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Introduction: There is growing evidence from animal and clinical studies
suggesting probiotics can positively affect type 2 diabetes (T2D). In a previous
randomized clinical study, we found that administering a live multistrain probiotic
and absorbent smectite once a day for eight weeks to patients with T2D could
reduce chronic systemic inflammatory state, insulin resistance, waist
circumference and improve the glycemic profile. However, there is a lack of
evidence supporting the efficacy of probiotic co-supplementation with
absorbent smectite on pancreatic B-cell function in T2D.

Aim: This secondary analysis aimed to assess the effectiveness of an alive
multistrain probiotic co-supplementation with absorbent smectite vs placebo
on B-cell function in T2D patients.

Material and methods: We performed a secondary analysis on a previously
published randomized controlled trial (NCT04293731, NCT03614039) involving
46 patients with T2D. The main inclusion criteria were the presence of B-cell
dysfunction (%B<60%) and insulin therapy alone or combined with oral anti-
diabetic drugs. The primary outcome was assessing -cell function as change C-
peptide and %B.

Results: We observed only a tendency for improving B-cell function (44.22 +
12.80 vs 55.69 + 25.75; p=0.094). The effectiveness of the therapy probiotic-
smectite group was confirmed by fasting glycemia decreased by 14% (p=0.019),
HbAlc - 5% (p=0.007), HOMA-2 - 17% (p=0.003) and increase of insulin
sensitivity by 23% (p=0.005). Analysis of the cytokine profile showed that
statistical differences after treatment were in the concentration of both pro-
inflammatory cytokines: IL-13 (22.83 + 9.04 vs 19.03 + 5.57; p=0.045) and TNF-a.
(31.25 + 11.32 vs 26.23 + 10.13; p=0.041).
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Conclusion: Adding a live multistrain probiotic and absorbent smectite
supplement slightly improved B-cell function and reduced glycemic-related
parameters in patients with T2D. This suggests that adjusting the gut
microbiota could be a promising treatment for diabetes and warrants further
investigation through more extensive studies.
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Introduction

Diabetes is a chronic disease that arises when the B-cells in the
pancreas fail to produce sufficient insulin or when the body cannot
effectively use the insulin it generates. Around 95% of people with
diabetes worldwide have type 2 (T2D). Between 2000 and 2019,
there was a 3% increase in age-standardized mortality rates from
diabetes (1). T2D belongs to a group of metabolic diseases inherent
in hyperglycemia on the background of insulin resistance (IR) and
reduction of insulin secretion (2, 3). Chronic hyperglycemia can
damage and dysfunctional various organs, such as retinopathy,
nephropathy, metabolic and cardiovascular diseases (2, 4). Even
though many standard and non-standard schemes for treating T2D
have been developed today, the number of new cases does not
decrease but instead increases (5). Often, a prerequisite for T2D is
obesity and disrupting the microbiota in the large intestine (6, 7).

The gut microbiota is gaining meaningful scientific interest
concerning obesity and different associated metabolic disorders to
understand obesity’s etiology better and find modern methods for
its prevention and/or treatment (8, 9). It is established that obesity
and T2D are characterized by a chronic state of low-grade
inflammation with IR (10). Inflammation is a nonspecific
biological response of the immune system to pathogens, toxins,
and damaged cells (11). This acute or chronic reaction can lead to
tissue damage (12). For several decades, it has been believed that
increased inflammatory tone significantly affects glucose
metabolism. Therefore, sorbents are indispensable in the fight
against chronic inflammation in patients with T2D (13). Chronic
inflammation is accompanied by oxidative stress, which results in
[B-cell dysfunction and o-cell expansion in the pancreas. This leads
to the progression of T2D in obese subjects and gut microbiota
influences the secretion of these molecules (14-16). Depending on
the strain, bacteria can indirectly stimulate pro-inflammatory
cytokine production by the host through their metabolites or
reduce inflammation by synthesizing anti-inflammatory
substances (17). So today, much animal and clinical data suggest
the beneficial effects of probiotics in T2D, which mainly focus on
their impact on IR, anthropometric parameters, glycemic control
and markers of chronic systemic inflammation (18).
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Our previous randomized clinical study established that a live
multistrain probiotic and absorbent smectite once a day for eight
weeks to patients with T2D could reduce chronic systemic
inflammatory state, IR, waist circumference and improve
glycemic profile (19). Also, it was established that smectite, due to
its ability to bind endo- and exotoxins and its capacity to restore the
barrier properties of human intestinal cell monolayers, may be
beneficial when supplemented with probiotics for NAFLD/NASH
development (13, 20).

This work aimed to assess the effectiveness of an alive
multistrain probiotic co-supplementation with absorbent smectite
vs placebo on B-cell function in T2D patients.

Materials and methods
Ethics statement

We conducted a secondary analysis of previously published
randomized clinical trials (RCTs) (NCT04293731, NCT03614039)
(19, 20). Patient selection was conducted at the Kyiv City Clinical
Endocrinology Centre, Ukraine. The primary research protocols
were approved by the local Ethics Committee (protocol 2/5_2015
and 2017.19/4) and put into practice on the basis of the Declaration
of Helsinki (1975). Before beginning the RCT, the study’s objectives
and procedures were comprehensively explained to the participants.
After the discussion, all patients voluntarily gave their informed
consent by signing the required paperwork.

Inclusion criteria

The inclusion criteria were the following: adult participants
(aged 18 to 75) with proven T2D diagnosis based on the criteria of
the American Diabetes Association (plasma glucose in fasting state
>7.0 mmol/l; plasma glucose at random measuring >11.1 mmol/l;
HbAlc 26.5% or glucose > 11.1 mmol/l 2 hours after tolerance test
with 75 g of glucose) (21); presence of pancreatic 3-cell dysfunction
which defined as %B<60% and treatment with insulin therapy alone
or in combination with oral anti-diabetic drugs (metformin and/or

frontiersin.org


https://doi.org/10.3389/fendo.2024.1276642
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Savytska et al.

sulphonylureas) in a stable dose for at least 3 months prior to
randomization; HbAlc level 6.5 to 10.0%; a signed
informed consent.

Exclusion criteria

The main exclusion criteria were the presence of T1D; intake of
anti-diabetic drugs except for those specified in the inclusion
criteria (pioglitazone, glucagon-like peptide (GLP-1) analogs,
dipeptide-peptidase 4 (DPP-4) inhibitors, etc.); severe diabetes-
related complications at screening (ie, end-stage diabetic kidney
disease, neuropathy requiring pharmacological treatment,
proliferative retinopathy, autonomic neuropathy); regular intake
of probiotics, prebiotics or antibiotics for 3 months prior the
inclusion; previously diagnosed allergy to probiotics;
gastrointestinal disorders including food allergy, gluten-sensitive
enteropathy, ulcerative colitis; an uncontrolled cardiovascular or
respiratory disease, an active malignant tumor or chronic infections;

participation in another clinical trial; pregnancy or lactation.

Study design

The background of secondary analysis was previous RCT were
the administration of Probiotic-Smectite was not accompanied by
significant changes in the functional activity of B-cells (% B)
according to the HOMA2 model (19). The lack of a valid
difference and multidirectionality of changes, in the authors’
opinion, was preconditioned by the trial design. This is because
when the study was scheduled, the functional activity of B-cells was
not considered to be an individual preset criterion of inclusion/
exclusion and was only assessed as additional parameter in terms of
secondary endpoints. For this reason, patients with both hyper and
dysfunction of B-cells of various intensities were included in the
trial, thus influencing the final interpretation of the results
according to this parameter (22). The current study aimed to
assess the effectiveness of Probiotic-Smectite combination vs
placebo in T2D patients with primary [-cell dysfunction. For this
purpose, we conducted secondary analysis of published RCTs (19,
20) and after repeated database analysis included patients who
responded to updated inclusion/exclusion criteria.

The RCT included T2D patients, who were randomly with an
allocation ratio 1:1 prescribed either probiotic or a placebo for 8
weeks. Randomization was double-blind and carried out by a
statistical expert with blocks of four using a computer-generated
list at www.randomization.com. The groups were homogeneous in
terms of age, gender, and diagnosis. The co-investigators distributed
the sachets among the participants according to their groups. The
group allocation was blind both for the participants and the
researchers. In addition to that, with view of supporting the
double-blind design the statistics expert did not know the
distribution of the participants between the study groups. The
code was broken after the analysis had been completed and the
database had been closed.
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The preliminary randomization period was developed to reduce
the effects of diet changes upon metabolic markers. For this
purpose, two weeks before randomization all patients were offered
to have a one-time session with a dietician to modify their lifestyle.
The nutrition program included a corrective diet and drinking
regime (natural water daily norm 30-40 ml/kg). Patients were
provided with a list of recommended and prohibited products.
Any cooking method was recommended except the fry. The last
meal was 1.5-2 hours before bedtime. In addition to that the
participants were offered to continue their usual intake of anti-
diabetic drugs and get a standard average physical exercise for at
least 1 hour a day.

Throughout the study, follow-up phone visits were conducted
every two weeks to ensure that participants were complying with
the protocol requirements and to monitor for any adverse events. In
the study, participants who experienced minor negative reactions
were given the option to continue or stop taking the supplements,
but they still had to attend follow-up appointments. However,
patients who reported serious adverse events, such as diarrhea,
nausea/vomiting, or sepsis, were not included in the final analysis if
they had changes in their previous therapy or had taken antibiotics.

To assess patient compliance, the remaining supplement
sachets were counted and an investigator directly asked
participants about their adherence to the treatment. Good
compliance was defined as consuming more than 85% of the
sachets, whereas any participant who missed more than 15% of
the recommended doses were excluded from the final results.

Drugs

The sachets containing probiotics supplemented with smectite
(Symbiter Forte) or placebo had similar organoleptic characteristics,
appearance, texture, weight, and smell. The only difference was on
specified number code on them. The “Symbiter Forte” and the
placebo were produced and delivered to the study center by “N.D.
Prolisok” (Ukraine). The intervention contained a biomass of alive
probiotic microorganism symbiosis, colony forming units - CFU/g:
Lactobacillus — 1.0x10°, Bifidobacterium - 1.0x10°, Lactococcus —
1.0x10°, Propionibacterium - 1.0x10° and Acetobacter — 1.0x10;
and smectite gel (250 mg). The microbial composition characterized
with following richness: 17 strains of microorganisms physiological
for mammalian intestines belonging to 11 species. Most strains were
taken from All-union Collection of Industrial Microorganisms
(ACIM) State Research Institute of Genetics and Breeding of
Industrial Microorganisms (Union of Soviet Socialist Republics,
Moscow): Lactococcus lactic ssp. lactis ACIM B-4305, ACIM B-
5387; Lactococcus lacti ssp. diacetylactis ACIM B-4303;
Streptococcus salivarius ssp. thermophilus ACIM B-4304, ACIM
B-4741; Lactobacillus acidophilus ACIM B-5254, B-5863;
Lactobacillus delbrueckii ssp. bulgaricus ACIM B-3963, B-5810;
Propionibacterium freudenreichii ssp. schermanii ACIM B-4544;
Propionibacterium acidipropionici ACIM B-5800; Bifidobacterium
bifidum ACIM B-5799; Bifidobacterium longum ACIM B-4557,
4635; Acetobacter aceti ACIM B-5495. Also two strains were
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taken from depositary of D.K. Zabolotny Institute of Microbiology
and Virology (IMV) of the National Academy of Sciences of
Ukraine (Ukraine, Kyiv): Lactobacillus helveticus IMV B-7115;
Bifidobacterium bifidum IMV B-7113).

We chose this probiotic based on our previous comparative
experimental analysis for impact of different probiotic strains
diabetes/obesity models. In this animal study, we assess beneficial
effects of lyophilized mono-probiotic (B. animalis VKL, B. animalis
VKB, L.casei IMVB-7280), the combination of this three strains and
multiprobiotic “Symbiter” containing biomass of 17 alive probiotic
strains. We have shown that supplementation of probiotic
composition, with preference to alive strains, led to a significantly
lower prevalence of obesity, improvement of IR, reduction of
visceral adipose tissue weight and serum lipid levels as compared
to single-strain probiotic (23, 24).

Every patient after randomization received 1 pack (10 g) of
probiotic-smectite or placebo per day (QD) for 8-week period. All
the participants were instructed concerning the use of the
supplementation, i.e. they were told to cut the pack as shown,
then dissolve the contents in 15 to 30 ml of boiled drinking water of
ambient temperature, stir thoroughly and consume immediate after
making ready.

Outcomes assessment and measurement

After obtaining informed consent from the patients, they were
requested to provide blood serum samples while fasting. The
samples were then promptly frozen at t - 20°C. For each patient,
relevant clinical and demographic data were collected.

The primary outcome was the assessment of -cell function as
change C-peptide and HOMA2-B (% B, homeostasis model
assessment-estimated B-cell function) which was calculated using
HOMAZ2 calculator. This model can be calculated using the software
provided by the Oxford Centre for Diabetes, Endocrinology and
Metabolism and available at http://www.dtu.ox.ac.uk/
homacalculator/index.php. In addition to that insulin sensitivity
(% S) and HOMA-2 index were its secondary outcome. C-peptide
was measured using chemiluminescence immune analysis with the
help of commercially available sets (Immulite, Siemens AG,
Germany) with ng/ml scale.

The secondary outcomes of the RCT that were considered for
investigating the efficiency of the probiotic-smectite therapy were
glycemic control-related parameters, anthropometric variables and
markers of a chronic systemic inflammatory response (TNF-a, IL-
1B, IL-6, IL-8, IFN-y). All parameters were determined following a
12-h fasting period, by the hospital clinical laboratory.

The glucose level in the fasting state was determined by
enzymatic Trinder method using an Exan device. HbAlc was
measured using immunoturbidimetric analysis on Cobas 6000
(Roche Diagnostics, Basel, Switzerland) with a reference range of
4.8% to 5.9%. HbAlc level was standardized with a reference
method in keeping with DCCT (Diabetes Control and
Complications Trial) and NGSP (National Glycohemoglobin
Standardization Program).

Frontiers in Endocrinology

10.3389/fendo.2024.1276642

The level of pro-inflammatory cytokines was determined using
enzyme-immunoassay with commercially available systems
“Sigma” (TNF-o. (RAB0476), IL-1B (RAB0273), IL-6 (RAB0306),
IL-8 (RAB0320), INF-y (RAB0222)). Blood samples (5 ml) were
taken in a fasting state. Serum was stored at t=—20°C. Cytokine
levels under consideration were measured in each sample and
expressed in pg/ml.

All the patients underwent anthropometry with the following
data accumulated: body height (BH) accurate to 0.001 m; body
weight (BW) accurate to 0.001 kg using medical scales. Body mass
index (BMI) was calculated by Quetelet formula:

BMI = BW/BH®

Waist circumference (WC) was measured using a flexible tape
at the belly button level accurate to 0.001 m.

Statistical analysis

Statistical analysis was done using a standard software SPSS
version 20.0 (SPSS, Inc., Chicago, Illinois) and GraphPad Prism,
version 6.0 (GraphPad Sofware, Inc., La Jolla, CA, USA).
Quantitative changes were presented as the mean and standard
deviation (M + SD), qualitative changes were presented as %. To
prove the normal distribution hypothesis, Kolmogorov-Smirnov
one-sample test was used. To estimate the difference of the
incoming quantitative data 2 criterion was used. The changes in
outcomes of the participants after the initiation of therapy and end
of the trial were compared by paired sample t-tests (intra-group).
Analysis of covariance (ANCOVA) was used to identify any
differences between the two groups after intervention, adjusting
for baseline measurements and confounders (BMI and sex)
(inter-group).

Results

Totally 105 patients with T2D completed primary RCT and
their data were included in intention-to-treat analysis (19, 20). At
initial stage we set as inclusion criteria %B as less than 50. From 105
patients only 28 meet the given criterion. After additional analysis
of RCT database we found that 18 patients with T2D have %B in
range 50-60%. Therefore, at the next meeting of the researchers, a
decision was made to extend inclusion criterion % B to less than 60.
After the specified modification of the protocol 46 patents meet
inclusion/exclusion criteria for the secondary analysis, which
greatly increased the statistical power of the study. Twenty-two
patients received placebo and twenty-four were included in
probiotic-smectite group. The CONSORT Flow Diagram is shown
in Figure 1. All participants received standard care that included
medical counseling, education in T2D, and lifestyle advice. All
patients received more than 90% of the prescribed sachets in the
double-blind treatment. The patients were satisfied with the
organoleptic features; both additives were tolerated well. The
main reported adverse events (AEs) were gastrointestinal
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Enrollment
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Exclude (n=105)
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Allocated to Probiotic group (n = 24)
-Re intervention (n =24)
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l [ Follow-up

—

Lost tofollow up (n=0)
Discontinued intervention (n =0)
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Discontinued intervention (n =0)

1 Analysis l l

l Analyzed in ITT (n = 24) ‘

FIGURE 1

| Analyzed in ITT (n = 22) |

Consolidated Standards of Reporting Trials (CONSORT) flow chart-trial protocol.

complaints. In general, prevalence of AE was less than 20%, mild in
their intensity and disappeared spontaneously (19, 20).

The baseline clinical parameters (age, gender and T2D
duration) of the patients who completed the study are
summarized in Table 1. All project participants were on standard
treatment, namely oral hypoglycemic drugs, insulin, or
combinations. Even though metformin can change the gut
microbiota composition (25, 26), we did not exclude patients who
took this drug in this study because metformin is currently
recognized as a first-line therapy in T2D patients. Participants
were randomized to the proportional shares of the patients with a
stable metformin dosage 4 weeks before the study started. The two
groups had no significant differences in the daily average
amounts (Table 1).

Analysis of primary and secondary outcomes of carbohydrate
metabolism is presented in Table 2. At placebo group had no

TABLE 1 Baseline clinical parameters in examined patients (M + SD
or %).

Parameters Placebo Probiotic-Smectite

group group (n=24)

(n=22)
Age, years 54.87 + 8.59 54.75 + 8.87 0.971
Duration of 13.53 £7.97 12.06 + 6.18 0.569
T2D, years
Metformin, % (n) 59.1 (13) 62.5 (15) 0.813
Metformin daily 1495.0 1636.36 + 638.78 0.601
dosage, mg + 570.79
Sulfonilureas, % (n) 31.8 (7) 37.5 (9) 0.686
Insulin daily 31.66 + 8.54 30.75 £ 7.92 0.839
dosage, IU
Insulinotherapy 7.33 + 4.84 7.75 + 5.44 0.885
duration, years
Insulinotherapy, 45.5 (10) 50.0 (12) 0.758
% (n)

Frontiers in Endocrinology

significant differences in carbohydrate metabolism parameters,
except deterioration by 3% HbAlc (p=0.039), which a decrease in
sensitivity (%S) and HOMA-2 can explain. Unfortunately, after 8
weeks of probiotic co-supplementation with absorbent smectite
administration, we observed only a tendency for improving B-cell
function (44.22 + 12.80 vs 55.69 + 25.75; p=0.094). Also, ANCOVA
analysis didn’t show significant differences between the mean
changes of the %B (-7.05 + 21.4 vs -11.47 * 26.04; p=0.642). The
C-peptide concentration didn’t have statistically significant changes
in both groups (Table 2).

However, the effectiveness of the therapy in the probiotic-
smectite group was confirmed by other indicators. After 8 weeks
of intervention fasting glycemia decreased by 14% (p=0.019),
HbAlc - 5% (p=0.007), HOMA-2 - 17% (p=0.003) and increase
of insulin sensitivity by 23% (p=0.005). Changes were significant
also in inter-group analysis. The mean changes for both groups in
ANCOVA analysis were as follow: HbAlc (-0.26 + 0.45 vs 0.41 +
0.52; p=0.001), %S (0.19 + 5.38 vs -7.58 £ 9.20; p=0.01) and HOMA-
2 (-0.05 + 0.45 vs 0.55 + 0.65; p=0.006) (Table 2).

Both groups’ anthropometric parameters changed
insignificantly after the intervention (Table 3). The effect of
probiotics and absorbent smectite therapy was also analyzed
using its influence on the immune system. In the placebo group,
all studied parameters did not change significantly. Analysis of the
cytokine profile showed that statistical differences after treatment
were in the concentration of both pro-inflammatory cytokines: IL-
1B (22.83 + 9.04 vs 19.03 + 5.57; p=0.045) and TNF-o (31.25 +
11.32 vs 26.23 + 10.13; p=0.041). In the probiotic-smectite group,
IL-6, IL-8, and y-INF concentrations didn’t change significantly
(Table 4). The between-group ANCOVA analysis didn’t find a
change in all investigated cytokines.

Discussion

In recent years, more scientific data have pointed out the close
connection between intestinal microbial community, nutritional
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TABLE 2 Analysis of primary and secondary outcomes with focus carbohydrate metabolism parameters (M + SD).

Parameters Placebo group Probiotic-Smectite group
(n=22) (n=24)

B-cell function, %B
Baseline value 43.00 £ 10.70 44.22 + 12.80 0.777
Post-treatment value 50.05 + 20.22 0.223 55.69 + 25.75 0.094 0.642
Mean changes -7.05 + 214 -11.47 + 26.04

C-peptide, ng/ml
Baseline value 3.11 £ 0.70 3.33 + 1.05 0.336
Post-treatment value 325+091 0.372 3.02 +1.10 0.186 0.133
Mean changes -0.14 £ 0.51 0.31 +0.8

Glucose, mmol/l
Baseline value 11.11 + 1.57 0.567 11.44 +2.11 0.633
Post-treatment value 10.70 = 2.19 9.81 +2.29 0.019 0.201
Mean changes 0.41 +2.70 1.63 + 245

HbAlc, %
Baseline value 8.2 +0.86 8.56 + 1.17 0.338
Post-treatment value 8.46 + 0.99 0.039 8.15 + 1.14 0.007 0.001
Mean changes -0.26 £ 0.45 0.41 £ 0.52

Sensitivity, %S
Baseline value 35.53 + 8.30 33.42 +10.67 0.546
Post-treatment value 35.34 + 8.59 0.891 41.00 + 15.32 0.005 0.010
Mean changes 0.19 +5.38 -7.58 £9.20

HOMA-2
Baseline value 2.95 + 0.64 3.29 + 1.03 0.285
Post-treatment value 3.00 + 0.77 0.643 2.74 £ 098 0.003 0.006
Mean changes -0.05 + 0.45 0.55 + 0.65

pl-2 - difference in placebo and probiotic-smectite groups before and after intervention (intragroup analysis); p3 - differences between placebo and probiotic-smectite groups baseline
characteristics; p4 - difference between groups throughout the study (ANCOVA intergroup analysis). Significance was stated at p<0,05.

habits, lifestyle, and the appearance of various afflictions in the
digestive tract, including irritable bowel syndrome (IBS) (27),
metabolic diseases and cancer (28). Also, gut dysbiosis enhances
the formation and accumulation of specific metabolites with toxic
potential that induce the appearance of kidney-associated illnesses

TABLE 3 Analysis of anthropometric secondary outcomes (M + SD).

(29). Recent studies have shown that altering gut microbiota
composition by probiotics, prebiotics and synbiotics can
positively treat irritable bowel syndrome (IBS) (27).

Probiotics have been used safely in foods and dairy products for
over a hundred years. Recently, there has been increasing interest in

Parameters Placebo group pl Probiotic-Smectite group (n=24) p2
(n=22)
BMI, kg/m?
Baseline value 33.61 £7.12 31.62 £ 4.96
Post-treatment value 33.54 + 6.88 0.511 31.56 + 5.07 0.431 0.371 0.933
Mean changes 0.07 + 0.44 0.06 + 0.32
Weight, kg
Baseline value 97.17 + 22.58 95.4 +17.32
Post-treatment value 96.89 + 21.67 0.419 95.05 + 17.06 0.213 0.808 0.870
Mean changes 0.28 +1.29 0.35 + 1.06
WC, cm
Baseline value 96.93 + 6.00 95.81 + 8.82
Post-treatment value 96.93 + 5.87 0.999 95.40 + 8.59 0.109 0.684 0.267
Mean changes 0.001 + 1.10 0.59 + 1.11

pl-2 - difference in placebo and probiotic-smectite groups before and after intervention (intragroup analysis); p3 - differences between placebo and probiotic-smectite groups baseline
characteristics; p4 - difference between groups throughout the study (ANCOVA intergroup analysis). Significance was stated at p<0,05.
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TABLE 4 Cytokine profile in patients with T2D (M + SD).

10.3389/fendo.2024.1276642

Parameters Placebo group pl Probiotic-Smectite group (n=24) p2 p3
(n=22)
IL-1B, pg/ml
Baseline value 20.38 + 8.17 22.83 £9.04
Post-treatment value 19.90 + 6.93 0.768 19.03 £ 5.57 0.045 0.437 0.170
Mean changes 0.48 + 6.19 3.80 £ 6.94
TNF-0, pg/ml
Baseline value 35.57 £ 9.33 31.25+ 11.32
Post-treatment value 35.18 + 8.12 0.848 26.23 +10.13 0.041 0.257 0.137
Mean changes 0.39 + 7.80 5.01 + 8.94
IL-8, pg/ml
Baseline value 71.33 +23.25 78.06 + 21.32
Post-treatment value 69.62 + 22.74 0.534 72.20 + 20.54 0.064 0.407 0.306
Mean changes 1.71 + 10.36 5.86 + 11.71
IL-6, pg/ml
Baseline value 15.29 + 7.52 21.30 £ 9.24
Post-treatment value 15.19 + 9.42 0.949 18.15 + 7.12 0.092 0.057 0.201
Mean changes 0.10 + 5.89 3.15 + 6.99
v-INF, pg/ml
Baseline value 160.54 + 54.52 184.46 + 55.40
Post-treatment value 150.0 + 66.09 0.274 177.40 + 52.20 0.342 0.236 0.767
Mean changes 10.54 + 35.89 7.05 + 28.75

pl-2 - difference in placebo and probiotic-smectite groups before and after intervention (intragroup analysis); p3 - differences between placebo and probiotic-smectite groups baseline
characteristics; p4 - difference between groups throughout the study (ANCOVA intergroup analysis). Significance was stated at p<0,05.

their use to prevent, mitigate or treat specific diseases (30). Changes
in the gut microbiota composition and its derived metabolites are
closely associated with insulin sensitivity (31), and energy
homeostasis (32). Thus, the gut microbiota has been attracting
much attention in metabolic diseases (33). Today, many clinical
trials have investigated probiotics for metabolic diseases such as
obesity and T2D (6, 33, 34). It was shown that changes in insulin
secretion after lifestyle intervention (3 months of the nutritional
program rich in fiber and exercise training) might be mediated via
alterations in an insulinotropic polypeptide (GIP) secretion from
intestinal K-cells (35).

This group of agents participates in several links of lipid (fat)
metabolism at once, helping to accelerate the weight loss process
and reduce the toxic load of harmful substances on the body. In this
study, the probiotic was combined with absorbent smectite.
Smectite (bentonite) is a natural loamy polymineral formed by
microscopic particles capable of hydration and displays the most
physiologically active properties. The smectite present on the
surface of the intestinal tract provides cytomuco-protective
therapeutic benefits by supplying energy and plastic materials to
epithelial cells. This enhances the strength of the mucosal barrier
and facilitates interaction between mineral particles and
glycoproteins of the mucosa and the microbial biolayer (36).
Smectite is unique in its ability to directly absorb viruses, toxins,
radionuclides, heavy metals, and bacterial endotoxins without
affecting normal microbiota cells or essential nutrients (19). Due
to their absorbent activity and stabilization mucus layer properties,
probiotics with smectite can impact the synergistic enhancement of
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a single effect, significantly increasing insulin sensitivity, improving
anthropometric indicators and reducing inflammation (19).

The scientific data regarding smectite administration alone in
terms of different metabolic disturbances are very scarce. Smectite
has been effectively used in the treatment of several gastrointestinal
diseases, including infectious diarrhea and food allergy (37). In
experimental colitis models was found that administration of
smectite associated with absorption of inflammatory proteins,
reduction in systemic markers of inflammation (IL-2, IL-6, IL-8
and IL-12, TNFo, IFNY) (38-40) and significant improvement in
intestinal microbial profile (41). The Dening et al. proposed that
spray dried smectite clay particles may be developed as novel anti-
obesity treatments (42, 43). These particles had adsorptive
capacities for dietary lipids and digestion products (42). When
co-administered with a high-fat diet (HFD) to Sprague-Dawley rats,
smectite clay particles can reduced the extent of weight gain relative
to the negative control treatment group and performed similarly to
orlistat via an alternate mechanism of action (43).

The systematic analysis of RCTs has supported the potential
beneficial effects of metformin in improving B-cell function. This is
especially true when it is combined with other anti-diabetic
therapies like rosiglitazone, pioglitazone, and vildagliptin. One of
the mechanisms behind this improvement is the reduction of pro-
inflammatory markers like hs-CRP and TNF-o in patients with
T2D (44). Our research aims to develop therapies that have
antioxidant properties and reduce inflammation and oxidative
stress markers to limit pancreatic B-cell failure in T2D patients
and improve blood glucose control.
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So, this study investigated the efficacy of probiotics and
absorbent smectite for protecting against 3-cells damage in T2D
patients. Obesity can lead to the expansion of adipose tissue, which
in turn produces several pro-inflammatory markers that hasten -
cell dysfunction. These effects are indicative of a compromised
immune response, which exacerbates IR and raises blood glucose
levels. Concurrently, oxidative stress occurs alongside
inflammation, causing disruptions in various biochemical
processes that can lead to the death of pancreatic B-cells (44).
After 8 weeks of probiotic co-supplementation with absorbent
smectite administration, only a tendency for improving B-cell
function as a change in %B was found. However, in this group,
there was decreased fasting glycemia HbAlc parallel with
improvement of insulin sensitivity. Bacteria in the colon use
undigested dietary substrates from the small intestines for
survival. Carbohydrates fermentation by bacteria produces
beneficial metabolites. However, in the case of carbohydrates
limitation, bacteria can use alternative energy sources and
produce different metabolites, which have a harmful effect on
human health. Dietary carbohydrates’ main bacterial fermentation
products are short-chain fatty acids (SCFAs) and gases (45). Recent
studies found that a ligand of toll-like receptor (TLR) 4, activated by
metabolites gut microbiota, plays an essential role in the
development of IR and obesity as well as in oxidative stress,
inflammation, cell proliferation, and apoptosis (46-48). In our
study, we also analyzed the effect of the applied therapy on the
immune system. Still, the concentration of both pro-inflammatory
cytokines were decreased: IL-1B by 17% (p=0.045) and TNF-o. by
16% (p=0.041).

In this placebo-controlled RCT, patients were on standard
therapy with insulin or oral anti-diabetic drugs, primarily
metformin. As mentioned above, patients with metformin were
randomly divided into two groups. It has shown that metformin can
inhibit microbial bile acids’ metabolism by altering gut microbiome
symbiosis and blocking gut bile acids’ signaling, thereby partially
exerting their metabolic benefits (49).

Western diet, which contains a lot of sugars and fat, including
trans-fatty acids and cholesterol, leads to dysbiosis. Such a HFD
connected with reduced expression of tight junction genes results in
increased intestinal permeability. Raised intestinal mucosa
permeability with loss of integrity facilitates enteric bacterial
pathogens that contain lipopolysaccharides (LPS). Moreover, in
mice, LPS increases intestinal permeability both in vitro and in vivo,
suggesting an association between increased intestinal LPS level and
the expression of gut tight junction (50, 51). Increased intestinal
permeability may contribute to a more significant effect on the
immune system of pathogenic antigens and diet, causing mild
chronic systemic inflammation and immune-mediated destruction
of pancreatic B-cells, which ultimately causes T2D (52-54). That’s
why sorbents are essential in the fight against excess weight
and T2D.

The main limitation of this study was unidentified composition
of the intestinal microbiota in the patients at the baseline and post-
treatment state with view of defining the personalized impact upon
the changes of metabolic parameters. Furthermore, the terms of
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treatment for 8 weeks may not fully reproduce the changes of
HbAIc as it the glycosylation status of RBCs from around 120 days
prior to the test date. The latter should be taken into consideration
in future studies.

Conclusion

It was found that incorporating a live multistrain probiotic and
absorbent smectite supplement positively impacted B-cell function
and parallel with reduction of glycemic related parameters in
individuals with T2D. This discovery indicates that modifying the
gut microbiota could potentially be a successful diabetes treatment
and should be explored in more extensive studies.
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