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The gut microbiota is a very important factor in the state of health of an individual, its alteration implies a
situation of “dysbiosis,” which can be connected to functional gastrointestinal disorders and pathological
conditions, such as Inflammatory Bowel Disease (IBD), Irritable Bowel Syndrome (IBS), Ulcerative
Colitis (UC) and Crohn’s Disease (CD), and Colorectal Cancer (CRC). In this work, we studied the effect
of a food supplement called ENTERO-AD containing a mix of probiotics (Lactobacillus acidophilus LA1,
L. reuteri LR92, Bifidobacterium breve Bbr8), Matricaria Chamomilla, and B group vitamins (B1, B2,
B6) on intestinal inflammation. The in vitro model used for the study is the Caco-2 cell, a culture derived
from human intestinal adenocarcinoma; the inflammatory condition was achieved with treatment with
Lipopolysaccharide (LPS) and the association between Tumor necrosis factor o/Interferon y (TNF-a/IFN-y)
[1,2]. The effect of ENTERO-AD was evaluated by cell viability, measures of Transepithelial Electrical
Resistance (TEER), paracellular permeability, and immunofluorescence. Results of the study have shown
that ENTERO-AD has a favorable effect on Caco-2 cells in inflammatory conditions. It improves the
integrity of Occludin and Zonula Occludens-1 (ZO-1) proteins, leading to an improvement in terms of
TEER values and a reduction of paracellular permeability. This evidence underlines the protective effect
of ENTERO-AD and its components in intestinal inflammation.
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INTRODUCTION

The gut microbiota is considered a fundamental ele-
ment that takes part in the state of health of the host. Hu-
man microbiota consists of billions of microbes (bacteria,
fungi, protozoa, viruses) that live in symbiosis with the
host’s body contributing to the organism’s homeostasis
by playing crucial roles in metabolism, immunity and
structural functions [3,4]. Alteration of gut microbiota,
also called dysbiosis, can be associated with functional
gastrointestinal disorders (FGID). These complaints are
defined by more or less specific symptoms and often pres-
ent with highly prevalent psychiatric comorbidities. Pos-
sible mechanisms of gut-brain dysfunction have been
identified, with minimal systemic inflammation as a caus-
ative factor in at least some subjects. Other mechanisms
that play a role in FGID include chronic infections, gut
microbiota, low-grade mucosal inflammation including
increased eosinophils, systemic immune activation, al-
tered intestinal permeability, diarrhea-predominant IBS,
altered bile salt metabolism, abnormalities in metabolism
of serotonin and genetic factors [5]. Other triggers of
FGID are lack of physical exercise, an incorrect diet, an-
tibiotic therapy, and regular medication intake. Risk fac-
tors are also sex and individual genetic and sociocultural
background. These factors, individually or in combina-
tion, lead to an imbalance of the microbiome and further
intestinal pathophysiological changes [6]. Depending on
the stages of life, the microbiome reacts differently to
stress factors and therapeutic treatments. Patients with
FGID have a higher percentage of pathogenic and/or
gas-forming bacteria in the intestine, which increases the
ratio of harmful microorganisms to beneficial commen-
sals. Consequently, substances that protect and nourish
intestinal epithelial cells, such as short-chain fatty acids
(SCFA, eg, butyrate), B vitamins produced by the micro-
biome, or regulatory signaling substances (serotonin,
tryptamine, biliary) are significantly reduced in function-
al intestinal diseases. The consequence of dysbiosis can
be represented by symptoms such as flatulence, pain, and
diarrhea [7-9]. Inflammation of the intestinal mucosa and
neuroinflammatory hypersensitivity are concomitant
symptoms of dysbiosis. The interaction of the altered mi-
crobiome with intestinal mucosal receptors leads to in-
creased production of inflammatory mediators. Inflam-
matory mucosal damage leads to over-activation of the
mucosal immune response, triggering painful visceral
hypersensitivity [10,11]. Microbiota dysbiosis could be
linked with pathological conditions, such as Inflammato-
ry Bowel Diseases (IBD), which include Ulcerative Coli-
tis (UC) and Crohn’s Disease (CD), and Colorectal Can-
cer (CRC). The epidemiology of IBD has changed rapidly
over time: specifically, IBD prevalence rose from 200 per
100,000 in 2006 to 321.2 per 100,000 in 2021, reflecting
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a 46% increase. Likewise, the average incidence in-
creased from 6.7 per 100,000 individuals per year in
2001-2006 to 18.0 per 100,000 individuals per year in
20162021, marking a 169% rise. This increase was more
substantial for CD than for UC [12], and the estimated
prevalence (>0.3%) continues to rise in Western coun-
tries, with a high burden of IBD in North America, Ocea-
nia, and Europe [13]. IBD pathogenesis is still unclear
and it is probably characterized by a multifactorial etiolo-
gy, in which both environmental and genetic factors seem
to be involved [14,15]. IBDs and CRC are generally treat-
ed with standard therapy to reduce symptoms and nor-
malize the quality of life, but the use of drugs in therapy
has significant side effects. Pharmacological therapy in-
cludes different types of drugs: 5-Aminosalycilates (me-
salamine, sulfasalazine), corticosteroids, immunosup-
pressants (thiopurines as azathioprine, methotrexate,
anti-TNF agents as infliximab, adalimumab, and IL in-
hibitor) [16]. Drugs belonging to the class of fluoropy-
rimidines (5-fluorouracil), semi-synthetic derivatives of
camptothecin (irinotecan), and platinum-based drugs
(oxaliplatin) used for CRC treatment, cause anemia, re-
duced resistance to infections, nausea, vomiting, diarrhea,
and many complications which slow down good outcome
of therapies and must be appropriately managed [17]. In
order to reduce adverse effects of pharmacological thera-
py, nutrition can offer a valuable strategy to integrate
conventional medicine in IBDs; dietary manipulation
with lifestyle changes, use of herbs, botanicals and probi-
otics is increasingly gaining attention [18,19]. There is
growing evidence about probiotics’ potential benefits in
IBDs and CRC, and for this reason, they are the most
common supplement used in gastroenterological disrup-
tion [20]. Probiotics include non-pathogenic live bacteri-
al strains which have to populate the gastrointestinal tract
[19]. In particular, there are three main targets on which
probiotics can act: intestinal epithelial cells, mucosal im-
munity cells and microbiota and/or infectious bacteria
[21]. Thanks to this multifactorial approach, probiotics
can improve barrier function contributing to the develop-
ment and maintenance of homeostasis. Health benefits
have been demonstrated mainly for probiotic strains of
the following genera: Lactobacillus, Bifidobacterium,
Saccharomyces, Enterococcus, Streptococcus, Pediococ-
cus, Leuconostoc, and Bacillus [22]. The effectiveness of
using probiotics in IBD is evidenced by a number of clin-
ical studies [23-25]. In particular, regarding Crohn’s dis-
ease, a recent review showed that only a few probiotics
are effective in inducing remission in CD symptoms. /n
vivo and in vitro studies have shown that several strains,
including Lactobacillus plantarum CBT LP3, Saccharo-
myces cerevisiae CNCM 1-3856 (yeast), Bifidobacterium
animalis spp., L. acidophilus LA1, L. paracasei 101/37,
and notably B. breve Bbr8, play a crucial role in improv-
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ing the disease condition [26]. Moreover, the beneficial
effects of probiotics may also be exerted through the up-
regulation or maintenance of the intestinal epithelial
Tight Junction (TJ) barrier. A recent study reported that a
particular strain of L. acidophilus (LA), referred to as
LA1, caused a marked enhancement of the intestinal epi-
thelial TJ barrier and prevented the development of dex-
tran sulfate sodium (DSS)-induced colitis [27].As men-
tioned, in the food supplementation area herbs and herbal
extracts hold a considerable role; among these Matricaria
Chamomilla is one of the most popular and widely used
in traditional medicine for the treatment of gastrointesti-
nal disorders. Chamomile flowers’ dry extract is interest-
ing for its anti-inflammatory properties and antibacterial,
spasmolytic, and ulcer-protective effects [18] thanks to its
content of antioxidant and anti-inflammatory compounds,
such as bisabolol, chamazulene, apigenin, and luteolin
[28,29]. Two random double-blind controlled studies on
UC patients found that a chamomile preparation in com-
bination with myrrh and coffee charcoal was as effective
as mesalamine in terms of maintaining remission in ul-
cerative colitis [29-31]. Another important integrative
approach includes dietary supplementation of vitamins:
IBD, IBS, and CRC patients have a deficiency of vita-
mins because of decreased intake, malabsorption, or ex-
cess losses due to intestinal disease; so in this pathologi-
cal situation, supplementation is very useful to restore
normal levels of vitamins [2,32]. Thiamine (Vitamin B1)
is essential in overall energy metabolism, and its deficien-
cy at the cellular level may contribute to the development
of fatigue associated with IBD. In a pilot study involving
12 CD patients with normal blood levels of thiamine and
thiamine pyrophosphate, Constantini and Pala found that
daily supplementation of 600—1,500 mg of thiamine com-
pletely resolved fatigue symptoms in 10 patients, while
the other two experienced notable improvement [33-34].
Moreover, poor dietary habits with insufficient micronu-
trient intake have been described in IBS, which may be
important in the development of gastrointestinal and ex-
traintestinal symptoms [35]. The prevalence of vitamin
B6 deficiency was significantly higher in CD [36]. A
cross-sectional study of 17 patients with IBS indicated
that the severity of IBS symptoms is associated with low
vitamin B6 intake [37].

MATERIALS AND METHODS

ENTERO-AD was kindly provided by Schwabe
Pharma Italia (Egna, Italy). The sample composition
is reported in Table 1. The content of a single capsule
was solubilized, and serial dilutions were performed to
identify suitable concentrations for in vitro tests. For
convenience, the different quantity of product used for
the experimental planning is expressed in the paper in
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Table 1. Qualitative/quantitative ENTERO-AD
Content

Components Quantity (per caps)

Fructo-oligosaccharides 39mg

Matricaria Chamomilla d.e. (in ~ 28mg (2.6mg)

apigenin)

Lactobacillus acidophilus LA1 1 billion CFU
L. reuteri LR92 1 billion CFU
Bifidobacterium breve Bbr8 1 billion CFU
Vitamin B6 0.93mg
Vitamin B1 0.77mg
Vitamin B2 0.77mg

terms of concentration of probiotics (CFU/mL). The test-
ed solution will therefore have a concentration of active
ingredients compliant with the dilution factor applied.

Cell Culture Maintenance

Caco-2 cells were cultured in Dulbecco’s modified
Eagle’s media (DMEM) supplemented with 10% FBS,
1% l-glutamine, and 1% penicillin/streptomycin antibiot-
ic mix. The cells were maintained at 37°C in a humidified
atmosphere of 5% CO,.

Cell Viability

Cell viability was determined by colorimetric Crys-
tal Violet Assay (CrV). Cells were seeded at a density of
15 000 cells/well in 96-well plates. After 48h of incuba-
tion at 37°C and 5% CO,, the cells were treated according
to the experimental protocol. After 48h of treatment, the
cells were fixed with 4% PFA in PBS and stained with
Crystal Violet, which was then brought into solution
with 1% acetic acid. Absorbance was measured at A=570
nm with MultilabelPlate Reader VICTOR TM X3 2030
(PerkinElmer, USA).

Formation of the Differentiated Monolayer

Cells were seeded on cell culture inserts with a
polyester membrane (Transwell BD Falcon™) in 24-well
plates and incubated with DMEM at 37°C in a humid-
ified atmosphere of 5% CO,. The culture medium was
replaced every two days until a confluent cell monolayer
was obtained. The integrity of the cell monolayers was
monitored by measuring the transepithelial electrical re-
sistance (TEER) (from day 14 to day 21 after seeding).
TEER was measured in HBSS (Hanks’ Balanced Salt
Solution, Cambrex Lonza) after a period of equilibration
at room temperature. ENTERO-AD treatments (10x10*
and 10x10° CFU/mL) were added to the apical chamber
24h before the inflammatory stimuli (Lipopolysaccharide
(LPS) 250ug/mL and IFN-y/TNF-a 10 ng/mL at t ), and
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Figure 1. Cell viability. Effect of ENTERO-AD 10x103, 10x10%, 10x105, 10x108, 10x107, 10x108 CFU/mL of ENTERO-
AD on the viability of the Caco-2 cell line after 48 hours of treatment. Data are expressed as Mean + SD of three
independent experiments. ***p<0.001; ****p<0.0001 treated vs control.

analysis timepoints were 1h, 3h, 6h, 21h, 24h, respective-
ly. TEER values were recorded using a Millicell® ERS
meter (Millipore Corporation) connected to a pair of rod
electrodes. TEER was expressed as a percentage of resis-
tance normalized to the initial value (t) [2,38,39].

Paracellular Permeability

The flux of fluorescein isothiocyanate through the
cell monolayer was used as a measure of paracellular
permeability. After recording the change in TEER at 24
hours, the apical medium was replaced with a 0.1mM
fluorescein isothiocyanate solution in HBSS. After 30
minutes of incubation at 37°C, 200 pl of medium was
taken from the basal chamber and the fluorescence in-
tensity was measured using a VICTOR X3 plate reader
(PerkinElmer) [40].

Immunofluorescence

Cells were seeded on glass coverslips in 24-well
plates until confluence was reached after 5-7 days.
The cells were then pre-treated for 24 hours with EN-
TERO-AD, after which the inflammatory stimulus was
added (IFN-y 10 ng/mL for 3 hours and TNF-a 10 ng/
mL for 21 hours; LPS 250 pg/mL for 24 hours) [41]. At
the end of treatment, cells were washed, fixed with 4%
formaldehyde, permeabilized with 0.1% Triton X-100 in
PBS and placed for 1 hour at 37°C with murine mono-
clonal anti-Occludin antibody (Invitrogen Life Technolo-
gies). After washing with PBS, cells were incubated with
secondary antibody (Alexa Fluor 488, Molecular Probes,
Invitrogen Life Technologies) for 1 hour at 37°C. After
washing, the cells were incubated for 20 minutes with

Hoechst (1:10000) at room temperature. The coverslips
were then mounted on slides using the Fluormount-G
(Sigma-Aldrich) and images were acquired using an
LSM 800 confocal microscope, 60x magnification, ZN
2.1 blue Edition software (Carl Zeiss, Jenza).

Statistical Analysis

The statistical analysis was conducted using Graph-
Pad Prism (10.2.2 version) for Windows (GraphPad
Software, San Diego, CA). Data are expressed as mean
+ SEM. Unpaired Student’s t-test was used for viability,
TEER, and paracellular permeability tests. A p-value of
less than 0.05 was considered statistically significant.

RESULTS
Cell Viability

Cells were treated with increasing concentrations of
ENTERO-AD (10x10%, 10x10%, 10x105, 10x10°, 10x107,
10x10* CFU/mL) and cytotoxicity was analyzed at 48
hours by CrV assay. As can be seen in Figure 1, cell via-
bility is not significantly reduced up to a concentration of
10x10° CFU/mL. In contrast, the two highest concentra-
tions, 10x107, 10x10® CFU/mL respectively, are cytotoxic
at 48h of treatment.

TEER Measurements

As far as TEER measurements are concerned, in
Figure 2a treatment with LPS (250pg/mL) reduces
TEER compared to the control from 3h onwards, while
the combination of IFN-y (10ng/mL) and TNF-a (10ng/
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Figure 2. TEER measurements. a. Effect of LPS (250 ug/mL) and IFN-y (10 ng/mL)/TNF-a (10 ng/mL) on the
integrity of the intestinal epithelium barrier after 24 hours of treatment. b. Effect of ENTERO-AD 10x10* and 10x10°
CFU/mL on the integrity of intestinal epithelium barrier after 24 hours of treatment. Data are expressed as % TEER
compared to baseline (t;) + SD, obtained from three to four independent experiments. *p<0.05, **p<0.01, ***p<0.001,

****p<0.0001 treated vs control.
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Figure 3. TEER measurements. a. Effect of LPS (250 ug/mL), ENTERO-AD (10x10* CFU/mL), and relative
association and b. LPS (250 ug/mL), ENTERO-AD (10x10° CFU/mL), and relative association on the integrity of the
intestinal epithelium barrier after 24 hours of treatment. c. Effect of IFN-y (10 ng/mL)/TNF-a (10 ng/mL), ENTERO-
AD (10x10* CFU/mL) and relative association and d. IFN-y (10 ng/mL)/TNF-a (10 ng/mL), ENTERO-AD (10x105
CFU/mL), and relative association on the integrity of intestinal epithelium barrier after 24 hours of treatment. Data
are expressed as % TEER from baseline (t,) + SD, obtained from three to four independent experiments. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001 treated vs control; #p<0.05, ##p<0.01, #H#p<0.001, #HH##p<0.001 treated vs

inflammation.

mL) induces a significant reduction in TEER compared
to the control at 21h and 24h, indicating damage to the
cell monolayer. In contrast, the two concentrations of
ENTERO-AD tested, 10x10* and 10x10° CFU/mL, show
an increase in TEER compared to the control, which is
significant at each timepoint for the higher concentra-
tion (Figure 2b). To evaluate the role of ENTERO-AD
in inflammatory condition, single treatments of ENTE-

RO-AD, inflammatory stimuli, and relative associations
were considered. Between the product and the inflamma-
tory stimuli, a pre-treatment with ENTERO-AD 10x10*
CFU/mL and 10x10° CFU/mL was performed 24h before
treatment with the inflammatory stimuli. Both concentra-
tions of ENTERO-AD increase TEER values in respect to
LPS (Figure 3a,b). Both concentrations of ENTERO-AD
tend to increase TEER compared to TNF-o/IFN-y (Fig-
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Figure 4. Paracellular Permeability. a. Effect of ENTERO-AD (10x10* and 10x10° CFU/mL), b. LPS (250 pg/mL)
and associations with ENTERO-AD, c. IFN-y (10 ng/mL)/TNF-a (10 ng/mL) and associations with ENTERO-AD on
paracellular permeability. Data are expressed as ratio to control and are the mean + SD of three to four independent
experiments. *p<0.05, **p<0.01 treated vs control; #p<0.05 treated vs inflammation.

ure 3c,d): this increase was significant at 21h and 24h
of treatment for TNFa/IFN-y-associated ENTERO-AD
10x10* CFU/mL compared to TNF-o/IFN-y alone. These
data suggest a potential protective effect provided by the
formulation.

Paracellular Permeability

The paracellular permeability assay was carried out
using the fluorescein isothiocyanate probe. The probe is
placed at the apical side and, after the time stipulated in
the protocol, the fluorescence intensity of the permeat-
ed probe at the basal side is measured using a spectro-
photometer. The fluorescence intensity of the permeate
probe gives an indication of the integrity status of the
cell monolayer [40]. ENTERO-AD (Figure 4a) does not
significantly alter paracellular permeability maintaining
it at the control level. Figure 4b shows that treatment
with the inflammatory stimulus LPS 250pg/mL signifi-
cantly alters paracellular permeability compared to the
control, indicating damage to the epithelium provided by
this type of inflammation. Association between ENTE-
RO-AD 10x10%and 10x10° CFU/mL and LPS 250pg/mL
reduce paracellular permeability in a significant manner.
Treatment with TNF-o/IFN-y alters paracellular permea-
bility, and association with ENTERO-AD 10x10* CFU/
mL and 10x10° CFU/ show a reduction in permeability,
statistically significant for the lower concentration of the
product (Figure 4c).

Immunofluorescence
The possible protective effect of ENTERO-AD on

maintaining the integrity of the intestinal barrier was also
evaluated by immunofluorescence. Occludin and ZO-1,
two important cell junction proteins, form a continuous,
circumferential, belt-like structure at the boundary be-
tween the apical and basolateral membrane domains in
epithelial and endothelial cells, essential for maintaining
the structure of the intestinal epithelium. An alteration in
terms of localization and expression of these proteins is
one of the main factors responsible for numerous inflam-
matory diseases affecting the intestinal tract [42]. Con-
cerning Occludin, treatments with LPS 250pug/mL (24h)
and IFN-y/TNF-a (10ng/mL) (24h) cause an alteration
in its morphology compared to the control, indicating
damage to barrier integrity. On the contrary, treatments
with ENTERO-AD 10x10* CFU/mL and 10x10° CFU/
mL respectively, do not show any detrimental effects on
Occludin. Subsequently, the potential protective effect
of the two ENTERO-AD concentrations against indi-
vidual inflammatory stimuli was assessed. As previously
described, cells were pre-treated for 24 h with ENTE-
RO-AD and then supplemented with the inflammatory
stimulus. Regarding LPS, both concentrations of EN-
TERO-AD reverse the damage induced by LPS 250ug/
mL (24h), whereas the improvement towards the damage
induced by IFN-y/TNFa 10ng/ml (24h) is not so evident
(Figure 5). As for ZO-1, the results are comparable to
those obtained with Occludin. Even in this case inflam-
matory stimuli (LPS and IFN-y/TNFa) causes an alter-
ation in its morphology compared to the control instead
ENTERO-AD does not show any detrimental effects;
conversely, especially for higher concentration, there
seems to be an improvement over control. Regarding to
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CTRL LPS

Figure 5. Immunofluorescence. Effect of ENTERO-AD (10x10* and 10x10° CFU/mL), LPS (250 ug/mL), IFN-y/
TNFa (10 ng/mL), and relative associations on Occludin morphology in the Caco-2 cell line at 48 hours of treatment.
Marking of Occludin (green, Alexa Fluor 488). Acquisition using LSM 800 confocal microscope and ZEN 2.1 software
with 60x objective. Images are representative of three independent experiments.

INTY/TNFat
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CTRL LPS INTy/TNFa

Figure 6. Immunofluorescence. Effect of ENTERO-AD (10x10* and 10x10° CFU/mL), LPS (250 ug/mL), IFN-y/
TNFa (10 ng/mL), and relative associations on ZO-1 morphology in the Caco-2 cell line at 48 hours of treatment.
Marking of ZO-1 (red, Cy5). Acquisition using LSM 800 confocal microscope and ZEN 2.1 software with 60x
objective. Images are representative of three independent experiments.
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the potential protective effect of the two probiotic con-
centrations against individual inflammatory stimuli, the
higher concentration of ENTERO-AD (10x10°> CFU/mL)
reverses the damage induced by LPS 250pg/mL (24h)
instead the improvement towards the damage induced by
IFN-y/TNFa 10ng/mL (24h) is partially evident for lower
concentration (Figure 6).

DISCUSSION

Gut microbiota is a very important factor in the state
of health of an individual: it lives in symbiosis with our
organism, and it performs metabolic, structural, and im-
munological functions. The alteration of the microbiota
implies a situation of “dysbiosis,” that brings to patholog-
ical conditions, such as IBD, UC, CD, and CRC. The
standard therapy for the treatment of IBD includes
5-Aminosalycilates (mesalamine, sulfasalazine), cortico-
steroids, and immunosuppressants (thiopurines as azathi-
oprine, methotrexate, anti-TNF agents as infliximab,
adalimumab and IL inhibitor); on the other hand, for the
treatment of CRC, fluoropyrimidines, camptothecin de-
rivatives and platinum-based drugs are commonly used
[16,17]. All these treatment plans should be properly in-
tegrated with supplementation to minimize side effects
and maximize beneficial outcomes. Major integrative
approaches include diet and lifestyle changes, herbs, bo-
tanicals, and dietary supplements, like probiotics [19,30].
The usefulness of an integrated approach to be combined
with a standard therapeutic plan is of absolute impor-
tance, even in the context of cancer treatment. The use of
probiotics is functional in elderly patients treated with
immunotherapy, which are side affected by colitis, result-
ing in watery and bloody diarrhea. The intake of bacterial
strains functional to the restoration of intestinal dysbiosis
constitutes a key point in order to restore a correct re-
sponse to immunomodulation and improve the clinical
condition of the patients [43]. Probiotic integration can be
effective in therapeutic plans that involve the administra-
tion of steroid drugs and/or antibiotic treatments [44], and
to improve metabolism in various clinical conditions
(obesity, metabolic syndrome, diabetes) [45]. Moreover,
the relationship between gut microbiome composition
and disease states has been extensively documented,
highlighting its impact on distant organs, mucosal surfac-
es, and immune functions: a disruption in the complex
bidirectional relationship between intestinal microbial
components and the immune system has been linked to
neurological, cardiometabolic, respiratory, and autoim-
mune diseases [46,48]. A global comprehension of the
gut microbiome can provide more precise insights for ef-
fectively modulating it, primarily through nutritional
supplementation and careful dietary adjustments; in fact,
imbalances in nutrient intake can disrupt gut microbiome
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composition (GMC) constituting the primary step in the
onset of diseases related to malnutrition [49]. Adequate
nutritional intake as well as proper supplemental integra-
tion represents the focus of intense research, offering
hope that the influence of GMC may be the key to the
development of a good immune system able to prevent
diseases affecting various organs and functional systems
beyond just the gastrointestinal tract [50]. In this work,
we studied the potential beneficial effect of ENTE-
RO-AD, a food supplement containing a mix of probiot-
ics (Lactobacillus acidophilus LA1, L. reuteri LR92, Bi-
fidobacterium breve Bbr8), Matricaria Chamomilla and
B group vitamins (B1, B2, B6) on bowel inflammations,
using an in vitro model based on the Caco-2 cell culture,
derived from human intestinal adenocarcinoma. Caco-2
were subjected to inflammatory conditions induced by
LPS and the association between TNF-a and IFN-y [1,2].
The effect of ENTERO-AD on the integrity of the intesti-
nal barrier was evaluated by TEER measurements, para-
cellular permeability, and TJ expression by immunofluo-
rescence. Regarding the inflammatory condition, as
expected [1], mainly LPS (250pg/mL) but also the asso-
ciation IFN-y/TNF-a, reduce TEER values and increase
paracellular permeability by worsening the state of Oc-
cludin and ZO-1, two important cell junction protein for
maintaining the structure of the intestinal epithelium
[33]. Their delocalization from the membrane is associat-
ed with intestinal barrier dysfunction and increased per-
meability [2,51]. Results of this study have shown that
pre-treatment with ENTERO-AD followed by inflamma-
tory stimuli improves the localization of Occludin and
Z0O-1 which leads to an improvement of TEER values
and a reduction in terms of paracellular permeability.
This evidence underlines the protective effect of ENTE-
RO-AD in intestinal inflammation. The beneficial effects
of the product could be linked to combinatory effect of its
ingredients. In fact, some studies suggest a positive role
in terms of probiotics supplementation. In an in vitro
study it was demonstrated that L. reuteri formed biofilm
that retained functions potentially advantageous to the
host including modulation of cytokine output and the pro-
duction of the antimicrobial agent reuterin [52]. A ran-
domized study shows that L. reuteri DSM 17938, com-
pared with placebo, significantly reduces the frequency
and intensity of abdominal pain in children [38,52]. Fur-
thermore, a recent in vitro study identified a rapid en-
hancement of the intestinal TJ barrier by a strain of L.
acidophilus [27,38]. Finally, in another study it was eval-
uated how the hypersecretion of proinflammatory cyto-
kines and the dysregulated activation of the IL-23/Th17
axis in response to dysbiosis of the intestinal microbiota
are key factors in the pathogenesis of inflammatory intes-
tinal diseases. The results highlighted that strains of Lac-
tobacillus and Bifidobacterium, including B. breve Bbr8
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and L. acidophilus LA1 were able to inhibit the prolifera-
tion of Escherichia coli and to modulate the inflammato-
ry response [53]. In the evaluation of the obtained results,
besides the effect due to probiotics, also the combination
of the other components might have an influence. Among
the various properties of M. Chamomilla extract, anti-in-
flammatory, antispasmodic, and antidiarrheal are the
most interesting in this context. The anti-inflammatory
properties are well documented and are mainly due to
apigenin, a flavonoid that is mostly found in its glyco-
sylated form, apigenin-7-glucoside [38,54]. Apigenin
may also affect the composition and functionality of gut
microbiota [55]. The reported biological functions of api-
genin include antioxidant, anti-mutagenic, anti-carcino-
genic, anti-inflammatory, anti-proliferative, and anti-pro-
gression. Apigenin inhibits the production of
proinflammatory cytokines IL-1f3, IL-8, and TNF in lipo-
polysaccharide-stimulated human monocytes and mouse
macrophages in vitro (concentrations 0.1-25 uM or
0.027-6.756 pg/mL) [56]. Concerning the protective ef-
fects of chamomile extract against diarrhea and oxidative
stress, results of a study showed that extracts of this plant
have a strong antidiarrheal and antioxidant properties in
rats in a dose-dependent manner [57]. Moreover, an in
vitro study with isolated rat small intestinal preparations
have revealed that chamomile flower reduced acetylcho-
line (ACh)-induced contractions underling its spasmolyt-
ic effect [57]. Another key component of the formulation
are B group vitamins (B1, B2, B6). B vitamins are essen-
tial not only for the host but also for the bacteria living in
the gut. A dietary supply of these vitamins is essential to
meet the host’s daily requirements, playing crucial roles
in shaping the diversity and richness of the gut microbio-
ta [58]. A deficiency in vitamins heightens the risk of
contracting infectious, allergic, and inflammatory diseas-
es. Because mammals cannot produce B vitamins, which
are synthesized by plants, yeasts, and bacteria, they must
obtain these essential nutrients from dietary intake or mi-
crobial sources like the intestinal microbiota. Likewise,
certain intestinal bacteria lack the ability to produce B
vitamins and must obtain them either from the host’s diet
or from other bacteria in the gut to support their growth
and survival. This suggests that the composition and
function of the intestinal microbiota may affect host B
vitamin usage and, by extension, host immunity [59]. Gut
microbiota plays important roles in maintaining intestinal
homeostasis, including metabolism of nutrients and syn-
thesis of vitamins B [60]. A state of dysbiosis is related to
a deficiency of these vitamins [61]. Furthermore, provid-
ing supplements of folate and vitamin B12 to IBD pa-
tients may improve their nutritional status and prevent
other diseases [62]. The findings from our study suggest
that ENTERO-AD offers a promising approach to sup-
porting intestinal barrier integrity and managing inflam-
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mation: the obtained results have several potential re-
al-world applications and implications for dietary
recommendations and therapeutic interventions. Incorpo-
rating supplements like ENTERO-AD into therapeutic
regimens could help enhance barrier function and reduce
inflammation in IBD and CRC patients, restoring micro-
bial balance, alleviating symptoms, and supporting over-
all gut health potentially improving outcomes and quality
of life. On the other hand, our results highlight the need
for personalized dietary interventions tailored to individ-
ual microbiome profiles, in order to minimize side effects
resulting from the combination of different components
in supplementation, maximizing the therapeutic effects.
Further research into the role of individual components
could be valuable, but this initial study emphasized the
effectiveness of the complete formulation.

CONCLUSION

The re-establishment of a structural and functional
intestinal barrier is a hot topic in the field of intestinal
pathological conditions. Dysbiosis of gut microbiota is
closely related to occurrence of many important chronic
inflammations-related diseases, cancer included (eg, Fu-
sobacterium nucleatus can influence the development of
CRC, the response to its therapy, and the tumor immune
microenvironment) [63]. This work underlines the protec-
tive role of ENTERO-AD, a combination of probiotics,
Matricaria Chamomilla extract and group B vitamins on
intestinal barrier damage caused by inflammatory stimu-
li. Lastly, as an interesting perspective of this study, we
can suppose that the use of ENTERO-AD can ameliorate
damage related to inflammation of intestinal mucosa in
patients with dysbiosis also linked with gastro-intestinal
complaints or pathological conditions as IBD or CRC.
The promising results from this study suggest that further
clinical trials are needed to explore the long-term effects
and broader applicability of ENTERO-AD: such research
will be crucial in integrating these findings into standard
treatment protocols and enhancing patient care strategies.

Conflicts of interest: HDT, FR, GB, and RL are part of
the R&D office of Schwabe Pharma ltalia, which had a
role only in the interpretation of data and in the writing of
the manuscript. The other authors declare no conflicts of
interest.

REFERENCES

1. Wang F, Graham WYV, Wang Y, Witkowski ED, Schwarz
BT, Turner JR. Interferon-gamma and tumor necrosis
factor-alpha synergize to induce intestinal epithelial barrier
dysfunction by up-regulating myosin light chain kinase
expression. Am J Pathol. 2005 Feb;166(2):409-19.

2. Cocetta V, Catanzaro D, Borgonetti V, Ragazzi E, Giron



306

MC, Governa P, et al. A Fixed Combination of Probiotics
and Herbal Extracts Attenuates Intestinal Barrier Dysfunc-
tion from Inflammatory Stress in an In vitro Model Using
Caco-2 Cells. Recent Pat Food Nutr Agric. 2019;10(1):62—
9.

3. de Vos WM, Tilg H, Van Hul M, Cani PD. Gut micro-
biome and health: mechanistic insights. Gut. 2022
May;71(5):1020-32.

4. Mohajeri MH, Brummer RJM, Rastall RA, Weersma RK,
Harmsen HIM, Faas M, Eggersdorfer M. The role of the
microbiome for human health: from basic science to clini-
cal applications. Eur J Nutr. 2018 May;57(Suppl 1):1-14.
doi: 10.1007/s00394-018-1703-4.

5. Holtmann G, Shah A, Morrison M. Pathophysiology of
Functional Gastrointestinal Disorders: A Holistic Over-
view. Dig Dis. 2017;35 Suppl 1:5-13.

6. Guzzetta KE, Cryan JF, O’Leary OF. Microbiota-Gut-Brain
Axis Regulation of Adult Hippocampal Neurogenesis.
Brain Plast. 2022 Oct;8(1):97-119.

7. Alizadeh N, Naderi G, Kahrizi MS, Haghgouei T, Mobed
A, Shah-Abadi ME. Microbiota-Pain Association; Recent
Discoveries and Research Progress. Curr Microbiol. 2022
Dec;80(1):29.

8. Lin B, Wang Y, Zhang P, Yuan Y, Zhang Y, Chen G. Gut
microbiota regulates neuropathic pain: potential mech-
anisms and therapeutic strategy. ] Headache Pain. 2020
Aug;21(1):103.

9. Ghoshal UC. Marshall and Warren Lecture 2019: A para-
digm shift in pathophysiological basis of irritable bowel
syndrome and its implication on treatment. J Gastroenterol
Hepatol. 2020 May;35(5):712-21.

10. Lakhan SE, Kirchgessner A. Neuroinflammation in
inflammatory bowel disease. J Neuroinflammation. 2010
Jul;7(1):37.

11. Vanuytsel T, Bercik P, Boeckxstaens G. Understanding
neuroimmune interactions in disorders of gut-brain interac-
tion: from functional to immune-mediated disorders. Gut.
2023 Apr;72(4):787-98.

12. Caviglia GP, Garrone A, Bertolino C, Vanni R, Bretto E,
Poshnjari A, et al. Epidemiology of Inflammatory Bowel
Diseases: A Population Study in a Healthcare District of
North-West Italy. J Clin Med. 2023 Jan;12(2):641.

13. Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W,
Benchimol EI, et al. Worldwide incidence and prevalence
of inflammatory bowel disease in the 21st century: a sys-
tematic review of population-based studies. Lancet. 2017
Dec;390(10114):2769-78.

14. Li E, Zhang Y. DNA methylation in mammals. Cold Spring
Harb Perspect Biol. 2014 May;6(5):a019133.

15. Seyedian SS, Nokhostin F, Malamir MD. A review of the
diagnosis, prevention, and treatment methods of inflamma-
tory bowel disease. ] Med Life. 2019;12(2):113-22.

16. Feuerstein JD, Cheifetz AS. Crohn Disease: Epidemiol-
ogy, Diagnosis, and Management. Mayo Clin Proc. 2017
Jul;92(7):1088-103.

17. Jansman FG, Sleijfer DT, de Graaf JC, Coenen JL, Brou-
wers JR. Management of chemotherapy-induced adverse
effects in the treatment of colorectal cancer. Drug Saf.
2001;24(5):353-67.

18. Langhorst J, Wulfert H, Lauche R, Klose P, Cramer H,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tinazzi et al.: Bowel inflammation and nutrient supplementation

Dobos GJ, et al. Systematic review of complementary and
alternative medicine treatments in inflammatory bowel
diseases. J Crohns Colitis. 2015 Jan;9(1):86—106.

Picardo S, Altuwaijri M, Devlin SM, Seow CH. Comple-
mentary and alternative medications in the management of
inflammatory bowel disease. Therap Adv Gastroenterol.
2020 May;13:1756284820927550.

Kvakova M, Kamlarova A, Stofilova J, Benetinova V,
Bertkova I. Probiotics and postbiotics in colorectal cancer:
prevention and complementary therapy. World J Gastroen-
terol. 2022 Jul;28(27):3370-82.

Ohland CL, Macnaughton WK. Probiotic bacteria and
intestinal epithelial barrier function. Am J Physiol Gastro-
intest Liver Physiol. 2010 Jun;298(6):G807-19.

Fijan S. Microorganisms with claimed probiotic properties:
an overview of recent literature. Int J Environ Res Public
Health. 2014 May;11(5):4745-67.

Gionchetti P, Rizzello F, Venturi A, Brigidi P, Matteuzzi D,
Bazzocchi G, et al. Oral bacteriotherapy as maintenance
treatment in patients with chronic pouchitis: a dou-
ble-blind, placebo-controlled trial. Gastroenterology. 2000
Aug;119(2):305-9.

Tamaki H, Nakase H, Inoue S, Kawanami C, Itani T,
Ohana M, et al. Efficacy of probiotic treatment with
Bifidobacterium longum 536 for induction of remission

in active ulcerative colitis: A randomized, double-blinded,
placebo-controlled multicenter trial. Dig Endosc. 2016
Jan;28(1):67-74.

Silva NO, Brito BB, Silva FA, Santos ML, Melo FF. Probi-
otics in inflammatory bowel disease: does it work? World J
Metaanal. 2020;8(2):54—66.

Banoth D, Wali MH, Bekova K, Abdulla N, Gurugubelli

S, Lin YM, et al. The Role of Oral Probiotics in Alle-
viating Inflammation, Symptom Relief, and Postoper-
ative Recurrence and Their Side Effects in Adults With
Crohn’s Disease: A Systematic Review. Cureus. 2023
Dec;15(12):e50901.

Al-Sadi R, Nighot P, Nighot M, Haque M, Rawat M, Ma
TY. Lactobacillus acidophilus Induces a Strain-specific
and Toll-Like Receptor 2-Dependent Enhancement of
Intestinal Epithelial Tight Junction Barrier and Protec-

tion Against Intestinal Inflammation. Am J Pathol. 2021
May;191(5):872-84.

Srivastava JK, Shankar E, Gupta S. Chamomile: A herbal
medicine of the past with bright future [Review]. Mol Med
Rep. 2010 Nov;3(6):895-901.

Khan I, Samson SE, Grover AK. Antioxidant Supplements
and Gastrointestinal Diseases: A Critical Appraisal. Med
Princ Pract. 2017;26(3):201-17.

Langhorst J, Frede A, Knott M, Pastille E, Buer J, Dobos
GJ, et al. Distinct kinetics in the frequency of peripheral
CD4+ T cells in patients with ulcerative colitis experienc-
ing a flare during treatment with mesalazine or with a herb-
al preparation of myrrh, chamomile, and coffee charcoal.
PLoS One. 2014 Aug;9(8):e104257.

Langhorst J, Varnhagen I, Schneider SB, Albrecht U, Ruef-
fer A, Stange R, et al. Randomised clinical trial: a herbal
preparation of myrrh, chamomile and coffee charcoal
compared with mesalazine in maintaining remission in
ulcerative colitis—a double-blind, double-dummy study.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Tinazzi et al.: Bowel inflammation and nutrient supplementation

Aliment Pharmacol Ther. 2013 Sep;38(5):490-500.

Kiela PR, Ghishan FK. Physiology of Intestinal Absorption
and Secretion. Best Pract Res Clin Gastroenterol. 2016
Apr;30(2):145-59.

Costantini A, Pala MI. Thiamine and fatigue in inflam-
matory bowel diseases: an open-label pilot study. J Altern
Complement Med. 2013 Aug;19(8):704-8.

Ghishan FK, Kiela PR. Vitamins and Minerals in Inflam-
matory Bowel Disease. Gastroenterol Clin North Am. 2017
Dec;46(4):797-808.

Roth B, Larsson E, Ohlsson B. Poor intake of vitamins and
minerals is associated with symptoms among patients with
irritable bowel syndrome. J Gastroenterol Hepatol. 2022
Jul;37(7):1253-62.

Feng Z, Hua J, Guo F, Liu Z, Zhao Y, Wu W. A retro-
spective analysis of vitamin B6 deficiency and associated
changes of gut microbes in Crohn’s disease. Eur J Clin
Nutr. 2023 Nov;77(11):1034-43.

Ligaarden SC, Farup PG. Low intake of vitamin B6 is
associated with irritable bowel syndrome symptoms. Nutr
Res. 2011 May;31(5):356-61.

Cocetta V, Giacomini I, Tinazzi M, Berretta M, Quagliari-
ello V, Maurea N, et al. Maintenance of intestinal epithelial
barrier integrity by a combination of probiotics, herbal
extract, and vitamins. Minerva Pediatr (Torino). 2023 May.
https://doi.org/10.23736/S2724-5276.23.07128-8.
Srinivasan B, Kolli AR, Esch MB, Abaci HE, Shuler ML,
Hickman JJ. TEER measurement techniques for in vitro
barrier model systems. J Lab Autom. 2015 Apr;20(2):107—
26.

Cocetta V, Governa P, Borgonetti V, Tinazzi M, Peron G,
Catanzaro D, et al. Cannabidiol Isolated From Cannabis
sativa L. Protects Intestinal Barrier From In Vitro In-
flammation and Oxidative Stress. Front Pharmacol. 2021
Apr;12:641210.

Catanzaro D, Rancan S, Orso G, Dall’Acqua S, Brun P,
Giron MC, et al. Boswellia serrata Preserves Intestinal Ep-
ithelial Barrier from Oxidative and Inflammatory Damage.
PLoS One. 2015 May;10(5):e0125375.

Suzuki T. Regulation of intestinal epithelial permeability
by tight junctions. Cell Mol Life Sci. 2013 Feb;70(4):631—
59.

Xu X, Zhang M, Liu X, Chai M, Diao L, Ma L, et al.
Probiotics formulation and cancer nanovaccines show syn-
ergistic effect in immunotherapy and prevention of colon
cancer. iScience. 2023 Jun;26(7):107167.

Palumbo VD, Romeo M, Marino Gammazza A, Carini

F, Damiani P, Damiano G, et al. The long-term effects of
probiotics in the therapy of ulcerative colitis: A clinical
study. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub. 2016 Sep;160(3):372-7.

CaiY, Liu P, Zhou X, Yuan J, Chen Q. Probiotics therapy
show significant improvement in obesity and neurobehav-
ioral disorders symptoms. Front Cell Infect Microbiol.
2023 May;13:1178399.

Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H,
Sasikala M, Nageshwar Reddy D. Role of the normal gut
microbiota. World J Gastroenterol. 2015 Aug;21(29):8787—
803.

Choden T, Cohen NA. The gut microbiome and the im-

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

307

mune system. Explor Med. 2022;3(3):219-33.

Zheng D, Liwinski T, Elinav E. Interaction between micro-
biota and immunity in health and disease. Cell Res. 2020
Jun;30(6):492-506.

Massironi S, Vigano C, Palermo A, Pirola L, Mulinacci G,
Allocca M, et al. Inflammation and malnutrition in inflam-
matory bowel disease. Lancet Gastroenterol Hepatol. 2023
Jun;8(6):579-90.

Burr AH, Bhattacharjee A, Hand TW. Nutritional Modula-
tion of the Microbiome and Immune Response. J Immunol.
2020 Sep;205(6):1479-87.

Shin K, Fogg VC, Margolis B. Tight junctions and cell
polarity. Annu Rev Cell Dev Biol. 2006;22(1):207-35.52.
Jones SE, Versalovic J. Probiotic Lactobacillus reuteri bio-
films produce antimicrobial and anti-inflammatory factors.
BMC Microbiol. 2009 Feb;9(1):35.

Weizman Z, Abu-Abed J, Binsztok M. Lactobacillus reuteri
DSM 17938 for the Management of Functional Abdominal
Pain in Childhood: A Randomized, Double-Blind, Place-
bo-Controlled Trial. J Pediatr. 2016 Jul;174:160-164.el.
Leccese G, Bibi A, Mazza S, Facciotti F, Caprioli F,
Landini P, et al. Probiotic Lactobacillus and Bifidobacte-
rium Strains Counteract Adherent-Invasive Escherichia
coli (AIEC) Virulence and Hamper IL-23/Th17 Axis in
Ulcerative Colitis, but Not in Crohn’s Disease. Cells. 2020
Aug;9(8):1824.

Miraj S, Alesaeidi S. A systematic review study of thera-
peutic effects of Matricaria recuitta chamomile (chamo-
mile). Electron Physician. 2016 Sep;8(9):3024-31.

Wang M, Firrman J, Liu L, Yam K. A Review on Flavonoid
Apigenin: Dietary Intake, ADME, Antimicrobial Effects,
and Interactions with Human Gut Microbiota. BioMed Res
Int. 2019 Oct;2019:7010467.

Nicholas C, Batra S, Vargo MA, Voss OH, Gavrilin

MA, Wewers MD, et al. Apigenin blocks lipopolysac-
charide-induced lethality in vivo and proinflammatory
cytokines expression by inactivating NF-kappaB through
the suppression of p65 phosphorylation. J Immunol. 2007
Nov;179(10):7121-7.

Vissiennon C, Goos KH, Arnhold J, Nieber K. Mecha-
nisms on spasmolytic and anti-inflammatory effects of a
herbal medicinal product consisting of myrrh, chamomile
flower, and coffee charcoal. Wien Med Wochenschr. 2017
May;167(7-8):169-76.

Hossain KS, Amarasena S, Mayengbam S. B Vitamins

and Their Roles in Gut Health. Microorganisms. 2022
Jun;10(6):6.

Yoshii K, Hosomi K, Sawane K, Kunisawa J. Metabolism
of Dietary and Microbial Vitamin B Family in the Regula-
tion of Host Immunity. Front Nutr. 2019 Apr;6:48.
Rowland I, Gibson G, Heinken A, Scott K, Swann J,
Thiele I, Tuohy K. Gut microbiota functions: metabolism
of nutrients and other food components. Eur J Nutr. 2017
Apr;57(1):1-24.

Tsai YL, Lin TL, Chang CJ, Wu TR, Lai WF, Lu CC, et

al. Probiotics, prebiotics and amelioration of diseases. J
Biomed Sci. 2019 Jan;26(1):3.

PanY, Liu Y, Guo H, Jabir MS, Liu X, Cui W, et al.
Associations between Folate and Vitamin B12 Levels and
Inflammatory Bowel Disease: A Meta-Analysis. Nutrients.



308 Tinazzi et al.: Bowel inflammation and nutrient supplementation

2017 Apr;9(4):382.

63.0u S, Wang H, Tao Y, Luo K, Ye J, Ran S, et al. Fusobac-
terium nucleatum and colorectal cancer: from phenom-
enon to mechanism. Front Cell Infect Microbiol. 2022
Nov;12:1020583.



