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Abstract

The gastrointestinal tract hosts a complex microbial ecosystem whose balance is central to digestive health, immune
regulation, and overall well-being. Probiotics-live microorganisms that when administered in adequate amounts confer
a health benefit on the host-have attracted substantial interest for their capacity to modulate gut microbiota, enhance
barrier function, regulate immunity, and ameliorate gastrointestinal (GI) disorders. This article provides a
comprehensive overview of the evidence supporting probiotic use in Gl health: mechanisms of action, clinical
applications in diarrhoea (including antibiotic-associated diarrhoea and Clostridioides difficile infection), irritable
bowel syndrome (IBS), inflammatory bowel disease (IBD), Helicobacter pylori infection, and other Gl conditions. We
also examine dose/strain issues, safety considerations, gaps in evidence, and practical applications in clinical and
dietary settings. While the data are promising, benefits are strain-specific and condition-specific; thus, judicious
selection of probiotic formulation is crucial. The article concludes with recommendations for clinical practice and
future research directions.
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associated diarrhoea.
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INTRODUCTION

The human gastrointestinal tract (GIT) is one of the
most densely populated microbial ecosystems known,
comprising more than 100 trillion microorganisms
including bacteria, archaea, fungi, and viruses. These
microbes coexist in a symbiotic relationship with the
host, playing essential roles in digestion, nutrient
absorption, metabolism of bile acids, and protection
against pathogens. Disruption of this balanced
ecosystem-termed dysbiosis-is implicated in multiple
diseases ranging from diarrhoeal illnesses to irritable
bowel syndrome (IBS), inflammatory bowel disease
(IBD), metabolic syndrome, obesity, and even
neurological and psychological disorders [I,2].

Probiotics have emerged as an important intervention
to restore and maintain microbial balance. The
FAO/WHO defines probiotics as “live microorganisms
which when administered in adequate amounts confer
a health benefit on the host.” Common probiotic
genera include Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus, and
Escherichia coli (non-pathogenic strains). In modern
clinical  practice, probiotics are used both
therapeutically (to treat or prevent specific Gl
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conditions) and preventively (to maintain microbial
health). However, their efficacy is highly strain-specific
and condition-dependent, and many commercially
available products lack robust clinical validation.

MECHANISMS OF ACTION OF PROBIOTICS
IN THE GI TRACT

I. Modulation of Gut Microbiota Composition
and Diversity

One of the most direct effects of probiotics is the
ability to influence the structure and activity of
intestinal microbiota. They compete with pathogens for
adhesion sites and nutrients, secrete bacteriocins and
organic acids (such as lactic and acetic acid), and
thereby reduce gut pH-creating an environment
unfavorable to pathogenic bacteria such as Escherichia
coli, Salmonella, and Clostridium difficile [3,4].
Furthermore, probiotics can increase the abundance of
beneficial commensals like Faecalibacteriumprausnitzii,
which is associated with anti-inflammatory effects. This
rebalancing of microbial populations is central to
restoring homeostasis after dysbiosis, especially
following antibiotic therapy.
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2. Enhancement of Intestinal Barrier Function
The intestinal epithelium acts as a selective barrier,
allowing nutrient absorption while preventing
translocation of toxins and pathogens. Disruption of
tight junctions can lead to “leaky gut,” contributing to
inflammation and disease. Probiotics such as
Lactobacillus plantarum and Bifidobacterium breve
upregulate tight-junction proteins (occludin, claudin,
and zonula occludens-1), enhance mucus layer
thickness, and stimulate epithelial cell turnover [5,6].
These effects strengthen barrier integrity, reduce
endotoxin translocation, and maintain immune
tolerance.

3. Modulation of Immune Response and
Inflammation

Probiotics interact with gut-associated lymphoid tissue
(GALT), influencing both innate and adaptive immunity.
They activate dendritic cells and macrophages, increase
production of secretory IgA, and modulate cytokine
profiles-reducing pro-inflammatory mediators (IL-6,
TNF-a, IL-8) while promoting anti-inflammatory
cytokines (IL-10, TGF-B) [7].

This  immunomodulatory capacity explains the
observed benefits of probiotics in chronic inflammatory
conditions such as ulcerative colitis and IBS.

4. Production of Bioactive Metabolites (Short-
Chain Fatty Acids)

Probiotic fermentation of undigested carbohydrates
produces short-chain fatty acids (SCFAs)-notably
acetate, propionate, and butyrate-which serve as an
energy source for colonocytes, reduce luminal pH, and
inhibit pathogenic bacterial growth (8). Butyrate also
exerts systemic anti-inflammatory and anti-carcinogenic
properties and influences intestinal motility and satiety
regulation via gut—brain signalling.

5. Interaction with Host Cell Signalling
Pathways

Probiotics modulate host intracellular pathways such as
NF-kB, MAPK, and TLR signalling, which regulate
inflammation, apoptosis, and epithelial proliferation (9).
For instance, Lactobacillus rhamnosus GG can suppress
NF-kB activation, thereby attenuating inflammatory
gene expression and oxidative stress.

6. Modulation of Gut Motility and Visceral
Sensitivity

In IBS and other functional Gl disorders, altered
motility and visceral hypersensitivity play key roles.
Probiotics can modulate the enteric nervous system by
influencing serotonin and peptide neurotransmitters,
normalize gut transit time, and reduce pain perception
[10].

EVIDENCE FOR PROBIOTIC APPLICATIONS
IN SPECIFIC Gl CONDITIONS
Antibiotic-Associated Diarrhoea (AAD) and

Clostridioides difficile Infection

AAD occurs due to disruption of the intestinal flora by
antibiotics, allowing opportunistic pathogens like C.
difficile to proliferate. Meta-analyses confirm that
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probiotics, particularly Saccharomyces boulardii and
Lactobacillus rhamnosus GG, significantly reduce the
incidence of AAD and C. difficile—associated diarrhoea
[r,12].

These strains restore microbial diversity, inhibit
pathogen adhesion, and reduce toxin production. The
benefits are dose-dependent, and probiotics should be
initiated within 48 hours of starting antibiotics for
optimal efficacy.

Infectious Diarrhoea and Acute Gastroenteritis
Probiotics are also effective in reducing the duration
and severity of acute viral or bacterial diarrhoea,
especially in children [I3]. L. rhamnosus GG and S.
boulardii shorten the duration of rotavirus diarrhoea
by 1-2 days, reduce stool frequency, and hasten
recovery of normal bowel function. These effects are
attributed to pathogen inhibition and immune
stimulation.

Irritable Bowel Syndrome (IBS)

IBS involves abnormal gut motility, visceral
hypersensitivity, and dysbiosis. Clinical trials have
shown that probiotics—especially Bifidobacterium
infantis 35624 and Lactobacillus plantarum 299v-
improve abdominal pain, bloating, and stool regularity
[14,15].

The therapeutic benefit is moderate but significant,
particularly with multi-strain combinations
administered for at least 8—12 weeks. Mechanistically,
probiotics may normalise gut—brain axis
communication and reduce low-grade mucosal
inflammation.

Inflammatory Bowel Disease (IBD)

In ulcerative colitis, probiotics such as Escherichia coli
Nissle 1917 and multi-strain preparations like VSL#3
have been shown to induce remission comparable to
mesalazine and maintain long-term remission [16,17].
In Crohn’s disease, results are less consistent;
probiotics appear more useful as adjuncts than as
monotherapy. For pouchitis (post-surgical inflammation
of ileal pouch), VSL#3 is effective in maintaining
remission, likely due to its ability to reduce
inflammatory cytokines and improve mucosal integrity.
Helicobacter pylori Eradication Therapy
Probiotics have adjunctive value in H. pylori eradication
regimens, improving both eradication rates and
tolerability of antibiotic therapy [I8]. Lactobacillus
acidophilus and Bifidobacterium bifidum reduce
treatment-related diarrhoea, taste disturbances, and
nausea. The exact mechanism may involve inhibition of
H. pylori adhesion and modulation of mucosal
inflammation.

Other Gl Applications: Constipation, Liver
Disease, and Gut-Brain Axis

Emerging data suggest that probiotics can improve
bowel frequency and stool consistency in functional
constipation, mainly through increased SCFA
production and enhanced motility [19]. In hepatic
encephalopathy, probiotics decrease blood ammonia
levels and endotoxin absorption, improving cognitive
scores and reducing hospitalisations (20).
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Moreover, through the gut-brain axis, probiotics may
influence neurotransmitter pathways-affecting mood,
anxiety, and cognitive performance-though human
evidence remains limited.

PRACTICAL CONSIDERATIONS: STRAIN
SELECTION, DOSE, DURATION, AND
FORMULATIONS
The clinical effectiveness of probiotics depends heavily
on strain identity, dose, delivery system, and treatment

duration.

Strain specificity: Effects observed with one strain
cannot be extrapolated to others. For example, L.
rhamnosus GG prevents AAD, but L. reuteri does not
[21].

Dosage: Effective daily doses generally range between
10° and 10'" CFU. Suboptimal dosing or poor viability
can lead to therapeutic failure.

Formulation: Capsules, lyophilised powders, and
fermented dairy products differ in stability.
Microencapsulation technology enhances survival
through gastric acid.

Combination formulations: Multi-strain probiotics
may provide synergistic effects and broader activity
[22].

Timing: Early initiation with antibiotics improves AAD
prevention; in IBS, continuous administration for 28
weeks is typically required.

Host factors: Age, immune status, and microbiota
composition influence efficacy and safety [23].
Regulatory quality: Many commercial products
contain fewer viable organisms than labelled or lack the
tested strain; hence pharmaceutical-grade preparations
are preferred [24].

SAFETY AND ADVERSE EFFECTS

Probiotics are generally considered safe in healthy
populations, with transient bloating or flatulence being
the most common mild effects. However, rare serious
infections have occurred, such as Saccharomyces
boulardii fungemia in critically ill or catheterised
patients, and Lactobacillus rhamnosus bacteremia in
severely immunocompromised hosts [25].

Proper patient selection and use of clinically validated
strains minimise these risks. The AGA technical review
(2020) emphasizes avoiding probiotics in patients with
central venous catheters, short bowel syndrome, or
severe immunodeficiency.

LIMITATIONS OF CURRENT EVIDENCE

I.  Although the evidence base is large, significant
methodological gaps persist

2. Many studies differ in strain, dose, and duration,
leading to heterogeneous results.

3. Long-term safety data are scarce.

4. Few head-to-head trials compare different
probiotic strains.

5. Mechanistic insights are limited by lack of
microbiome sequencing data.

6. Commercial variability undermines reproducibility.
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Thus, while probiotics hold promise, their clinical
integration must be guided by strain-specific, evidence-
based use, not by general claims.

PRACTICAL APPLICATIONS AND CLINICAL
RECOMMENDATIONS

Clinicians should tailor probiotic therapy to the specific

condition and strain evidence:

I. AAD: S. boulardii CNCM [-745, L. rhamnosus GG
(210'° CFU/day).

2. IBS: B. infantis 35624 or L. plantarum 299v (8—12
weeks).

3. IBD: E. coli Nissle 1917 or VSL#3 for ulcerative
colitis and pouchitis.

4. H. pylori therapy: Lactobacillus acidophilus or

Bifidobacterium bifidum adjuncts.

Constipation: Bifidobacterium lactis BB-12.

6. Fermented foods such as yogurt, kefir, and kimchi
can supplement probiotic intake but do not
replace evidence-based supplementation in clinical
cases.

b

FUTURE DIRECTIONS AND RESEARCH
NEEDS

Future research should focus on:

e large, standardised RCTs using defined strains and
outcomes.

e Long-term safety in immunocompromised and
elderly populations.

e Mechanistic human studies correlating microbiota
and immune biomarkers.

e Precision probiotics targeting specific microbial or
metabolic profiles.

e Integration with prebiotics, synbiotics, and
postbiotics for enhanced efficacy.

e Regulatory harmonisation to ensure product
quality and strain authenticity.

CONCLUSION

Probiotics offer a promising adjunctive tool in the
prevention and management of gastrointestinal
disorders. Their mechanisms include microbiota
modulation, barrier reinforcement, immune regulation,
and metabolic effects. The strongest evidence supports
use in antibiotic-associated diarrhoea, IBS, and
ulcerative colitis. However, benefits remain strain-
specific, and routine use should be guided by robust
clinical data. With growing research, probiotics are
poised to become an integral part of personalised gut-
microbiome medicine.
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