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Abstract: Waste represents a cost for companies, in particular for agro-food companies, which can
become a resource as a secondary material. In this work, we examine three products of olive-oil
waste water, named MOMAST® (Plus30, PW25, and HY100). Based on the chemical composition,
obtained with different methods, we hypothesized a possible application as food supplements in
irritable bowel syndrome (IBS). We therefore studied MOMASTs on some targets linked to this
pathology: antioxidant action and spontaneous and induced intestinal contractility of the ileum and
colon. Plus30, which showed a more promising biological of activity also for its oleuropein content,
was characterized by an interesting action against some microorganisms. The results highlighted
the ability of Plus30 to modulate spontaneous and induced contractility, to exert a good antioxidant
action, and to significantly act on various microorganisms. These effects are synergistic in the
presence of antibiotics. In conclusion, we can confirm that Plus30 could be a great candidate as a
food supplement in patients with IBS.

Keywords: irritable bowel syndrome; ileum and colon contractility; antimicrobial activity;
MOMAST plus30

1. Introduction

Irritable bowel syndrome (IBS) is a chronic disease characterized by intermittent
abdominal discomfort with diarrhea and constipation in patients without any abnormalities
of the digestive tract. This disease is characterized by frequent relapses, which have
a negative impact on patients” quality of life. In the last ten years, there has been an
increase of IBS incidence to almost 20% in Europe and America and to 10% in China.
Increasingly, 50-year-old women are affected by this disease [1,2]. Taking into account the
Rome 1V criteria, IBS is characterized by recurrent abdominal pain associated with the
following requirements: defecation, change in frequency of stool, and change in form of
stool. In addition, these criteria allow for the classification of patients with IBS according
to their predominant bowel habit into four categories: IBS with constipation (IBS-C),
IBS with diarrhea (IBS-D), mixed type (IBS-M), and unclassified. (IBS-U) [3]. To date,
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physiological mechanisms linked to IBS are unclear. However, different studies show
that altered intestinal microbiota, dysfunctional gastrointestinal motility, stress-induced
inflammation, visceral hypersensitivity, brain-gut neuronal axis defects, and psychological
factors can occur in IBS patients [1,2]. Furthermore, some evidence suggests that dysbiosis
contributes to the onset and symptomatology of IBS [4]. Subjects affected by IBS show
an opposite trend in bacteria level; in fact, there is a decrease in Bifidobacterium and
Lactobacillus strains and an increase in Firmicutes-to-Bacteroidetes ratio [5]. Moreover,
microbiota and its metabolites affect gastrointestinal (GI) motility, altering several pathways
involving enteric neurons, glia, or enteric muscularis macrophages. This change in GI
motility is one of the marks of IBS [6].

In recent years, the United States Food and Drug Administration (FDA) has approved
the use of aminosalicylates, corticosteroids, immunosuppressants, antibiotics motility regu-
lators, and biologic agents to treat IBS patients. On the other hand, the long-term intake of
these drugs provokes severe side effects [7]. Due to this, it is imperative to study a new
therapeutical approach that includes fecal microbiota transfer and holistic and integrative
medicine approaches [3]. Moreover, other strategies, such as diet-related and physical
activity-related lifestyle changes, have a positive impact on IBS treatment. [8] The scientific
literature shows that diets rich in plant-derived products with a high content of bioactive
compounds, mono/polyunsaturated fatty acids, and polyphenols decrease the incidence
of metabolic syndrome. In particular, polyphenols are widely available in different diets,
and they could act as a good method by which to treat a large amount of diseases [7,8].
Olea europea L. polyphenols, for example, have anti-inflammatory and anti-oxidative mech-
anisms [9] that could be used as adjuvant therapy in IBS [10]. Polyphenols stimulate the
microbiota composition playing as prebiotics, in particular, inhibiting pathogenic bacteria
growth, such as E. coli, and stimulating the probiotic bacteria, such as Bifidobacterium. They
establish a microbial equilibrium because they reach the colon without being absorbed in
the upper gastrointestinal region [11].

The olive tree (Olea europaea L.) has been identified as source of several botanical
drugs in traditional medicine; besides the fruit (olive), the leaves and the by-products of
the milling of the olives also contain, specifically, phenolic derivates, such as phenolic
acids, phenolic alcohols (hydroxytyrosol), flavonoids, and secoiridoids (oleuropein). These
compounds are involved in antihypertensive [12], antiatherogenic, anti-inflammatory, hy-
poglycemic, and hypocholesterolemic activities. A deep investigation related to off-target
effects on antihypertensive network target shows that olive leaf extract induces interesting
spasmolytic activity on ileum and proximal colon [13]. A recent study demonstrated the
intestinal anti-inflammatory properties of olive leaf extract experimental models of mouse
colitis, applying this waste for a potential application in IBS syndrome [14]. Thanks to these
phenolic compounds, including oleuropein, important mechanisms are developed, such as
the ability to restore the integrity of the intestinal barrier and the reduction of the expression
and/or production of proinflammatory cytokines induced by inflammatory stimuli [7].
The extract obtained from the leaves also combines an interesting effect on the modulation
of both spontaneous and induced intestinal contractility, an important target in the control
of this intestinal pathology [15]. The secondary metabolites are present also in waste that
comes from the production process of olive oil, such as wastewater olive oil and pomace.
Indeed, in many cases, various biological properties are associated with the waste resulting
from food processing [16]. In this work, we focused our attention on the olive-mill wastew-
ater (OMW), which for ages, has been considered hazardous waste; indeed, it is a potential
low-cost material that contains bioactive compounds, particularly phenolics, tocopherols,
and carotenoids, that can be used as a natural antioxidant for cosmetic, food, and pharma-
ceutical industries [17,18]. Some studies have already evaluated the potential biological
activity of OMW, and it has been revealed that it has antioxidant and anti-inflammation
effects [19], anti-angiogenic and chemopreventive effects [20], neuroprotective activity [21],
and cardio-vascular activity [22].
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Taking into account the aforementioned benefits, it is necessary to estimate the poten-
tial activities of OMW in intestinal inflammatory diseases. In particular, we explored the
possible application of some products obtained from wastewater olive oil (MOMAST®) as
therapeutic adjuvant of patients with this disease.

2. Materials and Methods
2.1. Wastewater Plant Material

A rich, polyphenolic liquid complex, which is derived from the mechanical filtration
process of wastewater olive oil, is produced from Apulian olive (Olea europaea L., mainly
Cultivar Coratina). Al MOMAST® (Plus30, HY100, and PW25) were provided by Bioenu-
tra SRL (Ginosa, Taranto, Italy), the partner of the testing. Plus30 and HY100 are liquid
complexes that differ in production process [23,24], while the PW25 is a solid complex that
comes from Plus30.

2.1.1. Chemical Analysis

HPLC-DAD analysis. For all MOMAST® (Plus30, HY100, and PW25), the analysis of
total phenolic compounds was performed according to the IOC official method [25]. HPLC-
DAD analysis was carried out with an HPLC 1200 (Agilent Technologies, Palo Alto, CA,
USA) equipped with a degasser, quaternary pump solvent delivery, thermo-stated column
compartment, and a diode array detector. Chromatographic separation was performed by
using SphereClone ODS (2), 5 um, 250 x 4.6 mm; the elution solvents were acidified H,O
by phosphoric acid (pH 3.2), CH3CN, and MeOH. The flow rate was 1 mL min~?!, with an
injection volume of 20 uL; the applied gradient was in accordance with the IOC method.
The area values were registered at 280 nm with syringic acid as the internal standard. The
results were expressed as mg of tyrosol per g of sample.

2.1.2. Determination of the Total Phenolic Content (TPC)

The total amount of polyphenols in the MOMAST® was determined according to
the slightly modified procedure of Blainski [26]. Briefly, 50 uL of each sample was mixed
with 50 pL of Folin—Ciocalteu reagent, 50 uL of MeOH, and 250 uL of water. After 5 min,
200 puL of sodium carbonate (20%) and 400 uL of water were added. The final mix was
incubated at 30 °C for 90 min. The absorbance of each sample was measured at 700 nm
(Perkin Elmer, Lambda Bio 20, Boston, MA, USA). Gallic acid, in different concentrations
(0.025-0.200 mg/mL), was applied as the reference standard; a blank was prepared by
using MeOH instead of the samples and the standard. The TPC value was expressed as
milligrams of a gallic acid equivalent (GAE) per g of MOMAST® (mg GAE/g).

Chemicals and Reagents. MeOH, Folin—Ciocélteu reagent, gallic acid, ascorbic acid,
sodium carbonate, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azobis(2-amidinopropane)
dihydrochloride (AAPH), 2,4,6-tris(2-pyridyl)-s-triazine 98%, and 6-hydroxy-2,5,7,8-
tetramethyl chromane 2-carboxylic acid (Trolox) were purchased from Sigma-Aldrich (Mi-
lan, Italy). Formic acid, acetonitrile, and HPLC-grade water used for HPLC analyses were
purchased from Sigma-Aldrich (Milano, Italy). Norfloxacin and rifaximin were purchased
by Sigma-Aldrich SRL (Milan, Italy). The culture media used are Mueller Hinton Broth
(Oxoid, Rodano, Milano, Italy) and Mueller Hinton Agar (Oxoid, Rodano, Milano, Italy).

2.2. Antioxidant Activity

DPPH assay. The DPPH radical scavenging assay was determined using the method
reported in Clodoveo et al. [27], with some modifications. Briefly, 650 uL of each sample
was mixed with 350 pL. of DPPH in methanol to obtain a final concentration of 100 uM. The
mixture was then vortexed and incubated at 30 °C for 30 min in the dark. The reduction of
DPPH was measured at 517 nm using a UV-vis spectrophotometer (Lambda Bio 20, Perkin
Elmer, Milano, Italy) Gallic acid, in different concentrations (04 ng/mL), was applied
as the reference standard; a blank was prepared by using MeOH instead of the samples
and the standard. The results of the DPPH assay were expressed as SCs values (ng/mL
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necessary for 50% reduction of the DPPH radical) &= SD, which were derived from the
curve to different concentrations of a sample.

2.3. Ex Vivo Contractility Studies
2.3.1. Animals

Guinea pigs of either sex (200-400 g) obtained from Charles River (Calco, Como, Italy)
were used. The animals were housed according to the ECC Council Directive regarding
the protection of animals used for experimental and other scientific purposes (Directive
2010/63/EU of the European Parliament and of the Council) and the WMA Statement on
Animal Use in Biomedical Research. All procedures followed the guidelines of animal care
and use committee of the University of Bologna (Bologna, Italy). The ethical committee
authorization was reported and numbered as “Protocol PR 21.79.14” by the Comitato Etico
Scientifico for Animal Research Protocols according to D.L. vo 116/92.

Guinea pig ileum. As previously described [28], the terminal portion of the ileum
(34 cm near the ileo-caecal junction) was cleaned, and segments 2-3 cm long of ileum were
set up under 1 g tension at 37 °C in organ baths containing Tyrode solution of the following
composition (mM): NaCl, 118; KCl, 4.75; CaCl,, 2.54; MgSOy-7H,0, 1.20; KH,PO4-2H,0,
1.19; NaHCO3 25; and glucose 11. The two segments obtained (2-3 cm) were set up under
1 g tension in the longitudinal direction along the intestinal wall. Tissues were allowed to
equilibrate for at least 30 min, during which time the bathing solution was changed every
10 min.

Guinea pig proximal colon. Starting approximately 1 cm distal from the caecocolonic
junction, two segments of about 1 cm of the guinea pig proximal colon was cut. The
proximal colon was cleaned by rinsing with De Jalon solution of the following composition
(mM): NaCl, 155; KCl, 5.6; CaCly, 0.5; NaHCO3, 6.0; and glucose, 2.8; and the mesenteric
tissue was removed. The two segments were suspended in organ baths containing gassed,
warm De Jalon solution under a load of 1 g maintained at 37 °C. Tension changes in
longitudinal muscle length were recorded. Tissue were allowed to equilibrate for at least
30 min, during which time the bathing solution was changed every 10 min [29].

2.3.2. Spontaneous Contractility

Ileum and proximal colon tracing graphs were recorded: after equilibration, cumu-
lative concentration-response curves of extracts were constructed using Papaverine as
positive control.

At the end of each single concentration, a 5 min stationary period was selected, and
for each interval, the following parameters were evaluated: mean contraction amplitude
(MCA), calculated as the mean force value (g); the force contractions standard deviations,
considered as an index of the spontaneous contraction variability (SCV); and basal spon-
taneous motor activity (BSMC), calculated as the percentage (%) variation of each mean
force value (g) with respect the control. The absolute powers of the following frequency
bands of interest—low (0.0, 0.2) Hz (LF), medium (0.2, 0.6) Hz (MF), and high (0.6, 1.0) Hz
(HF) [5]—were then calculated. The PSD percentage (%) variations for each band of interest
with respect to control were estimated [28].

2.3.3. Induced Contractility

Calcium channel-blocking activity. The spasmolytic activity was studied using high
K* concentration as previously described [28]. Briefly, after the equilibration period, guinea
pig aortic strips were contracted by washing in PSS containing 80 mM KCl (equimolar
substitution of K* for Na*). When the contraction reached a plateau (about 45 min or
15 min, respectively), different concentrations of the MOMAST® (0.01-10.0 mg/mL) or
Papaverine (0.1-100 uM) were added cumulatively to the bath, allowing for any relaxation
to obtain an equilibrated level of force. Tension changes in smooth muscle relaxation by
acting on L-type calcium channels were recorded isometrically.
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Hj-receptor antagonism activity. Using ileum tissue, we tested the activity of
MOMASTs against Hj-receptor. Concentration-response curves were constructed by cu-
mulative addition of the agonist (Histamine). The concentration of agonist in the organ bath
was added only after the response to the previous addition had attained a maximal level and
remained steady. Contractions were recorded by means of displacement transducer (FT. 03,
Grass Instruments, Quincy, MA, USA) using Power Lab software (ADInstruments Pty Ltd.,
Castle Hill, Australia). In all cases, parallel experiments in which tissues did not receive any
antagonist were run in order to check any variation in sensitivity. Concentration-response
curves to agonist were obtained at 30 min intervals, the first one being discarded and the
second one taken as control. Following incubation with the antagonist (MOMASTs), a new
concentration-response curve to agonist was obtained. Papaverine has taken as reference
compound. Tension changes were recorded isotonically.

2.3.4. Statistical Analysis

Comparisons between spontaneous contraction amplitudes at different concentrations
were performed by one-way ANOVA with Bonferroni’s correction and after the assessment
of the data normality through a Kolmogorov-Smirnov Test. Differences with p < 0.05
were considered statistically significant. All data of induced contractility are presented
as mean £ SD or 95% confidence limits. In all comparisons, a p-value less than 0.05 was
considered significant.

For the inhibition of contraction induced by K* (80 mM), the potency was calculated
from concentration-response curves. Data were analyzed using Student’s f-test and are
presented as mean + SD [30]. Since the drugs were added in cumulative manner, the differ-
ence between the control and the experimental values at each concentration were tested for
a p-value < 0.05. The potency of drugs defined as ICsy was evaluated from concentration-
response curves (Probit analysis using Litchfield and Wilcoxon [30] or GraphPad Prism®
software [31,32]) in the appropriate pharmacological preparations.

For Hj-antagonist activity, three different MOMAST® or Papaverine concentrations
were always used, and each of them was tested at least four times in at least three different
guinea pig ileum preparations. Antagonist activity of each MOMAST® or Papaverine
toward Hj-receptors was estimated by determining the concentration of each extract that
inhibited 50% of the maximum response evoked by histamine and reported as ICs( [31]. The
potency of MOMASTSs or Papaverine, reported as ICsg, was calculated from concentration-
response curves obtained by plotting the concentration of each extract vs. the percent of
relaxant activity [30].

Statistical significance was assessed by using ANOVA followed by Dunnett post
hoc test [31,32].

2.4. Antimicrobial Activity
2.4.1. Microorganisms

The antibacterial activity was tested against many bacterial strains, taking into con-
sideration both gram-positive and gram-negative bacteria, and including several strains
belonging to the American Type Culture Collection (ATCC, Rockville, MD, USA) or de-
rived from clinical isolation. Strains from the ATCC were Bacillus cereus ATCC 10876,
Staphylococcus aureus ATCC 6538P, Staphylococcus aureus ATCC 29213, Staphylococcus aureus
ATCC 43300 (MRSA), Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212,
Escherichia coli ATCC 25922, Escherichia coli ATCC 35218, Klebsiella pneumoniae ATCC 13883,
Acinetobacter baumanni ATCC 19606, and Pseudomonas aeruginosa ATCC 27853.

Clinical isolates. All the isolates were from patients admitted to the intensive care
unit of the Department of Biomedical Science and Human Oncology, University of Bari,
Italy. The isolation and identification procedures were conducted at the Hygiene Section
of the Department. Using conventional physiological and morphological methods (API
systems), the strains were identified as Staphylococcus aureus 23, Staphylococcus aureus 24,
Staphylococcus aureus DEL, Staphylococcus aureus IAC, Staphylococcus aureus TER, Enterococcus
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faecalis 1011, Enterococcus faecalis 2011, Enterococcus faecalis BS, Escherichia coli ESBL BS,
Citrobacter freundii 1G, and Proteus mirabilis 1G. Multi-drug-resistant (MDR) clinical isolates
were Acinetobacter baumannii BS and Klebsiella pneumoniae BS. The clinical strains come from
different patients with disparate pathologies.

All strains were grown and maintained on Mueller Hinton agar (Oxoid, Italy) at 37 °C.

Preparation of the stock solution. MOMAST® preparation: 1 mL stock solution was
added to 4mL MHB, obtaining the concentration solution 260 mg/mL. Rifaximin prepa-
ration: solubilization of 6mg of Rifaximin in 2 mL of DMSO and dilution 1:30 obtaining
Rifaximin 100 pug/mL.

2.4.2. Agar Disk-Diffusion Method

This procedure, recommended by Clinical and Laboratory Standards Institute (CLSI) [33],
means that agar plates are inoculated with a standardized inoculum of the test microor-
ganism. Then, two filter paper discs, one containing 20 pL. of MOMAST® concentration
solution (260 mg/mL) and other one containing 20 uL of Norfloxacin, are placed on the
agar surface. The Petri dishes are incubated under suitable conditions. In general, antimi-
crobial agent diffuses into the agar and inhibits growth of the microorganism and then the
diameters of inhibition growth zones are measured.

Moreover, this method is not used to determine the Minimum Inhibitory Concentra-
tion (MIC) since it does not allow to quantify the antimicrobial agent diffused into the
agar medium.

2.4.3. Determination of the Minimum Inhibitory Concentration (MIC)

The Minimum Inhibitory Concentration (MIC) was determined by the broth microdilu-
tion method as recommended by CLSI [33]. A bacterial sample was taken from previously
cultured Petri dishes and diluted in test tubes containing 3 mL of MHB (Mueller Hinton
Broth, Sigma-Aldrich, St. Louis, MO, USA). Then, serial dilutions were performed with
100 pL of the test solutions to obtain concentrations range from 130 to 0.1 mg/mL for
MOMAST® and from 50 to 0.05 pg/mL for Rifaximin until the penultimate well and the
last one were able to control microbial growth [34]. The plates were then incubated at 35 °C
for 24 h. The MIC was defined as the lowest concentration at which no microbial growth
was observed. MIC determinations were realized in triplicate in three independent assays.

2.4.4. FICI Determination

MIC data of the Rifaximin and MOMAST® were converted into Fractional Inhibitory
Concentration (FIC), determined by using the formula FIC = (MICA combination/MICA
alone). MIC values for the MOMAST®—Rifaximin were defined as the lowest concentra-
tion at which no visible growth of the microbial strains could be detected compared to their
growth in the control well as described in Eucast document [35].

2.4.5. Microdiluition Checkerboard Method

In the combination assays, the checkerboard procedure described by White et al. [36]
was followed to evaluate the synergistic action of the MOMAST® and Rifaximin. This
method was used to mix each concentration of Rifaximin with the appropriate concentra-
tions of Plus30 in order to obtain a series of combinations between the two substances. In
our experimental protocol, the substance combinations were analyzed by calculating the
FIC index (FICI) as follows: FIC of the MOMAST?®, plus FIC of the Rifaximin. Overall, the
FICI value was interpreted as: a synergistic effect when <0.5; an additive or indifferent
effect when >0.5 and <1; an antagonistic effect when >1 [36].

The concentrations made for the MOMAST® are constituted for 40%, 20%, 10%, 5%,
2.5%, 1.25%, 0.6%, and 0.3% of the MIC value and 25%, 12.5%, 6.25%, 3.12%, 1.56%, 0.8%,
0.4%, and 0.2% of the MIC value for the antibiotic.
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3. Results
3.1. Chemical Composition of MOMASTs

Total Polyphenol Content (TPC) of MOMAST® (Plus30, HY100, and PW25), deter-
mined by Folin-Ciocalteu assay, was carried out considering the absorbance of each sample
at 700nm and the gallic acid standard solution calibration curve: y = 5.5923x — 0.0005.
Table 1 shows that the MOMAST® Plus30 (85.61 + 2.33) has the highest absolute value of
TPC, followed by MOMAST® HY100 (53.4 + 1.21) and MOMAST® PW25 (29.31 £ 0.62).

Table 1. Total phenolic and antioxidant activity of MOMAST® (Plus30, HY100, and PW25).

MOMAST® TPC? Total Phenols P Hydroxytyrosol P Tyrosol © Oleuropein P
Plus30 85.61 £2.33 36.9 £0.19 25.88 +0.11 5.04 £ 0.02 1.80 = 0.20
HY100 70.54 £1.95 53.4+1.21 38.32 +0.03 8.40 £0.03 -
PW25 0.48 £ 0.01 29.31 £ 0.62 21.46 +£0.03 3.20 £ 0.01 -

2 Total Phenolic Content, expressed as mg Gallic Acid Equivalent GAE/g MOMAST®. ® The amount as expressed
as mg Tyr/g MOMAST®. Values represent means + SD with p < 0.05 (1 = 3).

The chemical composition of all MOMAST® (Plus30, HY100, and PW25), obtained
by HPLC-DAD analysis, is reported in Table 1. The most abundant phenols in each sample
are hydroxytyrosol and tyrosol; only in MOMAST® Plus30 did we identify oleuropein, a
compound known to have a great deal of biological activity [37-40].

3.2. Antioxidant Activity

The antioxidant activities of MOMAST® (Plus30, HY100, and PW25) were evaluated
using the DPPH assay.

The DPPH radical scavenging activity of MOMAST® was dose dependent as shown in
Figure 1, and the results, expressed as SCsy, are reported in Table 2 with those of gallic acid
(GA) taken as reference compound. HY100 (4.65 pg/mL) showed the highest antioxidant
activity, followed by Plus30 (5.44 ng/mL), while PW25 (6.29 pg/mL) showed the lower
activity. Interestingly, gallic acid, taken as a positive control, is only about two times more
potent than MOMAST® (HY100: 1.6, Plus30: 1.9, and PW25: 2.2 times, respectively) as
radical scavenging. These data are particularly important, as gallic acid is a single molecule,
while the components of MOMAST® are mixtures of compounds as proof of their strong
antioxidant action.

gﬂ]ﬂ'
.E."' %
=
g

a0
g —e— Plus30
= 75- +HY1DD
L)
= —e— PW25
3

M I 11 rrrrrrri
0 3 B 9 12 15 18 1
Concentration (pg/mL)

Figure 1. Cumulative dose-response curves of free radical scavenging activity of MOMAST® (Plus30,
HY100, and PW25) measured using DPPH test. Each point is the mean + SD (n = 5-6). * p < 0.01
HY100 vs. Plus30 and PW25 (ANOVA followed by Dunnett post hoc test). When error bars are not
shown, these are covered by the point.
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Table 2. Antioxidant activity of MOMASTSs.

DPPH 2
Plus30 5.44 4+ 0.30
MOMAST® HY100 465+ 022
PW25 6.29 -+ 0.05
GA?Y 2.85 + 0.01

2 5Cs, radical scavenging activity [concentration expressed in pg/mL necessary for 50% reduction of 2,2-Diphenyl-
1-Picrylhydrazyl (DPPH) radical]. Values represent means + SD with p < 0.05. ® Gallic Acid positive control.

3.3. Effect on lleum and Colon Ex Vivo Contractility
3.3.1. Induced

All MOMAST® and Papaverine, taken as a positive control, were studied for their
spasmolytic effects on the contraction induced by 80 mM potassium. In these experimental
conditions, it is possible to verify the ability of MOMAST® to interfere with the movements
of the calcium through the dedicated channels [12]. As can be seen from the data collected
in Table 3, Plus30 is the most interesting extract, as it is active both on the ileum and on the
colon. The spasmolytic action is significantly different from that of HY100 both on the ileum
and on the colon. As for PW25, it has an action on ileum with a potency not significantly
different from Plus30 but has no significant effects on the colon, and the intrinsic activity is,
in fact, 15% at the maximum concentration studied.

Table 3. Activity of MOMAST® (Plus30, HY100, and PW25) on K* (80 mM) induced contraction.

Ileum Colon
.. ICsq P 95% . ICsq 7 95%
® a 50 a 50
MOMAST Activity (mg/mL) conf lim Activity (mg/mL) conf lim
Plus30 81+ 2.7 2.30 1.10—2.80 75+39 2.02 1.93-2.51
HY100 76 £3.9 4.26 3.10—5.18 92 +24 3.56 2.78—3.70
PW25 92 +24 1.15 0.96—1.37 15+1.2
®)
68 + 3.3 0.0026 0.0022-0.0027 80 +£4.1 0.00038 0.00033-0.00046
(0.0037 mg/mL) (mg/mL) (mg/mL) (0.011 mg/mL) (mg/mL) (mg/mL)
6.86 5.96-6.34 1.02 0.89-1.24
10 uM 8 uM
{ony (M) (1M) Gu) (1M) (M)

? Percent inhibition of calcium-induced contraction on K*-depolarized (80 mM) guinea pig ileum and proximal
colon strips at 10 mg/mL concentration presented as mean + SD with p < 0.05. If the maximum effect is obtained
at a different concentration, it is indicated in parentheses. b Calculated from concentration-response curves (Probit
analysis by Litchfield and Wilcoxon [30] with # = 6—7). When the maximum effect was <50%, the ICs( values
were not calculated.

Figure 2 highlights how all MOMAST® compounds respond in a concentration-
dependent manner as the reference compound.

All extracts have been studied for their ability to block the H;-histaminergic receptor.
The experiments were conducted on isolated guinea pig ileum. All extracts were studied at
1mg/mL. The results are shown in Figure 3 together with those obtained with Papaverine
(0.01 mg/mL) taken as a positive control. As can be seen, all MOMAST® compounds
have a weak, non-competitive antagonist action against the Hj-histaminergic receptor,
with effects of around 30%; in particular, we recorded these values: Plus30 (24.0 & 1.5),
HY100 (32.0 & 1.4) and PW25 (39.0 £ 2.9). Papaverine inhibits the contraction induced
by histamine by 81.0 + 2.7 at 0.01 uM. Although MOMAST® compounds are less potent
than Papaverine, their effects are reversible with 30 min of washing, similarly as for the
reference compound (data not shown).
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Figure 2. Cumulative concentration-response curves for MOMAST® (Plus30, HY 100, and PW 25)
on K* (80 mM)—induced contraction on isolated guinea pig ileum (A) and proximal colon (B).
Cumulative concentration-response curves curve for Papaverine on ileum and proximal colon (C).
Each point is the mean =+ SD (n = 5-6). * p < 0.01 PW25 vs. Plus30 and HY100. ** p < 0.05 PW25 vs.
Plus30 and HY100 (ANOVA followed by Dunnett post hoc test). Where error bars are not shown,

these are covered by the point itself.

100__ -e- Control
« 804 ® Plus30
2 PW 25 :
(8) .
g %1 - HP 100
§ 404 -e- Papaverine
°\° 20_
0—_ o0 o5 %
| T |||||||| T |||||||| T |||||||| T ||||||||
9 8 7 6 5

log [Histamine] (M)

Figure 3. Effect of MOMAST® (Plus30, HY100, and PW25) and Papaverine on histamine-induced
contraction on isolated guinea pig ileum. Cumulative dose-response curves were obtained before
and after exposure to MOMAST® compounds (1 mg/mL) and Papaverine (0.01 pM) for 30 min.
Activity on Hj-receptor was expressed as % of inhibition at indicated concentration of histamine-
induced contraction (Probit analysis by Litchfield and Wilcoxon, with n = 4-6) [30]. Each point is
the mean £ SD (n = 5-6). * p < 0.05 PW25, Plus30, HY100, and Papaverine vs. control. (ANOVA
followed by Dunnett post hoc test). When error bars are not shown, these are covered by the point.

3.3.2. Spontaneously

The MOMAST® compounds were studied for their effects on ileum and colon sponta-
neous contractility using Papaverine as a positive control [41].

Ileumn. All MOMAST® compounds raised the tone (Figure 4). In particular, Plus30
increased up to a concentration of 1 mg/mL and then remained almost constant. For
HY100 and PW25, the tone increased significantly for almost all concentrations. Papaverine
did not bring significant changes in the tone of the ileum smooth muscle (Figure 5). As
for the waves of peristalsis (PSD), MOMAST® compounds behave in a different way.
Plus30 has a biphasic behavior: up to 1 mg/mL the frequencies increase, while at higher
concentrations, a decrease in tone is observed. Both HY100 and PW25 cause an increase in
the mid frequencies.
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Figure 4. Experimental original recording of the concentration-response curve of MOMAST®
(Plus30, HY100, and PW25) on spontaneous ileum basal contractility. (a) Spontaneous contrac-
tion (SC) signals for each concentration; (b) mean contraction amplitude (MCA) and spontaneous
contraction variability (SCV), represented as error bars in the MCA plot and contraction percentage
variation with respect to the control (BSMA) for each considered condition; not significant differences
(p > 0.05) between MCAss at different concentrations are reported in the graph. All the comparisons
not reported are to be considered significant (p < 0.05); (c) absolute powers (PSD) of the different
bands of interest (LF: (0.0, 0.2) Hz; MF: (0.2, 0.6) Hz; HF: (0.6, 1.0) Hz) and PSD% variations with
respect to the control phase.
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Figure 5. Experimental original recording of the concentration-response curve of Papaverine on
spontaneous ileum basal contractility. (a) Spontaneous contraction (SC) signals for each concentration;
(b) mean contraction amplitude (MCA) and spontaneous contraction variability (SCV), represented
as error bars in the MCA plot and contraction percentage variation with respect to the control (BSMA)
for each considered condition; not significant differences (p > 0.05) between MCAs at different
concentrations are reported in the graph. All the comparisons not reported are to be considered
significant (p < 0.05); (c) absolute powers (PSD) of the different bands of interest (LF: (0.0, 0.2) Hz;
MF: (0.2, 0.6) Hz; HF: (0.6, 1.0) Hz) and PSD% variations with respect to the control phase.

Colon. All MOMAST® compounds cause a decrease in tone up to a concentration
of 1 mg/mL (Figure 6). Papaverine also significantly reduces tone in a concentration-
dependent manner (Figure 7). Al MOMAST® compounds in general reduce PSD, with
important effects at concentrations higher than 0.5 mg/mL. Papaverine reduces all frequen-
cies until 1 mg/mL.
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Figure 6. Experimental original recording of the concentration-response curve of MOMAST®
(Plus30, HY100, and PW25), on spontaneous proximal colon basal contractility. (a) Spontaneous con-
traction (SC) signals for each concentration; (b) mean contraction amplitude (MCA) and spontaneous
contraction variability (SCV), represented as error bars in the MCA plot and contraction percentage
variation with respect to the control (BSMA) for each considered condition; not significant differences
(p > 0.05) between MCAss at different concentrations are reported in the graph. All the comparisons
not reported are to be considered significant (p < 0.05); (c) absolute powers (PSD) of the different
bands of interest (LF: (0.0, 0.2) Hz; MF: (0.2, 0.6) Hz; HF: (0.6, 1.0) Hz) and PSD% variations with
respect to the control phase.



Nutrients 2022, 14, 1264

13 of 21

SC - Colon
——Papaverine
070 0.1 uM 0.5 uM 1.0 pM 5.0 uM 10.0 uyM
0.60 0.038 ug/ml 0.188 pg/ml 0.376 ugfml 1.879 pg/ml 3.76 pg/ml
2
‘S‘ 040 Wm W
g
= 030
=]
“ 020
0.10
0.00
0 340 680 1020 1360 1700 2040
Time (s)
MCA+ SVC - Colon BSMA - Colon
@ Papaverine ® Papaverine
0.70 0 ®
0.60 -3
®
2,050 % 10 .
= i } s 5 -15 =
g o040 2
: % (b)
£030 ¢ 5
5] X -25
o
0
0.20 5 -
0.10 .35
[ ]
0.00 40
CIR  O0lpM O05pM 1OuM 50pM 10.0 pM CIR  0OlpM 05pM 10uM 50uM 100 pM
(0038 (0188 (0376 (1879 (376 {(0.038 (0188 (0376 (1879 (376
pg'mly  pg'mly  pgmb) pgml)  pg/ml) peml)  pgml)  wg'ml)  pgml)  pgmly
PSD - Colon - Papaverine PSD variation - Colon - Papaverine
0.0012 20
u
0.0010 0 B
_0.0008 - 20 -
5 0.0006 ‘5 40 A (C)
: : .
# 0.0004 = 60 ‘
: E [ A
]
0.0002 -80 ® e
I ®
0.0000 - - - - -100
CIR 0luM 05uM 10puM 50pM 10.0 pM CTR  01lpuM 05pM 10pM 50puM 10,0 pM
(0.038 (0188 (0.376 (1879 (3.76 0038 (0188 (0376 (1.879 (3.76
pg/mh) pg/mb)  pg/ml)  pg'mb  pg'mb) g/mly  pgmb pg/ml)  pgmby pgiml)
BLF mMF wHF BLF eMF AHF

Figure 7. Experimental original recording of the concentration-response curve of Papaverine on
spontaneous proximal colon basal contractility. (a) Spontaneous contraction (SC) signals for each
concentration; (b) mean contraction amplitude (MCA) and spontaneous contraction variability (SCV),
represented as error bars in the MCA plot and contraction percentage variation with respect to the
control (BSMA) for each considered condition; not significant differences (p > 0.05) between MCAs
at different concentrations are reported in the graph. All the comparisons not reported are to be
considered significant (p < 0.05); (c) absolute powers (PSD) of the different bands of interest (LF: (0.0,
0.2) Hz; MF: (0.2, 0.6) Hz; HF: (0.6, 1.0) Hz) and PSD% variations with respect to the control phase.

The results related to ileum and colon spontaneous contractility are summarized
in Table 4.
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Table 4. Summary of the effects of MOMAST® on ileum and colon spontaneous contractility.

MOMAST® Parameter Ileum Colon
Contraction Increases significantly from Decreases significantly
amplitude 0.5 mg/mL up to 1.0 mg/mL,
Mg then returns to initial values
Increases up to 0.5 mg/mL, Increases at 0.Img/mL,
Plus30 LF Band Power then decreases then decreases
Slightly increases at Increases at 0.Img/mL,
MEF Band Power 0.1lmg/mL, then decreases then decreases
HF Band Power Increases significantly from . oes from 0.1 mg/mL
0.5 mg/mL
Contraction Increases significantly Slightly decreases
amplitude with concentration up to 5.0 mg/mL
HY100 MF Band Power Increases up to 5.0 mg/mL ~ Decreases from 5.0 mg/mL
HF Band Power No important modifications  Decreases from 5.0 mg/mL
LF Band Power No important modifications  Decreases from 5.0 mg/mL
Contraction Increases at 0.1 mg/mL, Decreases from 0.1 me /mL
amplitude then decreases L ms
LF Band Power e EHIAL /A, Increases up to 1 mg/mL
PW25 then decreases
MF Band Power Increases at 0.1 mg/mL, Decreases up to 5.0 mg/mL
then decreases
HF Band Power Increases at 0.1 mg/mL, Decreases signifiqantly
then decreases with concentration
Contraction Not significant Decreases significantly
amplitude modifications with concentration
LF Band Power Slightly dﬁcrea}ses up to Decreﬁses. up to 5.0 uM,
Papaverine 0.5 pILM, then m(;g_lases - then 1ncr$asle% -
ncreases wi ecreases up to 1.0 uM,
I8! B ot concentration then increases
HF Band Power No important modifications Decreases up to 5.0 uM

then increases

3.4. Effect of MOMAST® Plus30 against Bacteria

Given the behavior of the MOMAST®, given their composition, and taking into
account that the PW25 does not exert significant actions on the colon, the antimicrobial
activity was first assessed only on Plus 30. The bacteria were analyzed for susceptibility
to Plus30 by using the agar disk diffusion method, which was performed according to
procedure M7 A10 from the CLSI [33]. Through agar diffusion, Plus30 produced inhibition
zones against all strains (Table 5). The most sensitive strains are Staphylococcus aureus both
ATCC and clinical isolation.

Table 5. Antimicrobial activity of MOMAST® Plus30 and Norfloxacin against both strains ATCC

and clinical isolation.

Strain Plus30? Norfloxacin 2
ATCC
Gram +
Bacillus cereus (10876) 2.1 1.9
Enterococcus faecalis (29212) 2.0 1.9
Staphylococcus aureus (25923) 25 2.2
Staphylococcus aureus (29213) 2.5 2.1
Staphylococcus aureus (43300) 2.5 2.0
Staphylococcus aureus (6538P) 2.5 2.3
Gram —

Acinetobacter baumannii (19606) 1.6 1.5
Escherichia coli (25922) 1.9 3.0
Escherichia coli (35218) 1.9 2.8

Klebsiella pneumoniae (13883) 1.8 1.6

Pseudomonas aeruginosa (27853) 1.8 2.5
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Table 5. Cont.

Strain Plus30 2 Norfloxacin ?
Clinical isolation P

Gram +
Enterococcus faecalis BS 1.9 2.0
Enterococcus faecalis RM 1011 1.8 2.0
Enterococcus faecalis RM 2011 1.8 2.0
Staphylococcus aureus 23 2.0 2.0
Staphylococcus aureus 24 2.0 2.0
Staphylococcus aureus DEL 2.0 2.0
Staphylococcus aureus IAC 2.0 2.0
Staphylococcus aureus TER 2.0 2.0

Gram —
Acinetobacter baumannii BSR 15 1.5
Citrobacter freundii BS 1.9 1.5
Escherichia coli ESBL 1.0 2.5
Klebsiella pneumoniae BSR 1.2 1.6
Proteus mirabilis BS 1. 14

2 Inhibition zone diameter (expressed as cm). ® The acronyms refer to the disease of the patients from which the

microorganisms were taken.

3.4.1. Determination of the Minimum Inhibitory Concentration (MIC)

The results of a minimum inhibitory concentration of Plus30 and control (Rifaximin)
are shown in Table 6. ATCC strains respond better than strains from clinical isolation, and

rifaximin values are in line with international protocols [33].

Table 6. Minimum Inhibitory Concentration (MIC) of Plus30 and control.

. Plus30 Rifaximin
Strain (mg/mL) (ug/mL)
ATCC
Gram +
Bacillus cereus (10876) 16.20 0.05
Enterococcus faecalis (29212) 16.20 0.05
Staphylococcus aureus (25923) 4.00 0.10
Staphylococcus aureus (29213) 4.00 0.05
Staphylococcus aureus (43300) 2.00 3.12
Staphylococcus aureus (6538P) 2.00 0.05
Gram —

Acinetobacter baumannii (19606) 16.20 12.50
Escherichia coli (25922) 32.50 6.25
Escherichia coli (35218) 32.50 6.25

Klebsiella pneumoniae (13883) 4.00 12.50

Pseudomonas aeruginosa (27853) 32.50 6.25

Clinical isolation 2

Gram +
Enterococcus faecalis BS 16.20 0.40
Enterococcus faecalis RM 1011 16.20 0.10
Enterococcus faecalis RM 2011 16.20 0.10
Staphylococcus aureus 23 32.50 0.40
Staphylococcus aureus 24 32.50 0.40
Staphylococcus aureus DEL 32.50 0.02
Staphylococcus aureus IAC 32.50 0.05
Staphylococcus aureus TER 32.50 0.05

Gram —
Acinetobacter baumannii BSR 65.00 25.00
Citrobacter freundii BS 32.50 12.50
Escherichia coli ESBL 32.50 6.20
Klebsiella pneumoniae BSR 65.00 25.00
Proteus mirabilis BS 16.20 6.20

2 The acronyms refer to the disease of the patients from which the microorganisms were taken.
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3.4.2. FICI Determination

Best results are achieved in synergy between Plus30 and Rifaximin (Table 7). Indeed,
the data obtained clearly show a significant reduction in antibiotic concentration when used
in combination with Plus30. The MICgyj values of Rifaximin in association with Plus30 are
reduced, for most of the cases, by 500 times. These results underlined the large reduction
of the quantities of Rifaximin and Plus30 used to achieve the association with respect to
the quantity of the substances used alone to inhibit the strains.

Table 7. FICI characterized by the synergy of Rifaximin and Plus30.

. Plus30 Rfx Plus30 Rfx Reduction Reduction
Strain (mg) (ng) % % FICI Plus30 Rfx
ATCC
Gram +
Bacillus cereus (10876) 16.25 0.05 5.00 0.20 0.05 20.00 500.00
Enterococcus faecalis (2921) 16.25 0.05 1.25 0.20 0.01 80.00 500.00
Staphylococcus aureus
(25923) 4.00 0.10 0.30 0.80 0.01 333.30 125.00
Smi’hyl("zcgg‘i’g; auteus 400 0.05 0.60 0.40 0.01 166.70 250.00
Staphylococcus aureus
(43300) 2.00 3.12 0.30 0.20 0.01 333.30 500.00
Staphylococcus aureus
(6538D) 2.00 0.05 1.25 0.40 0.02 80.00 250.00
Gram —
ACi”e“’b(‘icgtggé’f”m“””i 16.25 1250 1.25 312 0.04 80.00 32.00
Escherichia coli (25922) 32.50 6.25 2.5 0.80 0.03 40.00 128.20
Escherichia coli (35218) 32.50 6.25 5.02 0.20 0.05 19.90 526.30
Kld’s“fl(%%’g%‘m"”me 400 12.50 5.00 0.20 0.05 20.00 500.00
Pseudomonas aeruginosa
(27853) 325 6.25 2.5 0.20 0.03 40.00 526.30
Clinical isolation 2
Gram +
Enterococcus faecalis 1011 16.25 0.10 5.00 0.20 0.05 20.00 500.00
Enterococcus faecalis 2011 16.25 0.10 5.00 0.20 0.05 20.00 500.00
Enterococcus faecalis BS 16.25 0.40 5.00 0.20 0.05 20.00 500.00
Staphylococcus aureus DEL 32.50 0.02 2.50 0.20 0.03 40.00 500.00
Staphylococcus aureus 23 32.50 0.40 0.30 0.80 0.01 333.30 125.00
Staphylococcus aureus 24 32.50 0.40 0.30 0.80 0.01 333.30 125.00
Staphylococcus aureus IAC 32.50 0.05 2.50 0.20 0.03 40.00 500.00
Staphylococcus aureus TER 32.50 0.05 2.50 0.40 0.03 40.00 250.00
Gram —

Acinetobacter baumanni BS 65. 00 25.00 0.60 0.20 0.01 166.70 526.30
Citrobacter freundii BS 32.50 12.50 2.50 0.20 0.03 40. 00 526.30
Escherichia coli ESBL 32.50 6.25 5.00 0.20 0.05 20. 00 526.30

Klebsiella pneumoniae BS 65. 00 25. 00 0.20 1.25 0.01 500.00 80. 00
Proteus mirabilis BS 16.25 6.25 2.50 0.20 0.03 40.00 526.30

2 The acronyms refer to the disease of the patients from which the microorganisms were taken. Rfx, Rifaximine;
FICI, Fractional Inhibitory Concentration Index.

4. Discussion

Chronic inflammatory bowel syndromes (IBS) are characterized by inflammatory
lesions that mainly affect the ileum and colon. The therapy involves a modification of
the diet combined with anti-inflammatory pharmacological treatments, such as aminos-
alicylates and cortisone. These drugs can be associated with contractility correctors
and antibiotics [1].

A paper by Recinella et al. [19] highlighted that MOMAST® exerts a protective effect
against induced inflammatory insults. To these effects, MOMAST® combines an interest-
ing preventive action against induced oxidative stress, in particular at the level of the colon.
As reported, all MOMAST® have an interesting radical-scavenging capacity (Figure 1).
This action is important in diseases such as IBS, where the presence of oxidative stress is
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known and probably due to numerous factors [42]. In this regard, the literature reports the
use of medicinal plants with antioxidant action in patients with IBS [43]. In addition to
these, functional foods, such as EVOO, are also recommended because they activate antiox-
idant enzymes through the presence of polyphenols [44] represented in large quantities
in MOMAST®. Hence, the possibility of applying MOMAST® in IBS can be considered.
Among all MOMAST® compounds, the presence in MOMAST® Plus30 of interesting
quantities of compounds with a phenolic structure and of oleuropein led us to explore their
actions on other targets connected to IBS. This pathology is also characterized by motility
disorders, and oleuropein has an action on calcium channels both as an isolated molecule
and if used in the form of phytocomplex [12].

This effect on calcium channels is manifested by spasmolytic action on the ileum
and colon.

In particular, Plus30 is active in both districts in analogy with Papaverine. These
effects also affect spontaneous contractility: Plus30 in fact slightly reduces the tone with
possible consequent effects on peristalsis and could regulate the progress of the food bolus
with possible consequences on promoting the absorption of nutrients.

Plus30 combines this effect with an increase in the low frequencies. The effects of other
MOMAST® samples show that, for spontaneous contractility, PW25 leads to an increase
in tone accompanied by an increase in contractility at low frequencies. The increase in
low frequencies compensates for the increase in tone and probably does not significantly
change the progression of the food bolus in the ileum. For HY100, the increase in tone
together with the increase in medium frequencies could be induce an increase in the speed
of transit and spasms related to pain. Papaverine on the ileum probably reduces absorption
with an increase in spasms; in fact, it increases the low and medium frequencies without
a significant increase in tone. The effects of all MOMAST® and Papaverine on the colon
are less marked than those seen on the ileum. HY100 reduces tone and frequencies: these
combined effects probably do not cause changes in the progression of the food bolus while
reducing spasms at the same time. The same activity profile is observed for both PW25 and
Plus30 but for the latter at concentrations greater than or equal to 0.5 mg/mL. Papaverine
has a similar profile but causes an increase in low frequencies to 5 uM; this could cause an
increase in transit speed. In order to also investigate the MOMAST® effect on histamine
that, as reported, can play a role in gut disorders, the H;-histaminergic receptor affinity
was studied.

Histamine is a biogenic amine produced physiologically also by some bacteria. Excess
histamine causes mainly allergic systemic effects that involve various organs. In the
intestine, among many other effects, it causes abdominal pain, flatulence, diarrhea, and
inflammation. The inflammatory action following an allergic reaction is also supported
by the release of histamine from the mast cells [45]. Mast cells are in fact important
mediators for allergic reactions and also intervene in inflammatory processes. The release
of histamine is a direct consequence of their activation [46]. Among all the inflammatory
mediators, histamine exerts various actions, including the vasodilation that characterizes
the acute phase [47]. Recent studies show an increase of these cells in patients with IBS
also confirmed in animal models [48]. For all these reasons, histamine plays a key role in
functional gut disorder [49]. H;-histaminergic receptor blockers are used to reduce visceral
hypersensitivity and symptoms in IBS [50]. With these premises, it becomes interesting to
evaluate the ability of MOMAST® to block the H;-histaminergic receptors present in the
intestine. Al MOMAST®s are able to exert a reversible non-competitive antagonist effect
on the Hy-histaminergic receptor (Figure 3).

The potency is significantly different from that of Papaverine taken as a reference com-
pound, but it should not be forgotten that MOMAST® is a phytocomplex, while Papaverine
is a single molecule. These effects are also important in the presence of histamine-producing
bacteria [51] and when we have an overgrowth of intestinal bacteria that can impair di-
gestion. In addition, the use of proteins with significant amounts of histidine leads to the
production of histamine, compromising clinical symptomatology.
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Certainly, the choice of correct dietary proteins is important to prevent the possible
formation of histamine but also prevent its action in the presence of Small Intestinal Bacterial
Overgrowth, SIBO [52,53]. In addition, the antagonistic activity against histamine receptors
in the gastrointestinal tract also attenuates the indirect effects of a potential intestinal
dysbiosis that is frequent in these pathologies [54].

IBS is associated with microbiota dysbiosis, often characterized by intestinal infec-
tions supported by pathogenic bacteria. The use of antibiotics, necessary in these cases,
aggravates the dysbiosis and, in patients with IBS, worsens the symptoms. It is therefore
urgent to identify bioactive compounds that, in synergy with antibiotics, can reduce their
concentration in order to also reduce the impact on the intestinal microbiota. To this end,
in the study, the antimicrobial action of the MOMAST® Plus30 was evaluated on human
bacterial strains of gram-negative and gram-positive pathogens of international collection
and clinical isolates because, among all MOMAST®, it could be a candidate as adjuvant in
the spasmolytic therapy of IBS.

The results obtained confirm a resolutive antibacterial action of Plus30 (MIC) in the
range of 16-32 mg/mL.

None of the bacterial strains tested in both Agar diffusion and microdilution have
demonstrated any form of resistance to Plus30. The biologically more resistant gram-
negative bacterial strains to the action of the substances have, however, found an accentu-
ated sensitivity even if with values of MIC of lesser effectiveness.

The strains that come from clinical isolation demonstrate greater resistance to the
product but are, however, more able to resist the action of the product.

The activity of the product is absolutely encouraged and improved when it is associ-
ated with the antibiotic Rifaximin with extremely low FICI values, ranging from 0.01 to
0.05 for all bacterial strains evaluated.

In terms of percentage, the quantity of product present in the association compared to
the MIC values goes from a minimum of 0.3% up to 5.02%. The percentage values of the
amounts of antibiotic used compared to an MIC range from 0.2% to 3.12%.

The reduction of the Plus30 to the MIC value is highly significant; in fact, it goes
from 20 times to 333 times. Equally important is the reduction of the amount of antibiotic,
ranging from 32 to 526 times and over for some strains.

These reduction values take on an important significance in relation to the quantities
used and the marked improvement of the inhibitory and bactericidal action.

As for the FICI, the values range from 0.01 to 0.05. Considering that according to Eucast,
the synergy value is significant for values below 0.5, the results obtained demonstrate a
strong and unequivocal reduction of the relative quantities present in associations.

Plus 30 showed an important efficacy in the synergistic test towards the strains coming
from clinical isolation: the gram-positive and the gram-negatives strains are highly sensitive
to the associations of the two products.

The reductions of the two quantities of products present in the association are compa-
rable to those observed for strains from the ATCC collection.

It should also be noted the drastic decrease in the amount of antibiotic does not affect
the overall bactericidal action. In our experiments, we always recorded bactericidal activity.

The mechanism involved definitely calls into question the ability of polyphenols
present in the product to interact with the bacterial cell wall, altering its structure.

The results obtained underline the importance of the Plus30 plant-based substance,
able to inhibit and destroy different bacterial species considered and the strong synergy
with the antibiotic rifaximin. These experiments have shown the safe efficacy of association
in terms of bactericidal action.

5. Conclusions

In conclusion, based on the data presented, we can assume that MOMAST® com-
pounds are a great candidate to become a food supplement in the treatment of IBS. In
particular, Plus30, because of its high concentration of polyphenols and oleuropein, showed
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the most interesting actions on the targets studied relating to the antioxidant action and to
both spontaneous and induced contractility. In addition, microbiological test data show
that Plus30 of plant origin develops in vitro a clear antibacterial action that is most en-
hanced when it is in association with the antibiotic Rifaximin. All our data and in particular
those relating to antimicrobial activity are in line with numerous clinical studies aimed at
demonstrating the efficacy of complementary therapy in controlling this pathology and
related symptoms [55]. Last but not least, studies aimed at verifying any toxicological
effects and any off-target actions in food supplement will be necessary.

Author Contributions: Conceptualization, E.C. (Francesca Curci), L.B.M. and R.B.; methodology,
AR, MM, LS. and I.C,; validation, R.B., F.C. (Filomena Corbo), and M.L.C.; formal analysis, F.C.
(Francesca Curci), LBM.,, M.M,, LS., AR. and I.C.; investigation, F.C. (Francesca Curci), L.B.M.,
M.M. and I.C; microbial investigation, L.S. and A.R.; resources, R.B., F.C. (Filomena Corbo) and
M.L.C,; data curation, R.B., M.M.,, L.C., EC. (Francesca Curci) and L.B.M.; writing—original draft
preparation, R.B. and EC. (Filomena Corbo); writing—review and editing, R.B. and EC. (Filomena
Corbo); visualization, R.B., F.C. (Filomena Corbo) and M.L.C.; supervision, R.B., EC. (Filomena Corbo)
and M.L.C.; project administration, R.B., F.C. (Filomena Corbo), and M.L.C.; funding acquisition, R.B.
and M.L.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Bioenutra S.R.L. (Italy).

Institutional Review Board Statement: All experiments were approved by the Institutional Ethics
Committee of the University of Bologna (Protocol PR 21.79.14).

Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. Bioenutra S.R.L. had no role in all
steps of research: from design of the study to the decision related to publish the results.

References

1.

10.

Rokkas, T.; Niv, Y.; Gisbert, ].P.; Franceschi, F.; Gasbarrini, A.; Hold, G.L.; O’'Morain, C.; Malfertheiner, P.; Megraud, F. The role of
Rifaximin in Irritable Bowel Syndrome derived from a network meta-analysis of randomized control trials. Microb. Health Dis.
2020, 2, 333. [CrossRef]

Chey, W.D.; Shah, E.D.; Dupont, H.L. Mechanism of action and therapeutic benefit of rifaximin in patients with irritable bowel
syndrome: A narrative review. Ther. Adv. Gastroenterol. 2020, 13, 1756284819897531. [CrossRef] [PubMed]

Sinagra, E.; Morreale, G.C.; Mohammadian, G.; Fusco, G.; Guarnotta, V.; Tomasello, G.; Cappello, E; Rossi, F.; Amvrosiadis,
G.; Raimondo, D. New therapeutic perspectives in irritable bowel syndrome: Targeting low-grade inflammation, immuno-
neuroendocrine axis, motility, secretion and beyond. World J. Gastroenterol. 2017, 23, 6593-6627. [CrossRef] [PubMed]

Andrews, C.N.; Sidani, S.; Marshall, J.K. Clinical Management of the Microbiome in Irritable Bowel Syndrome. J. Can. Assoc.
Gastroenterol. 2020, 4, 36—43. [CrossRef]

Pimentel, M.; Lembo, A. Microbiome and Its Role in Irritable Bowel Syndrome. Dig. Dis. Sci. 2020, 65, 829-839. [CrossRef]
[PubMed]

Bhattarai, Y.; Pedrogo, D.A.M.; Kashyap, P.C. Irritable bowel syndrome: A gut microbiota-related disorder? Am. |. Physiol.-
Gastrointest. Liver Physiol. 2017, 312, G52-G62. [CrossRef]

Vezza, T.; Algieri, F.; Rodriguez-Nogales, A.; Garrido-Mesa, J.; Utrilla, M.P,; Talhaoui, N.; Gémez-Caravaca, A.M.; Segura-
Carretero, A.; Rodriguez-Cabezas, M.E.; Monteleone, G.; et al. Immunomodulatory properties of Olea europaea leaf extract in
intestinal inflammation. Mol. Nutr. Food Res. 2017, 61, 1601066. [CrossRef]

Farzaei, M.H.; Singh, A K; Kumar, R.; Croley, C.R.; Pandey, A K.; Coy-Barrera, E.; Patra, ].K,; Das, G.; Kerry, R.G.; Annunziata, G.;
et al. Targeting Inflammation by Flavonoids: Novel Therapeutic Strategy for Metabolic Disorders. Int. J. Mol. Sci. 2019, 20, 4957.
[CrossRef]

Mallamaci, R.; Budriesi, R.; Clodoveo, M.L.; Biotti, G.; Micucci, M.; Ragusa, A.; Curci, F.; Muraglia, M.; Corbo, F.; Franchini, C.
Olive Tree in Circular Economy as a Source of Secondary Metabolites Active for Human and Animal Health Beyond Oxidative
Stress and Inflammation. Molecules 2021, 26, 1072. [CrossRef]

Roudsari, N.M.; Lashgari, N.-A.; Momtaz, S.; Farzaei, M.H.; Marques, A.M.; Abdolghaffari, A.H. Natural polyphenols for the
prevention of irritable bowel syndrome: Molecular mechanisms and targets; a comprehensive review. DARU J. Pharm. Sci. 2019,
27,755-780. [CrossRef]


http://doi.org/10.26355/mhd_20207_333
http://doi.org/10.1177/1756284819897531
http://www.ncbi.nlm.nih.gov/pubmed/32047534
http://doi.org/10.3748/wjg.v23.i36.6593
http://www.ncbi.nlm.nih.gov/pubmed/29085207
http://doi.org/10.1093/jcag/gwz037
http://doi.org/10.1007/s10620-020-06109-5
http://www.ncbi.nlm.nih.gov/pubmed/32026278
http://doi.org/10.1152/ajpgi.00338.2016
http://doi.org/10.1002/mnfr.201601066
http://doi.org/10.3390/ijms20194957
http://doi.org/10.3390/molecules26041072
http://doi.org/10.1007/s40199-019-00284-1

Nutrients 2022, 14, 1264 20 of 21

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Marcelino, G.; Hiane, P.A.; Freitas, K.D.C.; Santana, L.E,; Pott, A.; Donadon, J.R.; Guimaraes, R.D.C.A. Effects of Olive Oil and
Its Minor Components on Cardiovascular Diseases, Inflammation, and Gut Microbiota. Nutrients 2019, 11, 1826. [CrossRef]
[PubMed]

Micucci, M.; Malaguti, M.; Toschi, T.G.; Di Lecce, G.; Aldini, R.; Angeletti, A.; Chiarini, A.; Budriesi, R.; Hrelia, S. Cardiac and
Vascular Synergic Protective Effect of Olea europea L. Leaves and Hibiscus sabdariffa L. Flower Extracts. Oxid. Med. Cell. Longev.
2015, 2015, 318125. [CrossRef] [PubMed]

Micucci, M.; Angeletti, A.; Cont, M.; Corazza, I.; Aldini, R.; Donadio, E.; Chiarini, A.; Budriesi, R. Hibiscus Sabdariffa L. Flowers
and Olea Europea L. Leaves Extract-Based Formulation for Hypertension Care: In Vitro Efficacy and Toxicological Profile. J. Med.
Food 2016, 19, 504-512. [CrossRef] [PubMed]

LaRussa, T.; Imeneo, M.; Luzza, F. Olive Tree Biophenols in Inflammatory Bowel Disease: When Bitter is Better. Int. J. Mol. Sci.
2019, 20, 1390. [CrossRef] [PubMed]

Mattioli, L.B.; Frosini, M.; Amoroso, R.; Maccallini, C.; Chiano, E.; Aldini, R.; Urso, F.; Corazza, I.; Micucci, M.; Budriesi, R. Olea
europea L. Leaves and Hibiscus sabdariffa L. Petals Extracts: Herbal Mix from Cardiovascular Network Target to Gut Motility
Dysfunction Application. Nutrients 2022, 14, 463. [CrossRef] [PubMed]

Zeka, K.; Marrazzo, P.; Micucci, M.; Ruparelia, K.C.; Arroo, R.R.]J.; Macchiarelli, G.; Nottola, S.A.; Continenza, M.A.; Chiarini, A,;
Angeloni, C.; et al. Activity of Antioxidants from Crocus sativus L. Petals: Potential Preventive Effects towards Cardiovascular
System. Antioxidants 2020, 9, 1102. [CrossRef] [PubMed]

Cardinali, A.; Cicco, N.; Linsalata, V.; Minervini, F; Pati, S.; Pieralice, M.; Tursi, N.; Lattanzio, V. Biological Activity of High
Molecular Weight Phenolics from Olive Mill Wastewater. J. Agric. Food Chem. 2010, 58, 8585-8590. [CrossRef]

Aggoun, M.; Arhab, R.; Cornu, A.; Portelli, ].; Barkat, M.; Graulet, B. Olive mill wastewater microconstituents composition
according to olive variety and extraction process. Food Chem. 2016, 209, 72-80. [CrossRef]

Recinella, L.; Chiavaroli, A.; Orlando, G.; Menghini, L.; Ferrante, C.; Di Cesare Mannelli, L.; Ghelardini, C.; Brunetti, L.; Leone, S.
Protective Effects Induced by Two Polyphenolic Liquid Complexes from Olive (Olea europaea, mainly Cultivar Coratina) Pressing
Juice in Rat Isolated Tissues Challenged with LPS. Molecules 2019, 24, 3002. [CrossRef]

Bassani, B.; Rossi, T.; De Stefano, D.; Pizzichini, D.; Corradino, P.; Macri, N.; Noonan, D.M.; Albini, A.; Bruno, A. Potential
chemopreventive activities of a polyphenol rich purified extract from olive mill wastewater on colon cancer cells. ]. Funct. Foods
2016, 27, 236-248. [CrossRef]

Pantano, D.; Luccarini, I.; Nardiello, P; Servili, M.; Stefani, M.; Casamenti, F. Oleuropein aglycone and polyphenols from olive
mill waste water ameliorate cognitive deficits and neuropathology. Br. J. Clin. Pharmacol. 2016, 83, 54—62. [CrossRef] [PubMed]
Visioli, F.; Galli, C.; Bornet, F.; Mattei, A.; Patelli, R.; Galli, G.; Caruso, D. Olive oil phenolics are dose-dependently absorbed in
humans. FEBS Lett. 2000, 468, 159-160. [CrossRef]

Moretti, P.; Massari, C.; Moretti, U.; Franchini, C.; Corbo, F.; Lentini, G.; Pisano, I.; Mallamaci, R.; Clodoveo, M.L.; De Palma,
A.; et al. Fitocomplesso Polifenolico Standardizzato Per La Prevenzione Delle Patologie Correlate All’esposizione da Sostanze
Reattive Dell’ossigeno E Relativo Metodo Di Produzione. Bioenutra Srl 2017, 102017000118607.

Arnoldi, A.; Clodoveo, M.L.; Corbo, F.; Franchini, C.; Lammi, C.; Lentini, G.; Lorenzo, V.; Massari, C.; Milani, G.; Moretti, P; et al.
Processo produttivo di complessi polifenolici da acque di vegetazione olearie con processo fermentativo e relativi complessi
polifenolici prodotti. Bioenutra srl 2021, 102021000019226.

International Olive Council. IOC/T.20/Doc No. 29] IOC/T.20/Doc No. 29. Official Method of Analysis. In Determination of
Biophenols in Olive Oil by HPLC; International Olive Council: Madrid, Spain, 2009.

Blainski, A.; Lopes, G.C.; De Mello, J.C.P. Application and Analysis of the Folin Ciocalteu Method for the Determination of the
Total Phenolic Content from Limonium brasiliense L. Molecules 2013, 18, 6852-6865. [CrossRef] [PubMed]

Clodoveo, M.L.; Dipalmo, T.; Crupi, P; Durante, V.; Pesce, V.; Maiellaro, I.; Lovece, A.; Mercurio, A.; Laghezza, A.; Corbo, E; et al.
Comparison Between Different Flavored Olive Oil Production Techniques: Healthy Value and Process Efficiency. Plant Foods
Hum. Nutr. 2016, 71, 81-87. [CrossRef] [PubMed]

Micucci, M.; Protti, M.; Aldini, R.; Frosini, M.; Corazza, I.; Marzetti, C.; Mattioli, L.B.; Tocci, G.; Chiarini, A.; Mercolini, L.; et al.
Thymus vulgaris L. Essential Oil Solid Formulation: Chemical Profile and Spasmolytic and Antimicrobial Effects. Biomolecules
2020, 10, 860. [CrossRef]

Budriesi, R.; Vivarelli, F.; Canistro, D.; Aldini, R.; Marquillas, C.B.; Corazza, I.; Fato, R.; Cirillo, S.; Bergamini, C.; D’Errico, A.;
et al. Liver and intestinal protective effects of Castanea sativa Mill. bark extract in high-fat diet rats. PLoS ONE 2018, 13, e0201540.
[CrossRef]

Tallarida, R.J.; Murray, R.B. Manual of Pharmacologic Calculations with Computer Programs, 2nd ed.; Springer: New York, NY, USA,
1987; pp. 31-35.

Motulsky, H.; Christopoulos, A. Fitting Models to Biological Data Using Linear and Non-Linear Regression. 2003. Available online:
https:/ /www.facm.ucl.ac.be/cooperation/ Vietnam /WBI-Vietnam-October-2011/Modelling /RegressionBook.pdf (accessed on
4 June 2021).

Motulsky, H.J. Prism 5 Statistics Guide; GraphPad Software Inc.: San Diego, CA, USA, 2007; Available online: https://cdn.
graphpad.com/faq/2/file/Prism_v5_Statistics_Guide.pdf (accessed on 7 June 2021).

Clinical and Laboratory Standards Institute (CLSI). Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow
Aerobically; Approves Standard, 10th ed.; CLSI document M07-A10; CLSI: Wayne, PA, USA, 2015; p. 35. ISBN 1-56238-988.


http://doi.org/10.3390/nu11081826
http://www.ncbi.nlm.nih.gov/pubmed/31394805
http://doi.org/10.1155/2015/318125
http://www.ncbi.nlm.nih.gov/pubmed/26180582
http://doi.org/10.1089/jmf.2015.0072
http://www.ncbi.nlm.nih.gov/pubmed/27152980
http://doi.org/10.3390/ijms20061390
http://www.ncbi.nlm.nih.gov/pubmed/30897691
http://doi.org/10.3390/nu14030463
http://www.ncbi.nlm.nih.gov/pubmed/35276825
http://doi.org/10.3390/antiox9111102
http://www.ncbi.nlm.nih.gov/pubmed/33182461
http://doi.org/10.1021/jf101437c
http://doi.org/10.1016/j.foodchem.2016.04.034
http://doi.org/10.3390/molecules24163002
http://doi.org/10.1016/j.jff.2016.09.009
http://doi.org/10.1111/bcp.12993
http://www.ncbi.nlm.nih.gov/pubmed/27131215
http://doi.org/10.1016/S0014-5793(00)01216-3
http://doi.org/10.3390/molecules18066852
http://www.ncbi.nlm.nih.gov/pubmed/23752469
http://doi.org/10.1007/s11130-016-0528-7
http://www.ncbi.nlm.nih.gov/pubmed/26852311
http://doi.org/10.3390/biom10060860
http://doi.org/10.1371/journal.pone.0201540
https://www.facm.ucl.ac.be/cooperation/Vietnam/WBI-Vietnam-October-2011/Modelling/RegressionBook.pdf
https://cdn.graphpad.com/faq/2/file/Prism_v5_Statistics_Guide.pdf
https://cdn.graphpad.com/faq/2/file/Prism_v5_Statistics_Guide.pdf

Nutrients 2022, 14, 1264 21 of 21

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

Rosato, A.; Vitali, C.; De Laurentis, N.; Armenise, D.; Milillo, M.A. Antibacterial effect of some essential oils administered alone
or in combination with Norfloxacin. Phytomedicine 2007, 14, 727-732. [CrossRef] [PubMed]

EUCAST. Terminology Related to Methods for the Determination of Susceptibility of Bacteria to Antimicrobial Agents, Eucast Definitive
Document 2.1, European Committee for Antimicrobial Susceptibility Testing; European Society of Clinical Microbiology and Infectious
Diseases (ESCMID): Basel, Switzerland, 2000; Volume 6, pp. 503-508.

White, R.L.; Burgess, D.S.; Manduru, M.; Bosso, J.A. Comparison of three different in vitro methods of detecting synergy:
Time-kill, checkerboard, and E test. Antimicrob. Agents Chemother. 1996, 40, 1914-1918. [CrossRef]

Nediani, C.; Ruzzolini, J.; Romani, A.; Calorini, L. Oleuropein, a Bioactive Compound from Olea europaea L., as a Potential
Preventive and Therapeutic Agent in Non-Communicable Diseases. Antioxidants 2019, 8, 578. [CrossRef]

Ahamad, J.; Toufeeq, I.; Khan, M.A.; Ameen, M.S.M.; Anwer, E.T.; Uthirapathy, S.; Mir, S.R.; Ahmad, ]. Oleuropein: A natural
antioxidant molecule in the treatment of metabolic syndrome. Phytother. Res. 2019, 33, 3112-3128. [CrossRef] [PubMed]
Castejon, M.L.; Alarcon-de-la-Lastra, C.; Rosillo, M.A.; Montoya, T.; Fernandez-Bolafios, ].G.; Gonzalez-Benjumea, A.; Sanchez-
Hidalgo, M. A new peracetylated oleuropein derivative ameliorates joint inflammation and destruction in a murine collagen-
induced arthritis model via activation of the Nrf-2/Ho-1 antioxidant pathway and suppression of MAPKs and NF-«B activation.
Nutrients 2021, 13, 311. [CrossRef] [PubMed]

Zheng, S.; Wang, Y.; Fang, ].; Geng, R; Li, M.; Zhao, Y.; Kang, S.-G.; Huang, K_; Tong, T. Oleuropein Ameliorates Advanced Stage
of Type 2 Diabetes in db/db Mice by Regulating Gut Microbiota. Nutrients 2021, 13, 2131. [CrossRef] [PubMed]

Budriesi, R.; Ioan, P.; Micucci, M.; Micucdi, E.; Limongelli, V.; Chiarini, A. Stop Fitan: Antispasmodic Effect of Natural Extract of
Chestnut Wood in Guinea Pig Ileum and Proximal Colon Smooth Muscle. J. Med. Food 2010, 13, 1104-1110. [CrossRef] [PubMed]
Tian, T.; Wang, Z.; Zhang, J. Pathomechanisms of Oxidative Stress in Inflammatory Bowel Disease and Potential Antioxidant
Therapies. Oxid. Med. Cell. Longev. 2017, 2017, 4535194. [CrossRef] [PubMed]

Triantafillidis, ] K.; Triantafyllidi, A.; Vagianos, C.; Papalois, A. Favorable results from the use of herbal and plant products in
inflammatory bowel disease: Evidence from experimental animal studies. Ann. Gastroenterol. 2016, 29, 268-281. [CrossRef]
[PubMed]

Oliveras-Lépez, M.-].; Berna, G.; Carneiro, E.M.; De La Serrana, H.L.-G.; Martin, E; Lépez, M.C. An Extra-Virgin Olive Oil Rich in
Polyphenolic Compounds Has Antioxidant Effects in Of1 Mice. J. Nutr. 2008, 138, 1074-1078. [CrossRef]

Choi, H.G; Je, L-G.; Kim, G.J.; Choi, H,; Kim, S.H.; Kim, J.A.; Lee, K.S.H. Anti-allergic inflammatory activities of compounds of
amomi fructus. Nat. Prod. Commun. 2015, 10, 631-632. [CrossRef]

Church, M.K,; Levi-Schaffer, F. The human mast cell. J. Allergy Clin. Immunol. 1997, 99, 155-160. [CrossRef]

Petersen, L.J.; Mosbech, H.; Skov, PS. Allergen-induced histamine release in intact human skin in vivo assessed by skin
microdialysis technique: Characterization of factors influencing histamine releasability. J. Allergy Clin. Immunol. 1996, 97, 672—679.
[CrossRef]

Uranga, J.A.; Martinez, V.; Abalo, R. Mast Cell Regulation and Irritable Bowel Syndrome: Effects of Food Components with
Potential Nutraceutical Use. Molecules 2020, 25, 4314. [CrossRef] [PubMed]

Wouther, M.M.; Vicario, M.; Santos, I. The role of mast cells in functional gut disorders. Gut 2016, 65, 155-168. [CrossRef]
Wouters, M.M.; Balemans, D.; Van Wanrooy, S.; Dooley, J.; Cibert-Goton, V.; Alpizar, Y.A.; Valdez-Morales, E.E.; Nasser,
Y.; Van Veldhoven, PP.; Vanbrabant, W.; et al. Histamine Receptor H1-Mediated Sensitization of TRPV1 Mediates Visceral
Hypersensitivity and Symptoms in Patients with Irritable Bowel Syndrome. Gastroenterology 2016, 150, 875-887. [CrossRef]
[PubMed]

Mendonga, L.A.B.M.; Dos Santos Ferreira, R.; de Céassia Avellaneda Guimaraes, R.; de Castro, A.; Franco, O.L.; Matias, R.;
Carvalho, C. The Complex Puzzle of Interactions Among Functional Food, Gut Microbiota, and Colorectal Cancer. Front. Oncol.
2018, 8, 325. [CrossRef] [PubMed]

Quigliey, EM.M. The spectrum of Small Intestinal Bacterial Overgrowth. Curr. Gastroenterol. Rep. 2019, 21, 3. [CrossRef]
Takakura, W.; Pimentel, M. Small Intestinal Bacterial Overgrowth and Irritable Bowel Syndrome—An Update. Front. Psychiatry
2020, 11, 664. [CrossRef]

Enck, P; Aziz, Q.; Barbara, G.; Farmer, A.D.; Fukudo, S.; Mayer, E.A.; Niesler, B.; Quigley, EM.M.; Rajili¢-Stojanovié, M.;
Schemann, M.; et al. Irritable bowel syndrome. Nat. Rev. Dis. Primers 2016, 2, 16014. [CrossRef]

Hawrelak, J.A.; Wohlmuth, H.; Pattinson, M.; Myers, S.P.; Goldenberg, ].Z.; Harnett, J.; Cooley, K.; Van De Venter, C.; Reid, R.;
Whitten, D.L. Western herbal medicines in the treatment of irritable bowel syndrome: A systematic review and meta-analysis.
Complement. Ther. Med. 2020, 48, 102233. [CrossRef]


http://doi.org/10.1016/j.phymed.2007.01.005
http://www.ncbi.nlm.nih.gov/pubmed/17303397
http://doi.org/10.1128/AAC.40.8.1914
http://doi.org/10.3390/antiox8120578
http://doi.org/10.1002/ptr.6511
http://www.ncbi.nlm.nih.gov/pubmed/31746508
http://doi.org/10.3390/nu13020311
http://www.ncbi.nlm.nih.gov/pubmed/33499113
http://doi.org/10.3390/nu13072131
http://www.ncbi.nlm.nih.gov/pubmed/34206641
http://doi.org/10.1089/jmf.2009.0210
http://www.ncbi.nlm.nih.gov/pubmed/20626243
http://doi.org/10.1155/2017/4535194
http://www.ncbi.nlm.nih.gov/pubmed/28744337
http://doi.org/10.20524/aog.2016.0059
http://www.ncbi.nlm.nih.gov/pubmed/27366027
http://doi.org/10.1093/jn/138.6.1074
http://doi.org/10.1177/1934578X1501000425
http://doi.org/10.1016/S0091-6749(97)70089-7
http://doi.org/10.1016/S0091-6749(96)70313-5
http://doi.org/10.3390/molecules25184314
http://www.ncbi.nlm.nih.gov/pubmed/32962285
http://doi.org/10.1136/gutjnl-2015-309151
http://doi.org/10.1053/j.gastro.2015.12.034
http://www.ncbi.nlm.nih.gov/pubmed/26752109
http://doi.org/10.3389/fonc.2018.00325
http://www.ncbi.nlm.nih.gov/pubmed/30234008
http://doi.org/10.1007/s11894-019-0671-z
http://doi.org/10.3389/fpsyt.2020.00664
http://doi.org/10.1038/nrdp.2016.14
http://doi.org/10.1016/j.ctim.2019.102233

	Introduction 
	Materials and Methods 
	Wastewater Plant Material 
	Chemical Analysis 
	Determination of the Total Phenolic Content (TPC) 

	Antioxidant Activity 
	Ex Vivo Contractility Studies 
	Animals 
	Spontaneous Contractility 
	Induced Contractility 
	Statistical Analysis 

	Antimicrobial Activity 
	Microorganisms 
	Agar Disk-Diffusion Method 
	Determination of the Minimum Inhibitory Concentration (MIC) 
	FICI Determination 
	Microdiluition Checkerboard Method 


	Results 
	Chemical Composition of MOMASTs 
	Antioxidant Activity 
	Effect on Ileum and Colon Ex Vivo Contractility 
	Induced 
	Spontaneously 

	Effect of MOMAST® Plus30 against Bacteria 
	Determination of the Minimum Inhibitory Concentration (MIC) 
	FICI Determination 


	Discussion 
	Conclusions 
	References

