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Influence of Probiotics on Intestinal Barrier Function 

Probiotics: Significant Health Benefits 
Probiotics are defined by the World Health Organisation as 
“live micro-organisms that, when administered in 
adequate amounts, confer a health benefit on the host”.1 
There is increasing scientific evidence to support the 
incorporation of probiotics into our diets as a means to 
derive a range of health benefits.2-5 However, not all 
probiotics are created equal and their functionality and 
therapeutic application is often strain and dose specific. 
Research has also shown that multispecies probiotics are 
more effective than single-strain probiotics, due to their 
ability to exert a broader spectrum of activity.6-10 
 
With increased knowledge of the complex interaction 
between the intestinal microbiota and its host comes a 
greater understanding of the factors that contribute to 
good probiotic functionality and the health benefits. Such 
factors include survival though the gastrointestinal tract, 
metabolic activity, enhancement of the epithelial barrier, 
increased adhesion to the intestinal mucosa, competitive 
exclusion of pathogenic microorganisms, production of 
antimicrobial substances, and modulation of the immune 
system to convey an advantage to the host.11,12 
 
Increased intestinal permeability has been associated with 
the development of various gastrointestinal conditions 
such as Inflammatory Bowel Disease (IBD), coeliac disease, 
and Irritable Bowel Syndrome (IBS).13,14 Moreover, a 
connection between intestinal permeability and conditions 
such as metabolic syndrome, diabetes, atherosclerosis, 
chronic fatigue syndrome, rheumatoid arthritis, migraine, 
depression and autism is also becoming increasingly more 
apparent.15-19 Preclinical research has shown that certain 
probiotic strains can strengthen the intestinal barrier and 
reduce intestinal permeability, as well as improve 
communication between the gut and the brain.20,21 Initial 
evidence from clinical research supports the potential of 
certain probiotic strains, including Bifidobacterium bifidum 
W23, Bifidobacterium lactis W51, Bifidobacterium lactis 
W52, Lactobacillus acidophilus W37, Lactobacillus brevis 
W63, Lactobacillus casei W56, Lactobacillus salivarius W24, 
Lactococcus lactis W19, and Lactococcus lactis W58, as a 
supplementary treatment strategy for a range of  
neurological and mood-related problems, including 
depression.22-24 

The Intestinal Barrier: Our First Line of 
Defence 

The intestinal barrier is a major defence mechanism, which 
fulfils an essential role in maintaining homeostasis and 
protecting against the harmful effects of antigens and 
toxins.21,25 The intestinal barrier function is influenced by 
various factors, such as genetic predisposition, age, 
infections, diet, stress, and certain medications.26 
Disturbance of barrier integrity can lead to increased 
permeability. This results in bacterial endotoxins, 
insufficiently digested food particles, and other 
immunomodulatory components entering more easily into 
the internal environment, where they are linked with an 
increase in various systemic inflammatory disorders.26 
Certain probiotic strains have proven capabilities to 
enhance the epithelial barrier, and they do this in three 
key ways: (1) via enhanced colonisation resistance and 
inhibition of pathogens, (2) enhancement of the epithelial 
tight junctions, and (3) modulation of the immune 
system.21 
 
Enhanced Colonisation Resistance and 
Inhibition of Pathogens 

Microbe-microbe interaction takes place in the intestinal 
lumen, where the role of the intestinal microbiota is to 
maintain homeostasis. The microbiota serves several 
important functions here, such as the breaking-down of 
non-digested and indigestible polysaccharides, and the 
supply of essential compounds like vitamins and short 
chain fatty acids (SCFAs).27 Probiotic supplementation 
supports a healthy microbiota, which in turn protects us 
from the colonisation and overgrowth of potential 
pathogens (i.e. colonisation resistance) via the creation of 
a hostile micro-ecology (lowering the pH in the lumen; 
production of anti-microbial substances such as acetic and 
lactic acids), competition for space and adhesion sites on 
the intestinal epithelium, competition for nutrients, and 
elimination of toxins produced by pathogens.21,28,29 For 
example, B. lactis W51 has been demonstrated to strongly 
inhibit the growth of several pathogenic bacteria (E. coli, 
Shigella, Salmonella and P. agglomerans), as well as 
completely inhibit C. difficile  toxin production after a 
period of 48 hours. 
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Figure 1. Major mechanisms of action of probiotics on barrier function.21 
 
Enhancement of the Epithelial Tight Junctions 

The intestinal barrier is formed by a single layer of 
epithelial cells that constitutes the largest and most 
important barrier against the external environment, 
permitting the absorption of nutrients, electrolytes and 
water, while maintaining an effective defence against 
intraluminal toxins, antigens and enteric flora.30 The 
permeability of the intestinal barrier is regulated by tight 
junctions (protein structures which connect epithelium 
cells) which, under normal circumstances, are closed to 
prevent harmful substances from entering the body. 
However, various factors can disrupt tight junctions, 
leading to intestinal barrier dysfunction and increased 
intestinal permeability.25,30 

Probiotics and our resident microbiota influence intestinal 
barrier function via several mechanisms. These include 
affecting the metabolism, proliferation and survival of 
intestinal epithelial cells; enhancing the production of 
mucus; stimulating the secretion of defensins by the 
intestinal epithelial cells; and affecting the structure, 
expression and distribution of tight junction proteins.21,29 
For example, B. lactis W52 has been shown to strengthen 
the epithelia barrier from damage caused by pathogenic 
bacteria such as Salmonella enteritidis.31 
 
A link between altered levels of pro-inflammatory 
cytokines and intestinal permeability has been described 
in a number of intestinal diseases.32,33 Supplementing with 
probiotics may contribute to the reinforcement of the 
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mucosal barrier by preventing cytokine-induced epithelial 
damage.21,29 For example, L. acidophilus W37 has been 
shown to protect the epithelia barrier from damage caused 
by inflammatory cytokines.31 
 
Modulation of the Immune System 

The gastrointestinal system plays a central role in immune 
system homeostasis. Gut-associated lymphoid tissue 
(GALT) is the prominent part of mucosal-associated 
lymphoid tissue (MALT) and represents almost 70% of the 
entire immune system.34 Research confirms that intestinal 
microbiota is engaged in a dynamic interaction with the 
intestinal innate and adaptive immune system, affecting 
different aspects of its development, maturation and 
function.34,35 Probiotics can enhance nonspecific cellular 
immune responses characterised by activation of 
macrophages, natural killer (NK) cells, antigen-specific 
cytotoxic T-lymphocytes, and the release of various 
cytokines in a strain-specific and dose-dependent 
manner.36 Probiotics are also able to stimulate the 
production of antibodies in the intestinal lumen, 
specifically immunoglobulin A (IgA). IgA represents the 
first-line defence against infection and can inhibit the 
adhesion of pathogenic bacteria to the intestinal 
epithelium.29 
 
Gut-Brain Communication 

The existence of a gut-brain axis is now well recognised. 
This axis consists of bidirectional communication between 
the central and the enteric nervous system, linking 
emotional and cognitive centers of the brain with 
peripheral intestinal functions. The mechanisms underlying 
gut-brain axis communications involve neuro-immuno-
endocrine mediators.37 These include activation of the 
vagus nerve, production of microbial antigens that recruit 
immune B cell responses, production of microbial 
metabolites (i.e. SCFAs), and enteroendocrine signaling 
from gut epithelial cells (e.g., I-cells that release CCK, and 
L-cells that release GLP-1, PYY and other peptides).38 
 
The intestinal barrier plays an important role in the 
communication between the gut and the brain, and there 
are several pathways by which changes in the intestinal 
barrier might impact brain homeostasis, particularly neuro-
endocrinological alterations, neuro-transmission, neuro-
genesis and neuro-inflammation. Such communication 
occurs primarily via the vagus nerve, which acts as the 
main signaling pathway between the lumen of the gut to 
the medulla oblongata.22 Recent advances in research 
have described the importance of gut microbiota in 
influencing these interactions.37,39,40 
 
Although much of the evidence relating to gut-brain 
communication mechanisms comes from animal studies, 
initial studies in humans also support the notion that there 
is a relationship between the gastrointestinal microbiota 

and brain structure and function.41 Such findings highlight a 
potential role for probiotics as useful therapeutic agents to 
support and positively influence nervous system health,39 
and to assist in the treatment of various psychiatric 
disorders such as anxiety and depression.4,26 
 

From gut microbiota to brain: 
• production, expression and turnover of neurotransmitters 

(i.e. serotonin, GABA) and neurotrophic factor (BDNF) 
• protection of intestinal barrier and tight junction integrity 
• modulation of enteric sensory afferents 
• bacterial metabolites 
• mucosal immune regulation 
 
From brain to gut microbiota: 
• alteration in mucus and biofilm production 
• alteration in motility 
• alteration of intestinal permeability 
• alteration in immune function 
Table 1. Main principle mechanisms of the bidirectional gut-
brain-microbiota axis.37 

 

Preclinical Evidence – In Vitro 
Barrier Function 

Maintenance of intestinal integrity is critical for essential 
physiological processes. To determine the effects of 
probiotic bacteria on the epithelial barrier, in vitro 
measurement of Trans Epithelial Electric Resistance (TEER) 
(a measurement of the movement of ions across the 
paracellular pathway) can be performed on colonic cell 
lines. A reduction in TEER may represent an early 
expression of cell damage and indicates that the barrier 
function of the intestine is decreased. 
 
The Caco-2 cell line has been extensively used as a model 
of the intestinal barrier. A study was conducted whereby a 
monolayer of Caco-2 intestinal cells was first exposed for a 
1 hour period to a variety of probiotic bacteria. This was 
immediately followed by exposure to an inflammatory 
stressor (a combination of TNF-α and IL1-β) in the presence 
of the same probiotic bacteria, for a time period of 1 hour. 
After a recovery time of 4 and 24 hours the TEER of the 
monolayer was measured. The results were compared to 
the TEER of a monolayer that was exposed to the stressor 
without probiotics present and an unexposed monolayer. 
 
Three strains (B. bifidum W23, L. acidophilus W37 and  
L. brevis W63) conferred a high degree of protection to the 
epithelial cells against the cytokine induced barrier 
dysfunction, two strains (L. casei W56 and L. lactis W19) 
had a partial effect, and three strains (B. lactis W52,  
L. salivarius W24 and L. lactis W58) did not confer a 
protective effect.31 
 
Salmonella enteritidis 857 is a pathogenic bacteria which 
has been shown to decrease the relative TEER in Caco-2 
cells. An in vitro experiment was conducted to assess the 
effect of six probiotic strains on an epithelial cell-line 
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damaged by S. enteritidis. Three of the six probiotic strains 
tested (B. lactis W52, L. casei W56 and L. lactis W58) were 
able to significantly (p<0.05) diminish the decrease in TEER 
caused by the Salmonella, and thus strengthened the 
barrier function.31 

 
Cytokine Production 

Cytokines play a crucial role in the modulation of 
inflammatory response in the gastrointestinal tract, and it 
is increasingly recognised that cytokines have an 
important physiological and pathological effect on the 
intestinal tight junction barrier. Interleukin-10 (IL-10), in 
particular, is an important cytokine to regulate immune 
responses and to prevent excessive pro-inflammatory 
reactions.42 
 
The immune system can be modulated by probiotic 
bacteria, however, these effects are again highly species- 
and strain-specific.43-45 For example, B. lactis W51 is able to 
stimulate the induction of regulatory T-cells and Th2 cells, 
but is less effective at inducing Th1 cells. An in vitro study 
assessed the ability of different probiotic strains to 
modulate production of immunosuppressive cytokines by 
mononuclear cells, with a specific focus on the induction of 
IL-10.31 The results demonstrated that the probiotic strains 
B. bifidum W23, B. lactis W52, L. acidophilus W37, L. brevis 
W63, L. casei W56 and L. lactis W58 stimulated IL-10 
production compared to control, thereby preventing 
excessive pro-inflammatory responses and disruption of 
the epithelial barrier.31 
 
Mast Cell Degranulation 

Tight junctions are important protein structures in the 
maintenance of intestinal barrier function. There is a large 
body of evidence indicating that stress, through the brain-
gut axis, may cause intestinal barrier dysfunction, mainly  
 
 

via the systemic and peripheral release of corticotropin-
releasing hormone (CRH), which increases the activation 
and number of mast cells.46 Mast cells play an important 
role in the immune response by releasing large amounts 
of immune-modulating substances and inducing the 
release of mediators, such as nerve growth factor, certain 
cytokines and β-hexosaminidase. This cascade ultimately 
results in the opening of tight junctions and increased 
permeability of the gastrointestinal epithelium, and 
therefore reduced barrier function.46 Research has shown 
that certain probiotic strains can decrease the CRH-induced 
degranulation of mast cells and thereby reduce the stress-
induced opening of the epithelial barrier.31 
 
A study was conducted in which monolayers of a human 
colon-derived epithelial cell line were co-cultured with 
mast cells and pre-treated with different probiotic strains. 
After this treatment, CRH was added to activate the mast 
cells. The release of β-hexosaminidase and TNF-α by mast 
cells was determined and compared to the control where 
no probiotics were added. Results showed that B. bifidum 
W23, L. salivarius W24, B. lactis W52, and L. casei W56 
significantly (p<0.05) reduced CRH-induced secretion of  
β-hexosaminidase, and had a strong protective effect on 
gut barrier function.31 
 
Decreasing Lipopolysaccharide (LPS) Load 

Lipopolysaccharide (LPS), also termed endotoxin, is part of 
the cell wall of Gram-negative bacteria and is a highly pro-
inflammatory component.47 Increased intestinal 
permeability is associated with increased levels of LPS in 
the gut, and lowering of LPS is an important aspect of 
good intestinal barrier function. Some probiotic strains 
have the capacity to break down LPS by the activity of the 
enzyme alkaline phosphatase, which detoxifies luminal 
lipopolysaccharide to alleviate inflammation and promote 
tolerance.31,48 
 

 B. bifidum 
W23 

B. Lactis 
W52 

L. acidophilus 
W37 

L. brevis 
W63 

L. casei 
W56 

L. salivarius 
W24 

L. lactis 
W19 

L. lactis 
W58 

In vitro 
strengthening of the 
epithelial barrier 
after a pathogenic 
bacterial stressor 

X ✓ X X ✓ X X ✓ 

In vitro 
strengthening of the 
epithelial barrier 
after an 
inflammatory 
stressor 

✓ X ✓ ✓ ✓ X ✓ X 

Inhibition of mast 
cell activation ✓ ✓ X X ✓ ✓ X X 

Stimulation of anti-
inflammatory 
cytokine IL-10 

✓ ✓ ✓ ✓ ✓ X X ✓ 

Decreasing 
lipopolysaccharide 
load 

✓ X ✓ X X X ✓ X 
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In an in vitro experiment, the activity of the alkaline 
phosphatase enzyme was measured. L. lactis W19, 
B. bifidum W23 and L. acidophilus W37 were among the 
most active strains with regard to alkaline phosphatase 
activity.31 
 

Preclinical Evidence – In Vivo 
Reduction of Depression  

Preclinical research has shown that the gut microbiota can 
stimulate the regulatory effects of microglia (immune cells 
in the brain) and therefore can control neuro-inflammatory 
processes.22 The intestinal barrier and the blood brain 
barrier (BBB) have similar structures, and various studies 
have shown changes in BBB permeability after introducing 
microbes or metabolites of microbes to germ-free 
animals.16 
 
For example, exposure of germ-free adult mice to the 
faecal microbiota from pathogen-free donors decreased 
BBB permeability and increased the expression of tight 
junction proteins.49 Moreover, mono-colonisation of the 
intestine of germ-free adult mice with SCFA-producing 
bacterial strains normalised BBB permeability, 
strengthening the hypothesis that the BBB may be 
vulnerable to changes in the gut microbiota.16,49 
 
Forty male rats were fed a control or high-fat diet for ten 
weeks and treated with either 4.5 g (2.5 x109 CFU/g) of a 
multi-species probiotic formulation or the equivalent 
amount of a vehicle formulation (carrier matrix only) for 
the last five weeks. The probiotics consisted of nine 
bacterial strains (B. bifidum W23, B. lactis W51, B. lactis 
W52, L. acidophilus W37, L. brevis W63, L. casei W56, 
L. salivarius W24, L. lactis W19, L. lactis W58).23 
 
The forced swim test (FST) is a commonly used screening 
tool for depressive-like behaviour in rodents. Immobility 
(depressive-like behaviour) is defined as the rat making no 
movements beyond those needed to keep its head above 
the water. Independent of diet, probiotic treatment 
significantly reduced depressive-like behaviour in the 
forced swim test by 34% (95% CI: 22–44%; p<0.001). 
Furthermore, probiotic treatment skewed the cytokine 
production towards IFNγ, IL2 and IL4 at the expense of the 
highly inflammatory cytokines TNFα and IL6. In addition, 
the hippocampal expression of several genes related to 
structural plasticity and neuro-protection (Bdnf, Trek2 and 
Traak) was lowered by the high fat diet, but significantly 
increased by the addition of probiotics (p=0.02). A non-
targeted plasma metabolomics analysis also revealed that 
probiotics significantly (p<0.001) raised the level of indole-
3-propionic acid, a potential neuroprotective agent. These 
findings support probiotics as a potential treatment 
strategy in depressive disorders. Importantly, the efficacy 
was not attenuated by intake of a high fat “Western 
pattern” diet that is often associated with depressive 
states.23 

Human Clinical Trials 

Reduced Reactivity to Sad Mood 

Heightened cognitive reactivity to normal, transient 
changes in sad mood is an established marker of 
vulnerability to depression and is considered an important 
target for interventions. A study was conducted to test if a 
multispecies probiotic might reduce cognitive reactivity in 
non-depressed individuals.24 
 
In a triple-blind, placebo-controlled, randomised, pre- and 
post-intervention assessment design, 20 healthy 
participants without current mood disorder received 
2 g/day (2.5 x109 CFU/g) of a multispecies probiotic 
supplement containing B. bifidum W23, B. lactis W51,  
B. lactis W52, L. acidophilus W37, L. brevis W63, L. casei 
W56, L. salivarius W24, L. lactis W19, and L. lactis W58, for 
a trial period of 4 weeks, while 20 control participants 
received an inert placebo for the same period. In the pre- 
and post-intervention assessment, cognitive reactivity to 
sad mood was assessed using the revised Leiden index of 
depression sensitivity scale. 
 
Compared to participants who received the placebo 
intervention, participants who received the 4-week 
multispecies probiotics intervention showed a significantly 
reduced overall cognitive reactivity to sad mood 
(p<0.001), which was largely accounted for by reduced 
rumination (p<0.001) and aggressive thoughts (p<0.01). 
These results provide evidence that the intake of probiotics 
may help reduce negative thoughts associated with sad 
mood, and that probiotic supplementation warrants further 
research as a potential preventive strategy for 
depression.24 
 
Reduction of Migraine Symptoms 

Several studies suggest that migraine can be considered as 
a complex neurogenic inflammatory disorder,50-52 and 
associations have been found between migraine and 
gastrointestinal disorders.19 These associations are bi-
directional: migraine patients have a greater incidence of 
gastrointestinal disorders compared with healthy controls, 
and patients with gastrointestinal disorders have a greater 
incidence of migraines compared to control groups. These 
associations could be explained by an increase in intestinal 
permeability, which could be a cause or consequence of 
these gastrointestinal disorders. Probiotics may decrease 
intestinal permeability as well as inflammation, and 
therefore may reduce the frequency and/or intensity of 
migraine attacks.53 
 
A study was performed to assess the clinical efficacy of 
probiotic treatment in 29 migraine patients.53 Patients took 
2 g/day (2.5×109 CFU/g) of a multispecies probiotic 
supplement containing B. bifidum W23, B. lactis W51,  
B. lactis W52, L. acidophilus W37, L. brevis W63, L. casei 
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W56, L. salivarius W24, L. lactis W19, and L. lactis W58 for 
a trial period of 12 weeks. Baseline number of migraine 
days per month were based on recall of the participants. 
During the trial, participants recorded frequency and 
intensity of migraine attacks in a headache diary, as well 
as completing the Migraine Disability Assessment Scale 
(MIDAS) and Henry Ford Hospital Headache Disability 
Inventory (HDI) at baseline and after 12 weeks of 
treatment. Compliance was measured every 4 weeks by 
counting the remaining sachets with probiotics. 
 
The mean ± standard deviation (SD) number of migraine 
days/month decreased significantly from 6.7 ± 2.4 at 
baseline to 5.1 ± 2.2 (p=0.008) in weeks 5-8 and 5.2 ± 2.4 
in weeks 9-12 (p=0.001). The mean ± SD intensity of 
migraine decreased significantly from 6.3 ± 1.5 at baseline 
to 5.5 ± 1.9 after treatment (p=0.005). The MIDAS score 
improved from 24.8 ± 25.5 to 16.6 ± 13.5 (p=0.031). 
However, the mean HDI did not change significantly. 
Nevertheless, it can be concluded that probiotics may have 
a positive influence on the severity and frequency of 
migraine and that large scale clinical randomised placebo-
controlled studies are warranted as a means to evaluate 
working mechanisms and clinical efficacy. 
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Figure 2. Mean number of migraine days per month at 
baseline, and after 4, 8 and 12 weeks of oral intake of 
probiotics.38 

 

The Importance of Selecting 
Documented Probiotic Strains 
Probiotics are identified at three levels: genus, species and 
strain. A therapeutic multi-strain probiotic should contain 
specific strains supported by sound evidence. Documented 
strains offer a distinct advantage over non-documented or 
generic strains in that they have had their stability and 
ability to colonise the gut extensively investigated. In 
addition, different strains of probiotics may have the same 
species name, but their genetic make-up can be distinct, 
and subsequently they can possess different, strain-
specific, neurological, immunological, and antimicrobial 
activities.1 

Stability of Probiotics 
Product stability is a critical issue in selecting a suitable 
probiotic supplement. Poor stability negatively influences 
the number of viable probiotic colony forming units, and 
along with choosing appropriate probiotic strains, ensuring 
they are viable ultimately determines a probiotic 
supplement’s effectiveness and therapeutic application. As 
such, the following characteristics are key in selecting a 
probiotic formulation: 
• stable at room temperature with a shelf life of 1-2 

years; 
• excellent survival of bacteria through the 

gastrointestinal tract; 
• bacteria arrive in the intestine in good condition, 

ensuring efficacy. 
 
The long term viability of a probiotic product is also greatly 
affected by the other ingredients in the formulation. 
PROBIOACT® (which stands for PROBIOtic ACTivity) 
technology provides probiotics with specific protection and 
nutrition, to improve the quality and efficacy of the 
probiotic formulation.54 
 
Longer Shelf Life (Stability) 

In traditional probiotic products, a large number of viable 
cells are killed during exposure to environmental 
conditions. The PROBIOACT® Technology protects the 
probiotic bacteria in the product against these conditions, 
guaranteeing the cell count even after 1-2 years storage at 
room temperature.54 
 
Improved (Gastrointestinal) Survival 

When rehydrating a probiotic product before ingestion, 
unprotected bacteria experience osmotic shock. 
Ingredients that are part of PROBIOACT® Technology create 
an isotonic environment, which reduces the shock the 
probiotic bacteria experience. 
 
In traditional probiotic products, a large number of viable 
cells are killed as a result of the low pH in the stomach 
and the digestive enzymes and fluids in the GI tract. The 
PROBIOACT® Technology protects the probiotic bacteria 
against these conditions.54 
 
Improved Metabolic Activity 

After survival of the GI tract, the probiotic bacteria reach 
the small intestine and have to be effective at the right 
time and at the right place. Specifically selected 
ingredients that are part of PROBIOACT® Technology bring 
the bacteria into an active state. In this active state the 
bacteria produce lactic acid, short-chain fatty acids, and 
other metabolites. PROBIOACT® Technology provides the 
bacteria with their nutritional needs, ensuring that they 
are able to colonise and multiply. This ensures greater 
efficacy of the probiotic product and improved clinical 
outcomes.54 
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Supportive Formulation 

B. bifidum W23, B. lactis W51, B. lactis W52, L. acidophilus W37, 
L. brevis W63, L. casei W56, L. salivarius W24, L. lactis W19, and L. 
lactis W58 combined supports the following actions: 
• strengthening of the epithelial barrier; 
• competitive colonisation, inhibiting pathogens and 

overgrowth; 
• inhibition of mast-cell activation; 
• inhibition of pro-inflammatory cytokines; 
• decreasing lipopolysaccharide load; 
• modulation of the immune system. 
 

Indications 

• General gut health maintenance. 
• Increased permeability of the epithelial barrier of the gut. 
• Conditions linked to increased gut permeability: 

− inflammatory gastrointestinal disorders, 
− systemic inflammatory conditions, 
− migraine, depression, stress, impaired immunity. 
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