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Metabolic dysfunction—associated steatotic liver disease (MASLD) is considered a multifactorial disorder that
develops in the context of metabolic disturbances and systemic inflammation. Recent scientific data indicate an
important role of the interaction between the gut and the liver in the development of this pathology. Changes in the
composition of the intestinal microbiota and impairment of the intestinal barrier function may facilitate the entry of
microbial components into the portal circulation, which potentially activates inflammatory mechanisms in the liver
and sustains metabolic dysfunction. One of the markers of impaired intestinal barrier integrity is considered to be
zonulin, a regulator of intercellular tight junctions of the intestinal epithelium. The aim of the study was to deter-
mine the association between indicators of intestinal permeability, characteristics of the intestinal microbiome, and
clinical and metabolic features in patients with MASLD, as well as to evaluate possible changes in these parameters
under the influence of therapy aimed at microbiome modification. The study involved 152 patients with MASLD
and 47 individuals without signs of liver disease, who constituted the control group. Anthropometric, biochemical,
and metabolic parameters were assessed. Analysis of the intestinal microbiome composition was performed using
quantitative real-time PCR, and the concentration of fecal zonulin was determined by enzyme-linked immunosorbent
assay. As part of the treatment, a comprehensive approach was applied, including lifestyle modification and micro-
biome-oriented therapy. Patients with MASLD demonstrated more pronounced metabolic disturbances, elevated lev-
els of liver enzymes and inflammatory markers, as well as significantly higher levels of fecal zonulin compared with
the control group. After treatment, improvement in metabolic parameters, a decrease in zonulin levels, and changes
in the intestinal microbial profile were observed, indicating partial restoration of the intestinal barrier function. The
results of the study demonstrate that MASLD is associated with intestinal microbiome dysbiosis and increased in-
testinal permeability, and that microbiome-targeted therapy may contribute to the restoration of intestinal barrier

function and improvement of metabolic parameters.
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vascular, digestive, endocrine, and respiratory systems
in clinical and experimental settings” (state registration
number 0120U002142).

Introduction.

Metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) has become the most prevalent chronic
liver disease worldwide and represents a major com-
ponent of the global metabolic disease burden. Closely
linked with obesity, insulin resistance, and dyslipidemia,
MASLD is increasingly recognized as a systemic disorder
involving complex metabolic and inflammatory path-
ways rather than a purely hepatic condition [1, 2]. In re-
cent years, growing attention has been directed toward
the gut-liver axis, which plays a pivotal role in the ini-
tiation and progression of liver steatosis and metabolic
inflammation [3].

The gut-liver axis represents a bidirectional com-
munication system between the intestinal microbiota,
intestinal barrier, portal circulation, and hepaticimmune
and metabolic pathways. Through the portal vein, the
liver is continuously exposed to gut-derived metabolites,
microbial components, and inflammatory mediators [4,
5]. Under physiological conditions, the intestinal barrier
tightly regulates this interaction, preventing excessive
translocation of microbial products. However, disruption
of intestinal barrier integrity may result in increased per-
meability of the intestinal mucosa, a phenomenon often

referred to as “leaky gut syndrome.” This condition facil-
itates the translocation of endotoxins such as lipopoly-
saccharides (LPS) and other microbial metabolites into
the portal circulation, thereby promoting hepatic inflam-
mation, metabolic dysregulation, and progression of ste-
atotic liver disease [6, 7].

One of the key regulators of intestinal permeability
is zonulin, a protein that modulates the opening of tight
junctions between intestinal epithelial cells. Elevated
levels of zonulin have been associated with increased
intestinal permeability and have been observed in vari-
ous metabolic and inflammatory disorders [8, 9]. Recent
studies suggest that patients with MASLD may exhibit
increased circulating or fecal zonulin levels, reflecting
impairment of the intestinal barrier. This dysfunction
contributes to enhanced endotoxemia and activation
of inflammatory signaling pathways in the liver, thereby
linking intestinal barrier disruption with hepatic steato-
sis and metabolic inflammation [10].

At the same time, gut microbiome dysbiosis has been
increasingly implicated in the pathogenesis of MASLD.
Alterations in the relative abundance of major bacterial
phyla, particularly changes in the Firmicutes/Bacteroide-
tes ratio, reduced microbial diversity, and expansion of
pro-inflammatory bacterial species, may influence host
metabolism, bile acid signaling, and energy homeosta-
sis [11, 12]. Microbiota-derived metabolites, including
short-chain fatty acids, bile acid derivatives, and endo-
toxins, can directly affect hepatic lipid metabolism, insu-
lin sensitivity, and inflammatory responses [13, 14].
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In recent years, increasing interest has emerged in
microbiome-targeted therapeutic strategies aimed at re-
storing intestinal microbial balance and improving intes-
tinal barrier function. Approaches including non-absorb-
able antibiotics, probiotics, and microbiome-modulating
interventions have demonstrated potential in reducing
dysbiosis, improving metabolic parameters, and atten-
uating inflammatory activity in patients with metabolic
liver disease [15]. By modulating the gut microbiome
and reinforcing intestinal barrier integrity, these strate-
gies may contribute to improved metabolic control and
potentially slow the progression of MASLD [16, 17].

Given the growing recognition of the gut-liver axis
as a central mechanism in MASLD pathogenesis, further
investigation of the relationships between gut microbio-
ta composition, intestinal permeability markers such as
zonulin, and metabolic liver disease remains essential.

The aim of the study.

To explore the interaction between gut microbiome
alterations, zonulin-mediated intestinal permeability,
and the development of metabolic dysfunction-associ-
ated steatotic liver disease, as well as to evaluate the
potential effects of microbiome-targeted therapy on
intestinal barrier integrity and metabolic parameters in
patients with MASLD.

Object and research methods.

A total of 152 patients diagnosed with MASLD were
enrolled in the present study. The participants were
recruited among outpatients treated in the therapeu-
tic departments of “Truskavetskurort” LLC, the Medi-
cal Center “Intersono” (Departments No. 1 and No. 2),
and the therapeutic unit of St. Panteleimon Hospital of
the Lviv First Territorial Medical Association. During this
study, the requirements of Good Clinical Practice (ICH
E6(R2) GCP) and the Declaration of Helsinki of the World
Medical Association were followed. Prior to the initia-
tion of any procedures, all patients provided informed
voluntary consent to participate in the study.

The inclusion criteria were: a confirmed diagnosis of
MASLD established on the basis of clinical evaluation to-
gether with laboratory and instrumental investigations
as well as the presence of informed consent.

The study population consisted of 85 women (55.9%)
and 67 men (44.1%), with a mean age of 48.63+0.55
years.

The control group included 47 individuals without
evidence of MASLD, matched by age and sex, with a
mean age of 48.36+0.97 years.

The diagnosis of MASLD was supported by ultra-
sound examination, which demonstrated diffuse hyper-
echogenicity of the hepatic parenchyma and an elevated
hepatorenal index (HRI). According to ultrasound char-
acteristics, hepatic steatosis was classified into the fol-
lowing stages:

S1: increased echogenicity of the liver parenchyma.

S2: mild hepatomegaly accompanied by increased
parenchymal echogenicity and a fragmented vascular
pattern.

S3: hepatomegaly with poor visualization of the vas-
cular structures and reduced ultrasound penetration to
the diaphragm [16].

Steatometry was additionally performed to comple-
ment ultrasound assessment. The following thresholds
were applied: 0.65 dB/cm/MHz for S1, 0.71-0.76 dB/cm/
MHz for S2, and >0.77 dB/cm/MHz for S3 [17].

Furthermore, MASLD was considered confirmed in
the presence of hepatic steatosis on ultrasound or ste-
atometry combined with cardiometabolic risk factors,
including:

e Waist circumference >102 cm in men or >88 cm in
women;

¢ Arterial blood pressure >130/85 mmHg or ongoing
antihypertensive therapy;

e Plasma triglycerides >1.70 mmol/L or treatment
with lipid-lowering agents;

e HDL cholesterol <1.0 mmol/L in men or <1.3
mmol/L in women;

¢ Fasting plasma glucose 5.6-6.9 mmol/L or HbAlc
5.7-6.4%;

e HOMA-IR index >3;

e High-sensitivity C-reactive protein (hs-CRP) >2
mg/L.

The exclusion criteria included laboratory-confirmed
hepatitis B or C infection, alcohol consumption in hepa-
totoxic doses (30-40 g/day), autoimmune hepatitis, Wil-
son’s disease, inflammatory bowel disease, severe co-
morbid conditions (including cardiovascular, pulmonary,
or renal diseases), malignancies that could potentially
affect study outcomes, psychiatric disorders, and failure
to comply with study procedures.

Microbiome analysis. Microbiome composition was
assessed using quantitative real-time polymerase chain
reaction (QRT-PCR). Stool samples were stored at —20°C,
and DNA extraction was performed using the phenol—
chloroform method. DNA concentration and purity
were evaluated with a NanoDrop ND-8000 spectropho-
tometer. PCR amplification was carried out using a Ro-
tor-Gene 6000 thermocycler (QIAGEN, Germany) with
Taq polymerase and gene-specific primers.

Zonulin determination. Fecal zonulin levels were
measured using a Zonulin Stool ELISA kit, which allows
guantitative determination of zonulin family peptides
(ZFP) in human stool samples.

Considering that reference ranges for major bacte-
rial phyla are not universally standardized, as they may
vary substantially depending on geographic location, di-
etary habits, and lifestyle factors, an additional analysis
was conducted in 45 practically healthy volunteers aged
18-59 years residing in the region where the study was
performed. This subgroup was used to characterize the
regional microbiome profile (table 1).

Table 1 - Microbiome composition
in healthy volunteers (n=45)

Parameter M m
Bacteroides, % 43.8 1.4
Firmicutes, % 35.26 0.89
Actinobacteria, % 7.38 0.41
Others, % 13.5 0.11
Firmicutes/Bacteroides index 3.55 0.4

Microbiome-targeted therapy. All patients with
MASLD received recommendations on lifestyle modifi-
cation, with particular emphasis on increasing physical
activity and implementing dietary changes. Participants
were advised to perform at least 150 minutes of mod-
erate-intensity physical activity per week, divided into
3-5 sessions, combining aerobic exercises with resis-
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tance training. Nutritional counseling aimed at reducing
cholesterol levels was provided in accordance with the
American Gastroenterological Association recommen-
dations [4].

In addition, microbiome-targeted therapy was ap-
plied in order to promote restoration of intestinal mi-
crobial balance. The therapeutic protocol began with a
14-day course of rifaximin, administered at a dose of 400
mg three times daily (two 200 mg tablets per dose).

Starting from day 15, patients received Saccharomy-
ces boulardii CNCM 1-745, one capsule twice daily for 30
days, together with essential phospholipids at a dose of
600 mg three times daily for the same duration.

Beginning on day 29, a probiotic preparation contain-
ing Lactobacillus acidophilus (LA-5) and Bifidobacterium
animalis subsp. lactis (BB-12) was introduced. The total
probiotic concentration was 2x10° CFU, providing 1x10°
CFU per capsule, administered twice daily for 12 weeks.

Statistical Analysis. Data were analyzed using Statis-
tica 11.0 for Windows. Results are presented as mean
+ standard error (M £ m). Student’s t-test was used for
comparing means, with significance defined as p<0.05.
Non-parametric methods were employed for variables
not following normal distributions. Correlation analysis
was used to explore relationships among parameters.

Research results and their discussion.

Table 2 presents the clinical and biochemical char-
acteristics of patients with MASLD compared with the
control group.

Table 2 - Clinical and biochemical parameters in
patients with MASLD (n=152) and controls (n=47)

Parameter MASLD (n=152) [Controls (n=47)| p-value
BMI 29.37+0.56 24.5+0.7 <0.05
ALT 43.65%6.09 23.65+6.09 <0.05
AST 44.9+2.23 23.942.23 <0.05
GGT 54.45+3.58 31.45+3.58 <0.05
hsCRP 3.5+0.29 1.2+0.29 <0.05
Alkaline phosphatase | 78.40+4.28 69.40+4.28 <0.05
HOMA-IR index 3.6+1.23 2.2+1.34 <0.05

Patients with MASLD demonstrated significantly
higher values of BMI, ALT, AST, GGT, high-sensitivity C-re-
active protein (hsCRP), alkaline phosphatase, and HO-
MA-IR index compared with the control group (p < 0.05),

Patients with MASLD exhibited significantly higher
levels of total cholesterol, triglycerides, and LDL-cho-
lesterol, whereas HDL-cholesterol levels were signifi-
cantly lower compared with the control group (p<0.05).
No statistically significant difference was observed for
VLDL-cholesterol levels.

These findings indicate the presence of atherogenic
dyslipidemia in patients with MASLD.

Fecal zonulin levels were analyzed in patients with
MASLD and in the control group.

Figure 1 shows that patients with MASLD had sig-
nificantly higher fecal zonulin levels compared with the
control group (109+2.76 vs 45+0.86 ng/g, p<0.05), indi-
cating increased intestinal permeability.

120
100
80
60
40
20

MASLD (n=152)

Controls (n=47)

m Zonulin, ng/g

Figure 1 - Fecal zonulin levels in patients with MASLD and controls.

Further analysis revealed differences depending on
the clinical form of the disease. The mean zonulin con-
centration reached 113 ng/g in patients with steatohep-
atitis and 104 ng/g in patients with simple steatosis, with
both values exceeding the upper reference limit.

Patients in the main group received microbiome-tar-
geted combined therapy aimed at correcting gut micro-
biota imbalance and improving metabolic and biochem-
ical parameters associated with MASLD. Patients who
failed to comply with the treatment protocol or discon-
tinued therapy due to newly developed comorbidities
were excluded from the analysis. As a result, 95 patients
completed the full course of treatment and were includ-
ed in the final evaluation.

Table 4 - Biochemical parameters in patients with
MASLD before and after therapy (n=95)

indicating the presence of metabolic disturbances and Bofore After
systemic inflammatory activity (table 2). Parameter et || Grestme p
Table 3 summarizes the lipid profile parameters in [\ 29.3740.58 27.9+0.43 50.05
patients with MASLD and the control group.
ALT 45.12+2.78 29.5+2.18 <0.05
Table 3 - Lipid profile parameters AST 37.45+3.01 19.9+1.36 <0.05
in patients with MASLD and controls GGT 51.83+1.45 | 32.78+1.48 | >0.05
MASLD group Control group hsCRP 3.540.12 1.58+0.45 <0.05
Parameter (n=152) (n=47) p-value
Alkaline phosphatase| 76.59+3.67 48.4+3.28 <0.05
+ +
TC, mmol/L 6.2¢0.21 >.2£0.28 <0.05 HOMA-IR index 3.56+0.89 1.7¢0.35 | <0.05
TG, mmol/L 2.5+0.36 1.12+0.09 <0.05
HDL-C, mmol/L 1.03+0.06 1.52+0.07 <0.05 As presented in table 4, following treatment, pa-
LDL-C, mmol/L 3.98+0.17 324023 <0.05 Ugnts demonstrated S|gn|f|cant !mprovements in several
biochemical parameters, including ALT, AST, hsCRP, alka-
VLDL-C, mmol/L 1.09+0.16 0.77+0.07 >0.05 | Jine phosphatase, and HOMA-IR index (p<0.05). No sta-
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composition was analyzed before and

120 1071 after treatment.
100 > After therapy, patients demonstrated:
e an increase in Bacteroidetes levels
80 ¢ a slight decrease in Firmicutes abun-
% 60 62 dance
=} e a reduction of the Firmicutes/Bacte-
40 roidetes ratio from 4.9 to 3.2.
20 In addition, the relative abundance of
Actinobacteria decreased from 21% be-
0 fore treatment to 11% after therapy.
Before treatment After tretment Treatment was also associated with a
significant decrease in fecal zonulin levels,
e MASLD (n=152) reflecting improvement of intestinal barri-
er function (figure 2).

Figure 2 — Zonulin levels before and after treatment in patients with MASLD.

Table 5 - Liver elastography parameters in patients
with MASLD before and after treatment (n=95)

Parameter Before After
treatment treatment
Mean liver stiffness (kPa) 6.85 5.87
Portal vein diameter (cm) 1.2 1.1

tistically significant change in BMI was observed. These
findings suggest improvement in metabolic status and
reduction of systemic inflammatory activity after com-
bined therapy.

Liver elastography data were analyzed in a subgroup
of patients with MASLD (n=95).

Table 5 shows a reduction in liver stiffness after
treatment, with the mean elastography value decreasing
from 6.85 kPa before therapy to 5.87 kPa after therapy,
indicating an improvement in liver parenchymal condi-
tion.

Given that the combined therapy included probiot-
ic and microbiome-modulating agents, gut microbiome

Firmicutes/

Bacteroidetes
ratio

Figure 3 — Correlational relationship between zonulin level and
Firmicutes/Bacteroidetes ratio in patients with MASLD.

In patients with MASLD the decreasing
of zonulin level was approximately 1.7-
fold (from 107.1 to 62 ng/g).

A moderate positive correlation was observed be-
tween zonulin levels and the Firmicutes/Bacteroidetes
ratio (r=0.53, p<0.05), suggesting a relationship between
intestinal permeability and gut microbiome composition
(figure 3).

The present findings further support the concept
that the gut—liver axis plays a central role in the patho-
genesis and progression of metabolic dysfunction-asso-
ciated steatotic liver disease. In addition to metabolic
disturbances and dyslipidemia, patients with MASLD
demonstrate alterations in intestinal barrier integrity
and gut microbiome composition, highlighting the com-
plex interplay between metabolic, microbial, and inflam-
matory pathways.

Patients with MASLD exhibited significantly high-
er body mass index, liver enzyme levels, inflammatory
markers, and indices of insulin resistance compared with
the control group. These findings reflect the well-estab-
lished association between MASLD and components of
metabolic syndrome, including obesity, dyslipidemia,
and systemic low-grade inflammation. Elevated levels
of ALT, AST, and GGT are in line with previous evidence
indicating hepatocellular injury and metabolic liver dys-
function in MASLD.

A key observation of this study was the significant
elevation of fecal zonulin levels in patients with MASLD,
suggesting impairment of intestinal barrier integrity.
Zonulin is recognized as a physiological regulator of tight
junction permeability in intestinal epithelial cells. In-
creased zonulin levels are associated with enhanced in-
testinal permeability, which facilitates the translocation
of microbial components and endotoxins into the portal
circulation. This process may activate hepatic inflamma-
tory pathways, including toll-like receptor signaling and
Kupffer cell activation, thereby contributing to hepatic
steatosis and disease progression.

Growing evidence indicates that increased intestinal
permeability represents an important pathogenic factor
in MASLD. Endotoxemia resulting from barrier dysfunc-
tion has been shown to stimulate hepatic inflammation
and lipid accumulation. In this context, elevated zonulin
levels may reflect functional disruption of the intestinal
barrier, allowing bacterial products such as lipopolysac-
charides to enter the portal circulation and promote
metabolic inflammation within the liver.

In addition to barrier dysfunction, significant alter-
ations in gut microbiome composition were observed,
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particularly in the balance between the dominant bac-
terial phyla Firmicutes and Bacteroidetes. Dysbiosis
characterized by changes in the Firmicutes/Bacteroide-
tes ratio has previously been associated with metabolic
disorders, including obesity and MASLD. Such microbi-
al alterations may influence host metabolism through
several mechanisms, including modulation of bile acid
metabolism, production of short-chain fatty acids, and
regulation of intestinal permeability.

Importantly, a moderate positive correlation was
identified between fecal zonulin levels and the Firmi-
cutes/Bacteroidetes ratio. This finding further supports
the relationship between gut microbiome alterations
and intestinal barrier dysfunction. Certain microbial
communities may stimulate zonulin release, contribut-
ing to disruption of tight junction integrity and increased
intestinal permeability. In turn, impaired barrier func-
tion may facilitate microbial translocation and sustain
hepatic inflammation.

Another important aspect of the study was the eval-
uation of microbiome-targeted therapy as a potential
strategy for modulating the gut-liver axis in MASLD.
Combined therapy including rifaximin, probiotics, and
microbiome-modulating interventions was associated
with significant improvements in several biochemical
parameters, including reductions in liver enzyme levels,
inflammatory markers, and indices of insulin resistance.
These findings suggest that correction of gut microbi-
ome imbalance may have beneficial effects on metabolic
and inflammatory pathways involved in MASLD.

Notably, treatment was also associated with a signifi-
cant decrease in fecal zonulin levels, indicating improve-
ment of intestinal barrier integrity. Restoration of barrier
function may reduce translocation of microbial endotox-
ins and attenuate hepatic inflammatory signaling, which
may partly explain the observed improvement in meta-
bolic and biochemical parameters following therapy.

In addition, changes in gut microbiome composition
were observed after treatment, including an increase in
Bacteroidetes abundance, a decrease in Firmicutes lev-
els, and normalization of the Firmicutes/Bacteroidetes
ratio. These changes suggest that microbiome-targeted
therapy may contribute to restoration of microbial bal-
ance, which in turn may support improved intestinal
barrier function and metabolic homeostasis.

Taken together, these findings support the concept
that MASLD is closely associated with disturbances in
the gut-liver axis, including intestinal dysbiosis and in-
creased intestinal permeability. Zonulin may serve as a
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useful marker of intestinal barrier dysfunction and may
represent a potential mechanistic link between gut mi-
crobiome alterations and metabolic liver disease.

Several limitations should be considered when inter-
preting these results. The sample size for some analy-
ses was relatively limited, and the observational design
does not allow definitive conclusions regarding causali-
ty. Further large-scale prospective studies are required
to better clarify the mechanistic relationships between
microbiome composition, intestinal permeability, and
MASLD progression.

Overall, the results emphasize the important role
of the gut microbiome—intestinal barrier axis in MASLD
pathogenesis and suggest that microbiome-targeted in-
terventions may represent a promising complementary
strategy for improving metabolic and inflammatory pa-
rameters in affected patients.

Conclusions.

The findings of this study confirm the significant role
of the gut-liver axis in the pathogenesis of metabolic
dysfunction-associated steatotic liver disease. Patients
with MASLD demonstrated pronounced metabolic dis-
turbances accompanied by alterations in gut microbi-
ome composition and increased intestinal permeability.

Elevated fecal zonulin levels observed in patients
with MASLD indicate impairment of intestinal barrier in-
tegrity and may reflect enhanced intestinal permeability
contributing to metabolic and inflammatory processes
in the liver.

A moderate positive correlation between zonulin lev-
els and the Firmicutes/Bacteroidetes ratio further sup-
ports the close relationship between gut microbiome
alterations and intestinal barrier dysfunction.

Implementation of microbiome-targeted therapy
was associated with improvements in metabolic and
biochemical parameters, normalization of gut microbi-
ome composition, and a significant reduction in fecal
zonulin levels, suggesting restoration of intestinal barrier
function.

These findings highlight the potential importance
of microbiome modulation and intestinal barrier res-
toration as therapeutic targets in MASLD, emphasizing
the relevance of microbiome-oriented strategies in the
comprehensive management of metabolic liver disease.

Prospects for further research.

Further studies are needed to clarify the long-term
clinical effects of microbiome-targeted interventions
and their role in preventing progression of MASLD.
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MemaboniyHo acoyiliosaHa cmeamomuy4Ha xeopoba neviHku (MACXIT) po3engdaemeocsa K MynbmugaKkmopHe
30X80PHOBAHHSA, WO hOPMYyEMbLCA HA Mi MemaboniYHUX NopyuwieHb ma cucmemMHo20 3anasneHHA. OCMAaHHI HayKosi
O0aHi c8idyams Mpo 8aMcUBY POsb 83AEMOOII MiXt KUWKIBHUKOM i MeYiHKOK y po38UmMKy yiei mamosoeaii. 3miHu
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CKNaody KUWKosoi Mikpobiomu ma nopyweHHs 6ap’epHOI hyHKUIi KUWKIBHUKO MOXYMb CrIpuamu HA0X00HEHHIO
MIKpPOBHUX KOMIMOHEeHMi8 y nopmasnbHUli KPo8oobiz, Wo MoMeHyiliIHo aKMuBye 3anasnbHi MexaHismu 8 neviHuyi ma
niompumye memaboniyHy OucyHKUito. OOHUM i3 MapKepig nopyweHHA YinicHocmi KUuwWKoso2o bap’epa esaxcarome
30HY1IH — pe2ynamop MiXKAIMUHHUX WinbHUX KOHMAaKMie enimenito KUWKieHUKA. Mema —e8u3Hayumu 38’A30K Mixc
MOKA3HUKAMU KUWKOBOI MPOHUKHOCMI, XapaKmMepucmuKamu KUWKOB020 MiKpobiomy ma KaiHiko-memaboniyHumu
ocobausocmamu y nayieHmis iz MACXIT, @ MaKox< oyiHUMU MOX1U8i 3MiHU UUX NMOKA3HUKIg nid enausom meparii,
CrpAMo8aHoi Ha Moodugikayito mikpobiomy. Jo 0ocnioreHHA byno 3any4eHo 152 nauieHmu 3 MACXI i 47 oci6
6e3 03HAK 3aXB80PHBAHHA MeYiHKU, AKi CKAAAU KOHMPpOsbHy 2pyny. OyiHoeanu aHmponomempuy4Hi, 6ioximivyHi
ma memaboniyHi MOKA3HUKU. AHAAI3 CKAa0y KUWKO8020 MiKpobiomy nposodusu 3a 00rnomMo2or KinbKicHoi /1P
Y peasbHOMY 4Ydaci, 0 KOHUEeHMpauito heKanoHo20 30HYsiHY 8U3HAYAAU MEMOOOM iIMyHOepPMEeHMHO20 aHANI3Y.
Y mexax niKy8aHHA 3acmocosysasnu KoMaeKcHUl nioxio, wo eKaw4as moougikayito cnocoby »ummsa ma
mikpobiom-opieHmosaHy mepanito. ¥ nayieHmis i3 MACXI1 susagneHo 6inbw supaxceHi MemabosiyHi nopyweHHs,
nidsuwjeHi pisHi nevyiHkosux pepmeHmis i MapKepie 3arnaneHHA, d MAKOH 3HA4YHO 8UWi MOKA3HUKU (heKanbHO20
30HYniHY MOPIBHAHO 3 KOHMPOsbHOK epynoto. [licaa nposedeHo20 niKy8AHHA Crocmepieanoca MOKPAWeHHA
memaboniyHuUx napamempis, 3HUXEHHA MOKA3HUKI8 30HYAIHY ma 3MiHU MIKpOO6H020 NMpoginto KUWKIBHUKA, WO
€8i04uMb Npo Yacmkose 8i0Ho8s1eHHA bap’ePHOI hyHK YT KUWKIBHUKA. Pe3yabmamu 0ocnioxceHHsa 0eMoHCmpyome,
wo MACXIT acouitoembca 3 0ucbio30M KUWKOB020 MIiKpobiomy ma nidsuuweHor KUWKOBOK MPOHUKHICMIO, a
MiKpobiom-mapeemHa meparnis Moxce crpuamu 8i0HO8MeHHI0 6ap’epHOI hyHKYIT KUWKIBHUKA Ma MOKPAW,eHHK

mMmemaboniyHUX MOKA3HUKiI8.

Karuoei cnosa: MACXI, kuwkosuli mMiKpobiom, 30HYsiH, KUWKOBA MPOHUKHICMb, MiKpobiom-mapaemHa

mepanis.

3B8’A30K ny6niKauii 3 Nn1aHOBMMM HayKOBO-A0CNIg-
HUMU poboTamu.

PoboTta € pparmeHtom HAP «OcobnmsocTi natoreHe-
3y, 4iarHOCTMKM Ta JliKyBaHHA 3aXBOPIOBaHb CepLLEBO-CY-
AWHHOI, TPaBHOI, €HAOKPUHHOI Ta AMXaAbHOI CUCTEM
Y KAIHIYHWMX Ta eKcnepumeHTasbHUX yMoBax» (Homep
AeprkaBHOT peecTpauii 0120U002142).

Bcryn.

MeTtaboniyHo acouinoBaHa CTeaToTM4YHa xBopoba
nediHkn (MACXMN, MASLD) cTana HaWinowmMpeHilMm
XPOHIYHMM 3aXBOPIOBAHHAM MeYiHKM Yy CBIiTi Ta CTaHO-
BUTb 3HAYHY CKAagosy rnobanbHoro TArapa metabo-
NiYHUX 3axBoptoBaHb. TiCHO MOB’A3aHa 3 OMKUPIHHAM,
iHCYNniHOpe3nCTeHTHICTIO Ta gucninigemieto, MACXI ge-
[ani vyacTiwe po3rAfaEeTbCA AK CUCTEMHUIA PO3nag, Lo
BK/IHOYAE CKNaaHi MeTaboniyHi Ta 3anasibHi MexaHiamu, a
He SIK BUK/IIOYHO NeYiHKoBe 3axBoptoBaHHs [1, 2]. B oc-
TaHHI POKM 3pOCTaE yBara 40 OCi «KKULWKIBHUK—MNEYiHKa,
AKa Bigirpae KNYOBY PO/b B iHiLiaLil Ta NporpecyBaHHi
CTeaTo3y nedviHkM i metabonivuHoro 3ananeHHs [3].

Bicb «KMLKiIBHUMK—MNEYiHKa» ABnse coboto asocnpsa-
MOBaHY CUCTEMY KOMYHIKaLii Mi}X KULIKOBOK MIiKpO-
6ioTol0, KMLWKOBUM bap’epom, NMopTaibHUM KpoBOOGi-
rom Ta iIMyHHUMW 11 MeTaboNIYHUMM LWNAXAMU NEYIHKN.
Yepes BOpPITHY BeHy MeviHKa MOCTiIMHO 3a3Ha€ BM/AUBY
MeTaboniTiB KMLLIKOBOIO NOXOAMKEHHA, MIKPOBHUX KOM-
NMOHEHTIB Ta 3anmanbHUX megiatopis [4, 5]. Y disiono-
FMYHUX YMOBaX KULLKOBUIN Bap’ep KOPCTKO PEry/toE Lo
B33aEMOAit0, 3anobiratounm HagMipHild TpaHCcoKaLil Mi-
KPOBHMX NpoAyKTiB. MpoTe NopyLIeHHS WiNiCHOCTI KML-
KoBOro 6ap’epa MoxKe NPU3BOAUTU A0 NiABULLEHHA NPO-
HUKHOCTI C11M30B0T 060N0HKM KULLKIBHMKA — iBULLLA, AKE
4YaCTO Ha3MBaOTb KCMHAPOMOM AiPABOTO KULLKIBHUKAY.
Llei cTaH noserwye TpaHC/I0KaL,ito eHAOTOKCUHIB, TaKMX
AK ninonosicaxapugu (LPS), Ta iHWKWX MiKpOOHUX meTa-
60niTiB Yy NOPTa/NbHUI KPOBOOBIr, TMM CamMMM CnpuUsato-
UK 3ananeHHo B NediHui, MeTaboniyHii ansperynauii Ta
NporpecyBaHHIO CTeaTOTUYHOI XBOPOHBU NeyiHKku [6, 7].

OAHUM i3 KNHOYOBUX PETYNATOPIB KULIKOBOI MPOHUK-
HOCTi € 30HY/NiH — Bi/NIOK, W0 MOAY/IOE BiAKPUTTSA LLLiNbHUX
KOHTaKTIB MiXK eniTefliaIbHUMM KNITMHaMWN KULLIKIBHUKA.
MNigBuLEHi piBHI 30HYNIHY acouitotoTbea 3i 36inblEHO

KULLKOBOK MPOHUKHICTIO i BUABAAKTBCA MPU Pi3HUX
meTaboniyHuX Ta 3anasibHUX 3axBoptoBaHHAX [8, 9]. Oc-
TaHHI 4OCNigKEeHHA CBiaYaTb, WO Yy nauieHTiB i3 MACXIM
MOXYTb BM3HAYaTMCA NiABULLEHI PiBHI LIMPKYOOYOTO
abo peKkanbHOro 30HyNiHY, Lo Bigobparkae NopyLweHHs
KMLWKoBOro 6ap’epa. Taka AMCOYHKLiA cnpuse nocune-
Hi eHA0TOKCeMIl Ta aKTMBALi 3ananbHUX CUTHANbHUX
WAAXIB Y MeYiHLi, NOEAHYIOYM MOPYLIEHHA KULLIKOBOTO
6ap’epa 3 NneviHKOBUM cTeaTO30M | MeTaboniyHUM 3ana-
neHHAm [10].

BogHouac gepani 6inblue ysarv 8 natoreHesi MACX
NpUAINAeTbCa AMcbio3y KMLLKOBOro mikpobiomy. 3miHun
BiIHOCHOI KiNbKOCTi OCHOBHMX b6akTepianbHMUX TUNIB,
30Kkpema cnissigHoweHHs Firmicutes/Bacteroidetes,
3HUKEHHS MIKPOBHOro pPisHOMaHITTA Ta 36i/blEeHHs
KiNbKOCTi nNpo3anasibHUX H6akTepiasibHUX BUAIB MOXKYTb
BM/IMBATM Ha MeTaboniam rocnogaps, CUrHaAbHi WAAXN
YKOBYHUX KUCNOT i eHepreTMyHuin romeoctas [11, 12].
MeTabonitm MiKpobioTH, BK/AKOYAOUM KOPOTKO/AHLLO-
roBi *XMPHi KNCNOTKU, NOXiAHI *KOBYHUX KUCNOT Ta €HJ0-
TOKCUMHU, MOXYTb 6e3nocepeHbO BNAMBATU Ha Ainig-
HUI MeTaboni3M y NevdiHuj, YyTAMBICTb A0 iHCYAiHY Ta
3ananbHi peakuii [13, 14].

B ocTaHHi poKu 3pocTae iHTepec A0 MiKpobiom-Tap-
reTHUX TepaneBTUYHWUX CTpaTeriil, CNpAMOBAHMX Ha
BiAHOB/MIEHHA KWLWWKOBOrO MiKpobHOro 6anaHcy Ta no-
KpalleHHs 6ap’epHOoi GyHKLIT KMLWKiBHMKA. MMiaxoam, wo
BKAtOYatoTb HeabcopboBaHi aHTUBIOTMKM, NPO6iOTUKM
Ta iHWi mikpobiom-moayntoBanbHi BTPyYyaHHs, npoge-
MOHCTPYBaNW NOTEHLiaN Y 3MEHLWEHHIi AMcbiosy, nokpa-
LWEHHI MeTaboNiYHNX NOKA3HUKIB i 3HUMKEHHI 3ananbHOl
AKTMBHOCTI Yy NaLEHTIB i3 MeTaboNiYHUMM 3aXBOPOBaAH-
HAMM nediHkM [15]. Moayntooumn KUWKOBUN MiKpobiom
i 3MILHIOOYM LiNICHICTb KMLWKOBOro 6ap’epa, Taki nig-
XO4M MOXYTb CMPUATM MOKpPALEHHIO meTabosiyHoro
KOHTPO/I1O Ta MOTEHLMHO CNOBINIbHIOBATU NPOrpecyBaH-
Ha MACXN [16, 17].

3 ornapy Ha 3pocTatoye BU3HAHHA OCi KKULLKIBHUK—
neyiHka» AK LUEHTPa/NbHOrO MexaHi3amy B MatoreHesi
MACXM, noganblue BUBYEHHA B3aEMO3B’A3KIB MiX CKNa-
[OM KULLIKOBOT MiKpo6ioTW, MapKepaMmn KMLIKOBOI Npo-
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HWUKHOCTi, TAaKUMM AK 30HY/iH, Ta MeTaboiuHOI XBOPO-
6010 MeYiHKM 3aNULLAETHCA BKPa BaXKJAUBUM.

MeTa gocnigKeHHs.

BU3HAuUMTM B3aEMO3B'A30K MiXK 3MiHAMM KMLLIKOBO-
ro mikpobiomy, 30HyNiH-ONOCEPEAKOBAHOI KULIKOBOO
NPOHUKHICTIO Ta PO3BMTKOM MeTabonivHOo acoLitoBaHol
CTeaToOTMYHOI XBOPOOU NEYiHKM, @ TAKOXK OLiHUTU NOTEH-
LiMHI edeKTM Mikpobiom-TapreTHoi Tepanii Ha LinicHicTb
KuLWKoBoro 6ap’epa Ta meTtabosiuHi NOKa3HUKK Yy NaLi-
eHTiB i3 MACXI.

O6’eKT i meTOoAU AOCNIAKEHHA.

Y pocnigxeHHa 6yno BkAtoveHo 152 nauieHTu 3 gi-
arHoctoBaHoto MACXI. YyacHMKKM Bynn 3anydeHi cepeq,
ambynaTopHMX NaLLEHTIB TepaneBTUYHMX BiaaineHb TOB
«TpyCKaBeLbKypopT», MeAUYHOro LLeHTPY «IHTepcoHO»
(siamineHHa Ne 1 ta N2 2) Ta TepaneBTMYHOro Miapos-
4iny nikapHi CeaTtoro MaHTenerimoHa Mepworo TepuTo-
pianbHOro meauyHoro o6’egHaHHA M. JlbBoBa. Mig vac
NPOBEeAEHHA [AAHOro [OCNiIAKEeHHs 6yno AO0TpUMMaHO
Bumor Good Clinical Practice (ICH E2(R6) GCP) Ta lenib-
CiHCbKOI [leknapau,ii BcecBiTHbOI MeanYHOI opraHisauii.
[o nouaTtky byab-AKMX npoueayp yci NauieHTn Haganm
iHpopmoBaHy A06pPOBINbHY 3rody Ha y4acTb.

Kputepiamun BKAOYEHHA OyAM NiaTBEpAXKEHWUN Aia-
rHo3 MACXI, BcTaHOBAEHWUI Ha NiACTaBi KNAiHIYHOI OLLiH-
KM Y NOEAHAHHI 3 NabopPaTOPHUMM Ta IHCTPYMEHTANIbHU-
MW JOCNIAXEHHAMM, @ TAaKOXK HaABHICTb iHGOPMOBaHOI
3rogu.

LocnigxKyeaHy rpyny ctaHoBuau 85 xiHoK (55,9%)
i 67 vonosikie (44,1%), cepeaHili BiK AKMX CTAaHOBWB
48,63%0,55 poky.

[0 KOoHTponbHOI rpynu yeiiwam 47 ocib 6e3 o3HaK
MACXT, 3icTaBHMX 32 BIKOM i CTATTHO, i3 cCEpeaHIM BiKOM
48,36+0,97 pokKy.

[OiarHo3z MACXM nigTBepasKyBaan 3a AOMNOMOTOH
YNbTPA3BYKOBOrO JAOCAIAXKEHHA, fAKe [OeMOHCTPYBano
Andy3HY rinepexoreHHicTb NapeHXiMu neviHku Ta niasu-
LLEeHN renaTopeHanbHui iHaekc (HRI). BianosigHo go
YNbTPa3BYKOBUX XapPaKTEPUCTUK CTEATO3 NeYiHKM Kiacu-
dikyBanu Ha TaKi cTaaii:

S1: niaBuLLEHa eXOreHHICTb MapeHXiMKn NeYiHKu;

$2: nomipHa renatomeranis, NiaBULEHA EXOTeHHICTb
napeHximm Ta GparmMeHToOBaHUN CYaUHHWUI PUCYHOK;

$3: renatomeranif, HediTKa Bidyanisauia CYAWHHWUX
CTPYKTYp i 3HU)KEHe yNbTPa3BYKOBE MPOHWKHEHHA A0
piBHs agiadparmu [16].

CTeaToMeTpito [04aTKOBO BUKOPUCTOBYBaN AK [0-
NMOBHEHHA A0 Y/NbTPA3BYKOBOI OLHKM. 3acTOCOBYBa/n
Taki noporosi 3HayeHHa: 0,65 ab/cm/MTly ans S1, 0,71-
0,76 ab/cm/MTly, ana S2 ta >0,77 ab/cm/MTIy, ana S3
[17].

Kpim Toro, MACXI BBaka/in nigTBEpPAKEHOM 33 Ha-
ABHOCTI CTEaTo3y MeYiHKM 33 AaHUMU YNbTPa3BYKOBOTO
nocnigxeHHA abo cteatomeTpii y NOEAHAHHI 3 Kapaio-
meTaboniyHMMKn GpakTopamm pusnKy, cepes SKnx:

® OKPYKHicTb Tanii >102 cm y YonosikiB abo >88 cm
Y KiHOK;

® apTepianbHuit TUCK >130/85 mm pT. cT. abo npose-
OEHHA aHTUriNnepTeH3UBHOI Tepanii;

e piBeHb TpUraiuepuais naasmu >1,70 mmonb/n abo
NiKyBaHHA rinoninigemivyHnmm npenapatamu;

e HDL-xonectepuH <1,0 mmonb/n y 4onosikis abo
<1,3 MMONb/N Y KiHOK;

e [Il0OKO3a Miasmu Hatuwe 5,6-6,9 mmonb/n abo
HbAlc 5,7-6,4%;

e iHaekc HOMA-IR >3;

® BMCOKOYYTIMBUI C-peakTuBHU 6inok (hs-CRP) >2
mr/n.

Kputepii BWKAOYEHHA BKAOYanu nabopaTopHO
niaTeepaKeHy iHpekuyito renatuty B abo C, BXKMBaHHA
aNIkOroNl0 Y renaTtoToKcuyHMx ao3sax (30-40 r/poby),
aBTOIMYHHWMI renaTuT, xBopoby BinbcoHa, 3ananbHi 3a-
XBOPIOBAHHA KWLIEYHWMKA, TAXKKI CYMyTHI CTaHU (BKAtO-
YaluM cepueBO-CYAMHHI, nereHeBi abo HUPKOBI 3axBo-
ptoBaHHA), 3/10AKICHI HOBOYTBOPEHHS, AKi MOTEHLiNHO
MOTI/IN BNAMBATU Ha pe3yNnbTaTh AOCAIAKEHHA, NCUXIYHI
po3i1agm Ta HeAOTPUMAHHA NaLiEHTOM NpoLeayp AoCi-
OXKEeHHA.

Cknag, mikpobiomy ouiHOBanAN 3a AOMOMOrOH Kinb-
KiCHOI nonimepasHoi NaHLIOroBoi peakuii B peaibHOMY
yaci (gRT-PCR). 3pasku Kany 36epiranm npu -20°C, a
eKkcTpakuito AHK nposoannun deHon-xnopodopmMHUm
metogom. KoHueHTpauito Ta umctoty AHK ouiHoBanu
3a gonomoroto cnekTpodpotometpa NanoDrop ND-8000.
MP-amnnidpikauito  BMKOHYBanM Ha TepMoLUMKAepi
Rotor-Gene 6000 (QIAGEN, HimeyumHa) 3 BUKOPUCTaH-
HAm Tag-nonimepasu Ta cneundiyHnx npanmepis.

PiBHi ¢ekanbHOro 30HyNiHY BM3Ha4yanu 3a AONOMO-
roto Habopy Zonulin Stool ELISA, sknit 03BONSAE KinbKic-
HO BM3HA4aTV NenTUAWU POAMHW 30HYANIHY (ZFP) y 3pas-
Kax Kany NoguHN.

3BaKkaloumM Ha Te, Lo pedepeHTHI Mexi A1 OCHOBHUX
6aKTepianbHUX $in He € yHiBEpPCA/NbHO CTaHAAPTM30Ba-
HMMM, OCKIZIbKM MOXKYTb iCTOTHO BapilOBaTU 3a/IEXKHO
BiZ, reorpadiyHOro perioHy, xapaktepy Xap4yyBaHHA Ta
cnocoby xkutTa, byno oAaTKOBO NpoBeAeHO aHanis y 45
NPaKTUYHO 340p0BUX A06pOBO/bLiB BikoM 18-59 pokiB,
AKi NPOXMBANM B perioHi NnposeaeHHA A0CNIAKEHHA. Lo
niarpyny BUKOPUCTanu ANA XapaKTePUCTUKM perioHasb-
Horo npodinto mikpobiomy (Tabn. 1).

Ta6bnuusa 1 — Cknag mikpobiomy
y 380poBuX Aobposonbuis (n=45)

MoKasHKK M m
Bacteroides, % 43,8 1,4
Firmicutes, % 35,26 0,89
Actinobacteria, % 7,38 0,41
IHWi, % 13,5 0,11
Firmicutes/Bacteroides iHgeKc 3,55 0,4

Mikpobiom-mapeemHa mepanis. Yci nauieHTn 3
MACXI oTpumyBanu pekomeHgauii woao moandikauii
Cnocoby XUTTA 3 0CO6AMBUM aKLEHTOM Ha NiABULLEHHI
di3MYHOT aKTMBHOCTI Ta 3MiHi Xxap4yyBaHHA. YyacHMKam
peKoMeHZyBaM BUKOHYBaTK LOHalimeHwe 150 xBu-
NMH Qi3NYHOT aKTMBHOCTI MOMIPHOI iHTEHCMBHOCTI Ha
TUXKAEHb, po3nogifeHnx Ha 3-5 3aHATb, i3 NOEAHAHHAM
AepobHMX BMNPaB i CUOBUX HaBaHTaXKeHb. XapyoBi peKo-
MeHZAALLT, CNPAMOBaHI Ha 3HMXXEHHA PiBHA Xonectepu-
HY, HaZaBa/ncA BiAMNOBIAHO A0 peKomeHAaui Amepu-
KaHCbKOT racTpoeHTeponoriyHoi acouiauii [4].

Kpim Toro, A BiAHOBAEHHA KMLIKOBOTO MiKpobHOro
6anaHcy 3acTocoByBasM MiKpobiom-TapreTHy Tepanito.
TepaneBTUYHMI NPOTOKOA MNO4YMHaBcA 3 14-aeHHoro
Kypcy pudakcuminy B go3i 400 mr Tpudi Ha aoby (no agi
Tabnetku no 200 mr Ha OgMH MpuUiiom).

MounHatoum 3 15-ro AHA, NALIEHTM OTPMMYBANU
Saccharomyces boulardii CNCM 1-745 no 1 kancyni agiui
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Ha [oby npotarom 30 AHIB pa3som 3 eceHUjiafibHUMM
docooninigamum B 0o3i 600 Mr Tpuui Ha goby npoTtarom
TOrO X nepioay.

MoumnHawum 3 29-ro AHA, NpU3HaYanm NpobioTUYHMI
npenapar, wo mictme Lactobacillus acidophilus (LA-5) Ta
Bifidobacterium animalis subsp. lactis (BB-12). 3aranbHa
KOHLEHTpaL,isa NnpobioTnKka ctaHoBuNa 2x10° KYO, 3a6es-
nevytoum 1x10° KYO B ogHiit Kancyni, Aky npusHavaam
ABidvi Ha fObY NpoTarom 12 TUXKHIB.

[aHi aHanisyBasM 3a [4OMOMOrol nporpamu
Statistica 11.0 for Windows. Pe3ynbTatv nogaHo sik ce-
pefHE 3HauYeHHA * CTaHZapTHa Noxmbka cepenHboro
(Mtm). [na nopiBHAHHA cepeaHix BUKOPMCTOBYBaAU
t-KpuTepiii CTblogeHTa, CTaTUCTUYHO 3HAYyLLMMW BBa-
*annm BigmiHHocTI npu p<0,05. Ona 3miHHKUX, WO He
BiANOBIAANM HOPMAJIbHOMY PO3M0AiNy, 3aCTOCOBYBan
HenapameTpuyHi metoaun. KopenauiiHuin aHanis BUKo-
PUCTOBYBANIN A1 BUBYEHHSA B3aEMO3B’A3KIB MiXK NMOKas-
HUKaMMU.

Pe3ynbTatv gocnigyKeHHA Ta ix 06roBopeHHs.

Y Tabnuui 2 HaBefeHO KANiHiYHI Ta BioxiMmiuHi xapak-
TepPUCTUKM nauieHTiB i3 MACXI nopiBHAHO 3 KOHTPO/b-
HOIO rpynoto.

Tabnuua 2 — KniniuHi Ta 6ioximiuHi NOKasHUKKU
y naujieHTiB i3 MACXI (n=152) Ta B KOHTPONbHIN

rpyni (n=47)
MoKa3HUK AT ERTTEA p-value
(n=152) (n=47)
IMT 29,37+0,56 24,5+0,7 <0,05
ANT 43,65+6,09 | 23,65%6,09 <0,05
ACT 44,9+2,23 23,9+2,23 <0,05
T 54,45+3,58 | 31,45+3,58 <0,05
hsCPBb 3,5+0,29 1,2+0,29 <0,05
JlykHa docdaTtasa 78,40+4,28 | 69,40%4,28 <0,05
IHoekc HOMA-IR 3,61,23 2,2+1,34 <0,05

Y naujieHTiB i3 MACXIT BMABAEHO AOCTOBIPHO BULL
3HayeHHA BMI, ALT, AST, GGT, sucoKkouytamsoro C-pe-
akTuBHoro 6inka (hsCRP), ny:kHoi docdaTasu Ta iHAEKCY
HOMA-IR nopiBHAHO 3 KOHTpOAbHOW rpynoto (p<0,05),
O CBiAYUTbL MPO HAABHICTb MeTaboNiYHMX MOPYLUEHD i
CUCTEMHOI 3aMaibHOI aKTMBHOCTI (Tabn. 2).

Y Tabnuui 3 y3aranbHeHO NoKasHUKK NinigHoro npo-
dinto y nauieHTis i3 MACXI Ta B KOHTPO/IBHIN rpyni.

Tabauuysa 3 — MokasHuKK ainigHoro npodinto
y nauieHTiB i3 MACXI Ta B KOHTPOAbHIN rpyni

Lli pesynbTatv cBigYaTb NPO HAABHICTb aTepPOreHHOoI
avcninigemii y nauieHTis i3 MACXI.

PiBHi ¢deKaNibHOro 30HYNiIHY aHaNi3yBanW y NaLIEHTIB
i3 MACXT Ta B KOHTPO/bHIN rpyni.

Ha pucyHKy 1 nokasaHo, wo y nauieHTiB i3 MACXM
piBHi deKanbHOro 30HyNiHY 6yAn AOCTOBIPHO BULLMMMU
NOpPiBHAHO 3 KOHTPOAbHOW rpynoto (109+2,76 npotwn

MACXII (n=152) I'pynia koHTpOIIO

(n=47)

B 30HYiH, Ng/g

PucyHok 1 — PiBHi pekanbHOro 3oHyniHy y nauieHtis i3 MACXIN
Ta B KOHTPOAbHIW rpyni.

45%0,86 Hr/r, p<0,05), WO CBiAYMTbL NPO NiABULLEHY
KMLLUKOBY NMPOHMKHICTb.

Moaanblwnin aHani3 BUABUB BigMIHHOCTI 3a/1€XKHO Big,
KNiHIYHOI dopmm 3axBoptoBaHHA. CepeaHA KOHLLEHTpa-
ujia 30HyNiHY gocarana 113 Hr/r y nauieHTiB 3i cTeaTore-
natutom i 104 Hr/r y nauieHTiB i3 MPOCTUM CTeaTO30M,
npuvyomy B 060X BUMaZKax Lji 3HAaYEHHA NepeBuLLyBanu
BEPXHIO MEXKY HOPMU.

MaLieHTN OCHOBHOT rPynu OTPMMYBaM KOMBIHOBaHY
Mikpobiom-TapreTHy Tepanito, CnpsaMoBaHy Ha KOpeK-
uito ancbanaHcy KMLWKOBOI MiKpobioTK Ta MOKpalLeHHA
meTaboniyHmMx i B6ioXiMiYHMX NOKa3HMKIB, MOB’A3aHUX
i3 MACXT. MNauieHTiB, AKI HEe AOTPMMYBANANCA NPU3Ha-
YEHOTrO PEeXMMYy NiKyBaHHA abo NpUNuHWAM Tepanito y
3B’A3KY 3 BUMHMKHEHHAM HOBMX CYMyTHiX 3aXBOPIOBAHb,
6yn10 BMK/IOYEHO 3 aHanidy. Y pesynbtaTi NOBHUN Kypc
NiKyBaHHA 3aBepwunnun 95 nauieHTIB, AKMUX i BKAOUYUAMU
00 diHaNbHOT OLHKMN.

AIK NokasaHo B Tabauui 4, nicns NiKyBaHHA y naui-
€HTIB CNOCTepiranoca AOCTOBIpHE NMOKPALLEHHA KibKOX
bioxiMmiyHMX MOKas3HMKiB, BKAtoYatoum ALT, AST, hsCRP,
NyKHy docdaTtasy Ta iHgekc HOMA-IR (p<0,05). Cra-
TUCTUYHO 3HAYywWmx 3miH BMI He BuasneHo. Ui aaHi
CBigYaTb MPO MOKpaWeHHA MeTaboniyHoro cTaHy Ta
3MEHLUEeHHA CUCTEMHOI 3anaibHOI AKTMBHOCTI nicnA
KombiHoBaHOi Tepanii.

TEIEEI T pyna MACXI|KoHTpo/ibHa rpyna el
(n=152) (n=47) P Tabnuua 4 — bioximiuyHi NOKa3HUKK y NaLlieHTIB

3X, MMonb/n 6,20,21 5,2%0,28 <0,05 i3 MACXI go Ta nicas Tepanii (n=95)
TT, mmonb/n 2,50,36 1,12+0,09 <0,05 MoKasHMK [lo nikyBaHHA [Micna nikyBaHHA| p
JINBLL, mmonb/n 1,03+£0,06 1,52+0,07 <0,05 IMT 29,37+0,58 27,9+0,43 >0,05
NNHL, mmons/n 3,98+0,17 3,2+0,23 <0,05 ANT 45,12+2,78 29,5+2,18 <0,05
NNAHLW, mmonb/n| 1,09+0,16 0,77+0,07 >0,05 ACT 37,45+3,01 19,9+1,36 <0,05

Y naujeHTis i3 MACXI cnoctepiranuca goctosipHo |17 51,83%1,45 32,78+1,48 | >0,05
BULL PiBHi 3arasibHOrO XO/NIeCTEPUHY, TPUIILEPUAIB Ta | hsCPB 3,5+0,12 1,58+0,45 <0,05
JINMHLL, .TO,CI,I AK piBHi JINBLL, 6ynn AOCTOBIPHO HUXKYM- JlyHa bochaTasa |  76,59+3,67 4844328 <0,05
MW MOPIBHAHO 3 KOHTPOJIbHOW rpynot (p<0,05). Ann
NINAHLLL cTaTUCTUYHO 3HAYYLLOI Pi3HUL He BUABAEHO. Inaske HOMA-IR 3,560,893 1,7%0,35 <0,05
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[aHi enactorpadii neyiHkn 6yam npoaHanisoBaHi y
niarpyni nauieHTis i3 MACXM (n=95).

Y T1abnuui 5 NpogemMoHCTPOBaHO pesyabTaTh nicaa
NiKyBaHHA MOKa3HUWKIB enacToMeTpii, 30Kpema, cnocre-
piranoca sHMXeHHA NOKa3HUKIB XOPCTKOCTI NeYiHKK: ce-
penHe 3HavyeHHA enactorpadii ameHwwnnoca 3 6,85 kMa
[0 noyaTky Tepanii go 5,87 kMa nicna nikyBaHHA, WO
CBig4YMTb NPO NOKPALLEHHA CTaHY MeYiHKOBOI napeHXxi-
MU,

3 ornaay Ha Te, WO KombiHOBaHa Tepania BK/IOYa-
Nla nNpobioTUYHi Ta Mikpobiom-moayntoBaibHi 3acobu,
CKNag, KMLWKOBOro Mikpobiomy aHanisyBanu go i nicns
NiKyBaHHA.

Micna Tepanii y nauieHTiB cnocTepiranmca:

® 36inbWEHHA piBHA Bacteroidetes;

e He3HaYyHe 3MeHLLEeHHS KinbKocTi Firmicutes;

° 3HUMKEHHA CMiBBiAHOLWEHHA Firmicutes/
Bacteroidetes 3 4,9 o 3,2.

Kpim Toro, BigHOCHa KinbKicTb Actinobacteria 3meH-
wunaca 3 21% po nikysaHHA o 11% nicna Tepanii.

JlikyBaHHA TaKOX acoLitoBasocA 3i 3HAYHUM 3HU-

Tabnuusa 5 — NMokasHMKKM enactorpadii neviHku
y nauieHrtis i3 MACXI po T1a nicna nikyBaHHA

n o Micna
OKa3HUK . .
NiKyBaHHA NiKyBaHHA
CepepHA »OPCTKICTb NeviHKu, KMa 6.85 5.87
[iameTp BOpPITHOI BEHU, CM 1.2 1.1

receptor-3anexHi CUrHanbHi WAAXKU Ta KNiTMHKM Kynde-
pa, CNpuAIOYM PO3BUTKY CTEaTo3y Ta NPOrpecyBaHHIO
33aXBOPIOBAHHSA.

3pOCTaHHA iHTepecy 40 PO/ KMLWKOBOI MPOHUKHOCTI
B natoreHesi MACXI nos’sizaHe 3 AaHMMK NPO Te, WO
€HA0TOKCEMIfA, AKA BWHUKAE BHACAILOK MOPYLIEHHA
KMIWIKOBOro 6ap’epa, 34aTHA CTUMYAOBATM 3anabHi
npoLecu y neyviHui Ta HAaKOMUYEeHHA finigis. Y ubomy
KOHTEKCTi MifiBULLLEHI PiBHI 30HYNIHY MOXYTb Bigobpa-
aTu OYHKLiOHabHe MOpPYLUEHHA KuLwKoBoro bap’epa,
O noJserwye noTpanaAaHHA H6aKTepiabHUX NPOAYKTIB,
30KpeMa ninononicaxapuais, y nopTtanbHUIA KPOBOODIr i
niaTpumye metabosiiyHe 3ananeHHs B NeviHLi.

107,1

62

Jlo mikyBaHHS [Ticns mikyBaHHS

—MACXII (n=152)

KEHHAM pIiBHIB ($eKaNbHOro 30HY/iHY,
o Biaobparkano NokpalleHHs bap’epHoi 120
bYHKLUIT KMLWKiIBHMKA (puc. 2). 100
Y naujienTis i3 MACXI piBeHb 30HYAIHY
nicna NikyBaHHA 3HWM3UBCA NPUBAUZHO Y 80
1,7 paswu (3i 107,1 go 62 ur/r). £ 60
BuaBneHO NOMIpHMIA  MO3UTUBHUNA =
KOpPEenAUiMHNI 3B'A30K MiXK PiBHAMM 30- 40
HYNiHY Ta cnissigHoweHHAM Firmicutes/ 20
Bacteroidetes (r=0,53; p<0,05), wo cBig- 0
YUTb MPO B3AEMO3B’A30K MiXK KMLLKOBOHO
NPOHMKHICTIO Ta CKNAZOM KULLIKOBOIO Mi-
Kpobiomy (pwmc. 3).
Pe3ynbTaTv NpoBeAeHoro AOCAiAKEH-
HA NiATBEPAKYIOTb Cy4acHe yABAEHHSA NPO

Ba*K/IMBY POJIb OCi «KMLUKIBHUK—MEYiHKa»
y maToreHesi Ta nporpecyBaHHi meTabo-
NiYHO acouiioBaHOI CTEaTOTUYHOT XBOPOOM MNEeYiHKM.
BctaHoBNEHO, Wo ana nauieHTis i3 MACXI xapaKTepHi
He Anwe meTaboniyHi NopyLweHHA Ta Aucninigemis, ane
1 3MiHM 6ap’epHOT PYHKLIT KMLIKIBHUKA Ta CKAa4y KML-
KOBOTO MiKpobiomy, L0 CBIAYNTb NPO CKAAAHY B3aEMO-
4ito meTabonivyHmx, MiKpobHMX i 3aMaNbHUX MEXaHi3MiB.

Y nauieHTiB i3 MACXI BuaBnanuca gOCTOBIPHO BULLi
NOKa3HMKW iHOEKCY MacK Tina, piBHIB nedviHKoBUX dep-
MEHTIB, MapKepiB 3anaseHHA Ta iHCYyNiIHOPE3UCTEHTHOCTI
NOPIBHAHO 3 KOHTPO/IbHO rPynoto. Taki 3miHK Bifobpa-
XatoTb gob6pe Bigomuii 38’A30k MACXI i3 KOMMNOHEH-
TamMn meTaboniyHOro CMHAPOMY, 30KPEMa OXMPIHHAM,
Aucninigemieo Ta CUCTEMHUM HU3bKOrpagyCHUM 3ana-
neHHam. NMigsuweHHaA pisHiB ANT, ACT i ITT y3roaKyeTb-
CA 3 NiTePaTypPHUMM JaHUMM LLOAO HAABHOCTI renaTtoue-
JNIIONAPHOTO YWKOAMKEHHA Ta mMeTabonivyHoi ancdyHKu;i
neyviHku npyu MACXT.

OZHMM i3 BaXXNMBUX pe3ynbTaTiB CTaNo AOCTOBIpHe
nigBULLEHHA PiBHA PeKaNnbHOro 30HYAIHY Y NALEHTIB i3
MACXT, wo cBig4MTb NPO NOPYLUEHHA LiNICHOCTI KML-
KoBOro 6ap’epa. 30HYNiH € K/AYOBUM PerynfaTopom
NPOHUKHOCTI LWiNbHUX MIXXKAITUHHUX KOHTAKTIB KULUKO-
BOro enitesito, a NigBULLEHHA MOro PiBHA acOLlOETLCA
3i 36i/bLWIEHHAM KULWKOBOI MPOHMKHOCTI. Lie cTBOptoe
YMOBW ANA TPAHCAOKAUii MIKPOBHMX KOMMOHEHTIB Ta
€HOO0TOKCMHIB Y MOPTa/NbHUIA KPOBOOBIT, WO MOXKe aK-
TMBYBATM MeYiHKOBI 3aMasibHi Kackaau, 3okpema toll-like

PUcyHOK 2 — PiBHi 30HYNiHY A0 Ta nicaa nikyBaHHA y nauieHTis i3 MACXI.

Firmicutes/

Bacteroidetes
1HJIEKC

PucyHoK 3 — KopensuiiiHuii 38’A30K MixXK piBHem 30HyNiHy Ta cniB-
BigHoweHHaM Firmicutes/Bacteroidetes y naujienTis i3 MACXI.
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Mopag i3 nopyweHHAM 6ap’epHoi dyHKUii 6yno BU-
ABNEHO 3MiHM CK/lagy KULLKOBOro Mikpobiomy, Hacam-
nepej y cnieBigHOWEHHI OCHOBHUX BakTepianbHUX ¢in
— Firmicutes Ta Bacteroidetes. MogaibHi 3miHM paHiwe
acouitoBanmca 3 MeTaboniyHMMM NOPYLIEHHAMM, BKKO-
Yyaroum oxKupiHHA Ta MACXI. Bigomo, wo 3miHu MiKpob-
HOFO CKNaZy MOXKYTb BN/AMBATM Ha meTaboniam rocno-
Aapa yepes MoaynALilo meTabonismy }KOBUYHUX KMCAOT,
NPOAYKLI0 KOPOTKONAHLLIOTOBUX XUPHUX KMUCAOT i pery-
NALIK0 KNLWKOBOI MPOHUKHOCTI.

BuABNEHMA NOMIPHUIA MO3UTUBHWUIA KOpenauinHuin
3B’A30K MiXK piBHEM deKanbHOro 30Hy/iHY Ta CniBBigHO-
weHHAM Firmicutes/Bacteroidetes gopatkoso niarsep-
[O)KYE B33aEMO3B'A30K MiXK 3MiHAMM KMLUKOBOIO MiKpoO-
6iomy Ta nopyweHHAM 6ap’epHOI OYHKLIT KMLLKIBHUKA.
MIMOBipHO, OKpemi MiKpOBHi CrinbHOTY 34aTHI CTUMYJTIO-
BaTW BWBINIbHEHHA 30HY/iHY, CMPUAIOYM MOPYLUEHHIO
LLiMNICHOCTI WiNIbHUX KOHTAKTIB i NiABULLEHHIO KMLLIKOBOI
NPOHUKHOCTI. Y cBoto yepry, aedekT bap’epHOi PyHKLUIT
MOXe MOoAerwyBaTM TPAHCAOKALi0 MIKPOBHMX KomMno-
HEHTIB i NiATPMMYBATK 3anabHi NPoLEecH B NeYiHu,.

OuiHKa mikpobiom-TapreTHoi Tepanii nokasana ii
NOTEHLiNHY edeKTUBHICTb Y MOAYNOBAHHI OCi «KUL-
KiBHMK—Me4iHKa». [licna KombiHoBaHOI Tepanii, wWo
BK/ItOYANA pUPaKCMMiH, NPobioTUKKM Ta MiKpobiom-mo-
OyNt0BasibHI BTPYYaHHA, Big3Ha4yanoca AOCTOBipHe no-
KpalWeHHs HKU3KKM BioXiMmiuHMX MOKa3HMKIB, 30Kpema
3HUMKEHHSI PIiBHIB Ne4yiHKoBMX depmeHTiB, MapKepis
3ananeHHA Ta MOKA3HMKIB iHCYNiHOPEe3nCTeHTHOCTI. Le
CBiAYNTb NPO MOXKINBUA MNO3UTUBHUI BMNJIMB KOPEKLil
KMLLUKOBOro Mikpobiomy Ha meTaboiyuHi Ta 3ananbHi me-
XaHi3Mu, 3any4deHi o po3suTky MACXI.

BaknnBO, L0 NiKyBaHHA CyNpOBOAKYBANOCA TAKOXK
[OCTOBIPHMM 3HMMKEHHAM pPiBHA GEeKaNbHOro 30HYAIHY,
LLLO CBiAYMTb NPO NOKpaLeHHs 6ap’epHOi dYyHKLIT KML-
KiBHMKa. BigHOBNEHHSA wjinicHOCTI KuwKoBoro 6ap’epa
MOKe 3MEeHLIYBaTU TPaHC/IOKalilo MIKPOBHUX eHao-
TOKCWHIB Ta Noc1abnoBaTh NeYiHKOBY 3anasbHy CUrHa-
Ni3auitlo, WO YaCTKOBO MOACHIOE MO3UTUBHY LMHAMIKY
meTaboniyHmx i bioximiyHMX NOKa3HMKIB Nicas Tepanii.

Kpim TOro, micna nikyBaHHA cnocTepiraamca 3miHu
CKNady KWLLIKOBOro Mikpobiomy, 30Kpema 36i1blueHHn
KinbKocTi Bacteroidetes, 3meHlweHHs Firmicutes Ta Hop-
Manisauia cnissigHoweHHa Firmicutes/Bacteroidetes.
Lle cBiaYMTb NPO MOMKAMBICTb BiAHOBIEHHA MiKPOBHOrO
6anaHcy nig Bnansom mikpobiom-TapreTHoi Tepanii, Lo,
Yy CBOI Yepry, MOXKe CNpUATU NOKpaLLeHHIo 6ap’epHoi
bYHKUi KULWKIBHUKA Ta meTaboniyHOoro romeocTasy.

Y3aranbHIOOUN, OTPUMaAHI pe3ynbTaTv  NiaTBep-
OKYHOTb TicHMIA 3B’a30K MACXI i3 nopyweHHAMW OCi
CKULLKIBHUK—MEYiHKa», BK/OYaOUYM KULIKOBUIA AuncHi-
03 i NiABULLEHY KULIKOBY MPOHMKHICTb. 30HYNIH MOXe

po3rnAfaTUCA AK NEePCNeKTUBHUIA MapKep AUCPYHKUT
KMLWWKOBOro 6ap’epa Ta NOTeHLiMHMI naTodisionoriyHni
nocepegHUK MiXK 3MiHaMKU KULIKOBOro Mikpobiomy Ta
MeTaboNiUHUM yparKeHHAM NeYiHKK.

BogHouac cnig, BpaxoByBaTM NeBHi 0OMeXeHHA Ao-
cnigyKeHHA. Ons okpemmx aHanisis obcar Bubipku 6ys
BiZLHOCHO HEBE/IMKUM, 3 CNOCTEPEKHUIN AMN3ANH He 403-
BO/IAE POOUTM OCTAaTOYUHI BUCHOBKM LLLOAO NPUYMHHO-HA-
cniakoBumx 38’s3KiB. Moganbli macwTabHi NPOCNEeKTUBHI
OOCNiAXKeHHs HeobxigHi ana 6inblw getanbHoro 3'Acy-
BaHHA B3aEMO3B’A3KIB MiXK CK/IagoM Mikpobiomy, KuLu-
KOBO NMPOHUMKHICTIO Ta nporpecyBaHHAM MACXIT.

TaKMM YUMHOM, OTPUMAHI AaHi NiIAKPECNIOOTb BaXKAN-
BY POJIb OCi «KULWIKOBUIN MiKpoBioM—KMLLIKOBUIA Bap’ep»
y natoreHesi MACXI i cBig4aTb Npo NepcneKkTUBHICTb Mi-
KpobioM-TapreTHMX NiaAXOZ4iB Y NOKpaLlLeHHi meTaboniy-
HUX Ta 3aMasibHUX MOKA3HMKIB Y LLiET KaTeropii NaLieHTiB.

BucHoBKM.

Pesynbrat UbOro AOCNIANKEHHA NiATBEPLANKYIOTb
3HauYyLy POJib OCi «KMLWKIBHUK—MEYiHKa» y natoreHesi
meTaboniuyHo acoujiioBaHOi CTeaToTUYHOI XBOpobM ne-
YiHKK. Y nauieHTis i3 MACXI BMABNEHO BMpPaXKeHi meTa-
60Ni4Hi NOpYyLEHHA, WO CYynpOBOAXKYBAANCA 3MiHAMM
CKNaAy KMLLIKOBOIO MiKpobiomy Ta MigBULLEHO KULLKO-
BOI NMPOHUKHICTIO.

NiaBuWeHi piBHI deKanbHOro 30HYANiIHY, BUABNEHI Y
nauieHTie i3 MACXI, cBig4aTb Npo NOpyLeHHA LiniCHO-
CTi KnWKoBoro 6ap’epa i MoXKyTb BigobpaxKaTn nocune-
HY KMLUKOBY MPOHWUKHICTb, WO CNpUAE MeTaboniyHuMm i
3anasibHMM NpoLecam y neviHui.

MoMipHUIA NO3UTUBHUIN KOPENALiIMHUI 3B’A30K MiXK
PiBHAMW 30HYNIHY Ta cniBBigHOWweHHAM Firmicutes/
Bacteroidetes 404aTKOBO MiATBEPAMKYE TiICHUN B3aEMO-
3B’A30K MiK 3MiHaMM KMLIKOBOro Mikpobiomy Ta auc-
dyHKUj€eo KnwwKosoro 6ap’epa.

3acTtocyBaHHA MiKpobiom-TapreTHoi Tepanii acoui-
10Ba/I0CA 3 MOKPALLEHHAM MeTaboniuHuxX i BioximiuHmx
NOKa3HMKIB, HOPMa/i3aLi€l0 CKNagy KULLIKOBOrO MiKpO-
6iomy Ta OOCTOBIpPHUM 3HUXKEHHAM PiBHIB deKasbHO-
ro 30HYAiHY, WO CBiAYMTb NPO BiAHOBAEHHA Hap’epHOI
OYHKUi KULWKIBHUKA.

Li pesynbTaTv nigKpecntowTb MOTEHLIMHY BaXKau-
BiCTb MoaynAuji mikpobiomy Ta BigHOB/NIEHHA KULUKO-
Boro 6ap’epa AK TepaneBTUYHUX MiweHel npyu MACXI,
AKLEHTYIOUM  3HaYyLWicTb  MiKpOobioM-OpieHTOBaHMX
CTpaTerii y KOMNAeKCHOMY BeZieHHi meTaboniyHoi XxBo-
po6U NeyiHKu.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

HeobxigHi noganbli gocniaskeHHA Ana 3’acyBaHHA
[OOBrOCTPOKOBUX KAIHIYHMX edeKTiB Mikpobiom-TapreT-
HUX BTPYyYaHb Ta iX poni y 3anobiraHHi nporpecyBaHHI0
MACX.
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BIAHOB/EHHA B3AEMOAJT B OCI « KULLKIBHUK-MNEYIHKA»: MIKPOBIOM | LIINICHICTb KULLKOBOIO BAP’E-
PA B TEPANIT METABO/11Y4HO ACOL{IHOBAHOI CTEATOTUYHOI XBOPOBM MEYIHKK

Ksit K. b., XapueHko B. B., bogpesuu b. b.

Pe3stome. MeTabosiyHo acouiioBaHa cTeaToTMYHa xBopoba nediHkn (MACXI) Ha cborogHilWHiN AeHb po3rnaga-
€TbCA AK NPOBiAHA NPUYMHA XPOHIYHMX 3aXBOPIOBAHb MEYiHKM Y CBITi Ta TICHO NoB’A3aHa 3 MeTaboniYHUMK Nopy-
LWEeHHAMM i CUCTEMHUM 3ananeHHAM. CyyacHi JOCNIAKEeHHA NiAKPEeCNO0Tb 3HAYEHHA OCi KKULLIKIBHUK—MNEYiHKa» y
po3BuTKY MACXI, 30Kpema posb AncbanaHcy KMLWKOBOIo Mikpobiomy Ta nopylueHHs 6ap’epHOT GYHKL,iT KULWKIBHK-
Ka. 30HYNiH — BINIOK, LLLO PErytoe WibHi MiXKKNITUHHI KOHTAKTM eniTenito KULWKIBHWKA, PO3MIALAETLCA AK NOTEHL,iN-
HUI MapKep NiABULLEHOI KULWKOBOT MPOHMKHOCTI Ta MOXe CNPUATU PO3BUTKY 3amnaibHUX MPOLLECIB Y NeYiHLi Yepes
TPaHC/NOKaL,ito MIKPOOHUX NPOAYKTIB.

MeTa — OUiHUTM B3AEMO3B’A30K MiXK CK1aA0M KULIKOBOrO MiKpo6ioMy, 30HY/iH-acoL,iMOBaHOI KMLLKOBO Mpo-
HUKHicTIo Ta MACXIT, a TakoX BU3HAUUTK BNAMB Mikpobiom-TapreTHOI Tepanii Ha 6ap’epHy PyHKLIIO KMLLKIBHMKA Ta
MeTabonivHi NOKA3HUKMN.

Y pocnipKeHHs BratoveHo 152 nauieHTr 3 MACXM Ta 47 ocib KOHTPO/IbHOT rpynu. AHanisyBaau KniHivHi, 6ioxi-
MiUHi Ta meTaboniuHi NnoKasHMKKU. CKiag KMLLKOBOro MiKpobiomy BU3Hauyannm metTogaom KinbKicHoi M/1P y peanbHoMy
yaci, piBeHb 30HyNiHY B Kani — metogom ELISA. MauieHTH oTpumyBann pudaKkcMmiH i3 NnoaanbliMm NPU3HAYEHHAM
npobioTtukis (Saccharomyces boulardii, Lactobacillus acidophilus LA-5 Ta Bifidobacterium animalis subsp. lactis BB-
12) y noeaHaHHi 3 moamdiKaLiieto cnocoby KuTTs.

Y nauieHTiB i3 MACXI BMABNEHO AOCTOBIPHO BULLI NOKa3HUKKM IMT, neviHkoBMUX pepMeHTiB, MapKepiB 3ananeHx-
HA Ta HOMA-IR nopiBHAHO 3 KOHTpO/bHOLO rpynoto (p<0,05). PiBeHb 30HYiHY 6yB 3HaYHO NigBuuieHUm (109+2,76
npotn 450,86 Hr/r; p<0,05). Micna Tepanii Bia3HayeHo 3HUMKeHHA ALT, AST, hsCRP, HOMA-IR Ta 30HyniHy (y 1,7
pa3a). Takox crnocTepiranoca 36inblueHHA Bacteroidetes, 3meHweHHs Firmicutes i Hopmanisauis cniBBiAHOWEHHS
Firmicutes/Bacteroidetes.

MACXI acou,itoeTbca 3 AMCHI030M KMLWKOBOro MiKpobiomy Ta MNiABULLEHOK KMLLIKOBOK NMPOHUKHICTIO. Mikpobi-
OM-TapreTHa Tepanis MoXKe CNpUATY NOKPALLEHHIO MeTaboNiYHNX NOKA3HUKIB, BiAHOBAEHHIO MiKPOBHOro 6anaHcy
Ta 3HUXKEHHIO KULLIKOBOI MPOHUKHOCTI.

Kntouosi cnosa: MACXI, KMLWIKOBUI MiKpo6ioM, 30HY/iH, KULLKOBa NPOHUKHICTb, MiKpobioM-TapreTHa Tepanis.

REBUILDING BRIDGES IN THE GUT-LIVER AXIS: MICROBIOME AND BARRIER INTEGRITY IN METABOLIC DYS-
FUNCTION-ASSOCIATED STEATOTIC LIVER DISEASE THERAPY

Kvit K. B., Kharchenko V. V., Bodrevych B. B.

Abstract. Metabolic dysfunction-associated steatotic liver disease (MASLD) has emerged as the leading cause of
chronic liver disease worldwide and is closely related to metabolic disturbances and systemic inflammation. Recent
studies emphasize the importance of the gut-liver axis in MASLD development, highlighting the role of gut micro-
biota imbalance and impaired intestinal barrier function. Zonulin, a protein involved in the regulation of intestinal
tight junctions, is considered a potential biomarker of increased intestinal permeability and may contribute to he-
patic inflammation through enhanced translocation of microbial products.

The aim is to investigate the relationship between gut microbiome composition, zonulin-associated intestinal
permeability, and MASLD, and to evaluate the effects of microbiome-targeted therapy on intestinal barrier integrity
and metabolic parameters.

The study included 152 patients with MASLD and 47 controls. Clinical, biochemical, and metabolic parameters
were assessed. Gut microbiome composition was analyzed using quantitative real-time PCR, and fecal zonulin levels
were measured by ELISA. Patients received microbiome-targeted therapy consisting of rifaximin followed by pro-
biotics (Saccharomyces boulardii, Lactobacillus acidophilus LA-5, and Bifidobacterium animalis subsp. lactis BB-12)
combined with lifestyle modification.

Patients with MASLD had significantly higher BMI, liver enzyme levels, inflammatory markers, and HOMA-IR com-
pared with controls (p<0.05). Fecal zonulin levels were significantly elevated (109+2.76 vs 45+0.86 ng/g; p<0.05).
After therapy, significant reductions in ALT, AST, hsCRP, HOMA-IR, and zonulin levels (1.7-fold) were observed. Micro-
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biome analysis revealed an increase in Bacteroidetes, a decrease in Firmicutes, and normalization of the Firmicutes/
Bacteroidetes ratio.

MASLD is associated with gut microbiota dysbiosis and increased intestinal permeability. Microbiome-targeted
therapy may improve metabolic parameters, restore microbial balance, and reduce intestinal permeability.

Key words: MASLD, gut microbiome, zonulin, intestinal permeability, microbiome-targeted therapy.
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Lazurenko V. V., Safonov R. A., Tertyshnyk D. Yu., Zhelezniakov O. Yu.,
Zub 0. V., Sharashydze A. H., Blahoveshchenskyi R. Ye.

PREVENTION OF ADHESION FORMATION DURING SURGICAL PROCEDURES

IN OBSTETRICS AND GYNECOLOGY
Kharkiv National Medical University (Kharkiv, Ukraine)
vlazurl3@gmail.com

Postoperative adhesion formation (PAF) is a pathological process characterized by fibrous adhesions developing
between the surface of an organ and the wall of a cavity or an adjacent organ following trauma or ischemia. These
adhesions form dense septa, bands, and “bridges” with their own vascularization and innervation. PAF is associated
with a number of complications, including prolonged hospitalization due to the presence of the disease, increased
duration and complexity of surgical procedures during repeat operations, significant financial costs related to pa-
tient examination and treatment, and increased postoperative morbidity and mortality. Therefore, the aim of this
study was to optimize preventive measures for postoperative adhesion formation following surgical interventions
in obstetric and gynecological practice. The main group consisted of 37 women (15 after cesarean section, 10 after
myomectomy, and 12 after ovarian tumor removal) who received the proposed mixture into the abdominal cavity
during surgery in order to prevent PAF. The mixture consisted of analgesic, hemostatic, and corticosteroid compo-
nents. The comparison group included 32 women (12 after cesarean section, 10 after myomectomy, and 10 after
ovarian tumor removal) who did not receive the mixture during surgery. Ten women without a history of surgical
intervention constituted the control group. It was determined that patients who did not receive intraperitoneal ad-
ministration of the proposed agents during surgery demonstrated intensified inflammatory responses, manifested
by pronounced expression of proinflammatory cytokines IL-18, IL-6, and TNF-a, as well as changes in the levels of
endothelial factors (VEGF, ET-1, eNOS) and C-reactive protein.

Key words: adhesion formation, postoperative period, cesarean section, myomectomy, ovarian tumor removal,
C-reactive protein, interleukins, endothelial dysfunction.
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