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Abstract

Aims: Probiotic supplementation approach offers the possibility to shape the gut
microbiota (GM), enabling the development of innovative formulations able to im-
prove intestinal well-being and consequently the related body weight modulation
and energy metabolism. In the present clinical study, a new potential probiotic sup-
plement based on Lactiplantibacillus plantarum IMC 510 was studied for weight
management.

Methods and Results: Quantitative characterization by qPCR of representative
bacterial groups of GM was used to determine the microbiota modulation at differ-
ent supplementation periods. Furthermore, measurement of the endpoints linked to
weight control (body mass index, body weight, waist circumference) was assessed.
Specific questionnaires to evaluate the impact on psychological and physiological
point of view were performed. Results showed that after 90days, Lact. plantarum
IMC 510 supplementation brought an improvement in endpoints linked to weight
control and healthy status, although no significant changes in the microbiota compo-
sition were reported for analysed bacterial groups, except for Lactobacillus spp. and
Bifidobacterium spp.

Conclusions: We concluded that Lact. plantarum IMC 510 supplementation could
be an interesting tool for weight management. More studies are needed to under-
stand the impact on GM, for example, evaluating the production of short-chain fatty
acids, since their important role in dietary metabolism. Further research is necessary
to better elucidate the relationship between GM and overweight and the mechanism
of action by which Lact. plantarum IMC 510 modifies body weight.

Significance and Impact of the Study: However, these promising outcomes rep-
resent a clear advantage of probiotic supplementation and identify a new potential
probiotic as a novel and safe therapeutic approach in the obesity prevention and
management.
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INTRODUCTION

Obesity is a multifactorial disease caused by socioeco-
nomic, hormonal and neuronal mechanisms, unhealthy
lifestyle, genetic and epigenetic factors. On the other
hand, overweight and obesity are the results of a positive
energy balance, meaning an increased energy intake and
a decreased energy expenditure. Importantly, overweight
and obesity positively correlate with other chronic dis-
eases such as type 2 diabetes, cardiovascular diseases,
some types of cancer, musculoskeletal disorders, infertil-
ity and others. The World Health Organization (WHO) de-
fines obesity as an abnormal or excessive fat accumulation
that may impair health, as result of an energy imbalance
between caloric intake and energy expenditure and it is
estimated that 39% of the worldwide adult population will
become obese within 2035 (Schiitz et al., 2021). The World
Obesity Atlas (2022), published by the World Obesity
Federation, predicts that 1 in 5 women and 1 in 7 men
will be living with obesity by 2030, that correspond to one
billion of people worldwide (World Obesity Atlas, 2022).
Moreover, the global coronavirus disease 2019 pandemic
and the consequent social restriction measures signifi-
cantly changed individuals' body weight, physical activi-
ties, daily routines and eating habits (Ali Malik et al., 2022;
Schneider et al., 2022), leading to an increase in eating dis-
orders and obesity (Rodgers et al., 2020; Sideli et al., 2021;
Urhan & Okut Aysin, 2022). The WHO criteria to diag-
nose obesity is the body mass index (BMI) that considers
overweight a person with a BMI>25, while obese a per-
son with a BMI>30 (World Health Organization, 2021).
Therefore, BMI is a useful indicator of overall adiposity
and different fat compartments are associated with dif-
ferential metabolic risks. Thus, an evaluation of waist
circumference represents a more accurate obesity classifi-
cation: visceral/central waist circumference over 88 cm for
women and over 102 cm for men, or subcutaneous obesity
(Fox et al., 2007).

Many recent studies indicated that the human gut mi-
crobiota (GM) plays a fundamental role in rising of obe-
sity affecting energy harvest and nutrients absorption.
Moreover, it has been demonstrated that the intestinal
microbiota differs between obese and lean individuals
(John & Mullin, 2016). In fact, adult GM is character-
ized mainly by taxa belonging to two phyla, Firmicutes
and Bacteroidetes, with a high ratio of Bacteroidetes to
Firmicutes (B/F) in normal-weight individuals, whereas
the alteration of this ratio is correlated to obesity status
(Vallianou et al., 2020). It seems that a significant varia-
tion within Firmicutes may contribute to more efficient
energy extraction from food sources and to the increase
in energy storage in host fat tissue (Ejtahed et al., 2019),
where a specific alteration of GM composition led to a

proportional increase in Firmicutes and to a decrease in
Bacteroidetes phylum. Other clinical studies revealed that
subjects with low bacterial richness have higher leptin and
C-protein levels, insulin resistance, dyslipidaemia, adipos-
ity and inflammatory phenotype, gaining more weight
respect to the individuals with high bacterial diversity
(Schiitz et al., 2021). Intestinal bacteria ferment indigest-
ible carbohydrate residues, synthesize short-chain fatty
acids (SCFA) and amino acids, possibly contributing to an
increase in the amount of energy supplied to the host. On
the other hand, by-products of bacterial fermentation can
reduce appetite and increase satiety as well as a decrease
in body weight and BMI. Consequently, the intestinal mi-
crobiota is a potentially modifiable factor associated with
the prevention and treatment of excessive body weight.

The modulation of GM is involved in many benefits
for weight control since evidences showed a role of GM
in gastrointestinal protection, permeability degree of the
mucosa, dietary polysaccharides metabolism by fermen-
tation and absorption, higher catabolism and production
of SCFA, highlighting its crucial role in the management
of fat gathering and the consequent obesity. Knowledge
of how the GM can modulate body weight and energy
metabolism is essential to have insights overview on the
role of intestinal bacteria. There are three primary GM
mechanisms playing an important role: production of
SCFA, control of bile acid metabolism, and induction and/
or protection from metabolic endotoxaemia (Brusaferro
et al., 2018).

In this scenario, in addition to nutrients and dietary
patterns, probiotics have been investigated on the capacity
to positively modulate the GM composition, to stimulate
the immune system and to maintain the intestinal bar-
rier integrity through competitive effects against certain
pathogens. According to a joint FAO/WHO, F.A.O (2002),
probiotics are defined as ‘live microorganisms that con-
fer a health benefit to the host when administered in ade-
quate amounts’. Several studies demonstrated the positive
effects of probiotics on obesity and related health compli-
cations, such as reduction of adipose tissue inflammation,
endotoxemia, adiposity, body mass, leptin levels and en-
ergy intake (Guazzelli Marques et al., 2020).

Based on studies carried out in experimental ani-
mals, most of the formulations tested in clinical tri-
als contained strains of the genera Lactobacillus and
Bifidobacterium with the purpose to evaluate the impact
of probiotics on the obesity status, especially on weight
changes, while the use of other strains can be deleteri-
ous. Many studies are available and most of them reports
positive results in both adults and children (Brusaferro
et al.,, 2018). Recently, an interesting work on obese
rabbits (Bouaziz et al., 2021), supplemented with these
two probiotics strains, revealed their beneficial effect on
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several biochemical and morphometric parameters re-
lated to obesity and metabolic syndrome. Moreover, the
authors strongly emphasize that the anti-obesity effects
of probiotics to the host are species specific and strain
specific and dosage, and duration of administration de-
pendent, in line with other studies (Daniali et al., 2020;
Ejtahed et al., 2019).

The aim of the present pilot study was to evaluate the
potential modulatory effect of probiotics on weight man-
agement. The potential probiotic strain Lactiplantibacillus
plantarum IMC 510, tested in the present pilot clinical
trial, was previously isolated from healthy human subjects,
identified by 16S rRNA gene sequence analysis, character-
ized as probiotic strain and tested for safety (resistance to
low pH, bile salts and pancreatic juice, ability to adhere to
intestinal cells and colonize the mucosa, antipathogenic
activity against gram-positive and gram-negative bacte-
ria and yeasts, non-transmissible antibiotic resistance
genes', absence of plasmids) by Synbiotec S.r.l. (Coman
et al.,, 2021; Coman & Cresci, 2014; Silvi et al., 2003).
Furthermore, Lact. plantarum IMC 510 was evaluated in
vivo in obese rats and it was able to decrease food intake,
weight gain and, consequently, to induce relative benefi-
cial effects, demonstrated by serological, biochemical and
histological analyses, potentially through leptin control
(Micioni Di Bonaventura et al., 2021). We hypothesized
that daily consumption of one capsule of this probiotic
strain could modulate the intestinal GM, thereby reduc-
ing body weight and fat, positively influencing several
biomarkers of obesity-associated disorders including dia-
betes, hypertension and cardiovascular disease.

MATERIALS AND METHODS
Subjects and enrolment

This study involved 19 overweight/obese volunteers, con-
sisting of 10 males and 9 females. Eligible participants
were recruited mostly from the University of Camerino
and Synbiotec Srl personnel via e-mail and word-of-mouth
advertisement. The age of the subjects ranged between 26
and 73years old. The inclusion criteria of the covered sub-
jects were BMI equal to or greater than 25. Participants
were asked to maintain their usual diet as well as their
physical activity level. All the subjects gave their informed
consent to participate and the followed procedures were
in accordance with the ethical standards of the responsi-
ble committee on human experimentation and with the
Helsinki Declaration of 1975, as revised in 1983.

There were several inclusion requirements for the feasi-
bility study: men and women recruited had to be between
26 and 73years, they had to be obese (BMI > 30, class I, II,
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IIT) or overweight (BMI 25+29.9). There had to be willing-
ness to collaborate during the study, providing informed
consent and ability to follow guidelines, in particular the
availability to complete questionnaires, records and jour-
nals associated with the study. Consumption of functional
foods, dietary supplements with probiotics, laxatives and
substances for body weight control had to be suspended.
While the exclusion criteria prohibit the use of probiotics
continuously, in the 4 weeks prior to treatment, it was also
forbidden use of other treatments (drugs or nutritional
programmes) that affect body weight, food intake and/or
energy expenditure. Menopausal, pregnant or breastfeed-
ing women cannot participate in the study as well as those
who are enlist in another obesity treatment programme.
Moreover, there were criteria for leaving the study, occur-
ring one of the following conditions: non-continuity of
administration, severe illness, continuous use of antibiot-
ics and/or laxatives or other probiotics. Finally, the vol-
unteers were divided into a probiotic supplemented group
(seven females and five males) and a placebo group (two
females and five males).

Probiotic strain supplementation

Probiotic strain was supplied by capsules. Each capsule
contained 1.5x10' bacterial cells of the human origin
strain Lact. plantarum IMC 510, isolated and character-
ized by Synbiotec S.r.l., and deposited at the Deutsche
Sammlung von Mikroorganismen und Zelkulturen
(DSMZ) collection with the identification number DSM
32548 (Coman et al., 2021; Coman & Cresci, 2014; Silvi
et al., 2003). Compared with the probiotic capsules, the
placebo ones contained just the same carrier material and
were similar in size, shape and taste.

Study design

A randomized, placebo-controlled study was performed
with a 4-week run-in period followed by a 12-week in-
tervention period. The subjects should not have antibi-
otic treatment in the previous month. During the run-in
period, they were asked to discontinue the possible con-
sumption of laxatives, dietary fibres and probiotics.

The intervention project involves three phases: Phase
1—evaluation period in which the recruited subjects re-
spect the inclusion criteria to access the successive phase
(1 month); Phase 2—period of 3 months of intervention in
which the subjects had the dietary supplementation in the
form of capsules containing probiotics with the indication
to take one capsule a day; Phase 3—follow-up—1 month
after the intervention period (Figure 1).
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FIGURE 1 Clinical trial design

At the end of each phase, biological samples were col-
lected and analysed. Participants were subjected, at each
stage of study, to questionnaires on intestinal and psycho-
logical well-being and assessment of specific quality of life
regarding obesity.

The safety evaluation of the new dietary supplement
containing the selected potential probiotic strain (Lact.
plantarum IMC 510) and the effect on the intestinal mi-
croflora and body weight reduction, keeping the same
eating habits, was performed at the time of recruit-
ment, after 3 months of probiotic treatment and after
1 month of follow-up, as first objectives. Moreover, the
secondary objectives concerned the changes in BMI,
waist circumference, blood parameters, such as glyce-
mia, lipids levels, liver function (glutamic oxaloacetic
transaminase and glutamic pyruvic transaminase in
Ul/1), intestinal well-being, quality of life, general well-
being and distress level generated by overweight and
obesity status.

Physiological measurements

Body weights of the volunteers were recorded using a cali-
brated scales after the removal of shoes and jackets. Waist
circumference was measured two fingers below the um-
bilicus, while height was measured after shoes removal.
For each participant, all the measurements were taken at

group
(n=7)

T90 days

T30 days follow-up

the same time of the day, at each check time point (TO,
T90days and T30days of follow-up).

Evaluation of the health status by
questionnaires

Bowell well-being

This first questionnaire concerned bowel well-being
and stool consistency, which is a basic parameter in the
description of normal or altered intestinal habit (Silvi
et al., 2014). These parameters were self-evaluated by
subjects at the end of the intervention by questions on
‘change in the numbers of times of defecation per day
as stool frequency’ and ‘change in the number of eggs
(large size) that correspond to the volume by visual es-
timation’. The people were asked to record if in the last
3months and after 1-month follow-up their bowel well-
being in terms of intestinal regularity and stool volume
has remained the same, improved or worsened com-
pared to the period before beginning the consumption
of the probiotic products and also the degree of change
on a combined scale leading to a 10-point Likert scale
(=5, 0, +5). Secondary outcome measures were also in-
vestigated: ease at defecation, bloating, constipation,
abdominal pain, intestinal cramps, feeling of incom-
plete defecation, incontinence and halitosis (also the
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change of these individual bowel habits was assessed
with the same combined Likert scale). Stool consistency
was defined by the Bristol Stool Form Scale (Lewis &
Heaton, 1997).

Health-related quality of life

Health-related quality of life (HRQoL) of subjects was
assessed by self-administration of Psychological General
Well-Being Index (PGWBI) (Dupuy, 1984) that is a gen-
eral questionnaire measuring psychological well-being
and distress and it is composed of 22 items, which con-
stitute six dimensions (anxiety, depression, self-control,
positive well-being, general health and vitality). Each
scale includes 3-5 items. Questions allow multiple-choice
answers with scores ranging from 0 to 5 (best score value).
The PGWBI global score represents the sum of all items
and ranges and higher scores (100—best) indicate greater
psychological well-being (Silvi et al., 2014).

Obesity related well-being questionnaire

The Obesity Related Well-being (ORWELL) questionnaire
is a psychometric test for assessing the specific quality of
life regarding obesity. The areas investigated include both
physical well-being and emotional state and relationship
life. For each item, the participants were asked to score on
a 4-point Likert scale (0, not at all; 1, just a little; 2, not so
much; 3, much) related to the occurrence and/or severity
of the symptom (occurrence) and the subjective relevance
of the symptom-related impairment in one's own life (rel-
evance). The score of the item is calculated as the product
of occurrence and relevance. The total ORWELL 97 score
is obtained as the sum of the scores of individual items
(Mannucci et al., 1999). The sums of the scores related to
occurrence (ORWELL 97-0) and relevance (ORWELL 97-
R) of symptoms in individual items were also calculated.
Higher ORWELL scores mean a lower quality of life.

GM characterization
Faecal samples

Faecal samples were collected from each subject of both
probiotic and placebo groups at time 0 (TO), correspond-
ing to the starting day of probiotic/placebo supplementa-
tion, after 90days of probiotic/placebo supplementation
(T90days) and after 30days of follow-up period (T30days
follow-up). The faeces were frozen at —80°C until per-
forming the microbiota analysis (selected bacterial group
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enumeration by quantitative Real-Time PCR [qPCR] and
bacterial probiotic strain colonization).

DNA extraction

DNA extraction from all faecal samples was performed
using a Stool DNA Isolation Kit (NorgenBiotek Corp.) with
a modified protocol following the manufacturer's instruc-
tions specific for the faecal samples. Quantity and purity
of all extracted DNA were checked with a NanoDrop ND-
1000 Spectrophotometer (Thermo Scientific) and then
stored at —20°C until used for molecular analysis.

Quantitative Real-Time PCR

A qPCR procedure was used for the quantification of se-
lected bacterial groups from probiotic and placebo sub-
jects' faeces.

On DNA extracted from faecal samples, a SYBR Green
Real-Time PCR amplification was performed using an
iCycler iQ Real-Time Detection System (Stratagene) asso-
ciated with MXP Software. All PCR experiments were car-
ried out in triplicate with a reaction volume of 20.6 pl using
iCycler 1Q 96-well optical grade PCR tubes (Stratagene)
covered with iCycler optical cap (Stratagene). The effi-
ciency of PCR amplification was optimized with primers
concentration of 500 ng/ul (pmol/pl) proved to be optimal
for the amplifications of target sequences. The reaction
mixtures contained 9 pl QuantiNova SYBR Green PCR Kit
(Qiagen), 9.8 pl distilled sterile water and 0.4 pl of each
primer (forward and reverse, DSMZ). Subsequently, 1 pl of
faecal DNA (or water for negative control) was added to the
reaction mixture. Lactobacillus spp., Bifidobacterium spp.,
Enterobacteriaceae, Clostridium coccoides—Eubacterium
rectale group, Staphylococcus spp. and Bacteroides—
Prevotella-Porphyromonas spp. were the bacterial groups
of interest. For quantification of the above-mentioned tar-
get groups of bacteria, standard curves, previously gener-
ated for each of them as reported by Avella et al. (2010)
and Nasuti et al. (2016), were used. They were previously
obtained using the extracted DNA from reference strains
for the quantification of the target species.

Recovery of Lact. plantarum IMC 510 from
faeces after supplementation period

To confirm the presence of the tested strain in the in-
testine, faecal samples were analysed by enumeration of
lactobacilli onto MRS agar (de Man, Rogosa and Sharpe
agar; Oxoid) by 10-fold serial dilution method (Verdenelli



COMAN ET AL.

Applied Microbiology

et al., 2009). After aerobic incubation at 37°C for 48-72h,
10%-20% of the total colonies per sample randomly selected
from countable agar plates were isolated and checked for
purity. DNA extracted from the selected colonies using a
modified benzyl chloride method (Zhu et al., 1993) was
analysed by an RAPD technique (Verdenelli et al., 2009).

Blood parameters

Each volunteer went to the Analisi Biemme laboratory
(Castelraimondo, MC, Italy), where blood samples were
collected and then analysed. Blood samples were collected
three times: at the beginning of the study, after 90days of
probiotic/placebo supplementation and after 30days of
follow-up the supplementation period.

Statistical analysis

The results are expressed as mean + standard deviation or
standard error. Statistical significance of the differences
between the probiotic group and the placebo group was
analysed using Student t-test. Significant differences be-
tween mean values were determined by Tukey's test after
one-way analysis of variance using GraphPad PRISM® 5.1
program. A p-value less than 0.05 was considered statisti-
cally significant. For the bowel habits, where p <0.05 re-
flects significant difference, a four multiple comparison
test was used.

RESULTS

Recruitment and baseline characteristics
of subjects

In all, 19 volunteers were recruited to the clinical
study. There were no dropouts, exclusions or adverse
events in either arm of the study and compliance to the

supplementation was 100%. Baseline demographics of the
participants who completed the study are shown in the
Table 1.

Subjects were well balanced over both groups, probiotic
and placebo one's, respect to the baseline characteristics,
such as gender, height, waist circumference and weight.
In fact, there were not significant differences within the
supplemented and placebo group (p>0.05, Student ¢-test),
except for the age (p <0.05).

Effects of Lact. plantarum IMC 510-dietary
supplementation on body weight

Variations in body weight, BMI and waist circumference
(mean values) are summarized in Figure 2. The probiotic
group revealed significant decreases (p <0.05) from TO in
the following parameters at the started time points. The
control group (placebo), by contrast, showed no signifi-
cant decrease in any parameter of the measured values at
any time point.

As reported in Figure 3, at the end of 90days of sup-
plementation, the subjects from the probiotic group regis-
tered a significant reduction in terms of weight (—3.39kg),
waist circumference (—4.29 cm) and BMI (—1.15). It is im-
portant to highlight also the ‘placebo effect’ since it was
recorded a very similar trend in the placebo group respect
to probiotic group. The tendency to lose weight and to re-
duce the waist circumference was maintained also after
30days of follow-up of supplementation period.

Effects of Lact. plantarum IMC 510-dietary
supplementation on GM

A gPCR procedure was used for the quantification of
selected bacterial groups from volunteers' faeces. The
bacterial groups of interest were Bacteroides—Prevotella—
Porphyromonas spp., Staphylococcus spp., CL. coccoides—E.
rectale group, Lactobacillus spp., Bifidobacterium spp. and

TABLE 1 Demographic and baseline characteristics of the study population. Values are expressed as mean + standard deviation

*

Probiotic group (n = 12) Placebo group (n = 7) 4

Age (years) 442+11.8 59.3+11.6 <0.05
Gender

Males (n [%]) 5(41.7) 5(71.4)

Females (n [%]) 7 (58.3) 2(28.6)
Body weight (kg) 84.7+20.3 98.2+16.4 >0.05
Height (m) 1.7+0.1 1.7+0.1 >0.05
Waist circumference (cm) 101.8 +20.0 115.1+15.5 >0.05

*Significance level of p <0.05 by Student t-test.
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FIGURE 2 Changes (%) in body weight (a), waist circumference (b) and BMI (c) during different time points ((JTO, B T90 days, &
T30days follow-up) relative to the two groups of volunteers (probiotic group and placebo group). *Significantly different from the starting

point with supplementation (Student ¢-test, p <0.05).

Waist
Body weight circumference BMI
(kg) (em) (kg(m?)?)

T30 T30 T30

days T90 days 0 T90 days
0 follow-up days follow-up| days follow-up
-10

093
5L

FIGURE 3 Reduction respect to starting point (T0) in body
weight, waist circumference and body mass index (BMI), during
the different time points (T90 and T30days follow-up) relative to
the probiotic (&) and placebo (M) groups of volunteers.

Enterobacteriaceae. Figure 4 shows the changes of micro-
biota composition over the supplementation period and
after 30days of follow-up in both probiotic and placebo
groups.

The probiotic supplementation significantly in-
creased the concentration of Lactobacillus spp.
(Figure 3, p <0.05) after the 90 days of treatment respect
to TO. In addition, also Bifidobacterium spp. level in-
creased after 90 days of probiotic supplementation, even

if not in a significant way. Any significant modification
was found for the other bacterial groups (Bacteroides-
Prevotella—Porphyromonas spp., Staphylococcus spp.,
Cl. coccoides-E. rectale group and Enterobacteriaceae)
between the two groups during the supplementation
period (Figure 4). However, the proportion of subjects
with increased/decreased bifidobacterial concentration
after supplementation period tended to be different be-
tween the two groups (chi square, p = 0.01). In partic-
ular, Bifidobacterium spp. level increased in 10 subjects
out of 12 (83.3%) participants in the probiotic group. An
opposite trend, with decreasing values, was observed in
five subjects out of seven (71.4%) participants in the pla-
cebo group (data not shown).

Intestinal colonization of Lact. plantarum
IMC 510

This test was carried out to confirm intestinal transit sur-
vival in human subjects. The recovery of Lact. plantarum
IMC 510 from all the faecal samples (collected during the
three different collection time points) demonstrated the
presence of the strain during the consumption of the di-
etary supplement. Furthermore, the strain was also still
identified in all the participants' faeces at the end of fol-
low-up period. The strain was not detected in any of the
faeces' samples collected before the consumption of the
bacterial strain (Figure 5).



COMAN ET AL.

Bifidobacterium spp. Bacteroides-Pr lla-Porphyr spp.
2r 2r
10 10F 10 F
* # #
- o -
‘o 8 — ‘w 8 R ——
2 = 2 g 53
O 6 &5 O 6 O 6 X
S 35 2 X S S
g g ar 5 F a4}
3 &
2 9 2f B 2t
o
i RERA e N 2 0 e 2
Probiotic group Placebo group Probiotic group Placebo group Probiotic group Placebo group
Clostridium coccoides-Eubacterium rectale group Staphylococcus spp. Enterobacteriaceae
2r 2
12
" T o} o}
% "w 8 "w 8
‘o 8 [ i o 5
g g 2 T o
S 6 O 6F 1T G 6f
B = 3 E;
34 & ap 2 af
R X
2F 2k XRRK
’ i R R
0 T o ) 0

Probiotic group Placebo group Probiotic group Placebo group Probiotic group Placebo group

FIGURE 4 Faecal bacteria concentration (log;, CFU per gram + standard deviation) of target bacterial groups during the different time
points (I TO, B T90 days, 1 T30 days follow-up) relative to the two groups of volunteers (probiotic group and placebo group). *Significantly
different (p < 0.05) from T0 and “from the placebo group at the same time point by Tukey's test following one-way analysis of variance.

50

The average value of recovery percentages of the pro-

el * biotic Lact. plantarum IMC 510 (Figure 5) reached the

E 30k 31.12% of the total Lactobacillus spp. at the end of the ad-

§ ministration period and remained high, 18.50% for Lact.

; 20r plantarum IMC 510, after 30days of follow-up with re-
L spect to the total Lactobacillus spp. recovery.

Before
supplementation

After 90 days
supplementation

After 30 days

el Blood parameters

No significant changes in physiological, metabolic and in-
flammatory markers of the metabolic syndrome were ob-
served in the probiotic group respect to the initial status of
the volunteers (Table 2).

FIGURE 5 Recovery percentage of Lactiplantibacillus
plantarum IMC 510 (M) respect to the total Lactobacillus spp.,
assessed by an RAPD method in faecal samples of subjects under
probiotic supplementation. *p < 0.05 (using Student ¢-test).

TABLE 2 Blood parameters levels during the clinical trial

Probiotic group Placebo group
T30days T30days

Parameters TO T90 days follow-up TO T90days follow-up
Glycaemia 96.11+18.25 93.33+£17.04 94.50+18.58 116.00 +28.28 119.50+33.23 110.50+20.51
GOT 25.50+6.89 20.75+4.65 20.50+5.58" 21.50+4.95 21.00+4.24 22.00+5.66
GPT 27.00+£10.01 22.25+8.88 21.50+8.94 20.50+3.54 21.00+2.83 22.50+0.71
Cholesterol 194.11 +34.11 195.56 £41.99 189.88 +47.69 170.00 £53.74 178.50 +£41.72 168.50 +55.86
HDL 62.67+15.63 58.11+9.84 55.38+10.70 47.00+4.24 46.00+5.66 44.50+7.78
LDL 113.71+31.46 121.96 +35.51 122.20+42.15 104.50 £ 64.35 95.00£77.78 101.50 +£68.59
Triglycerides 112.89 +48.84 104.44 £42.45 105.75+54.92 116.50+£43.13 160.00 +£104.65 136.50+71.42

Note. Data expressed as mg/dl, are the mean + standard deviation.

Abbreviations: GOT, serum glutamic-oxaloacetic transaminase; GPT, serum glutamic pyruvic transaminase; HDL, high-density lipoprotein; LDL, low-density

lipoprotein.

*Significantly different from TO, p <0.05 (Student ¢t-test).
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Bowel habits

The significant changes in bowel habits, considered as pri-
mary outcomes from the bowel well-being questionnaire,
are listed in Table 3. Generally, the subjects using probi-
otics formulation presented significantly higher values
(p<0.05) in the positive scale scores related to the bowel
habits. HRQoL was estimated as PGWBI global score and
the probiotic group, after the 90days of supplementation
and also the 30days of follow-up, showed values statisti-
cally higher (p <0.05) respect to index values registered at
the beginning of the probiotic consumption.

Quality of life

To assess obesity-related quality of life, self-reported meas-
urement through the ORWELL 97 questionnaire was at-
tempted to evaluate the subjective relevance and intensity
of physical and psychological distress.

The total ORWELL 97 score is obtained as the sum of
the scores of individual items; furthermore, to understand

Applied Microbiology

the results shown in Figure 6, it is important to keep in
mind that higher ORWELL 97 scores are related to a lower
quality of life, analysed using Student t-test with signifi-
cance level lower than 0.05.

The value of the total score, after taking probiotics and
also at 30days of follow-up, has a decreasing trend, even
if not significant (p>0.05), which translates into a slight
increase in the quality of life.

DISCUSSION

In the present study, probiotic Lact. plantarum IMC 510
supplementation significantly reduced body weight, BMI
and waist circumferences in the overweight/obese sub-
jects. The reduction in waist circumference is important
because it is involved in a useful measure of fat distri-
bution and it is closely correlated with atherogenic lipid
profiles (Kadooka et al., 2010). Meanwhile, we noticed
neither significant alteration nor physiological abnormal-
ity in lipid metabolism-related parameters such as tri-
glycerides, total, low-density lipoprotein- or high-density

TABLE 3 Mean absolute changes in bowel habits frequency score, stool consistency and global score of psychological general well-being

index (PGWBI) questionnaire over the 3 months of probiotic/placebo supplementation period and after 1 month of follow-up period

Placebo group (mean + confidence

Probiotic group (mean + confidence limits) limits)
T30days

Bowel habits* T90days T30days follow-up  T90days follow-up
Intestinal regularity 1.8 +0.3%¢ 1.1 +0.3¢ —0.1+0.3 0.0 +0.4
Stool volume 1.8 £0.4%¢ 1.3+0.3¢ —0.1 £0.4 0.1+0.5
Stool consistency 2.2+0.3% 1.8 +0.3%f 0.0 £0.1 0.0 £0.1
Ease of defecation 1.8 +0.3%¢ 1.3+0.3¢ 0.0 +0.5 -0.1 £0.5
Rumbling of the stomach 1.8 0.3 1.4 +0.3 —0.3 +0.4 -0.1+0.5
Swelling 1.6 £0.5° 1.3 +0.3¢ —0.3 0.1 -0.3+0.1
Flatulence 124034 1.3+0.4 0.0 £0.1 0.0 £0.1
Constipation 0.9 +0.4 0.0 £0.2 0.0+ +£0.5 0.0 £0.5
Diarrhoea 0.2 £0.1° 0.0£0.1° —-0.1 £0.5 0.0 £0.6
Dermatitis 0.7 +£0.2 0.4 +0.1 —-0.1 +04 0.0 +0.5
Food intolerance 0.8 +0.1 0.6 +0.1 0.0 £0.5 0.0 +£0.5
Stool consistency®

Type 3+0.24 3+0.2 3+0.5 4+0.5
PGWBI®

Global Score 76.2 +3.2¢ 76.3 +3.8° 73.7 £33 72.0 £2.8

Changes in bowel habits were assessed with a 10-combined Likert scale (=5, 0, 5).

"The assessment has been obtained following the Bristol Stool Chart.
“The global score ranged from 0 to 100 (best).

GlSignificantly different from the starting point of the supplementation TO.
“Significantly different from Placebo T90days.

Significantly different from Placebo T30days follow-up (Student ¢-test, p <0.05).
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FIGURE 6 Obesity Related Well-being (ORWELL) 97 score (M-ORWELL Total score, B-ORWELL relevance score, l-ORWELL
occurrence score) expressed as mean + standard deviation during the different time points (T0O—beginning of the study, T90days of

supplementation and T30days follow-up the supplementation) relative to the two groups of volunteers (probiotic group and placebo group).

lipoprotein-cholesterols. No major changes in the faecal
microbiota were detected in response to the probiotic sup-
plementation like other researchers, who observed no
changes in the GM composition in healthy adults after
probiotic administration (Khalesi et al., 2019).

An increased abundance of lactobacilli was found in
faecal samples from the supplemented group during the
intervention period, suggesting the successful adminis-
tration and compliance. Finally, no clinically problematic
findings were observed throughout the study in any sub-
ject, confirming the safety of the probiotic tested.

The absence of changes in the plasma metabolic and
inflammatory markers may be explained by the fact that
the inclusion and exclusion criteria used in the present
study prevented the recruitment of subjects displaying an
unhealthy metabolic profile. Thus, these findings do not
exclude that Lact. plantarum IMC 510 can improve the
blood parameters and suggest that its benefits are possi-
bly limited in subjects showing haematologic alterations.
Notably, a large number of studies showed that certain
probiotics may be able to lower glycaemia and serum
lipids, particularly in diabetic or hypercholesterolemic
subjects in clinical (Jones et al., 2012; Khalili et al., 2022;
Kocsis et al., 2020; Wang et al., 2018; Wu et al., 2017;
Zhang et al., 2022) and in pre-clinical research (Cabello-
Olmo et al., 2022; Marques et al., 2020; Ooi & Liong, 2010;
Reamtong et al., 2021; Wang et al., 2012). Notably, last
year, three probiotics were tested in a healthy rabbit (see
details in Kadja et al., 2021) and improved the biochemical
and haematological profiles. These results are very prom-
ising and the choice of the rabbit as obesity and metabolic
model is important, because they are sensitive to high-
fat diets and consequently they develop hyperlipidaemia

more quickly and easily (Fan & Watanabe, 2000; Waqar
et al., 2010) than rats and mice, that are more resistant to
develop hypercholesterolaemia (Andreadou et al., 2020;
Giudetti et al., 2020; Martinelli et al., 2020; Micioni Di
Bonaventura et al., 2017, 2020; O'Neal & Still, 1962).

Two hypotheses are plausible to speculate: the primary
one is that an integrated diet with probiotics leads to re-
duction of weight and body circumference and to the reg-
ularization of appetite with consequent reduction in food
intake. It has recently emerged that intestinal microbiota
has an important role in body weight regulation, influenc-
ing the energy metabolism (Kadooka et al., 2010). For a
decrease in body weight, it is necessarily a shift in the bal-
ance between available energy utilization and food intake,
leading to a net energy deficit. Moreover, the probiotic sup-
plementation confers intestinal well-being and improves
the balance of the GM bringing general well-being to the
organism. The secondary hypothesis, taking into consid-
eration the strengthening of the immune system, supports
the usefulness of the probiotics to improve the quality of
life. It is very well known that obesity and overweight have
a huge impact on the quality of life resulting from factors
such as less ability to perform activities, early fatigue, in-
creased anxiety, depression and low self-esteem (Michael
et al., 2020). Using several validated questionnaires, the
results of our study indicated significant improvements in
participant scores for general wellness, state of health/en-
ergy/mood, intestinal well-being and quality of life after
3 months of probiotic supplementation.

Evidence so far demonstrates that the bacteria, com-
monly found in the human gastrointestinal tract, affect
nutrient acquisition and energy regulation. This suggests
an important role played by GM in the development of
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obesity. The focus of many recent studies has been given
to the role of these micro-organisms in the management
of metabolic diseases and obesity, due to the beneficial ef-
fect of probiotics in adjusting the gut dysbiosis to rebal-
ance intestinal microbiota (Ejtahed et al., 2019).

Changes in the GM composition caused by external
factors may promote the development of metabolic dis-
eases. The proposed mechanisms of action for probiotic-
mediated weight loss include the modulation of GM
composition and the production of SCFAs, the regulation
of energy homeostasis and/or satiety, the improvement of
the gut barrier function and the interruption of bile acid
metabolism in the host (Cerdo6 et al., 2019).

Several findings indicated that the probiotic effect on
body weight and metabolism is strain specific and that
only Lactobacillus and Bifidobacterium genera are effec-
tive, whereas the use of other strains can be deleterious
(Brusaferro et al., 2018). The two most detected bacterial
phyla in humans are the Firmicutes and the Bacteroidetes,
with a high ratio of B/F in normal-weight subjects, while
a low B/F ratio is found after obesity development, high-
lighting the impacting role of GM in the fat metabolism
regulation (Cheng & Liu, 2020). The present study re-
veals an increase in relative abundance of Firmicutes and
higher Firmicutes/Bacteroidetes (F/B) ratio in overweight
and obese placebo group, while in the supplemented
group the probiotic consumption maintain lower the F/B
ratio (data not shown), confirming the potentiality of Lact.
plantarum IMC 510 to contrast obesity through GM mod-
ulation and reinforcing the probiotics use in the obesity
management.

Obviously, probiotic action in body weight is not only
species specific, but also strain specific and additional re-
search is needed to clarify further the mechanisms under-
lying the effects observed in the present study.

Anyway, this study shows a positive translational ef-
fect of Lact. plantarum IMC 510 on body weight from a
preclinical rats model of obesity (Micioni Di Bonaventura
et al., 2021) to a human intervention study in otherwise
healthy overweight and obese individuals. In fact, it was
demonstrated a clear reduction in food intake and ac-
cordingly also in body weight gain, BMI, liver and white
adipose tissue weight, hepatic lipid accumulation, adipo-
cyte size and other parameters in obese rats after 84 days
Lact. plantarum IMC 510 supplementation (Micioni Di
Bonaventura et al., 2021). This highlights the promising
potential of Lact. plantarum IMC 510 to be developed
as a valuable supplement in decreasing specific obesity
markers.

However, the identification of strains that are poten-
tially associated with a beneficial effect is not enough to
suggest their systematic use in the treatment of obesity
and related metabolic disturbances. The correct dosage,
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duration of administration and long-term effects of the
administration of the different strains are not known yet.
Further studies are needed before probiotics can be ratio-
nally prescribed for the prevention or treatment of obesity.
Control of the diet, environmental and lifestyle factors
that promote the obesity development remain the best
solution to problems related to weight gain.

The small sample size is the limitation of our analysis
to be consider; however, the present study is one of the few
to report the probiotic impact on weight loss in response
to 3-month supplementation in a cohort of healthy, over-
weight and obese, free-living (without dietary or lifestyle
restrictions) subjects. A subsequent and larger study is al-
ready planned and will be performed.

In conclusion, the potential probiotic strain Lact. plan-
tarum IMC 510 showed lowering effects on body weight
and other measures of subjects with obese tendencies,
suggesting its beneficial influence on metabolic disorders.

Knowing that (i) the control of the diet and environ-
mental and lifestyle factors that favour obesity devel-
opment remain the best solution to problems related to
weight gain and (ii) the dosage, duration of administra-
tion and long-term effects of the administration of the dif-
ferent strains, further studies are needed before probiotics
can be rationally prescribed for the prevention or treat-
ment of obesity.
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