
Microbiota: Research Article

Dig Dis 2023;41:489–499

Effect of a Multistrain Probiotic on Leaky Gut in 
Patients with Diarrhea-Predominant Irritable 
Bowel Syndrome: A Pilot Study

Samira Ait Abdellah 

a    Caroline Gal 

a    Lucrezia Laterza 

b    Venanzio Velenza 

c    

Carlo Romano Settanni 

b    Marco Napoli 

b    Elisa Schiavoni 

b    Vincenzina Mora 

b    

Valentina Petito 

b    Antonio Gasbarrini 

b

aPiLeJe Laboratoire, Paris, France; bCEMAD, Digestive Disease Center, Fondazione Policlinico Universitario “A. 

Gemelli” IRCCS, Università Cattolica del Sacro Cuore, Roma, Italy; cDepartment of Diagnostic Imaging, Oncological 

Radiotherapy and Hematology, Fondazione Policlinico Universitario “A. Gemelli” IRCCS, Università Cattolica del 

Sacro Cuore, Roma, Italy

Received: December 3, 2021

Accepted: August 12, 2022

Published online: August 25, 2022

Correspondence to: 
Samira Ait Abdellah, s.aitabdellah @ pileje.com

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/ddi

DOI: 10.1159/000526712

Keywords

Intestinal permeability · Irritable bowel syndrome · Leaky 

gut syndrome · Probiotics · Quality of life

Abstract

Background: A probiotic mixture prevented epithelial bar-

rier impairment in various experimental models. The objec-

tive was to evaluate its effects in patients suffering from IBS 

with diarrhea (IBS-D) with confirmed leaky gut. Methods: 

IBS-D patients with increased intestinal permeability mea-

sured by radionuclide tracers were enrolled in this pilot, 

open-label, prospective, interventional, single-center, Phase 

IV study. Patients received two capsules of a multistrain pro-

biotic a day for 30 days and were evaluated by repeated in-

testinal permeability tests, the Bristol Stool Scale, and pa-

tient-perceived quality of life and satisfaction. Results: Of 

the 30 enrolled patients (mean age: 42.1 [SD: 13.1] years; fe-

male: 60%), 27 completed the study (full analysis set [FAS]), 

and 18 had no major protocol violation (per protocol set 

[PPS]). On D30, an improvement of intestinal permeability 

was observed in 81.5% of patients in FAS, normalization be-

ing observed in 37% of the participants (44% in PPS). The 

mean intestinal permeability was significantly decreased: 

baseline minus D30, 3.4 (95% CI: 1.7, 5.2); the IBS-QOL total 

score was significantly increased: D30 minus baseline, 8.0 

(95% CI: 3.0, 12.9); and stool consistency was significantly 

improved. On D15 and D30, 96.3% of patients claimed that 

their IBS symptoms had been satisfactory alleviated, and a 

significant improvement was reported for the following 

VAS-IBS items: abdominal pain, diarrhea, and impact of gas-

trointestinal problems in daily life. Compliance and toler-

ance were satisfactory. Conclusion: The multistrain probiot-

ic tested may reduce intestinal permeability in a consider-

able proportion of patients and may improve abdominal 

pain, stool consistency, and quality of life. These results pave 

the way for larger, placebo-controlled clinical studies.

© 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Irritable bowel syndrome (IBS) is a frequent function-
al gastrointestinal (GI) disorder with an estimated preva-
lence between 5 and 20%, depending on geographical re-
gion and assessment criteria [1]. A recent systematic re-
view and meta-analysis reported that its global prevalence 
is of 9.2% using the Rome III criteria but 3.8% using the 

�is is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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Rome IV criteria. The difference between Rome III and 
IV is thought to be due to the more restrictive criteria of 
the latter. One of the most common subtypes is IBS with 
diarrhea (IBS-D; 31.5%). IBS is associated with signifi-
cantly reduced quality of life and increased healthcare 
costs [2].

Many drugs have been tested for the treatment of IBS-
D, including antispasmodics, nonabsorbable antibiotics, 
and psychotropic agents. However, these do not always 
relieve symptoms, possibly because of the heterogeneous 
pathogenesis of the disease. Probiotics are also used in 
IBS, as they represent attractive approaches for IBS treat-
ment given their safety and multiple mechanisms of ac-
tion. These include the correction of dysbiosis, the pro-
duction of antibacterial substances, the inhibition of 
pathogens and antagonism of toxins, and effects on vis-
ceral hypersensitivity [3, 4]. In fact, these agents have 
been used widely for decades and are listed as high and 
medium resources by the World Gastroenterology Orga-
nization [1]. Recent meta-analyses confirm their role in 
this disease but also note that their effects are highly 
strain-specific [5]. The British Society of Gastroenterol-
ogy guideline coincides in stating that probiotics, as a 
group, may be an effective treatment for global symptoms 
and abdominal pain in IBS, but that it is not possible to 
recommend a specific species or strain [6]. A simplified 
algorithm for the management of IBS indicates that many 
studies suggest that probiotics may provide relief from 
overall or individual symptoms [1]. However, none of 
these studies mention the use of probiotics for leaky gut 
associated with IBS-D, which is a particularly important 
aspect in the efficacy of probiotics in IBS since a defective 
epithelial barrier function, which can be measured as in-
creased gut permeability, has been implicated in the 
pathogenesis of IBS-D [7]. The effect of probiotics in reg-
ulating the expression of tight junction proteins has been 
studied as a possible favorable effect of probiotics on 
leaky gut syndrome [8]. Specifically, Nebot-Vivinus et al. 
[9] demonstrated that a multistrain probiotic (Lactibiane 
Tolérance®; PiLeJe Laboratoire, Paris, France; mixture of 
Bifidobacterium lactis LA 303, B. lactis LA 304, Lactoba-
cillus acidophilus LA 201, Lactobacillus plantarum LA 
301, and Lactobacillus salivarius LA 302) prevented epi-
thelial barrier impairment in various models of epithelial 
barrier function both in vitro and in vivo. Indeed, this 
multistrain probiotic helped to prevent visceral hyper-
sensitivity and repair disruption to the epithelial barrier 
that was induced by different inflammatory and stress 
conditions that mimic IBS. Additionally, the multistrain 
probiotic downregulated the response mediated through 

Toll-like receptor-4 in vitro and in vivo. The effects ob-
served in these combined in vitro and in vivo experimen-
tal approaches logically led us to want to evaluate the im-
pact of the multistrain probiotic on IBS symptoms in a 
clinical trial. As the results of the in vitro and in vivo tests 
obtained on intestinal permeability seemed particularly 
interesting and promising, we wished to evaluate the pro-
biotic mixture in patients suffering from IBS-D diag-
nosed in accordance with Rome IV criteria and whose 
intestinal hyperpermeability had been confirmed before-
hand (inclusion criterion), taking into account the fact 
that not all IBS-D patients have intestinal hyperperme-
ability [10, 11]. This pilot, open-label, prospective, inter-
ventional, single-center, Phase IV clinical study was thus 
a proof-of-concept study, aiming to evaluate the effects of 
supplementation with that multistrain probiotic in IBS-D 
patients with confirmed leaky gut.

Methods

Study Population
To be eligible for enrolment in this pilot, open-label, prospec-

tive, interventional, single-center, Phase IV study, subjects had to 
(i) give written informed consent; (ii) be male and/or female be-
tween 18 and 75 years of age; (iii) present, for the last 3 months and 
onset at least 6 months before the diagnosis, with recurrent abdom-
inal pain, on average, at least one related to defecation, associated 
with a change in frequency of stool, associated with a change in 
form (appearance) of stool (Rome IV criteria) [12]; (iv) present 
diarrhea-predominant IBS (IBS-D) as defined by more than 25% of 
bowel movements with Bristol stool form type 6 or 7 and less than 
25% of bowel movements with Bristol stool form type 1 or patient 
reports that abnormal bowel movements were usually diarrhea 
[12]; (v) have no evidence of organic disease at a colonoscopy per-
formed 2 years within the enrollment; and (vi) have increased in-
testinal permeability measured by means of radioactive tracers. 
Particularly, to exclude the presence of other underlying organic 
diseases, enrolled subjects had to provide a colonoscopy performed 
5 years within the enrollment showing no evidence of organic dis-
ease. Furthermore, other organic diseases, including celiac disease, 
were excluded during the screening visit based on medical history 
and common laboratory examinations usually prescribed accord-
ing to clinical practice and included in the initial patient evaluation 
for patients with chronic diarrhea in the Digestive Disease Center 
of Fondazione Policlinico Universitario A. Gemelli IRCCS. These 
laboratory tests included total IgAs, anti-transglutaminase anti-
bodies, cell blood count, C-reactive protein, C. difficile toxin, fecal 
culture tests, and research of fecal ova and parasites. Based on these 
evaluations, subjects were excluded from the study if they had or 
were suspected to have organic disease (such as celiac disease, in-
flammatory bowel disease, gastrointestinal neoplasia, unexplained 
anemia), a history of colonic or small bowel resection, or any major 
illness or evidence of an unstable clinical condition that could put 
him/her at risk when participating in the study. Subjects who used 
or had used probiotics, antibiotics, or investigational agents within 
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30 days before baseline, those who had repeated use of nonsteroidal 
anti-inflammatory drugs within 7 days from the enrollment (except 
for prophylactic use of a stable dose of aspirin up to 325 mg/day for 
cardiac disease), and those who used any product or ingredient that 
could affect intestinal permeability were also excluded. Finally, sub-
jects with lactose intolerance and pregnant or breastfeeding women 
were excluded.

Study Procedures
Study participants with IBS-D and an increased intestinal per-

meability were screened in a 2-week period, and then, if eligibility 
was confirmed, they were enrolled consecutively and underwent a 
30-day period. Baseline data were collected during the screening 
visit performed 7–14 days before enrollment (D7 or D14) and at 
the enrollment visit (D0). Data were then collected after 15 and 30 
days of supplementation with the multistrain probiotic (D15 and 
D30).

At each visit, the physicians carried out a complete physical 
examination (including body temperature, weight, and vital signs), 
and the patients completed the Visual Analogue Scale for IBS 
(VAS-IBS) [13]. Patients also completed the IBS-quality of life 
questionnaire (IBS-QOL) at baseline and D30 [14, 15], and an-
swered “yes” or “no” to a self-evaluation question assessing their 
treatment satisfaction (“Do you feel that your IBS symptoms have 
been satisfactorily alleviated by this treatment?”) on D15 and D30.

Intestinal permeability tests using radionuclide tracers (51Cr-
ethylene-diamine-tetra-acetic acid (51Cr-EDTA) or 99mTc-di-
ethylenetriaminepentaacetic acid according to their commercial 
availability) were performed at the screening visit and on D30 as 
previously described [16–18]. At the enrollment visit and D30, 
blood samples were taken for serum zonulin level measurement 
(ELISA; Cusabio Technology LLC, Huston, TX, USA) [19–21], 
and the Bristol Stool Scale was used to classify the form (appear-
ance) of the feces [22].

Adverse events (AEs) and concomitant medications were re-
corded at all visits. IBS symptoms were recorded as AEs only if 
there was an increase in severity or frequency of the symptoms 
compared to baseline and if the increase was of a greater frequen-
cy and/or severity than the normal fluctuations in the disease for 
the patient.

Included patients took one capsule of the multistrain probiotic 
Lactibiane Tolérance® (PiLeJe Laboratoire) on an empty stomach 
twice a day (30 min before breakfast and 30 min before dinner) 
from D1 to D30. Lactibiane Tolérance® comprises a mixture of 5 
viable lyophilized lactic acid bacterial strains (B. lactis LA 303, B. 
lactis LA 304, L. acidophilus LA 201, L. plantarum LA 301, and L. 
salivarius LA 302) at a total concentration of 1 × 1010 colony-form-
ing units per capsule.

Statistical Analyses
As the study was a proof-of-concept study to evaluate the effect 

of the multistrain probiotic, no sample size calculation was per-
formed. A sample size of 30 subjects was estimated to be sufficient 
to identify trends, which could be used to evaluate sample size for 
future controlled trials.

For the statistical analysis, patients were assigned before the 
database lock to each of the analysis sets according to specified 
definitions. Patients’ exclusion from analysis was documented and 
justified in a Blind Data Review Report. Data were summarized by 
calculating means and SDs, or percentages.

The primary objective of this study was to demonstrate the ef-
fect of the multistrain probiotic in normalizing leaky gut in IBS-D 
patients. The primary end point was the proportion of patients 
with normal intestinal permeability after 30 days of treatment. Sec-
ondary end points were the proportion of patients answering “yes” 
to the self-evaluation question; mean levels of serum zonulin; and 
mean scores for the IBS-QOL, VAS-IBS, and the Bristol Stool 
Scale. Safety and tolerability were evaluated by the frequency of 
AEs, SAEs, and AEs leading to discontinuation of study treatment.

The main analysis (intention-to-treat analysis) was performed 
on the Full Analysis Set (FAS), which included all included patients 
who took at least one dose of the multistrain probiotic and have 
had at least one baseline and post-baseline value. A sensitive anal-
ysis was conducted on the per protocol set (PPS), which included 
all patients from the FAS who did not present at least one major 
deviation to the protocol liable to affect the efficacy of the multi-
strain probiotic. All analyses were conducted using SAS (SAS In-
stitute, Cary, NC, USA).

Results

Study Follow-Up
A total of 55 patients were assessed for eligibility 

(Fig. 1); 25 (45.5%) were excluded because they did not 
fulfill at least one inclusion criterion (n = 24) or as they 
withdrew their consent (n = 1). Consequently, 30 patients 
who met all inclusion criteria and none of the exclusion 
criteria were enrolled in the study and constituted the 
study population. Among them, 3 patients prematurely 
discontinued the study, one being lost to follow-up just 
after the baseline visit and two after D15 visit. Of the 27 
patients who completed the study and took at least one 
dose of supplement, nine presented with at least one pro-
tocol violation. Most of these protocol violations were 
temporal sequence or compliance violations. The 9 pa-
tients with major protocol deviations were excluded from 
PPS.

Baseline Characteristics and Treatment Compliance
Mean age ± standard deviation (SD) was 42.1 ± 13.1 

years, ranging from 20 to 73 years (Table 1). 60% of pa-
tients were female; and 100% had an IBS diagnosis ac-
cording to Rome IV criteria. Intestinal permeability as-
sessed by means of radionuclide tracers was above the 
normal range in all patients, with a mean value of 8.0 ± 
4.6 (n = 30).

Regarding concomitant diagnoses, no patient had 
concurrent disease: e.g., no patient had celiac disease, in-
flammatory bowel disease, gastrointestinal neoplasia, or 
lactose intolerance at baseline, and no patient reported 
unexplained anemia or history of colon or small bowel 
resection. In addition to IBS medications such as anti-
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spasmodic or antidiarrheic drugs, some patients took 
medication for anxiety or depression (n = 4), hyperten-
sion (n = 4), thyroid problems (n = 3), cardiac disorders 
(n = 2), vitamin D deficiency (n = 2), gastritis (n = 2), al-

lergy, arthritis, epilepsy, hypercholesterolemia, hyperin-
sulinism, prostatic hypertrophy, urinary obstruction, or 
generalized pain (n = 1 for each). One patient took con-
traceptive and another hormonal therapy.

Assessed for eligibility

(n=55)

Enrolled

(Study popula�on, n=30)

Completed 

(n=27)

Per Protocol 

(n=18)

With major protocol devia�on (n=9)

- Temporal sequence & compliance violations (n=4)

- Compliance violation (<80% of planned doses) (n=2)

- Temporal sequence violation (n=2)

- Concomitant treatment not allowed (n=1)

Discon�nued (n=3)

- Lost to follow-up after baseline visit 

(n=1)

- Lost to follow-up since after Day 15 

visit (n=2)

Excluded (n=25)

- Not meeting inclusion criteria 

(n=24)

- Withdrew consent (n=1)

Fig. 1. Study flow diagram.
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All enrolled patients took at least one dose of the mul-
tistrain probiotic. The 27 patients of the FAS took 88.2 ± 
13.9% (mean ± SD; range: 48.3–111.3%), and the 18 pa-
tients of the PPS took 95.9 ± 5.6% (range: 84.8–111.3%) 
of the planned doses during the study period.

Intestinal Permeability Test with Radionuclide 
Tracers
On D30 (n = 27), 10 patients (37%, 95% CI: 19%; 55%) 

had normalized intestinal permeability as determined us-
ing an intestinal permeability test with radionuclide trac-
ers (measures were considered indicative of normal per-
meability when urinary excretion was less than 3% of the 
orally administered dose of tracer (Fig.  2). Of note, al-
though intestinal permeability was not normalized, it was 
also improved in 12 of the 27 patients (44.5%), whereas 
intestinal permeability was unchanged in 2 patients 

(7.4%) and increased in 3 patients (11.1%). Therefore, a 
total of 22 patients (81.5%) showed improvement or nor-
malization of intestinal permeability on D30. From 
screening to D30, the mean (±SD) intestinal permeability 
decreased from 7.5 (±4.0) to 4.1 (±2.5), leading to a sta-
tistically significant change of 3.4 units ± 4.5 (95% CI: 1.7; 
5.2; p = 0.0005; n = 27). In the PPS (n = 18), 8 patients 
(44.5%, 95% CI: 21%; 67%) had normalized intestinal 
permeability, and the mean (±SD) intestinal permeability 
decreased from 8.4 (±4.4) at screening to 4.1 (±2.8) on 
D30, leading to a statistically significant change of 4.3 
units ±4.7 (95% CI: 1.9; 6.6; p = 0.0012).

Serum Zonulin Concentration
Regarding serum zonulin concentration, the mean 

(±SD) concentration slightly decreased from 11.9 ng/mL 
(±3.9) at baseline to 11.1 ng/mL (±3.4) on D30, with a 
mean change of −0.6 ng/mL (95% CI: −1.9; 0.6; p = 
0.3125). Similar result was observed in the PPS with de-
creased serum zonulin concentration on D30 (mean 
[±SD]: 10.4 [±3.1] on D30 versus 11.5 [±4.3] at baseline) 
but no statistically significant difference from baseline 
(mean change: −1.07, 95% CI: −2.5; 0.3; p = 0.1257).

Stool Appearance
From Baseline to D30, Bristol Stool Scale score de-

creased from 5.7 ± 0.8–4.7 ± 1.5 (Diff: 0.9 ± 1.6, 95% CI: 
0.3; 1.6; p = 0.0057) in the FAS and from 5.8 ± 0.6–4.7 ± 
1.6 (Diff: 1.1 ± 1.4; 95% CI: 0.4; 1.8; p = 0.0052) in the PPS, 
indicating improved stool consistency.

Patient-Reported Outcomes
As compared with baseline, mean scores for the seven 

items of the VAS-IBS had increased on D15, statistical 
significance being observed for the following items: ab-
dominal pain, diarrhea, constipation, bloating, flatulence, 
psychological well-being, and daily life (Fig. 3). On D30, 
changes from baseline in mean scores were statistically 
significant for the following items: abdominal pain, diar-
rhea, and daily life.

On D15 and D30, respectively, 57.1% and 52.4% of pa-
tients reported having felt a defecation urgency during 
the last 2 weeks versus 71.4% at baseline. In addition, 
71.4% of patients both on D15 and on D30 reported hav-
ing felt that their bowel was not completely empty after 
visiting the bathroom during the last 2 weeks versus 
81.0% at baseline.

Significant increase in the IBS-QOL total score indi-
cating better health-related quality of life was found after 
30 days of supplementation. Total score increased from 

Table 1. Demographic and clinical characteristics at baseline (N = 

30)

Characteristics Enrolled patients 

with available data

Age (years) Mean (SD) 42.1 (13.1)
Min-max 20–73

Gender
Female n (%) 18 (60.0)
Male n (%) 12 (40.0)

Weight, kg Mean (SD) 65.3 (15.3)
Min–max 39–95

Height, cm Mean (SD) 168.6 (9.8)
Min–max 152–199

SBP, mm Hg Mean (SD) 115.1 (12.4)
Min–max 90–135

DBP, mm Hg Mean (SD) 66.4 (8.7)
Min–max 50–85

Heart rate, bpm Mean (SD) 67.1 (9.2)
Min–max 53–90

Respiratory rate Mean (SD) 13.1 (1.5)
Min-max 11–17

IBS diagnosis (Rome IV)
Yes n (%) 30 (100.0)

Permeability tests Mean (SD) 8.0 (4.6)
(Radionuclide tracers)a Min–max 3.1–21.4

Bristol Stool scoreb Mean (SD) 5.6 (1.6)

(3 movements) Min–max 2.0–7.0

bpm, beats per minute; DBP, diastolic blood pressure; DTPA, 

diethylenetriaminepentaacetic acid; EDTA, ethylene-diamine-tetra-

acetic acid; mm Hg, millimeter of mercury; SBP, systolic blood 

pressure; SD, standard deviation. a 51Cr-EDTA or 99mTc-

diethylenetriaminepentaacetic acid test performed at screening 

visit. b 15 missing data.
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61.6 at baseline to 66.8 on D30, leading to a change of 8.0 
points (95% CI: 3.0, 12.9). The increase was mainly due 
to increased scores for the following dimensions: dyspho-
ria, interference with daily activities, food avoidance, and 
social reaction (Table 2).

Finally, on D15 and D30, using the self-evaluation of 
symptom improvement, 96.3% of patients (26/27) 
claimed that their IBS symptoms have been satisfactorily 
alleviated using the multistrain probiotic supplementa-
tion. Similar results were observed in the PPS.

Safety and Tolerability
During the study, there were three AEs, all being GI 

disorders and all involving a single patient, in the same 
period. These AEs were of moderate severity and resolved 
within a week. These AEs (abdominal distension, abdom-
inal pain, and defecation disorder) were consistent with 
usually reported symptoms in IBS patients. Relation with 
study treatment was considered unlikely by the investiga-
tor. No obvious changes were noted in weight or vital 
signs (blood pressure, and heart and respiratory rates). 
No patients were withdrawn from the study due to AEs, 
and no death was reported.

Discussion

Following 30-day supplementation with the multi-
strain probiotic evaluated, this pilot study found (1) an 
improvement of intestinal permeability measured with 
radionuclide tracers on D30 in 81.5% of patients, normal-
ization being observed in 37% of the participants (44.5% 
of those who took the supplementation as per protocol); 
(2) improved stool consistency according to the Bristol 
Stool Scale score; (3) a significant improvement for the 
items 1, 2, and 7 of the VAS-IBS (i.e., abdominal pain, di-
arrhea, impact of gastrointestinal problems in daily life), 
which was significant from the first 15 days and then 
maintained over 30 days; (4) a significant improvement 
in health-related quality of life as assessed by the IBS-
QOL total score; and (5) a large proportion of patients 
claiming that their symptoms had been alleviated (96.3%). 
The paucity of AEs and the absence of obvious changes in 
vital signs suggested that the multistrain probiotic was 
well tolerated.

Confounding factors were investigated, including the 
influence of lifestyle changes and weight. All the patients 
maintained the same weight with the exception of two 

7.54

4.13

0

2

4

6

8

10

12

Screening Day 30

37%

44.5%

7.4%

11.1%

FAS 

No change

Normalized

permeability

Abnormal 

permeability

Decrease

Increase

55.5%

44.5%

PPS

FAS

Diff: 3.4 units ± 4.5 (95%CI: 1.7; 5.2)

p = 0.0005

PPS

Diff: 4.3 units ± 4.7 (95%CI: 1.9; 6.6)

p=0.0012

a

b

8.4

4.14

0

2

4

6

8

10

12

Screening Day 30

* *

Fig. 2. Change in intestinal permeability as-
sessed with radionuclide tracers. a Propor-
tion of patients with normalized and ab-
normal permeability in the FAS and PPS on 
day 30 compared to screening. Measures 
were expressed as percentages of the in-
gested dose of tracer and considered indic-
ative of normal permeability when urinary 
excretion was less than 3% of the orally ad-
ministered dose [37]. b Decrease in intesti-
nal permeability between screening and 
day 30 in the FAS and PPS (mean ± SD; 
Diff, difference).
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who experienced 5.7% and 8.3% of weight loss (data not 
shown). In addition, a multivariate analysis (data not 
shown) revealed no impact of BMI on intestinal perme-
ability outcomes. No other significant factors potentially 
explicative of the changes were identified in these analy-
ses. It should also be noted that patients did not modify 
their concomitant treatments during the study.

Several randomized, placebo-controlled clinical trials 
evaluating the effect of different probiotics in IBS and 
IBS-D patients corroborate these data with a relief of 
symptoms, including abdominal pain and an ameliora-
tion of quality of life [4, 23–25]. Briefly, in a randomized 
placebo-controlled study including 400 adult patients 
with moderate to severe IBS-D, Ishaque et al. [4] showed 
that a multistrain probiotic formulation was well toler-
ated and associated with significant improvement in IBS-
D symptoms and quality of life. Evaluating the effective-
ness and safety of a multistrain probiotic preparation as 
compared with placebo in patients with IBS-D, Skrzydło-
Radomanska et al. [23] found that the occurrence of AEs 
did not differ between the probiotic and placebo groups 
and that the probiotic significantly improved IBS symp-
toms and quality of life as compared with a placebo. In 
the study by Lewis et al. [24], 251 adults with either con-
stipation, diarrhea (IBS-D), or mixed-pattern were ran-
domized to receive one of the two probiotic strains stud-
ied or a placebo. Both strains were safe to consume, with 
no significant difference between the two probiotic 
groups and the placebo group, and may reduce IBS symp-
toms severity and improve the psychological well-being 
of IBS-affected individuals. In a randomized study in-
volving 336 patients, Martoni et al. [25] evaluated the 
ability of two probiotics to improve abdominal pain and 
IBS symptomatology as compared with a placebo and 
found that both probiotics were well tolerated and im-
proved abdominal pain and symptom severity scores 
with a corresponding normalization of bowel habits.

None of the abovementioned randomized, placebo-
controlled clinical trials evaluated intestinal permeability. 
Intestinal permeability in patients with IBS after taking 
probiotics was measured in a few studies by using sugar 
tests [26–28]. In the randomized, single-blind placebo-
controlled study by Zeng et al. [26], 30 patients with IBS-
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Fig. 3. Changes in mean scores for the seven items of the VAS-IBS 
between baseline and days 15 and 30. Note: the question was “How 
have you been feeling during the past 2 weeks concerning…?” for 
item 1 to item 6 and “How much/little have your gastrointestinal 
problems influenced your daily life over the past 2 weeks?” for item 
7.
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D were given either probiotic fermented milk (Streptococ-
cus thermophilus, Lactobacillus bulgaricus, Lactobacillus 
acidophilus, and Bifidobacterium longum) or milk bever-
age containing no bacteria for 4 weeks. Small bowel per-
meability was measured as the ratio of lactulose and man-
nitol recovery, and colonic permeability was measured as 
the total mass of sucralose excretion. After supplementa-
tion with probiotics, small bowel permeability decreased 
significantly from 0.038 ± 0.024 at baseline to 0.023 ± 
0.020 (p = 0.004). By contrast, colonic permeability im-
proved neither in the probiotic group nor in the placebo 
group at week 4. In the Phase I, open-label trial by Boon-
ma et al. [27], a 4 or 8-week supplementation with VSL#3 
in 21 patients with IBS (not specifically IBS-D) led to a 
significant decrease in colonic permeability (per cent su-
cralose recovery) at week 8 (not significant after 4 weeks; 
data obtained in 5 patients). In a crossover double-blind 
randomized controlled study performed by Bonfrate et al. 
[28], in 25 patients with IBS supplemented with Bifido-
bacterium longum BB536 and Lactobacillus rhamnosus 

HN001 with vitamin B6 for 30 days, a reduction of co-
lonic permeability was observed in 5 patients who had 
increased permeability at baseline. One study measured 
serum zonulin levels in patients with IBS-D supplement-
ed with probiotics [29]. In this recent study, Bifidobacte-
rium longum ES1 (8 or 12 weeks at 1 × 109 colony-form-
ing units/day) was evaluated in the treatment of 16 pa-
tients with IBS-D. Serum zonulin and cytokines were 
measured, and the clinical response was assessed by IBS-
SSS. There was no significant reduction in serum zonulin 
levels in the overall study population. Zonulin levels di-
minished only in patients treated for 12 weeks (from 43.8 
± 6.8 ng/mL to 40.8 ± 5.0 ng/mL, p = 0.036), while inter-
leukin (IL)-6, IL-8, IL-12p70, and tumor necrosis factor-α 
levels decreased, irrespective of treatment duration (p < 
0.05). Clinical response was observed in 5/16 patients 
(31%): 4/8 (50%) were treated for 12 weeks and 1/8 (13%) 
were treated for 8 weeks. Abdominal pain improved only 
in patients treated for 12 weeks (5/8 vs. 0/8, p = 0.025), 
while stool consistency improved regardless of supple-

Scores N Mean SD 95% CI

Total Baseline 22 61.6 19.6
(34 items) D30 27 66.8 19.3

D30 – baseline 21 8.0 10.9 3.0; 12.9
Dysphoria Baseline 22 53.1 25.5

(9 items) D30 27 62.0 25.2
D30 – baseline 21 11.2 16.2 3.8; 18.5

Interference with Baseline 22 57.8 26.2
daily activity D30 27 61.6 25.6
(5 items) D30 – baseline 21 7.5 13.0 1.6; 13.4

Body image Baseline 26 67.3 18.7
(2 items) D30 27 72.0 18.2

D30 – baseline 25 3.8 16.6 −3.1; 10.6
Health worry Baseline 22 64.8 19.1

(2 items) D30 27 68.8 20.0
D30 – baseline 21 4.4 14.1 −2.1; 10.8

Food avoidance Baseline 26 35.3 25.1
(3 items) D30 27 45.4 27.9

D30 – baseline 25 10.7 21.2 1.9; 19.4
Social reaction Baseline 22 73.0 21.3

(2 items) D30 27 74.5 22.7
D30 – baseline 21 6.3 12.2 0.7; 11.8

Sexual concerns Baseline 26 85.1 14.6
(2 items) D30 27 89.4 16.9

D30 – baseline 25 4.5 13.0 −0.9; 9.9
Interpersonal relations Baseline 22 74.2 25.8

(9 items) D30 27 78.1 20.4
D30 – baseline 21 8.8 20.5 −0.6; 18.1

IBS-QOL, irritable bowel syndrome-quality of life questionnaire; CI, confidence interval; 

D, day; SD, standard deviation.

Table 2. Mean (SD) IBS-QOL scores at 

baseline and D30, with change from 

baseline following multistrain probiotic 

supplementation (N = 30)
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mentation duration (p < 0.001). In another study, this is 
fecal zonulin levels that were measured in 10 patients with 
IBS-D supplemented with a synbiotic for 4 weeks [30]. 
They observed a reduction of fecal zonulin concentration 
(from 67 to 36 ng/mL; p = 0.035) along with an increased 
microbial diversity in gastric (p = 0.008) and duodenal (p 
= 0.025) mucosal specimens, reduction of CD4+ T cells 
(60 vs. 55%, p = 0.042) in the ascending colon, an increase 
in short-chain fatty acids (acetate 101 vs. 202 µmol/g; p = 
0.007) and butyrate (27 vs. 40 µmol/g; p = 0.037) in fecal 
samples after treatment and a decrease of disease severity 
measured by IBS-SSS (237 vs. 54; p = 0.002). In our study, 
there was a tendency toward lower serum zonulin con-
centrations after than before supplementation. The lack 
of significance observed for serum zonulin concentration 
may be explained by the fact that baseline concentrations 
were within normal range (0.64–40 ng/mL according to 
the laboratory) and the low number of included patients. 
Zonulin is a protein that reversibly modulates intercellu-
lar tight junctions and is therefore a regulator of intestinal 
permeability. As such, zonulin is used as a marker of in-
testinal barrier impairment [31]. However, the use of se-
rum zonulin as a marker is controversial, and the possi-
bility that the method was not enough specific cannot be 
ruled out [31, 32]. First, commercial ELISAs have short-
comings that have been discussed in previous articles: 
measurements using these assays do not reflect actual zo-
nulin levels but concentrations of other proteins [32–34]. 
Second, in several studies, zonulin failed to identify con-
ditions where small intestinal permeability is a known 
characteristic [31, 33, 34]. In addition, in a recent study, 
it was shown that colonic permeability had no correlation 
with circulating zonulin levels; the authors concluded 
that they could not recognize the molecule as a circulating 
marker of colonic permeability [35].

The multistrain probiotic evaluated in the present 
study had already been characterized for its anti-inflam-
matory properties [36]. It was also investigated in vitro 
for its effects on the epithelial barrier function of conflu-
ent human colonic T84 cell monolayers in basal and in-
flammatory conditions and in mice for its impact on 
chronic stress-induced changes to intestinal permeability 
and visceral sensitivity (note that 51Cr-EDTA was used 
in this study) [9]. The present study completes and sup-
ports in humans (although the results will need to be con-
firmed in larger studies) what these preclinical studies 
had shown: the ability of the multistrain probiotic to re-
duce intestinal permeability and to alleviate IBS symp-
toms. The limitations of the clinical study are those of a 
pilot, open-label, single-center, proof-of-concept study: 

small sample size, no randomization, no comparison with 
a treatment or placebo arm. Therefore, the interpretation 
of these results must be tempered by recognition of these 
limitations. However, the results being promising of 
course, it would be worthwhile to continue the evaluation 
of this combination of bacterial strains in a larger popula-
tion with a control group. It would also be interesting to 
evaluate its anti-inflammatory effects in humans and on 
the gut microbiota, as it has been reported that microbi-
ota composition is strongly compromised in IBS. Fur-
thermore, the interest of supplementation with this pro-
biotic in other subpopulations of patients with IBS, IBS 
with constipation, or even IBS-D without leaky gut would 
deserve to be evaluated.

Conclusion

This study provides data suggesting that the multi-
strain probiotic tested may improve intestinal permeabil-
ity in a considerable proportion of patients. Almost all 
patients (96.3%) claimed that their IBS symptoms were 
satisfactorily alleviated with the supplementation after 30 
days. A significant improvement in stool consistency, ab-
dominal pain, diarrhea, impact of gastrointestinal prob-
lems in daily life, and the total score of the IBS-QOL was 
reported. The multistrain probiotic was well tolerated. At 
this point, larger, placebo-controlled studies are needed 
to confirm this new information on the effect of the mul-
tistrain probiotic tested on leaky gut syndrome associated 
with IBS-D.
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