 
communicate them to the brain via the vagus nerve to facilitate 
a bidirectional interaction and translate microbial signals into 
neurological effects.
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Figure 2: Pre-operative Photograph of the Left Pinna

Microbial Metabolites

Metabolic processes of the gut microbiota have profound 
influence on the host physiology and brain function. Short-
chain fatty acids (SCFAs), including butyrate, propionate and 
acetic acids from bacterial fermentation of dietary fiber, 
support the integrity of the intestinal barrier. They exert anti-

inflammatory effects, cross the blood-brain barrier (BBB) and 
11help in the development of microglia and neurons . 

Enteroendocrine cells, stimulated by microbial presence, 
release neuroactive molecules like GLP-1, PYY and 5-HT 
(serotonin); the latter are mostly produced in the gut and impact 

23mood and cognition .

Figure 1: The Gut-Brain Axis
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Short-chain 
fatty acids 

24(SCFAs)

Table 1: Major Microbial Metabolites relevant to Bioactive Products

Class of Metabolite Metabolites Key Producing Bacteria Dietary Precursors Biological Effects

Acetate, 
propionate, 

butyrate

Faecalibacterium 
prausnitzii, Roseburia 

spp., Eubacterium rectale, 
Bacteroides spp., 

Akkermansia muciniphila

Dietary fiber, resistant 
starch, non-digestible 

oligosaccharides

Source of energy for 
colonocyte (butyrate); 

HDAC inhibition; 
GPR41/43 signaling; anti-
inflammatory; gut barrier 

reinforcement; satiety 
hormone (GLP-1, PYY) 

induction

Secondary bile 
25acids

Deoxycholic 
acid (DCA), 
lithocholic 
acid (LCA)

Clostridium scindens, 
Eggerthella lenta, 
Bacteroides spp.

Primary bile acids 
(cholic acid, 

chenodeoxycholic 
acid) from liver

FXR/TGR5 receptor
activation; glucose/ lipid 
metabolism regulation; 
antimicrobial activity; 

implicated in colorectal 
carcinogenesis at high levels

Trimethylamine 
(TMA)/TMAO 

26Pathway

Indole, indole-3-
acetic acid (IAA), 

indole-3-
propionic acid 
(IPA), skatole

Lactobacillus spp., 
Clostridium sporogenes, 
E. coli, Bacteroides spp.

Dietary tryptophan

TMA oxidized in liver to
 TMAO; associated 
with atherosclerosis, 
cardiovascular risk, 

platelet hyperreactivity

24Polyamines

Trimethylamine 
(TMA), 

trimethylamine
-N-oxide 
(TMAO, 

host-derived)

Clostridium spp., 
Anaerococcus spp., 

Escherichia spp.

Choline, carnitine, 
betaine (from red 
meat, eggs, fish)

Cell proliferation; 
mucosal growth/repair; 

autophagy induction 
(spermidine); 

longevity-associated 
pathways

Vitamins 
(microbial 

27synthesis)

Putrescine, 
spermidine, 

spermine

Bacteroides spp., 
Fusobacterium spp., 
Campylobacter spp.

Arginine, ornithine

Coagulation cofactor (K2); 
one-carbon metabolism; 
energy metabolism; host 

micronutrient 
supplementation

Vitamin K2 
(menaquinone), 

B12, folate, 
biotin

Bacteroides fragilis, 
E. coli, Lactobacillus spp., 

Bifidobacterium spp.

Endogenous synthesis 
(not diet-dependent)

Tryptophan-derived 
26metabolites

Aryl hydrocarbon 
receptor (AhR) 

agonism; gut barrier 
integrity; antioxidant 

activity; neuroprotection 
(IPA); immune modulation
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Branched-chain 
fatty acids 

29(BCFAs)

Isobutyrate, 
isovalerate, 

2-methylbutyrate

Bacteroides spp., 
Clostridium spp.

Branched-chain 
amino acids 

(valine, leucine, 
isoleucine)

Minor energy source; 
gut barrier modulation; 

biomarkers of 
proteolytic fermentation

Hydrogen sulfide 
24(H2S)

H2S Sulfate-reducing 
bacteria 

(Desulfovibrio spp.), 
Bilophila wadsworthia

Sulfated amino 
acids (cysteine, 

taurine), 
dietary sulfate

Endotoxin Gram-negative bacteria 
(Bacteroides, 

Enterobacteriaceae)

Bacterial cell 
wall component

Lipopolysaccharide 
27(LPS)

Dual role: signaling 
molecule at low 

levels (vasodilation, 
anti-inflammatory); 

genotoxic/ pro-inflammatory 
at high levels

TLR4 activation; 
low-grade metabolic 

endotoxemia; linked to 
insulin resistance and 
systemic inflammation

Role of Microbial Regulation in Activation of Microglia

The gut microbiota influences the CNS immune cells, notably 
microglia. Germ-free model studies show that microbial 
signals are vital for microglial development and maintaining 

11their homeostatic protective neural function . In Alzheimer's 
disease, gut dysbiosis is implicated in triggering chronic 
neuroinflammation through microglial dysfunction, thus 

16exacerbating pathology . Likewise, in Parkinson's disease, 
gut-derived inflammatory signals contribute to microglial 
activation and neuroinflammation that may trigger or 

30accelerate alpha-synuclein pathology .

Microbiota Alterations across Neurodegenerative Diseases

Gut alterations or dysbiosis have been linked to the progression 
of Neurodegenerative diseases. These diseases have specific 
gut dysbiosis signatures. Parkinson's disease consistently 
showed reduced SCFA-producing Faecalibacterium and 
Roseburia, as well as increased Akkermansia, Ruminococcus 
and Lactobacillus. Alzheimer's disease has been linked to 
heterogeneous and increased levels of Erysipelato-
clostridiaceae, Erysipelotrichales and Saccharimonadales, 
which are associated with the APOE gene carrier expressed in 
the disease, thereby causing more deteriorative dementia 

31management .

Polyphenol-derived 
28metabolites

Antioxidant; 
anti-inflammatory; 

mitophagy induction 
(urolithin A); 

estrogen-receptor
 modulation 

(equol); cardioprotective

Urolithins (A, B), 
equol, 

enterolactone, 
enterodiol

Gordonibacter spp., 
Eggerthella lenta, 

Slackia spp.

Ellagitannins 
(pomegranate, berries), 

lignans, 
isoflavones (soy)

Ayoola et al.

88
Volume 2 | Issue 2 | April to June 2026

Pac. J. Med. Health Sci. 2026; 2(2): 84-95



Figure 2: Schematic illustration of Microbiota Alterations in Neurodegenerative Diseases
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Natural Bioactive Compounds: Promising Intervention for 
Neuroprotection

Natural bioactive compounds are emerging in the management 
of neurodegenerative diseases and are documented for their 
connections to neuroprotective mechanisms. These act through 
oxidative stress mitigation, mitochondrial guarding, 
neurotrophin support, anti-inflammatory tuning, blood-brain 

32barrier reinforcement, and gut microbial biotransformation . 
Key representatives include isoflavones from soyabeans and 
red-clover, polyphenols from grapes, teas and berries, 
Curcuminoids from turmeric, omega-3s (DHA, EPA) from 
fatty fish and algae, alkaloids like berberine and piperine, 
terpenoids such as ginkgolides and ursolic acid, SCFA 
precursors (inulin, resistant starch) from chicory and oats, 
carotenoids (astaxanthin, luteins); glucosinolate-derived 

32-34isothiocyanates from broccoli, and lignans from flaxseed .

Isoflavones

The gut microbiota metabolizes Isoflavones (genistein, 
daidzein, puerarin) to form bioactive derivatives that can more 
efficiently cross the BBB than parent compounds.  A study 
demonstrates that an isoflavone-enriched diet ameliorates 
Parkinson's disease in mice by inhibiting ferroptosis via gut 
microbiota mediating serotonin production. Daidzein and 
Puerarin were reported to exhibit neuroprotective effects 
against MPTP-induced Parkinson's pathology and microglial 

35activation .

Polyphenols

Bidirectional communication between the gut and microbiota 
is enhanced by polyphenols; their bioavailability results from 
bacterial metabolism and concurrently augments important 
benefits and stifles pathogens. According to reports, 
polyphenols improved the composition of gut microbes and 
reduced neuroinflammation across animal models of 
Alzheimer's, Parkinson's and multiple sclerosis by reducing 
amyloid deposition and tau hyperphosphorylation in the brain. 
They exert their effect through antioxidative, anti-

36inflammatory and MAPK-pathway modulation .

Flavonoids

Flavonoids such as quercetin, EGCG, kaempferol and 
naringenin modify the gut-brain axis by promoting SCFA- and 
GABA-producing bacteria as well as correcting dysbiosis 
associated with neurodegeneration. Quercetin and kaempferol 
collectively restored the balance of gut microbiota and 
attenuated multi-pathogenic mechanisms in Parkinson's 
disease models. Quercetin particularly reconfigured gut 
microbiota composition and adjusted brain metabolic profiles 
to curtail depression-like behavior. Flavonoids act through 
bitter-taste receptor (TAS2R) activation, thereby linking the 

37gut hormone to reducing Alzheimer's incidence .

Curcuminoids

Curcumin, and related curcuminoids (demethoxycurcumin, 
bisdemethoxycurcumin) from turmeric modulate gut 
microbiota bidirectionally. Bacteria biotransform curcumin 
into more bioavailable metabolites, while curcumin in turn 
adjusts microbiota taxa. Curcumin restored short-chain fatty 
acid profiles in a study of 1-methyl- 4-phenyl- 1,2,3,6-
tetrahydropyridine (MPTP) induced Parkinson's mice, 
mitigated dopaminergic neuron losses, and repaired intestinal 

38barrier dysfunction . In APP/PS1 Alzheimer's mice, curcumin 
also a l tered Bacteroidaceae,  Prevotel laceae,  and 
Lactobacillaceae abundance, ameliorated spatial memory and 

39curtailed hippocampal amyloid plaques .

Alkaloids

Despite the low absorption of alkaloids such as berberine in the 
gut, they possess significant effects in the GBA. In Parkinson's 
models, orally ingested berberine improved brain 

40dopa/dopamine levels by modulating gut microbiota . It also 
inhibited α-synuclein aggregation, thus preventing Lewy body 
formation. In Alzheimer's models, berberine reduced tau 
hyperphosphorylation and amyloid-β deposition while 
restoring gut barrier integrity and microglial M1/M2 

41polarization balance .

Bioavailability Challenges of Natural Products and Gut-
Mediated Bioactivation

The bioavailability challenges of natural products are linked to 
poor solubility, rapid metabolism and excretion, incomplete 
gut retention and poor stability, thus resulting in limited 
systemic exposure. The gut microbiota drive reactions such as 
hydrolysis, reduction, demethylation, and ring fission of parent 
compounds to form more absorbable bioactive compounds, 

42thus greatly influencing the availability of natural products . 
These challenges pose significant individual variability 
depending on initial microbiota composition, diet, 

43medications, and dysbiosis .

Microbiota-Bioactive Synergy in Neuroprotection

Despite the pharmacological properties of bioactive products, 
their modulation against neurodegeneration depends strongly 
on interaction with the gut microbiota. This two-way dialogue 
orchestrates metabolite generation, barrier function, 
neuroimmune signaling and microglial behavior, ultimately 
modulating the trajectory of neurodegenerative and 

44,45cerebrovascular diseases . Actively sculpting microbial 
e cos ys t ems  f avo r s  benefi c i a l  m ic robes  s uch  a s 
Bifidobacterium, Lactobacillus,  Akkermansia,  and 
Faecalibacterium, while suppressing pro-inflammatory 
invasion. These bioactives enhance production of SCFAs, 
reduce lipopolysaccharide (LPS)-producing pathogens, lower 
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endotoxemia, and dampen gut-brain-inflammatory 
45,46signaling . SFAs, including acetate, propionate and butyrate 

that are generated during fermentation of fiber, and 
polyphenol-rich substrates also function as primary regulators 
of bioactives and microbiota synergy. They mature microglia, 
reinforce BBB, and suppress excessive inflammation. 
Polyphenol consumption amplifies SCFA output, linking 

47dietary patterns to neurological resilience .

Challenges, Future Directions and Therapeutic 
Opportunities

Persistent problems, including poor bioavailability, short 
durations, heterogeneity, mismatched endpoints and failure to 
measure microbiota interaction, pose major challenges to the 
efficacy of synergy between bioactive products and 

48,49microbiota . Most research continues to approach bioactives 
or microbes separately; individual gut microbiota composition 
represents a major hurdle in the management of Alzheimer's 
disease. Rather than uniform doses, there is a shift toward 
precision approaches that see the individual microbiota as a 
therapeutic variable. Preclinical efforts show that responses to 
polyphenols vary significantly depending on host genetics, 

50such as APOE status . The bench-to-bed gap still poses 
challenges to the feasibility of exploring natural products and 
gut microbes in the management of neurodegenerative 
diseases. Solving the research-to-translation gap is one of the 
most persistent research challenges of neuroscience 
concerning neurodegeneration. Promising compounds with 
strong preclinical profiles often have disappointing 
applications in translation research, as translation requires 
significant precision in dosing, timing, formulation, and patient 

51stratification .

Microbiota-Sequencing and Precision Medicine

Advances in multi-omics and deep sequencing allow 
microbiota profiling in routine clinical practice. Integration of 
metagenomics, metabolomics, dietary and clinical data 
provides predictions of a microbiota signature linked to 
amyloid pathology, microglial activation and SCFA/LPS 
dynamics. It allows for targeted selection of polyphenols based 
on an individual 's metabolic capacity to generate 

52-54neuroprotective metabolites . Also, the exploration of 
machine learning models is accelerating and considerably 
reducing the challenges of bioactive-gut interaction. Neural 
networks have achieved AUCs of 0.89 in predicting cognitive 
impairment from microbiome patterns, paving the way for 
early and mechanism-based dosing of bioactives. AI-driven 
multi-omics integration is moving the science from 
associations to causation and actionable insights, while 
standardized analytical pipelines remain required to ensure 

53,55,56reproducibility .
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Figure 3: Road-map of Gut-brain Axis to Translational Medicine

CONCLUSION

The microbiota-bioactive axis opens a promising area of 
research for next-generation neuroprotective therapeutic 
agents, and future clinical trials must prioritize early-stage, 
biomarker-stratified trials with advanced formulations, 
extended durations, and multi-omic biomarkers to close this 
long-standing gap. Future strategies must consider multi-
omics (metagenomics, metabolomics) and address individual 
microbiota variability to permit personalized approaches.
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